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Searching for anosmalies
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Theory: Higgs and everything else.. o B

Higgs Voyage of Discovery

Selected Newsworthy Higgshlights

"Do you see over yonder, friend Sancho,
thirty or forty hulking g/ants7
| intend to dc%:tttle with them and slay them.’

— Miquel deCervantes Saavedra, Don Quixote
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Peak interactions per crossing

Three Years of Remarkable LHC
operations at the Energy frontier
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Higgs Challenge

a. Rare Phenomena

Huge Background b. Complexity

proton - (anti)proton cross sections
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Pileup in 2012

In general, do not expect a
significant impact on tracking,
nor muons, nor even electrons
and photons

However, sizable impact on jets,
E/™ss and tau reconstruction as
well as on trigger rates and
computing

Z — uu event in ATLAS with 25 reconstructed vertices
Display with track p; threshold of 0.4 GeV and all tracks

are required to have at least 3 Pixel and 6 SCT hits , 7 ‘ @E‘&\’%g ‘%;

— LHC Motivation
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The Grid - Physics Delivery

SCIGG

Enabling Grids
for E-sciencE

JObS per week
«simulation y
«re-reconstruction (campalgns)
« group production (ntuples )

ephysics analysis. @

The high quality compUtlng systary'm
allows us to show results on datgr
taken until theyend of the run :

Now e.g. 120 PB of data
for ATLAS alone

Grid~P

UK Computing for Particle Physics
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Compact Muon Solenoid

3 years of physics delivery

224+200=424 submitted papers
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Overview of electroweak and top processes

Theory and simulation “Next-to...” revolution :
- NNLO PDFs sets
- Calculations at unprecedented order in perturbation theory

Parton Shower (and Matrix Element matching) improvements
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proton - (anti)proton cross sections



Electroweak Hic

W, Z, WW and ZZ cross sections at 8 TeV
(Special Low pile-up runs used for W,Z at 8 TeV)
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o(pp =2 Wx) x Br(W = | v) =11.88 + 0.56 nb
o(pp 2 Zx) xBr(Z > I*I")=1.12 £ 0.05nb
Predicted increase of the cross sections with
energy is confirmed by measurements
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SM (NLO) 0 (ZZ) =7.7+ 0.4 pb
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SM (NLO) o (WW) =57.3+ 2.0 pb

Excellent understanding of the
Standard Model at 7,8 TeV...
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Electroweak hic hts — differential x-sns

Large statistics allows precise tests of generators/theory, PDFs and bkgd to searches

Measurement of W + b-jets fiducial (p; > 25 GeV, || < 2.1) & differential cross section
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Fiducial cross section within 1.5¢ of theory prediction
p+ spectrum harder in data, but compatible within uncertainties with generators



EW dibosons —WW, WZ, ZZ, Wy, Zy,

Total, fiducial & differential diboson cross-sections measurements
Measured 11 diboson fiducial cross-sections: most are slightly above theory expectation (but sys. and theory errors correlated)

Examples for differential cross section measurements: WW, ZZ (7 TeV, 4.6 fb™)

Normalised fiducial differential cross-section (= unfolded) Normalised fiducial differential cross-section
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So far, satisfying agreement with NLO generators, also for mass spectra. Same for WZ
Also searched for diboson resonance production (ZZ [8 Tev, AtLas-CONF-2012-150], WYy, Zy)



EW dibosons —WW, WZ, ZZ, Wy, Zy,

Total, fiducial & differential diboson cross-sections measurements
Measured 11 diboson fiducial cross-sections: most are slightly above theory expectation (but syst. and theo. errors correlated)

Examples for differential cross section measurements: Wy, Zy (7 TeV, 4.6 fb™)

Inclusive E, fiducial differential cross-section N-jet=0E, fiducial differential cross-section
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Too low incl. cross-section by MCFM (NLO, parton-level). Scaled ALPGEN/SHERPA (LO)
with multiple quark/gluon emission in ME more accurate - Similar for yy[1211.1913]



Electroweak Hic

7 TeV cMs

\s=7TeV,L=5.02fb"
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arXiv:1210.3844
8 ot
Z—> 4l decay
9.7 0 observation
0 i P 1+ 1 1 ] 1
60 80 100 120 140 160
m,,[GeV]
Final state channels | 4e 4y 2e2u | 40 |
Irreducible background (pp — Zv* — 4/) 0.07 0.25 0.14 0.46 +0.05
Other (reducible) backgrounds 0.01 0.01 0.05 0.07 £0.1
‘ Expected signal (pp — Z — 4/) 3.8 13.6 12.0 294426
Total expected (simulation) 3.9 13.9 12.2 30.04+2.6
Observed events 2 14 12 28
| Yield from fit to the observed mass distribution 13.6+3.8 11.5+3.1 I 273454

H

Cross-check of Higgs mass calibration

Use Z—> 4l to understand the mass
of 4 leptons for H —>ZZ—> 4l

Gives up to 10x more events

Low lepton p; down to ~1 GeV
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LHC m,,, combination - June 2012, L =35pb"-4.9 fo’
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Differential o, as function of the kinematic properties: good agreement Data vs MC
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NS CMS Experiment at the LHC, CERN
_ Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000
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- New Gauge Bosons -

Eventz/50 GeV/D.

SHike SR
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€00 800 1000 71200 1400 1600
uww mass (GeV)

Extra Dimensions .,

A

'/ Graviton

Supersymmetry

A large variety of possible signals

ven1s/40 GeV/300 b '

Anomalies beyond the Standard Model?

