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LFU violation in b — s/
Two updates@Moriond on Lepton Flavour Unversality Violation (LFUV)
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LFU violation in b — s/

Two updates@Moriond on Lepton Flavour Unversality Violation (LFUV)
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LFU violation in b — cfv
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@ Belle update @Moriond
(semileptonic tag for B and leptonic decay for 7)

_Br(B— D) , _ Br(B— D'v)
~ Br(B— Dw) b* = Br(B— D*tv)

@ Closer to SM than earlier determinations by Babar, Belle, LHCb
@ World average deviating from SM by 3.80 — 3.1 currently
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Two sets of “"anomalies”

b — clo,
vy
-
W
b c
SM tree (charged) (V — A) loop (neutral)
Spin 0 B — Dy, B — Kt
Spin 1 B — D*liy, B — K*0l, Bs — ¢ll
Observables Total Br dr/dg? + Angular obs
with (=1pe (=pe

. _ Br(B— D(*)rv) _ Br(B— K(*)up)
LFUVitensions - Foc) = Bre— b)) ~ Br(B— K(")ee)
Other tensions Br (K,K*, ¢ + pu)
angular obs (e.g., P%)

Rk

Two transitions exhibiting interesting patterns of deviations from SM
with in particular lepton-flavour universality violation (LFUV)
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A multi-scale problem

/ W Z
"2 — > Gauge
[0 .
; > Higgs
o — — } t > Fermions
vieud u s cT b t
Electroweak NP?

@ Several steps to separate/factorise scales

simplified model — SMEFT — Weak EFT — SCET/HQET
BSM —  SM+1/Anp — H et —  B-hadron eff. th.
(Aew/Anp) (my/New) (Aacp/mMp)
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A multi-scale problem

/ w Z
% — > Gauge
0 .
; > Higgs
= —t } } > Fermions
vieud u s cT b t
Electroweak NP?

@ Several steps to separate/factorise scales

simplified model — SMEFT — Weak EFT — SCET/HQET
BSM —  SM+1/Anp — H et —  B-hadron eff. th.
(Aew/Anp) (my/New) (Aacp/mMp)

@ Main theo problem from hadronisation of quarks into hadrons
description/parametrisation in terms of QCD quantities
decay constants, form factors, bag parameters. ..

@ Long-distance non-perturbative QCD: source of uncertainties
lattice QCD simulations, sum rules, effective theories. . .
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Effective approaches
Fermi-like approach (for decoupling th): separation of different scales

Short dist/Wilson coefficients and Long dist/local operator

¢ b

W _—

N
AN

2
Vaa Voo T Uu(1 = 5)dby" (1 — 15)c
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Effective approaches
Fermi-like approach (for decoupling th): separation of different scales

Short dist/Wilson coefficients and Long dist/local operator

c b

d u
Vi Vcb \f un /u( —75)dby*(1 —v5)C +O(1/M$V)
Fermi theory carries some info on the underlying theory
@ (G scale of underlying physics
@ O;: interaction with left-handed fermions, through charged spin 1
@ Losing some info (gauge structure, Z° .. .)
@ But a good start to build models if no particle (=W) already seen
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Effective Hamiltonian for B decays

From the SM (or an extension) 7

down to u = my -
w
Heff = CKM x C,‘ X O,‘ b c

(MHH|B) = CKM x C; x (M|0;|B)
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Effective Hamiltonian for B decays

v

From the SM (or an extension) )
down to = mp ”§< ¢
b c

,Heff = CKM x Ci x O; W
(M[H|B) = CKMx(C;x (M|©O;B) |B M
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Effective Hamiltonian for B decays

From the SM (or an extension)
down to ju = my /‘

HE = CKM x ¢ x O; };
eff _ . , O
(MH|B) = CKM x C; x (M|0;|B)

involving hadronic quantities such as form factors
selecting processes for accurate predictions:
@ semileptonic decays (form factors, not more complicated objects)
@ ratios of BRs with different leptons (same SM coupling)
@ ratios of observables with similar dependence on form factors
=>observables with limited sensitivity to (ratio of form) factors
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Effective Hamiltonian for B decays

From the SM (or an extension)
down to ju = my /‘

HE = CKM x ¢ x O; };
eff _ . , O
(MH|B) = CKM x C; x (M|0;|B)

involving hadronic quantities such as form factors
selecting processes for accurate predictions:
@ semileptonic decays (form factors, not more complicated objects)
@ ratios of BRs with different leptons (same SM coupling)
@ ratios of observables with similar dependence on form factors
=>observables with limited sensitivity to (ratio of form) factors

Two possible uses of effective approaches
@ fix C;, compute SM and compare with the data
@ determine C; from the data, remove SM part, identify type of NP
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A fluid sitfuation for b — ¢/,
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In addition to Rp, Rp-

‘1= 7 polarisation in B — D*rv

" : @ Belle with 7 — Xv, X = p (or 7)
2 1 dr 1
— =1 P.cos 6,
., Tdoosg 2l tox ]
ST O 0. angle (Bx, —Prv)

R(D)

@ Large stat unc, SM compatible, P, > 0.5 excluded at 90% CL
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In addition to Rp, Rp-

1.

