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Mono-jet searches
 2

ET, miss = 1735 GeV

pT, j = 1707 GeV 



Mono-jet: signal vs. background
 3
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Mono-jet: signal vs. background
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ET,miss signals: challenges 

Exploiting full physics potential of DM searches at HL-LHC requires 
precise control of backgrounds in signal region. In case of mono-jet 
searches for example, following problems have to be tackled:

(i) Take accurate data in control regions dominated by Z(l+l-)+jet, 
W(lν)+jet & γ+jet production & extrapolate to Z(νν)+jet 
background by means of precise theoretical predictions

(ii) Understand ET, miss measurement performance accurately in 
very high pile-up environment of HL-LHC

Similar issues arise in many other ET,miss channels
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Mono-jet: statistical precision
2

In this paper we focus on the theoretical modeling of
the SM V+ jet backgrounds to inclusive production of
large MET recoiling against one or more hadronic jets.
These final states address a broad set of BSM mod-
els, where the production of an otherwise invisible final
state is revealed by the emission of one or more high-pT
jets from initial state radiation, where pT is the mo-
mentum in the transverse plane.1 Recent publications
by ATLAS [5] and CMS [6, 7], relative to LHC data col-
lected at

p
s = 13TeV, document in detail the current

experimental approaches to the background evaluation.
The leading background is Z(⌫⌫̄)+ jet production, fol-
lowed by W (`⌫)+ jet (in particular for ` = ⌧ or when
the lepton is outside of the detector).2 The experimen-
tal constraints on Z(⌫⌫̄)+ jet production at large MET
can be obtained from accurate measurements of V+ jet
production processes with visible vector-boson signa-
tures. It is quite obvious, for example, that the mea-
surement of Z(`

+
`
�
)+ jets with ` = e, µ is the most

direct and reliable proxy for Z(⌫⌫̄)+ jets. This control
sample, however, is statistics limited, due to the smaller
branching ratio of Z bosons to charged leptons relative
to neutrinos. To extrapolate the shape of the Z spec-
trum to the largest pT values, therefore, requires a the-
oretical prediction. The larger statistics of W (`⌫)+ jets
and �+ jets events makes it possible to directly access
the relevant pT range, but the relation between their
spectra and the Z spectrum needs, once again, theoret-
ical guidance.

To put things into a concrete perspective, Figure 1
shows the expected event rates, and the relative sta-
tistical uncertainty, for 300 fb�1 of integrated luminos-
ity at 13 TeV. The extrapolation to the O(100 fb�1)
and O(3000 fb�1) expected from the full run 2 and
at the end of the full LHC programme, respectively,
is straightforward. The Z(`

+
`
�
)+jets data allow for a

direct estimate of the Z(⌫⌫̄)+jets rate with a statis-
tical precision below 1% for pT up to about 600GeV.
Using the W (`⌫)+jets or �+jets data could in prin-
ciple extend this range up to about 900GeV. Beyond
this value, the statistical precision of the W (`⌫)+jets
and �+jets events remains a factor of two better than
that of the Z(⌫⌫̄)+jets signal. In order to ensure that
the theoretical systematics in the extrapolation from
the W+jets and �+jets rates to the Z+jets rates re-
mains negligible with respect to the statistical uncer-
tainty, the former should be kept at the level of a few
percent up to pT ⇠ 2TeV, and around 10% up to

1For a recent comprehensive review of DM models leading to this
class of signatures, see e.g. [4].
2Other backgrounds (such as QCD multijets, tt̄ or pairs of gauge
bosons) are suppressed, and their contribution to the overall un-
certainty is well below the percent level.
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Fig. 1: Production rates for V+ jet(s), for various decay
channels, as a function of the minimum pT of the vec-
tor boson. Decays into `

±
= e

±
, µ

± and ⌫e, ⌫⌫ , ⌫⌧ are
included. The number of events, N , is normalized to
300 fb�1 of LHC data at

p
s = 13TeV, and includes the

basic selection cuts listed in the main body of the paper.
The log lower panel shows the statistical uncertainties,
calculated as 1/

p
N . The gray band in the lower panel

indicates the regime of 1–10% statistical uncertainty.

pT ⇠ 2.5�3TeV, which is the ultimate kinematic reach
for the Z(⌫⌫̄)+jets signal at the end of LHC data tak-
ing.

The main result of this work is to prove that, thanks
to the recent theoretical advances, these goals can be
met. This proof requires the analysis of a series of possi-
ble effects. On the one hand, the theoretical extrapola-
tion to larger pT of the very precise Z(`

+
`
�
)+jets data

requires firm control over the shape of the distribution.
Several effects, from the choice of parton distribution
functions (PDFs) to the choices made for the renormal-
isation and factorisation scales used in the calculations,
can influence the extrapolation. On the other hand, the
level of correlation between the W , � and Z spectra
must be kept under control. At large pT, in particu-
lar, large and process-dependent corrections arise due
to the growth of the electroweak (EW) corrections, and
these may spoil the correlation induced by pure QCD ef-
fects. For our analysis we shall use the most up-to-date
theoretical predictions available today for the descrip-
tion of vector boson production at large pT. On the
QCD side, we rely on the next-to-next-to-leading or-

 To exploit full LHC potential, 
need to control systematic 

uncertainties at % level as well

for pT,V ∈ [0.5,1] TeV statistical 

uncertainty on background of  
O(1%) already at LHC Run-3

[Lindert et al., 1705.04664] 
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Fig. 17: Predictions at NLO QCD⌦ nNLO EW and NNLO QCD⌦ nNLO EW for V+ jet spectra (left) and
ratios (right) at 13TeV. The lower frames show the relative impact of NNLO corrections and theory uncertainties
normalised to NLO QCD⌦ nNLO EW. The green and red bands correspond to the combination (in quadrature)
of the perturbative QCD, EW and mixed QCD-EW uncertainties, according to Eq. (76) at NLO QCD⌦ nNLO
EW and NNLO QCD⌦ nNLO EW respectively. PDF uncertainties based on LUXqed_plus_PDF4LHC15_nnlo
are shown at NLO QCD as separate hashed orange bands.

cuts, non-perturbative effects on lepton isolation, etc.,
can then be deduced from the Monte Carlo samples.
The additional uncertainties associated with the Monte
Carlo simulation are expected to be relatively small, in-
sofar as the vector-boson pT distribution that we cal-
culate is closely connected to the main experimental
observables used in MET+jets searches.

Some caution is needed in implementing the results
of this paper: for example the uncertainty prescriptions
are tied to the use of the central values that we provide.

If an experiment relies on central values that differ, e.g.
through the use of MC samples that are not reweighted
to our nominal predictions, then the uncertainty scheme
that we provide may no longer be directly applicable.
Furthermore, for searches that rely on features of the
event other than missing transverse momentum, one
should be aware that our approach might need to be
extended. This would be the case notably for any ob-
servable that relies directly on jet observables, whether
related to the recoiling jet or vetoes on additional jets.
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Fig. 17: Predictions at NLO QCD ⌦ nNLO EW and NNLO QCD ⌦ nNLO EW for V+ jet spectra (left) and
ratios (right) at 13TeV. The lower frames show the relative impact of NNLO corrections and theory uncertainties
normalised to NLO QCD ⌦ nNLO EW. The green and red bands correspond to the combination (in quadrature)
of the perturbative QCD, EW and mixed QCD-EW uncertainties, according to Eq. (76) at NLO QCD ⌦ nNLO
EW and NNLO QCD ⌦ nNLO EW respectively. PDF uncertainties based on LUXqed_plus_PDF4LHC15_nnlo
are shown at NLO QCD as separate hashed orange bands.

cuts, non-perturbative effects on lepton isolation, etc.,
can then be deduced from the Monte Carlo samples.
The additional uncertainties associated with the Monte
Carlo simulation are expected to be relatively small, in-
sofar as the vector-boson pT distribution that we cal-
culate is closely connected to the main experimental
observables used in MET+jets searches.

Some caution is needed in implementing the results
of this paper: for example the uncertainty prescriptions
are tied to the use of the central values that we provide.

If an experiment relies on central values that differ, e.g.
through the use of MC samples that are not reweighted
to our nominal predictions, then the uncertainty scheme
that we provide may no longer be directly applicable.
Furthermore, for searches that rely on features of the
event other than missing transverse momentum, one
should be aware that our approach might need to be
extended. This would be the case notably for any ob-
servable that relies directly on jet observables, whether
related to the recoiling jet or vetoes on additional jets.

±3%
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Fig. 17: Predictions at NLO QCD ⌦ nNLO EW and NNLO QCD ⌦ nNLO EW for V+ jet spectra (left) and
ratios (right) at 13TeV. The lower frames show the relative impact of NNLO corrections and theory uncertainties
normalised to NLO QCD ⌦ nNLO EW. The green and red bands correspond to the combination (in quadrature)
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cuts, non-perturbative effects on lepton isolation, etc.,
can then be deduced from the Monte Carlo samples.
The additional uncertainties associated with the Monte
Carlo simulation are expected to be relatively small, in-
sofar as the vector-boson pT distribution that we cal-
culate is closely connected to the main experimental
observables used in MET+jets searches.

Some caution is needed in implementing the results
of this paper: for example the uncertainty prescriptions
are tied to the use of the central values that we provide.

If an experiment relies on central values that differ, e.g.
through the use of MC samples that are not reweighted
to our nominal predictions, then the uncertainty scheme
that we provide may no longer be directly applicable.
Furthermore, for searches that rely on features of the
event other than missing transverse momentum, one
should be aware that our approach might need to be
extended. This would be the case notably for any ob-
servable that relies directly on jet observables, whether
related to the recoiling jet or vetoes on additional jets.
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Mono-jet: recent theory progress

At NNLO QCD + nNLO EW, uncertainties are O(few %) for transverse 
momenta of pT,V < 1 TeV. Results already used in latest ATLAS & CMS 
searches & allow to set unprecedented limits on mono-jet production

[Lindert et al., 1705.04664] 

[N.B. would be nice to have state-of-the-art results also for other V+jets observables, e.g. jet-jet angular correlations]
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Mono-jet: HL-LHC prospects
[ATL-PHYS-PUB-2018-043] 

Assumed theoretical systematics seems to have more pronounced 
impact on future LHC reach than assumed experimental systematics



[idea & artwork adopted from Bauer] 

Evolution of LHC DM models
 9
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Does DM EFT work at LHC?
 10

Name Operator Coefficient

D1 χ̄χq̄q mq/M3
∗

D2 χ̄γ5χq̄q imq/M3
∗

D3 χ̄χq̄γ5q imq/M3
∗

D4 χ̄γ5χq̄γ5q mq/M3
∗

D5 χ̄γµχq̄γµq 1/M2
∗

D6 χ̄γµγ5χq̄γµq 1/M2
∗

D7 χ̄γµχq̄γµγ5q 1/M2
∗

D8 χ̄γµγ5χq̄γµγ5q 1/M2
∗

D9 χ̄σµνχq̄σµνq 1/M2
∗

D10 χ̄σµνγ5χq̄σαβq i/M2
∗

D11 χ̄χGµνGµν αs/4M3
∗

D12 χ̄γ5χGµνGµν iαs/4M3
∗

D13 χ̄χGµνG̃µν iαs/4M3
∗

D14 χ̄γ5χGµνG̃µν αs/4M3
∗

Name Operator Coefficient

C1 χ†χq̄q mq/M2
∗

C2 χ†χq̄γ5q imq/M2
∗

C3 χ†∂µχq̄γµq 1/M2
∗

C4 χ†∂µχq̄γµγ5q 1/M2
∗

C5 χ†χGµνGµν αs/4M2
∗

C6 χ†χGµνG̃µν iαs/4M2
∗

R1 χ2q̄q mq/2M2
∗

R2 χ2q̄γ5q imq/2M2
∗

R3 χ2GµνGµν αs/8M2
∗

R4 χ2GµνG̃µν iαs/8M2
∗

TABLE I: Operators coupling WIMPs to SM particles. The operator names beginning with D, C,

R apply to WIMPS that are Dirac fermions, complex scalars or real scalars respectively.

III. COLLIDER CONSTRAINTS

A. Overview

We can constrain M∗ for each operator in the table above by considering the pair pro-

duction of WIMPs at a hadron collider:

pp̄ (pp) → χχ+X. (2)

Since the WIMPs escape undetected, this leads to events with missing transverse energy,

recoiling against additional hadronic radiation present in the reaction.

The most significant Standard Model backgrounds to this process are events where a Z

boson decays into neutrinos, together with the associated production of jets. This back-

ground is irreducible. There are also backgrounds from events where a particle is either

missed or has a mismeasured energy. The most important of these comes from events pro-

7

1008.1783

One way to check:

(i) Pick one operator

(ii) Construct simplified model that leads to 
operator in heavy mediator limit 

(iii) Calculate ET, miss & other distributions in 
both EFT & simplified model

(iv) If shapes of distributions are similar, can 
use EFT as proxy for simplified model, 
otherwise not

[Zhang et al., 0912.4511; Beltran et al., 1002.4137; 
 Goodman et al., 1005.1286, 1008.1783, 1009.0008;   
 Bai et al., 1005.3797; Rajaraman et al., 1108.1196; 
 Fox et al., 1109.4398; …] 



Tree-level example
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LV � g��̄�µ�Vµ +
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q

gq q̄�
µqVµ

q

q
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�D5

D5 = �̄�µ�q̄�µq

Vector operator:

�

�

q

q

V

Spin-1 simplified model:

[Dudas et al., 0904.1745; Fox et al., 1104.4127; Frandsen et al., 1204.3839; …] 
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D5



[UH et al., 1208.4605, 1311.713, 1503.00691; Buckley et al.,1410.6497; Harris et al., 1411.0535; …] 

Spin-0 simplified model:

Loop-level example
 13
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[see e.g. Bruggisser, Riva & Urbano, 1607.02474 & 1607.02475 for EFT discussion of strongly-coupled DM] 

EFT vs. simplified models: verdict
 15

EFT often fails to correctly describe kinematical distributions 
of weakly-coupled simplified models with weak- or TeV-scale 
mediators. This flaw prompted ATLAS & CMS to move from 
EFT to simplified models when interpret ET, miss searches in 
LHC Run-2

But in case of strongly-coupled DM candidates — composite 
fermions, pseudo-Nambu-Goldstone bosons, Goldstini, … — 
EFT appropriate & sometimes even necessary to describe 
most important interactions at LHC 



=3

LV � gSM
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LHC dijet+X searches generically provide strongest limits on TeV-scale  
spin-1 mediators appearing in DM Forum (DMF) simplified models
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Mono-jet searches superior for lighter mediators, unless model has         
non-zero lepton couplings which leads to strong dimuon constraints

LHC constraints on spin-1 mediators
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Figure 9: Regions in a DM mass-mediator mass plane excluded at 95% CL by dijet, dilepton and E
miss
T +X searches,

for vector mediator simplified models described in Sec. 2.1.1. The exclusions are computed for a DM coupling
g�, quark coupling gq , universal to all flavours, and lepton coupling g` as indicated in each case. Dashed curves
labeled “thermal relic” indicate combinations of DM and mediator mass that are consistent with a DM density
of ⌦h

2 = 0.12 and a standard thermal history, as computed in MadDM [41, 179]. To the left of the curve in (a)
annihilation processes described by the simplified model deplete ⌦h

2 below 0.12. In (b), this occurs between the two
dashed curves. A dotted line indicates the kinematic threshold where the mediator can decay on-shell into DM.
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Ωh2  < 0.12

From LHC bounds …
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[Fitzpatrick et al., 1203.3542, 1211.2818; Anand et al.,1308.2288, 1405.6690; …] 

Most general EFT needed to describe χ-N interactions contains up to 14 
different operators that induce 6 types of nuclear response functions:

Most general:

15"

The most general effective Lagrangian contains up to 14 different operators that 
induce 6 types of response functions and two new interference terms 

Haxton, Fitzpatrick 2012-2014 

(x2) if we allow for different couplings to protons and neutrons 
(isoscalar and isovector) 

Effective Field Theory approach 

The basis for our formulation is the description of the WIMP-nucleon interaction in [1] which, building on
the work of [7], used non-relativistic EFT to find the most general low-energy form of that interaction. The
explicit Galilean invariance of the WIMP-nucleon EFT simplifies the embedding of the resulting effective
interaction in the nucleus. This produces a compact and rather elegant form for the WIMP-nucleus elastic
cross section as a product of WIMP and nuclear responses. The particle physics is isolated in the former.

In [1] the cross section was presented in a largely numerical form, in principal easy to use but in practice
requiring users to hand-copy lengthy form-factor polynomials. In contrast, our goals in this paper are to: 1)
present the fully general WIMP-nucleus cross section in its most elegant form, to clarify the physics that can
be learned from elastic scattering experiments; 2) provide a Mathematica code to evaluate the expressions,
removing the need for either extensive hand copying or a detailed understanding of operator and matrix
element conventions employed in our expressions; and 3) structure that code to allow easy incorporation of
future improved nuclear physics calculations, so that it will remain useful as the field develops. We believe
the script could serve the community as a flexible and very adaptable tool for comparing experimental
sensitivities and for understanding the relative significance of experimental limits.

This paper is organized as follows. We begin in Sec. 2 with a brief overview of the EFT construction of
the general WIMP-nucleon Galilean-invariant interaction. In Sec. 3 we describe the use of this interaction
in nuclei. The EFT scattering probability is shown to consist of six nuclear response functions, once the
constraints of the nearly exact parity and CP of the nuclear ground state are imposed. We point out the
differences between our results and spin-independent/spin-dependent formulations, in order to explicitly
demonstrate what physics is lost by assuming a point-nucleus limit. In Sec. 4 we present differential and
total cross sections and rates, discuss integration over the galactic WIMP velocity profile, and describe cross
section scaling properties. Sec. 5 we describe the factorization of the operator physics from the nuclear
structure that is possible through the density matrix. (This will make it possible for nuclear structure
theorists to port new structure calculations into our Mathematica code, without needing to repeat all of
the operator calculations.) In Sec. 6 we construct a similar interface for particle theorists: we describe
the mapping of a very general set of covariant interactions into EFT coefficients, so that the consequences
of a given ultraviolet theory for WIMP elastic scattering can be easily explored. In Sec. 7 we provide a
tutorial on the code, to help users – experimentalists interested in analysis, structure theorists interested
in quantifying nuclear uncertainties, or particle theorists interested in constraining a candidate ultraviolet
theory – quickly obtain what they need from the Mathematica script. Finally in the Appendix, we described
some of the algebraic details one encounters in deriving our master formula for the WIMP-nucleus cross
section. As the body of the paper presents basic results and describes their physical implications, the
Appendix is intended for those who may be interested in details of the calculations, or possible extensions
of our work. The Appendix includes comments on steps in our treatment that are model dependent or
that involve approximations. We discuss the use of the code for WIMPs with nonstandard properties, e.g.,
WIMP-nucleon interactions mediated by light exchanges.

2 Effective Field Theory Construction of the Interaction

The idea behind EFT in dark matter scattering is to follow the usual EFT “recipe”, but in a non-relativistic
context, by writing down the relevant operators that obey all of the non-relativistic symmetries. In the case
of elastic scattering of a heavy WIMP off a nucleon, the Lagrangian density will have the contact form

Lint(x⃗) = c Ψ∗
χ(x⃗)OχΨχ(x⃗) Ψ

∗
N(x⃗)ONΨN(x⃗), (1)

where the Ψ(x⃗) are nonrelativistic fields and where the WIMP and nucleon operators Oχ and ON may
have vector indices. The properties of Oχ and ON are then constrained by imposing relevant symmetries.
We envision the case where there are a number of candidate interactions Oi formed from the Oχ and ON .
Working to second order in the momenta, one can construct the relevant operators appropriate for use with
Pauli spinors, when constructing the Galilean-invariant amplitude
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These operators contribute to six types of response105

functions, as well as two types of interference. The spin-106

independent response is denoted M and is typically the107

strongest of the six functions since it is related to the108

number of nucleons in the target nucleus. The main con-109

tribution to this response comes from the standard spin-110

independent operator O1, but it also contains higher-111

order contributions from operators 5, 8, and 11. There112

are two spin-dependent responses, ⇥� and ⇥��, which cor-113

respond to projections of spin parallel and perpendicular114

to the momentum transfer. A linear combination of these115

two responses yields the standard spin-dependent opera-116

tor O4. Many of the other operators also appear in one117

of these two responses. The � response, a novel type of118

response introduced in the e⌅ective field theory, is related119

to the net angular momentum of an unpaired nucleon and120

contains contributions from operators 5 and 8. A second121

novel response is ⇤��, which is is sensitive to the product122

of angular momentum and spin. This response tends to123

favor heavier elements and is the dominant response for124

O3. The last response considered in the e⌅ective field125

theory, ⇤̃�, contains contributions from operators 3, 12,126

and 15. ⇤̃� is discussed less frequently in the literature127

since it is di⇧cult to find a model that produces this128

response, but we consider it here for completeness.129

The e⌅ective field theory also includes two operator-130

operator interference terms: ⇥�� andM⇤��. ⇥� interferes131

with � because responses which are dependent on veloc-132

ity are sensitive to properties such as angular momentum133

which depend on the motion of the nucleon within the nu-134

cleus. This interference term is particularly significant for135

germanium, which has large responses to both ⇥� and �.136

The ⇥�� response contains interference between O4 and137

O5, as well as between O8 and O9. In addition, since138

both M and ⇤�� are scalar responses, interference be-139

tween the two can be significant, especially for elements140

like xenon which have large responses to both. The M⇤��
141

response contains interference between operators O1 and142

O3, operators O11 and O12, and operators O11 and O15.143

The strength of an EFT interaction is governed by nu-144

merical coe⇧cients associated with each of the operators,145

one for each operator and isospin. These coe⇧cients are146

here labeled c�i with i indicating operator number and147

� = 0 or 1 indicating isoscalar (cp = cn) and isovector148

(cp = �cn), respectively. They are generalized versions149

of fn and fp and can take on any value, positive or neg-150

ative. The coe⇧cients appear as c�i c
� 0

j in the interaction,151

indicating that operators interfere at most pair-wise.152

This paper discusses the Fitzpatrick et al. e⌅ective field153

theory in the context of current and proposed direct de-154

tection experiments. We present exclusion limits on EFT155

operator coe⇧cients using the optimum interval method.156

We discuss the di⌅erences in energy spectra that arise for157

arbitrary EFT interactions and examine how this energy158

dependence may a⌅ect future experiments if WIMP can-159

didate events are observed. We also consider the vari-160

ation in interaction strength across the elements com-161

monly used as direct detection targets and discuss pos-162

sible ways of exploring interference using experimental163

results. Finally, we discuss the implications of this e⌅ec-164

tive field theory for the G2 direct detection experiments.165

EXCLUSION LIMITS ON A SET OF EFT166

OPERATORS167

The strength of the interaction in the EFT frame-168

work is governed by a set of 28 numerical coe⇧cients169

corresponding to the 14 operators, one for each isospin.170

Other work has attempted to find global fits in this many-171

dimensional EFT parameter space using combined data172

from many direct detection experiments [21]. However,173

since the parameter space is large and relatively uncon-174

strained by current experiments, we choose to calculate175

exclusion limits on the coe⇧cients for individual EFT176

operator for three di⌅erent target elements: germanium177

(SuperCDMS LT and CDMS-II), silicon (CDMS-II), and178

xenon (LUX). This is the first EFT experimental result179

that includes all three target elements that will be used180

in the G2 experiments. In addition, the optimum inter-181

val method provides a more accurate calculation of the182

limits since it includes information about the candidate183

event energies and energy-dependent detection e⇧ciency184

that is lost in likelihood methods that consider a single185

2

O1 = 1⇥1N91

O3 = i⇥SN ·
⇤

⇥q

mN
⇥ ⇥v⇥

⌅
92

O4 = ⇥S⇥ · ⇥SN93

O5 = i⇥S⇥ ·
⇤

⇥q

mN
⇥ ⇥v⇥

⌅
94

O6 =

⇤
⇥S⇥ · ⇥q

mN

⌅ ⇤
⇥SN · ⇥q

mN

⌅
95

O7 = ⇥SN · ⇥v⇥96

O8 = ⇥S⇥ · ⇥v⇥97

O9 = i⇥S⇥ ·
⇤
⇥SN ⇥ ⇥q

mN

⌅
98

O10 = i⇥SN · ⇥q

mN
99

O11 = i⇥S⇥ · ⇥q

mN
100

O12 = ⇥S⇥ ·
⇧
⇥SN ⇥ ⇥v⇥

⌃
101

O13 = i
⇧
⇥S⇥ · ⇥v⇥

⌃ ⇤
⇥SN · ⇥q

mN

⌅
102

O14 = i

⇤
⇥S⇥ · ⇥q

mN

⌅ ⇧
⇥SN · ⇥v⇥

⌃
103

O15 = �
⇤
⇥S⇥ · ⇥q

mN

⌅ ⇤�
⇥SN ⇥ ⇥v⇥

⇥
· ⇥q

mN

⌅
(2)104

These operators contribute to six types of response105

functions, as well as two types of interference. The spin-106

independent response is denoted M and is typically the107

strongest of the six functions since it is related to the108

number of nucleons in the target nucleus. The main con-109

tribution to this response comes from the standard spin-110

independent operator O1, but it also contains higher-111

order contributions from operators 5, 8, and 11. There112

are two spin-dependent responses, ⇥� and ⇥��, which cor-113

respond to projections of spin parallel and perpendicular114

to the momentum transfer. A linear combination of these115

two responses yields the standard spin-dependent opera-116

tor O4. Many of the other operators also appear in one117

of these two responses. The � response, a novel type of118

response introduced in the e⌅ective field theory, is related119

to the net angular momentum of an unpaired nucleon and120

contains contributions from operators 5 and 8. A second121

novel response is ⇤��, which is is sensitive to the product122

of angular momentum and spin. This response tends to123

favor heavier elements and is the dominant response for124

O3. The last response considered in the e⌅ective field125

theory, ⇤̃�, contains contributions from operators 3, 12,126

and 15. ⇤̃� is discussed less frequently in the literature127

since it is di⇧cult to find a model that produces this128

response, but we consider it here for completeness.129

The e⌅ective field theory also includes two operator-130

operator interference terms: ⇥�� andM⇤��. ⇥� interferes131

with � because responses which are dependent on veloc-132

ity are sensitive to properties such as angular momentum133

which depend on the motion of the nucleon within the nu-134

cleus. This interference term is particularly significant for135

germanium, which has large responses to both ⇥� and �.136

The ⇥�� response contains interference between O4 and137

O5, as well as between O8 and O9. In addition, since138

both M and ⇤�� are scalar responses, interference be-139

tween the two can be significant, especially for elements140

like xenon which have large responses to both. The M⇤��
141

response contains interference between operators O1 and142

O3, operators O11 and O12, and operators O11 and O15.143

The strength of an EFT interaction is governed by nu-144

merical coe⇧cients associated with each of the operators,145

one for each operator and isospin. These coe⇧cients are146

here labeled c�i with i indicating operator number and147

� = 0 or 1 indicating isoscalar (cp = cn) and isovector148

(cp = �cn), respectively. They are generalized versions149

of fn and fp and can take on any value, positive or neg-150

ative. The coe⇧cients appear as c�i c
� 0

j in the interaction,151

indicating that operators interfere at most pair-wise.152

This paper discusses the Fitzpatrick et al. e⌅ective field153

theory in the context of current and proposed direct de-154

tection experiments. We present exclusion limits on EFT155

operator coe⇧cients using the optimum interval method.156

We discuss the di⌅erences in energy spectra that arise for157

arbitrary EFT interactions and examine how this energy158

dependence may a⌅ect future experiments if WIMP can-159

didate events are observed. We also consider the vari-160

ation in interaction strength across the elements com-161

monly used as direct detection targets and discuss pos-162

sible ways of exploring interference using experimental163

results. Finally, we discuss the implications of this e⌅ec-164

tive field theory for the G2 direct detection experiments.165

EXCLUSION LIMITS ON A SET OF EFT166

OPERATORS167

The strength of the interaction in the EFT frame-168

work is governed by a set of 28 numerical coe⇧cients169

corresponding to the 14 operators, one for each isospin.170

Other work has attempted to find global fits in this many-171

dimensional EFT parameter space using combined data172

from many direct detection experiments [21]. However,173

since the parameter space is large and relatively uncon-174

strained by current experiments, we choose to calculate175

exclusion limits on the coe⇧cients for individual EFT176

operator for three di⌅erent target elements: germanium177

(SuperCDMS LT and CDMS-II), silicon (CDMS-II), and178

xenon (LUX). This is the first EFT experimental result179

that includes all three target elements that will be used180

in the G2 experiments. In addition, the optimum inter-181

val method provides a more accurate calculation of the182

limits since it includes information about the candidate183

event energies and energy-dependent detection e⇧ciency184

that is lost in likelihood methods that consider a single185

spin-independent (SI)

spin-dependent (SD)



V

D5

� �

qq

�g�gq

M2
V

= + O(q2/M2
V )q2

� �

q q

·

�SI � 6.9 · 10�41 cm2
�g�gq

0.25

�2
�

1 TeV
MV

�4 � µn�

1 GeV

�2

D5 = �̄�µ�q̄�µq �� O1 = 1� 1N

… to direct detection (DD) limits …
 21



… & finally to a plot
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For SI interactions, LHC only competitive for low DM        
mass, where DD is challenging due to small nuclear recoil 
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[Boveia et al., 1603.04156] 

LA �̄�µ�5�q̄�µ�5q O4 = �S� · �SN

… & finally to a plot
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… & finally to a plot
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For not too heavy DM, LHC superior to any SD search,   
because DM-nucleon scattering is incoherent in this case 
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dominant ET, miss signal: 
mono-jet & tt+ET, miss

dominant non-ET, miss signal: 
ditop & 4-top production 
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LHC constraints on spin-0 mediators

At present, LHC mono-jet & tt+ET, miss analyses have limited sensitivity to 
parameter space of spin-0 DM simplified models. Same statement applies 
to ditop & 4-top searches. Can one improve sensitivity of ET, miss searches?

6.1 Dark matter interpretation 19

Figure 10: Exclusion limits at 95% CL on µ = s/sth in the mmed-mDM plane assuming vector
(left) and axial-vector (right) mediators. The solid (dotted) red (black) line shows the contour
for the observed (expected) exclusion. The solid contours around the observed limit and the
dashed contours around the expected limit represent one standard deviation due to theoretical
uncertainties in the signal cross section and the combination of the statistical and experimental
systematic uncertainties, respectively. Constraints from the Planck satellite experiment [97] are
shown as dark blue contours; in the shaded area DM is overabundant.
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Figure 11: Expected (dotted black line) and observed (solid black line) 95% CL upper limits
on the signal strength µ = s/sth as a function of the mediator mass for the scalar mediators
(left) for mDM = 1 GeV. The horizontal red line denotes µ = 1. Exclusion limits at 95% CL on
µ = s/sth in the mmed-mDM plane assuming pseudoscalar mediators (right). The solid (dashed)
red (back) line shows the contours for the observed (expected) exclusion. Constraints from the
Planck satellite experiment [97] are shown with the dark blue contours; in the shaded area DM
is overabundant.

from the observed cosmological relic density of DM as determined from measurements of
the cosmic microwave background by the Planck satellite experiment [97]. The expected DM
abundance is estimated, separately for each model, using the thermal freeze-out mechanism

[CMS, 1712.02345] [CMS, 1706.02581]

mono-jet tt+ET, miss



 27

Searching for tX+ET, miss production

2lb+ET, miss final state receives contributions from tt+ET, miss & tW+ET, miss 
channel.  To enhance sensitivity of search, design two orthogonal signal 
regions SRtt & SRtW that target the different production mechanisms
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Figure 5. Distributions of the mt
bl variable (6.1) for the tt̄ + Emiss

T signal, the tW + Emiss
T signal, and the sum

of SM backgrounds scaled down by a factor 100. The shown results correspond to 100 fb�1 of 14 TeV LHC
data and the common lepton, b-jet and mT2 selections summarised in Table 1. The used model parameters
are m� = 1 GeV, g� = gt = 1 and those appearing in the headline of the figure. The dashed line corresponds
to mt

bl = 160 GeV, which represents the boundary between the two signal regions SRtt̄ and SRtW .

Our search strategy is based on two distinct signal regions. A signal region that we call SRtt,
aimed at separating tt̄ + Emiss

T production from the dominant tt̄ background, and a signal region
called SRtW that is designed to disentangling the tW + Emiss

T signal from both tt̄ + Emiss
T production

and the SM background. The definitions of the signal regions are summarised in Table 1. The
first part of the selections is common for the two signal regions. In a first step, events with exactly
two isolated oppositely charged leptons (Nl = 2 with l = e, µ or one of each flavour) are selected.
The individual leptons are required to satisfy pT,l1 > 25 GeV, pT,l2 > 20 GeV, |⌘l| < 2.5 and
their invariant mass has to fulfill mll > 20 GeV. If the charged leptons are of the same flavour the
additional requirement mll < [71, 111] GeV is imposed to veto events where the charged lepton
pair arises from Z ! l+l�. Furthermore, each event is required to contain at least one b-tagged
jet (Nb > 0) with pT,b > 30 GeV and |⌘b| < 2.5. An initial rejection of the SM backgrounds,
where Emiss

T is due to the neutrinos from the decay of two W bosons, is finally achieved by requiring
that mT2 > 100 GeV.

