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Introduction

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

e 2012 Higgs boson discovery = consistent theory up to Api.
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Introduction

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

e 2012 Higgs boson discovery = consistent theory up to Api.

e However, many questions remain unanswered:

On the theory side Experimentally
Neutrino oscillation

Dark Matter*

Baryon asymmetry (BAU)*

- Hierarchy problem

- 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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The Standard Medel Theory

e Gauge sector entirely fixed by symmetry:
Gsm = SU@3)e x SUR2), x U(l)y = SU3)e X U(1)em

For a doublet e.g.,
. o - Y
D, =09, — ngtaAH —igT-W, —ig ?Bu — {gs, e,0w}

& v =246 GeV and A ~ 0.13 (perturbativity).
e Flavor sector loose:

= 13 free parameters (masses and quark mixing) — fixed by data.

,Cy:—YgI/q)ER— Y(ZQ(I)dR— YuQ(i)uR-Fh.C.

e Hierarchy of fermion masses and of CKM couplings
< Flavor symmetry breaking?
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How can we look for New Physics effects?

Directly

Damir B. (Laboratoire de Physique Théoriq:

Indirectly
e Precision measurements (e.g. LFU tests)

e Searches for processes absent in the SM
(e.g. LFV)

LFU(V) 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.

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

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

R B(B — D®Wrp) R B(BT — K*tupu)
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New (cpl weeks ago @ FPCP17): LHCb Rp+ = 0.285(35)
New reassessing the theory error: 0.252(3) — 0.26(77)
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LFUV in B Decays [2017]

B(B — K*pup)

R = B(B — K*ee)

q2€lg2; Pax]

e New results in two ¢>-bins:
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EFT approach

b W= H b
——— e t H
| § AV +  w- +
—— oo J——— E |U-+
8 W+ T ]

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

_ Gra N 0
Hor = =" VaVi | L GO+ 5 (Gwoi+ (o)
T i=1 i=7,8,9,10,P,S,...
e Operators relevant to b — sff are
Of = (57, Pi(r) b) (Bv"€), 0% = (37, Pu(ry b) (Bv+~°8),
0F) = (5Pp(r)b)(20), 0P = (5Pr(1)0)(r50),

OY) = my (80, Prryb) F*
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Global Analyses [angular observables of B — K*(— Km)u™u~]

vy A

Za oy

1(q%,00,0k,6) =I (¢%)sin? Ok + If(q?) cos? Ok + [I5(q?) sin? O + IS (g?) cos? O] cos 20,

+ 13(q2) sin? O sin® 0, cos 2¢ + I4(q2) sin 20 sin 26, cos ¢
+ Is(g?) sin 20 sin 6 cos ¢ + [I§ (¢%) sin? O + I(q?) cos® O] cos b,

+ I7(q2) sin 20 sin 0y sin ¢ + [g(q2) sin 20 i sin 20, sin ¢

. . . - I5(q?)
+ Io(g?) sin? O sin? 6, sin 26, eg. Pl = ——2 2~
9(q%) K ¢ sin 2¢ g Ps(a) =7 = RVACE)
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Global Analyses B-physics anomalies

Use LCSR results for the hadronic quantities (at low ¢*), combine them with LQCD
results when available [Bharucha et al 2015] and make a global fit of LHC data

Altmannshofer et al 2016, 2017; Descotes-Genon et al 2015, 2017; Ciuchini et al. 2015,
2017; Hurth et al 2016, 2017.

Conclusions [B-physics anomalies]:

e Measured branching fractions B(B — Kuu), B(B — K*uu), B(Bs — ¢up) differ
from Standard Model (SM)

e Several angular observables deviate from SM (esp. (Ps))
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-
-1.0 . .
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Global Analyses B-physics anomalies

cC region sensitive to
1 iqT * .
G [ e (K [T[01.200),5" (2)] )

disconnected graphs [O2 = 5,7* bz, ¢ya c] estimated in [Khodjamirian et al 2010].
Reliability unclear — see Capdevila et al 2017 vs Ciuchini et al 2016!
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Global Analyses B-physics anomalies

Global analyses suggest C4' < 0, C5 =~ 0

BRI K - BREB-Hee witn (16

[ At e=ssun and posee

NP

C.
=}

9e
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More convincing way to see deviations from SM

1. Use f£** and B(Bs — pu) = 3.0(6) (3) x 107° [LHCb 2017]

m2, (Cp— Cp)|?