ZZ/WW resonances
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Hidden Valleys

A Conceptual Diagram
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ZZ anomalous gauge couplings QEEE=L
ZZZ and ZZyTGC vertices do

S e w1 Only three parameters- 9 not existin the SM £
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Events

Among 7 TeV results..
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Events / 175 GeV

(data-SM)/SM
o o

top+jet resonance in t=t+jet events
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Latest CDF measurement of tt Az shows a 3.40 deviation. !
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First 8 TeV results onZ' — ee, pp are g
available from both i
CMS [4fb*, EXO-12-015] and
ATLAS [6 fb*, CONF-2012-129]
8 TeV: ee (3.6 fb ')+ u*u (4.1 b7
CMS preliminary 7 TeV:ee (5.0 fb ')+ p*u (5.3 fb™)
| | | e mec;ian expected E
- 68% expected _
95% expected T
E Z'ssm = o
- Zy = ‘g
- —— 95%CLlmt 4 1]
E. ooy oy by by N T
500 1000 1500 2000 2500 3000
M [GeV]
Example 95% CL Limits :
m(SSM Z') > 2.59 TeV [CMS]
>2.49 TeV [ATLAS]

I T T T T T T T T I T

10° ATLAS Preliminary ¢ Data 2012
Z’' — ee Search Oz
1 05 -1 1
Ldt=5.91b CJDiboson
10* [ [
\s=8TeV [C]Dijet & W-+Jets
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4]’02 T T T T T T —T
6 ATLAS Preliminary ~ « Data 2012
10 Z'—up Search Ozv*
10°¢ Ldt=6.1fb" Ooiboson
1 04 .ﬁ
\s=8TeV [(]Z'(1500 GeV)
10° [7]2/(2000 GeV
10°
10
1
10"

100 200 300 1000 2000
m(ll) [GeV]
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l’ — 1t

(pp—2Z’) x BR(Z'—77) [pb]
=

(o)
—k
o

\V]

Both ATLAS/CMS have results for full
2011 dataset (5 fb* @ 7 TeV)

Analyses combine e+, e+h, p+h,
and h+h channels

l I I I I | I I | T
ATLAS

- [Lat=461" \s=7Tev-
- —— Observed limits E
F e Expected limits .
[ — ZLssu ]
i """"""" Z’SSM th U|nCert |
500 1000 1500
m,. [GeV]

Events / 20 GeV

L T I L I L | T T
10° = (a) CMS.{s=7TeV.4.94fb" —
- —s=— Data =
- - grenTn P Z'seu(750) = 1,1, ]
— 7:—>'c'c —
107 = = {/tV+jets E
: ww ]
- Ny ]
10 B QCD 7
Ul 2 - EREmp 5 =
107 T
10-2_1...1..‘.|‘.‘.|....|.‘..|....|....|....|....t...._
0 200 400 600 800 1000
miISS
M(Te’TwET ) (GeV)
95% CL Limits (5 fb?* @ 7 TeV):
M(SSM Z') > 1.4 TeV [CMS]
>1.3TeV [ATLAS]

ATLAS arXiv:1210.6604
CMS PLB o7, 062 (2012)
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Randall-Sundrum G — yy

In a similar way, the high mass tail of the diphoton mass spectrum can be
searched for evidence of RS graviton decay

vy has 2x higher BR (and lower bkgd since no DY) than leptonic modes
vy decay would eliminate spin-1 interpretation of any new resonance

ATLAS and CMS have published yy results with ~ 2 fb* @ 7 TeV
ATLAS has updated result, combining yy/ee/pp for 5 fb* @ 7 TeV
Limits set in plane of dimensionless coupling (k/M;, ) versus m(G)

.-g T T T T T T T T T | E 0.1 : T I LI I L | LI I 1T | LI I LI | LI LI L i

> 10° ATLAS I Ldt=4.9fb' = E =

% Js o 7oy S 0.09 — — Observed ATLAS =

2 e _ 0.08E Expected =

10 Control region -" 0.07 E_ - Expected + 1o _E

’ ~+-2011 data T E Expected + 26 e

[] Total Background = b 0.06 = _ =

10" T~ "iReducible Background . 0.05 == Ns =7TeV =

syst @ stat (total) -, ’ E 4 E

10‘2 syst @ stat (reducible) -'".,._ 0.04F ee:J Ldt=4.9fb —

5 (RS, =0.1,m, =1.5TeV E »1 3

10 [ JADD, GRW, M =25 TeV - 0.03f mu:j Ldt=501b =

S 0.02E yy: [ Lat-as” E

C - -

S o 0.01F E

.g -2 ““““““ " O - 11 b e by by s by s by s by v by by ;
3 550300460 50030003000 06 08 1 12 14 16 1.8 2 22 24

my, [GeV] m; [TeV]

m(RS G) > 2.23TeV (fork/M;, =0.10) @ 95% CL ATLAS (arXiv:1210.8389) 23



Excited Leptons

A [TeV]

Excited lepton production depends on the compositeness scale, A

ATLAS (CONF-2012-008) and CMS (arXiv:1210.2422) both have limits using full 2011
dataset (5 fb* @ 7 TeV)