The first selection that di↵ers between the two signal regions is a cut on the mt
bl observable

introduced in (6.1). In order to illustrate the impact of this selection, we show in Figure 5 the
distributions of mt

bl for the tt̄ + Emiss
T and the tW + Emiss

T signals corresponding to a pseudoscalar of
mass Ma = 100 GeV, m� = 1 GeV and g� = gt = 1. The total SM background, which is dominated
by tt̄ production, is also displayed. For an easy comparison with the DM signals it has been scaled
down by a factor of 100. All event samples correspond to 100 fb�1 of 14 TeV LHC data and the
initial selection requirements as described above have been imposed. From the figure it is clear that
the region mt

bl < 160 GeV is dominated by the tt̄+Emiss
T signal, and is therefore used to define SRtt.
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Invariant mass of b-jet in semi-
leptonic top decay bounded by: 

�
m2

t � m2
W � 153 GeV
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Events compatible with two 
semi-leptonic top decays can 
hence be selected by using:

mt
bl = min (max (ml1ja ,ml2jb))
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SRtt SRtW

Nl = 2, pT,l1 > 25 GeV, pT,l2 > 20 GeV, |⌘l| < 2.5
mll > 20 GeV, Z-boson veto for opposite-sign leptons
Nb > 0, pT,b > 30 GeV, |⌘b| < 2.5
mT2 > 100 GeV
mt

bl < 160 GeV > 160 GeV || N j = 1
|��min| > 0.8 > 0.8
|��boost| < 1.2 n/a
Mscal n/a < 500 GeV
Cem > 200 GeV > 200 GeV
|cos ✓ll| shape fit shape fit

Table 1. Definition of the two signal regions SRtt and SRtW . For further details consult the text.

observable [56, 57] has a sharp edge at MW in the case of tt̄ production, these two variables provide
the main handles to suppress the leading SM backgrounds. An analysis based on Emiss

T and mT2 has
been shown in [10, 42] to achieve a good separation of the tt̄ + Emiss

T signal from the tt̄ background,
whereas a part of tt̄Z is irreducible. Applying the same strategy to tW +Emiss

T production would also
allow to separate the signal from the tt̄ background, but, due to the lower cross section, it would be
di�cult to extract the tW + Emiss

T signal from the irreducible tt̄Z background. Moreover, it would
be complicated to separate tW + Emiss

T production from the much larger tt̄ + Emiss
T signal.

An important ingredient of a realistic analysis strategy thus consists in separating events that
are associated to two semileptonic top-quark decays from those with one semileptonic top-quark
decay and one leptonic W-boson decay. In the former case, the resulting events have two b-jets,
while in the latter case only a single b-jet is produced. Vetoing the second b-jet, however, turns out
to be an ine↵ective strategy, as the typical b-jet tagging e�ciency of 70% to 80% would result in a
large surviving tt̄ background. Furthermore, tW production where a bottom quark is extracted from
the proton is often accompanied by an additional b-jet, and as a result this type of SM background
cannot be tamed by vetoing the presence of a second b-tagged jet in the event.

Instead of using a b-jet veto, our analysis strategy is therefore based on the observation
that if a b-jet is produced in the top-quark decay, its invariant mass is bounded from above byq

m2
t � M2

W ' 153 GeV. Events compatible with two semileptonic top-quark decays can thus be
selected or rejected by introducing the observable

mt
bl = min

⇣
max
�
ml1 ja , ml2 jb

�⌘
, (6.1)

where l1 and l2 denote the two final-state leptons and the minimisation runs over all pairs { ja, jb}
of jets inside a predefined set of test jets. Based on the number of b-jets in the event, the set of test
jets is defined as follows. If the event includes one or two b-jets, an additional test jet is considered,
chosen as the non-b-tagged jet with the highest b-tagging weight. If three b-jets are found, they are
all taken as test jets.
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Searching for tX+ET, miss production

[UH, Pani & Polesello, 1611.09841; UH & Polesello, 1812.00694] 

�ϕ = ��� ���

�� = ��� ���

��

0.0 0.2 0.4 0.6 0.8 1.0

0.5

1.0

1.5

2.0

|cosθll|
1/
σ
SR

tW
dσ

SR
tW
/d
|c
os
θ l
l|

mχ = 1 GeV, gχ = gt = 1

Figure 7. Normalised |cos ✓ll| distributions of the combined tt̄ + Emiss
T and tW + Emiss

T signal and the SM
background at the 14 TeV LHC. The depicted results impose the selections SRtW summarised in Table 1.
The used parameter choices for the s-channel DM simplified models are indicated in the legend and the
headline of the panel and the error bars represent the statistical errors associated to our MC simulations.

tW + Emiss
T events in SRtt (SRtW) turns out to be between 8% (50%) and 20% (75%) for M�/a

values in the range of 10 GeV to 1 TeV, and almost independent of the CP nature of the mediator.
These numbers imply that our analysis strategy indeed achieves the goal of separating the DM
signal into two viable signal regions with very di↵erent relative contributions from tt̄ + Emiss

T and
tW + Emiss

T production. In the range of 10 GeV to 1 TeV, the ratio of the number of signal events
in SRtt̄ and SRtW decreases monotonically with mediator mass from around 2.0 (1.5) to 0.8 (1.0)
in the scalar (pseudoscalar) case. After a LHC discovery, measurements of this ratios together
with studies of the |cos ✓ll| distribution [10] will therefore provide useful handles to determining
the properties of the spin-0 mediators such as mass and CP quantum number.

Having developed a realistic strategy for the detection of production of DM plus top quarks, we
can now come back to the issue of angular correlations of the DM signal. Since in the signal region
SRtW the processes tt̄ + Emiss

T and tW + Emiss
T contribute with similar weight, we show in Figure 6

normalised |cos ✓ll| distributions of the combined tt̄ + Emiss
T and tW + Emiss

T signature corresponding,
apart from Cem > 150 GeV, to the SRtW selection (cf. Table 1). Compared to the results presented
in Figure 4, one observes that the shape di↵erences in the spectra of the |cos ✓ll| variable are more
pronounced once the dilepton events resulting from tt̄ + Emiss

T have been added to those coming
from tW + Emiss

T . The observable |cos ✓ll| therefore still shows promising discriminating properties
in a realistic experimental analysis (such as the one proposed here based on the signal region SRtW)
where two-lepton events will always arise from the sum of tt̄ + Emiss

T and tW + Emiss
T production.

To further stress the latter point, we compare in Figure 7 the normalised |cos ✓ll| spectra of the
SM background with the combined DM signal for a scalar and pseudoscalar mediator of 300 GeV.
The depicted results correspond to di↵erential cross sections in the fiducial region SRtW . The
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Figure 8. Distribution of the |cos ✓``| variable after employing the full selection requirements as
specified in Section 5. The normalisation corresponds to the numbers of events expected for 100 fb�1

at
p
s = 14TeV. The error bars indicate the errors on the generated MC statistics.

Our sensitivity study is performed in two ways. First by performing a simple counting
experiment and second by including shape information in the form of a 5-bin likelihood fit
to the |cos ✓``| distributions. The inclusion of shape information is motivated by the obser-
vation that the distributions of events as a function of the pseudorapidity difference of the
dilepton pair is different for signal and background. This feature is illustrated in Figure 8
which compares the predictions for a scalar (blue curve) and pseudoscalar (red curve) as-
suming M = 100GeV, m� = 1GeV and g� = gt = 1 with the SM background (black curve).

Given the presence of a sizeable irreducible background surviving all the selections,
the experimental sensitivity will be largely determined by the systematic uncertainty on
the estimate of the SM backgrounds. Such an error has two main sources: on the one
hand, uncertainties on the parameters of the detector performance such as the energy
scale for hadronic jets and the identification efficiency for leptons, and on the other hand,
uncertainties plaguing the MC modelling of SM processes. Depending on the process and on
the kinematic selection, the total uncertainty can vary between a few percent and a few tens
of percent. The present analysis does not select extreme kinematic configurations for the
dominant tt̄Z background, and it therefore should be possible to control the experimental
systematics at the 10% to 30% level. In the following, we will assume a systematic error
of 20% on the backgrounds in the case of the counting experiment. In the case of the 5-bin
shape fits we will consider background uncertainties of both 30% and 20%, fully correlated
across the bins. We have checked that in the absence of an external measurement (e.g. a
background control region) which profiles uncertainties, the use of correlated uncertainties
in the shape fit provides the most conservative results.

The results of our sensitivity study are displayed in Figure 9. Notice that the results
shown for 3 ab�1 rely on the assumption that the Emiss

T measurement performance in the
very harsh experimental conditions of the HL-LHC will be equivalent to the one achieved
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Shape fit to pseudorapidity difference of two leptons cos θll = tanh(Δηll/2) 
allows to significantly improve search sensitivity in both signal regions 

SRtt SRtW
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tX+ET, miss LHC Run-3 projections 

Compared to standard SRtt search, sensitivity of combined SRtt & SRtW 

analysis higher by around 20% (80%) at low (high) mediator masses

[UH & Polesello, 1812.00694]
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tX+ET, miss LHC Run-3 projections 

For mDM = 1 GeV & gSM = gDM = 1, combination of SRtt & SRtW strategies 
leads to 95% CL limit Mϕ,a ≲ 410 GeV for 300 fb-1 of 14 TeV LHC data 

[UH & Polesello, 1812.00694]
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Mono-jet production 

ET, miss spectra of scalar & pseudoscalar mediators almost identical. Mono-jet 
searches seem to be insensitive to CP nature of DM-SM interactions
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Searching for 2j+ET, miss production

In gluon-fusion induced ET,miss processes such as spin-0 mono-jet 
production there is a large fraction of events with more than a single jet

≥ 4 jets
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Figure 2. Normalised |�� j1 j2 | distributions of the 2 j + Emiss
T signature and the total SM background at the

14 TeV LHC. The shown results impose the experimental selections SR2 j with mj1 j2 > 500 GeV (cf. Table 1).
The choices of the spin-0 s-channel DM simplified model parameters are indicated in the legends and the
headlines of the two panels. For further explanations see the main text.

The distributions for the azimuthal angle di↵erence between the two jets |�� j1 j2 | in the signal
region SR2 j with m j1 j2 > 500 GeV are shown in Figure 2. All the distributions are normalised
to unity when integrated over |�� j1 j2 | 2 [0, 2.6]. We see that in the case of the DM signal the
normalised |�� j1 j2 | spectra display a pronounced cosine-like and sine-like modulation that, as ex-
plained for example in [10, 35], is typical for scalar (red) and pseudoscalar (blue) exchange. Com-
pared to the 2 j + Emiss

T scalar and pseudoscalar distributions the SM background (black) is peaked
towards |�� j1 j2 | = ⇡. The observed shape di↵erences o↵er the possibility of improving the sensi-
tivity of the mono-jet analysis and, in the case of discovery, may allow to distinguishing between a
CP-even and a CP-odd mediation mechanism. It is important to notice in this respect that the shape
of the |�� j1 j2 | spectra is rather insensitive to the mediator mass as illustrated by the left and right
panel corresponding to masses of 50 GeV and 400 GeV, respectively. We stress that compared to
the previous work [10] the Monte Carlo (MC) modelling of both the DM signals and SM back-
grounds performed here is more sophisticated as it includes the e↵ects of CKKW jet matching,
parton shower and hadronisation corrections and a realistic detector simulation (cf. Section 2). Our
study thus shows that the azimuthal angle di↵erence �� j1 j2 in 2 j+Emiss

T production provides indeed
a powerful model discriminant in realistic LHC mono-jet analyses. In Appendix A we quantify the
gain in sensitivity that is achieved by adding shape information to the search strategy SR2 j.

4 LHC Run-3 and HL-LHC projections

The goal of this section is to derive upper limits on the signal strength µ, i.e. the ratio of the signal
yield to that predicted in the spin-0 s-channel DM simplified models (2.1). Given that in both signal
regions the signal-to-background ratio is at the percent level, a shape fit to a discriminant variable is
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Searching for 2j+ET, miss production

Azimuthal angle difference Δϕj1j2 in 2j+ET,miss events gold-plated observable 
to disentangle DM spin-0 signals from each other & SM background 

[UH, Hibbs & Re, 1311.7131; UH & Polesello, 1812.08129]
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SR j SR2 j

Emiss
T > 350 GeV

��~p miss
T j > 0.4

leading jet |⌘ j1 | < 2.4 , pT, j1 > 250 GeV |⌘ j1 | < 2.4 , pT, j1 > 100 GeV

subleading jet

8>>><
>>>:

n/a , N j = 1 ,

|⌘ j2 | < 2.8 , pT, j2 > 30 GeV , N j > 1
|⌘ j2 | < 2.8 , pT, j2 > 50 GeV

m j1 j2

8>>><
>>>:

n/a , N j = 1 ,

< 500 GeV (800 GeV) , N j > 1
> 500 GeV (800 GeV)

Table 1. Definition of the two signal regions SR j and SR2 j. See the text for additional explanations.

3 Analysis strategy

In our analysis, two orthogonal signal regions are defined. One focusing on the signature with a
single jet (SR j), and another one with two jets of high dijet invariant mass m j1 j2 (SR2 j). The defini-
tions of the signal regions are summarised in Table 1. The basic selections for both signal regions
require Emiss

T > 350 GeV, and that the separation in the azimuthal angle ��~p miss
T j between ~p miss

T and
any jet satisfies ��~p miss

T j > 0.4. Reconstructed jets have to have |⌘ j| < 2.8 and pT, j > 20 GeV, and
events containing more than four jets, i.e. N j > 4, with pT, j > 30 GeV are vetoed. The latter two
cuts ensure that the background from QCD multijet production is subdominant in the experimental
analysis. We also veto events with electrons or muons.

Jets are treated di↵erently in the two signal regions. In SR j (SR2 j), we demand the presence
of at least one jet ( j1) with |⌘ j1 | < 2.4 and pT, j1 > 250 GeV (pT, j1 > 100 GeV). Notice that
the Emiss

T , the ��~p miss
T j and the leading-jet cuts imposed in SR j match those of the signal region IM3

defined in [4]. If SR j contains two or more jets we require |⌘ j2 | < 2.8 and pT, j2 > 30 GeV,
whereas for SR2 j the second hardest jet has to satisfy |⌘ j2 | < 2.8 and pT, j2 > 50 GeV. In the
case of the signal region SR2 j, we finally ask that the invariant mass of the two leading jets fulfills
m j1 j2 > (500 GeV) 800 GeV in the extrapolation to 300 fb�1 (3 ab�1) of integrated luminosity, while
if an event in SR j features more than one jet, m j1 j2 is required to be smaller than the cut employed
in SR2 j. We emphasise that the SR2 j requirements on m j1 j2 have been optimised in our analysis to
provide the best possible separation between DM signal and SM background in terms of |�� j1 j2 |

distributions. Such an optimisation has not been performed in the earlier study [10].
After applying the above cuts, the SM background amounts to approximately 595k (102k)

events in SR j (SR2 j) per 300 fb�1 of integrated luminosity at the 14 TeV LHC. In both signal
regions, the ratio of the number of DM signal to SM background events turns out to be in the
ballpark of 1% (2%) for a scalar (pseudoscalar) mediator with mass below 400 GeV. For larger
values of M�/a the signal-to-background ratio rapidly decreases.

– 4 –

Searching for 2j+ET, miss production

Define signal regions SRj & SR2j to select one-jet like & two-jet like 
events & use Δϕj1j2 shape to improve signal-to-background separation

[UH & Polesello, 1812.08129]
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Mono-jet HL-LHC prospects

Shape fit to Δϕj1j2 observable in SR2j has a significantly better 
reach than standard SRj search based on ET,miss shape analysis

[UH & Polesello, 1812.08129]
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Figure 3. Value of the signal strength µ that can be excluded at 95% CL as a function of the mass for
scalar (left) and pseudoscalar (right) mediators. The reach for 300 fb�1 (upper row) and 3 ab�1 (lower row)
of 14 TeV LHC data is shown for the parameter choices m� = 1 GeV and g� = gt = 1. The displayed results
assume an uncertainty of 2.6% on the total number of expected events in both signal regions. Consult the
text for additional explanations.

been obtained under the assumption that only the total number of expected events carries a sys-
tematic uncertainty. This procedure hence leads to upper bounds on the sensitivity of our analysis
strategy SR2 j, corresponding to the limit of �� j1 j2 distributions with vanishing shape uncertainties.
Since a reliable estimate of shape uncertainties and their correlations is only possible in an analysis
that uses real LHC data, it is beyond the scope of this work to quantify to which extent our pro-
jections would be weakened if shape uncertainties were to be included. Additional extrapolations
based on a di↵erent systematic uncertainty scenario can be found in Appendix A.
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Mono-jet HL-LHC prospects

[UH & Polesello, 1812.08129]
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Figure 3. Value of the signal strength µ that can be excluded at 95% CL as a function of the mass for
scalar (left) and pseudoscalar (right) mediators. The reach for 300 fb�1 (upper row) and 3 ab�1 (lower row)
of 14 TeV LHC data is shown for the parameter choices m� = 1 GeV and g� = gt = 1. The displayed results
assume an uncertainty of 2.6% on the total number of expected events in both signal regions. Consult the
text for additional explanations.

been obtained under the assumption that only the total number of expected events carries a sys-
tematic uncertainty. This procedure hence leads to upper bounds on the sensitivity of our analysis
strategy SR2 j, corresponding to the limit of �� j1 j2 distributions with vanishing shape uncertainties.
Since a reliable estimate of shape uncertainties and their correlations is only possible in an analysis
that uses real LHC data, it is beyond the scope of this work to quantify to which extent our pro-
jections would be weakened if shape uncertainties were to be included. Additional extrapolations
based on a di↵erent systematic uncertainty scenario can be found in Appendix A.
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For mDM = 1 GeV & gSM = gDM = 1, search strategy SR2j leads to          
95% CL limits Mϕ ≲ 580 GeV & Ma ≲ 600 GeV for 3 ab-1 of 14 TeV data 



Are simplified models perfect?
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Simplified models are minimal extensions of EFT that besides DM 
typically contain a single mediator. Standard model (SM)- & DM-
mediator couplings are treated as free parameters & mechanism 
that provides mass to mediator & DM is unspecified

In ultraviolet (UV) complete model such as SM, couplings are usually 
not random but fixed by for example gauge invariance & anomalies. 
Higgs mechanism also an important ingredient in SM   

To UV complete simplified models have to add more structure to 
them & question is whether this will change phenomenology  



Pseudoscalar mono-X amplitudes
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Logarithmic contribution small unless gSM large & s1/2 ≫14 TeV, but …

g t

�t t

�

tg

g t

�t t

�

tg
g

Z
<latexit sha1_base64="4GASHVPLjsv5+X7wwnDGdeuo2GM=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWwM2FgmYC6YLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuBrnjXtUmsfyxgwT9CPakzzkjBprVW87haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhmuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YDDUiPSw==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="ReehscIITm9R0VWW3RiDRDb9NKA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVwMYyAfOByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzO650nVJrH8t5ME/QjOpI85IwaazUfBuWKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDnfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBtRuM0g==</latexit>

a
<latexit sha1_base64="9pZzqv/hTYhkawuEmWFXDURnSfQ=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVaPdYsktu1ORZfDmULr6eP8Cq2q3+NnpxSyNUBomqNZtz02Mn1FlOBM4LnRSjQllQ9rHtkVJI9R+Nh10TE6s0yNhrOyThkzd3x0ZjbQeRYGtjKgZ6MVsYv6XtVMTXvgZl0lqULLZR2EqiInJZGvS4wqZESMLlCluZyVsQBVlxt6mYI/gLa68DI2zsme55pYqlzBTHo7gGE7Bg3OowA1UoQ4MEB7gCZ6dO+fReXFeZ6U5Z95zCH/kvP0AF+SPUg==</latexit><latexit sha1_base64="+BoX8YazoJ14BLQgkbjWdKqLpFY=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VpV0CkW35E7kLII3g+Llx9uXfZG8VzqFz3Y3pmmEQlNOlGp5bqL9jEjNKMeR3U4VJoQOSA9bBgWJUPnZZNCRc2ScrhPG0jyhnYn7uyMjkVLDKDCVEdF9NZ+Nzf+yVqrDMz9jIkk1Cjr9KEy5o2NnvLXTZRKp5kMDhEpmZnVon0hCtbmNbY7gza+8CPWTkme46hbL5zBVHg7gEI7Bg1MowzVUoAYUEO7hEZ6sW+vBerZepqU5a9azD39kvf4A5zKQrQ==</latexit><latexit sha1_base64="+BoX8YazoJ14BLQgkbjWdKqLpFY=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VpV0CkW35E7kLII3g+Llx9uXfZG8VzqFz3Y3pmmEQlNOlGp5bqL9jEjNKMeR3U4VJoQOSA9bBgWJUPnZZNCRc2ScrhPG0jyhnYn7uyMjkVLDKDCVEdF9NZ+Nzf+yVqrDMz9jIkk1Cjr9KEy5o2NnvLXTZRKp5kMDhEpmZnVon0hCtbmNbY7gza+8CPWTkme46hbL5zBVHg7gEI7Bg1MowzVUoAYUEO7hEZ6sW+vBerZepqU5a9azD39kvf4A5zKQrQ==</latexit><latexit sha1_base64="KGrC/qYFSbDFTYUyUPnFvSdBIsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWi06qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w+/t4zZ</latexit>

a
<latexit sha1_base64="9pZzqv/hTYhkawuEmWFXDURnSfQ=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVaPdYsktu1ORZfDmULr6eP8Cq2q3+NnpxSyNUBomqNZtz02Mn1FlOBM4LnRSjQllQ9rHtkVJI9R+Nh10TE6s0yNhrOyThkzd3x0ZjbQeRYGtjKgZ6MVsYv6XtVMTXvgZl0lqULLZR2EqiInJZGvS4wqZESMLlCluZyVsQBVlxt6mYI/gLa68DI2zsme55pYqlzBTHo7gGE7Bg3OowA1UoQ4MEB7gCZ6dO+fReXFeZ6U5Z95zCH/kvP0AF+SPUg==</latexit><latexit sha1_base64="+BoX8YazoJ14BLQgkbjWdKqLpFY=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VpV0CkW35E7kLII3g+Llx9uXfZG8VzqFz3Y3pmmEQlNOlGp5bqL9jEjNKMeR3U4VJoQOSA9bBgWJUPnZZNCRc2ScrhPG0jyhnYn7uyMjkVLDKDCVEdF9NZ+Nzf+yVqrDMz9jIkk1Cjr9KEy5o2NnvLXTZRKp5kMDhEpmZnVon0hCtbmNbY7gza+8CPWTkme46hbL5zBVHg7gEI7Bg1MowzVUoAYUEO7hEZ6sW+vBerZepqU5a9azD39kvf4A5zKQrQ==</latexit><latexit sha1_base64="+BoX8YazoJ14BLQgkbjWdKqLpFY=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VpV0CkW35E7kLII3g+Llx9uXfZG8VzqFz3Y3pmmEQlNOlGp5bqL9jEjNKMeR3U4VJoQOSA9bBgWJUPnZZNCRc2ScrhPG0jyhnYn7uyMjkVLDKDCVEdF9NZ+Nzf+yVqrDMz9jIkk1Cjr9KEy5o2NnvLXTZRKp5kMDhEpmZnVon0hCtbmNbY7gza+8CPWTkme46hbL5zBVHg7gEI7Bg1MowzVUoAYUEO7hEZ6sW+vBerZepqU5a9azD39kvf4A5zKQrQ==</latexit><latexit sha1_base64="KGrC/qYFSbDFTYUyUPnFvSdBIsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWi06qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w+/t4zZ</latexit>

� �s

4�
yt gSM s0

<latexit sha1_base64="i+Q08I+U5WtEuDEQeh83GYxXFmw="></latexit><latexit sha1_base64="5M8zyAqqNjybp/E6bLvYgQjU5Bg="></latexit><latexit sha1_base64="5M8zyAqqNjybp/E6bLvYgQjU5Bg="></latexit><latexit sha1_base64="0vHmQrP1y638+HTaq3qaCLJ9OcA="></latexit>

� �s

4�
yt gSM ln2

�
s

m2
t

�

<latexit sha1_base64="fqyzYlTMLTrMMob5RtR8pkzpbKE="></latexit><latexit sha1_base64="D82ufEHYFiQ1BZvaAlSJ9FzSn28="></latexit><latexit sha1_base64="D82ufEHYFiQ1BZvaAlSJ9FzSn28="></latexit><latexit sha1_base64="2quudMQsd7iD7ZurrWT8wrkEM2Q="></latexit>



 41

still can ask …
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=  finite?+
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still can ask …
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<latexit sha1_base64="4GASHVPLjsv5+X7wwnDGdeuo2GM=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWwM2FgmYC6YLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuBrnjXtUmsfyxgwT9CPakzzkjBprVW87haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhmuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YDDUiPSw==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="ReehscIITm9R0VWW3RiDRDb9NKA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVwMYyAfOByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzO650nVJrH8t5ME/QjOpI85IwaazUfBuWKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDnfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBtRuM0g==</latexit>

a
<latexit sha1_base64="9pZzqv/hTYhkawuEmWFXDURnSfQ=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVaPdYsktu1ORZfDmULr6eP8Cq2q3+NnpxSyNUBomqNZtz02Mn1FlOBM4LnRSjQllQ9rHtkVJI9R+Nh10TE6s0yNhrOyThkzd3x0ZjbQeRYGtjKgZ6MVsYv6XtVMTXvgZl0lqULLZR2EqiInJZGvS4wqZESMLlCluZyVsQBVlxt6mYI/gLa68DI2zsme55pYqlzBTHo7gGE7Bg3OowA1UoQ4MEB7gCZ6dO+fReXFeZ6U5Z95zCH/kvP0AF+SPUg==</latexit><latexit sha1_base64="+BoX8YazoJ14BLQgkbjWdKqLpFY=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VpV0CkW35E7kLII3g+Llx9uXfZG8VzqFz3Y3pmmEQlNOlGp5bqL9jEjNKMeR3U4VJoQOSA9bBgWJUPnZZNCRc2ScrhPG0jyhnYn7uyMjkVLDKDCVEdF9NZ+Nzf+yVqrDMz9jIkk1Cjr9KEy5o2NnvLXTZRKp5kMDhEpmZnVon0hCtbmNbY7gza+8CPWTkme46hbL5zBVHg7gEI7Bg1MowzVUoAYUEO7hEZ6sW+vBerZepqU5a9azD39kvf4A5zKQrQ==</latexit><latexit sha1_base64="+BoX8YazoJ14BLQgkbjWdKqLpFY=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VpV0CkW35E7kLII3g+Llx9uXfZG8VzqFz3Y3pmmEQlNOlGp5bqL9jEjNKMeR3U4VJoQOSA9bBgWJUPnZZNCRc2ScrhPG0jyhnYn7uyMjkVLDKDCVEdF9NZ+Nzf+yVqrDMz9jIkk1Cjr9KEy5o2NnvLXTZRKp5kMDhEpmZnVon0hCtbmNbY7gza+8CPWTkme46hbL5zBVHg7gEI7Bg1MowzVUoAYUEO7hEZ6sW+vBerZepqU5a9azD39kvf4A5zKQrQ==</latexit><latexit sha1_base64="KGrC/qYFSbDFTYUyUPnFvSdBIsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWi06qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w+/t4zZ</latexit>

a HaZ coupling only exists in 
extensions of SM that feature an 

extended Higgs sector  
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<latexit sha1_base64="4GASHVPLjsv5+X7wwnDGdeuo2GM=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWwM2FgmYC6YLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuBrnjXtUmsfyxgwT9CPakzzkjBprVW87haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhmuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YDDUiPSw==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="ReehscIITm9R0VWW3RiDRDb9NKA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVwMYyAfOByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzO650nVJrH8t5ME/QjOpI85IwaazUfBuWKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDnfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBtRuM0g==</latexit>

a
<latexit sha1_base64="9pZzqv/hTYhkawuEmWFXDURnSfQ=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVaPdYsktu1ORZfDmULr6eP8Cq2q3+NnpxSyNUBomqNZtz02Mn1FlOBM4LnRSjQllQ9rHtkVJI9R+Nh10TE6s0yNhrOyThkzd3x0ZjbQeRYGtjKgZ6MVsYv6XtVMTXvgZl0lqULLZR2EqiInJZGvS4wqZESMLlCluZyVsQBVlxt6mYI/gLa68DI2zsme55pYqlzBTHo7gGE7Bg3OowA1UoQ4MEB7gCZ6dO+fReXFeZ6U5Z95zCH/kvP0AF+SPUg==</latexit><latexit sha1_base64="+BoX8YazoJ14BLQgkbjWdKqLpFY=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VpV0CkW35E7kLII3g+Llx9uXfZG8VzqFz3Y3pmmEQlNOlGp5bqL9jEjNKMeR3U4VJoQOSA9bBgWJUPnZZNCRc2ScrhPG0jyhnYn7uyMjkVLDKDCVEdF9NZ+Nzf+yVqrDMz9jIkk1Cjr9KEy5o2NnvLXTZRKp5kMDhEpmZnVon0hCtbmNbY7gza+8CPWTkme46hbL5zBVHg7gEI7Bg1MowzVUoAYUEO7hEZ6sW+vBerZepqU5a9azD39kvf4A5zKQrQ==</latexit><latexit sha1_base64="+BoX8YazoJ14BLQgkbjWdKqLpFY=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VpV0CkW35E7kLII3g+Llx9uXfZG8VzqFz3Y3pmmEQlNOlGp5bqL9jEjNKMeR3U4VJoQOSA9bBgWJUPnZZNCRc2ScrhPG0jyhnYn7uyMjkVLDKDCVEdF9NZ+Nzf+yVqrDMz9jIkk1Cjr9KEy5o2NnvLXTZRKp5kMDhEpmZnVon0hCtbmNbY7gza+8CPWTkme46hbL5zBVHg7gEI7Bg1MowzVUoAYUEO7hEZ6sW+vBerZepqU5a9azD39kvf4A5zKQrQ==</latexit><latexit sha1_base64="KGrC/qYFSbDFTYUyUPnFvSdBIsQ=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWi06qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w+/t4zZ</latexit>

H
<latexit sha1_base64="03VQ4Sn64AJbtah9Yzi+HLaSWzg=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWwM2KRMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxFZfxGewEd/GyaXQxB8GPv7/HOacEySCa+O6387K6tr6xmZuK7+9s7u3Xzg4bOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDPJm/eoNI/lrRkl6Ee0L3nIGTXWqlW6haJbcqciy+DNoXj98f4FVtVu4bPTi1kaoTRMUK3bnpsYP6PKcCZwnO+kGhPKhrSPbYuSRqj9bDromJxap0fCWNknDZm6vzsyGmk9igJbGVEz0IvZxPwva6cmvPQzLpPUoGSzj8JUEBOTydakxxUyI0YWKFPczkrYgCrKjL1N3h7BW1x5GRrnJc9yzS2Wr2CmHBzDCZyBBxdQhgpUoQ4MEB7gCZ6dO+fReXFeZ6UrzrznCP7IefsB8fGPOQ==</latexit><latexit sha1_base64="FZkznEPZvosVlCIOkfIPdkgZ2ag=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0EyyCq5K4UQSx4KbLFuwF2lAm05N27GQSZiZCCX0CNy4Ucas+iM/gRnwbp5eFtv4w8PH/5zDnnCDhTGnX/baWlldW19ZzG/bm1vbObn5vv67iVFKs0ZjHshkQhZwJrGmmOTYTiSQKODaCwfU4b9yhVCwWN3qYoB+RnmAho0Qbq1ru5Atu0Z3IWQRvBoWrj7cv+zJ5r3Tyn+1uTNMIhaacKNXy3ET7GZGaUY4ju50qTAgdkB62DAoSofKzyaAj59g4XSeMpXlCOxP3d0dGIqWGUWAqI6L7aj4bm/9lrVSH537GRJJqFHT6UZhyR8fOeGunyyRSzYcGCJXMzOrQPpGEanMb2xzBm195EeqnRc9w1S2ULmCqHBzCEZyAB2dQgjJUoAYUEO7hEZ6sW+vBerZepqVL1qznAP7Iev0BwU6QlA==</latexit><latexit sha1_base64="FZkznEPZvosVlCIOkfIPdkgZ2ag=">AAAB6HicbZDLSsNAFIZPvNZ4q7p0EyyCq5K4UQSx4KbLFuwF2lAm05N27GQSZiZCCX0CNy4Ucas+iM/gRnwbp5eFtv4w8PH/5zDnnCDhTGnX/baWlldW19ZzG/bm1vbObn5vv67iVFKs0ZjHshkQhZwJrGmmOTYTiSQKODaCwfU4b9yhVCwWN3qYoB+RnmAho0Qbq1ru5Atu0Z3IWQRvBoWrj7cv+zJ5r3Tyn+1uTNMIhaacKNXy3ET7GZGaUY4ju50qTAgdkB62DAoSofKzyaAj59g4XSeMpXlCOxP3d0dGIqWGUWAqI6L7aj4bm/9lrVSH537GRJJqFHT6UZhyR8fOeGunyyRSzYcGCJXMzOrQPpGEanMb2xzBm195EeqnRc9w1S2ULmCqHBzCEZyAB2dQgjJUoAYUEO7hEZ6sW+vBerZepqVL1qznAP7Iev0BwU6QlA==</latexit><latexit sha1_base64="vf+LFt7vhvnRLHxOCIz7oINsW8g=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVwCZlAuYDkiPsbeaSNXt7x+6eEI78AhsLRWz9SXb+GzfJFZr4wsLDOzPszBskgmvjut9OYWt7Z3evuF86ODw6PimfnnV0nCqGbRaLWPUCqlFwiW3DjcBeopBGgcBuML1f1LtPqDSP5YOZJehHdCx5yBk11mo1huWKW3WXIpvg5VCBXM1h+WswilkaoTRMUK37npsYP6PKcCZwXhqkGhPKpnSMfYuSRqj9bLnonFxZZ0TCWNknDVm6vycyGmk9iwLbGVEz0eu1hflfrZ+asOZnXCapQclWH4WpICYmi6vJiCtkRswsUKa43ZWwCVWUGZtNyYbgrZ+8CZ2bqme55Vbqd3kcRbiAS7gGD26hDg1oQhsYIDzDK7w5j86L8+58rFoLTj5zDn/kfP4AmdOMwA==</latexit>+



Consistent spin-0 simplified models
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[Kim et al., 0803.2932; Baek et al., 1112.1847; Lopez-Honorez et al., 1203.2064; Fairbairn & Hogan, 1305.3452;     
 Carpenter, 1312.2592; Berlin et al., 1402.7074, 1502.06000; … ; Ko & Li, 1610.03997; Bell et al., 1612.04593; …]

Spin-0 models with fermionic DM can be made SU(2)L × U(1)Y 

invariant by introducing a new dark Higgs that couples to visible 
scalar sector. If scalar sector minimal, SM Higgs is mediator & Higgs 

constraints are severe. But Higgs constraints avoided in decoupling or 
alignment limit of two-Higgs-doublet model (2HDM) extensions
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L � �Q̄YuH̃2dR + Q̄YdH1uR � ibP PH†
1H2 � iy�P �̄�5� + h.c.