‘% 7 polarisation in B — D*rv
s @ Belle with 7 — Xv, X = p (or «)

2 1 ar
1 I dcosd

P(D%)

= % [1 + axP;cos 0]

\ . e
&
T T T T T T T

R T R T 0. angle (Bx, —Prv)
R(D*)

@ Large stat unc, SM compatible, P, > 0.5 excluded at 90% CL

D* polarisation in B — D*rv

@ Angular analysis: L 2 = [ZFL cos20p- + (1 — F,)sin®p-

@ Belle: F; =0.60+0.08 + 0.04, agree withSM at 1.7 ¢
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In addition to Rp, Rp-

4= 7 polarisation in B — D*1v

. . @ Belle with 7 — Xv, X = p (or )
2 1 dr 1
4 - =—-1 P, cos 6.
- . Tdoosp a2l Tox ]
e e 0. angle (Bx, —Prv)

R(D)

@ Large stat unc, SM compatible, P, > 0.5 excluded at 90% CL

D* polarisation in B — D*rv

@ Angular analysis: L 2 = [ZFL cos20p- + (1 — F,)sin®p-

@ Belle: F; =0.60+0.08 + 0.04, agree withSM at 1.7 ¢

Ry (Be — J/ti)
. - Ro .. Rpx .. Ruw
@ LHChb: RJ/¢ =0.71£0.17£0.18 H’D;L;M ~ RD*D;SM ~ Ryvm
@ Form factors based on models with uncertainties difficult to assess
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b — cly, effective Hamiltonian

vy

Heff(b — CEV) X GF Vcb Z CiO;
-
w
b §< c
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b — cly, effective Hamiltonian

vy
”5/\/4 'Heff(b — CfU) X GF VCbZC,'O,'
b c

I
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b — cly, effective Hamiltonian
17
-
W Heff(b — clv) x Gg VcbZCiOi

b c

5 mﬁg]ﬁ @ Inthe SM
e Oy, = (¢y*P.b)(ty,Pivy) [W exchange]

e Cy, =1 and universal for all three leptons
// @ Hadronic uncertainties all summarised in form

factors defined from (M|0O;|B)
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b— cly, eﬁgcfive Hamiltonian

vy
-
W ’Heff(b — clv) < GEV¢p Z CiO;

b c

5 mj]w @ Inthe SM
e Oy, = (¢y*P.b)(ty,Pivy) [W exchange]

e Cy, =1 and universal for all three leptons
// @ Hadronic uncertainties all summarised in form

factors defined from (M|0O;|B)

9; @ NP changes short-distance C; for SM or new
(B)% %@]@ long-distance ops O,

@ Chirally flipped (W — Wp) Oy, — Oy, o« (Cy*Prb)(fv,PL)
@ (Pseudo)scalar (W — Ht) Oy, — O,  (EPLb)(EP1y), O,
@ Tensor operators (W — T) Oy, — O7, « (€o"* P.b) (Lo, PLis)
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Differential decay rates

14r B — Div,

1 @ Involves in SM 2 form factors

f.(g?) (vector), f(g?) (scalar)
H @ NP extension requires one
oo ] more form factor fr (tensor)

1 @ From lattice QCD, extrapolated

T over whole kinematic range

[HPQCD collaboration]
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Differential decay rates

1 @ Involves in SM 2 form factors
f.(g?) (vector), f(g?) (scalar)
§ @ NP extension requires one
oo ] more form factor fr (tensor)
© e From lattice QCD, extrapolated
= over whole kinematic range
roeor e e éz[éevg] fewmoes [HPQCD collaboration]
B — D*/v [Fajfer, Kamenik, Nisandzic]

@ Amplitudes H, for B — D*(— Dr)¢, with X helicity of V* — (1,
@ Form factors V, Ag 1 2 (vector, axial) in SM + T4 2 3 (tensor) with NP
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Differential decay rates

L e P T B — Dfﬂi
1 @ Involves in SM 2 form factors
f.(g?) (vector), f(g?) (scalar)
§ @ NP extension requires one
oo ] more form factor fr (tensor)
© e From lattice QCD, extrapolated
= over whole kinematic range
roeor e e éz[éevg] fewmoes [HPQCD collaboration]
B — D*lv [Fajfer, Kamenik, Nisandzic]

@ Amplitudes H) for B — D*(— Dr){p, with X helicity of V* — ¢,
@ Form factors V, Ag 1 » (vector, axial) in SM + T4 2 3 (tensor) with NP
@ No complete lattice determination, need other approaches
e HQET: Form factors related in the limit my, m; — oo,
estimation of O(A/m) corr debated, but no impact on Rp-
[Bigi, Gambino, Schacht; Bernlochner, Papucci, Ligeti, Robinson]
o Fit to Belle differential decay rate B — D*{u, (¢ = e, u)
assuming no NP for light leptons
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Global fits for b — clv,

[Bhattacharyaa,Nandi,Patra;Alok,Kumar,Kumar,Kumbhakar,Uma Sankar;Kumar,London,Watanabe;Freytsis,Ligeti,Ruderman;

Greljo, Camalich, Ruiz-Alvarez. ..
@ Fits to Rp, Rp-, P-(D*),
F (D), sometimes R,
_a @ OftenNPonlyint=r,
— Gk with real Wilson coeffs
1cr=ct (no CP violation)
@ Fit to one or two NP
couplings at a time

. BR(Bi21¥)z60%
TeU< (AL )y

N R

ST (

0.4

[Blanke,Crivellin,de Boer,Moscati,Nierste, NiSandzi¢, Kitahara]
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Global fits for b — ¢/,

[Bhattacharyaa,Nandi,Patra;Alok,Kumar,Kumar,Kumbhakar,Uma Sankar;Kumar,London,Watanabe;Freytsis,Ligeti,Ruderman;

Greljo, Camalich, Ruiz-Alvarez. ..

@ Fits to Rp, Rp-, P-(D*),
F (D), sometimes R,
_a @ OftenNPonlyint=r,
— with real Wilson coeffs
1cr=ct (no CP violation)
@ Fit to one or two NP
couplings at a time

LG

21Y)z80%

. BR(B
oL (A4 ) g

q)uE”

[Blanke,Crivellin,de Boer,Moscati,Nierste, NiSandzi¢, Kitahara]

@ Right-handed and (pseudo)scalar couplings disfavoured by B,
width (bound on B; — 7v) and shape of d'(B — D*rv)/dq?

