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Introduction

e The Standard Medel Theory (SM) provides an elegant and accurate
description of particle physics.

e Higgs boson discovery = consistent theory up to Mp.

o However, many questions remain unanswered:

Experimentally On the theory side

Meutrino oscillation Hierarchy problem
Dark Matter’

- Baryon asymmetry (BAU)"

Flavor problem
Strong CP-problem
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Introduction

e The Standard Medel Theory (SM) provides an elegant and accurate
description of particle physics.

e Higgs boson discovery = consistent theory up to Mp.

o However, many questions remain unanswered:

Experimentally On the theory side

Meutrino oscillation Hierarchy problem
Dark Matter’

- Baryon asymmetry (BAU)"

Flavor problem

Strong CP-problem

The SM is an effective theory at low energies of a more fundamental
theory (still unknown).
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Flavor physics observables

Precision flavor physics: search of deviations w.rt. the SM predictions
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Flavor physics observables

Precision flavor physics: search of deviations w.rt. the SM predictions
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Flavor physics observables

Precision flavor physics: search of deviations w.rt. the SM predictions

o Possible mostly due to the maturity of LQCD in determining the relevant
hadronic matrix elements (form factors). See FLAG!
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Flavor physics observables

Precision flavor physics: search of deviations w.rt. the SM predictions

o Possible mostly due to the maturity of LQCD in determining the relevant
hadronic matrix elements (form factors). See FLAG!

o Particularly interesting due to the deviations from LFU observed in 5-meson
decays: B8 — DUNp (£ = e, p.7) and B — KWL (8 = e, p).
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Exploratory flavor physics: Lepton Flavor Violation (absent in the SM)
s Accidental symmetry of the SM
Ge=U(1)e x U(1)ux U(l)r x U(1) s
= { — ('~ and € — {'0'0" (¢ & ') are strictly forbidden.

e (7; is broken by neutrino masses, but the induced rates are non
observable (leptonic GIM, AmZ, << mj, ):

3

2
Z Tk ‘J'H
4 g f_”
rLW

=1

< 10754,

(5]

eg Blu — ey) o

e |f something is observed, it has to be induced by New Physics = very
clean probes of New Physics.
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LFU violation in B decays
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LFUV in B Decays

e Lepton Flavor Universality (LFU) is not a fundamental symmetry of
the SM: accidental in the gauge sector and broken by Yukawas.

o LFU tested in pion and kaon decays — agrees very well with the SM
= To be improved at NA62. [only e.p though]

s Renewed interest in LFUV motivated by the recently found conflicts
between theory and experiment in & meson decays.
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LFUV in B Decays [pre-2017|

B(B — D™ i) = B(BY — K*upu)
=
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LFUV in B Decays [pre-2017|

B(B — D™ i) B(BY — K*upu)
By =) Bit = :
B(B — D™ip) B(Bt — Ktee)| | 2
¢ g2e[1.8] GeV-
_ 2a| [2.60]"
M| e | sm| _
- Relle
) —— HCh
|1'.!|-: =Sshiines
F SM
005 G20 0.3 030 .05 040 043 09 471 0 EREET] X § 01 B4 D& & 0¥ 10 1.4
Rp- Rp Ry
b "-‘: 7 b — 5fi

o NEW (FPCP17): LHCb, Rp- = 0.285(35), in agreement with SM.
o NEW: LHCb, Ry = 0.71{17)(18). Larger than the SM prediction (?)
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LFUV in B Decays [2017]

BB — K"up) ; _—
—_—_— L1 FRN S T
BB — K*ee)

Bigs =

R
FE[Gh i O]

e New results in two bins of ¢7: [= 2.5

| L]

Yoy {55 0
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Relevant questions:;

e |s there a model of NP to accommodate these anomalies?

e What additional experimental signatures should we expect?