States : h, H,A,H±, a

h is SM-like for 
cos(β-α) ≃ 0

mostly P for 
small θ

Angles : �, �, �

g
t

t

t
g

H,A, a

� 1
tan�

[Ipek et al. 1404.3716; No, 1509.01110; Goncalves et al., 1611.04593; Bauer et al., 1701.07427] 
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B → Xsγ

Bs → μ+μ-
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Figure 3: Left: Parameter space allowed, at 95% CL, by a global fit to the LHC Run-I

Higgs coupling strength measurements in the context of a 2HDM type-II scenario. Right:

Parameter space in the MH± –tan� plane that is disfavoured by the flavour observables

B ! Xs� (red) and Bs ! µ
+
µ
� (blue). The open region in the center of the plot is allowed

at 95% CL.

4.2 Constraints on tan�

Indirect constraints on tan� as a function of MH± arise from B ! Xs� [56–58], B-meson

mixing [59–62] as well as Bs ! µ
+
µ
� [63–69], but also follow from Z ! bb̄ [70–72]. For

the case of the type-II 2HDM, the most stringent constraints on the MH± –tan� plane

are depicted in the right panel of Figure 3. From the shown results it is evident that

B ! Xs� provides a lower limit on the charged Higgs mass of MH± > 580GeV that is

practically independent of tan� for tan� & 2, while Bs ! µ
+
µ
� is the leading constraint

for very heavy charged Higgses, excluding for instance values of tan� < 1.3 and tan� > 20

for MH± = 1TeV. Since the indirect constraints arise from loop corrections they can in

principle be weakened by the presence of additional particles that are too heavy to be

produced at the LHC. We thus consider the bounds from flavour only as indicative, and

will not directly impose them on the parameter space of the 2HDM+a in what follows. The

constraints on tan� that follow from the existing LHC searches for heavy spin-0 bosons

(see for instance [73–75, 77, 78]) will be discussed in Section 7.

4.3 Constraints on sin ✓

EW precision measurements constrain the di↵erences between the masses of the additional

scalar and pseudoscalar particles MH ,MA,MH± and Ma, because the exchange of spin-0

states modifies the propagators of the W - and Z-bosons at the one-loop level and beyond.

For MH = MH± and cos(��↵) = 0, these corrections vanish due to a custodial symmetry

in the tree-level potential VH [79–83] introduced in (3.4) and the masses of the CP-odd mass

eigenstates can be treated as free parameters. This custodial symmetry is also present if
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Figure 3: Left: Parameter space allowed, at 95% CL, by a global fit to the LHC Run-I

Higgs coupling strength measurements in the context of a 2HDM type-II scenario. Right:

Parameter space in the MH± –tan � plane that is disfavoured by the flavour observables

B ! Xs� (red) and Bs ! µ
+

µ
� (blue). The open region in the center of the plot is allowed

at 95% CL.

4.2 Constraints on tan�

Indirect constraints on tan � as a function of MH± arise from B ! Xs� [56–58], B-meson

mixing [59–62] as well as Bs ! µ
+

µ
� [63–69], but also follow from Z ! bb̄ [70–72]. For

the case of the type-II 2HDM, the most stringent constraints on the MH± –tan � plane

are depicted in the right panel of Figure 3. From the shown results it is evident that

B ! Xs� provides a lower limit on the charged Higgs mass of MH± > 580 GeV that is

practically independent of tan � for tan � & 2, while Bs ! µ
+

µ
� is the leading constraint

for very heavy charged Higgses, excluding for instance values of tan � < 1.3 and tan � > 20

for MH± = 1 TeV. Since the indirect constraints arise from loop corrections they can in

principle be weakened by the presence of additional particles that are too heavy to be

produced at the LHC. We thus consider the bounds from flavour only as indicative, and

will not directly impose them on the parameter space of the 2HDM+a in what follows. The

constraints on tan � that follow from the existing LHC searches for heavy spin-0 bosons

(see for instance [73–75, 77, 78]) will be discussed in Section 7.

4.3 Constraints on sin ✓

EW precision measurements constrain the di↵erences between the masses of the additional

scalar and pseudoscalar particles MH , MA, MH± and Ma, because the exchange of spin-0

states modifies the propagators of the W - and Z-bosons at the one-loop level and beyond.

For MH = MH± and cos(� � ↵) = 0, these corrections vanish due to a custodial symmetry

in the tree-level potential VH [79–83] introduced in (3.4) and the masses of the CP-odd mass

eigenstates can be treated as free parameters. This custodial symmetry is also present if
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[see for instance LHC DMWG, 1810.09420 & references therein] 
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[Goncalves et al., 1611.04593; Bauer et al., 1701.07427; Pani & Polesello, 1712.03874] 
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Mono-Z, mono-Higgs & tW+ET, miss 
channels are subleading in spin-0 DM 
simplified models. In 2HDM+a model, 

presence of H, A, & H± allows for resonant 
production of these mono-X signatures
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2HDM+a: mono-Higgs spectra
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Due to interplay of resonant & non-resonant contributions,       
ET, miss distributions in h+ET, miss production have non-trivial shapes



[based on ATLAS-CONF-2018-051] 

2HDM+a: LHC constraints
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Existing mono-Z in 2l channel & mono-Higgs in 2b channel provide leading 
constraints. Mono-Higgs in 2γ channel interesting at LHC Run-3 & beyond

mχ  = 10 GeV, yχ = 1
sin θ = 0.35, tan β = 1
MA = MH = MH±

13 TeV, 36 fb-1

Limits at 95% CL

h (→ γγ) + ET,miss, 1706.03948

Z (→ l+l-) + ET,miss, 1708.09624

h → invisible, 1509.00672 

h (→ bb) + ET,miss, 1707.01302
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[based on ATLAS-CONF-2018-051] 

2HDM+a: LHC constraints
 49

Due to resonant production mass reach significantly enhanced compared   
to pseudoscalar DMF model. For instance, Ma > 340 GeV for MA = 1TeV

mχ  = 10 GeV, yχ = 1
sin θ = 0.35, tan β = 1
MA = MH = MH±

13 TeV, 36 fb-1

Limits at 95% CL

h (→ γγ) + ET,miss, 1706.03948

Z (→ l+l-) + ET,miss, 1708.09624

h → invisible, 1509.00672 

h (→ bb) + ET,miss, 1707.01302
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2HDM+a: LHC constraints
 50

mχ  = 10 GeV, yχ = 1
sin θ = 0.35
MA = MH = MH± = 600 GeV

13 TeV, 36 fb-1

Limits at 95% CL

[based on LHC DMWG, 1810.09420 & ATLAS-CONF-2018-051] 

Compared to mono-Z & mono-Higgs, tt+ET, miss searches lead to weak 
constraints only. 4-top production also relevant for not too heavy A & H

h (→ bb) + ET,miss, 1707.01302

h (→ γγ) + ET,miss, 1706.03948

Z (→ l+l-) + ET,miss, 1708.09624

h → invisible, 1509.00672 

tt + ET,miss, 1710.11412 & 1711.11520

4-top, 1704.08493 
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[Pani & Polesello, 1712.03874; UH, Pani & Polesello in 1812.07831] 

2HDM+a: tW+ET, miss prospects
 51
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Complementary constraints on 2HDM+a parameter space can 
also be obtained from tW+ET, miss searches in future LHC runs



yχ = 1, sin θ = 0.35, tan β = 1
MA = MH = MH± = 600 GeV
Ma = 250 GeV
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2HDM+a: relic density vs. LHC
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[based on ATLAS-CONF-2018-051]
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2HDM+a: relic density vs. LHC

For Ma = 250 GeV, models that predict Ωh2 = 0.12 excluded by LHC data  

[based on ATLAS-CONF-2018-051]

yχ = 1, sin θ = 0.35, tan β = 1
MA = MH = MH± = 600 GeV
Ma = 250 GeV

Ωh2 = 0.12

h (→ γγ) + ET,miss
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Z (→ l+l-) + ET,miss
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2HDM+a: relic density vs. LHC

yχ = 1, sin θ = 0.35, tan β = 1
MA = MH = MH± = 600 GeV
Ma = 250 GeV

Ωh2 = 0.12

h (→ γγ) + ET,miss

h (→ bb) + ET,miss

Z (→ l+l-) + ET,miss

DM relic density

[based on ATLAS-CONF-2018-051]

But large portions of parameter space with Ωh2 < 0.12 untested by LHC
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• ATLAS & CMS searches for DM in X+ET, miss with X = j, γ, W, Z, h, t,  
tt, bb, … & their interpretations in framework of spin-0 & spin-1 DM 
simplified models well established 

• At future LHC runs possible to search for X+ET, miss more differential. 
In spin-0 case, studies of angular correlations in 2j & 2l final states can 
be used to enhance LHC reach & characterise portal interactions 

• Mono-Z, mono-Higgs & tW+ET, miss production can furnish leading 
bounds in consistent spin-0 models with an extended Higgs sector. 
This motivates studies that have received less/little attention so far 

Conclusions
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2HDM+a: relic density

Figure 27: Predicted DM relic density for a two-dimensional scan of Ma and m�. The

other parameters remain fixed at MH = MA = MH± = 600 GeV and tan� = 1, as well

as the benchmark choices given in (4.5). The color scale indicates the DM relic density,

the cyan solid line shows the observed value of ⌦h
2 = 0.12. The color scale is truncated

at its ends, i.e. values larger than the maximum or smaller than the minimum are shown

in the same color as the maximum/minimum. While the left panel focuses on the mass

region relevant to collider searches, the right panel shows the development of the DM relic

density for a larger mass region.

annihilation proceeds through double-exchange diagrams, the outgoing bosons are taken

to be on-shell and their decays are not simulated. All tree-level annihilation processes are

considered, and the Yukawa couplings of all fermions are taken to be non-zero.

10.2 Scan results

If not stated otherwise, the results shown in this section use the benchmark values from (4.5).

The DM relic density is displayed in the Ma –m� plane in the two panels of Figure 27.

The parameters not indicated in the plots are fixed to MH = MA = MH± = 600 GeV and

tan� = 1. For values of m� below the mass of the top quark, DM is mostly overabundant.

In this regime, annihilation to quarks is suppressed by the small Yukawa couplings of the

light fermions. The observed DM relic density can only be achieved for m� ' Ma/2, where

annihilation is resonantly enhanced, or for m� ' (Ma + Mh)/2, close to the threshold for

the �� ! ha process. Above the top threshold, annihilation into fermions becomes very

e�cient and DM is typically underabundant. Exceptions are regions in parameter space

where Ma & mt and m� ' mt in which the observed DM relic density can be achieved.

As m� increases further, annihilation via single-exchange diagrams is more and more sup-

pressed and the observed DM relic density can again be reproduced. At low values of Ma

this happens for m� ' 1 TeV. The right panel of Figure 27 shows in addition the two

branches of solutions for masses up to 10 TeV.

The dependence of the DM relic density on the choice of m� is further explored in

Figure 28 (left). The red curve represents the choices MH = MA = MH± = 600 GeV,

Ma = 250 GeV and tan� = 1. The result shown confirms the presence of the previ-

– 42 –

[LHC DMWG, 1810.09420] 
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2HDM+a: SI DM-nucleon cross section

[Bell et al., 1803.01574;  Abe et al., 1810.01039]
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Figure 24: DD exclusions in the 2HDM+a model as function of m� and Ma. The con-

straints from LUX 2016 (red) [166], XENON1T 2017 (blue) [167] and the projections from

XENON1T 2ty (orange) and XENONnT 20ty (purple) [168] are shown. The grey shaded

area is not accessible to ordinary DD experiments due to the presence of the neutrino

background [169], while the black hatched regions are excluded by the LHC bounds on

invisible Higgs decays. In the left (right) panel the parameters sin ✓ = 0.35 (sin ✓ = 0.7),

MA = 750 GeV and y� = 1 are employed.

type-II models, where the box diagrams can be numerically important if tan� & 50. This

has first been pointed out in [20]. Unlike the box graphs the triangle diagram does not

depend on the Yukawa sector of the 2HDM+a model [163, 164].

The bounds that DD experiments can or may set on the 2HDM+a model are presented

in Figure 24. In the left (right) panel the choices sin ✓ = 0.35 (sin ✓ = 0.7), MA = 750 GeV

and y� = 1 are employed. For sin ✓ = 0.35, current limits from LUX 2016 (red) [166]

and XENON1T 2017 (blue) [167] are able to exclude the portion of parameter space with

m� ' [10, 300] GeV and Ma . 50 GeV. Projected limits from XENON1T 2ty (orange) and

XENONnT 20ty (purple) [168] are expected to expand the exclusions to m� . 1700 GeV

and Ma . 200 GeV. In the case sin ✓ = 0.7, the obtained limits are slightly better because

of the larger mixing angle. The XENON1T 1ty constraints [170] are not explicitly shown in

Figure 24. They would fall between the XENON1T 2017 and the XENON1T 2ty exclusions.

For comparison also the regions in the m� –Ma plane excluded by the present LHC bounds

on invisible Higgs decays — see Section 4.4 and [23] — are shown as black hatched regions.

The results displayed in Figure 24 imply that present and future DD experiments cannot

probe benchmarks like (4.5) since these employ m� = 10 GeV. In fact, the sensitivity of

DD is complementary to that of the mono-X searches because the former constraints are

strongest for Ma < 2m� while the latter searches provide the best exclusions for Ma > 2m�.
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straints from LUX 2016 (red) [166], XENON1T 2017 (blue) [167] and the projections from

XENON1T 2ty (orange) and XENONnT 20ty (purple) [168] are shown. The grey shaded

area is not accessible to ordinary DD experiments due to the presence of the neutrino

background [169], while the black hatched regions are excluded by the LHC bounds on

invisible Higgs decays. In the left (right) panel the parameters sin ✓ = 0.35 (sin ✓ = 0.7),

MA = 750 GeV and y� = 1 are employed.

type-II models, where the box diagrams can be numerically important if tan � & 50. This

has first been pointed out in [20]. Unlike the box graphs the triangle diagram does not

depend on the Yukawa sector of the 2HDM+a model [163, 164].

The bounds that DD experiments can or may set on the 2HDM+a model are presented

in Figure 24. In the left (right) panel the choices sin ✓ = 0.35 (sin ✓ = 0.7), MA = 750 GeV

and y� = 1 are employed. For sin ✓ = 0.35, current limits from LUX 2016 (red) [166]

and XENON1T 2017 (blue) [167] are able to exclude the portion of parameter space with

m� ' [10, 300] GeV and Ma . 50 GeV. Projected limits from XENON1T 2ty (orange) and

XENONnT 20ty (purple) [168] are expected to expand the exclusions to m� . 1700 GeV

and Ma . 200 GeV. In the case sin ✓ = 0.7, the obtained limits are slightly better because

of the larger mixing angle. The XENON1T 1ty constraints [170] are not explicitly shown in

Figure 24. They would fall between the XENON1T 2017 and the XENON1T 2ty exclusions.

For comparison also the regions in the m� –Ma plane excluded by the present LHC bounds

on invisible Higgs decays — see Section 4.4 and [23] — are shown as black hatched regions.

The results displayed in Figure 24 imply that present and future DD experiments cannot

probe benchmarks like (4.5) since these employ m� = 10 GeV. In fact, the sensitivity of

DD is complementary to that of the mono-X searches because the former constraints are

strongest for Ma < 2m� while the latter searches provide the best exclusions for Ma > 2m�.
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Since a SI DM-nucleon cross section arises only at loop level, DD limits     
are generically weak in 2HDM+a model, in particular in Ma > 2 mχ region   

[Bell et al., 1803.01574;  Abe et al., 1810.01039]
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2HDM+a: indirect detection

For mDM = 10 GeV, velocity averaged annihilation cross section into bb is 

3·10-30 cm3/s.  Corresponding Fermi-LAT bound reads 4.8·10-27 cm3/s
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Figure 26: The velocity-averaged DM annihilation cross sections (left panel) and the

corresponding relative rates (right panel) in the 2HDM+a model. The shown results corre-

spond to MH = MA = MH± = 600 GeV, Ma = 250 GeV and the benchmark choices made

in (4.5). See text for further details.

In Figure 26 we display an example of the various velocity-averaged DM annihilation

cross sections (left) and the corresponding relative rates RX = h� viX/
P

Y
h� viY (right)

predicted in the 2HDM+a model. Here Y = ff̄ , bb̄, tt̄, hA, HA, HZ, H
±

W
⌥, ha,

Ha, AA, aa, Aa. The employed input parameters are given by MH = MA = MH± =

600 GeV, Ma = 250 GeV and (4.5). The numerical results for h�vi have been obtained

with MadGraph5 aMC@NLO using the latest MadDM [172] plugin. The average velocity of

DM is taken to be 2 · 10�5
c, which is a typical velocity for Milky Way dwarf spheroidal

satellite galaxies (see e.g. [173, 174]). Focusing on the region of DM masses below the

top threshold, one sees that in this case only the annihilation cross sections for ��̄ ! ff̄

with f = e, µ, ⌧, u, d, s, c and ��̄ ! bb̄ are non-zero. Notice that both cross sections are

resonantly enhanced at m� ' Ma/2 due to ��̄ ! a ! ff̄ , leading to narrow peaks in the

spectra. For m� > mt the process ��̄ ! tt̄ is also possible, representing the dominant

fermionic annihilation channel for DM masses above the top threshold. One furthermore

notices that all fermionic channels are enhanced for m� ' MA/2. This is again a resonance

e↵ect driven by ��̄ ! A ! ff̄ with an on-shell A. The remaining annihilation processes

��̄ ! AB with A, B either two spin-0 bosons or a spin-0 and a EW gauge boson turn on

whenever the relevant threshold is reached, i.e. m� > (mA+mB)/2. The largest channel of

this type is ��̄ ! ha which for the chosen parameters dominantly leads to a bb̄bb̄ final state.

Also DM annihilation to H
±

W
⌥, HZ and hA is relevant for m� & (Mh+MA)/2, while the

remaining channels involving two pseudoscalars, i.e. aa, Aa and AA, are all numerically

negligible. We also add that the annihilation cross section corresponding to ��̄ ! HA is

exactly zero due to our parameter choices tan� = 1 and �P1 = �P2.

Figure 26 also shows that the total DM annihilation cross section is lowest for light DM

and in this mass region fully dominated by the annihilation into the bb̄ final state. For
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Mono-jet: recent theory progress
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Fig. 17: Predictions at NLO QCD⌦ nNLO EW and NNLO QCD⌦ nNLO EW for V+ jet spectra (left) and
ratios (right) at 13TeV. The lower frames show the relative impact of NNLO corrections and theory uncertainties
normalised to NLO QCD⌦ nNLO EW. The green and red bands correspond to the combination (in quadrature)
of the perturbative QCD, EW and mixed QCD-EW uncertainties, according to Eq. (76) at NLO QCD⌦ nNLO
EW and NNLO QCD⌦ nNLO EW respectively. PDF uncertainties based on LUXqed_plus_PDF4LHC15_nnlo
are shown at NLO QCD as separate hashed orange bands.

cuts, non-perturbative effects on lepton isolation, etc.,
can then be deduced from the Monte Carlo samples.
The additional uncertainties associated with the Monte
Carlo simulation are expected to be relatively small, in-
sofar as the vector-boson pT distribution that we cal-
culate is closely connected to the main experimental
observables used in MET+jets searches.

Some caution is needed in implementing the results
of this paper: for example the uncertainty prescriptions
are tied to the use of the central values that we provide.

If an experiment relies on central values that differ, e.g.
through the use of MC samples that are not reweighted
to our nominal predictions, then the uncertainty scheme
that we provide may no longer be directly applicable.
Furthermore, for searches that rely on features of the
event other than missing transverse momentum, one
should be aware that our approach might need to be
extended. This would be the case notably for any ob-
servable that relies directly on jet observables, whether
related to the recoiling jet or vetoes on additional jets.
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Fig. 17: Predictions at NLO QCD ⌦ nNLO EW and NNLO QCD ⌦ nNLO EW for V+ jet spectra (left) and
ratios (right) at 13TeV. The lower frames show the relative impact of NNLO corrections and theory uncertainties
normalised to NLO QCD ⌦ nNLO EW. The green and red bands correspond to the combination (in quadrature)
of the perturbative QCD, EW and mixed QCD-EW uncertainties, according to Eq. (76) at NLO QCD ⌦ nNLO
EW and NNLO QCD ⌦ nNLO EW respectively. PDF uncertainties based on LUXqed_plus_PDF4LHC15_nnlo
are shown at NLO QCD as separate hashed orange bands.

cuts, non-perturbative effects on lepton isolation, etc.,
can then be deduced from the Monte Carlo samples.
The additional uncertainties associated with the Monte
Carlo simulation are expected to be relatively small, in-
sofar as the vector-boson pT distribution that we cal-
culate is closely connected to the main experimental
observables used in MET+jets searches.

Some caution is needed in implementing the results
of this paper: for example the uncertainty prescriptions
are tied to the use of the central values that we provide.

If an experiment relies on central values that differ, e.g.
through the use of MC samples that are not reweighted
to our nominal predictions, then the uncertainty scheme
that we provide may no longer be directly applicable.
Furthermore, for searches that rely on features of the
event other than missing transverse momentum, one
should be aware that our approach might need to be
extended. This would be the case notably for any ob-
servable that relies directly on jet observables, whether
related to the recoiling jet or vetoes on additional jets.
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Fig. 17: Predictions at NLO QCD ⌦ nNLO EW and NNLO QCD ⌦ nNLO EW for V+ jet spectra (left) and
ratios (right) at 13TeV. The lower frames show the relative impact of NNLO corrections and theory uncertainties
normalised to NLO QCD ⌦ nNLO EW. The green and red bands correspond to the combination (in quadrature)
of the perturbative QCD, EW and mixed QCD-EW uncertainties, according to Eq. (76) at NLO QCD ⌦ nNLO
EW and NNLO QCD ⌦ nNLO EW respectively. PDF uncertainties based on LUXqed_plus_PDF4LHC15_nnlo
are shown at NLO QCD as separate hashed orange bands.

cuts, non-perturbative effects on lepton isolation, etc.,
can then be deduced from the Monte Carlo samples.
The additional uncertainties associated with the Monte
Carlo simulation are expected to be relatively small, in-
sofar as the vector-boson pT distribution that we cal-
culate is closely connected to the main experimental
observables used in MET+jets searches.

Some caution is needed in implementing the results
of this paper: for example the uncertainty prescriptions
are tied to the use of the central values that we provide.

If an experiment relies on central values that differ, e.g.
through the use of MC samples that are not reweighted
to our nominal predictions, then the uncertainty scheme
that we provide may no longer be directly applicable.
Furthermore, for searches that rely on features of the
event other than missing transverse momentum, one
should be aware that our approach might need to be
extended. This would be the case notably for any ob-
servable that relies directly on jet observables, whether
related to the recoiling jet or vetoes on additional jets.
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Fig. 17: Predictions at NLO QCD ⌦ nNLO EW and NNLO QCD ⌦ nNLO EW for V+ jet spectra (left) and
ratios (right) at 13TeV. The lower frames show the relative impact of NNLO corrections and theory uncertainties
normalised to NLO QCD ⌦ nNLO EW. The green and red bands correspond to the combination (in quadrature)
of the perturbative QCD, EW and mixed QCD-EW uncertainties, according to Eq. (76) at NLO QCD ⌦ nNLO
EW and NNLO QCD ⌦ nNLO EW respectively. PDF uncertainties based on LUXqed_plus_PDF4LHC15_nnlo
are shown at NLO QCD as separate hashed orange bands.

cuts, non-perturbative effects on lepton isolation, etc.,
can then be deduced from the Monte Carlo samples.
The additional uncertainties associated with the Monte
Carlo simulation are expected to be relatively small, in-
sofar as the vector-boson pT distribution that we cal-
culate is closely connected to the main experimental
observables used in MET+jets searches.

Some caution is needed in implementing the results
of this paper: for example the uncertainty prescriptions
are tied to the use of the central values that we provide.

If an experiment relies on central values that differ, e.g.
through the use of MC samples that are not reweighted
to our nominal predictions, then the uncertainty scheme
that we provide may no longer be directly applicable.
Furthermore, for searches that rely on features of the
event other than missing transverse momentum, one
should be aware that our approach might need to be
extended. This would be the case notably for any ob-
servable that relies directly on jet observables, whether
related to the recoiling jet or vetoes on additional jets.
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ratios (right) at 13TeV. The lower frames show the relative impact of NNLO corrections and theory uncertainties
normalised to NLO QCD ⌦ nNLO EW. The green and red bands correspond to the combination (in quadrature)
of the perturbative QCD, EW and mixed QCD-EW uncertainties, according to Eq. (76) at NLO QCD ⌦ nNLO
EW and NNLO QCD ⌦ nNLO EW respectively. PDF uncertainties based on LUXqed_plus_PDF4LHC15_nnlo
are shown at NLO QCD as separate hashed orange bands.

cuts, non-perturbative effects on lepton isolation, etc.,
can then be deduced from the Monte Carlo samples.
The additional uncertainties associated with the Monte
Carlo simulation are expected to be relatively small, in-
sofar as the vector-boson pT distribution that we cal-
culate is closely connected to the main experimental
observables used in MET+jets searches.

Some caution is needed in implementing the results
of this paper: for example the uncertainty prescriptions
are tied to the use of the central values that we provide.

If an experiment relies on central values that differ, e.g.
through the use of MC samples that are not reweighted
to our nominal predictions, then the uncertainty scheme
that we provide may no longer be directly applicable.
Furthermore, for searches that rely on features of the
event other than missing transverse momentum, one
should be aware that our approach might need to be
extended. This would be the case notably for any ob-
servable that relies directly on jet observables, whether
related to the recoiling jet or vetoes on additional jets.
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Model-dependence of exclusions

[https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/]
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Model-dependence of exclusions

[https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/]
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=)
<latexit sha1_base64="kcv54LWvXVokC7tfChAM5+PaY7Q=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0JMUvHjwUMF+QBvKZrtJl252w+5EqaG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtTwQ143rezsrq2vrFZ2ipv7+zuVdz9g5ZRmaasSZVQuhMSwwSXrAkcBOukmpEkFKwdjq6nfvuBacOVvIdxyoKExJJHnBKwUt+t9G6VjDWPh0C0Vo99t+rVvBnwMvELUkUFGn33qzdQNEuYBCqIMV3fSyHIiQZOBZuUe5lhKaEjErOupZIkzAT57PAJPrHKAEdK25KAZ+rviZwkxoyT0HYmBIZm0ZuK/3ndDKLLIOcyzYBJOl8UZQKDwtMU8IBrRkGMLSFUc3srpkOiCQWbVdmG4C++vExaZzXfq/l359X6VRFHCR2hY3SKfHSB6ugGNVATUZShZ/SK3pwn58V5dz7mrStOMXOI/sD5/AE+5JNy</latexit><latexit sha1_base64="kcv54LWvXVokC7tfChAM5+PaY7Q=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0JMUvHjwUMF+QBvKZrtJl252w+5EqaG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtTwQ143rezsrq2vrFZ2ipv7+zuVdz9g5ZRmaasSZVQuhMSwwSXrAkcBOukmpEkFKwdjq6nfvuBacOVvIdxyoKExJJHnBKwUt+t9G6VjDWPh0C0Vo99t+rVvBnwMvELUkUFGn33qzdQNEuYBCqIMV3fSyHIiQZOBZuUe5lhKaEjErOupZIkzAT57PAJPrHKAEdK25KAZ+rviZwkxoyT0HYmBIZm0ZuK/3ndDKLLIOcyzYBJOl8UZQKDwtMU8IBrRkGMLSFUc3srpkOiCQWbVdmG4C++vExaZzXfq/l359X6VRFHCR2hY3SKfHSB6ugGNVATUZShZ/SK3pwn58V5dz7mrStOMXOI/sD5/AE+5JNy</latexit><latexit sha1_base64="kcv54LWvXVokC7tfChAM5+PaY7Q=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0JMUvHjwUMF+QBvKZrtJl252w+5EqaG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtTwQ143rezsrq2vrFZ2ipv7+zuVdz9g5ZRmaasSZVQuhMSwwSXrAkcBOukmpEkFKwdjq6nfvuBacOVvIdxyoKExJJHnBKwUt+t9G6VjDWPh0C0Vo99t+rVvBnwMvELUkUFGn33qzdQNEuYBCqIMV3fSyHIiQZOBZuUe5lhKaEjErOupZIkzAT57PAJPrHKAEdK25KAZ+rviZwkxoyT0HYmBIZm0ZuK/3ndDKLLIOcyzYBJOl8UZQKDwtMU8IBrRkGMLSFUc3srpkOiCQWbVdmG4C++vExaZzXfq/l359X6VRFHCR2hY3SKfHSB6ugGNVATUZShZ/SK3pwn58V5dz7mrStOMXOI/sD5/AE+5JNy</latexit><latexit sha1_base64="kcv54LWvXVokC7tfChAM5+PaY7Q=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE0JMUvHjwUMF+QBvKZrtJl252w+5EqaG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAtTwQ143rezsrq2vrFZ2ipv7+zuVdz9g5ZRmaasSZVQuhMSwwSXrAkcBOukmpEkFKwdjq6nfvuBacOVvIdxyoKExJJHnBKwUt+t9G6VjDWPh0C0Vo99t+rVvBnwMvELUkUFGn33qzdQNEuYBCqIMV3fSyHIiQZOBZuUe5lhKaEjErOupZIkzAT57PAJPrHKAEdK25KAZ+rviZwkxoyT0HYmBIZm0ZuK/3ndDKLLIOcyzYBJOl8UZQKDwtMU8IBrRkGMLSFUc3srpkOiCQWbVdmG4C++vExaZzXfq/l359X6VRFHCR2hY3SKfHSB6ugGNVATUZShZ/SK3pwn58V5dz7mrStOMXOI/sD5/AE+5JNy</latexit> MV,1 '

s
(gq)1
(gq)0

MV,0

<latexit sha1_base64="80ti6OUDftZ8NwOT/UNZscF6WEQ=">AAACI3icbVBNS8MwGE79nPOr6tFLcAgTxmhFUDzIwIsXYYL7gLWUNEu3sDTtklQYpf/Fi3/FiwdlePHgfzHretDNF0Ieng+S9/FjRqWyrC9jZXVtfWOztFXe3tnd2zcPDtsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8Ue3M73zRISkEX9Uk5i4IRpwGlCMlKY88/reS9s1O4OOpCEZ62ssVOoEAuG0OvDGZ56dFcDKtKsGYZ6wMuiZFatu5QOXgV2ACiim6ZlTpx/hJCRcYYak7NlWrNwUCUUxI1nZSSSJER6hAelpyFFIpJvmO2bwVDN9GERCH65gzv5OpCiUchL62hkiNZSL2oz8T+slKrhyU8rjRBGO5w8FCYMqgrPCYJ8KghWbaICwoPqvEA+R7kfpWsu6BHtx5WXQPq/bVt1+uKg0boo6SuAYnIAqsMElaIA70AQtgMEzeAXv4MN4Md6MqfE5t64YReYI/Bnj+wcCoaKQ</latexit><latexit sha1_base64="80ti6OUDftZ8NwOT/UNZscF6WEQ=">AAACI3icbVBNS8MwGE79nPOr6tFLcAgTxmhFUDzIwIsXYYL7gLWUNEu3sDTtklQYpf/Fi3/FiwdlePHgfzHretDNF0Ieng+S9/FjRqWyrC9jZXVtfWOztFXe3tnd2zcPDtsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8Ue3M73zRISkEX9Uk5i4IRpwGlCMlKY88/reS9s1O4OOpCEZ62ssVOoEAuG0OvDGZ56dFcDKtKsGYZ6wMuiZFatu5QOXgV2ACiim6ZlTpx/hJCRcYYak7NlWrNwUCUUxI1nZSSSJER6hAelpyFFIpJvmO2bwVDN9GERCH65gzv5OpCiUchL62hkiNZSL2oz8T+slKrhyU8rjRBGO5w8FCYMqgrPCYJ8KghWbaICwoPqvEA+R7kfpWsu6BHtx5WXQPq/bVt1+uKg0boo6SuAYnIAqsMElaIA70AQtgMEzeAXv4MN4Md6MqfE5t64YReYI/Bnj+wcCoaKQ</latexit><latexit sha1_base64="80ti6OUDftZ8NwOT/UNZscF6WEQ=">AAACI3icbVBNS8MwGE79nPOr6tFLcAgTxmhFUDzIwIsXYYL7gLWUNEu3sDTtklQYpf/Fi3/FiwdlePHgfzHretDNF0Ieng+S9/FjRqWyrC9jZXVtfWOztFXe3tnd2zcPDtsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8Ue3M73zRISkEX9Uk5i4IRpwGlCMlKY88/reS9s1O4OOpCEZ62ssVOoEAuG0OvDGZ56dFcDKtKsGYZ6wMuiZFatu5QOXgV2ACiim6ZlTpx/hJCRcYYak7NlWrNwUCUUxI1nZSSSJER6hAelpyFFIpJvmO2bwVDN9GERCH65gzv5OpCiUchL62hkiNZSL2oz8T+slKrhyU8rjRBGO5w8FCYMqgrPCYJ8KghWbaICwoPqvEA+R7kfpWsu6BHtx5WXQPq/bVt1+uKg0boo6SuAYnIAqsMElaIA70AQtgMEzeAXv4MN4Md6MqfE5t64YReYI/Bnj+wcCoaKQ</latexit><latexit sha1_base64="80ti6OUDftZ8NwOT/UNZscF6WEQ=">AAACI3icbVBNS8MwGE79nPOr6tFLcAgTxmhFUDzIwIsXYYL7gLWUNEu3sDTtklQYpf/Fi3/FiwdlePHgfzHretDNF0Ieng+S9/FjRqWyrC9jZXVtfWOztFXe3tnd2zcPDtsySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8Ue3M73zRISkEX9Uk5i4IRpwGlCMlKY88/reS9s1O4OOpCEZ62ssVOoEAuG0OvDGZ56dFcDKtKsGYZ6wMuiZFatu5QOXgV2ACiim6ZlTpx/hJCRcYYak7NlWrNwUCUUxI1nZSSSJER6hAelpyFFIpJvmO2bwVDN9GERCH65gzv5OpCiUchL62hkiNZSL2oz8T+slKrhyU8rjRBGO5w8FCYMqgrPCYJ8KghWbaICwoPqvEA+R7kfpWsu6BHtx5WXQPq/bVt1+uKg0boo6SuAYnIAqsMElaIA70AQtgMEzeAXv4MN4Md6MqfE5t64YReYI/Bnj+wcCoaKQ</latexit>