@ Tensor disfavoured by F;, but often together with scalar in models
@ Most simple explanation: NP in Cy,, [change of Gr for b — c77;]
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Global fits for b — clv,

X Ry @ ATLAS W CMS @ LHC O HL-LHG(20) N [TeV]

o 43 2 1
et € ~

—k——k €n

! - Vector

.—-—-

e +*

_

— Tensor

—'—o—u

—
vk

e ————1 Scalar-Tensor

00 02 04

06 08 1.0 1.2

| Er| Greljo, JMC & Ruiz-Alvarez, PRL122, 131803 (updated)

@ LHC constraints from pp — v X
@ Various explanations in terms of single mediators,
but leptoquarks preferred over W’ or charged Higgs
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ALPS, 23/4/19 14



A stable situation for b — s¢/
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In addition t0 Rk, Rk-

{4

| CSR Lattice -e-Data
é F T T T T ]
m@§<‘ 3 ° B' - K'utu 3
’ AN % 4 LHCb 3

2 +
(ﬁ % g + Tt +t —
% E
@ Many observables for B — Kpupu, 3
T 9% 5 10 5

B — K*up, Bs — ¢up
@ 2-3¢ deviations observed w.r.t. SM

e BRfor B— Kuu, B— K*up, 10
Bs — ¢upu (require knowledge of
hadronic uncertainties)

@ Angular distr of B — K* i with
optimised obs (eg Ps), where part

20
P [Gevicd

+—— datafrom LHCbh
—f— datafrom Belle
B SM from DHMV
[ Predfrom LFUV

pcime

of hadronic uncertainties cancel -05 =i
@ Hints of lepton flavour universality }
violation: b — see vs b — suu -10
0 5 10 15 20

[LHCb, Belle, ATLAS, CMS]
oP(Gev?)
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b — svi effective Hamiltonian

o H(b — $7(")) xx GF VisVip ~ CiO;
o to separate short and long distances (up = mp)

b S
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b — svi effective Hamiltonian

H(b — (%)) o< G Vi Vip ~ CiO;

to separate short and long distances (up = mp)

1 +

§io
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b — svi effective Hamiltonian

H(b — (%)) ox GrVigVip ~ CiO;

to separate short and long distances (up = my)

(ﬁ M) e 07 = 2 mp 8o (1 4+ ~v5)F., b [real or soft photon]

¢ %”éj@i)
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b — st/ effective Hamiltonian

H(b — (%)) ox GrVigVip ~ CiO;

to separate short and long distances (up = my)
(ﬁ M) e 07 = 2 mp 8o (1 4+ ~v5)F., b [real or soft photon]
@ Oy = ZS’VM( — v5)b IyHL [b — spp via Z/hard . ... ]

/g ® O19=%87,(1 —5)b Tytysl b sppvia Z]
Oy 109100

R
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b — st/ effective Hamiltonian

H(b — (%)) ox GrVigVip ~ CiO;

to separate short and long distances (up = my)
(ﬁ M) e 07 = 2 mp 8o (1 4+ ~v5)F., b [real or soft photon]
@ Oy = ZS’VM( — v5)b IyHL [b — spp via Z/hard . ... ]

/g ® O19=%87,(1 —5)b Tytysl b sppvia Z]
C)JUJ 910

O 7P a-emaaao
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b — st/ effective Hamiltonian

H(b — (%)) ox GrVigVip ~ CiO;

to separate short and long distances (up = my)
()% m> e 07 = 2 mp 8o (1 4+ ~v5)F., b [real or soft photon]
@ Oy = ZS’VM( — v5)b IyHL [b — spp via Z/hard . ... ]

/6; @ O = 2s%( — 75)b lytysl b — supu via Z]
09109100

<>§ 3««%@;{) =-0.29, ;M =41, 7' =43

NP changes short-distance C; or add new operators O;

@ Chirally flipped (W — Wg) O7 = Oz o 0™ (1 — ) F b
@ (Pseudo)scalar (W — H+) Oy, 019 — Og x §(1 + ’YS)bZE7 Op
@ Tensor operators (y — T) Og — O1 o 80, (1 — 75)b Lot
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Two sources of hadronic uncertainties

G _ _
A(B — Met) = ZEX Vi VEI(AL + T) Ty Ve + BTy 5 vy]

09
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Two sources of hadronic uncertainties

G _ _
\fFa Vip Visl(Ay + To)Ugy* ve + B, Ugy* s vy

o e 12

e e

Form factors (local)

A(B — Mtt) =

@ Local contributions (more terms if NP in non-SM C;): form factors

2myq” i} i}
A, = — ";‘;_,q C7(M|50,., Prb|B) + Co(M|3v,,PLb|B)
B, = Cio(M|Sy.P.b|B)
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Two sources of hadronic uncertainties

Gra
N

Vs Vas o+

Fioae e e

Form factors (local) Charm loop (non-local)

A(B — Met) = Vi Visl(Au + Tu)Uey* v + By s Vi)

@ Local contributions (more terms if NP in non-SM C;): form factors

2myq” , hrie 5
A, = — nz;’zq C7{M|S0 ... Prb|B) + Co(M|57,. PLb|B)

B, = Ci(M|3v,P.b|B)
@ Non-local contributions (charm loops): hadronic contribs.
T,, contributes like 07 g, but depends on g° and external states
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Two sources of hadronic uncertainties

Gra
V2r

Vs Vas o+

Fioae e e

Form factors (local) Charm loop (non-local)

A(B — M) = Vio Vis[(AL + T Uy ve + B Uy s Vi)

@ Local contributions (more terms if NP in non-SM C;): form factors

2myq” , hrie 5
A, = — n;bzq C7{M|S0 ... Prb|B) + Co(M|57,. PLb|B)

B, Cio(M|Sv,.P.b|B)

@ Non-local contributions (charm loops): hadronic contribs.
T,, contributes like O7 g, but depends on g2 and external states
@ Overal agreement about both contributions, using various tools
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Rk and Ry in EFT
1.4 /

@ Ry: Br(B — K{¢) involves one
amplitude depending on
e 3 B — K form factors (one
suppr by m?/qg?, one by C7)
@ charmonium contributions
(process-dependent but LFU)

)' k @ Cy + Cor and Cyg + C1o-
/" Cro . .
o5 ==hadronic contrib cancel for
R ] Ry, very accurate for all g2 and C;

Rk [Gengetal]
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Rk and Rk~ in EFT

1.4 /

@ Ry: Br(B — K{¢) involves one
amplitude depending on
e 3 B — K form factors (one
suppr by m?/qg?, one by C7)
@ charmonium contributions
(process-dependent but LFU)