{ In general, Ry #1 < LFUV “=" Lepton Flavor Violation {LFV)J
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© LFU violation in b — sf¢



LFU violation

(i) b— sty

Damir B (LFT) LFU(V) in B decays



LFU violation

(i) b— sptu

o FCNC process:

b W- 1 f
—— i It
L K ¥ W
——— Nl i z |I|I...
L W I 4

s Form-factor errors cancel out in the ratio = Extremely clean prediction.

B{Lﬁ' — KT g}
T B(BT — Ktee)

aM

Ry 1 .00(1)

e 1,6 GeV?

Damir B (LFT) LFU(V) in B decays



LFU violation

(i) b— sptu

o FCNC process:

b W- 1 f
—— i It
L K ¥ W
——— Nl i z |I|I...
L W I 4

s Form-factor errors cancel out in the ratio = Extremely clean prediction.

B{Lﬁ' — KT g}

58
My 00(1
= B(BT = Kter) (1)

Ry

gie [l.ﬂj Gal'?
rdone et &

s 207 deviation observed by LHCh:

B = ﬂ.?i-’lf::::rﬂ{ﬁtﬂt} 4+ (L.036(syst)
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LFU violation

(i) b— sptu

o FCNC process:

b W- 1 f
—— i It
L K ¥ W
——— Nl i z |I|I...
L W I 4

s Form-factor errors cancel out in the ratio = Extremely clean prediction.

B{Lﬁ' — KT g}

58
My 00(1
= B(BT = Kter) (1)

Ry

e 1,6 GeV?

s 207 deviation observed by LHCh:

B = ﬂ.?i-’lf::::rﬂ{ﬁtﬂt} 4+ (L.036(syst)

» 2.57 deviation in two bins for 8 — K*pp: [0.045, 1.1] and [1.1. 6] GeVZ2.
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How can we explain 1, .,?
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Explaining Ry

EFT approach

If the LFUV takes place at scales well above EWSB, then use OPE:

AGE [ o2 . i, i
Heg = — V{_I Vin Ve, Z Cop) O )+ Z (f--'{{ji}@f + C,-{;f-}lf)ij
2 =1 i=7,5.0.10,P 5, ..

e Operators relevant to b — s6f are

05 = (EuPum b)), O = (57 Py b)(Er7"0),
fi?{i,-”" = (3 Pry b)EE), Ul:-} = (3Pp1yb) (Fy5t).

O"_:"} —_ mb{'ﬁajlrl-{]jﬂj_.} Irj]f“jl”

s To exphin R;?ffl < H;:‘rll one needs effective coefficients Oy, ;.
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Global AI"I3|YSES [angular observables of B — K*(— KwjuTp]

Hg® 8,05 0) =17 (g% sin® 8 + I7(g%) oz B + [15(g2 ) sin® 8y + L5 (g ) cos® 8] cos 28,
Pl g?) sin? O sin® §; cos 20 + 1y(g7 ) sin 26 sin 6y cos ¢
b I (g2 ) sin 28y sind, cos g + [15 (g7 Vain® 8y + 15047 ) oos® 8] cos 8,

= L= q",:I sin 28y sin By sin g + gl qz )ain My sin 2y sind

= Ial e,l-":l sin? Oy sin? Hy sin 2, e Pile®) =
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Global Analyses B-physics anomalies

Use LCSR results for the hadronic quantities (at low qE], combine them with LQCD
results when available (Eharucha et 2l 2015 and make a global fit of LHC data

Altmannshofer et al 2016, 2017, Descotes-Genon et al 2015, 2017 Ciuchini et al

2017: Hurth et al 2016, 201;
Conclusions | B-physics anomalies]:
o Measured Hram:hing fractions B{8 — Kup), B8 — K pp), B{B, — ¢up) differ
from Standard Model (SM)
s Several angular observables deviate from SM (esp. {FP2))

D.Stﬁ

cC
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Global Analyses B-physics anomalies

ci region sensitive to

i.,ﬂ.: [dl:t:ﬁ""_{K' T[01.2(0), ()] | B)
g2 :

disconnected graphs [(J2 = 307" bi Eyac] estimated in [Mhodjaminan et
Reliability unclear = see Capdevila et al 2017 vs Ciuchini =t al 2016