MV,1 '
r

0.1

0.25
1.6TeV ' 1.0TeV

<latexit sha1_base64="TY4Raiv99HkzgveOWe6HpSloIRY="></latexit><latexit sha1_base64="TY4Raiv99HkzgveOWe6HpSloIRY="></latexit><latexit sha1_base64="TY4Raiv99HkzgveOWe6HpSloIRY="></latexit><latexit sha1_base64="TY4Raiv99HkzgveOWe6HpSloIRY="></latexit>

✔

In example above (gq)0 = 0.25, (gq)1 = 0.1 and MV,0 = 1.6TeV:
<latexit sha1_base64="SnJwV1AYjZBPpRRc6j0Md3A0jrQ="></latexit><latexit sha1_base64="SnJwV1AYjZBPpRRc6j0Md3A0jrQ="></latexit><latexit sha1_base64="SnJwV1AYjZBPpRRc6j0Md3A0jrQ="></latexit><latexit sha1_base64="SnJwV1AYjZBPpRRc6j0Md3A0jrQ="></latexit>
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Preliminary July 2018ATLAS 

 = 1
DM

 = 0, g
l

 = 0.25, gqg
Axial-vector mediator, Dirac DM

ATLAS limits at 95% CL, direct detection limits at 90% CL

Dijet

Dijet

Phys. Rev. D 96, 052004 (2017)

-1 = 13 TeV, 37.0 fbsDijet 

arXiv:1804.03496

-1 = 13 TeV, 29.3 fbsDijet TLA 

 ATLAS-CONF-2016-070

-1 = 13 TeV, 15.5 fbsDijet + ISR 

+Xmiss
TE

+Xmiss
TE

Eur. Phys. J. C 77 (2017) 393

-1 = 13 TeV, 36.1 fbs γ+miss
TE

JHEP 1801 (2018) 126

-1 = 13 TeV, 36.1 fbs+jet miss
TE

PLB 776 (2017) 318

-1 = 13 TeV, 36.1 fbs+Z(ll) miss
TE

ATLAS-CONF-2018-005

-1 = 13 TeV, 36.1 fbs+V(had) miss
TE

LUX

Phys. Rev. Lett. 116, 161302 (2016)
Phys. Rev. Lett. 118, 021303 (2017)
LUX

Model-dependence of exclusions

[https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/]

0.45 TeV
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JHEP 10 (2017) 182
-1 = 13 TeV, 36.1 fbs

Dilepton

Dijet

Dijet

Phys. Rev. D 96, 052004 (2017)

-1 = 13 TeV, 37.0 fbsDijet 

arXiv:1804.03496

-1 = 13 TeV, 29.3 fbsDijet TLA 

+Xmiss
TE

+Xmiss
TE

Eur. Phys. J. C 77 (2017) 393

-1 = 13 TeV, 36.1 fbs γ+miss
TE

JHEP 1801 (2018) 126

-1 = 13 TeV, 36.1 fbs+jet miss
TE

LUX

Phys. Rev. Lett. 116, 161302 (2016)
Phys. Rev. Lett. 118, 021303 (2017)
LUX
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Model-dependence of exclusions

[https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/]

0.3 TeV
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Model-dependence of exclusions

q

q

�

�

g 2
<latexit sha1_base64="FrxRrc9vgf74Bezk8oi4FLuoKl8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te86pSv83jKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPeu2Msg==</latexit><latexit sha1_base64="FrxRrc9vgf74Bezk8oi4FLuoKl8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te86pSv83jKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPeu2Msg==</latexit><latexit sha1_base64="FrxRrc9vgf74Bezk8oi4FLuoKl8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te86pSv83jKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPeu2Msg==</latexit><latexit sha1_base64="FrxRrc9vgf74Bezk8oi4FLuoKl8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te86pSv83jKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPeu2Msg==</latexit>

qq

� � 2
<latexit sha1_base64="FrxRrc9vgf74Bezk8oi4FLuoKl8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te86pSv83jKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPeu2Msg==</latexit><latexit sha1_base64="FrxRrc9vgf74Bezk8oi4FLuoKl8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te86pSv83jKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPeu2Msg==</latexit><latexit sha1_base64="FrxRrc9vgf74Bezk8oi4FLuoKl8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te86pSv83jKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPeu2Msg==</latexit><latexit sha1_base64="FrxRrc9vgf74Bezk8oi4FLuoKl8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmrVBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7VrVc6te86pSv83jKMIZnMMleHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPeu2Msg==</latexit>

/
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For light DM, above relation implies (in agreement with plots) that limit     
on DM-nucleon cross section from mono-X searches should become 
independent of parameter choices. For higher DM masses, bounds will 

however differ, because in this regime LHC exclusions depend on gq etc.
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Scales in DM searches
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LHC searchesindirect detectiondirect detection

momentum transfer
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[…] An effective field theory includes the appropriate degrees of 
freedom to describe physical phenomena occurring at a chosen 
length scale or energy scale, while ignoring substructure and 
degrees of freedom at shorter distances (or, equivalently, at higher 
energies) […] Effective field theories typically work best when 
there is a large separation between length scale of interest and 
the length scale of the underlying dynamics […]

What is an EFT?
 72

[from Wikipedia, the free encyclopedia, https://en.wikipedia.org/wiki/Effective_field_theory]
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Classification of χ-N interactions
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LHC searches

DD experiments

[Kopp et al., 0907.3159; Freytsis & Ligeti, 1012.5317;
 Hill & Solon, 1111.0016; UH & Kahlhoefer 1302.4454;  
 Crivellin et al. 1402.1173, 1408.5046; 
 D’Eramo et al. 1409.2893; …] 
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Distinction between SI & SD 
(or q-suppressed) χ-N 
couplings not stable under 
radiative corrections. Effects 
particular important for 
mixing of suppressed into 
unsuppressed operators



Spin-1 simplified models: SD effects
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in axialvector case bounds are 
strengthened by a factor of 
around 2 by renormalisation 

group running

[D’Eramo et al.,1605.04917] 
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Figure 7: 90% confidence limits on the DM-proton (left) and DM-neutron (right) spin-
dependent scattering cross section for Dirac DM. The dashed green lines show the limits from
the ATLAS monojet search at 13 TeV, as reported in Ref. [62], assuming a universal coupling to
all quarks through the axial-vector operator ��µ

�
5
�q�µ�

5
q. Solid green lines show the correct

limits when running of the couplings is taken into account. The inset shows a zoom-in of the
ATLAS limits at small cross section. Direct detection limits from LUX [58] (blue) and PICO-2L
[63] (red) are also shown for comparison. The coupling g� used by the LHC collaborations
corresponds in this context to our c�A of Eq. (2.4).

Figure 8: As Fig. 7, but showing limits in green (with and without running) from the ATLAS
monophoton search at 13 TeV, as reported in Ref. [64].

23

While LHC limit quite similar to SI case, DD bounds weakened 
significantly since DM-nucleon scattering is incoherent in SD case 
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χ-N scattering for spin-0 mediators

O1 = 1� 1N�̄�q̄q

SI

SD & momentum suppressed

�̄i�5�q̄i�5qLP O6 =
1

m2
N

�
�S� · �q

� �
�SN · �q

�

Due to loss of coherence & since        
q = O(0.1 GeV) resulting χ-N cross 

section O(10-11) lower than σSI.  As a 
result very poor limits from DD



DM annihilation: pseudoscalar case
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While strong bounds are obtained for annihilation into bosons or leptons, these cou-

plings are not present in the simplified models considered here. Therefore, we do not

recommend showing the IceCube or Super-Kamiokande limits for annihilation into bosons

or leptons. Note also that the IceCube bounds may be further modified if the DM particles

can directly annihilate into the mediator (see the discussion in [56]). FormDM . 4 GeV, the

e↵ects of DM evaporation from the Sun are important, so placing limits on �p
SD and �SI from

neutrinos coming from the Sun becomes very di�cult in this low-mass regime (see e.g. [57]).

4.2 ID experiments

For a pseudo-scalar mediator, the rate at DD experiments is suppressed by additional

velocity-dependent terms entering the cross section. As a result, DD experiments have very

little sensitivity for this scenario and it is not worthwhile to compare LHC results to the

usual bounds on SI and SD cross sections. Instead, LHC bounds can be compared against

the limits from ID experiments. For example, Fermi-LAT places 95% CL constraints on the

self-annihilation cross section from observations of dwarf spheroidal galaxies [58].5 Limits

are set on the cross section h�vreli to annihilate to a single particle-anti-particle final state.

There are a number of subtleties when dealing with these limits. Firstly, all of the

bounds shown in [58] are for a Majorana fermion. ID annihilation cross section limits for

a Dirac fermion are larger by a factor of two and therefore need to be rescaled before they

can be compared to the Dirac DM simplified model considered here. Secondly, the limits

are for single particle-anti-particle final states while models typically include more than one

final state. For the pseudo-scalar model, for example, DM annihilates to all quarks with

branching ratios approximately proportional to m2
q . In practice, however, the gamma-

ray flux that is observed from annihilating to di↵erent quarks (or gluons) is small [60].

The Fermi-LAT limits [58] also demonstrate that there is a negligible di↵erence between

the limits on h�vreli in uū and bb̄ final states. We therefore suggest to only show the bound

on uū from Fermi-LAT in comparison with the calculated bound on the total annihilation

cross section, as representative of the limits to final states involving linear combinations of

di↵erent quarks or gluons.

The annihilation cross section into a qq̄ final state is (see e.g. [61] for a recent example)

h�vreliq =
3m2

q

2⇡v2
g2q g

2
DMm2

DM

(M2
med � 4m2

DM)2 +M2
med�

2
med

s

1�
m2

q

m2
DM

, (4.11)

where �med is the total width of the mediator (see Section 2.2). Similarly, the annihilation

cross section into a pair of gluons is given by

h�vrelig =
↵2
s

2⇡3v2
g2q g

2
DM

(M2
med � 4m2

DM)2 +M2
med�

2
med

�����
X

q

m2
q fpseudo-scalar

 
m2

q

m2
�

!�����

2

, (4.12)

5
The galactic center is also potentially a promising DM target. Current observations show an excess
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While strong bounds are obtained for annihilation into bosons or leptons, these cou-

plings are not present in the simplified models considered here. Therefore, we do not

recommend showing the IceCube or Super-Kamiokande limits for annihilation into bosons

or leptons. Note also that the IceCube bounds may be further modified if the DM particles

can directly annihilate into the mediator (see the discussion in [56]). FormDM . 4 GeV, the

e↵ects of DM evaporation from the Sun are important, so placing limits on �p
SD and �SI from

neutrinos coming from the Sun becomes very di�cult in this low-mass regime (see e.g. [57]).

4.2 ID experiments

For a pseudo-scalar mediator, the rate at DD experiments is suppressed by additional

velocity-dependent terms entering the cross section. As a result, DD experiments have very

little sensitivity for this scenario and it is not worthwhile to compare LHC results to the

usual bounds on SI and SD cross sections. Instead, LHC bounds can be compared against

the limits from ID experiments. For example, Fermi-LAT places 95% CL constraints on the

self-annihilation cross section from observations of dwarf spheroidal galaxies [58].5 Limits

are set on the cross section h�vreli to annihilate to a single particle-anti-particle final state.

There are a number of subtleties when dealing with these limits. Firstly, all of the

bounds shown in [58] are for a Majorana fermion. ID annihilation cross section limits for

a Dirac fermion are larger by a factor of two and therefore need to be rescaled before they

can be compared to the Dirac DM simplified model considered here. Secondly, the limits

are for single particle-anti-particle final states while models typically include more than one

final state. For the pseudo-scalar model, for example, DM annihilates to all quarks with

branching ratios approximately proportional to m2
q . In practice, however, the gamma-

ray flux that is observed from annihilating to di↵erent quarks (or gluons) is small [60].

The Fermi-LAT limits [58] also demonstrate that there is a negligible di↵erence between

the limits on h�vreli in uū and bb̄ final states. We therefore suggest to only show the bound

on uū from Fermi-LAT in comparison with the calculated bound on the total annihilation
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the partial widths are given by

���̄
vector =

g2
DMMmed

12⇡
(1� 4zDM)1/2 (1 + 2zDM) , (2.3)

�qq̄
vector =

g2
q Mmed

4⇡
(1� 4zq)

1/2 (1 + 2zq) , (2.4)

where zDM,q = m2
DM,q/M

2
med and the two di↵erent types of contribution to the width vanish

for Mmed < 2mDM,q. The corresponding expressions for the axial-vector mediator are

���̄
axial-vector =

g2
DM Mmed

12⇡
(1� 4zDM)3/2 , (2.5)

�qq̄
axial-vector =

g2
q Mmed
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2.2 Scalar and pseudo-scalar models

The two models with a spin-0 mediator � are described by

Lscalar = �gDM��̄�� gq
�
p
2

X

q=u,d,s,c,b,t

yq q̄q , (2.7)

Lpseudo-scalar = �igDM��̄�5�� igq
�
p
2

X

q=u,d,s,c,b,t

yq q̄�5q , (2.8)

where yq =
p
2mq/v are the SM quark Yukawa couplings with v ' 246 GeV the Higgs vac-

uum expectation value. These interactions are again compatible with the MFV hypothesis.

In these models, there is a third contribution to the minimal width of the mediator,

which arises from loop-induced decays into gluons. For the scalar mediator, the individual

contributions are given by

���̄
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�
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�3/2
, (2.9)
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while the corresponding expressions in the pseudo-scalar case read
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Here the form factors take the form

fscalar(⌧) = ⌧


1 + (1� ⌧)arctan2

✓
1

p
⌧ � 1

◆�
, (2.15)

fpseudo-scalar(⌧) = ⌧ arctan2

✓
1

p
⌧ � 1

◆
. (2.16)
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Due to mq  terms annihilation to heaviest kinematically 

accessible quark dominates total annihilation rate 
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DM annihilation bounds from dwarfs
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coherence enhancement 
of SI χ-N interactions  

[D’Eramo et al., 1605.04917] 
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Figure 1: Experimentally excluded regions in the (mDM,mV ) plane for the case of fermion DM
and mediator with flavor universal coupling to quarks (Benchmark I). We shade the LUX 90%
excluded region (blue) and also show the projected LZ exclusion (orange). In the two upper
panels we consider a mediator coupling to the quark vector current, and on the left (right) we
take the coupling to the DM (axial-)vector current. We do the same in the lower panels, where
we consider a mediator coupled to the quark axial-vector current. Dashed lines indicate the
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Mono-jet bounds on spin-0 models
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Figure 7: Observed and expected 95 % CL limits on the signal strength µ ⌘ �95% CL/� as a function of (a) the me-
diator mass for a very light WIMP and (b) the WIMP mass for mZP = 10 GeV, in a model with spin-0 pseudoscalar
mediator and gq = g� = 1.0. The bands indicate the ±1� theory uncertainties in the observed limit and the ±1�
and ±2� ranges of the expected limit in the absence of a signal.

to this particular model vanishes rapidly.

Finally, Figure 8 presents the observed and expected 95% CL exclusion contours in the m⌘–m� parameter
plane for the dark-matter production model with a coloured scalar mediator, Dirac WIMPs, and couplings
set to g = 1. Mediator masses up to about 1.67 TeV are excluded at 95% CL for light dark-matter particles.
In the case of m� = m⌘, masses up to 620 GeV are excluded.

8.3 Squark-pair production

Di↵erent models of squark-pair production are considered: stop-pair production with t̃1 ! c + �̃0
1, stop-

pair production with t̃1 ! b + f f
0
+ �̃0

1, sbottom-pair production with b̃1 ! b + �̃0
1, and squark-pair

production with q̃ ! q + �̃0
1 (q = u, d, c, s). In each case separately, the results are translated into

exclusion limits as a function of the squark mass for di↵erent neutralino masses.

The results are translated into exclusion limits on the pair production cross section of top squarks with
t̃1 ! c + �̃0

1 (with branching fraction B=100%) as a function of the stop mass for di↵erent neutralino
masses. The typical value of A ⇥ ✏ of the selection criteria varies, with increasing stop and neutralino
masses, between 0.7% and 1.4% for IM1, and between 0.04% and 1.3% for IM10. Observed and expected
95% CL exclusion limits are set as in the case of the WIMP models. In addition, observed limits are
computed using ±1� variations of the theoretical predictions for the SUSY cross sections.

The uncertainties related to the jet and Emiss
T scales and resolutions introduce uncertainties in the signal

yields which vary between 1% and 3% for di↵erent selections and squark and neutralino masses. In ad-

23

6.1 Dark matter interpretation 19

Figure 10: Exclusion limits at 95% CL on µ = s/sth in the mmed-mDM plane assuming vector
(left) and axial-vector (right) mediators. The solid (dotted) red (black) line shows the contour
for the observed (expected) exclusion. The solid contours around the observed limit and the
dashed contours around the expected limit represent one standard deviation due to theoretical
uncertainties in the signal cross section and the combination of the statistical and experimental
systematic uncertainties, respectively. Constraints from the Planck satellite experiment [97] are
shown as dark blue contours; in the shaded area DM is overabundant.
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Figure 11: Expected (dotted black line) and observed (solid black line) 95% CL upper limits
on the signal strength µ = s/sth as a function of the mediator mass for the scalar mediators
(left) for mDM = 1 GeV. The horizontal red line denotes µ = 1. Exclusion limits at 95% CL on
µ = s/sth in the mmed-mDM plane assuming pseudoscalar mediators (right). The solid (dashed)
red (back) line shows the contours for the observed (expected) exclusion. Constraints from the
Planck satellite experiment [97] are shown with the dark blue contours; in the shaded area DM
is overabundant.

from the observed cosmological relic density of DM as determined from measurements of
the cosmic microwave background by the Planck satellite experiment [97]. The expected DM
abundance is estimated, separately for each model, using the thermal freeze-out mechanism

[CMS, 1712.02345] [ATLAS, 1711.03301]
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Figure 13: Exclusion limits for colour-neutral scalar (a) or pseudo-scalar (b) mediator models as a function of the
mediator mass for a DM mass of 1 GeV. The limits are calculated at 95% CL and are expressed in terms of the ratio
of the excluded cross-section to the nominal cross-section for a coupling assumption of g = gq = g� = 1. The solid
(dashed) lines show the observed (expected) exclusion limits for each channel.
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24 7 Results and interpretation
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Figure 11: The ratio (µ) of 95% CL upper limits on the bb + cc and tt + cc cross sections to
simplified model expectations. The limits are obtained from fits to the individual bb + p

miss
T

and tt + p
miss
T search channels for the hypothesis of a scalar mediator (left) or a pseudoscalar

mediator (right). A fermionic DM particle with a mass of 1 GeV is assumed in both panels.
Mediator couplings correspond to gq = gc = 1.

A simultaneous signal+background fit is performed using all SRs and CRs, and 95% CL upper
limits are set on the cross section ratio µ for DM produced in association with heavy-flavor
quark pairs. Table 7 provides limits obtained for the scalar and pseudoscalar mediator hy-
potheses. These limits are presented graphically in Fig. 12. The combination of tt + p

miss
T and

bb + p
miss
T search channels enhances sensitivity to both the scalar and the pseudoscalar media-

tor scenarios.

Table 7: Observed and expected 95% CL upper limits on the ratio (µ) of the combined tt + cc
and bb + cc cross sections to the simplified model expectation. The limits are obtained from
a combined fit to all signal and background control regions. DM mediators with scalar or
pseudoscalar couplings are assumed. Mediator couplings correspond to gq = gc = 1.

mf/a, mc µ(tt/bb + f ! ttcc/bbcc) µ(tt/bb + a to ttcc/bbcc)
[GeV] Obs. Exp. [�1 s.d., +1 s.d.] Obs. Exp. [�1 s.d., +1 s.d.]
10, 1 1.5 1.2 [0.8, 1.9] 1.8 1.9 [1.3, 2.8]
20, 1 1.8 1.3 [0.9, 1.9] 2.0 2.0 [1.4, 3.0]
50, 1 1.4 1.5 [1.0, 2.2] 1.6 2.0 [1.4, 2.9]

100, 1 2.0 2.1 [1.5, 3.2] 1.9 2.5 [1.7, 3.7]
200, 1 3.1 4.5 [3.1, 6.7] 3.3 3.9 [2.7, 5.9]
300, 1 5.6 8.3 [5.8, 12] 4.5 6.0 [4.1, 8.9]
500, 1 24 34 [23, 51] 25 36 [24, 54]

Signal cross sections may be scaled to larger values of gq and gc using the relationship given in
Ref. [21]. This simple scaling approximation is valid as long as the mediator width remains be-
low 20% of its mass. With gq = gc = 1.5, the relative width of the 500 GeV scalar (pseudoscalar)
mediator is 14% (18%). The relative width decreases with decreasing mediator mass. For cou-
pling values of gq = gc = 1.5, the p

miss
T distributions of the various mediator hypotheses are

also unchanged with respect to those obtained with gq = gc = 1, thus the limits of Fig. 7 may be
scaled accordingly [21]. Assuming coupling values of gq = gc = 1.5, the observed (expected)

[CMS, 1706.02581]



[Dicus et al., 9404359; Frederix & Maltoni, 0712.2355; Craig et al., 1504.04630; Bernreuther et al., 1511.05584; …]
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[ATLAS, 1707.06025] 

For a scalar of 500 GeV (600 GeV) values of tanβ < 1.0    
(tanβ < 0.73) are excluded at 95% CL in type-II 2HDM



Ditop limits
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[ATLAS, 1707.06025] 

For a pseudoscalar of 500 GeV (550 GeV) values of tanβ < 1.0    
(tanβ < 0.69) are excluded at 95% CL in type-II 2HDM



Ditop limits
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[ATLAS, 1707.06025] 

In mass degenerate case, scenarios with 500 GeV (600 GeV) & values of 
tanβ < 1.55 (tanβ < 1.09) are excluded at 95% CL in type-II 2HDM
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in the simplified models described by (2.1). These results are valid for s � 4m2
t � M2

and ln
�
s/m2

t

�
⌧ 1 where

p
s = 2E/x with E the energy of the emitted spin-0 particle.

From (3.1) one sees that due to the soft singularity proportional to 1/x a light scalar is
radiated off top quarks preferentially with small energy (or equivalent small momentum
fraction x). The soft-enhanced term is instead absent in the case of the pseudoscalar
mediator. These features explain the order of magnitude difference between the total rates
of the scalar and pseudoscalar mediators for masses M ⌧ 2mt.

The second important difference between �(pp ! tt̄ + �) and �(pp ! tt̄ + a) with �

and a subsequently decaying to DM can be understood by considering the spin-averaged
and colour-averaged squared matrix elements for the production of an on-shell spin-0 state
with mass M =

p
s from a top-quark pair. The corresponding squared matrix elements are

given by
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with � =
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t /s the velocity of the top quarks in the top-pair rest frame. From the

above formulas one observes that close to the tt̄ threshold located at 4m2
t the production

of a scalar in top-fusion is compared to that of a pseudoscalar suppressed by two powers
of �. It follows that in cases where either the DM pair or the mediator is produced close
to threshold, the production cross section of the pseudoscalar mediator is expected to be
larger than that of a scalar. This is precisely what one observes in the left panel of Figure 1.
As it leads to a pronounced kink in the pseudoscalar case, the opening of the tt̄ threshold
is also clearly visible in this plot. The threshold suppression of tt̄ ! � production finally
explains the M dependence of the ratio �gg/� with a dip at M ' 200 GeV as shown on the
right in the latter figure.
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of �. It follows that in cases where either the DM pair or the mediator is produced close
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Figure 1. Left: Total production cross section for pp ! tt̄ + Emiss
T as a function of the me-

diator mass. Right: Mediator mass dependence of the ratio of gluon-fusion production rate to
the total production cross section. Both panels correspond to

p
s = 14 TeV, employ m� = 1 GeV

and g� = gt = 1 and assume a minimal decay width for the mediator. The predictions for a
scalar (pseudoscalar) mediator are shown in blue (red).

of-mass energy (
p
s) of 14 TeV. The displayed results have been obtained at next-to-

leading order (NLO) with the help of MadGraph5_aMC@NLO [40] employing the DMsimp im-
plementation [29] of the simplified models (2.1) and NNPDF3.0 parton distribution func-
tions (PDFs) [41]. From the left panel one observes that for very low mediator masses
M = M� or Ma the cross section associated to scalar exchange (blue curve) is larger
than that for a pseudoscalar (red curve) by more than an order of magnitude. At around
M ' 200 GeV the two predictions then become alike, while at higher masses the rate for
pseudoscalar production is always slightly larger than that for a scalar. In the right plot,
one sees that at the LHC the gluon-fusion channel is the dominant production mode in-
dependently of the CP nature of the mediator and amounts to roughly 85% of the total
cross section for M ' 10 GeV. The functional dependence of �gg/� is however different
in the two cases. While in the CP-even case the fraction of gluon-fusion initiated events
first decreases until about M ' 200 GeV and then starts rising, in the case of the CP-odd
mediator the ratio �gg/� is a steadily increasing function of M .

The features observed in Figure 1 can be understood qualitatively in terms of two
physical effects [29]. The first effect is related to the fact that a spin-0 state which has a
mass much lighter than all of the relevant energy scales in a process pp ! X can be treated
as a parton which is radiated off the individual particles in the final state X. The process
pp ! tt̄+�/a (�/a ! ��̄) can thus be thought as pp ! tt̄ followed by the radiation of �/a
from the final-state heavy quark lines with a subsequent decay of the spin-0 mediator to DM.
This procedure is guaranteed to correctly reproduce the collinear divergencies associated
with the emission of a massless �/a state. The observed radiation pattern is determined
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tt+ET,miss: signal vs. background
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Figure 4. Distributions of events in the Emiss
T –mT2 plane for the three different types of

backgrounds and a signal point. The signal prediction corresponds to a scalar mediator with
mass M� = 100 GeV and assumes m� = 1 GeV and g� = gt = 1. The selection cuts as de-
fined in the text except Emiss

T , mT2 and Cem are imposed. The scale on the z axis is saturated
at 1 event/bin/(100 fb�1). The area in the upper right corner above the black line represents the
signal region used in our analysis.

in suppressing all backgrounds where the two leptons are produced in the decay of two W

bosons is the mT2 variable [60, 61]

m2
T2(~p

`i
T , ~p

`j
T , ~p miss

T ) ⌘ min
~q 1
T +~q 2

T =~p miss
T

n
max

h
m2

T(~p `i
T , ~q 1

T ),m2
T(~p

`j
T , ~q 2

T )
io

, (5.1)

which can be calculated using the momenta ~p `i
T and ~p

`j
T of the two leptons and ~p miss

T .
In (5.1) the parameter mT denotes the transverse mass and ~q 1

T and ~q 2
T are auxiliary vectors.

The minimum is taken over all the possible choices of ~q 1
T and ~q 2

T which satisfy the equality
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Figure 5. Distribution of the Cem variable after preselection, basic background suppression and
imposing the Emiss

T and mT2 cuts as detailed in the text. The coloured histograms are stacked and
represent the different SM backgrounds, while the black line corresponds to the Cem distribution as
predicted by a scalar mediator with M� = 100 GeV, m� = 1 GeV and g� = gt = 1. All predictions
have been obtained for 300 fb�1 of 14 TeV LHC data and the red error bars are the statistical errors
of our background simulations.

~q 1
T + ~q 2

T = ~p miss
T . The mT2 variable has a sharp upper limit at mW for W -boson induced

backgrounds, while for the tt̄ + Emiss
T signal the presence of extra Emiss

T leads to a tail in
the mT2 distribution. All the other backgrounds, in particular those including the leptonic
decays of Z bosons have rapidly falling Emiss

T and mT2 distributions, and can therefore be
strongly suppressed by appropriate cuts on these variables.

The first step in the analysis is the preselection. Events pass the preselection only if
they have exactly two isolated oppositely charged leptons (electrons, muons or one of each
flavour) with p`1T > 25 GeV, p`2T > 20 GeV, |⌘`| < 2.5 and an invariant mass that satisfies
m`` > 20 GeV. The ⌘` and p`T requirements ensure that leptons are reconstructed with high
efficiency. If the charged signal leptons are of the same flavour the additional requirement
m`` 2 [71, 111] GeV is imposed to veto events where the charged lepton pair arises from
a Z ! `+`� decay.

A further set of cuts aims at a basic reduction of the top and reducible backgrounds.
From an inspection of the topology of the top events with both high Emiss

T and mT2,
we find that the tt̄ system often recoils against a high-pT jet. For events in which the
leading jet (j1) comes from the decay of a top, the minimum invariant mass of j1 with
the two leptons mmin

j1``
in the event has to be lower than about 150 GeV. As an additional

requirement we thus impose mmin
j1``

< 150 GeV which rejects events with a high-pT jet
produced by QCD radiation, thereby suppressing both the top and reducible backgrounds.
The mmin

j1``
cut has an efficiency of around 90% on the signal. In order to further suppress

the reducible backgrounds to well below the level of the top backgrounds, the following
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tt+ET, miss: background suppression

Cem = mT2 + 0.2 (200 GeV � ET,miss)
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Figure 7. Normalised distributions of the |cos ✓``| (upper row) and |��``| (lower row) variables for
four different scalar (left) and pseudoscalar (right) benchmark models after imposing all selection
requirements. The style and colour coding of the curves resembles the one of Figure 3. The shown
error bars are the statistical errors associated to our MC simulations.

backgrounds. To further reduce the top backgrounds, we construct the following linear
combination from Emiss

T and mT2:

Cem ⌘ mT2 + 0.2 · (200 GeV � Emiss
T ) . (5.2)

The Cem distribution after all other selections requirements have been applied is shown
in Figure 5 for the various backgrounds and our benchmark signal. The optimal cut on Cem

for the benchmark signal was established by minimising the value of the coupling g = g� =

gt which can be excluded at 95% CL for an integrated luminosity of 300 fb�1, resulting in
a requirement Cem > 130 GeV. It was checked explicitly that this requirement provides an
adequate sensitivity over the whole considered range of mediator masses.