)' @ Cy + Cor and Cyg + C1o-
/" Cro . .
o6 ==hadronic contrib cancel for
R Ry, very accurate for all g2 and C;

Rk [Gengetal]
@ Ry-: Br(B — K*{¢) involve several helicity ampl depending on
e 7 B — K* form factors (one suppressed by m?/g?)
@ charmonium contributions (process-dependent but LFU)
@ depending on helicity amplitude: Cy + Co: and C1g + Cior
—hadronic contrib cancel for Rk~ in SM because right-handed
helicities suppressed but less efficient with NP (slightly larger unc)

S. Descotes-Genon (LPT-Orsay) B-physics anomalies ALPS, 23/4/19 19



Global fits for b — st/

178 observables in total [Alguero, Capdevila, Crivellin, SDG, Masjuan, Matias, Virto]
@ B— K*uu (Br, P12, Py 56, Fi in large- and low-recoil bins)
@ B— K*ee (P123, Pg:s, F in large- and low-recoil bins)
@ Bs — ouu (Br, Py, P"LG, F in large- and low-recoil bins)
@ Bt — Ktup, BY = KOupu (Br in several bins)
@ B — Xsv,B — Xsppt,Bs — p11,Bs — ¢y(Br),B — K*v(Br, A;, Sk+-)
® Ry, Rk (update with both large- and low-recoil bins)
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Global fits for b — st/

178 observables in total [Alguero, Capdevila, Crivellin, SDG, Masjuan, Matias, Virto]
@ B— K*uu (Br, P12, Py 56, Fi in large- and low-recoil bins)
@ B— K*ee (P123, Pg:s, F in large- and low-recoil bins)
@ Bs — oup (Br, Py, P"LG, F; in large- and low-recoil bins)
@ Bt — Ktup, BY = KOupu (Br in several bins)
@ B — Xsv,B — Xsppt,Bs — p11,Bs — ¢y(Br),B — K*v(Br, A;, Sk+-)
@ Ry, Rk~ (update with both large- and low-recoil bins)

Various computational approaches
@ inclusive: OPE
@ large recoil: QCD fact, Soft-collinear effective theory, sum rules
@ low recoil: Heavy quark eff th, Quark-hadron duality, lattice
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Global fits for b — st/

178 observables in total [Alguero, Capdevila, Crivellin, SDG, Masjuan, Matias, Virto]
@ B— K*uu (Br, P12, Py 56, Fi in large- and low-recoil bins)
@ B— K*ee (P123, Pg:s, F in large- and low-recoil bins)
@ Bs — oup (Br, Py, P"LG, F; in large- and low-recoil bins)
@ Bt — Ktup, BY = KOupu (Br in several bins)
@ B — Xsv,B — Xsppt,Bs — p11,Bs — ¢y(Br),B — K*v(Br, A;, Sk+-)
@ Ry, Rk~ (update with both large- and low-recoil bins)

Various computational approaches
@ inclusive: OPE
@ large recoil: QCD fact, Soft-collinear effective theory, sum rules
@ low recoil: Heavy quark eff th, Quark-hadron duality, lattice

Frequentist analysis
® Ci(prer) = CPM + NP with VP assumed to be real (no CPV)
@ Most of the discussion on
Og~Lg@Vy O~ Lg®@Ar Oy ~Rg@ Ve O ~ Rg® A

Other analyses from [Aebischer et al, 1903.10434, Alok et al. 1903.09617, Ciuchini et al 1903.09632, Arbey et al 1904.08399]
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NP in b — suy: 1D

@ p-value : X2, considering Nyor (in %)
—>goodness of fit: does the hypothesis give an overall good fit ?
@ Pullsy; : x%(C; = 0) — X?nin considering Nyof (in o units)
=—metrology: how much does the hyp. solve SM deviations ?
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NP in b — spy: 1D

@ p-value : X2, considering Nyor (in %)
—>goodness of fit: does the hypothesis give an overall good fit ?
@ Pullsy; : x%(C; = 0) — X?nin considering Nyof (in o units)
=—metrology: how much does the hyp. solve SM deviations ?

@ Subset: 20 obs (LFUV,b — s7v,Bs — ppu,B — Xsup) (SM p-val 5%)
2019 || Bestfit | 10CL | Pullsy | p-value
Coyy Ly@ Ve || -1.02 [ [-1.38,-0.69] | 35 51%
Co, =—Cio, Lg®Le || -0.44 | [-0.55,-0.32] | 4.0 74%
Cop =—Cop Aq® Ve || -166 | [-2.15,—-1.05] | 3.1 35%
o, Ly A || 0.69 [0.50,0.89] 3.9 72%
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NP in b — spy: 1D

@ p-value : X2, considering Nyor (in %)
—>goodness of fit: does the hypothesis give an overall good fit ?
@ Pullsy; : x%(C; = 0) — Xoin CONsidering Nyor (in o units)
=—metrology: how much does the hyp. solve SM deviations ?

@ Subset: 20 obs (LFUV,b — s7v,Bs — ppu,B — Xsup) (SM p-val 5%)

2019 || Bestfit | 10CL | Pullsy | p-value
Con Ly V, || -1.02 [[-1.38,-0.69] [ 3.5 51%
cyr cmu Lg@L, || -0.44 | [-0.55,-0.32] | 4.0 74 %
Cop = —cg/ AoV, || -1.66 | [-2.15,—1.05] | 3.1 35%
o, Ly@A || 0.69 [0.50,0.89] 3.9 72%
@ All: fitto 178 obs (SM p-value 8%)
2019 || Bestfit | 1o CL | Pullsy | p-value
Coyy Ly Ve || -1.02 [[-1.18,-0.85] [ 5.8 65 %
Coyr cmu Ly@L, || -0.49 | [-0.59,-0.40] | 5.4 55%
cgf = Cy, Aq®V,| -1.02 |[-1.18,-0.85] | 5.7 61%
Cio, Ly A || 055 [0.41,0.70] 4.0 29%
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NP in b — suu: 2D