Q.S_i_*
B 0.0 :
! !
-0.5 | —
o
Y e G NS NI
0 5 10 15
g (GeV®)

LFU(V) in B decays
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Global Analyses B-physics anomalies

Global analyses suggest Cff < (), CF =1}
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Fit to clean observables o

o Use fg®* = 224(5) MeV and B{B, — pp) = 3.0(6)(3) x 107", [LHCb, 2017

BB, — |“-+.“_:' = ‘Ffiy(lr-'f O — C‘fm Cp — f'; Cy — C.-:)
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Fit to clean observables o

o Use fg®* = 224(5) MeV and B{B, — pp) = 3.0(6)(3) x 107", [LHCb, 2017

BB, — |“-+.“_:' = ‘Ffiy(lr-'f O — C‘fm Cp — f'; Cy — C.-:)

o Use fU=5 (g% )" and B{B — Kppu)ge £[15,23] dave = 1.95(16) x 107,
O848 s R = ( rla2), Co+ € Gint Cho; G +;“-'
d"}‘{ nip gx | fror(g ), CGo 4+ Cg, Cho+4 Cro, Cr s s z.,.-;_v)
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Fit to clean observables

o Use fg®* = 224(5) MeV and B{B, — pp) = 3.0(6)(3) x 107", [LHCb, 2017
B(B, - ptu~) = fﬁ,(f# , Cho— Cig, Op — Ch, Cy — f-'-:)

o Use fBK (g%) % and B(B — Kptpt) gaepis 20 cove = 1.95(16) x 10-7.

1B
: {B—}Jf_u I ]—fru.( rorlg ), Co+ Co, Cio+ Clo, Crep+ O -;v)

dg?
MILC [1509.06235] S
[T e [ fr o=== §
20 p fy — ) i
» .N"
= =1 'y
y
A
' ! P
L5 0o - .
( ==
[ ; T i) | IR £ T
PGy Gy

Results consistent with HPQCD 1306.2384.
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P

-1.0 :
~25-20-1.5-1.0-0500 05 1.0
Cs

o We find Cy = —Cip € (—0.76.—0.04) at 20.
= This value can be used to give model independent predictions for
Ry o) in the central bin:

Rg =0.82(16) and Ry~ = 0.83(15).

-
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|DE, Kosnik, Sumensari, Zukanovich 1608.07583]
[Becirevic, Sumensan 1704 05835)

Different choices of WC: (Cy, Chg) or (Cy. Cfy)

f '.;'

O = (37, P ) D) (E748), O = (37, P myb) (E*°0),
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Model independent predictions for Ry and Ry

10} Rk L4

g 3
= K E=1 ]
E D.gi E 1‘_
208 210
— —
z 07 L 08
& o
0.6;2 R . 06— R .
-1.0 <08 -06 -04 -02 00 -1.0 =08 -06 -04 -02 0.0
Cy==Cp (Co)'==(Cp)’
= The scenario (7 - (" predicts . < 1, as observed.
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Are there specific models capable of generating
Cy.10 to explain R )7
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Explaining R

Specific Models

Representative (tree-level) models:

2" models Leptoquark models
['_ E;\\/F_
| A
o+ :
L et al bt st | (1L | |
meellin | i 1p |
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Explaining R

Specific Models

Representative (tree-level) models:

2" models Leptoquark models

o Vector leptoquark models also plausible, but non-renormalizable
[pmblematic. how to compute loops? B, — E_.. and 7 — py constra ints?]

e [nteresting feature: LFV is in general expected .
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Explaining R

Specific Models

Representative (tree-level) models:

Z' models Leptogquark models

o \ector leptoquark models also plausible, but non-renormalizable
[problematic, how to compute loops? B, — B, and 7 — {7y constraints?)

e Interesting feature: LFV is in general expected .
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Explaining R

no y

Scalar Leptoguark Models DB, Kosnik, Sumensari, Zukanovich. 1608.08501)