2 M, (M, — 4mj)

i %2 p2 2 U v ©
B(B, — OC‘VH,V f m Om— +|C,5—CI
5 10 S
( ") o VaVil” f,m, 2m,,(my + my) Am2 (my, + m,)?
_ FIEG2016 s,
T
$ - our average for Ny=2+1+1
~ -0 ETM 13E
IL - HPQCD 13
z
=¥ our average for Ny=2+1
- = RBC/UKQCD 14uea
+ = RBC/UKQCD 14nga
s 1 RBC/UKQCD 134 (stat. err. only)
pl - HPQCD 12
z R HPQCD 11A
- FNAL/MILC 11
— ‘ HPQCD 09
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More convincing way...

2. Use 76, 7(¢*)"™" and B(B — K1) 215 221Geve = 1.95(16) x 1077 [LHCh 2016]

d _ ’ , ’
BB KE) = F(f+(q2),fo(q2),fT(q2), Co+ Cl Cro+ Clo, Cros.p + 07,S,p>

10 15 20
q (GeV) - o g gy
15 20

[HPQCD 2013], [Fermilab/MILC 2016]
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1. & 2. = New Physics Wilson coefficients from data

Co

[DB, Kosnik, Sumensari, Zukanovich 2016]
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New Physics Wilson coefficients from data

1.5

1.0
0.5¢
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y
Predictions

e C. bin: R — 0.82(16), RE'*! = 0.83(15)
(C9)pu = —(Cro)uu € (—0.76, —0.04)
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New Physics Wilson coefficients from data

1.5

1.0
0.5¢
 { 0.0

—0.5(8

| oI ‘ -
- ~-25-20-1.5-1.0-0500 05 1.0
y
Predictions

e C. bin: R — 0.82(16), RE'*! = 0.83(15)
Co)pp = —(C € (—0.76, —0.04 _
(G (Crodun € ( ) e Choosing RH operators, (Cy);,,, = —(Ci0)),,,
R = 0.88(8) and RIS = 1.11(8)
[cf. Hiller, Schmaltz 2014]

Damir B. (Laboratoire de Physique Théoriq: LFU(V) in B decays



e Fit A: B(B; — ptp) and B(Bt — KT puf1)nigh 42
o Fit B: B(B, — utyu-), B(B* — K*u)ugn g2, and Pros(¢?).
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e Fit A: B(B; — ptp) and B(Bt — KT puf1)nigh 42
o Fit B: B(B, — utyu-), B(B* — K*u)ugn g2, and Pros(¢?).
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e Fit A: B(B; — ptp) and B(Bt — KT puf1)nigh 42
o Fit B: B(B, — utyu-), B(B* — K*u)ugn g2, and Pros(¢?).

Low ¢° Central g°
L0 pia L0 Rt A
© FitB - © FitB
0.9 / 0.9
08 -7 0.8
o 07 07
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04 o o 04" o o
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Ry Ry

Predictions: RS ~ RIE" = 0.82(20) or 0.79(12) for ¢* € [15,19] GeV?
= to be tested at LHCb!
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Specific models capable of generating Cy j, to
accommodate R|7,

— Z'-models

— Leptoquark models

— Heavy resonances (compositeness)

— Extra heavy scalar and fermions
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Explaining Ry

Representative (tree-level) models:

Z' models Leptoquark models

M_
A
|

Buras et al., Altmannshofer et al., Hiller et al., Dorsner et al.,

Crivellin et al., Celis et al. ... Gripaios et al. , Bhattacharya ...
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Explaining Ry

Representative (tree-level) models:

Z' models Leptoquark models

M_
A
|

Buras et al., Altmannshofer et al., Hiller et al., Dorsner et al.,

Crivellin et al., Celis et al. ... Gripaios et al. , Bhattacharya ...

e Vector leptoquark models also plausible, but non-renormalizable [loops?]

Barbieri et al., Fajfer et al.

e |Interesting feature: LFV is in general expected [Glashow et al. 2014].