Shown below in A vs m([*) plane are new ATLAS results using 13 fb* @ 8 TeV

L A e i P AU LI DL -
. ATLAS Preliminary [ Observed imit 1 3 - ' ATLAS Preliminary ] Observed limit .
J Ldt=13 fb—1 ------ Expected limit ] 5 16:_ Ldt=13 fb<1 ...... Expected limit _:
14 \s =8 TeV - = =+ Expectedtio _: 14F - = =« Expectedtic 7
sy ] n Is=8TeV ]
12 ~"‘-‘ -me'>A } = - -mu*>A _:
‘0‘\ = ATLAS 5 fb s \S=7TeV E 12.. : — ATLAS 5 .I:b»1, \S=7TeV .
10 ", - 10F "\ - - =
8 \”\ _; 8 =
N T C ]
6 "s.. ] 6:_ —:
4 N = 4= E

2 2
0.5 1 15 2 2.5 3 ~ 05 1 1.5 2 25 3
m,. [TeV] m,. [TeV]

95% CL Limits [ for A = m(l*) ]:
m(e*) > 2.2 TeV m(p*) > 2.2 TeV [ATLAS] (CONF-2012-146)
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Leptoquarks (First and Second Generation)

Final states of eejj or evjj (upjj or pvjj), with weights which depend on 3
ATLAS has 1 fb* @ 7 TeV results [PLB 709 (2012) 158; EPJ C72 (2012) 2151]

Shown below are CMS 5 fb* @ 7 TeV results in comparison

Ny
\ Y
Vi

CMS 2011
\s=7TeV

,// 95% CL limits
/ — CMS eejj + e vjj (Obs.)
— CMS evijj (Obs.), 5.0 fb !
— CMS eejj (Obs.), 5.0 fb !
-_,-// ATLAS (Obs.), 1.03 fb !
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CMS 95% CL limits with 5 fb* @ 7 TeV :
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m(LQ1) > 830 GeV for 3 =1 [PRD 86, 052013 (2012)]

m(LQ2) > 840 GeV
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Leptoquarks (Third Generation)

E T T TT I T TT I T TT l LI L T T TT T TT l T TT T l
CMS results with 5 fb* @ 7 TeV: 5 I SDb’e"m'"a’V 5=7TeV, 4.8 b
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As for leptons, could have
high mass “excited” quarks 10°

As for [*, consider EM ?
decays, i.e.q* = q+Yy
(Jet+photon) resonances 10
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ATLAS resultfor2.1fb* @ 7TeV © E
m(q*) > 2.46 TeV S
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[PRL 108, 211802 (2012)] “E00 '1' Oo'(')' 45602000 2500

m, [GeV]




Dijet Resonances

A variety of BSM models include dijet resonances of various types
Both ATLAS/CMS have released search results with 8 TeV data

do/dm (pb/GeV)

Residuals

Approaching the limits of phase space
CMS 4 fb 1 @ 8TeV [EXO :|.2 o:|.6]
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tt Resonance Search
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Dijet Resonances

CMS 4 fb* @ 8TeV dijet result interpreted in a number of different models
[EXO-12-016]

Model Final State | Obs. Mass Excl.
[TeV]

String Resonance (S) qg [1.0, 4.69]
Excited Quark (Q¥) qg [1.0, 3.19]
E, Diquark (D) qq [1.0,4.28]
Axigluon (A)/Coloron (C) qq [1.0, 3.28]
s8 Resonance (s8) gg [1.0, 2.66]
W’ Boson (W) qq [1.0, 1.74]
[1.97,2.12]
Z’ Boson (Z’) qq [1.0, 1.60]
RS Graviton (RSG) qq+gg [1.0, 1.36]

ATLAS has new result with 13 fb'* @ 8 TeV : 95% CL limit of
m(q*) > 3.84 TeV [CONF-2012-148]

LHC dijet resonance searches typically consider dijet masses above ~ 1 TeV
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Z'SSM I

Z' SSM tau tau

Z', ttbar, hadronic, width=1.2%
Z', dijet

Z’, ttbar, lep+jet, width=1.2%
Z'SSM Il (fbb=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET k/M = 0.2

Gyy kM =01

G, Z(INZ(qq), k/M=0.1

W' v

W’ dijet

W' = td

W' - WZ({leptonic)

WR' =+ tb

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV

tring Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances (qg)

s8 Resonance (gg)

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)
Axigluon/Coloron (qgbar)
gluino, 3jet, RPV

q" (qg), dijet
q* (@W)
q°{g2)

q", dijet pair

q*, boosted Z
e, A=2TeV
', A=2TeV

CMS Summary

b’ = tW, (31, 2I) + b-jet

q’, b'/t' degenerate, Vtb=1
b’ = tW, l+jets

B’ = bZ (100%)
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T = Z (100%)
t' = bW (100%), l+jets
t' = bW (100%), I+

gluino, Stopped Gluino

stop, HSCP

stop, Stopped Gluino

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV
fractional charge, g=2/3e
fractional charge. q=1/3e

multiple charge, g=2e

multiple charge, g=3e

neutralino, ctau=25cm, ECAL time

LQ1, p=0.5

6 LQ1, p=1.0
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LQ2, p=1.0
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LQ3, (btau) p=1.0

stop (btau)

Compositeness
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ATLAS Summary

Vast number of models investigated in large number of topologies... but only fraction of data

investigated in various cases...