= Focus on NP couplings to muons only
|couplings to electrons are alse possible, of Hiller, Schmaltz 2014 |

SU(3). x 8U(2), x U(1)y: NB. Q=Y + T,
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Explaining Ry

Scalar Leptoguark Models DB, Kosnik, Sumensari, Zukanovich. 1608.08501)

= Focus on NP couplings to muons only

|couplings to electrons are alse possible, of Hiller, Schmaltz 2014 |
SU(3), = SU(2)y, = U1}y NB. Q=Y + T,
| BNC  Interaction WC Ry [HEM Ry /RSM
Bz | dEALy, (Co) = (Cro) =1 ~1
(3.2)7p5 | « QAlR Ca=Cnp > 1 >1
—t

(3,210 ¥ dpA L (Co)' = —(Cro)' <1 >1
{g. H}JI."H- X {?(?'J.TET AL CH = _C?l" < 1 < 1
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Explaining Ry

Scalar Leptoguark Models DB, Kosnik, Sumensari, Zukanovich. 1608.08501)

= Focus on NP couplings to muons only

|couplings to electrons are alse possible, of Hiller, Schmaltz 2014 |
SU(3), = SU(2)y, = U1}y NB. Q=Y + T,
| BNC  Interaction WC Ry [HEM Ry /RSM
Bz | dEALy, (Co) = (Cro) =1 ~1
(3.2)7p5 | « QAlR Ca=Cnp > 1 >1
—t

(3,210 ¥ dpA L (Co)' = —(Cro)' <1 >1
{g. H}JI."H- X {?(?'J.TET AL CH = _C?l" < 1 < 1

=+ No fully viable model. Triplet can be used, but further symmetries are
needed to forbid proton decay (see |Uorner co ol 2017] for a GUT mechanism).
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© New ideas for b — s£(7



e 7' boson with couplings only to , ¢ and a top partner T
= b — s€( is modified by penguin diagrams [Kamenik =t al 1704.06005].

i :,2, ;—v\f 1 m E e g o
Yo E g T g .
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e 7' boson with couplings only to , ¢ and a top partner T
= b — s€( is modified by penguin diagrams [Kamenik =t al 1704.06005].

' —-:\

3 \m-
k-

e A light resonance Z' decaying mostly to muons: B — K™V — up)

al Strau 1704 061 8
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e 7' boson with couplings only to , ¢ and a top partner T

= b — s€( is modified by penguin diagrams [Kamenik =t al 1704.06005].
. -
S | T
,_._%/r ‘x, R

e A light resonance Z' decaying mostly to muons: B — K™V — up)

al Strau 1704 061 8

e Loop-level SLQ contributions (revival of a misused idea [Bausr and
1511.014900]) |Becirevic, Sumensan 1704 (15835]
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e What else is possible in minimal SLQ models?

o A first attempt: to explain /1,., at loop-level and R ;. at tree-level
by invoking the SLQ (3.1) /3 with ma = 1 TeV.
(ammended by hand by a symmetry to forbid the proton decay).
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e What else is possible in minimal SLQ models?

o A first attempt: to explain /1,., at loop-level and R ;. at tree-level
by invoking the SLQ (3.1) /3 with ma = 1 TeV.
(ammended by hand by a symmetry to forbid the proton decay).

Novomber 9, 2015

'- - One Leptoguark to Rule Them All:
‘_ A Minimal Explanation for Ry, Rg and (g — 2),

Martin Baaer® wwld Matthios Noubort® 1511.01900

E&[l;’.‘i] = ﬂll:l'm:” [[.UL}@Q_F"JEL;E + I."x".-'f:'n_,- IE;?I,'EH}'] + h.c.
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e What else is possible in minimal SLQ models?

o A first attempt: to explain I{ ., at loop-level and K., at tree-level
by invoking the SLQ (3. 1)y5 with ma = 1 TeV.
{ammended by hand by a symmetry to forbid the proton decay).
B(B — Duv)

B(B — Dev)’
|DB, Kosnik, Sumensari, Zukanovich. 2016]