Damir B. (Laboratoire de Physique Théoriq: LFU(V) in B decays



Explaining Ry

Representative (tree-level) models:

Z' models Leptoquark models
b\\//f—
I,
1A
|
Buras et al., Altmannshofer et al., Hiller et al., Becirevic et al.,
Crivellin et al., Celis et al. ... Gripaios et al. , Bhattacharya ...

e Z': U(1) singlet, anomaly-free after gauging U(1),_-
[Crivellin et al 2015, Altmannshofer et al 2014/2016]

o 7' C SU(2) triplet [Alonso et al 2015, Bordone et al 2017]

e UV complete if SU(2)' x SU(2)” x U(1); LFUV from mixing with VL
fermions [Boucenna et al 2016]

e Need extended Higgs sector
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Explaining Rg: Illustration

Scalar Leptoquark Models

= Focus on NP with couplings to muons only
[couplings to ee also possible, cf. Hiller, Schmaltz 2014, Datta et al 2017... ]
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Explaining Rg: Illustration

Scalar Leptoquark Models

= Focus on NP with couplings to muons only
[couplings to ee also possible, cf. Hiller, Schmaltz 2014, Datta et al 2017... ]

NB. Q=Y + Ts.

| BNC  Interaction Wils.Coeff Ry /RSM  Ry./RSM
(B3 Dz | X dS Aty (Co)" = (Cro)’ >1 >1
(3,2)7/6 v QAlR Co = Cio >1 >1
3216 | v AL (G)=—(Cu) <1 > 1
B3hs | X QCimT-AL  Cy=-Cy <1 <1
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Explaining Rg: Illustration

Scalar Leptoquark Models

= Focus on NP with couplings to muons only
[couplings to ee also possible, cf. Hiller, Schmaltz 2014, Datta et al 2017... ]

NB. Q=Y + Ts.

| BNC  Interaction Wils.Coeff Ry /RSM  Ry./RSM
(B3 Dz | X dS Aty (Co)" = (Cro)’ >1 >1
(3,2)7/6 v QAlR Co = Cio >1 >1
3216 | v AL (G)=—(Cu) <1 > 1
B3hs | X QCimT-AL  Cy=-Cy <1 <1

= No fully viable tree level model
N.B: Triplet may be useful if imposing extra symmetries to forbid proton decay.
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Many papers after the LHCb results on Rg-

B. Capdevila et al [1704.05340], W. Altmannshofer et al [1704.05435], G. D'Amico et al
[1704.05438], G. Hiller, I. Nisandzic [1704.05444], L. Geng et ali [1704.05446],

M. Ciuchini et al [1704.05447], J. Kamenik et al [1704.06005], F. Sala, D. Straub
[1704.06188], S. Di Chiara et al [1704.06200], D. Ghosh [1704.06240], S. Di Chiara et al
[1704.06200], S. Di Chiara et al [1704.06200], Alok et al [1704.07397], J. Ellis et al
[1705.03447], A. Datta et al [1705.08423], F. Feruglio et al [1705.09015], F. Bashara et
al [1705.03465], R. Alonso et al [1705.03858], D. Bardhan et al [1705.09305],

C.W. Chiang et al [1706.02696] ...

Several new ideas

Damir B. (Laboratoire de Physique Théoriq: LFU(V) in B decays



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

t [ dt m £
Lo g
% + w } o
t t ,
o £ ! £
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e 7' boson with couplings only to y, ¢t and a top partner 7.
= b — sll is modified by penguin diagrams [Kamenik et al. 1704.06005].

i ¢ i - ¢
togt 2
i ' ,
o i & £
e A light resonance Z’ decaying mostly to muons: B — K™ (V — )
[A. Soni at Moriond '15, Sala, Straub. 1704.06188, see also Bashara et al (!)]
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e 7' boson with couplings only to y, ¢t and a top partner 7.
= b — sll is modified by penguin diagrams [Kamenik et al. 1704.06005].

i ¢ i - ¢
togt 2
i ' ,
o i & £
e A light resonance Z’ decaying mostly to muons: B — K™ (V — )
[A. Soni at Moriond '15, Sala, Straub. 1704.06188, see also Bashara et al (!)]

o Gy oF |GV

e Loop-level SLQ contributions (revival of idea by [Bauer, Neubert,
1511.01900]) [DB, Sumensari. 1704.05835]
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A SLQ model to explain Ry <1 and Rg+ < 1

[DB, Sumensari. 1704.05835]