Surprises might be waiting in the present data, and/or data to come at higher energy in 2015

.................................................. . T T 11 T T T TTTT] T T T 1 T 111 T T T T 1111
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Eﬁ AD%( KBH ( ;w /M _3)) - d:r-]]qeu z,nm;\t/boosted t:.t.;::.‘,;:.v [ATLAS-CONF-2012-136] 1.9 Tev _gKK mass {5=7,8TeV
- IMp=3) : s Nen part. [£=1:316",7 Tev [1111.0080] 1.25Tev| M), (6=6)
ADD BH (M., /M,=3) : leptons + jets,Xp __ |i&ilofs 7 7ev 120446461 15TeV! M, (5=6)
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*Only a selection of the available mass limits on new states or phenomena shown

10°
Mass scale [TeV]

1 10

Exotics Models:

Extra dimensions:
RS KK Graviton
(dibosons, dileptons, diphotons)
RS KK gluons (top antitop)
ADD (monojets, monophotons,
dileptons, diphotons)
KK Z/gamma boosns (dileptons)
Grand Unification symmetries
(dielectons, dimuons, ditaus)
Leptophobic topcolor Z' boson
(dilepton ttbar, l+j, all had)
S8- color octet scalars (dijets)
String resonance (dijets,)
Benchmark Sequential SM Z', W'
W' (lepton+MET, dijets, tb)
W* (lepton+MET, dijets)
Quantum Black Holes (dijet)
Black Holes (l+jets, same sign leptons)
Technihadrons (dileptons, dibosons)
Dark Matter
WIMPs (Monojet, monophotons)
Excited fermions
q*, Excited quarks (dijets, photon+jet)
*, excited leptons (dileptons+photon)
Leptoquarks (1st, 2nd, 3rd generations)
Higgs -> hidden sector
(displaced vertices, lepton jets)
Contact Interaction
llgq CI
4q Cl (dijets)
Doubly charged Higgs (
multi leptons, same sign leptons)
4th generation
t'->Wb, t'->ht, b-Zb, b'->Wt
(dileptons, same sign leptons, [+J)
VLQ-Vector Like quarks
Magnetic Monopoles (and HIP)
Heavy Majorana neutrino and RH W



Standard particles

Higgs
Higgsino
Quarks ‘ Leptons ‘ Force particles
Quarks 0 Leptons . Force particles Squarks Q Sleptons o SUSY force
particles

SUrrealSY




my [GeV]
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B T T T T | T I T T I T I I I I 1 I . T I T I T ",P I T T T ]
t H %' — [l 68% and 95% CL fit contours | | m{" Tevatron average + -
z (.2, B w/o M, and m, measurements : d 7 ;
T O ST O = I A5
T P B wio M,,, m and M, measurements 12
_ N M,, world average + 10 . I &
No apparent tensions 80.4 I AHZy A 0=
between m,,and - ) i 5
fmy, m, } 80.35 — ' — o
Possible due to - 5is
80.3 — —=
® precision measurements - 1=
i 1%
e known higher order 80-5 : 1-
. R i’ | 1 | | | | - | | | I'”'I | i 1 | 1 | I | | | | A
electroweak corrections 140 150 160 170 180 190 200
. : . m, [GeV
Quadratic,Logarithmic  [GeV]
Free Fit result Fit result Fit
M M Parameter Input value it el M tinel. M |
( / )2 ln( h ) 11 ) 1Mcl. My not mcli. Mg hut nc
o
M. M My [GeV](© 1257204 | yes  125.7+04 0425
17/4 /4 22
My [GeV] 80.385 +0.015 - 80.367 = 0.007 80.380 = 0.012 2
173.18 = 0.94 yes 173.52 = 0.88 173.14 = 0.93



MSSM 5 Higgs bosons couplings to down
(3 neutrals and 2 charged) part of doublets
(b, T, )enhanced
at high tan(f)

D.Rainwater hep-ph/0702124
500

| | | I
(I) Jdua 9%dd Jgevv gezA A ]'l’ G t-‘J\;’J
9gf gt gv . 9gv Y B 0
COS (v COS (v 2 N L (R Ap = U
hl — v — 3 sin(3 — «) 51 ¢ os(f — «) oo b ]
sin « sin o e 1 N Lo in( A tan 3 = 3 —
H| =55 — o3 cos(3 — )| zisin(f — a) tan f = 30 ------
Al|—ivs cot 3| 17y5 cot 3 | 0 | 0 200 -
COS SIn Qv PR I S s RN 7.
hl —53 os7  [sin(f — a)|—zicos(f — a) 150 .
sin o COS (v vl R~y 1. 2
vmssm § |H| —555 —a5 cos(F —a)| sisin(f — )
Al|—ivs cot B|—1vys tan [ | 0 | 0 100
Type I (upper) and Il (lower) 2HDMs
50) 1 | 1 1
50 100 150 200 300 00

M [GeV]
at LO MSSM Higgs sector depends on 2 parameters
M A tan(B) ( =V2 / V1) | Standard particles SUSY particles

at NLO more SUSY parameters = [,‘,‘ . O
AR
elpul T
Squarks ) sleptons @ sus

mmmmmm

A (o) does not give H— ZZ and WW



Standard particles SUSY particles
Supersymmetry ud ekt

Conventional method to €
fix Higgs mass

Double the number of
states in model
Fermion/boson loops
cancel

105 new parameters
(MS5M)
—>13(+6)—)7 > 6 >

Minimal Flavour Violation: 13 parameters

—_ 4 (is vic?lating CP)

. . SU(5) unification: 7 parameters
R-parity conservation — T
LSP (dark matter CASS: 4 pramtr
candidate) = missing

energy signatures




Particle Masses

Mass proportional to area:

VeV, Vo ud s

e 0‘ QQQ top quark
photon
gluons

Higgs - self-consistent standard model - preserve gauge symmetry
Need aYukawa interaction to incorporate individual fermion masses
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SUSY La

ndscape?