= Produces unnaceptably large values of R‘i{x“ ==

15.0
10.0
7.0
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Can we exploit the same idea in a different way?
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A SLQ model to explain By < 1 and Rg- < 1

|DB, Sumensari 1704.05835

Reminder:
| BNC  Interaction WC Ry /R5M Ry [REM
B2 | dS ALy (Cy)' = (Cu) 1 a1
(3.2 | QAL Cy = Cin >1 > 1 ]
; == ; —
(3, 2)15 v dpA L (Ch) =—(Cin} <1 >1
1.:::. "i]l'l ‘x WJ:T'?T . .&L C‘q. = —C]_” < 1 < 1

What if the tree-level contribution is absent?
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(7/6)t

L ey = (gi)y QAT g + (1) TN L; +he.,
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(7607

Loy = (9i)y QAT g + (g1 ) jum A L; +
We take

0 0 {0 oo 0 0 0
g=0 g 97|, ar=1[0 0 0], Vigg=1[0 0

1] g}‘f‘ a5 00 gy 0 0

b " i

Only diagram induced at one-loop -
(unitary gauge):

Damir B (LFT) LFU(V) in B decays

h.c.,



Only diagram induced at one-loop o A3/
(unitary gauge):
V‘ub 1"}1:“, TR TR
Co=—Cp = Z Vo L (g7")" F(mu. mye)
th ¥ g

wor' Efwed)

with F(my, mg) o — mﬁ [fm3 < 0.
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Only diagram induced at one-loop W N
(unitary gauge):
i’fub VTIF_-_.; o'y LTAR
Co=—Co = Z f—i,f" ar {QL ) }_[”‘"ﬂ' Myt ) s
th ¥ g

wor' Efwed)
with F(my,mg) x —mj/m3 < 0.

o We predict Cy = —Cip < 0, in agreement with the exp. hints.

o Charm contribution is non-negligible due to CKM enhancement
V{.‘.s/ i"Jll'..a:‘
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o We performed a full flavor analysis including: (g — 2}, B{7 — 1),
B{Z — ), BB — Kirv), Amng,, among others.
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o We performed a full flavor analysis including: (g — 2}, B{7 — 1),
B{Z — (), B{E — Kuv), Amp,, among others.
o We can fully explain the hints in & — séf for ma = 2 TeV:

my [TeV]
B I S

k=t

07 075 0B D08 09 093
Ry central
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o We performed a full flavor analysis including: (¢ — 2, B(7 -
B{Z — ), BB — Kirv), Amg,, among others.
o We can fully explain the hints in & — séf for ma = 2 TeV:

my [TeV]

0.7 075 08 085 09 095
Ry central

e Predictions to be tested at LHC and Belle-ll: B(Z — put) < 107° and
B(B = Kur) <1075,
B(B — K"ut) 18 B(B — Kur)

NB. =4 1.8, i 1 A
B(B — Kur) ' B(B; — pt)
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Direct searches

De{:ay mOdes (f‘or HH i ﬂ}: Atlas and CME 1503.00040, 1508 04735
o A3 5 e tp, e, b7
& ﬂzr":" —+ ¢y b

Damir B (LFT) LFU(V) in B decays



Direct searches

Decay modes (for g = 0): Atlas and CMS, 1503.00049, 1508 04735
o A3 5 e tp, e, b7
& ﬂzr":" —+ ¢y b

Weak exp. limits available for A2/ — tr and AY? — 7

= mp 2 650 GeV [very very conservative bound.. ]
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Direct searches

Decay modes (for gi = 0): Atlas and CMS, 1503.00049, 1508 D4T35
o A3 e tp, er bt

L
o A3 4 vty

Weak exp. limits available for A2/ — tr and AY? — 7

= mp 2 650 GeV [very very conservative bound.. ]

iy = 630 GeV

» Predictions for direct searches:

B(AY? =11)

Clean signature in AS/3 — !

0. 0.2 04 6 0.8 1.