Figure 5 shows that the chosen criteria allows for an adequate reduction of the top
backgrounds, while keeping an acceptable signal statistics for the considered model point.
After applying the Cem cut the residual background is dominated by tt̄Z with subse-
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Angular correlations in SRtt

[UH, Pani & Polesello, 1611.09841] 



Unitarity violation in tW+ET, miss

 100

Fraction of events in tW+ET, miss production above cut-off of 18.6 TeV 
negligible at 14 TeV LHC. Unitarity violation in tX+ET, miss thus spurious 
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Figure 2. Normalised di↵erential fiducial cross sections for tW + Emiss
T production as a function of the

partonic CM energy in the scalar (left) and pseudoscalar (right) s-channel DM simplified model. The shown
predictions correspond to 14 TeV pp collisions, the selections SRtW defined in Table 1 and the parameter
choices indicated in the legends and the headlines of the two panels.

gain an understanding of the energy growth of the full gb ! tW���̄ amplitude. Our discussion
will follow closely the arguments given in [30, 31].

In the high-energy limit, where the Mandelstam variables fulfil ŝ,�t̂,�û � m2
t , m2

W , m2
� and

for a longitudinal-polarised W boson, the b ! tW�� amplitude takes the following form in the
scalar s-channel DM simplified model:

A� = V⇤tb
yt

v
gt b̄PL t . (3.1)

Here Vtb is the relevant Cabibbo-Kobayashi-Maskawa matrix element and PL = (1��5)/2 projects
onto left-handed fields. In the case of the pseudoscalar mediator a, one instead findsAa = �iA�.

The above results imply that the s-wave amplitude a0 of the b ! tW��/a process grows
linearly with the partonic centre-of-mass (CM) energy ÊCM =

p
ŝ. Explicitly, we find that

|a0| =
|V⇤tb|
24⇡

yt

v
gt ÊCM , (3.2)

which allows to estimate the cut-o↵ scale ⇤ where perturbative unitarity is lost. Imposing the
condition |a0| < 1 and identifying ÊCM ' ⇤, the relation (3.2) leads to

⇤ '
24⇡
|V⇤tb|

v
yt

1
gt
'

18.6 TeV
gt

, (3.3)

where to obtain the final result we have used that Vtb ' 1 and yt ' 1. In order to make the
gb! tW���̄ amplitudes well-behaved additional particles and/or couplings thus have to appear at
a scale around ⇤, allowing to embed (2.1) into a gauge-invariant UV complete theory.
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Angular correlations in SRtW
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tX+ET, miss HL-LHC projections 

For mDM = 1 GeV & gSM = gDM = 1, combination of SRtt & SRtW strategies 
leads to 95% CL limit Mϕ,a ≲ 530 GeV for 3 ab-1 of 14 TeV LHC data 

[UH & Polesello, 1812.00694]
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Mono-jet shapes:  Δϕj1j2 vs. ET, miss
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Figure 6. Normalised |�� j1 j2 | (left) and Emiss
T (right) distributions in the SR2 j and SR j, respectively. The last

bin of the Emiss
T histograms is an overflow bin. The shown results correspond to 3 ab�1 of 14 TeV data and

they impose the HL-LHC cuts as specified in Table 1. The red (blue) histograms represent the DM signal
arising from scalar (pseudoscalar) exchange, while the SM background distributions are coloured black. The
legends and the headlines of the panels indicate the used spin-0 s-channel DM simplified model parameters.

The features of the results shown in Figures 3, 4, 5 and 6 thus strongly suggest that search
strategies based on �� j1 j2 shape fits are not only more powerful than standard Emiss

T shape anal-
yses in constraining the parameter space of spin-0 s-channel DM simplified models, but are also
less dependent on hypothetical improvements of the systematic uncertainties of future mono-jet
searches.
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Mono-jet LHC Run-3 prospects
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Gain in mono-jet sensitivity

Δϕj1j2 shape fits in not only more powerful than ET, miss shape analyses, but 
also less dependent on hypothetical improvements of systematic errors    
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Figure 5. Gain in sensitivity that is achieved by adding shape information to the search strategy
SR j (red curves) and SR2 j (blues curves) as a function of the assumed systematic uncertainties in percent.
The shown results correspond to 3 ab�1 of 14 TeV LHC data and the used parameter choices are indicated in
the headlines of the two panels. See text for additional information.

shape fit in SR j (SR2 j) as described in Section 4, assuming an improved systematic uncertainty of
1.3%. Under this assumption, we find that the proposed SR2 j search strategy leads to the 95% CL
limits M� > 409 GeV and Ma > 490 GeV for m� = 1 GeV, g� = gt = 1 and 300 fb�1 of 14 TeV
data. The corresponding 3 ab�1 bounds are M� > 589 GeV and Ma > 609 GeV. Notice that these
limits are only marginally better than the bounds reported at the end of Section 4. The 95% CL
bounds on µ that derive from the search strategy SR j are in contrast notable improved if the sys-
tematic uncertainties are reduced from 2.6% to 1.3%. Numerically, we find average improvements
of 45% and 15% at LHC Run-3 and HL-LHC, respectively.

In addition let us quantify the impact of shape information in the two mono-jet search strate-
gies considered by us. To do so, we define the gain of sensitivity through the shape fit as the
ratio of µ values obtained with and without the inclusion of shape information. This ratio is dis-
played in Figure 5 as a function of the assumed systematic uncertainty on the number of events
in SR j (red curves) and SR2 j (blue curves). The shown results correspond to the HL-LHC and
two benchmark spin-0 s-channel DM simplified models. From the panels it is evident that the
shape information carried by �� j1 j2 is a significantly more powerful constraint than that of Emiss

T .
This finding is unsurprising, if one considers the shapes of the �� j1 j2 and Emiss

T corresponding to
the parameter choices used to obtain the latter figure. As can be seen from Figure 6, the �� j1 j2
spectrum displays a marked cosine-like (sine-like) modulation in the scalar (pseudoscalar) case,
while the Emiss

T distributions are steeply falling and largely independent of the mediator type. In the
case of the �� j1 j2 distributions, one furthermore observes a clear distinction between the shapes of
the DM signals and the SM background, while in the Emiss

T case the di↵erences between the three
normalised spectra are significantly less prominent.
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Complementarity of ET,miss searches

[based on UH & Polesello, 1812.00694 & 1812.08129]
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Complementarity of ET,miss searches

[based on UH & Polesello, 1812.00694 & 1812.08129]
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Figure 4: Left: Values of Ma and MH allowed by EW precision constraints assuming

cos(� � ↵) = 0, MA = MH± = 1 TeV and four di↵erent values of sin ✓, as indicated by

the contour labels. The parameter space below and to the left of the contours is excluded.

Right: Constraints in the Ma –MH plane following from the BFB requirement. The results

shown correspond to tan� = 1, sin ✓ = 0.35 and degenerate heavy spin-0 boson masses

MH = MA = MH± . The region above each contour is excluded for the indicated value of

the quartic coupling �3.

BFB and perturbativity of �3, i.e. �3 < 4⇡, leads to a non-decoupling of H, A and H
±

for |MH � Ma| 6= 0 and sin ✓ 6= 0 [22] such that the spin-0 states are potentially within

LHC reach. The right plot in Figure 4 which shows the constraints in the Ma –MH plane

that derive from the exact version of (4.3) confirms the latter statement. For tan� = 1,

sin ✓ = 0.35 and MH = MA = MH± , values of �3 & 2 are needed in order for MH ' 1 TeV

to be allowed by BFB. Due to the sin2
✓ dependence in (4.3), a common 2HDM spin-0

boson mass of MH = MA = MH± ' 1 TeV would only be viable for sin ✓ = 0.7 if the

quartic coupling �3 takes close to non-perturbative values �3 & 8. In order to allow for

heavy Higgs above 1 TeV to be acceptable while keeping �3 perturbative, we will choose

sin ✓ = 0.35 and �3 = 3 as our benchmark in this white paper.

4.6 Constraints on �P1 and �P2

The quartic couplings �3, �P1 and �P2 a↵ect all cubic Higgs interactions. In the case of

the Haa and Aha couplings, one obtains under the assumption that cos(� � ↵) = 0 and

MH = MA = MH± , the following expressions [23]

gHaa =
1

MHv

h
cot (2�)

�
2M

2

h
� 2�3v

2
�

sin2
✓ + sin (2�) (�P1 � �P2) v

2 cos2 ✓
i

,

gAha =
1

MHv

h
M

2

h
+ M

2

H � M
2

a � 2�3v
2 + 2

�
�P1 cos2 � + �P2 sin2

�
�

v
2

i
sin ✓ cos ✓ .

(4.4)
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2HDM+a: mono-Higgs distributions

[LHC DMWG, 1810.09420] 
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Figure 8: Normalised pT,Z (left panel) and MT (`+`�
, E

miss

T
) (right panel) distributions

for Z +E
miss

T
production followed by Z ! `

+
`

�. The predictions shown have been obtained

for the 2HDM+a benchmark parameter choices given in (4.5) and employ di↵erent values

of MH and Ma as indicated in the legends.

cross sections. These features make the two modes complementary, as models with small

splittings MA �Ma are best probed in the former channel, while realisations with a larger

mass hierarchy can be better probed via the h (bb̄) + E
miss

T
final state. We add that the

CMS Collaboration has very recently provided first constraints on the 2HDM+a model

using the h (bb̄) + E
miss

T
signal [119]. The results obtained are compatible with the ones

presented in Section 8.1 of this white paper. The decay channel h ! W W also o↵ers

interesting prospects to search for a mono-Higgs signal in the 2HDM+a model [122] but

no results from LHC experiments have been presented so far.

6.1.2 Mono-Z signature

As for the mono-Higgs signal, an analysis of the shape of the E
miss

T
variable in the mono-Z

case o↵ers a powerful way to enhance the signal-to-background ratio. The endpoint of

the E
miss

T
spectrum for the Z + E

miss

T
signature can be obtained from (6.2) by replacing

MA ! MH and Mh ! MZ . Since the four-momenta of the decay products Z and a that

enter H ! Za are fixed by H being preferentially on-shell, also the spectrum of the Z-

boson transverse momentum (pT,Z) in mono-Z production will have a characteristic shape

if MH > MZ + Ma. In fact, the pT,Z distribution is predicted to be Jacobian with a cut-o↵

at [21, 23]

p
max

T,Z '
�
1/2(MH , MZ , Ma)

2MH

, (6.3)

that is smeared by the total decay width �H of the heavy Higgs H. Ignoring higher-order

QED and EW corrections and detector e↵ects the shapes of the pT,Z and E
miss

T
spectra are

identical. Whether a shape fit to E
miss

T
or pT,Z provides a better experimental reach thus
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2HDM+a: mono-Z distributions
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Figure 7: Normalised E
miss

T
distributions of mono-Higgs production in the 2HDM+a

model for di↵erent values of MA and Ma as indicated in the legends. The results shown

correspond to the benchmark parameter choices introduced in (4.5).

and this quantity determines the characteristic shape of resonant E
miss

T
signals in the con-

text of the 2HDM+a model. For instance, in the case of the mono-Higgs signal the E
miss

T

spectrum will have a Jacobian peak with an endpoint at [21, 23]

E
miss

T,max '
�
1/2(MA, Mh, Ma)

2MA

, (6.2)

for all mass configurations that satisfy MA > Mh + Ma.

In Figure 7 we show the predictions for the normalised E
miss

T
distribution of h +

E
miss

T
production in the 2HDM+a model for di↵erent spin-0 boson masses MA and Ma.

Besides the indicated values of MA and Ma the parameters used are those given in (4.5).

Increasing MA (Ma) shifts the endpoint of the Jacobian peak to higher (lower) E
miss

T

values as expected from (6.2). A second feature that is also visible is that for large mass

splittings MA � Ma, the E
miss

T
spectra develop a pronounced low-Emiss

T
tail. The events

in these tails arise dominantly from the box diagram shown on the right in the upper row

of Figure 6. It can also be noted that these non-resonant contributions interfere with the

resonant contributions that stem from triangle graphs. Due to the interplay of resonant

and non-resonant contributions, the exact shape of the E
miss

T
distribution is away from the

endpoint (6.2) a non-trivial function of the 2HDM+a parameters (3.7).

At the LHC a mono-Higgs signal has so far been searched for in the h ! ��, h ! bb̄

and h ! ⌧
+
⌧

� channel (see [114, 118–121] for the latest ATLAS and CMS results). While

all searches use E
miss

T
as the main selection variable to discriminate signal from background,

the h (��)+E
miss

T
channel is sensitive to lower E

miss

T
values than the h (bb̄)+E

miss

T
channel,

because events can be selected (triggered) based on the presence of photons, and data

recording occurs at a sustainable rate at a lower E
miss

T
threshold. The h (bb̄) + E

miss

T

channel has instead the advantage that it is more sensitive to smaller h + E
miss

T
production
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Figure 9: Normalised mT2 distributions for tW + E
miss

T
production in the double-lepton

channel. The results shown correspond to the 2HDM+a benchmark (4.5) and employ

di↵erent values of MH± and Ma as indicated in the legends.

mass amT2 [132, 133] can be used to discriminate between signal and background, while in

the latter case the stransverse mass mT2 [134, 135] plays a crucial role in the background

suppression.

Examples of normalised mT2 distributions obtained in the 2HDM+a model are shown

in Figure 9. The coloured histograms correspond to di↵erent masses MH± and Ma. The

parameters not indicated in the legends have been set to the values given in (4.5). The

shape of the mT2 spectrum is sensitive to the values that are chosen for MH± and Ma.

In particular, the maximum of the mT2 distribution is shifted to higher values for larger

(smaller) values of MH± (Ma). For heavy charged Higgses the mT2 spectrum develops a

pronounced high-mT2 tail. This feature can be traced back to the resonant contribution

bg ! tH
+

! tW
+

a ! tW
+
��̄ (see lower left graph in Figure 6). At present, only

a single LHC analysis exists [136] that considers the tW + E
miss

T
or other single-top-like

signatures with E
miss

T
. Performing further studies of these channels would, however, be

worthwhile, since enhanced single-top signatures are expected to appear in many DM

model that features an extended Higgs sector.

6.2 Non-resonant Emiss
T

signatures

Besides the resonant E
miss

T
signatures discussed in Section 6.1, the 2HDM+a model also

predicts to non-resonant mono-X signatures. The most important channels in this class

are tt̄ + E
miss

T
and j + E

miss

T
production. In addition, the bb̄ + E

miss

T
mode is interesting

because its rate is tan� enhanced if a Yukawa sector of type-II is realised. Feynman graphs

leading to the first two signatures are depicted in Figure 10. For MA � Ma > 2m� the

dominant contribution to the tt̄+E
miss

T
and mono-jet signals arise from diagrams involving

the mediator a. In this limit the normalised kinematic distributions of the tt̄ + E
miss

T
and

j + E
miss

T
signals in the 2HDM+a model resemble those obtained in the DMF pseudoscalar
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Figure 13: E
miss

T
(pT,Z) distributions for mono-Higgs (mono-Z) production at 13 TeV

in the 2HDM+a model. The displayed results correspond to di↵erent choices of sin ✓.

The remaining parameters are fixed to (4.5) using MH = MA = MH± = 700 GeV and

Ma = 400 GeV.

In order to minimise the constraints from EW precision observables (see the discussion

in Section 4.3) we have chosen MH = MH± in the benchmark scenario (4.5). The further

choice of having a common 2HDM spin-0 boson mass MH = MA = MH± is then motivated

by the observation that in such a case both the h+E
miss

T
and Z +E

miss

T
signature are domi-

nated by resonant production. While in our sensitivity studies presented in the next section

we will always employ the choice MH = MA = MH± , in future 2HDM+a interpretations

of mono-X searches one might, however, also want to consider cases with MH 6= MA.

6.3.2 Variation of sin ✓

Figure 13 shows E
miss

T
distributions in h + E

miss

T
production (left panel) and pT,Z distribu-

tions in Z + E
miss

T
production (right panel) for di↵erent values of sin ✓. The spin-0 masses

are chosen as MH = MA = MH± = 700 GeV and Ma = 400 GeV, and the remaining

parameters are fixed to (4.5). It can be observed that the variation of sin ✓ leads to both a

rate and shape change in the case of the mono-Higgs signal, while in the case of the mono-Z

channel only the total cross section gets rescaled to first approximation (in the peak region

the shape changes of the pT,Z distribution amount to at most ±10% for the considered sin ✓

values). The strong sensitivity of the shape of the E
miss

T
spectrum in h + E

miss

T
production

is again a result of the interplay of resonant and non-resonant contributions. While the

gg ! A ! ha ! h��̄ amplitude scales as sin ✓ cos2 ✓, the gg ! ha ! h��̄ matrix element

shows a sin ✓ dependence. These scalings imply that at moderate (small and large) sin ✓

the resonant (non-resonant) amplitudes provide the dominant contribution to the E
miss

T

distribution in mono-Higgs production. In the case of the mono-Z signal the resonant and

non-resonant amplitudes both scale as sin ✓ and in consequence all kinematic distributions

are essentially not distorted under changes of the mixing angle ✓. The latter statement
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Figure 14: E
miss

T
distributions for mono-Higgs production in gg-fusion (left panel) and

bb̄-fusion (right panel) in the 2HDM+a model. The displayed results correspond to pp

collisions at 13 TeV and di↵erent choices of tan�. The parameters not detailed in the plots

are set to (4.5) using MH = MA = MH± = 700 GeV and Ma = 200 GeV.

also holds in the case of the tt̄ + E
miss

T
, bb̄ + E

miss

T
and mono-jet signatures. This can be

deduced from (6.5).

From the above discussion it follows that the choice sin ✓ = 0.35 made in (4.5) leads

to an enhanced sensitivity of the mono-Higgs signal to the 2HDM+a parameter space. To

perform parameter scans in scenarios with larger mixing angles like sin ✓ = 0.7 would,

however, also be worthwhile because such a choice would lead to an improved coverage

via the mono-Z channel. We finally note that in scenarios with sin ✓ > 0.35 the maximal

allowed size of mass splitting |MH � Ma| can, depending on the choice of �3, be severely

constrained by vacuum stability arguments. This can be seen from (4.3).

6.3.3 Variation of tan�

In Figure 14 we display E
miss

T
distributions in mono-Higgs production for di↵erent choices

of tan�. The left (right) panel illustrates the contributions from the gg ! h + E
miss

T
(bb̄ !

h + E
miss

T
) channel. The results shown employ (4.5) with MH = MA = MH± = 700 GeV

and Ma = 200 GeV. The total production cross section in gg-fusion strongly decreases

with increasing tan�, while in the case of bb̄-fusion the opposite behaviour is observed.

The strong reduction/enhancement of the production rates originates from the fact that in

the type-II 2HDM+a model considered in this white paper the couplings of H, A, a to top

quarks are proportional to cot�, while the corresponding couplings to bottom quarks are

proportional to tan�. Numerically, we find that at the inclusive level the gg-fusion and bb̄-

fusion contributions to mono-Higgs production are comparable in size for tan� ' 5. This

means that for tan� & 5 both channels have to be included to obtain accurate predictions.

From the two panels it is furthermore apparent that variations of tan� do not only change

the overall signal strength, but also have a pronounced impact on the shapes of the E
miss

T
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Figure 15: pT,Z distributions for mono-Z production in gg-fusion (left panel) and bb̄-

fusion (right panel) in the 2HDM+a model. The predictions shown correspond to pp

collisions at 13 TeV and the same choices of parameters as in Figure 14 are employed.

distributions. In particular, changes in tan� influence the importance of resonant versus

non-resonant contributions.

Similar to the mono-Higgs channel, bb̄-initiated production can also be relevant for

the mono-Z signal, if tan� is su�ciently large [23]. Figure 15 displays pT,Z spectra in

mono-Z production for di↵erent choices of tan� in both the gg-fusion (left panel) and

bb̄-fusion (right panel) channel. From the plots one sees that for the considered parameters

MH = MA = MH± = 700 GeV and Ma = 200 GeV, production in bb̄-fusion dominates

over gg-fusion already for the choice tan� = 5. In the mono-Z case the shapes of the

di↵erential distributions are less distorted under changes of tan� than the mono-Higgs

spectra. We furthermore add that the modifications in the kinematic distributions of

tt̄ + E
miss

T
and j + E

miss

T
production under changes of tan� are, like in the mono-Z case,

not very pronounced.

Our scans in the Ma –MH plane are based on the choice tan� = 1, since for this

value the existing mono-Higgs and mono-Z searches already provide sensitivity to/exclude

large regions in the mass planes. These scans are complemented by sensitivity studies in

the Ma –tan� (cf. Section 8 and [21, 23, 38]). We add that, if tan� is scanned, special

attention has to be given to the fact that in the large-tan� limit the total decay widths of

some of the Higgs states can become very large, potentially invalidating the narrow width

assumption. To give an example, for the choice made in (4.6) one has �H/MH & 30% for

tan� & 10 and Ma . 300 GeV.

6.3.4 Variation of m�

The modifications of the E
miss

T
(pT,Z) spectrum in h + E

miss

T
(Z + E

miss

T
) production un-

der a variation of the DM mass m� are illustrated in the two panels of Figure 16. The
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2HDM+a: mDM dependence
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Figure 16: E
miss

T
(pT,Z) distributions for mono-Higgs (mono-Z) production at 13 TeV.

The presented results correspond to di↵erent values of the DM mass m�. The other

2HDM+a parameters are set to (4.5) using MH = MA = MH± = 700 GeV and

Ma = 300 GeV.

given predictions correspond to pp collision at 13 TeV and employ the benchmark parame-

ters (4.5) with MH = MA = MH± = 700 GeV and Ma = 300 GeV. The depicted scenarios

with Ma > 2m� (green and orange histograms) lead to almost identical rates, E
miss

T
and

pT,Z spectra, while the choice Ma < 2m� (blue histograms) largely reduces the total rates

and also modifies the shapes of the shown distributions. This feature is expected since for

Ma > 2m� the decay channel a ! ��̄ is kinematically allowed, while for Ma < 2m� it is

forbidden. In order to have detectable mono-X signals even for light mediators a, we have

chosen a value of m� = 10 GeV as the baseline for the following sensitivity studies. We

will discuss the role that the DM mass m� plays in the context of DD, ID and the DM

relic density in Section 9 and Section 10, respectively.

7 Non-Emiss
T

collider signatures in the 2HDM+a model

In this section we will discuss the most important non-Emiss

T
signals that can be used to

explore the parameter space of the 2HDM+a model at the LHC. Most of the discussion

will be centred around final states containing top quarks since these channels provide the

best sensitivity to model realisations with low tan� such as our benchmark parameter

choice (4.5). Final states that give access to the 2HDM+a parameter space with large

tan� such as di-tau searches will, however, also be discussed briefly.

7.1 Di-top searches

In all 2HDM models, the spin-0 bosons H, A decay dominantly to top-quark pairs if these

states have masses above the top threshold, i.e. MH,A > 2mt, and if cos(� � ↵) ' 0 and

tan� = O(1). New-physics scenarios of this kind can thus be tested by studying the tt̄

– 27 –



 121

2HDM+a: present constraints

[LHC DMWG, 1810.09420] 

se
ns

iti
vi

ty

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 [GeV]aM
100 200 300 400 500 600 700

 [G
eV

]
A

M

200

400

600

800

1000

1200

1400

1600

miss
T

) + Eb b→h(

se
ns

iti
vi

ty

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 [GeV]aM
100 150 200 250 300 350 400 450

β
ta

n

1

10

miss
T

) + Eb b→h(

Figure 21: Estimated sensitivities with the h+E
miss

T
signature in the h ! bb̄ channel. The

upper (lower) panel shows our results in the Ma–MA (Ma–tan�) plane. The remaining

parameters are set to (4.5) in the upper panel, while in the lower panel tan� is left to vary

but the common 2HDM spin-0 boson mass is fixed to (4.6). The blue contours correspond

to S = 1 and bins with no content have a negligible sensitivity S < 0.1 (see text for further

explanations). The grid generated is evenly spaced in MA and Ma, each bin corresponding

to one grid point.

as well as bb̄-initiated production. The cross sections as well as the product A · " depend

on the considered E
miss

T
bin as indicated by the index i. A particular point in parameter

space is expected to be excluded if the sum S =
P

i
Si of the individual sensitivities is

larger than 1.
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Figure 22: Estimated significance of the Z + E
miss

T
signature in the Z ! `

+
`

� channel.

The upper (lower) panel shows our results in the Ma–MA (Ma–tan�) plane. The choice

of parameters is identical to those made in Figure 21. The blue contours correspond to

ZA = 2 and the grid generated is evenly spaced in MA and Ma, each bin corresponding to

one grid point. Further details can be found in the text.

to incorporate systematic uncertainties on the background. Explicitly one has [162]
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Figure 15: Regions in a (ma,mA) (a) and (ma, tan �) (b) planes excluded by data at 95% CL by X + E
miss
T and four

top analyses, following the parameter choices of scenarios 1 and 2 of the 2HDM+a model. The dashed grey regions
at the top of (a) and the bottom of (b) indicate the region where the width of any of the Higgs bosons exceeds 20% of
its mass. The exclusion limits presented above conservatively neglect the contribution from bb̄ initiated production,
which might be sizeable for tan � � 3 for the Z + E

miss
T channel and, to a lesser extend, for the h + E
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T one.
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Figure 6: Upper limits at 95% CL on the signal strength modifier, defined as µ = s/stheory,
where stheory is the predicted production cross section of DM candidates in association with a
Higgs boson and s is the upper limit on the observed cross section. Limits are shown for the
2HDM+a model when scanning mA and ma (upper left), the mixing angle q (upper right), or
tan b (lower). The uncertainty in the computation of stheory is 20% and is shown as a red band
around the exclusion line at µ = 1.

Figure 6 shows the upper limits on µ for the three scans (mA, sin q, and tan b) performed. For
the 2HDM+a model, mA masses are excluded between 500 and 900 GeV for ma = 150 GeV,
sin q = 0.35 and tan b = 1. Mixing angles with 0.35 < sin q < 0.75 are excluded for mA =
600 GeV and ma = 200 GeV, assuming tan b = 1. Also excluded are tan b values between 0.5
and 2.0 (1.6) for ma = 100 (150) GeV and mA = 600 GeV, given sin q = 0.35. These are the first
experimental limits on the 2HDM+a model.

Figure 7 shows the expected and observed exclusion range as a function of m
0
Z and mc for the

baryonic Z0 model. For a DM mass of 1 GeV, masses mZ0 < 1.6 TeV are excluded. The expected
exclusion boundary is 1.85 TeV. Masses for the DM particles of up to 430 GeV are excluded for
a 1.1 TeV Z0 mass. These are the most stringent limits on this model so far.

To compare results with DM direct detection experiments, limits from the baryonic Z0 model are
presented in terms of a spin-independent (SI) cross section sSI for DM scattering off a nucleus.
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Figure 6 shows the upper limits on µ for the three scans (mA, sin q, and tan b) performed. For
the 2HDM+a model, mA masses are excluded between 500 and 900 GeV for ma = 150 GeV,
sin q = 0.35 and tan b = 1. Mixing angles with 0.35 < sin q < 0.75 are excluded for mA =
600 GeV and ma = 200 GeV, assuming tan b = 1. Also excluded are tan b values between 0.5
and 2.0 (1.6) for ma = 100 (150) GeV and mA = 600 GeV, given sin q = 0.35. These are the first
experimental limits on the 2HDM+a model.

Figure 7 shows the expected and observed exclusion range as a function of m
0
Z and mc for the

baryonic Z0 model. For a DM mass of 1 GeV, masses mZ0 < 1.6 TeV are excluded. The expected
exclusion boundary is 1.85 TeV. Masses for the DM particles of up to 430 GeV are excluded for
a 1.1 TeV Z0 mass. These are the most stringent limits on this model so far.

To compare results with DM direct detection experiments, limits from the baryonic Z0 model are
presented in terms of a spin-independent (SI) cross section sSI for DM scattering off a nucleus.
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Figure 3: Cross-section for the associated production of a top quark and DM for pp collisions at 14 TeV as a function of tan � for m(a) = 150 GeV and
m(H±) = 500 GeV (a) and 100 GeV (b). The full line corresponds to the tW channel, while the dotted line shows the result for t-channel production. The dashed
line indicates the contribution to tW production that arises from the on-shell production of a H± boson cascading into a W± and a DM pair.

3. The DMt signal

Like single top production within the SM, the DMt signature
in the model (1) receives three di↵erent types of contributions
at leading order (LO) in QCD. These are t-channel production,
s-channel production and associated production together with
a W boson (tW). The relative impact of the three production
modes has been discussed in detail in [43] for the case of sim-
plified spin-0 DM models. DMt production in the s-channel is,
compared to the other channels, characterised by a very small
cross-section, and we therefore neglect its contribution in our
analysis. The t-channel process pp ! t j��̄ receives the dom-
inant contributions from the two diagrams shown in Figure 1.
One has (a) the SM single top t-channel diagram with radiation
of the mediator from the top (a-strahlung), and (b) the t-channel
fusion of a charged Higgs and a W into the mediator a. The two
diagrams interfere destructively, and the amount of interference
decreases with increasing H± mass. As a result the t-channel
production cross-section in our model (1) is, for equivalent val-
ues of the mediator mass and couplings, always smaller than the
corresponding prediction in the spin-0 DM simplified model.
The observed destructive interference ensures perturbative uni-
tarity of the process pp! t j��̄ in the 2HDM+a model.

In the case of the tW production channel it turns out that also
two diagrams provide the dominant contributions to the DMt
cross-section. The relevant graphs are shown in Figure 2. The
a-strahlung diagram, also present in the simplified spin-0 DM
model, is displayed on the left-hand side, while the right dia-
gram represents the associated production of a H± and a t quark.
Like in the case of t-channel production the two diagrams inter-

fere destructively to ensure unitarity. When the decay H± !
W±a is possible, the H± is produced on-shell, and the cross-
section of pp ! tW��, assuming H± masses of a few hundred
GeV, is around one order of magnitude larger than the one for
the same process in the simplified model. Moreover the produc-
tion and cascade decay of a resonance yields kinematic signa-
tures which can be exploited to separate the signal from the SM
background. The dependence of the production cross-section
on tan � for both the t-channel and tW processes is shown in the
two panels of Figure 3. Both panel employ sin ✓ = 1/

p
2 and

m(a) = 150 GeV, while m(H) = m(A) = m(H±) = 500 GeV
and 1 TeV is used in the left and right plot, respectively. The
cross-section for the contribution of the on-shell production of
H± to the tW final state is also shown as a dashed line. The cal-
culation is performed at LO in QCD in the 5-flavour scheme,
and the Yukawa couplings of both t and b quarks are included
in the calculation.

From the shown results, one observes that the tW contri-
bution to the DMt cross-section always dominates over the t-
channel, and that this dominance is more pronounced for lower
values of m(H±). This feature is easy to understand by noting
that the tW channel itself receives the dominant contribution
from resonant H± production for charged Higgs masses of a
few hundred GeV, while for m(H±) = 1 TeV resonant H± pro-
duction amounts to only around 50% of the tW cross-section.

For all processes a rapid decrease with increasing tan � is
observed, with a minimum at tan � ' 5, followed by a slower
increase towards high tan � values. The resonant H± production
has a broad maximum for tan � in the range of [20, 30]. This
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Figure 5: Distribution of the transverse mass variables used in the (a) one-lepton and (b) two-lepton selections after all requirements described in Sec. 5, except for
the one on the plotted variable which is indicated with an arrow instead. The expected SM backgrounds and two signal benchmarks are compared in the figure for
an integrated luminosity of 300 fb�1 at the 14 TeV LHC.

quark. The dominant tt̄ backgrounds have a second b-tagged
jet, with pT typically in excess of 50 GeV, whereas the signal
has only one top decay. The requirement that the scalar sum of
the transverse momenta of all the jets observed in the event be
lower than 150 GeV suppresses events with two real top quarks.
The final cut, following [42] is based on the following linear
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Figure 6: The invariant mass of the lepton and the leading b-tagged jet
(m(b1, `)) and of the leading light jet and the leading b-tagged jet (m(b1, j1))
are displayed for the lepton and hadronic decays of the H± in the tW channel.
For comparison also the distributions for t-channel production are shown. All
results correspond to m(H±) = 800 GeV and tan � = 20.

combination of Emiss
T and mT2:

Cem ⌘ mT2 + 0.2 · Emiss
T . (3)

The requirement that this variable be larger than 180 GeV, to-
gether with the cut mT2 > 100 GeV reduces the background
from tt̄ production well below the irreducible tt̄+Z background.
This is shown in the right panel of Figure 5.

6. Results

On the basis of the selection criteria defined in the previous
section, we study the LHC sensitivity to the DMt signature for
an integrated luminosity of 300 fb�1 at

p
s = 14 TeV.