Squark-gluino-neutralino model, m("/f) =0 GeV

;‘2800 1 Ll 1 I 1 1 :.} LIRS ' I 1 L 1 I L ' 1 I I 1 1 I I 1 ] l 1 1 ] ]
§2600 f_ / ATLAS Preliminary

w - N

7] -

22400 = 8 Tev f Ldt=581b", {s=8 TeV

X -

§ 2200 — ettt 0-lepton combined

-~-~ Expected limit (=10,,)

Observed limit (4.7 o™, 7 TeV)

T e, -

illllllllllIlllllllllllllll

T e, R T TTYT TP TTTIVN

—_—— e

=

3
]TIII]IIITIII]]]IIITII

—l ,

(D

<

llllllllll

L 1 1 l 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 l L 1 1 l 1 1

800
800 1000 1200 1400 1600 1800 2000 2200 2400
gluino mass [GeV]

Key signatures:
Jets (>=2-6 jets in this analysis) pT 1,2(N)> 100 (20)GeV
E, M /meff ~ 0.3

Simplified MSSM scenario with only strong production of
gluinos and first- and second-generation squarks, with
direct decays to jets and neutralinos
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SUSY Particle Masses?

Mass proportional to area: =

Mass hierarchy?:

40



SUbtleSY Ho <y>, ______________ "

The
scalar
precipice

H S A H

StretchedUSY?

Squark-gluino-neutralino model, m(-/ff') =0 GeV

| T T T I T ¢A} ] T T I T ] T I ] T T | T T 1 ] T T ] | T T T ]
—1 = S . .
EW scale = / ATLAS Preliminary A
N fL dt=581b", {s=8 Tev E
:— Mottty 0-lepton combined —:
:_ m— Observed limit (=10 _:
E -~-~ Expected limit (=10,,.) E
- Observed limit (4.7 o, 7 TeV)
- 7TeV =
: 1 1 I 1 1 3 l 1 | L I 1 | 1 I 1 I 1 l 1 1 1 I 1 1 L l 1 1 :
1000 1200 1400 1600 1800 2000 2200 2400
gluino mass [GeV]
e.g. Limits from this model:
GUT scale— M(squarks, gluinos) >~ 1-2 TeV

More prolematic than ever

SUbtleSY

Fundamental scalar length scale



Natural” SUSY

Lightest squarks are stop/sbottom, gluinos possibly too heavy, gauginos accessible ?

Lower cross-sections and larger SM backgrounds require Associated gaugino production
dedicated searches 1

Gluino-mediated b/t production Direct b/t pair production

Direct slepton-pair production
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Searching for “natural” SUSY with Tops ATLAS-CONF-2012-166
ATLAS-CONF-2012-167

Seeking solutions to stabilise the Higgs mass... Hierarchy problem

T, production, f;— t %, Status: December 2012

f ;‘ 350 _| UL | TTTT | TTTT | T T T | TTTT | TTTT | TTTT | TTTT | TTTT | T |_

8 - ATLAS preliminary | _ig'fssgTev L =47 " (s=7 Tev ]

IS (R W i Te.r 300 - OL [1208.1447] ]
E - 1L ATLAS-CONF-2012-166 1L [1208.2590] —

: 2L [1209.4186] :

250 | = Observed limits Observed limits (-10,,,,) === Expected limits |

200(— \ ~

H H - * _
eresssssssasnssnssann st b meet T r et s a s as e nannann — \ —
- M ]

150 _— “ —_

I —=>17x : 2
100/— -

C L

- -

- i —

- i

50— t ]

— I -

— [] —

— I -

L | -

0 L L1111

600 650

my [GeV]

Significantly improved sensitivity at high stop masses with expected limits up to 620 GeV
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ATLAS-CONF-2012-166

Searching for SUSY with Tops ATLAS-CONF-2012:167

Seeking to Solve the Hierarchy Problem...

t{, production, t, - b+, %, W:"+~2? Status: December 2012
350 lllllllIl]lllIIIIIIIIIIIIIIIIIIIIIIIIE

> u
8 - ATLASpreliminary v, -mw' sstevand L, =471" 157 Tov

% 300 __ .ml: =106 GeV 20 [1208.4305), 1-2L [1208.2102|
- _mf_,:lSOGeV 2-166 .

am, =m - 10 GeV
.m, =2x my;

1211200 2102

250 — Observed limits Observed limits (-1o,,..) === Expected limits

200

100"

Complemented in the lower LN
mass range by: R
i

I—= X" —=Wx)

IIIIII';..I.P'IU‘I[IIIIIIF'-:{ lllllll.,"l."‘.i/ll
200 250 300 350 400 450 500
Significantly improved sensitivity at high stop masses with expected limits up to 620 GeV
Also, strongly enhanced sensitivity for lower mass stop decaying into b + chargino

IIIIIIIllIIlIIlIIIIIIIIIIIllIlIII

T — o

150
m; [GeV]

A



ATLAS-CONF-2012-166

Searching for SUSY with Tops ATLAS-CONF-2012-267

Seeking to Solve the Hierarchy Problem...

tt, ;Jrodtrtﬁqrpft‘odumfbr'ﬁ'm}fﬁ” Status: December 28atus: December 2012

f ’S‘ 3 I IG\JP L I L I UL l LI H LI “ UL " LU "j T | TTTT | T T |_

8 - ATLAS pAdliln&y preliminasya. LW R Tev ] L, =475 5=7 TeV ]

a0 N s S oo e

E' _'W‘I‘ 150 GeV 1L ATLAS-CONF-2012-166 1L ATLAS-CONF-2012-166 - 1L[1208.2590] —

sm,. =iy - 10 GeV ATLAS-CONF.-2012-167 | 2L[1209.4186] ]

" —‘2' m ATLAS.CONE.2012-165 7 :

....... 250 Jbserved i@tsserveddiveetsed fimits (Aigsgrved linpexieddny == - Expected limits ™|

&, ' ] . _

: - ~~\ —

200 = \ —

H H - ' .