B(A™ —tp)
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© Brief discussion b — e



LFU violation

(it} b —+ erir

e Tree-level process in the SM: i
B(B —» D™rp) Wfi;i
By = . =g
B(B — D*)fi) b Va €
d

Damir B (LFT) LFU(V) in B decays



LFU violation

(it} b —+ erir

e Tree-level process in the SM: i
B(B — D™rs W/,éi
Ry = L5 T {=e. .

B(B — D)) L b Va €

e Non-perturbative QCD <= form-factors (Lattice QCD)

eg. for B = D, (D|ey,.b|B) = fo4 (¢%)

Damir B (LFT) LFU(V) in B decays



LFU violation

(it} b —+ erir

e Tree-level process in the SM: i
B(B — D™rs W/,éi
Ry = L5 T {=e. .

B(B — D)) L b Va €

e Non-perturbative QCD <= form-factors (Lattice QCD)

eg. for B = D, (D|ey,.b|B) = fo4 (¢%)

e Situation less clear for B — D* = (more FFs, less LQCD results)

[One form-factor is unknown from LQCD — systematic error of R} 7
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Bl ho. oy
A4 2 L3 = (M2 S
—_—
B e ood 1
S N TH NI AR LY K ——————
Avorage = .: ucl .
DA & 0009 5 0M T : &
L
= -
FNALMILL (2015 o o
390 B | b= o
)
HPCR il s Ay
BT s G - T30 LD TN, T
S.Fejkrctali201}
e =00
|
(e 4 0.6 02 03 04
R(D} RID*)

e 3.9 combined deviation from the SM [theory error under control?]

s 227 deviation if only £}, is considered.

» 20 deviation in R y?

Damir B (LFT)
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Theory Challenge

Simultaneously explain £, and F,.:

o SU(2) triplet of vector bosons with couplings mostly to the 3rd

generation — tension with direct searches. |Greljo =t al , 150601705
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Theory Challenge

Simultaneously explain £, and F,.:

o SU(2) triplet of vector bosons with couplings mostly to the 3rd

generation — tension with direct searches. |Greljo =t al , 150601705

o 5LQ singlet state (3,1)_, ;4 — explains K ;. at tree-level and Ry

through loops — plausible mechanism? [MNeubert and Bauer 151101900
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Theory Challenge

Simultaneously explain £, and F,.:

o SU(2) triplet of vector bosons with couplings mostly to the 3rd

generation — tension with direct searches. |Greljo =t al , 150601705

o 5LQ singlet state (3,1)_, ;4 — explains K ;. at tree-level and Ry

through loops — plausible mechanism? [Meubert and Bauer 151101900
= Challenged in DB, Kosnik, Sumensari, Zukanovich. 1608.07583]
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Simultaneously explain £, and F,.:

o SU(2) triplet of vector bosons with couplings mostly to the 3rd

generation — tension with direct searches. |Greljo =t al , 150601705

o 5LQ singlet state (3,1)_, ;4 — explains K ;. at tree-level and Ry
through loops — plausible mechanism? [Meubert and Bauer 151101900

= Challenged in DB, Kosnik, Sumensari, Zukanovich. 1608.07583]

o SLQ (3.2), g can naturally explain Ry" < R3M and RET > R i
light RH neutrinos are present. However, it predicts B! B 3’ R

[DB, Fajfer, Kosnik, Sumensari 1608.08501]

s Vector LQ models — nonrenormalizable (UV completion unknown).
= First attempt of UV completion in |Grelio et al, 1708 08450 |

= To be honest, nothing very compelling yet...
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Theory Challenge

A SLGQ Model for By and Rp [DB, Fajfer, Kosnik, Sumensan 160!

We can also explain Rp if a new ingredient is added to the model
AYS = (3,2)1/6: three light RH neutrinos 1.