The total background in the one-lepton selection is approxi-
mately 25 events. More than half of the background contribu-
tion is coming from tt + V and tZ processes and the rest is due
to the contribution of top pairs (dileptonic decays) and single
top tW channel in an approximate ratio of 2 to 1. In the charged
Higgs mass range from 500 GeV to 1 TeV the acceptance for
signal events containing at least one lepton amounts to [0.5, 1]%
([0.2, 0.8]%) for m(a) = 150 GeV and tan � = 1 (20). The to-
tal background in the two-lepton selection is approximately 10
events, dominantly composed of the tt̄+V and tWZ background
processes. For m(H±) between 300 GeV to 700 GeV the ac-
ceptance for signal events containing at least two leptons is in
the range [0.1, 0.7]% ([0.06, 0.5]%) for m(a) = 150 GeV and
tan � = 1 (20).

A profiled likelihood ratio test statistic is used to evaluate the
upper limit on the ratio of the signal yield to that predicted in
the 2HDM+a model. The CLs method [74] is used to derive
exclusion limits at 95% Confidence Level (CL). The statistical

6
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the one on the plotted variable which is indicated with an arrow instead. The expected SM backgrounds and two signal benchmarks are compared in the figure for
an integrated luminosity of 300 fb�1 at the 14 TeV LHC.

quark. The dominant tt̄ backgrounds have a second b-tagged
jet, with pT typically in excess of 50 GeV, whereas the signal
has only one top decay. The requirement that the scalar sum of
the transverse momenta of all the jets observed in the event be
lower than 150 GeV suppresses events with two real top quarks.
The final cut, following [42] is based on the following linear
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The requirement that this variable be larger than 180 GeV, to-
gether with the cut mT2 > 100 GeV reduces the background
from tt̄ production well below the irreducible tt̄+Z background.
This is shown in the right panel of Figure 5.

6. Results

On the basis of the selection criteria defined in the previous
section, we study the LHC sensitivity to the DMt signature for
an integrated luminosity of 300 fb�1 at

p
s = 14 TeV.

The total background in the one-lepton selection is approxi-
mately 25 events. More than half of the background contribu-
tion is coming from tt + V and tZ processes and the rest is due
to the contribution of top pairs (dileptonic decays) and single
top tW channel in an approximate ratio of 2 to 1. In the charged
Higgs mass range from 500 GeV to 1 TeV the acceptance for
signal events containing at least one lepton amounts to [0.5, 1]%
([0.2, 0.8]%) for m(a) = 150 GeV and tan � = 1 (20). The to-
tal background in the two-lepton selection is approximately 10
events, dominantly composed of the tt̄+V and tWZ background
processes. For m(H±) between 300 GeV to 700 GeV the ac-
ceptance for signal events containing at least two leptons is in
the range [0.1, 0.7]% ([0.06, 0.5]%) for m(a) = 150 GeV and
tan � = 1 (20).

A profiled likelihood ratio test statistic is used to evaluate the
upper limit on the ratio of the signal yield to that predicted in
the 2HDM+a model. The CLs method [74] is used to derive
exclusion limits at 95% Confidence Level (CL). The statistical
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Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

A
<latexit sha1_base64="IoAEyOVKVSRw/U6U6DDX1Ggs1U8=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWyM2FgmYC6QLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuB7njXtUmsfy1gwT9CPakzzkjBprVa86haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhhuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YD51WPMg==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="PAoP9muDtfSsAahY7qMA1TaKdkU=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVxMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzN650nVJrH8sFME/QjOpI85IwaazVvB+WKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBjzeMuQ==</latexit>

Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

Z
<latexit sha1_base64="4GASHVPLjsv5+X7wwnDGdeuo2GM=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWwM2FgmYC6YLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuBrnjXtUmsfyxgwT9CPakzzkjBprVW87haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhmuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YDDUiPSw==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="ReehscIITm9R0VWW3RiDRDb9NKA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVwMYyAfOByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzO650nVJrH8t5ME/QjOpI85IwaazUfBuWKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDnfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBtRuM0g==</latexit>

� gZ
tan2 �

1 + tan2 �
<latexit sha1_base64="Q3HfDX9Ie9eVsLpZfGl4i0w53Qc=">AAACH3icbZBNSwMxEIZn/az1q9Wjl2ARBEV2e1BBhIIXjxXsB3ZryabZGsxml2RWKEv/iRev/gwvHhQRb/03pq0HW30h8PDODJN5g0QKg647dObmFxaXlnMr+dW19Y3NQnGrbuJUM15jsYx1M6CGS6F4DQVK3kw0p1EgeSO4vxjVGw9cGxGra+wnvB3RnhKhYBSt1Skc+4mOE4yJf0Z6nRviHxI/1JRlPlJ1WyZ+wJEOMu+ATBmdQsk9cscif8H7gVLlvPgMVtVO4cvvxiyNuEImqTEtz02wnVGNgkk+yPup4Qll97THWxYVjbhpZ+P7BmTPOl0Sxto+hWTs/p7IaGRMPwpsZ0TxzszWRuZ/tVaK4Wk7EypJkSs2WRSmktg8RmGRrtCcoexboEwL+1fC7qiNB22keRuCN3vyX6iXjzzLVzaNCkyUgx3YhX3w4AQqcAlVqAGDR3iBN3h3npxX58P5nLTOOT8z2zAlZ/gNQoqiqg==</latexit><latexit sha1_base64="GbhInPqhpqY8K4sbOT5HFrMnz3M="></latexit><latexit sha1_base64="GbhInPqhpqY8K4sbOT5HFrMnz3M="></latexit><latexit sha1_base64="ZwUnVcT6qzSSWKdt0o7JHbgBEm4=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyCoJSkCxXcFNy4rGAv2MQwmU7aoZNJmDkRSuibuPFV3LhQRNz1bZxeFrb1h4Gf/5zDmfOFqeAaHGdkrayurW9sFraK2zu7e/v2wWFDJ5mirE4TkahWSDQTXLI6cBCslSpG4lCwZti/Hdebz0xpnsgHGKTMj0lX8ohTAiYK7EsvVUkKCfZucDd4xN4F9iJFaO4BkU8V7IUMyDB3z/FcENglp+xMhJeNOzMlNFMtsH+8TkKzmEmggmjddp0U/Jwo4FSwYdHLNEsJ7ZMuaxsrScy0n0/uG+JTk3RwlCjzJOBJ+nciJ7HWgzg0nTGBnl6sjcP/au0Moms/5zLNgEk6XRRlAhseY1i4wxWjIAbGEKq4+SumPWLwgEFaNBDcxZOXTaNSdo2/d0rV6gxHAR2jE3SGXHSFqugO1VAdUfSC3tAH+rRerXfry/qetq5Ys5kjNCdr9AucqaFy</latexit>

� gZ zu = gZ/2
<latexit sha1_base64="JgazRPzf90qUD0KWVR1+XQXb9so=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHAyChcTdNAoiBGwsEzAPzC7L7GSSDJl9MDMrxCWljb9iY6GIrZ9gZ2fpZzibpNDEAwNnzrmXmXP8mDOpLOvTyC0sLi2v5FcLa+sbm1vm9k5DRokgtE4iHomWjyXlLKR1xRSnrVhQHPicNv3BZeY3b6mQLAqv1TCmboB7IesygpWWPHPfiUUUqwg556jn3SDnGN15CbrILidlhDyzaJWsMdA8saekWEG17y8AqHrmh9OJSBLQUBGOpWzbVqzcFAvFCKejgpNIGmMywD3a1jTEAZVuOg4yQoda6aBuJPQJFRqrvzdSHEg5DHw9GWDVl7NeJv7ntRPVPXNTFsaJoiGZPNRNONLBs1ZQhwlKFB9qgolg+q+I9LHAROnuCroEezbyPGmUS7bmNd1GBSbIwx4cwBHYcAoVuIIq1IHAPTzCM7wYD8aT8Wq8TUZzxnRnF/7AeP8BBmmZnw==</latexit><latexit sha1_base64="qluRfDIm4PzCdfOOYGdzwtZby2g=">AAACCHicbVDNSgMxGMzWn9b6t+rRg8EieJC6WxAFEQpePLZgf7C7LNk024ZmN0uSFerSoxdfxYsHRbz6CN58AfExzLY9aOtAYDLzfSQzfsyoVJb1aeQWFpeW84WV4ura+samubXdlDwRmDQwZ1y0fSQJoxFpKKoYaceCoNBnpOUPLjO/dUuEpDy6VsOYuCHqRTSgGCkteeaeEwseKw6dc9jzbqBzBO+8BF5kl+MKhJ5ZssrWGHCe2FNSqsL691chf1LzzA+ny3ESkkhhhqTs2Fas3BQJRTEjo6KTSBIjPEA90tE0QiGRbjoOMoIHWunCgAt9IgXH6u+NFIVSDkNfT4ZI9eWsl4n/eZ1EBWduSqM4USTCk4eChEEdPGsFdqkgWLGhJggLqv8KcR8JhJXurqhLsGcjz5NmpWxrXtdtVMEEBbAL9sEhsMEpqIIrUAMNgME9eATP4MV4MJ6MV+NtMpozpjs74A+M9x9pJJnp</latexit><latexit sha1_base64="qluRfDIm4PzCdfOOYGdzwtZby2g=">AAACCHicbVDNSgMxGMzWn9b6t+rRg8EieJC6WxAFEQpePLZgf7C7LNk024ZmN0uSFerSoxdfxYsHRbz6CN58AfExzLY9aOtAYDLzfSQzfsyoVJb1aeQWFpeW84WV4ura+samubXdlDwRmDQwZ1y0fSQJoxFpKKoYaceCoNBnpOUPLjO/dUuEpDy6VsOYuCHqRTSgGCkteeaeEwseKw6dc9jzbqBzBO+8BF5kl+MKhJ5ZssrWGHCe2FNSqsL691chf1LzzA+ny3ESkkhhhqTs2Fas3BQJRTEjo6KTSBIjPEA90tE0QiGRbjoOMoIHWunCgAt9IgXH6u+NFIVSDkNfT4ZI9eWsl4n/eZ1EBWduSqM4USTCk4eChEEdPGsFdqkgWLGhJggLqv8KcR8JhJXurqhLsGcjz5NmpWxrXtdtVMEEBbAL9sEhsMEpqIIrUAMNgME9eATP4MV4MJ6MV+NtMpozpjs74A+M9x9pJJnp</latexit><latexit sha1_base64="CPXklwqx1NePbiPiRNSKLuIP8lE=">AAACCHicbVDNS8MwHE3n15xfVY8eDA7Bg8x2FwURBl48TnAfuJaSZukWlqYhSYVZdvTiv+LFgyJe/RO8+d+Ybj3o9EHg5b3fj+S9UDCqtON8WaWFxaXllfJqZW19Y3PL3t5pqySVmLRwwhLZDZEijHLS0lQz0hWSoDhkpBOOLnO/c0ekogm/0WNB/BgNOI0oRtpIgb3vCZkInUDvHA6CW+gdw/sghRf55aQOYWBXnZozBfxL3IJUQYFmYH96/QSnMeEaM6RUz3WE9jMkNcWMTCpeqohAeIQGpGcoRzFRfjYNMoGHRunDKJHmcA2n6s+NDMVKjePQTMZID9W8l4v/eb1UR2d+RrlINeF49lCUMmiC563APpUEazY2BGFJzV8hHiKJsDbdVUwJ7nzkv6Rdr7mGXzvVRqOoowz2wAE4Ai44BQ1wBZqgBTB4AE/gBbxaj9az9Wa9z0ZLVrGzC37B+vgGsKuXJg==</latexit>

� gZ
tan�

1 + tan2 �
<latexit sha1_base64="8VdeC0yiGl41NE5jSe+UrlxY0eA=">AAACHXicbZDLSgMxFIbPeLfeqi7dBEUQlDJTBAURCm5cKlgVO+OQSTNtaCYzJGeEMvRF3Lj3Kdy4UMSFG/FtTC8Ltf4Q+PKfc0jOH2VSGHTdL2dicmp6ZnZuvrSwuLS8Ul5duzRprhmvs1Sm+jqihkuheB0FSn6daU6TSPKrqHPSr1/dcW1Eqi6wm/EgoS0lYsEoWiss7/uZTjNMiX9EWuEN8feIH2vKCh+pIn7EkfYKb5f0r7fVkRGWt9yKOxAZB28EW7Xj1UewOgvLH34zZXnCFTJJjWl4boZBQTUKJnmv5OeGZ5R1aIs3LCqacBMUg+16ZNs6TRKn2h6FZOD+nChoYkw3iWxnQrFt/tb65n+1Ro7xYVAIleXIFRs+FOeS2DT6UZGm0Jyh7FqgTAv7V8La1IaDNtCSDcH7u/I4XFYrnuVzm0YNhpqDDdiEHfDgAGpwCmdQBwb38AQv8Oo8OM/Om/M+bJ1wRjPr8EvO5zf72KIG</latexit><latexit sha1_base64="pPKIkOn7Ce/wca7+au4p55O2UXI="></latexit><latexit sha1_base64="pPKIkOn7Ce/wca7+au4p55O2UXI="></latexit><latexit sha1_base64="H0q1IOluIyzV5j7H3TsCkjWb9UM=">AAACHXicbZDLSgMxFIYz9VbrrerSTbAIglJmiqDgpuDGZQV7wc44ZNJMG5rJDMkZoQx9ETe+ihsXirhwI76NaTsLbf0h8OU/55CcP0gE12Db31ZhaXllda24XtrY3NreKe/utXScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHw6tJvf3AlOaxvIVRwryI9CUPOSVgLL985iYqTiDG7iXu+3fYPcVuqAjNXCASuwEDMs6cEzy53tdywy9X7Ko9FV4EJ4cKytXwy59uL6ZpxCRQQbTuOnYCXkYUcCrYuOSmmiWEDkmfdQ1KEjHtZdPtxvjIOD0cxsocCXjq/p7ISKT1KApMZ0RgoOdrE/O/WjeF8MLLuExSYJLOHgpTgU0ak6hwjytGQYwMEKq4+SumA2LCARNoyYTgzK+8CK1a1TF8Y1fq9TyOIjpAh+gYOegc1dE1aqAmougRPaNX9GY9WS/Wu/Uxay1Y+cw++iPr6wdWBqDO</latexit>

[see e.g. Berlin, Lin & Wang, 1402.7074]
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 131

LHC constraints on spin-1 mediators

Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

A
<latexit sha1_base64="IoAEyOVKVSRw/U6U6DDX1Ggs1U8=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWyM2FgmYC6QLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuB7njXtUmsfy1gwT9CPakzzkjBprVa86haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhhuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YD51WPMg==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="PAoP9muDtfSsAahY7qMA1TaKdkU=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVxMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzN650nVJrH8sFME/QjOpI85IwaazVvB+WKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBjzeMuQ==</latexit>

u, c
<latexit sha1_base64="ur9DlKL/ZxouOqXZGcNlsx+ZZGM=">AAAB6nicbZDJSgNBEIZrEpcYt7jcvDQGwYOEGS+Kp4AXjxHNAskQejo9SZOenqG7RghDwBfw4kERrz6HD+HNt7GzHDTxh4aPv6roqj9IpDDout9OLr+yurZe2Chubm3v7Jb29hsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+H1pN584NqIWN3jKOF+RPtKhIJRtNZdesa6pbJbcaciy+DNoVw9/Mw/AkCtW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gy66picWKdHwljbp5BM3d8TGY2MGUWB7YwoDsxibWL+V2unGF76mVBJilyx2UdhKgnGZHI36QnNGcqRBcq0sLsSNqCaMrTpFG0I3uLJy9A4r3iWb20aVzBTAY7gGE7Bgwuowg3UoA4M+vAEL/DqSOfZeXPeZ605Zz5zAH/kfPwAJNKPJQ==</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="42/Du2vOj/LiBWKm+BP3pBYJINA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAl8aJ4KnjxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27THLT1hYWHd2bYmTdIBNfGdb+d0tr6xuZWebuys7u3f1A9PGrrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkey0czTdCP6EjykDNqrPWQXrBBtebW3VxkFbwCalCoOah+9YcxSyOUhgmqdc9zE+NnVBnOBM4q/VRjQtmEjrBnUdIItZ/lq87ImXWGJIyVfdKQ3P09kdFI62kU2M6ImrFers3N/2q91ITXfsZlkhqUbPFRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6VRsCN7yyavQvqx7lu/dWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHOE8+K8Ox+L1pJTzBzDHzmfPwHBjZA=</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

u, c
<latexit sha1_base64="ur9DlKL/ZxouOqXZGcNlsx+ZZGM=">AAAB6nicbZDJSgNBEIZrEpcYt7jcvDQGwYOEGS+Kp4AXjxHNAskQejo9SZOenqG7RghDwBfw4kERrz6HD+HNt7GzHDTxh4aPv6roqj9IpDDout9OLr+yurZe2Chubm3v7Jb29hsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+H1pN584NqIWN3jKOF+RPtKhIJRtNZdesa6pbJbcaciy+DNoVw9/Mw/AkCtW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gy66picWKdHwljbp5BM3d8TGY2MGUWB7YwoDsxibWL+V2unGF76mVBJilyx2UdhKgnGZHI36QnNGcqRBcq0sLsSNqCaMrTpFG0I3uLJy9A4r3iWb20aVzBTAY7gGE7Bgwuowg3UoA4M+vAEL/DqSOfZeXPeZ605Zz5zAH/kfPwAJNKPJQ==</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="42/Du2vOj/LiBWKm+BP3pBYJINA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAl8aJ4KnjxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27THLT1hYWHd2bYmTdIBNfGdb+d0tr6xuZWebuys7u3f1A9PGrrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkey0czTdCP6EjykDNqrPWQXrBBtebW3VxkFbwCalCoOah+9YcxSyOUhgmqdc9zE+NnVBnOBM4q/VRjQtmEjrBnUdIItZ/lq87ImXWGJIyVfdKQ3P09kdFI62kU2M6ImrFers3N/2q91ITXfsZlkhqUbPFRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6VRsCN7yyavQvqx7lu/dWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHOE8+K8Ox+L1pJTzBzDHzmfPwHBjZA=</latexit>

u, c
<latexit sha1_base64="ur9DlKL/ZxouOqXZGcNlsx+ZZGM=">AAAB6nicbZDJSgNBEIZrEpcYt7jcvDQGwYOEGS+Kp4AXjxHNAskQejo9SZOenqG7RghDwBfw4kERrz6HD+HNt7GzHDTxh4aPv6roqj9IpDDout9OLr+yurZe2Chubm3v7Jb29hsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+H1pN584NqIWN3jKOF+RPtKhIJRtNZdesa6pbJbcaciy+DNoVw9/Mw/AkCtW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gy66picWKdHwljbp5BM3d8TGY2MGUWB7YwoDsxibWL+V2unGF76mVBJilyx2UdhKgnGZHI36QnNGcqRBcq0sLsSNqCaMrTpFG0I3uLJy9A4r3iWb20aVzBTAY7gGE7Bgwuowg3UoA4M+vAEL/DqSOfZeXPeZ605Zz5zAH/kfPwAJNKPJQ==</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="42/Du2vOj/LiBWKm+BP3pBYJINA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAl8aJ4KnjxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27THLT1hYWHd2bYmTdIBNfGdb+d0tr6xuZWebuys7u3f1A9PGrrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkey0czTdCP6EjykDNqrPWQXrBBtebW3VxkFbwCalCoOah+9YcxSyOUhgmqdc9zE+NnVBnOBM4q/VRjQtmEjrBnUdIItZ/lq87ImXWGJIyVfdKQ3P09kdFI62kU2M6ImrFers3N/2q91ITXfsZlkhqUbPFRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6VRsCN7yyavQvqx7lu/dWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHOE8+K8Ox+L1pJTzBzDHzmfPwHBjZA=</latexit>

Dijet constraints on mediator mass in Z′-2HDM also stronger than 
mono-Higgs bounds. Other constraints more model-dependent

mono-Higgs, 
1807.02826 

flavour

EWPOs dijet, 
1806.00843 
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Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

u, c
<latexit sha1_base64="ur9DlKL/ZxouOqXZGcNlsx+ZZGM=">AAAB6nicbZDJSgNBEIZrEpcYt7jcvDQGwYOEGS+Kp4AXjxHNAskQejo9SZOenqG7RghDwBfw4kERrz6HD+HNt7GzHDTxh4aPv6roqj9IpDDout9OLr+yurZe2Chubm3v7Jb29hsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+H1pN584NqIWN3jKOF+RPtKhIJRtNZdesa6pbJbcaciy+DNoVw9/Mw/AkCtW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gy66picWKdHwljbp5BM3d8TGY2MGUWB7YwoDsxibWL+V2unGF76mVBJilyx2UdhKgnGZHI36QnNGcqRBcq0sLsSNqCaMrTpFG0I3uLJy9A4r3iWb20aVzBTAY7gGE7Bgwuowg3UoA4M+vAEL/DqSOfZeXPeZ605Zz5zAH/kfPwAJNKPJQ==</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="42/Du2vOj/LiBWKm+BP3pBYJINA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAl8aJ4KnjxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27THLT1hYWHd2bYmTdIBNfGdb+d0tr6xuZWebuys7u3f1A9PGrrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkey0czTdCP6EjykDNqrPWQXrBBtebW3VxkFbwCalCoOah+9YcxSyOUhgmqdc9zE+NnVBnOBM4q/VRjQtmEjrBnUdIItZ/lq87ImXWGJIyVfdKQ3P09kdFI62kU2M6ImrFers3N/2q91ITXfsZlkhqUbPFRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6VRsCN7yyavQvqx7lu/dWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHOE8+K8Ox+L1pJTzBzDHzmfPwHBjZA=</latexit>

u, c
<latexit sha1_base64="ur9DlKL/ZxouOqXZGcNlsx+ZZGM=">AAAB6nicbZDJSgNBEIZrEpcYt7jcvDQGwYOEGS+Kp4AXjxHNAskQejo9SZOenqG7RghDwBfw4kERrz6HD+HNt7GzHDTxh4aPv6roqj9IpDDout9OLr+yurZe2Chubm3v7Jb29hsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+H1pN584NqIWN3jKOF+RPtKhIJRtNZdesa6pbJbcaciy+DNoVw9/Mw/AkCtW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gy66picWKdHwljbp5BM3d8TGY2MGUWB7YwoDsxibWL+V2unGF76mVBJilyx2UdhKgnGZHI36QnNGcqRBcq0sLsSNqCaMrTpFG0I3uLJy9A4r3iWb20aVzBTAY7gGE7Bgwuowg3UoA4M+vAEL/DqSOfZeXPeZ605Zz5zAH/kfPwAJNKPJQ==</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="42/Du2vOj/LiBWKm+BP3pBYJINA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAl8aJ4KnjxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27THLT1hYWHd2bYmTdIBNfGdb+d0tr6xuZWebuys7u3f1A9PGrrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkey0czTdCP6EjykDNqrPWQXrBBtebW3VxkFbwCalCoOah+9YcxSyOUhgmqdc9zE+NnVBnOBM4q/VRjQtmEjrBnUdIItZ/lq87ImXWGJIyVfdKQ3P09kdFI62kU2M6ImrFers3N/2q91ITXfsZlkhqUbPFRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6VRsCN7yyavQvqx7lu/dWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHOE8+K8Ox+L1pJTzBzDHzmfPwHBjZA=</latexit>
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 133

Searches for 2b2l final state exclude masses mZ′ < 2.5 TeV in Z′-2HDM
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Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

u, c
<latexit sha1_base64="ur9DlKL/ZxouOqXZGcNlsx+ZZGM=">AAAB6nicbZDJSgNBEIZrEpcYt7jcvDQGwYOEGS+Kp4AXjxHNAskQejo9SZOenqG7RghDwBfw4kERrz6HD+HNt7GzHDTxh4aPv6roqj9IpDDout9OLr+yurZe2Chubm3v7Jb29hsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+H1pN584NqIWN3jKOF+RPtKhIJRtNZdesa6pbJbcaciy+DNoVw9/Mw/AkCtW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gy66picWKdHwljbp5BM3d8TGY2MGUWB7YwoDsxibWL+V2unGF76mVBJilyx2UdhKgnGZHI36QnNGcqRBcq0sLsSNqCaMrTpFG0I3uLJy9A4r3iWb20aVzBTAY7gGE7Bgwuowg3UoA4M+vAEL/DqSOfZeXPeZ605Zz5zAH/kfPwAJNKPJQ==</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="42/Du2vOj/LiBWKm+BP3pBYJINA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAl8aJ4KnjxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27THLT1hYWHd2bYmTdIBNfGdb+d0tr6xuZWebuys7u3f1A9PGrrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkey0czTdCP6EjykDNqrPWQXrBBtebW3VxkFbwCalCoOah+9YcxSyOUhgmqdc9zE+NnVBnOBM4q/VRjQtmEjrBnUdIItZ/lq87ImXWGJIyVfdKQ3P09kdFI62kU2M6ImrFers3N/2q91ITXfsZlkhqUbPFRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6VRsCN7yyavQvqx7lu/dWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHOE8+K8Ox+L1pJTzBzDHzmfPwHBjZA=</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

�
<latexit sha1_base64="KqYbNvII4cfbxUdgjOCK+2ygRfs=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJG3VlwY3LCvYCbSiT6Uk7dCYJMxOhhL6CGxeKuPU9fAZ3vo2TtAtt/WHg4z/nMOf8QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uFRW8epYthisYhVN6AaBY+wZbgR2E0UUhkI7AST27zeeUSleRw9mGmCvqSjiIecUZNbfRRiUK25dbcQWQVvAbWbTyjUHFS/+sOYpRIjwwTVuue5ifEzqgxnAmeVfqoxoWxCR9izGFGJ2s+KXWfkzDpDEsbKvsiQwv09kVGp9VQGtlNSM9bLtdz8r9ZLTXjlZzxKUoMRm38UpoKYmOSHkyFXyIyYWqBMcbsrYWOqKDM2nooNwVs+eRXaF3XP8r1ba1zP04AynMApnIMHl9CAO2hCCxiM4Qle4NWRzrPz5rzPW0vOYuYY/sj5+AFjZo8t</latexit><latexit sha1_base64="KqYbNvII4cfbxUdgjOCK+2ygRfs=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJG3VlwY3LCvYCbSiT6Uk7dCYJMxOhhL6CGxeKuPU9fAZ3vo2TtAtt/WHg4z/nMOf8QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uFRW8epYthisYhVN6AaBY+wZbgR2E0UUhkI7AST27zeeUSleRw9mGmCvqSjiIecUZNbfRRiUK25dbcQWQVvAbWbTyjUHFS/+sOYpRIjwwTVuue5ifEzqgxnAmeVfqoxoWxCR9izGFGJ2s+KXWfkzDpDEsbKvsiQwv09kVGp9VQGtlNSM9bLtdz8r9ZLTXjlZzxKUoMRm38UpoKYmOSHkyFXyIyYWqBMcbsrYWOqKDM2nooNwVs+eRXaF3XP8r1ba1zP04AynMApnIMHl9CAO2hCCxiM4Qle4NWRzrPz5rzPW0vOYuYY/sj5+AFjZo8t</latexit><latexit sha1_base64="KqYbNvII4cfbxUdgjOCK+2ygRfs=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJG3VlwY3LCvYCbSiT6Uk7dCYJMxOhhL6CGxeKuPU9fAZ3vo2TtAtt/WHg4z/nMOf8QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uFRW8epYthisYhVN6AaBY+wZbgR2E0UUhkI7AST27zeeUSleRw9mGmCvqSjiIecUZNbfRRiUK25dbcQWQVvAbWbTyjUHFS/+sOYpRIjwwTVuue5ifEzqgxnAmeVfqoxoWxCR9izGFGJ2s+KXWfkzDpDEsbKvsiQwv09kVGp9VQGtlNSM9bLtdz8r9ZLTXjlZzxKUoMRm38UpoKYmOSHkyFXyIyYWqBMcbsrYWOqKDM2nooNwVs+eRXaF3XP8r1ba1zP04AynMApnIMHl9CAO2hCCxiM4Qle4NWRzrPz5rzPW0vOYuYY/sj5+AFjZo8t</latexit><latexit sha1_base64="58DinnI6YDqbdMBSJ1dhvxU2+Io=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2vai3ghePFewHtEvJprNtaJJdkqxQSv+CFw+KePUPefPfmG33oK0vBB7emSEzb5QKbqzvf3uljc2t7Z3ybmVv/+DwqHp80jZJphm2WCIS3Y2oQcEVtiy3ArupRiojgZ1ocpfXO0+oDU/Uo52mGEo6UjzmjNrc6qMQg2rNr/sLkXUICqhBoeag+tUfJiyTqCwT1Jhe4Kc2nFFtORM4r/QzgyllEzrCnkNFJZpwtth1Ti6cMyRxot1Tlizc3xMzKo2Zysh1SmrHZrWWm//VepmNb8IZV2lmUbHlR3EmiE1IfjgZco3MiqkDyjR3uxI2ppoy6+KpuBCC1ZPXoX1VDxw/+LXGbRFHGc7gHC4hgGtowD00oQUMxvAMr/DmSe/Fe/c+lq0lr5g5hT/yPn8ACXOOLg==</latexit>

�
<latexit sha1_base64="KqYbNvII4cfbxUdgjOCK+2ygRfs=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJG3VlwY3LCvYCbSiT6Uk7dCYJMxOhhL6CGxeKuPU9fAZ3vo2TtAtt/WHg4z/nMOf8QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uFRW8epYthisYhVN6AaBY+wZbgR2E0UUhkI7AST27zeeUSleRw9mGmCvqSjiIecUZNbfRRiUK25dbcQWQVvAbWbTyjUHFS/+sOYpRIjwwTVuue5ifEzqgxnAmeVfqoxoWxCR9izGFGJ2s+KXWfkzDpDEsbKvsiQwv09kVGp9VQGtlNSM9bLtdz8r9ZLTXjlZzxKUoMRm38UpoKYmOSHkyFXyIyYWqBMcbsrYWOqKDM2nooNwVs+eRXaF3XP8r1ba1zP04AynMApnIMHl9CAO2hCCxiM4Qle4NWRzrPz5rzPW0vOYuYY/sj5+AFjZo8t</latexit><latexit sha1_base64="KqYbNvII4cfbxUdgjOCK+2ygRfs=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJG3VlwY3LCvYCbSiT6Uk7dCYJMxOhhL6CGxeKuPU9fAZ3vo2TtAtt/WHg4z/nMOf8QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uFRW8epYthisYhVN6AaBY+wZbgR2E0UUhkI7AST27zeeUSleRw9mGmCvqSjiIecUZNbfRRiUK25dbcQWQVvAbWbTyjUHFS/+sOYpRIjwwTVuue5ifEzqgxnAmeVfqoxoWxCR9izGFGJ2s+KXWfkzDpDEsbKvsiQwv09kVGp9VQGtlNSM9bLtdz8r9ZLTXjlZzxKUoMRm38UpoKYmOSHkyFXyIyYWqBMcbsrYWOqKDM2nooNwVs+eRXaF3XP8r1ba1zP04AynMApnIMHl9CAO2hCCxiM4Qle4NWRzrPz5rzPW0vOYuYY/sj5+AFjZo8t</latexit><latexit sha1_base64="KqYbNvII4cfbxUdgjOCK+2ygRfs=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJG3VlwY3LCvYCbSiT6Uk7dCYJMxOhhL6CGxeKuPU9fAZ3vo2TtAtt/WHg4z/nMOf8QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uFRW8epYthisYhVN6AaBY+wZbgR2E0UUhkI7AST27zeeUSleRw9mGmCvqSjiIecUZNbfRRiUK25dbcQWQVvAbWbTyjUHFS/+sOYpRIjwwTVuue5ifEzqgxnAmeVfqoxoWxCR9izGFGJ2s+KXWfkzDpDEsbKvsiQwv09kVGp9VQGtlNSM9bLtdz8r9ZLTXjlZzxKUoMRm38UpoKYmOSHkyFXyIyYWqBMcbsrYWOqKDM2nooNwVs+eRXaF3XP8r1ba1zP04AynMApnIMHl9CAO2hCCxiM4Qle4NWRzrPz5rzPW0vOYuYY/sj5+AFjZo8t</latexit><latexit sha1_base64="58DinnI6YDqbdMBSJ1dhvxU2+Io=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2vai3ghePFewHtEvJprNtaJJdkqxQSv+CFw+KePUPefPfmG33oK0vBB7emSEzb5QKbqzvf3uljc2t7Z3ybmVv/+DwqHp80jZJphm2WCIS3Y2oQcEVtiy3ArupRiojgZ1ocpfXO0+oDU/Uo52mGEo6UjzmjNrc6qMQg2rNr/sLkXUICqhBoeag+tUfJiyTqCwT1Jhe4Kc2nFFtORM4r/QzgyllEzrCnkNFJZpwtth1Ti6cMyRxot1Tlizc3xMzKo2Zysh1SmrHZrWWm//VepmNb8IZV2lmUbHlR3EmiE1IfjgZco3MiqkDyjR3uxI2ppoy6+KpuBCC1ZPXoX1VDxw/+LXGbRFHGc7gHC4hgGtowD00oQUMxvAMr/DmSe/Fe/c+lq0lr5g5hT/yPn8ACXOOLg==</latexit>