Csssssssnssssnssnsnssnss llemerlliisssssnssnsnsnnsnssnannn e ‘ —_

i \ i

i \ i

— ‘ p—

- \ _

~J -1 ' -

f % ZX I - i _

100 = P

1 C ]

1 : Vo

- : (-

. ] i

Complemented in the lower o ¢ ]

. 1, - st v

mass range by: Ju=r { -
H 1

L I I A ' L

~ O |
f%é(xi —S W—' X) 200 300 350 400 450 500 550 600 650

m; [GeV] m; [GeV]

Significantly improved sensitivity at high stop masses with expected limits up to 620 GeV

Also, strongly enhanced sensitivity for lower mass stop decaying into b + chargino i



Events / bin

T IIIlII] III IIIIIII

A
7
A
7

Natural” SUSY

CMS Preliminary

Search for direct top squark pair production

Vs=8TeV, [Ldt=97 fb!

LML L B B L L B L L

—_
o

Search for supersymmetry in final
state with E; and 0,1,2,3, >=4 b jets

10

10

———
CMS Preliminary, 11.7 fb™, \s

|

=8TeV

————— Data (hadronic sample, n= 3; njz 4)
Standard Model + Expected Unc.
SM+pp -GG bB7,
(mg: 1100 GeV, mi" =500 GeV)

T Illlllll

|

|

1L L1111}

1 lll[lll

1 llllllll

8 TeV

PRI EPRPENTEN EPATEEP RAPRT B
0 400 500 600 700

@O FITTT]
I

Ll
800

m.[GeV]

T T T T — L L o B e e e 10
%‘ 250 Cpp =TTt ,~(“’ NLO-NLL echusuo"sz = % 250 Cpp—TFT— by —bwy® NLO-NLL exclusions __I
----- eory ’ 1 1 mmeee the
g [ 50/50t, /1, mixture - Observed +1o [=* 0] [ 50/501, /1, mixture = Observed =1 " ]
ron n.n% Expected+io i = - =xx Expected+1o .
3o 200 2 = o e 2001— —|
E - ] 5 S C ]
- ] =1 ° |
- I. 3 g r 1 41
1501~ i 5 150 &
r ) e 2 L 1 ]
C 4 4 - 1
100 S G 8TeV - 1
C 4 ’ 100 — =l
L =107 R = 1 <10
o 50 o
S U S = r 4
ey |, TSR L 10—2 F o
300 350 400 450 500 550 600 0 . : 10"
200 250 300 350 400 450 500 550 600
m.=0.5m.+0. -
=05m;+05m mt[GeV]

CMS Preliminary

Vs=8TeV, fLdt=9.7 fb!

No excess in data observed above

expected SM background.

X1

m,

X1

SUS-12-028

Exclusion for pair-produced
gluinos, each decaying to a

bottom quark-antiquark pair and a
neutralino LSP.

1200
<

o
31000

L

800

600

400

200

0

CMS Preliminary, 1.7 f6', Vs =_fT'eV
m

T T T | T T _I .
—§§,§—bby;m(b)>>m(@)
Expected Limit =10 exp. 1"

oNLO+NLL . 1 5 theory

800

1000

1200
mgluino

1 ||||||.| |

1400
(GeV)

95% C.L. UL on oxBR [pb]

n

10

—_

10"

102

10°

95% C.L. upper limit on o (pb)



What about Dark Matter ?

Detection of invisible particle production

Should we give up on natural SUSY and s F ;TLAsrm”ml;ary L ADARE APV AR AL R
dlrectly.sea.rch for WIMP (dark matter) S ol Tenmaom — Jease -
production in proton—proton collisions ? § E - —— B -
w, C e Ns=8TeV Dibosons ]
P . 9 . 8 [ s _— t!+smgle top= .
Exploit “ISR technique” (huge potential) i 10k s ADD o, MeaTaV 5
k<] - P i --e= G+G4, M__=1TeV, N:lj=10"’ev -
Energetic gluon/photon = ; B e e _
q— radiation in the initial sate E =
10" - eeeeeeeeeeeeesoeneeneesees B
¢ :
X R 1 e S ———— ——— ~
(\u - —— " ] ]
E os - d
q % 300 400 500 600 700 800 900 1000 1100 1200
ET™ [GeV]

Interpretation in variety of models:

- Search for mono-jets events
J extra dimensions, WIMP, gravitinos
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What about Dark Matter ?