Ly = YLL _\U;Hd - Y“Q AlL/BY,

A A

I 1
8 Ai ¥ rA},

Forb—cto = |M(B = D)2

;i + h.e

= [Msu [ + [Mne .
Naturally generates RD(._} = REM

H L -
D= if |] f.lT| .-:\:: |]I.|I;1|
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Theory Challenge

A SLG Madel for By and Bp [DB, 5. Fajfer, M. Kosnik, O. Sumensan 160
We can also explain Ry if a new ingredient is added to the model
A'/® = (8,2),6: three light RH neutrinos 1.

Ly = Y,;;‘I»iﬁ':l“mffﬁi -+ I"jf Q,-.é.“*"ﬁ-iw_.-:. + le.

;\//x s\/
A A
I |
3 AJ ¥ (/\\Fj’r

o Passed all flavor tests: B(Bs — p"u™), B(B = Kpp)nigh 42, Amag,,
B(B — 7ir), B(Dy — 7i7), B(B — Kvw), B(B — Kurt) ete.

s Many experimental signatures for LHCb and Belle-2.
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Theory Challenge

A 5LQ Model for Ry and Rp [DB. 5. Fajfer, N. Kosnik, Sumensan 1
Her = 2v2Gp [HS“"HELF’H}[‘FL”H} =+ HT(“.}(EL”_&L:J’HHELGHVVJE)] +h.c.

B — I form factors from LQCD.

Substantial improvement wrt the
SM prediction:

R3M = (.286(12)

Both decay modes get LQ
contributions:

o O — D,
o B — Duw,
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Theory Challenge

ASLG for Ry and RBn L. Becires ) o | ik, O, Sumensan 160

Several distinctive predictions wrt the SM:

o™ <BB—Kur)S10°"

nas

= Allowed
:&'II'III

s

e i s T R R LT
R=B{B —rv)/BIB, —1v)™ B(B-Kurh

o Enhancement of B(B, — ) wrt B(B, — 7)™ = 2.21(12)%.
e Upper and lower bounds on the LFV rates.

o Ry = B(B: = nerv)/B(B: — notv) can be 20% larger than RpM.
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Perspectives and future possibilities

o Measurement of similar & — «{{ ratios are an important cross-check:
Ry, Ry etc. Belle-ll will confirm /refute R.(., in the near future.

Damir B (LFT) LFU(V) in B decays



Perspectives and future possibilities

o Measurement of similar & — «{{ ratios are an important cross-check:
Ry, Ry etc. Belle-ll will confirm /refute R.(., in the near future.

e For the b — erv transition: Rp,, R, , R, etc should be (further)
explored theoretically and experimentally.

Damir B (LFT) LFU(V) in B decays



Perspectives and future possibilities

o Measurement of similar & — «{{ ratios are an important cross-check:
Ry, Ry etc. Belle-ll will confirm /refute R.(., in the near future.

e For the b — erv transition: Rp,, R, , R, etc should be (further)
explored theoretically and experimentally.

e |mportant complementarity with direct searches:

o Search of new resonances.
o Distortions of kinematical distributions of pp — p .75 7

Damir B (LFT) LFU(V) in B decays



Perspectives and future possibilities

o Measurement of similar & — «{{ ratios are an important cross-check:
Ry, Ry etc. Belle-ll will confirm /refute R.(., in the near future.

e For the b — erv transition: Rp,, R, , R, etc should be (further)
explored theoretically and experimentally.

e |mportant complementarity with direct searches:

o Search of new resonances.
o Distortions of kinematical distributions of pp — p 'y .75 7

= Significant contributions in ughy et al. 2016] and [Gral
i 2017), but there are still directions to be explored.

o lceCube can investigate LQ scenarios difficult to probe at the LHC

|DB. Panes, Sumensari, Zukanovich, to appear]
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Conclusions and Perspectives

Interesting hints of LFU violation in .., and R};.; — Use the
experimental data to build a2 model of new physics!

LFV is expected in most models aiming to explain the LFUV anomalies.

We propose a new model to explain R (., through loop contributions.
= Model can be tested at indirect (LHCb and Belle-11) and direct
searches (CMS and Atlas).

Simultaneous explanations of R 4., and K., remain a theory
challenge.

Higgs Fiavor Era around the corner?

Thank you!
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