Z
<latexit sha1_base64="4GASHVPLjsv5+X7wwnDGdeuo2GM=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWwM2FgmYC6YLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuBrnjXtUmsfyxgwT9CPakzzkjBprVW87haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhmuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YDDUiPSw==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="0pq5Ij7uWWBcAL6KtG4/Wj7q4oc=">AAAB6HicbZDLSgNBEEVr4iuOr6hLN41BcBVm3CiCGHDjMgHzwGQIPZ2apE3Pg+4eIQz5AjcuFHGrfojf4Eb8GzuJC0280HC4t4quKj8RXGnH+bJyC4tLyyv5VXttfWNzq7C9U1dxKhnWWCxi2fSpQsEjrGmuBTYTiTT0BTb8wcU4b9yiVDyOrvQwQS+kvYgHnFFtrOp1p1B0Ss5EZB7cHyiev79+2mfJW6VT+Gh3Y5aGGGkmqFIt10m0l1GpORM4stupwoSyAe1hy2BEQ1ReNhl0RA6M0yVBLM2LNJm4vzsyGio1DH1TGVLdV7PZ2Pwva6U6OPEyHiWpxohNPwpSQXRMxluTLpfItBgaoExyMythfSop0+Y2tjmCO7vyPNSPSq7hqlMsn8JUediDfTgEF46hDJdQgRowQLiDB3i0bqx768l6npbmrJ+eXfgj6+Ub3JaQpg==</latexit><latexit sha1_base64="ReehscIITm9R0VWW3RiDRDb9NKA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVwMYyAfOByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzO650nVJrH8t5ME/QjOpI85IwaazUfBuWKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDnfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBtRuM0g==</latexit>
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Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

A
<latexit sha1_base64="IoAEyOVKVSRw/U6U6DDX1Ggs1U8=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWyM2FgmYC6QLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuB7njXtUmsfy1gwT9CPakzzkjBprVa86haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhhuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YD51WPMg==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="PAoP9muDtfSsAahY7qMA1TaKdkU=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVxMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzN650nVJrH8sFME/QjOpI85IwaazVvB+WKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBjzeMuQ==</latexit>

u, c
<latexit sha1_base64="ur9DlKL/ZxouOqXZGcNlsx+ZZGM=">AAAB6nicbZDJSgNBEIZrEpcYt7jcvDQGwYOEGS+Kp4AXjxHNAskQejo9SZOenqG7RghDwBfw4kERrz6HD+HNt7GzHDTxh4aPv6roqj9IpDDout9OLr+yurZe2Chubm3v7Jb29hsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+H1pN584NqIWN3jKOF+RPtKhIJRtNZdesa6pbJbcaciy+DNoVw9/Mw/AkCtW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gy66picWKdHwljbp5BM3d8TGY2MGUWB7YwoDsxibWL+V2unGF76mVBJilyx2UdhKgnGZHI36QnNGcqRBcq0sLsSNqCaMrTpFG0I3uLJy9A4r3iWb20aVzBTAY7gGE7Bgwuowg3UoA4M+vAEL/DqSOfZeXPeZ605Zz5zAH/kfPwAJNKPJQ==</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="42/Du2vOj/LiBWKm+BP3pBYJINA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAl8aJ4KnjxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27THLT1hYWHd2bYmTdIBNfGdb+d0tr6xuZWebuys7u3f1A9PGrrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkey0czTdCP6EjykDNqrPWQXrBBtebW3VxkFbwCalCoOah+9YcxSyOUhgmqdc9zE+NnVBnOBM4q/VRjQtmEjrBnUdIItZ/lq87ImXWGJIyVfdKQ3P09kdFI62kU2M6ImrFers3N/2q91ITXfsZlkhqUbPFRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6VRsCN7yyavQvqx7lu/dWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHOE8+K8Ox+L1pJTzBzDHzmfPwHBjZA=</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

t
<latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="QqAY37Y6P+q5FyyyAJ1Ms1Cmea4=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G7UL2FgmYD4gOcLeZi5Zs/fB7pwQQn6BjYUitv4kO/+Nm+QKTXxh4eGdGXbmDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclaDeqXK27VXYitg5dDBXLV++Wv3iARWYQxCcWN6XpuSv6Ua5JC4azUywymXIz5ELsWYx6h8aeLRWfswjoDFibavpjYwv09MeWRMZMosJ0Rp5FZrc3N/2rdjMIbfyrjNCOMxfKjMFOMEja/mg2kRkFqYoELLe2uTIy45oJsNiUbgrd68jq0rqqe5YZbqd3mcRThDM7hEjy4hhrcQx2aIADhGV7hzXl0Xpx352PZWnDymVP4I+fzB9w2jOs=</latexit>

a
<latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="U5CImcN/EfYkXnKlIaNdCQAU5oA=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVosOqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtEZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRTZBzmWYGJVt+FGWCmITMryZDrpAZMbVAmeJ2V8LGVFFmbDYVG4K3evI6tK/qnuWWW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/JHz+QO/aozY</latexit>

g
<latexit sha1_base64="Ouxm28QQZ2t4tTmPgKsITzZOG7g=">AAAB6HicbZBLSgNBEIZr4ivGVzRLN41BcBVm3Bh3ATcuEzAPSIbQ06lJ2vT0DN09QhhyAjcuFHHrWTyBO4/hDew8Fpr4Q8PHX1V01R8kgmvjul9ObmNza3snv1vY2z84PCoen7R0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6Z1dsPqDSP5Z2ZJOhHdCh5yBk11moM+8WyW3HnIuvgLaFcK31/1ACg3i9+9gYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrUdIItZ/NF52Sc+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6tTYz/6t1UxNW/YzLJDUo2eKjMBXExGR2NRlwhcyIiQXKFLe7EjaiijJjsynYELzVk9ehdVnxLDdsGtewUB5O4QwuwIMrqMEt1KEJDBAe4RlenHvnyXl13hatOWc5U4I/ct5/AN1OjyY=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="WYlQXfYBjGNn2WxX7V1vM+5aFwQ=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVms0qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w/Igoze</latexit>

g
<latexit sha1_base64="Ouxm28QQZ2t4tTmPgKsITzZOG7g=">AAAB6HicbZBLSgNBEIZr4ivGVzRLN41BcBVm3Bh3ATcuEzAPSIbQ06lJ2vT0DN09QhhyAjcuFHHrWTyBO4/hDew8Fpr4Q8PHX1V01R8kgmvjul9ObmNza3snv1vY2z84PCoen7R0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6Z1dsPqDSP5Z2ZJOhHdCh5yBk11moM+8WyW3HnIuvgLaFcK31/1ACg3i9+9gYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrUdIItZ/NF52Sc+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6tTYz/6t1UxNW/YzLJDUo2eKjMBXExGR2NRlwhcyIiQXKFLe7EjaiijJjsynYELzVk9ehdVnxLDdsGtewUB5O4QwuwIMrqMEt1KEJDBAe4RlenHvnyXl13hatOWc5U4I/ct5/AN1OjyY=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="WYlQXfYBjGNn2WxX7V1vM+5aFwQ=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVms0qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w/Igoze</latexit>

Z′-2HDM

2HDM+a

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>t

<latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="QqAY37Y6P+q5FyyyAJ1Ms1Cmea4=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G7UL2FgmYD4gOcLeZi5Zs/fB7pwQQn6BjYUitv4kO/+Nm+QKTXxh4eGdGXbmDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclaDeqXK27VXYitg5dDBXLV++Wv3iARWYQxCcWN6XpuSv6Ua5JC4azUywymXIz5ELsWYx6h8aeLRWfswjoDFibavpjYwv09MeWRMZMosJ0Rp5FZrc3N/2rdjMIbfyrjNCOMxfKjMFOMEja/mg2kRkFqYoELLe2uTIy45oJsNiUbgrd68jq0rqqe5YZbqd3mcRThDM7hEjy4hhrcQx2aIADhGV7hzXl0Xpx352PZWnDymVP4I+fzB9w2jOs=</latexit>

a
<latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="U5CImcN/EfYkXnKlIaNdCQAU5oA=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVosOqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtEZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRTZBzmWYGJVt+FGWCmITMryZDrpAZMbVAmeJ2V8LGVFFmbDYVG4K3evI6tK/qnuWWW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/JHz+QO/aozY</latexit>

g
<latexit sha1_base64="Ouxm28QQZ2t4tTmPgKsITzZOG7g=">AAAB6HicbZBLSgNBEIZr4ivGVzRLN41BcBVm3Bh3ATcuEzAPSIbQ06lJ2vT0DN09QhhyAjcuFHHrWTyBO4/hDew8Fpr4Q8PHX1V01R8kgmvjul9ObmNza3snv1vY2z84PCoen7R0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6Z1dsPqDSP5Z2ZJOhHdCh5yBk11moM+8WyW3HnIuvgLaFcK31/1ACg3i9+9gYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrUdIItZ/NF52Sc+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6tTYz/6t1UxNW/YzLJDUo2eKjMBXExGR2NRlwhcyIiQXKFLe7EjaiijJjsynYELzVk9ehdVnxLDdsGtewUB5O4QwuwIMrqMEt1KEJDBAe4RlenHvnyXl13hatOWc5U4I/ct5/AN1OjyY=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="WYlQXfYBjGNn2WxX7V1vM+5aFwQ=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVms0qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w/Igoze</latexit>

g
<latexit sha1_base64="Ouxm28QQZ2t4tTmPgKsITzZOG7g=">AAAB6HicbZBLSgNBEIZr4ivGVzRLN41BcBVm3Bh3ATcuEzAPSIbQ06lJ2vT0DN09QhhyAjcuFHHrWTyBO4/hDew8Fpr4Q8PHX1V01R8kgmvjul9ObmNza3snv1vY2z84PCoen7R0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6Z1dsPqDSP5Z2ZJOhHdCh5yBk11moM+8WyW3HnIuvgLaFcK31/1ACg3i9+9gYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrUdIItZ/NF52Sc+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6tTYz/6t1UxNW/YzLJDUo2eKjMBXExGR2NRlwhcyIiQXKFLe7EjaiijJjsynYELzVk9ehdVnxLDdsGtewUB5O4QwuwIMrqMEt1KEJDBAe4RlenHvnyXl13hatOWc5U4I/ct5/AN1OjyY=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="WYlQXfYBjGNn2WxX7V1vM+5aFwQ=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVms0qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w/Igoze</latexit>

A
<latexit sha1_base64="RNltbqCcik25tJ1efM0sjuDl+Qs=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1USsjNpYJmAskS5idnE3GzM4uM7NCWPIENhaK2PokPoOdb+Nkk0ITfxj4+M85zDl/kAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7bTeekSleSzvzThBP6IDyUPOqLFW/aZXKrsVNxdZBm8O5etPyFXrlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LEoaYTaz/JFJ+TUOn0Sxso+aUju/p7IaKT1OApsZ0TNUC/WpuZ/tU5qwks/4zJJDUo2+yhMBTExmV5N+lwhM2JsgTLF7a6EDamizNhsijYEb/HkZWieVzzLdbdcvZqlAQU4hhM4Aw8uoAp3UIMGMEB4ghd4dR6cZ+fNeZ+1rjjzmSP4I+fjB+jdjbc=</latexit><latexit sha1_base64="RNltbqCcik25tJ1efM0sjuDl+Qs=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1USsjNpYJmAskS5idnE3GzM4uM7NCWPIENhaK2PokPoOdb+Nkk0ITfxj4+M85zDl/kAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7bTeekSleSzvzThBP6IDyUPOqLFW/aZXKrsVNxdZBm8O5etPyFXrlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LEoaYTaz/JFJ+TUOn0Sxso+aUju/p7IaKT1OApsZ0TNUC/WpuZ/tU5qwks/4zJJDUo2+yhMBTExmV5N+lwhM2JsgTLF7a6EDamizNhsijYEb/HkZWieVzzLdbdcvZqlAQU4hhM4Aw8uoAp3UIMGMEB4ghd4dR6cZ+fNeZ+1rjjzmSP4I+fjB+jdjbc=</latexit><latexit sha1_base64="RNltbqCcik25tJ1efM0sjuDl+Qs=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1USsjNpYJmAskS5idnE3GzM4uM7NCWPIENhaK2PokPoOdb+Nkk0ITfxj4+M85zDl/kAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7bTeekSleSzvzThBP6IDyUPOqLFW/aZXKrsVNxdZBm8O5etPyFXrlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LEoaYTaz/JFJ+TUOn0Sxso+aUju/p7IaKT1OApsZ0TNUC/WpuZ/tU5qwks/4zJJDUo2+yhMBTExmV5N+lwhM2JsgTLF7a6EDamizNhsijYEb/HkZWieVzzLdbdcvZqlAQU4hhM4Aw8uoAp3UIMGMEB4ghd4dR6cZ+fNeZ+1rjjzmSP4I+fjB+jdjbc=</latexit><latexit sha1_base64="e4dF1iU00ncPZhPqnSPA6A6gMLs=">AAAB6HicbZA9TwJBEIbn8AvxC7W02UhMrMidjdhhbCwhkY8ELmRvmYOVvb3L7p4JufALbCw0xtafZOe/cYErFHyTTZ68M5OdeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs3bQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmrPkZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluupX6TR5HEc7gHC7Bg2uowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AjuqMuA==</latexit>



Jacobian peaks
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�(mA,mB ,mC) = (m2
A � m2

B � m2
C)2 � 4m2

Bm2
C

<latexit sha1_base64="AUPexGQ0OJK4nkqCc/T+cl81fGI=">AAACIXicbZBNS8QwEIan69e6flU9ChIUQUGlXQS9KOpePCq4u8JuLWmarsGkLUkqLMUfshcR/CtePCjiTfwzpl0Pfg1MeOadGZK8QcqZ0o7zblVGRsfGJ6qTtanpmdk5e36hpZJMEtokCU/kRYAV5SymTc00pxeppFgEnLaD60bRb99QqVgSn+t+Sj2BezGLGMHaSL691+VmOMTrwj/aFP6xycYG2kdFfVnfMkp5Ni7rGwZ2yrosfXvV2XbKQH/B/YLVw+XB4B4ATn37rRsmJBM01oRjpTquk2ovx1IzwultrZspmmJyjXu0YzDGgiovL394i9aMEqIokSZjjUr1+0aOhVJ9EZhJgfWV+t0rxP96nUxHe17O4jTTNCbDi6KMI52gwi4UMkmJ5n0DmEhm3orIFZaYaGNqzZjg/v7yX2jVt13DZ8aNAxhGFZZgBdbBhV04hBM4hSYQuINHeIYX68F6sl6tt+FoxfraWYQfYX18AtbtocM=</latexit><latexit sha1_base64="xIym5feBoQS4jyjPv7ATdI0hU+k=">AAACIXicbVDLSgMxFM3UV62vqktBgkVoQctMEexGqXbjsoJ9QB9DJpNpQ5OZIckIpfRDdOHGX3HjQpHuxJ8xM+1CqwduOPfce7m5xwkZlco0P43U0vLK6lp6PbOxubW9k93da8ggEpjUccAC0XKQJIz6pK6oYqQVCoK4w0jTGVbjevOeCEkD/06NQtLlqO9Tj2KktGRnyx2mm12U5/bVCbevdVQL8ALGea90qpXkrfZKBU3OkjxJ7WzOLJoJ4F9izUmucvgQ47FmZ6cdN8ARJ77CDEnZtsxQdcdIKIoZmWQ6kSQhwkPUJ21NfcSJ7I6TCyfwWCsu9AKhw1cwUX9OjBGXcsQd3cmRGsjFWiz+V2tHyit3x9QPI0V8PFvkRQyqAMZ2QZcKghUbaYKwoPqvEA+QQFhpUzPaBGvx5L+kUSpamt9qNy7BDGlwAI5AHljgHFTADaiBOsDgCbyAN/BuPBuvxocxnbWmjPnMPvgF4+sbNDmjiA==</latexit><latexit sha1_base64="xIym5feBoQS4jyjPv7ATdI0hU+k=">AAACIXicbVDLSgMxFM3UV62vqktBgkVoQctMEexGqXbjsoJ9QB9DJpNpQ5OZIckIpfRDdOHGX3HjQpHuxJ8xM+1CqwduOPfce7m5xwkZlco0P43U0vLK6lp6PbOxubW9k93da8ggEpjUccAC0XKQJIz6pK6oYqQVCoK4w0jTGVbjevOeCEkD/06NQtLlqO9Tj2KktGRnyx2mm12U5/bVCbevdVQL8ALGea90qpXkrfZKBU3OkjxJ7WzOLJoJ4F9izUmucvgQ47FmZ6cdN8ARJ77CDEnZtsxQdcdIKIoZmWQ6kSQhwkPUJ21NfcSJ7I6TCyfwWCsu9AKhw1cwUX9OjBGXcsQd3cmRGsjFWiz+V2tHyit3x9QPI0V8PFvkRQyqAMZ2QZcKghUbaYKwoPqvEA+QQFhpUzPaBGvx5L+kUSpamt9qNy7BDGlwAI5AHljgHFTADaiBOsDgCbyAN/BuPBuvxocxnbWmjPnMPvgF4+sbNDmjiA==</latexit><latexit sha1_base64="czHQP1haXms40cdBFilGKPHdDPA=">AAACIXicbZDLSgMxFIYz9VbrrerSTbAILWiZKYLdKNVuXFawF2inQyaTaUOTmSHJCKX0Vdz4Km5cKNKd+DKm01lo64ETvvOfc0jyuxGjUpnml5FZW9/Y3Mpu53Z29/YP8odHLRnGApMmDlkoOi6ShNGANBVVjHQiQRB3GWm7o/q8334iQtIweFTjiNgcDQLqU4yUlpx8tcf0sIeK3Lk9586dznoJXsN53a9caCU56/1KScNlUielky+YZTMJuApWCgWQRsPJz3peiGNOAoUZkrJrmZGyJ0goihmZ5nqxJBHCIzQgXY0B4kTak+SHU3imFQ/6odAZKJiovzcmiEs55q6e5EgN5XJvLv7X68bKr9oTGkSxIgFeXOTHDKoQzu2CHhUEKzbWgLCg+q0QD5FAWGlTc9oEa/nLq9CqlC3ND2ahdpPakQUn4BQUgQWuQA3cgwZoAgyewSt4Bx/Gi/FmfBqzxWjGSHeOwZ8wvn8A4xufkw==</latexit>

Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

A
<latexit sha1_base64="IoAEyOVKVSRw/U6U6DDX1Ggs1U8=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWyM2FgmYC6QLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuB7njXtUmsfy1gwT9CPakzzkjBprVa86haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhhuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YD51WPMg==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="PAoP9muDtfSsAahY7qMA1TaKdkU=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVxMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzN650nVJrH8sFME/QjOpI85IwaazVvB+WKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBjzeMuQ==</latexit>

u, c
<latexit sha1_base64="ur9DlKL/ZxouOqXZGcNlsx+ZZGM=">AAAB6nicbZDJSgNBEIZrEpcYt7jcvDQGwYOEGS+Kp4AXjxHNAskQejo9SZOenqG7RghDwBfw4kERrz6HD+HNt7GzHDTxh4aPv6roqj9IpDDout9OLr+yurZe2Chubm3v7Jb29hsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+H1pN584NqIWN3jKOF+RPtKhIJRtNZdesa6pbJbcaciy+DNoVw9/Mw/AkCtW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gy66picWKdHwljbp5BM3d8TGY2MGUWB7YwoDsxibWL+V2unGF76mVBJilyx2UdhKgnGZHI36QnNGcqRBcq0sLsSNqCaMrTpFG0I3uLJy9A4r3iWb20aVzBTAY7gGE7Bgwuowg3UoA4M+vAEL/DqSOfZeXPeZ605Zz5zAH/kfPwAJNKPJQ==</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="42/Du2vOj/LiBWKm+BP3pBYJINA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAl8aJ4KnjxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27THLT1hYWHd2bYmTdIBNfGdb+d0tr6xuZWebuys7u3f1A9PGrrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkey0czTdCP6EjykDNqrPWQXrBBtebW3VxkFbwCalCoOah+9YcxSyOUhgmqdc9zE+NnVBnOBM4q/VRjQtmEjrBnUdIItZ/lq87ImXWGJIyVfdKQ3P09kdFI62kU2M6ImrFers3N/2q91ITXfsZlkhqUbPFRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6VRsCN7yyavQvqx7lu/dWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHOE8+K8Ox+L1pJTzBzDHzmfPwHBjZA=</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>t

<latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="QqAY37Y6P+q5FyyyAJ1Ms1Cmea4=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G7UL2FgmYD4gOcLeZi5Zs/fB7pwQQn6BjYUitv4kO/+Nm+QKTXxh4eGdGXbmDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclaDeqXK27VXYitg5dDBXLV++Wv3iARWYQxCcWN6XpuSv6Ua5JC4azUywymXIz5ELsWYx6h8aeLRWfswjoDFibavpjYwv09MeWRMZMosJ0Rp5FZrc3N/2rdjMIbfyrjNCOMxfKjMFOMEja/mg2kRkFqYoELLe2uTIy45oJsNiUbgrd68jq0rqqe5YZbqd3mcRThDM7hEjy4hhrcQx2aIADhGV7hzXl0Xpx352PZWnDymVP4I+fzB9w2jOs=</latexit>

a
<latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="U5CImcN/EfYkXnKlIaNdCQAU5oA=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVosOqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtEZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRTZBzmWYGJVt+FGWCmITMryZDrpAZMbVAmeJ2V8LGVFFmbDYVG4K3evI6tK/qnuWWW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/JHz+QO/aozY</latexit>

g
<latexit sha1_base64="Ouxm28QQZ2t4tTmPgKsITzZOG7g=">AAAB6HicbZBLSgNBEIZr4ivGVzRLN41BcBVm3Bh3ATcuEzAPSIbQ06lJ2vT0DN09QhhyAjcuFHHrWTyBO4/hDew8Fpr4Q8PHX1V01R8kgmvjul9ObmNza3snv1vY2z84PCoen7R0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6Z1dsPqDSP5Z2ZJOhHdCh5yBk11moM+8WyW3HnIuvgLaFcK31/1ACg3i9+9gYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrUdIItZ/NF52Sc+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6tTYz/6t1UxNW/YzLJDUo2eKjMBXExGR2NRlwhcyIiQXKFLe7EjaiijJjsynYELzVk9ehdVnxLDdsGtewUB5O4QwuwIMrqMEt1KEJDBAe4RlenHvnyXl13hatOWc5U4I/ct5/AN1OjyY=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="WYlQXfYBjGNn2WxX7V1vM+5aFwQ=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVms0qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w/Igoze</latexit>

g
<latexit sha1_base64="Ouxm28QQZ2t4tTmPgKsITzZOG7g=">AAAB6HicbZBLSgNBEIZr4ivGVzRLN41BcBVm3Bh3ATcuEzAPSIbQ06lJ2vT0DN09QhhyAjcuFHHrWTyBO4/hDew8Fpr4Q8PHX1V01R8kgmvjul9ObmNza3snv1vY2z84PCoen7R0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6Z1dsPqDSP5Z2ZJOhHdCh5yBk11moM+8WyW3HnIuvgLaFcK31/1ACg3i9+9gYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrUdIItZ/NF52Sc+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6tTYz/6t1UxNW/YzLJDUo2eKjMBXExGR2NRlwhcyIiQXKFLe7EjaiijJjsynYELzVk9ehdVnxLDdsGtewUB5O4QwuwIMrqMEt1KEJDBAe4RlenHvnyXl13hatOWc5U4I/ct5/AN1OjyY=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="WYlQXfYBjGNn2WxX7V1vM+5aFwQ=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVms0qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w/Igoze</latexit>

A
<latexit sha1_base64="RNltbqCcik25tJ1efM0sjuDl+Qs=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1USsjNpYJmAskS5idnE3GzM4uM7NCWPIENhaK2PokPoOdb+Nkk0ITfxj4+M85zDl/kAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7bTeekSleSzvzThBP6IDyUPOqLFW/aZXKrsVNxdZBm8O5etPyFXrlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LEoaYTaz/JFJ+TUOn0Sxso+aUju/p7IaKT1OApsZ0TNUC/WpuZ/tU5qwks/4zJJDUo2+yhMBTExmV5N+lwhM2JsgTLF7a6EDamizNhsijYEb/HkZWieVzzLdbdcvZqlAQU4hhM4Aw8uoAp3UIMGMEB4ghd4dR6cZ+fNeZ+1rjjzmSP4I+fjB+jdjbc=</latexit><latexit sha1_base64="RNltbqCcik25tJ1efM0sjuDl+Qs=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1USsjNpYJmAskS5idnE3GzM4uM7NCWPIENhaK2PokPoOdb+Nkk0ITfxj4+M85zDl/kAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7bTeekSleSzvzThBP6IDyUPOqLFW/aZXKrsVNxdZBm8O5etPyFXrlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LEoaYTaz/JFJ+TUOn0Sxso+aUju/p7IaKT1OApsZ0TNUC/WpuZ/tU5qwks/4zJJDUo2+yhMBTExmV5N+lwhM2JsgTLF7a6EDamizNhsijYEb/HkZWieVzzLdbdcvZqlAQU4hhM4Aw8uoAp3UIMGMEB4ghd4dR6cZ+fNeZ+1rjjzmSP4I+fjB+jdjbc=</latexit><latexit sha1_base64="RNltbqCcik25tJ1efM0sjuDl+Qs=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1USsjNpYJmAskS5idnE3GzM4uM7NCWPIENhaK2PokPoOdb+Nkk0ITfxj4+M85zDl/kAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7bTeekSleSzvzThBP6IDyUPOqLFW/aZXKrsVNxdZBm8O5etPyFXrlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LEoaYTaz/JFJ+TUOn0Sxso+aUju/p7IaKT1OApsZ0TNUC/WpuZ/tU5qwks/4zJJDUo2+yhMBTExmV5N+lwhM2JsgTLF7a6EDamizNhsijYEb/HkZWieVzzLdbdcvZqlAQU4hhM4Aw8uoAp3UIMGMEB4ghd4dR6cZ+fNeZ+1rjjzmSP4I+fjB+jdjbc=</latexit><latexit sha1_base64="e4dF1iU00ncPZhPqnSPA6A6gMLs=">AAAB6HicbZA9TwJBEIbn8AvxC7W02UhMrMidjdhhbCwhkY8ELmRvmYOVvb3L7p4JufALbCw0xtafZOe/cYErFHyTTZ68M5OdeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs3bQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmrPkZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluupX6TR5HEc7gHC7Bg2uowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AjuqMuA==</latexit>

Emiss
T,max � �1/2(MA,Mh,Ma)

2MA
<latexit sha1_base64="IvuTA6/Jk56OKn9a4aO9XCYm4/Y="></latexit><latexit sha1_base64="S0ogUh54oAC4DzECtjP3Tv/tJL4="></latexit><latexit sha1_base64="S0ogUh54oAC4DzECtjP3Tv/tJL4="></latexit><latexit sha1_base64="hq3SmiwnZJ+VLQYZ1m4iUYeV4+0="></latexit>

Emiss
T,max � �1/2(MZ� , Mh, MA)

2MZ�
<latexit sha1_base64="45FazbZKlNMpW1zEAiZYDaynLzg="></latexit><latexit sha1_base64="+2jDQODbmziNSLv01T7+ssiMRlc="></latexit><latexit sha1_base64="+2jDQODbmziNSLv01T7+ssiMRlc="></latexit><latexit sha1_base64="JMG00z/niyznHYgRgT6KonkjfY4="></latexit>



Mono-Higgs spectra: Z′-2HDM
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Z′-2HDM, MZ ′ ,A= {2500, 600} GeV

Z �
<latexit sha1_base64="xZnpzDFW2gtaCI6LFsfQG245Nz4=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYygrlgsobZydlkyMzuOjMrhCUvYWOhiGDlW/gMNuLbOLkUGv1h4OP/z2HOOUEiuDau++XkFhaXllfyq4W19Y3NreL2Tl3HqWJYY7GIVTOgGgWPsGa4EdhMFFIZCGwEg/Nx3rhDpXkcXZlhgr6kvYiHnFFjreb1TTtRXGKnWHLL7kTkL3gzKJ29v36CVbVT/Gh3Y5ZKjAwTVOuW5ybGz6gynAkcFdqpxoSyAe1hy2JEJWo/m8w7IgfW6ZIwVvZFhkzcnx0ZlVoPZWArJTV9PZ+Nzf+yVmrCEz/jUZIajNj0ozAVxMRkvDzpcoXMiKEFyhS3sxLWp4oyY09UsEfw5lf+C/Wjsmf50i1VTmGqPOzBPhyCB8dQgQuoQg0YCLiHR3hybp0H59l5mZbmnFnPLvyS8/YNaKCSaA==</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="fJdwlkFTesk+YGWSdhvS3IFvlgs=">AAAB73icbZDLSgMxFIbPeK3jrerSzWARXJUZN4ogFty4rGAv2I4lk2ba0CQTk4xQhr6EGxeKCLrxLXwGN+LbmF4W2vpD4OP/zyHnnEgyqo3vfztz8wuLS8u5FXd1bX1jM7+1XdVJqjCp4IQlqh4hTRgVpGKoYaQuFUE8YqQW9c6Hee2OKE0TcWX6koQcdQSNKUbGWvXrm6ZUlJNWvuAX/ZG8WQgmUDj7eP1yT+VbuZX/bLYTnHIiDGZI60bgSxNmSBmKGRm4zVQTiXAPdUjDokCc6DAbzTvw9q3T9uJE2SeMN3J/d2SIa93nka3kyHT1dDY0/8saqYmPw4wKmRoi8PijOGWeSbzh8l6bKoIN61tAWFE7q4e7SCFs7Ilce4RgeuVZqB4WA8uXfqF0AmPlYBf24AACOIISXEAZKoCBwT08wpNz6zw4z87LuHTOmfTswB857z83/ZPD</latexit><latexit sha1_base64="baJFVddsV1aL5VWaPtWXnEb42a8=">AAAB73icbZBNSwMxEIZn/az1q+rRS7AInsquF8VTwYvHCvYD27Vk09k2NMmuSVYopX/CiwdFvPp3vPlvTNs9aOsLgYd3ZsjMG6WCG+v7397K6tr6xmZhq7i9s7u3Xzo4bJgk0wzrLBGJbkXUoOAK65Zbga1UI5WRwGY0vJ7Wm0+oDU/UnR2lGEraVzzmjFpnte4fOqnmErulsl/xZyLLEORQhly1bumr00tYJlFZJqgx7cBPbTim2nImcFLsZAZTyoa0j22Hiko04Xi274ScOqdH4kS7pyyZub8nxlQaM5KR65TUDsxibWr+V2tnNr4Mx1ylmUXF5h/FmSA2IdPjSY9rZFaMHFCmuduVsAHVlFkXUdGFECyevAyN80rg+NYvV6/yOApwDCdwBgFcQBVuoAZ1YCDgGV7hzXv0Xrx372PeuuLlM0fwR97nDxCCj+8=</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