3 3
2 ATLAS] 2 ATLAS]
Belle Belle
| oms cms
1 7270 LHCh 1 4 {205 LHCb
] an ‘ J an
T 0 @ = 0 )
-1 -1
-2 -2
-3 -3
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
NP NP
69;1 Cgu

o (CSI,\LP,C%IL): 5.60 (2017) — 5.90 (2019) (left-handed, SM-like)
® (Cy);:Coy): 5.70 (2017) — 6.10 (2019)  (right-handed currents)
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NP in b — suy: 2D

3

23 -2 —1 C‘,\)/,' 1 2 3 3 2 1 C;,\',f’ 1
@ (Cyy,CY,): 5.60 (2017) — 5.9 (2019) (left-handed, SM-like)
® (Cgy,Cyp): 5.70 (2017) — 6.10 (2019)  (right-handed currents)

@ Separating 3 o regions for b — suu and purely LFUV
o LFUV favours Cjy, > 0 and Cy/}, >0
@ b — suyu essentially in favour of Cg,, < 0

S. Descotes-Genon (LPT-Orsay) B-physics anomalies ALPS, 23/4/19 22




LFUV but also LFU NP ?
Rk and Ry~ support LFUV NP, but there could also be a LFU piece

C,’e - C,U Ci# - CIU + C,\L [Algueré, Capdevila, SDG, Masjuan, Matias]
Favoured scenarios (SM pulls 5.8-5.90) with LFU and LFUV contribs
3 3
2 2
=rN =

0 = »—{)cn 0 b
—1 -1
-2 -2
-3 -3 > .

-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

S. Descotes-Genon (LPT-Orsay)

Vo _ v
cQ,u - _clO;L

LFUV-NP Ly ® L, LFU-NP Ly ® R,

B-physics anomalies

Co. = —Ch
LFUV-NP Ly ® L;, LFU-NP Ly ® V,

ALPS, 23/4/19
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Connecting the anomalies

S. Descotes-Genon (LPT-Orsay) B-physics anomalies ALPS, 23/4/19 24



A first EFT connection

Connect the two anomalies within SMEFT (Anp > my yy 7)
Lsyerr = Lsy + Lg=4 With higher-dim ops involving only SM fields

[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]
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A first EFT connection

Connect the two anomalies within SMEFT (Anp > my yy 7)
Lsyerr = Lsy + Lg=4 With higher-dim ops involving only SM fields

[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]

@ Two operators with left-handed doublets  (ijk/ generation indices)

O,(,;(/) = [Qu Q[Lk"L)] O,(,i/) = [QmudQ[Lky*aL))
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A first EFT connection

Connect the two anomalies within SMEFT (Anp > my yy 7)
Lsyerr = Lsy + Lg=4 With higher-dim ops involving only SM fields

[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]

@ Two operators with left-handed doublets  (ijk/ generation indices)
O =10 QliLr L] Of) = (0,5 Q)[Lir"5L)

@ FCCC part of Oé?ss can describe Rp-) (rescaling of Gr)

b Y c
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A first EFT connection

Connect the two anomalies within SMEFT (Anp > my yy 7)
Lsyerr = Lsy + Lg=4 With higher-dim ops involving only SM fields

[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]

@ Two operators with left-handed doublets  (jjk/ generation indices)
:/kl = [Q/'VMQJ][LK’Y“I—/] O,(,k/ = [Q,'yan/][kay“aL/]

@ FCCC part of og?ss can describe Rp-) (rescaling of Gr)

@ FCNC part of (9&3332 with CSB%S = Cég)% [Capdevila, Crivellin, SDG, Hofer, Matias]
e Large NP contribution b — s77 through Cy. = —C}y.
@ Avoids bounds from B — K(*)vv, Z decays, direct production in 77

b Y c b
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A first EFT connection

Connect the two anomalies within SMEFT (Anp > my yy 7)
Lsyerr = Lsy + Lg=4 With higher-dim ops involving only SM fields

[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]

@ Two operators with left-handed doublets  (jjk/ generation indices)
:/kl = [Q/'VMQJ][LK’Y“I—/] O,(,k/ = [Q,'yan/][kay“aL/]

@ FCCC part of (”)g%s can describe Rp-) (rescaling of Gr)

@ FCNC part of OéSSC’z with CSB%S = Cég)% [Capdevila, Crivellin, SDG, Hofer, Matias]
e Large NP contribution b — s77 through Cy. = —C}y.
@ Avoids bounds from B — K(*)vv, Z decays, direct production in 77
e Through radiative effects, (small) NP contribution to C§

Uy T —

b Y c b

S. Descotes-Genon (LPT-Orsay) B-physics anomalies ALPS, 23/4/19 25



A first EFT connection

Scenario LFU + LFUV NP
@ Cy, = —Cyp, from small
O2322 [b — Spp]
@ Cg from radiative corr

from Iarge Oo333
[b— cTvand b — suu)

Generic flavour structure and

NP at the scale A yields

R
6 ~ 75(1—, [0
? ( Rpeo.sum
log(A?/(1TeV?))
X(1+ 105

-1.0

—>Agreement with Belle updated (Rp, Rp-) for A =1 —10 TeV

S. Descotes-Genon (LPT-Orsay)

B-physics anomalies

ALPS, 23/4/19
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Connecting through flavour symmetries

@ Uy(2) ® Uy(2) flavour symmetry
e Large(ish) NP in b — crv compared to SM tree contribution
@ Small NP in b — suu compared to SM loop contribution
@ U(2) protects first two generations from large NP contributions

S. Descotes-Genon (LPT-Orsay) B-physics anomalies ALPS, 23/4/19
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Connecting through flavour symmetries
@ Uy(2) ® Uy(2) flavour symmetry

e Large(ish) NP in b — crv compared to SM tree contribution
@ Small NP in b — suu compared to SM loop contribution
@ U(2) protects first two generations from large NP contributions