=~ _ < ((1/6)t
L:Aw/s) = (gR)ij QiA(7/6)€Rj + (.(JL)v:jURiA Lj + h.c.,

= (Vgr)u: Prt; AB’® + (gr)yd; Prt; A/
+ (UgL)ij ﬂiPLVj A(2/3) — (gL)ij TI,Z'PLEJ' A(5/3) + h.c.,
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A SLQ model to explain Ry <1 and Rg+ < 1

[DB, Sumensari. 1704.05835]

~ (7/6)1

L:Aw/s) = (gR)ij QiA(7/6)€Rj + (9L>¢jﬂR¢A Lj + h.c.,

= (Vgr)u: Prt; AB’® + (gr)yd; Prt; A/

+ (UgL)ij ﬂiPLVj A(2/3) — (gL)ij TI,Z'PLEJ' A(5/3) + h.c.,

We take (see alternative in [Chauhan et al. 1706.04598]):

0 0 0 00 0 0 0 Vgl
9= {0 95" 9i" | gr=10 0 0 |, Vgr=(0 0 Vagy |,
0 g o 0 0 g7 0 0 Vagy
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A SLQ model to explain Ry <1 and Rg+ < 1

[DB, Sumensari. 1704.05835]

=~ _ < ((1/6)t
L:Aw/s) = (gR)z‘j QiA(7/6)€Rj + (.(JL)v:jURiA Lj + h.c.,

= (Vgr)ijw Ppt; A®'® + (gg)i d; Prt; AP
+ (UgL)ij ﬂiPLVj A(2/3) — (gL)ij TLZ'PLEJ' A(5/3) + h.c.,
We take (see alternative in [Chauhan et al. 1706.04598]):

0 0 0 00 O 0 0 Vgl
=0 g 9|, gr=1{0 0 0 |, Vgr=[0 0 Vagy |,
0 g g 0 0 gy 0 0 Viglr
b u b
Only diagram induced at one-loop ¥ 5 A
(unitary gauge):
s ' £
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VAV

Only diagram induced at one-loop

Q'f.’),."ﬁl'
(unitary gauge):

-
-

SO

IAVAVAV, AT

s ' £y

Vi V7
Co=—-Cy = Z Vo VZSQ M(QL ) F (g, My )
u,u’ €{u,c,t} S

with F(mg, mg) —mg/mi < 0.
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Onl.y diagram induced at one-loop o A9
(unitary gauge):

VUb Vus
G=-Go= 3 ype () Flmem),
u,u’ €{u,c,t} S

with F(mg, mg) —mg/mi < 0.

e We predict Cy = —Cp < 0, in agreement with exp. hints.
e Charm contribution is non-negligible due to CKM enhancement
Vcs/Vts-
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Only diagram induced at one-loop /%)
(unitary gauge): <

VU Vu S
Co=—-Cy = Z thivtg : (QL ) F(my, myr),
u,u’ €{u,c,t} S

with F(mg, mg) —mg/mi < 0.

e We predict Cy = —Cp < 0, in agreement with exp. hints.
e Charm contribution is non-negligible due to CKM enhancement
Vcs/Vts-
To be compared with the (3, 1)1/3 model (with a similar flavor pattern in

):

m2
Co=—-Cipn= —+ _|(V* 0
9 0= g mZ 5 |( gL)tu’ >
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e Full analysis includes: (g —2),, B(T — pvy), B(Z — ), B(B — Kvv),
among others.
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e Full analysis includes: (g —2),, B(T — pvy), B(Z — ), B(B — Kvv),
among others.

e We can fully explain the hints in b — s/ for ma < 2 TeV:

L D

my [TeV]

07 075 08 08 09 095
Ry, central
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e Full analysis includes: (g —2),, B(T — pvy), B(Z — ), B(B — Kvv),
among others.

e We can fully explain the hints in b — s/ for ma < 2 TeV:

L D

my | TeV]

0.?- LU_?S 08 0.85 09 095
Ry, central

e Predictions to be tested at LHC and Belle-1l: B(Z — u7) < 107% and
B(B — Kur) <1078,

B(B — K*ur) B(B — Kur)
NB. -~ 1. ———= ~ 1.25.
B(B — Kur) 5 B(Bs — ut)

Damir B. (Laboratoire de Physique Théoriq: LFU(V) in B decays




@ LFU violation in b — c7(pu)v



LFU violation in b — c7v

e Tree-level process in the SM:

B(B — DWrp)
B(B — D™w)

Rpey =
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LFU violation in b — c7v

e Tree-level process in the SM:

B(B — DWrp)
B(B — D™w)

Rpe) = [l =e, p

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

e.g. for B — D, (D]evy,b|B) o fo.+ (%)

[FNAL/MILC 2015, HPQCD 2015 (Bs — Ds in 2017), Atoui et al 2013
(B. — D.), RBC-UKQCD @ Latt2017 (B, — D.)]
— Confirmation of & 20 deviation wrt R
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LFU violation in b — c7v

e Tree-level process in the SM:

B(B — DWrp)
B(B — D™w)

[£=e,ul

Rpey =

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

e.g. for B — D, (D]evy,b|B) o fo.+ (%)

[FNAL/MILC 2015, HPQCD 2015 (Bs — Ds in 2017), Atoui et al 2013
(Bs — Ds), RBC-UKQCD @ Latt2017 (B, — D,)]
— Confirmation of & 20 deviation wrt R
e Situation less clear for B — D* [more FFs, no w # 1 lattice results,
‘scalar’ FF Ag(q?) never computed in LQCD]
F(1) in FNAL/MILC 2014, HPQCD 2016
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New Physics in b — cfv;: model independent approach

"Model independent” includes following assumptions:
— No right-handed neutrino; charged lepton current remains left handed.
— Keep V — A structure of the lepton current: L¥ = fy*(1 — 75)vp

— b — ¢fvy can then be described by a general effective Hamiltonian:

G A (o
Hog = TZVCZ’ [(A+ gv )Teyub+ (=1 + ga )Tyuysb + [g81:0,(Th)

G
g0, (Tysb) + g0, (Tio, b)) x LF = 7; Vep H, LV

2 2
v 1 v

gv,.a~0O () . gs,p,r,75 ~ —QO ()
A2NP v AI2\IP

Full angular distribution can be made at Belle Il to understand which/if-a NP

operator matters.
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New Physics in b — cfv;: model independent approach

2
Ly =— %HJ”{TL [Ca VmgPr — Cymy, VPL] d + ¢ ﬂmzPRf} +h.c.,
‘ Model Ca Cu ‘ e ‘
Typel cotf |cotf | cotf
Type 1T —tanf | cotf3 | —tanf3

Type X (lepton specific) | cotd |cotf | —tanf

Type Z (flipped) —tanfB | cot S| cotf

[Celis et al 2012 and 2017, De Fazio et al 2013, Ghosh 2015, Soni et al 2015, Li et al
2016. . .]

Only Type IIl 2HDM is viable to describe b — ¢, b — u and similar TL decays of
K and D [Crivellin et al]

Damir B. (Laboratoire de Physique Théoriq: LFU(V) in B decays



Theory Challenge: explain Ry and Rpw

No compelling solution so far [an illustration below]
o R3Y < RPM can be accommodated by SLQ (3,2)1/6:

[BD et al. 2015]
Ly = YijELiz(l/G) de + h.c. 0 0
. v | 0% Y
Cy = —Cfp x 2 0., Yoy
mx s It
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Theory Challenge: explain Ry and Rpw

No compelling solution so far [an illustration below]
o REY < RPM can be accommodated by SLQ (3,2);/6:

Ly = Yijiuz(l/@ de + h.c. 0 0
Yo 1 Y= | O¥is Y

C = —Clp ox 2522 0, Y
ma TS Tb

Prediction for LHCb and Belle-ll: B(B* — K ur) < 4.8 x 107°

10_4: ___________________________ ==
"""""""""""""""""" 10=5 BaBar exclusion
— ~
5 g 10°
i M .
T i 1
o B e
— X 107°F
o) aa]
" Allowed
1017
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Theory Challenge

A SLQ Model for Rk and Rp

Can also explain Rp if to the model A1/6 = (3, 2)1/6 we add light vp.

Ly = YILAYdp + VEQAM )y + hee.

For b — ¢t = |M(B — DWw)|? = |Msm|? + |[Mnp|?.

Naturally generates RJE, > RJV, if |[VL| Z Y.
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Theory Challenge

Can also explain Rp if to the model A1/6 = (3,2)1/6 we add light v.