A
<latexit sha1_base64="IoAEyOVKVSRw/U6U6DDX1Ggs1U8=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1UWyM2FgmYC6QLGF2cjYZMzu7zMwKYckT2FgoYqsv4jPYiG/j5FJo4g8DH/9/DnPOCRLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNQOqUXCJNcONwGaikEaBwEYwuB7njXtUmsfy1gwT9CPakzzkjBprVa86haJbcicii+DNoHj58f4FVpVO4bPdjVkaoTRMUK1bnpsYP6PKcCZwlG+nGhPKBrSHLYuSRqj9bDLoiBxbp0vCWNknDZm4vzsyGmk9jAJbGVHT1/PZ2Pwva6UmPPczLpPUoGTTj8JUEBOT8dakyxUyI4YWKFPczkpYnyrKjL1N3h7Bm195EeqnJc9y1S2WL2CqHBzCEZyAB2dQhhuoQA0YIDzAEzw7d86j8+K8TkuXnFnPAfyR8/YD51WPMg==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="Ys5tej0M6AurmCNuSl8XhpdyR4o=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIFTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnLYutPWHgY//P4c55wQJZ0q77peVW1hcWl7Jr9pr6xubW4XtnbqKU0mxRmMey2ZAFHImsKaZ5thMJJIo4NgIBpfjvHGLUrFYXOthgn5EeoKFjBJtrOpFp1B0S+5Ezjx4P1A8f3/9tM+St0qn8NHuxjSNUGjKiVItz020nxGpGeU4stupwoTQAelhy6AgESo/mww6cg6M03XCWJontDNxf3dkJFJqGAWmMiK6r2azsflf1kp1eOJnTCSpRkGnH4Upd3TsjLd2ukwi1XxogFDJzKwO7RNJqDa3sc0RvNmV56F+VPIMV91i+RSmysMe7MMheHAMZbiCCtSAAsIdPMCjdWPdW0/W87Q0Z/307MIfWS/ftrKQjQ==</latexit><latexit sha1_base64="PAoP9muDtfSsAahY7qMA1TaKdkU=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G4NVxMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18YeHhnRl25g0SwbVx3W+nsLG5tb1T3C3t7R8cHpWPT9o6ThXDFotFrLoB1Si4xJbhRmA3UUijQGAnmNzN650nVJrH8sFME/QjOpI85IwaazVvB+WKW3UXIuvg5VCBXI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPYuSRqj9bLHojFxYZ0jCWNknDVm4vycyGmk9jQLbGVEz1qu1uflfrZeasOZnXCapQcmWH4WpICYm86vJkCtkRkwtUKa43ZWwMVWUGZtNyYbgrZ68Du2rqme56VbqN3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7I+fwBjzeMuQ==</latexit>

u, c
<latexit sha1_base64="ur9DlKL/ZxouOqXZGcNlsx+ZZGM=">AAAB6nicbZDJSgNBEIZrEpcYt7jcvDQGwYOEGS+Kp4AXjxHNAskQejo9SZOenqG7RghDwBfw4kERrz6HD+HNt7GzHDTxh4aPv6roqj9IpDDout9OLr+yurZe2Chubm3v7Jb29hsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+H1pN584NqIWN3jKOF+RPtKhIJRtNZdesa6pbJbcaciy+DNoVw9/Mw/AkCtW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87ZFRSNu/Gy66picWKdHwljbp5BM3d8TGY2MGUWB7YwoDsxibWL+V2unGF76mVBJilyx2UdhKgnGZHI36QnNGcqRBcq0sLsSNqCaMrTpFG0I3uLJy9A4r3iWb20aVzBTAY7gGE7Bgwuowg3UoA4M+vAEL/DqSOfZeXPeZ605Zz5zAH/kfPwAJNKPJQ==</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="4CWs1iICjrZlxluKeQ6KpefNHFU=">AAAB6nicbZC7SgNBFIbPGi8x3uKlsxkMgoWEXRvFKmBjGdFcIFnC7GQ2GTI7O8xFCEsewcZCEVufw9rGxs63cXIpNPGHgY//nMOc80eSM218/9tbyi2vrK7l1wsbm1vbO8XdvbpOrSK0RlKeqmaENeVM0JphhtOmVBQnEaeNaHA1rjfuqdIsFXdmKGmY4J5gMSPYOOvWnpJOseSX/YnQIgQzKFUO3nPy88NWO8WvdjclNqHCEI61bgW+NGGGlWGE01GhbTWVmAxwj7YcCpxQHWaTVUfo2DldFKfKPWHQxP09keFE62ESuc4Em76er43N/2ota+KLMGNCWkMFmX4UW45MisZ3oy5TlBg+dICJYm5XRPpYYWJcOgUXQjB/8iLUz8qB4xuXxiVMlYdDOIITCOAcKnANVagBgR48wBM8e9x79F6812nrkjeb2Yc/8t5+AMkkkR8=</latexit><latexit sha1_base64="42/Du2vOj/LiBWKm+BP3pBYJINA=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8CAl8aJ4KnjxWNF+QBvKZjtpl242YXcjlNCf4MWDIl79Rd78N27THLT1hYWHd2bYmTdIBNfGdb+d0tr6xuZWebuys7u3f1A9PGrrOFUMWywWseoGVKPgEluGG4HdRCGNAoGdYHI7r3eeUGkey0czTdCP6EjykDNqrPWQXrBBtebW3VxkFbwCalCoOah+9YcxSyOUhgmqdc9zE+NnVBnOBM4q/VRjQtmEjrBnUdIItZ/lq87ImXWGJIyVfdKQ3P09kdFI62kU2M6ImrFers3N/2q91ITXfsZlkhqUbPFRmApiYjK/mwy5QmbE1AJlittdCRtTRZmx6VRsCN7yyavQvqx7lu/dWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHOE8+K8Ox+L1pJTzBzDHzmfPwHBjZA=</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

150 GeV



Mono-Higgs spectra: 2HDM+a
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2HDM+a, Ma,A= {200, 600} GeV

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>t

<latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="QqAY37Y6P+q5FyyyAJ1Ms1Cmea4=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G7UL2FgmYD4gOcLeZi5Zs/fB7pwQQn6BjYUitv4kO/+Nm+QKTXxh4eGdGXbmDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclaDeqXK27VXYitg5dDBXLV++Wv3iARWYQxCcWN6XpuSv6Ua5JC4azUywymXIz5ELsWYx6h8aeLRWfswjoDFibavpjYwv09MeWRMZMosJ0Rp5FZrc3N/2rdjMIbfyrjNCOMxfKjMFOMEja/mg2kRkFqYoELLe2uTIy45oJsNiUbgrd68jq0rqqe5YZbqd3mcRThDM7hEjy4hhrcQx2aIADhGV7hzXl0Xpx352PZWnDymVP4I+fzB9w2jOs=</latexit>

a
<latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="PIonUu3u8X/Ue9mNd+8UXZ+54cs=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZaDdovV9yqm4usgreAys0n5Kr3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FqUNELtZ/miU3JmnQEJY2WfNCR3f09kNNJ6EgW2M6JmpJdrM/O/Wjc14ZWfcZmkBiWbfxSmgpiYzK4mA66QGTGxQJnidlfCRlRRZmw2JRuCt3zyKrQuqp7lhlupXc/TgCKcwCmcgweXUIM7qEMTGCA8wQu8Og/Os/PmvM9bC85i5hj+yPn4ARlsjdc=</latexit><latexit sha1_base64="U5CImcN/EfYkXnKlIaNdCQAU5oA=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVosOqjW37i5E1sEroAaFmoPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7FiWNUQf5YtEZubDOkESJsk8asnB/T+Q01noah7YzpmasV2tz879aLzPRTZBzmWYGJVt+FGWCmITMryZDrpAZMbVAmeJ2V8LGVFFmbDYVG4K3evI6tK/qnuWWW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/JHz+QO/aozY</latexit>

g
<latexit sha1_base64="Ouxm28QQZ2t4tTmPgKsITzZOG7g=">AAAB6HicbZBLSgNBEIZr4ivGVzRLN41BcBVm3Bh3ATcuEzAPSIbQ06lJ2vT0DN09QhhyAjcuFHHrWTyBO4/hDew8Fpr4Q8PHX1V01R8kgmvjul9ObmNza3snv1vY2z84PCoen7R0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6Z1dsPqDSP5Z2ZJOhHdCh5yBk11moM+8WyW3HnIuvgLaFcK31/1ACg3i9+9gYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrUdIItZ/NF52Sc+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6tTYz/6t1UxNW/YzLJDUo2eKjMBXExGR2NRlwhcyIiQXKFLe7EjaiijJjsynYELzVk9ehdVnxLDdsGtewUB5O4QwuwIMrqMEt1KEJDBAe4RlenHvnyXl13hatOWc5U4I/ct5/AN1OjyY=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="WYlQXfYBjGNn2WxX7V1vM+5aFwQ=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVms0qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w/Igoze</latexit>

g
<latexit sha1_base64="Ouxm28QQZ2t4tTmPgKsITzZOG7g=">AAAB6HicbZBLSgNBEIZr4ivGVzRLN41BcBVm3Bh3ATcuEzAPSIbQ06lJ2vT0DN09QhhyAjcuFHHrWTyBO4/hDew8Fpr4Q8PHX1V01R8kgmvjul9ObmNza3snv1vY2z84PCoen7R0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML6Z1dsPqDSP5Z2ZJOhHdCh5yBk11moM+8WyW3HnIuvgLaFcK31/1ACg3i9+9gYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrUdIItZ/NF52Sc+sMSBgr+6Qhc/f3REYjrSdRYDsjakZ6tTYz/6t1UxNW/YzLJDUo2eKjMBXExGR2NRlwhcyIiQXKFLe7EjaiijJjsynYELzVk9ehdVnxLDdsGtewUB5O4QwuwIMrqMEt1KEJDBAe4RlenHvnyXl13hatOWc5U4I/ct5/AN1OjyY=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="8fT5aZaSak7e3DJwJpdzumle1Ak=">AAAB6HicbZC7SgNBFIbPxluMt2hKm8EgWIXdNGoXsLFMwFwgWcLs5CQZMzu7zMwKYckT2FgoYmvlg1hZ2vkYvoGTS6GJPwx8/Occ5pw/iAXXxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0Na0371BpHskbM47RD+lA8j5n1FirNujmi27JnYmsgreAYqXw/V7+aL5Vu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtShqi9tPZohNyap0e6UfKPmnIzP09kdJQ63EY2M6QmqFerk3N/2rtxPQv/JTLODEo2fyjfiKIicj0atLjCpkRYwuUKW53JWxIFWXGZpOzIXjLJ69Co1zyLNdsGpcwVxaO4QTOwINzqMA1VKEODBDu4RGenFvnwXl2XuatGWcxU4A/cl5/AC1TkOE=</latexit><latexit sha1_base64="WYlQXfYBjGNn2WxX7V1vM+5aFwQ=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixVms0qNbcursQWQevgBoUag6qX/1hwrIYpWGCat3z3NQEOVWGM4GzSj/TmFI2oSPsWZQ0Rh3ki0Vn5MI6QxIlyj5pyML9PZHTWOtpHNrOmJqxXq3Nzf9qvcxEN0HOZZoZlGz5UZQJYhIyv5oMuUJmxNQCZYrbXQkbU0WZsdlUbAje6snr0L6qe5Zbbq1xW8RRhjM4h0vw4BoacA9N8IEBwjO8wpvz6Lw4787HsrXkFDOn8EfO5w/Igoze</latexit>

A
<latexit sha1_base64="RNltbqCcik25tJ1efM0sjuDl+Qs=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1USsjNpYJmAskS5idnE3GzM4uM7NCWPIENhaK2PokPoOdb+Nkk0ITfxj4+M85zDl/kAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7bTeekSleSzvzThBP6IDyUPOqLFW/aZXKrsVNxdZBm8O5etPyFXrlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LEoaYTaz/JFJ+TUOn0Sxso+aUju/p7IaKT1OApsZ0TNUC/WpuZ/tU5qwks/4zJJDUo2+yhMBTExmV5N+lwhM2JsgTLF7a6EDamizNhsijYEb/HkZWieVzzLdbdcvZqlAQU4hhM4Aw8uoAp3UIMGMEB4ghd4dR6cZ+fNeZ+1rjjzmSP4I+fjB+jdjbc=</latexit><latexit sha1_base64="RNltbqCcik25tJ1efM0sjuDl+Qs=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1USsjNpYJmAskS5idnE3GzM4uM7NCWPIENhaK2PokPoOdb+Nkk0ITfxj4+M85zDl/kAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7bTeekSleSzvzThBP6IDyUPOqLFW/aZXKrsVNxdZBm8O5etPyFXrlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LEoaYTaz/JFJ+TUOn0Sxso+aUju/p7IaKT1OApsZ0TNUC/WpuZ/tU5qwks/4zJJDUo2+yhMBTExmV5N+lwhM2JsgTLF7a6EDamizNhsijYEb/HkZWieVzzLdbdcvZqlAQU4hhM4Aw8uoAp3UIMGMEB4ghd4dR6cZ+fNeZ+1rjjzmSP4I+fjB+jdjbc=</latexit><latexit sha1_base64="RNltbqCcik25tJ1efM0sjuDl+Qs=">AAAB6HicbZC7SgNBFIbPeo3xFrW0GQyCVdi1USsjNpYJmAskS5idnE3GzM4uM7NCWPIENhaK2PokPoOdb+Nkk0ITfxj4+M85zDl/kAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7bTeekSleSzvzThBP6IDyUPOqLFW/aZXKrsVNxdZBm8O5etPyFXrlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LEoaYTaz/JFJ+TUOn0Sxso+aUju/p7IaKT1OApsZ0TNUC/WpuZ/tU5qwks/4zJJDUo2+yhMBTExmV5N+lwhM2JsgTLF7a6EDamizNhsijYEb/HkZWieVzzLdbdcvZqlAQU4hhM4Aw8uoAp3UIMGMEB4ghd4dR6cZ+fNeZ+1rjjzmSP4I+fjB+jdjbc=</latexit><latexit sha1_base64="e4dF1iU00ncPZhPqnSPA6A6gMLs=">AAAB6HicbZA9TwJBEIbn8AvxC7W02UhMrMidjdhhbCwhkY8ELmRvmYOVvb3L7p4JufALbCw0xtafZOe/cYErFHyTTZ68M5OdeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJnfzeucJleaxfDDTBP2IjiQPOaPGWs3bQbniVt2FyDp4OVQgV2NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz6KkEWo/Wyw6IxfWGZIwVvZJQxbu74mMRlpPo8B2RtSM9Wptbv5X66UmrPkZl0lqULLlR2EqiInJ/Goy5AqZEVMLlCludyVsTBVlxmZTsiF4qyevQ/uq6lluupX6TR5HEc7gHC7Bg2uowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AjuqMuA==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

�
<latexit sha1_base64="A/RcR2p780mUqmUTl0fQiLY2uIc=">AAAB63icbZDLSgMxFIbPtF5qvdXLzk2wCK7KjBvFVcGNywr2Au1QMmmmE5pkhiQjlKHgE7hxoYhbX8OHcOfbmJl2oa0/BD7+cw455w8SzrRx3W+nVF5b39isbFW3d3b39msHhx0dp4rQNol5rHoB1pQzSduGGU57iaJYBJx2g8lNXu8+UKVZLO/NNKG+wGPJQkawya0BidiwVncbbiG0Ct4C6s3jz/IjALSGta/BKCapoNIQjrXue25i/Awrwwins+og1TTBZILHtG9RYkG1nxW7ztCZdUYojJV90qDC/T2RYaH1VAS2U2AT6eVabv5X66cmvPIzJpPUUEnmH4UpRyZG+eFoxBQlhk8tYKKY3RWRCCtMjI2nakPwlk9ehc5Fw7N8Z9O4hrkqcAKncA4eXEITbqEFbSAQwRO8wKsjnGfnzXmft5acxcwR/JHz8QMfJY+7</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="ph15d4tdytvIsK+UwVEJouXRhY0=">AAAB63icbZC7SgNBFIbPJl5ivMVLZzMYBKuwaxOxCthYRjAXSJYwO5nNDpmZXWZmhbDkFWwsFLH1NaxtbOx8G2eTFJr4w8DHf85hzvmDhDNtXPfbKRTX1jc2S1vl7Z3dvf3KwWFbx6kitEViHqtugDXlTNKWYYbTbqIoFgGnnWB8ndc791RpFss7M0moL/BIspARbHKrTyI2qFTdmjsTWgVvAdXG8Xsx+fxIm4PKV38Yk1RQaQjHWvc8NzF+hpVhhNNpuZ9qmmAyxiPasyixoNrPZrtO0Zl1hiiMlX3SoJn7eyLDQuuJCGynwCbSy7Xc/K/WS0146WdMJqmhksw/ClOOTIzyw9GQKUoMn1jARDG7KyIRVpgYG0/ZhuAtn7wK7YuaZ/nWpnEFc5XgBE7hHDyoQwNuoAktIBDBAzzBsyOcR+fFeZ23FpzFzBH8kfP2A8N3kbU=</latexit><latexit sha1_base64="O71suW5GGsOXneCpJ+UJKDF4rGU=">AAAB63icbZDLSgMxFIZP6q3WW9Wlm2ARXJUZN4qrghuXFewF2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPWHwMd/ziHn/GEquLGe940qG5tb2zvV3dre/sHhUf34pGuSTFPWoYlIdD8khgmuWMdyK1g/1YzIULBeOL0r6r0npg1P1KOdpSyQZKJ4xCmxhTWkMR/VG17TWwivg19CA0q1R/Wv4TihmWTKUkGMGfheaoOcaMupYPPaMDMsJXRKJmzgUBHJTJAvdp3jC+eMcZRo95TFC/f3RE6kMTMZuk5JbGxWa4X5X22Q2egmyLlKM8sUXX4UZQLbBBeH4zHXjFoxc0Co5m5XTGOiCbUunpoLwV89eR26V03f8YPXaN2WcVThDM7hEny4hhbcQxs6QCGGZ3iFNyTRC3pHH8vWCipnTuGP0OcP/AWOJg==</latexit>

h
<latexit sha1_base64="HQr4/DvxaUm8si/JtEH+zXTtqtY=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujWJjwMYyAXOBZAmzk7PJmNnZZWZWCEuewMZCEVt9EZ/BRnwbJ5dCE38Y+Pj/c5hzTpAIro3rfju5ldW19Y38ZmFre2d3r7h/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB8HqSN+9RaR7LWzNK0I9oX/KQM2qsVRt0iyW37E5FlsGbQ+nq4/0LrKrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf2xYljVD72XTQMTmxTo+EsbJPGjJ1f3dkNNJ6FAW2MqJmoBeziflf1k5NeOFnXCapQclmH4WpICYmk61JjytkRowsUKa4nZWwAVWUGXubgj2Ct7jyMjTOyp7lmluqXMJMeTiCYzgFD86hAjdQhTowQHiAJ3h27pxH58V5nZXmnHnPIfyR8/YDIoCPWQ==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="bH3abg+0RL2l3rIH3e3uW7A5b8k=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJXEjSKIBTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK36ID6DG/FtnF4W2vrDwMf/n8Occ4KEM6Vd99vKLS2vrK7l1+2Nza3tncLuXl3FqaRYozGPZTMgCjkTWNNMc2wmEkkUcGwEg6tx3rhDqVgsbvQwQT8iPcFCRok2VrXfKRTdkjuRswjeDIqXH29f9kXyXukUPtvdmKYRCk05UarluYn2MyI1oxxHdjtVmBA6ID1sGRQkQuVnk0FHzpFxuk4YS/OEdibu746MREoNo8BURkT31Xw2Nv/LWqkOz/yMiSTVKOj0ozDljo6d8dZOl0mkmg8NECqZmdWhfSIJ1eY2tjmCN7/yItRPSp7hqlssn8NUeTiAQzgGD06hDNdQgRpQQLiHR3iybq0H69l6mZbmrFnPPvyR9foD8c6QtA==</latexit><latexit sha1_base64="i6rlEKOxMrp4ThHQX6POJRCwuMU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSL4qnghePLZi20Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g1TwbVx3W+ntLG5tb1T3q3s7R8cHlWPT9o6yRRDnyUiUd2QahRcom+4EdhNFdI4FNgJJ3fzeucJleaJfDDTFIOYjiSPOKPGWq3xoFpz6+5CZB28AmpQqDmofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ1HSGHWQLxadkQvrDEmUKPukIQv390ROY62ncWg7Y2rGerU2N/+r9TIT3QQ5l2lmULLlR1EmiEnI/Goy5AqZEVMLlCludyVsTBVlxmZTsSF4qyevQ/uq7lluubXGbRFHGc7gHC7Bg2towD00wQcGCM/wCm/Oo/PivDsfy9aSU8ycwh85nz/KU4zg</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

b
<latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="GKgat3ft+3ZwhnfWm2YvF2vNE8E=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLs5GwyZnZ2mZkVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0RwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gt7N6+xGV5rG8N5ME/YgOJQ85o8ZajaBfrrhVNxdZBW8BlZtPyFXvl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz/JFp+TMOgMSxso+aUju/p7IaKT1JApsZ0TNSC/XZuZ/tW5qwis/4zJJDUo2/yhMBTExmV1NBlwhM2JigTLF7a6EjaiizNhsSjYEb/nkVWhdVD3LDbdSu56nAUU4gVM4Bw8uoQZ3UIcmMEB4ghd4dR6cZ+fNeZ+3FpzFzDH8kfPxAxrwjdg=</latexit><latexit sha1_base64="pHMc7S0n6qkJfGUY9hy4mCe1NMc=">AAAB6HicbZBNT8JAEIan+IX4hXr0spGYeCKtF/VG4sUjJBZIoCHbZQor222zuzUhDb/AiweN8epP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyd283nlCpXkiH8w0xSCmI8kjzqixViscVGtu3V2IrINXQA0KNQfVr/4wYVmM0jBBte55bmqCnCrDmcBZpZ9pTCmb0BH2LEoaow7yxaIzcmGdIYkSZZ80ZOH+nshprPU0Dm1nTM1Yr9bm5n+1XmaimyDnMs0MSrb8KMoEMQmZX02GXCEzYmqBMsXtroSNqaLM2GwqNgRv9eR1aF/VPcstt9a4LeIowxmcwyV4cA0NuIcm+MAA4Rle4c15dF6cd+dj2VpyiplT+CPn8wfA7ozZ</latexit>

t
<latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="XHCs6Lr6nE9zAMxwRjWinE9ph44=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujVoZsLFMwFwgWcLsZDYZMzu7zJwVwpInsLFQxNYn8RnsfBsnmxSa+MPAx3/OYc75g0QKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp3V249cGxGre5wk3I/oUIlQMIrWamC/XHGrbi6yCt4CKjefkKveL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOedeiohE3fpYvOiVn1hmQMNb2KSS5+3sio5ExkyiwnRHFkVmuzcz/at0Uwys/EypJkSs2/yhMJcGYzK4mA6E5QzmxQJkWdlfCRlRThjabkg3BWz55FVoXVc9yw63UrudpQBFO4BTOwYNLqMEd1KEJDDg8wQu8Og/Os/PmvM9bC85i5hj+yPn4ATY4jeo=</latexit><latexit sha1_base64="QqAY37Y6P+q5FyyyAJ1Ms1Cmea4=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7G7UL2FgmYD4gOcLeZi5Zs/fB7pwQQn6BjYUitv4kO/+Nm+QKTXxh4eGdGXbmDVIlDbnut1PY2Nza3inulvb2Dw6PyscnLZNkWmBTJCrRnYAbVDLGJklS2Ek18ihQ2A7Gd/N6+wm1kUn8QJMU/YgPYxlKwclaDeqXK27VXYitg5dDBXLV++Wv3iARWYQxCcWN6XpuSv6Ua5JC4azUywymXIz5ELsWYx6h8aeLRWfswjoDFibavpjYwv09MeWRMZMosJ0Rp5FZrc3N/2rdjMIbfyrjNCOMxfKjMFOMEja/mg2kRkFqYoELLe2uTIy45oJsNiUbgrd68jq0rqqe5YZbqd3mcRThDM7hEjy4hhrcQx2aIADhGV7hzXl0Xpx352PZWnDymVP4I+fzB9w2jOs=</latexit>
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VI. t-CHANNEL FLAVORED MEDIATOR

If the DM is a fermion �, the mediator can be a colored scalar or a vector particle �. We

focus on the scalar case, which makes contact with the MSSM and is easier to embed into

a UV-complete theory. A coupling of the form ��̄q requires either � or � to carry a flavor

index in order to be consistent with MFV. We choose the case where the colored scalar �

carries the flavor index (much like in the MSSM case, where the colored scalar quarks come

in the same flavors as the SM quarks). This class of models has been considered previously

in [15, 97–102], while models where � carries the flavor index have been studied in [103–105].

There are variations where the mediator couples to right-handed up-type quarks, right-

handed down-type quarks, or left-handed quark doublets. For definiteness, we discuss the

right-handed up-type case (the other cases are obtained in a similar fashion). In this case,

there are three mediators �i =
�
ũ, c̃, t̃

 
, which couple to the SM and DM via the interaction

Lfermion,ũ �
X

i=1,2,3

g�⇤
i
�̄PRui + h.c. (58)

Note that MFV requires both the masses M1,2,3 of the three mediators to be equal and

universal couplings g = g1,2,3 between the mediators and their corresponding quarks ui =

{u, c, t}. This universality can however be broken by allowing for corrections to (58) and

the mediator masses which involve a single insertion of the flavor spurion Y u †Y u. Because

of the large top-quark Yukawa coupling, in this way the mass of the third mediator and its

coupling can be split from the other two. In practice this means that the generic parameter

space is five-dimensional:

{m�, M1,2, M3, g1,2, g3} . (59)

These simplified models are very similar to the existing ones for squark searches [106], and

results can often be translated from one to the other with relatively little work. Note

that most studies will involve g1,2 together with M1,2 or g3 together with M3. So specific

applications will often have a smaller dimensional space of relevant parameters. In the

discussion below, we restrict attention to the parameter space with g1,2, M1,2, and m�. For

models where g3 and M3 are relevant, see [105, 107–109].
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universality broken by Yu Yu flavour spurion (fine with MFV)†

universal couplings to have minimal flavour violation (MFV), 
which is needed to avoid flavour constraints

[Bell et al., 1209.0231; Chang et al., 1307.8120; An et al., 1308.0592;  Bai & Berger 1308.0612;  
 DiFranzo et al., 1308.2679; Papucci et al., 1402.2285; …]
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FIG. 6. A /ET + j signal can arise in the t-channel mediator scenario from initial-state gluon

emission (left) and associated mediator production (middle). Initial-state gluon splitting processes

and gluon emission from the t-channel mediator is also possible but not shown. Pair production of

the mediator ũ in gluon fusion leads instead to /ET +2j events (right). Quark-fusion pair production

either via s-channel gluon or t-channel DM exchange also contributes to the latter signal.

mass M1 is small, diagrams with gluon emission from the mediator can also be important,

but these graphs are subdominant if the mediator is heavy, since they are 1/M2
1 suppressed.

Notice that the dominance of the associated production channel is a distinct feature of t-

channel models that is not present in the case of s-channel mediators, nor is it relevant in

supersymmetric theories where the mediator is a squark. The relative importances of the

di↵erent /ET + j and /ET +2j channels depend sensitively on how g1 compares to the strong

coupling constant gs. In the limit g1 ⌧ gs, pure QCD pair production dominates, while in

the opposite case graphs with DM exchange are more important. Detailed studies of the

bounds on the coupling g1 as a function of M1 and m� that arise from Run I mono-jet data

have been presented in [99, 102].

2. Squark Searches

If the t-channel mediator is light it can be copiously produced in pairs at the LHC and

then decay into DM and a quark. The resulting phenomenology is very similar to squark

pair production in the MSSM with a decoupled gluino. There is however one important

di↵erence which has to do with the fact that in supersymmetric theories the coupling between

the squarks and the neutralino � is necessarily weak. The cross section for squark pair

production through t-channel exchange of DM is therefore negligible. This is not the case in

t-channel mediator scenarios, because g1 is a free parameter and thus it is possible to enhance

38

gives largest contribution to ET, miss+j signal, because 
compared to initial state radiation (ISR) diagram phase-

space enhanced, profits from gluon luminosity & jet typically 
harder than in ISR; dominance of associated production 

channel is a distinct feature of t-channel models   

ET, miss+2j channel can 
dominate over ET, miss+j 

signal if g1 >   gs 

 139

Simplified t-channel models

>



0.150.15
1.11.1

0.520.52

0.700.70 0.560.56

0.900.90

0.970.97

0.500.50

0.790.79

1.01.0

1.21.2

1.31.3

0.160.16

0.180.18

0.370.37

0.580.58

0.840.84

1.01.0

1.21.2

1.31.3

1.41.4

1.51.5

0.340.34
0.360.36

0.190.19

0.440.44

0.440.44

0.730.73

0.820.82

0.950.95

1.11.1

1.41.4

1.51.5

1.41.4

1.81.8

0.520.52
0.600.60

0.630.63

0.660.66

0.710.71

0.750.75

0.830.83

0.770.77

1.11.1

1.31.3

1.51.5

1.61.6

1.71.7

1.91.9

1.81.8

2.42.4

0.690.69
0.690.69

0.520.52

0.730.73

0.590.59

0.820.82

0.890.89

0.970.97

1.01.0

1.21.2

1.41.4

1.21.2

1.81.8

1.91.9

2.02.0

2.22.2

2.42.4

2.42.4

0.820.82
0.810.81

0.820.82

0.850.85

0.870.87

0.910.91

0.960.96

1.01.0

1.11.1

1.21.2

1.31.3

1.51.5

1.71.7

2.02.0

2.12.1

2.22.2

2.42.4

2.62.6

2.72.7

3.23.2

1.21.2
1.01.0

1.11.1

1.21.2

1.21.2

1.31.3

1.31.3

1.31.3

1.21.2

1.31.3

1.51.5

1.41.4

1.71.7

1.81.8

2.02.0

1.91.9

2.52.5

2.72.7

2.72.7

2.82.8

3.23.2

1.41.4
1.41.4

1.41.4

1.51.5

1.51.5

1.61.6

1.71.7

1.71.7

1.71.7

1.81.8

1.91.9

1.91.9

2.02.0

2.12.1

2.12.1

2.32.3

2.42.4

2.62.6

2.62.6

2.92.9

3.33.3

1.81.8
1.61.6

1.81.8

1.81.8

1.91.9

2.02.0

2.02.0

2.12.1

2.22.2

2.32.3

2.42.4

2.52.5

2.62.6

2.62.6

2.72.7

2.92.9

3.03.0

3.13.1

3.23.2

3.43.4

3.53.5

2.12.1
0.560.56

1.01.0

2.32.3

1.21.2

2.32.3

2.32.3

4.84.8

1.11.1

2.72.7

2.92.9

3.03.0

3.13.1

3.23.2

3.13.1

3.53.5

3.63.6

3.83.8

3.93.9

4.04.0

4.34.3

500 1000 1500
0

200

400

600

800

1000

mM

m
D

M

Best Exclusion limit from jets+MET on gM for GSQ=Gmin

0

1

2

3

4

5

6

(a)

0.150.15

0.210.21

0.750.75 0.530.53

0.680.68

0.750.75

0.420.42

0.560.56

0.770.77

0.770.77

0.900.90

0.180.18

0.490.49

0.830.83

1.01.0

1.21.2

1.21.2

1.31.3

0.160.16

0.260.26

0.440.44

0.190.19

0.460.46

0.470.47

0.680.68

1.01.0

1.31.3

1.31.3

1.51.5

1.61.6

0.380.38

0.390.39

0.400.40

0.430.43

0.480.48

0.530.53

0.630.63

0.610.61

0.960.96

0.710.71

1.411.41

1.71.7

1.81.8

0.510.51

0.510.51

0.450.45

0.560.56

0.560.56

0.690.69

0.750.75

0.830.83

0.880.88

1.01.0

1.21.2

1.51.5

1.91.9

2.02.0

2.12.1

2.32.3

0.610.61

0.550.55

0.650.65

0.690.69

0.770.77

0.770.77

0.840.84

0.800.80

1.21.2

1.11.1

1.11.1

1.21.2

1.41.4

1.81.8

2.22.2

2.32.3

2.52.5

2.62.6

0.720.72

0.720.72

0.760.76

0.790.79

0.840.84

0.880.88

0.970.97

1.01.0

1.11.1

1.21.2

1.31.3

1.41.4

1.41.4

1.61.6

1.81.8

2.22.2

2.52.5

2.72.7

2.92.9

3.03.0

1.21.2

1.31.3

1.21.2

1.31.3

1.11.1

1.41.4

1.51.5

1.71.7

1.61.6

1.71.7

1.81.8

1.91.9

1.71.7

2.02.0

2.12.1

2.22.2

2.32.3

2.32.3

2.32.3

3.13.1

3.13.1

1.61.6

1.61.6

1.71.7

1.91.9

1.91.9

1.81.8

1.61.6

2.02.0

2.02.0

2.22.2

2.42.4

2.62.6

2.72.7

2.72.7

2.72.7

3.13.1

2.92.9

3.63.6

3.03.0

3.23.2

3.83.8

2.22.2

2.42.4

2.32.3

2.22.2

2.62.6

3.03.0

3.23.2

3.33.3

3.43.4

3.43.4

3.43.4

4.04.0

4.14.1

4.04.0

4.14.1

4.24.2

4.14.1

4.24.2

4.34.3

4.44.4

4.84.8

3.43.4

2.22.2

2.92.9

4.04.0

3.13.1

1.51.5

500 1000 1500
0

200

400

600

800

1000

mM
m

D
M

Best Exclusion limit from Monojet on gM for GSQ=Gmin

0

1

2

3

4

5

6

(b)

FIG. 5. Limits on gM (for the case of mediator coupling to ũ, d̃, c̃, s̃, L+R) from (left) jets+MET,

and (right) monojet, for a mediator decaying only to DM and a quark, with the natural width

computed from Eq. 2. The black region in (a) is excluded from the pure QCD production of the

mediator.

III. MONOJET VERSUS DIJET SEARCHES

A. Results

Having validated our results and established our method in the previous section, in this

section we will provide a complete scan of results in the mDM � mM plane, extracting a

constraint on the e↵ective EFT scale ⇤ ⌘ mM/gM , that can be used for translating our

results to the DD plane. We present the results of our analysis for the case of ũ, d̃, c̃, s̃,

L + R and the other extreme case of only two squarks d̃R, s̃R. For each pair mDM , mM ,

we present here only the strongest bound obtained among all the searches from CMS [30–

33, 41, 42] and ATLAS [26–29, 43, 44]. It is worth mentioning that, though our CMS results

are conservative on account of the statistics (see Sec. II B) they represent our strongest

constraint. This is not surprising since the combination of the various signal region bins

provide more statistical power than the single-bin exclusion performed by other analyses.

We would therefore expect even stronger bounds from jets+MET if the statistical details of

the analysis were available.

We begin with the case of ũ, d̃, c̃, s̃, L + R. The constraints on the coupling gM are

15

[Papucci et al., 1402.2285]

Mono-jet & supersymmetric (SUSY) searches provide comparable 
bounds in most of parameter space. SUSY searches often slightly 
better, except if mass of DM particle & mediator is degenerate  

excluded by QCD 
production alone

excluded by QCD 
production alone
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Simplified t-channel models



Stop searches
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[https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults]
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