@ Restrictive (but reasonable) assumptions yield same flavour
structure for 2 ops, with 3 couplings
0.06 F i

q l l H
Agps Azps Ay, t0 be fitted
L’;‘\ ) ' U
“ B EZ [Butazzo, Greljo, Isidroi, Marzocca)
0.04 \“ 2]
\ [ A iN(T b
0.02 \ AjAab | Cs(Quyn Q) (LEv"LY)
\
6’ 0.00f=====—mmm L———————————,——-
H W C Oi aO/' Za m aLb
/ +Cr(Quyuo® Q) (Lir" o LL)
-0.02 ’ K
1 .
1
~0.04 J/
1
N
~0.06 L i

i Vid a v
Q= ("7’ 18— ("L
L di L Zi}
)
—0.06 —-0.04 —0.02 0.00 0.02 0.04 0.06

C

B-physics anomalies

ALPS, 23/4/19 27



Resulting single-mediator models

[Butazzo, Greljo, Isidroi, Marzocca]
0.06 o |, 9] e Several possible mediators
\ T
0.04 \ o] @ Disfavours colourless vectors
\
0.02 \ (W', Z', green) and coloured
. \
\ scalars (Sy, S5 leptoquarks,
195}
O 000p=mmmmmmmmmes K 7] blue)
1
~0.02 , / @ Favours U vector leptoquark
/
oo / (3,1,2/3) | |
55/ D @ Same conclusions taking a
—0.06 L . o . A
“006 004002 000 002 004 005  9eneral structure of the
Cr COUlengS [Kumar, London, Watanabe]
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Resulting single-mediator models

[Butazzo, Greljo, Isidroi, Marzocca]
0.06 [, . 9/ e Several possible mediators
0.04 \ o] @ Disfavours colourless vectors
\
0.02 \ (W', Z', green) and coloured
\ scalars (Sy, S5 leptoquarks,
195}
O 000F=mmmmmmm s N o blue)
1
~0.02 , / @ Favours U vector leptoquark
oo / (3,1,2/3)
' / . .
55/ D @ Same conclusions taking a
—0.06 b 0

—-0.06 -0.04 —=0.02 0.00 0.02 0.04 0.06

Cr
Uy leptoquark

general structure of the
couplings

[Kumar, London, Watanabe]

@ Passes LHC constraints on direct production (pp — 7X, 77X)
@ Could also accomodate (small) right-handed couplings
@ Requires additional particles for UV completion (at least a Z’)

S. Descotes-Genon (LPT-Orsay)

[Barbieri, isidori, Pattori, Sen; Di Luzio, Greljo, Nardecchia. .. ]
B-physics anomalies

ALPS, 23/4/19 28



Other simplified models

Q >\N\wvzvi/\w<
. s 2
@ Two scalar leptoquarks Sy(3,1,1/3) and S3(3,3, 1/3), purely
left-handed currents [Crivellin, Muller, Ota; Buttazzo et al; Marzocca]
@ Two scalar leptoquarks R»(3,2,7/6) and S3(3, 3,1/3), generating
both left- and right-handed currents, easily embedded in GUT

] o|
-
E +
ol
=

[Becirevic, Fajfer, Faroughy, Kosnik, Sumensary]

@ But no succesful models with heavy Higgses or W, Z’ only
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Other simplified models

Q >\/vxwvzvi/\w<
. s 2
@ Two scalar leptoquarks Sy(3,1,1/3) and S3(3,3, 1/3), purely
left-handed currents [Crivellin, Muller, Ota; Buttazzo et al; Marzoccal
@ Two scalar leptoquarks R»(3,2,7/6) and S3(3, 3,1/3), generating
both left- and right-handed currents, easily embedded in GUT

[Becirevic, Fajfer, Faroughy, Kosnik, Sumensary]

@ But no succesful models with heavy Higgses or W, Z’ only

] o|
-
E +
ol
=

Many constraints to accommodate

@ flavour (CKM, 1st and 2nd generation, BsBs mixing, B — K(*)vv)
@ bounds on LFV processes B — K(*)eu, er, ut; Bs — eu; p — ey
@ LEP electroweak constraints L
@ LHC direct production pp — 77X, bbX, ttX

@ simple or double leptoquark production of leptoquarks

o other particles (like Z’ or coloured excited boson G')

S. Descotes-Genon (LPT-Orsay) B-physics anomalies ALPS, 23/4/19 29



Outlook
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Outlook

Intriguing set of deviations in b — s¢/ and b — clv
@ several different discrepancies with SM, some hinting at LFUV

@ EFT fits show favoured patterns of NP deviations, either in SM
operators or with right-handed currents

@ Simplified models able to reproduce data for both sets, with
leptoquarks, possibly with friends (Z’, W’, vector-like fermions. . .)

How to progress from there ?
@ Smaller uncertainties thanks to increased statistics
@ More observables (angular obs, LFUV, Ay...)
@ Better understanding of exp issues with different leptons (e, u, 7)
@ Hadronic unc (form factors, charmonium) more accurate (lattice ?)
@ Better exploitation of LHC constraints on direct production

Eagerly awaiting updates from LHC experiments and start of Belle Il

S. Descotes-Genon (LPT-Orsay) B-physics anomalies ALPS, 23/4/19 31



Back-up

B-physics anomalies ALPS, 23/4/19 32



Hadronic uncertainties: form factors

3 form factors for K, 7 form factors for K* and ¢
@ low recoil: lattice QCD [Horgan, Liu, Meinel, Wingate; HPQCD collab]
@ large recoil: Light-Cone Sum Rules with different settings/inputs
(B-meson or light-meson distribution amplitude)

[Khodjamirian, Mannel, Pivovarov, Wang; Bharucha, Straub, Zwicky; Gubernari, Kokulu, van Dyk]

Bk
2.0
2.0 ,’//
L5 y
; 10
=
0.5
00 -10 0 10 20 0.0 L. . . .
¢*[GeV?] 0 5 10 15
B-meson LCSR + lattice Light-meson LCSR + lattice

@ correlations among the form factors needed, either known or
recovered from HQET/SCET, shown to yield consistent results

[Jager, Camalich; Capdevila, SDG, Hofer, Matias; Straub, Altmannshoffer; Hurth, Mahmoudi]
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Hadronic uncertainties: charm loops

Charm loops

@ important for resonance
regions (charmonia)

@ SM effect contributing to Cg

@ should depend on g2, but
lepton universal
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Hadronic uncertainties: charm loops

15 +——F— data from LHCb
Charm loops i —
1.0\ [ Predfrom LFUV C9NP=-176

B Extrome values =01 from model Blake ct al.