Detection of invisible particle production

Should we give up on natural SUSY and _ _ngTLAS _Vs=7TeV,4.71b", . 90%CL
directly search for WIMP (dark matter) o 1077 —— xenon100 2012 D1: gG— 6,
production in proton—proton collisions ? 2.10°'F gDC';"S[\'I'T";‘g%”e'gy —=— D5:q0— j(x0),,,..
****** oGe g
a3l . G ity —— D11:99—= ()
: : : B wen D5: CDF qgq— j(x%),,, “p
Exploit “ISR technique” (huge potential!) O e OMS g 1060 1 Oipgory i

Energetic gluon/photon
— radiation in the initial sate

T T 1 T "1

q
X =" |
0% . .. . ... Seinindependent
1 10 10° 10°
q X WIMP mass m, [ GeV ]
> Search for mono-jets events Complementarity between accelerator-

based and space-based particle physics
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Overview of SUSY Searches

Vast number of SUSY models studied... Concentrating on the most “"Natural “ scenarios
Still many analyses to be completed with 8 TeV data, surprises might be waiting in the present data, and/

or data to come at higher energy in 2015 1TeV

ATLAS SUSY Searches* - 95% C | Lower Limits (Status: Dec 2012)

MSUGRA/CMSSM : 0 lep + j's + E; . [L=581",8TeV [ATLAS-CONF-2012-158] 1| 50TeV. CL— g mass
o) MSUGRA/CMSSM : 1 lep +j's + E; o |L=581b",8TeV [ATLAS-CONF-2012-104] 124/ ev| G =gmass
o Pheno model : 0 lep +j's + E; s |L=5:81b", 8 TeV [ATLAS-CONF-2012-109] 148tV G mass (m(@ <2TeV, ngmx ) ATLAS
(%) 2 Pheno model : 0 lep +j's + E; ... |L=5.81b", 8 TeV [ATLAS-CONF-2012-109] 1. “TeV q mass (m(@) <2 TeV, ngmx %) Preliminary
x wn S s e T,miss
re (@) & Giluino med. " (G—aGy) : 1 lep +j's + ET miss j mass (m(x ) <200 GeV,m(;") = !(m(x )+m(@)
] c 3 GMSB (INLSP) : 2 lep (OS) +j's + ET miss lev g mass' (tan < 15)
S 5 ©  GMSB (TNLSP) : 1-27 + 0-1 Iep+]s+ETrnlss I g mass (tans >20)
o2 | L agutmuee ) e oo flar- @3- 100w
(%] £ T,
GGM (higgsino-bino NLSP) y+b+E ::: 3 mass_(m)>220 Gev) (s=7,8TeV
GGM (higgsino NLSP) : Z + jets + Ey Tmiss |L=5.8fb", 8 TeV [ATLAS-CONF-2012-152] 690 GeV. g mass (m(F) >200 Gev)
________________ Ql_'iay]t_l_no_l___S.F_’_ . 'monojet’ + E; ... [L=1051b", 8 TeV [ATLAS-CONF-2012-147] 645 Gev F =ca|e (m@G)>10* eV)
S gﬁbb%j (virtual b) Olep +3b- |s +Eq s |L=128 fb™, 8 TeV [ATLAS-CONF-2012-145] il 24[ v g mass (m(y ) <200 GeV)
: g gatr (vmualt) 2lep (SS) +j's + ET miss | L=5:8 0", 8 TeV [ATLAS-CONF-2012-105] 850GeV| ¢ mass (mz ) <300 Gev)
ge ﬁtf” (virtual t) 3lep +]j's + Eq s L=13.0 fb", 8 TeV [ATLAS-CONF-2012-151] 860 GeV  { mass (m(z,) <300 GeV) 8 TeV results
° 3 G-t g\mtualt) 0 lep + multi-j's + E, . |L=5815"8TeV [ATLAS-CONF-2012-103] 1.007eV. G mass G ) <300 GeV) _
c £ oo gt tlz, (virtual®) : 0 lep + 3 b-j's + ETmiss [L=12.81", 8 Tev [ATLAS-CONF-2012-145] 1157V mass (m(x %) < 200 GeV)
o - bb, b by, o Iep + 2-b- Jets +E; s |L=12810", 8 TeV [ATLAS-CONF-2012-165] 620 GeV b maiis (m(x ) <120 Gev)
] S bb, b, =t : 3 lep +j's + Eq ., |L=1801b", 8TV [ATLAS-CONF-2012-151] 405GeV| b mass (m(i )= 2m(/< )
on T = 1 T,miss ~
S S8 tt (light), t—»QX 1/2 Iep (+ b-jet) + ET miss t mass (m(l) 55 GeV)
© o g ] T (medium), tabx 1 lep + b-jet + ET miss | L=13.0 10", 8 TeV [ATLAS-CONF-2012-166] 160-350 Gev. t mass (x )i 0 GeV, m(x;) = 150 GeV)
™M 0n S s T (medlum) t—>bx 2lep + ET  |L=13.0m™, 8 Tev [ATLAS-CONF-2012-167] 160-440 Gev T mass (m X, %) = 0 GeV, m(t) m(;) = 10 GeV)
gﬁ S tt tatx 1 Iep + b-jet + ET ::: L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-166] 230-560 GeV Tmass (m(y % =0)
S S tt Tty vl 01 /b lep (+ b-jets) + E. L=4.7 fb”, 7 TeV [1208.1447,1208.2590,1209.4186] _ Tmass [ (x )= 0)
27 W(nat Ié‘MSB) zp(u) ity £ T
............... natural GMSB) : Z(—1) + bjet + £ |2 iieviizoaszss muiisigeevl t mass (115 <m: £ <230 Gev)
; = ||_||_y |_>|Xo 2lep + ET:::: L=4.7 fb”, 7 TeV [1208.2884] gsHesGeV | mass (rn(A )=0)
L =3 )TZ —>Iv(lv)—>|vxm 21ep + Ex s L=4.7 fb”, 7 TeV [1208.2884] | 110-340GeV X mass (m@) <10 GeV,m(iv) --(m(x )+m(x )
W 5{7 - ILvI I(vv) vl vav :3lep +ET ~ |L=13.0b, 8 TeV [ATLAS-CONF-2012-154] 530 GeV X mats  (mG:) = m(x) m(x )_0 m(lv) as above)
o B s W'y 3lep + £y |L1001", 8 Tev (ATLAS-CONF-2012-154  [1402851GEVI %, MASS  (m(z") = mGz), mx) =0, Sieptons decoupled)
1 > Dlrectx palr prod. ( AM%@) long- I|vedx X mass (1 <t )<1( ns)
-l 28 StableR-hadrons : low B, By (full detector) | gmass
ga § Stable T R-hadrons : low B, By (full detector) tmiss
< = T |
S q GMSB : stable® Tmass (5<tanf :20)
> " _____ % G mMass (0.8x10° <k}, <1.5x10°, 1 mm < cr <1 m,g decoupled)
o 4X, V. —~e+u resonance | BTVl v, mass  (4,=0.10, 4,,,=0.05)
o LFV:p —>vé+X V,—e(u)+t resonance I v mass (1,010, 4,,,,=0.05)
> Blllnear RPV CMSSM : 1 lep+7js+E II q=9 mass (ct,gp <1 mm)
o T,miss LSP
[y X X ﬂxw me X ev,euv ! 4lep + ET miss L=13.0 fb", 8 TeV [ATLAS-CONF-2012-153] 700 GeV x n |ass (m(n ) >300 GeV, ., or i, >0)
— ILIL' | ‘)IX % aeerv eMV 4 |ep + ETvmlss L=13.0 fb", 8 TeV [ATLAS-CONF-2012-153] 430 GeV | mass (m( ;. )> 100 GeV, m(e) m(I )=m(l), %, ok ,, >0)
o g T g- —> qqq.: 3 jet resonance pair . gme ss
L Scalar gluon 2-jet resonance pair |L=461",7 Tev [1210.4826] PNiG6%BE7EEW sgluon Mass (incl limit from 1110.2693)
+ WIMP interaction (D5, Dirac ) : 'monojet' + E o |L=t05m7 8Tev [ATLAS-CONF-2012-|147] 704Gev. M* ¢ cale (m, <80 GeV, limit of < 687 GeV for FB)
o ................................................... T,miss - 1 | | ULl | | | ULl 7 | | L LLLL | | |
10" ! 10
*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV] 49