Ly = Yzfz-lzg(l/G) de + Yzf QiA(l/G)VHj + h.c.
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Theory Challenge

Can also explain Rp if to the model A1/6 = (3,2)1/6 we add light v.

Ly = Yzfz-lzg(l/G) de + Yzf QiA(l/G)VHj + h.c.

o Passes all flavor tests: B(B; — pp™), B(B — K pjt)nigh 42, Amp,,
B(B — ), B(Ds — 1), B(B — Kvv), B(B — Kur) etc.

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

Hot = 2v2Gr |95 (1) (e0br) (Covi) + 91 (1) (000, b) (£0" vR) | + i,
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Theory Challenge

Hot = 2v2Gr |95 (1) (e0br) (Covi) + 91 (1) (000, b) (£0" vR) | + i,

B — D form factors from LQCD.
[FNAL/MILC, 2015]

NB both modes get LQ
contribution:

e B— Drv,
e B— Duv,
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Theory Challenge

Several distinctive predictions wrt SM:

107" < B(B — Kpr) S107°

{133

& Allowed
= 0.30

(.25

s 10 15 s s oogeE n?
R =B(B.~1v){B(B.~v)*™™ B(B >Kut)

e Enhancement of B(B. — 7). Too large wrt 75,7
[Li et al 2016, Alonso et al 2016] [0.5em]

e R, =B(B.— n.tv)/B(B. — nclv) can be 20% larger than Rgi\/[
B; — nc and B — J /v FFsin [Lytle et al HPQCD, Latt2016 and Latt2017]
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A little B-physics anomaly

Results of new Belle angular analysis of B — D*{v [1702.01521] allow to show
that | V. |**! depends on parametrization of form factors.

dT'(B — D*(Dr){v)
dw d cosfp dcosbydy

o [Varl? £ (A1(4%), V(4?), Aa(a?) meAo(a?) )
= [Ver T (Aa(w), Ba(w), Ba(w), meRo(w)) o yna .o
= Zmpmpy
CLN [Caprini et al 1997]:
ha,(w) = ha, (1) [1 4+ 8p%z + (53p° — 15)2% — (231p> — 91)2°]
= Ry(1)-0.12(w — 1)+0.05(w — 1)?

ha, (1) LQCD; Red numbers fixed by HQET and pheno.
BGL [Boyd et al 1997] do not do red step, otherwise parameterization is 'the

same’ expansion in z = (vw + 1 —v2)/(vVw + 1+ v/2).
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A little B-physics anomaly: Refit Belle distribution

Results of new Belle angular analysis of B — D*{v [1702.01521] allow to show
that | V,|°*“! depends on parametrization of form factors. CLN [Caprini et al
1997]:

ha,(w) = ha, (1) [1 4+ 8p%z + (53p° — 15)2% — (231p” — 91)2°]
1)—0.12(w — 1)+0.05(w — 1)?
1D—0.11(w — 1)—0.06(w — 1)?

Ry(1): fit > HQET by more than 20 Refit [D.Bigi et al 1703.06124, Grinstein,
Kobach 1703.08170]

| Ve |E6h = (38241 1.5) x 1073 | V|88t = (41.7729) x 1073
| Vep|%' = (42.0 4 0.5) x 1073 | V|2 = (42.24£0.8) x 1073
Both fits (using CLN or BGL) are good = Inconclusive!

Way out: | V.| from LQCD & Belle Il data at small recoil.
See also uncertainties about myRy(w)

[Falk, Neubert 1992, Bernlochner et al 1703.05330]
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© Perspectives



e Interesting hints of LFU violation in Ry ) and Ry
Use the experimental data to build a model of new physics!

e LFV is expected in most models aiming to explain the LFUV (not all though!).
e Simultaneous explanation of Ry and Rp) remains a theory challenge.

e Soon experiment: Ry, Ry, R+ and ratios of coefficients of the angular
distribution b — s¢¢ and b — clv, (exclusives) - LHCb, Belle Il

e Study other decay modes and keep in mind that:
SHAPES OF FORM FACTORS ARE VERY IMPORTANT!
Using other lattice methods is essential - sanity check...
Badly need a lattice result for AFP*(q?)
Any info about the ce¢-contribution to b — s£¢ would be precious . ..

e Higgs Flavor Era around the corner?
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