@ important for resonance
regions (charmonia)

@ SM effect contributing to Cg ~

@ should depend on g2, but
lepton universal

Several theo/pheno approaches agree 20 qz((fevz)‘o o
o LCSR estimate [Khodjamirian, Mannel, Pivovarov, Wang]

@ order of magnitude estimate for the fits (LCSR or A/my,), check
with bin-by-bin fits [Crivellin, Capdevila, SDG, Hofer, Matias; Straub, Altmannshoffer; Hurth, Mahmoudi]
@ fit of sum of resonances to the data [Blake, Egede, Owen, Pomery, Petridis]
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Hadronic uncertainties: charm loops

B SM prediction (prior)

Charm loops 081\ T2 NP i (posterior L)

LHCb 2015

@ important for resonance oal
regions (charmonia)

@ SM effect contributing to Cg

@ should depend on g2, but oaf
lepton universal

2 0.0f

—0.8}

Several theo/pheno approaches agree
@ LCSR estimate [Khodjamirian, Mannel, Pivovarov, Wang]
@ order of magnitude estimate for the fits (LCSR or A/my), check
with bin—by—bin fitS  [criveliin, capdevila, SDG, Hofer, Matias; Straub, Attmannshoffer; Hurth, Mahmoudi]
@ fit of sum of resonances to the data [Blake, Egede, Owen, Pomery, Petridis]
@ fit of g?-parametrisation to the data

[Ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Valli; Capdevila, SDG, Hofer, Matias]

@ dispersive representation + J/v,1(2S) data  (govetn, chrzaszez, van Dyk, Virto]
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Hadronic uncertainties: charm loops

B SM prediction (prior)

Charm loops 081\ T2 NP i (posterior L)

LHCb 2015

@ important for resonance oal
regions (charmonia)

@ SM effect contributing to Cg

@ should depend on g2, but oaf
lepton universal

0.0

—0.8}

Several theo/pheno approaches agree
@ LCSR estimate [Khodjamirian, Mannel, Pivovarov, Wang]
@ order of magnitude estimate for the fits (LCSR or A/my), check
with bin—by—bin fitS  [criveliin, capdevila, SDG, Hofer, Matias; Straub, Attmannshoffer; Hurth, Mahmoudi]
@ fit of sum of resonances to the data [Blake, Egede, Owen, Pomery, Petridis]
@ fit of g?-parametrisation to the data

[Ciuchini, Fedele, Franco, Mishima, Paul, Silvestrini, Valli; Capdevila, SDG, Hofer, Matias]

@ dispersive representation + J/v,1(2S) data  (govetn, chrzaszez, van Dyk, Virto]

No sign of missing large (hadronic) g2-dependent contrib to b — supu
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b — clp,: more observables on the way

3 observables for B — D/lv
e differential decay rate dI' /dg?
@ forward-backward asymmetry
@ lepton-polarisation asymmetry

0.6¢
04}
0.2}
00K
-0.2¢
-04¢

(D)
FB

Ap

4 6 8 10
¢* [GeV? ¢ [GeV?]

[Fajfer, Kamenik, Nisandzic, Becirevic, Tayduganov...]
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b — clp,: more observables on the way

11 observables for B — D*(— Dn)lv
e differential decay rate dI' /dg?
@ forward-backward asymmetry
@ lepton-polarisation asymmetry
@ partial decay rate according to D* polar (dl'; /dg?)/(dl 1/dq?)
@ angular observables (asymmetries with respect to two angles)

(D*)
B

4 000t
-0.05
-0.10

020 | ‘ -0.15

Ap

3745 6 7 8 910 374 5 6 7 8 910

¢ [GeV?] ¢ [GeV?]

[Fajfer, Kamenik, Nisandzic, Becirevic, Tayduganov...]

S. Descotes-Genon (LPT-Orsay) B-physics anomalies ALPS, 23/4/19 &5



Disentangling scenarios: more precision

)+ Vas o+

e e

@ Reduce hadronic uncertainties on form factors

@ low recoil: lattice [Horgan, Liu, Meinel, Wingate; HPQCD collab]
o Iarge recoil: B-meson LCSR [Khodjamirian, Mannel, Pivovarov, Wang]
o all: fit of light-meson LCSR + lattice [Bharucha, Straub, Zwicky]
o all: fit of B-meson LCSR + lattice [Gubernari, Kokulu, van Dyk]

—only one (BSZ) computation for Bs — ¢ form factors for now ?

@ Reduce hadronic uncertainties on cc contributions
e Many different estimates at large recoil (all in agreement)
—check normalisation through light-meson LCSR at g> < 0 ?
@ Low-recoil involves estimate of quark-hadron duality violation
—based on Shifman’s model applied to BR(B — K¢),
can we do any better ? [geyiich, Buchalla, Feldmann]

S. Descotes-Genon (LPT-Orsay) B-physics anomalies ALPS, 23/4/19 36



Disentangling scenarios: more modes
dr(A, — A(— Nm)0te7)/dg? B — Kmup around K*(1430)

1

T 16f Moo 3 N Lo
E uf L [ { 3 é 300_ 11< 2 <60 Gev/ch
g 12F E I E
T o . ']' ,,,,, _ E 200
: -l o ;o
<L. gj;‘l‘: """" 3 O 100f + 4
£ oof _I_—}— LHCb 3 O Y T
0 5 ) 15 P 0 300 I000 1200 1400 1600
q? [Gev¥cd m(K*77) [MeV/c?]
Different info and systematics in angular distributions known for
*] /\b — /\(—) N7T)£+€_ [Bber, Feldmann, van Dyk; Detmold, Meinel; Diganta; Blake, Kreps]
o /\b — /\(1 520)(—> NK)€+€7 [SDG, Novoa Brunet]
@ B~ K*J(—> K7T)€+£_ [Lu, Wang; Gratrex, Hopfer, Zwicky; Dey; Das, Kindra, Kumar, Mahajan]
o Form faC'[OI’S nO'[ SO We” knOWn [Detmold, Lin, Meinel, Wingate, Rendon]