All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



Higgs Discovery and Properties
(including latest LHC data)

<«

“Because it’s not there.” .9v9rl3 Jon 231 s2u8398>



1960 Goldstone
1961 Schwinger
1962 Anderson
1964 Brout, Englert, Higgs, Guralnik,Hagen,Kibble
1967 Weinberg, Salam Faddeev,Popov
1972 Glashow, lliopoulos,
Maiani, ‘t Hooft, Veltman.....

1950 Ginzburg-Landau ] ] ]
1959 Nambu Historical Perspective

1983 Rubbia, van der Meer, Banner, Darriulat, Di Lella, ...  discovery of W and Z at CERN
1984 Lausanne

1992+ LOl of ‘large’ LHC experiments
1994+ TP of ATLAS and CMS
1995 discovery of top by CDF and Do

1996
1998
1999 ¥ ATLAS Physics TDR CERN/LHCC/99-14 CERN/LHCC/99-15

2006 < CMS Physics TDR J. Phys. G: Nucl. Part. Phys. 34 (2007) 995-1579

5008 € ATLAS Expected Performance arXiv:0901.0512 /
5010 «— start-upat3.5+3.5TeV o /
2012 r—rA.
— 4 July discovery of boson V- 7 &
~ e




Where Theory Meets Experiment
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2010 2009 2008

2011

2012

10th september 2008 : first beams around
19th september 2008 : incident

20th november 2009 : first beams around (again)
december 2009 : collisions at 2.36 TeV cms

3oth march 2010 : first collisions at 7 TeV cms
august 2010 : luminosity of 103* cm=2s?

may 2011 : luminosity > 1033 cm=s*
november 2011 : integrated luminosity ~ 5fb?
13" december 2011 : first ‘'signal’ around 126 GeV

march 2012 : start again at 8 TeV
4™ July 2012 : evidence for a new boson
(integrated luminosity ~ 6 fb?)

11t December 2012: Milner Foundation: Special Fundamental Physics Prize
18t December 2012: XVIII IFT-UAM/CSIC Christmas Workshop
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July 2012 Revolution

Full Title

BBl Observation of a new particle in the search for the Standard Model
Higgs boson with the ATLAS detector at the LHC

BBl veasurement of charged-particle event shape variables in Vs = 7
TeV proton-proton interactions with the ATLAS detector

BBl search for magnetic monopoles in +'s = 7 TeV pp collisions with the
ATLAS detector

BBl veasurements of top quark pair relative differential cross-sections
with ATLAS in pp collisions at s = 7 TeV

BBl search for top and bottom squarks from gluino pair production in
final states with missing transverse energy and at least three b-jets with
the ATLAS detector

Bl A search for ttbar resonances in lepton+jets events with highly
boosted top quarks collected in pp collisions at Vs = 7 TeV with the ATLAS
detector

Bl veasurement of the Lambda_b lifetime and mass in the ATLAS
experiment

Combined search for the Standard Model Higgs boson in pp collisions at
s = 7 TeV with the ATLAS detector
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O A.Djouadi Phys.Rept.457:1-216

O Huge progress in theory: signals and (complex) backgrounds

—> Major achievement of the theory community; very fruitful
discussions with the experiments (e.g. through LHC Higgs x-sn WG,LPCC..)
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The Big Five Marathon

From Discovery to Measurements
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