@ Large recoil
@ Status of factorisation for not-so-light mesons ? baryons ?
@ Could be tackled with form factors + analytic repr. of cc contribution
but normalisation of cc at q2 <0 [LCSR] [Bobeth, Chrzaszcz, van Dyk, Virto]

@ Low recoil: estimate of quark-hadron duality violation ?
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Disentangling scenarios: more observables (1)

1.0|
1.0 By - K*(»Kmuu RHC scenario
0.5 b _
]

[
DDDDD

g 0.0
-0.5]
-1.0]
s (GeV?)
0 2 4 6 8 . .
a(GeV?) Time-dependent observables in
Smaller bins to probe g2 By — K*(— Kgn®)ete~
dependence better and Bs — ¢(— KTK~ )t e~
(green Cy); = —Ciy,,, red Cyyr) (SDG, Virto]
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Disentangling scenarios: more observables (2)

@ other LFUV quantities: R,, Ry, Q= Pt — P?
® Qs = P{' — P¢ interesting observable to disentangle
o CyF = —C{y, from others NP scenarios in b — sy
@ classes of scenarios allowing for LFU contributions
[Alguero, Capdevila, SDG, Masjuan, Matias]

Global Fits (Ry) ¢ = 0.842 (+10) LFUV Fits (Ri) g = 0.842 (+10)

Pl\llgn ((T)

1.0

0.0 0.2 0.4 0.6 0.8
Q5)) 16

S. Descotes-Genon (LPT-Orsay)

ALPS, 23/4/19
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LFUV subset fits in 2017 (top) and 2019 (bottom)

NP
Cse

-3 -2 -1 0 1 2 3 -3 -2 -1 o0 1 2 3 -3 -2 - 0 1 2 3
NP NP NP
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1 1 1
%é o 3 Lruy] ; o = LRy % § o 3 Lruv)
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NP NP NP
CQ L Cgu cf)u
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Bs — pp

B(B® > u* 1) [10°°

[N}
T

T T T ]
Run 1 data -
—— 2015-2016 data ]
Run 1 +2015-2016 data -]
——— LHCb Run 1 + partial Run 2 data 7

Likelihood contours for
2 AIn(L)=23,62,11.8

@ Recent results increasing a bit the discrepancy between SM and

B(BY — ' 1) [10°]

(a tad too low) exp average (~ 1.80)
o ATLAS 2018 Br(Bs — uu) = (2.8738) x 10~°

o LHCb 2017 Br(Bs — ) = (3.0 + 0.6793) x 109

e CMS 2013 Br(Bs — i) = (3.0759) x 10~°
@ B(Bs — pu) depending on
@ Cio — Cyor and one decay constant fg, at LO

@ higher orders (EW, QCD) computed accurately in SM

S. Descotes-Genon (LPT-Orsay)

B-physics anomalies

[Bobeth et al.]

ALPS, 23/4/19
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Ofther infteresting scenarios

2017 || chP | Com | %Y | Cyr | Cor\ Cio/p
Bfp +0.03 12 +0.31 +0.03 +0.38 +0.02
To || [-0.01,+0.05] | [-1.34, —0.88] | [+0.10,10.57] | [+0.00, +0.06] | [~0.17, +1.04] | [~0.28, +0.36]
20 || [~0.03,+0.07] | [~1.54,-0.63] | [~0.08,+0.84] | [-0.02,+0.08] | [—0.59,+1.58] | [—0.54,+0.68]

@ 6D scenario (SM + chirally flipped in b — suu) in 2017

S. Descotes-Genon (LPT-Orsay)

B-physics anomalies
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Ofther infteresting scenarios

2019 || chP | co | %Y Cqr Cor,, | Ciorp
Bip +0.02 713 +0.21 +0.02 +0.39 0.12
To [0.01, +0.05] | [—1.28, —0.91] | [+0.04, +0.42] | [+0.00, +0.04] | [—0.09, +0.96] | [—0.40, 10.17]
20 [-0.03,+0.06] | [—1.48, —0.71] | [—0.12,40.61] | [—0.02,+0.06] | [—0.56,+1.14] | [—0.57,+0.34]

@ 6D scenario (SM + chirally flipped in b — suu) in 2017 and 2019

° Cy, < 0needed, Cy, >0,Cyy, >0, Cy,

m

e SMpull 5.3 o (5.0 o in 2017)

S. Descotes-Genon (LPT-Orsay)

B-physics anomalies
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Ofther infteresting scenarios

2019 || chP | co | %Y | Cqr | Cor,, | Ciorp
Bip +0.02 713 +0.21 +0.02 +0.39 0.12
To [0.01, +0.05] | [—1.28, —0.91] | [+0.04, +0.42] | [+0.00, +0.04] | [—0.09, +0.96] | [—0.40, 10.17]
20 [-0.03,+0.06] | [—1.48, —0.71] | [—0.12,40.61] | [—0.02,+0.06] | [—0.56,+1.14] | [—0.57,+0.34]

@ 6D scenario (SM + chiraIIy flipped in b — suu)in 2017 and 2019
Cl\ﬂ’ < 0 needed, C3" . >0, Yy u >0, Cm, < 0 favoured
e SMpull 5.3 0 (5.0 o'in 2017)

3= > - N ?
y A N -
2l \\‘ &
: 4ATLAS.
1k 1 71 Belle” . .
: /  cue. @ NPin (CgM,Cge) in 2017
% ® D Al -
S 0
-1 _, ~",
—of
3l

CNP
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Ofther infteresting scenarios

2019 || chP | co | % | Cqr | Cor,, | Ciorp
Bip +0.02 713 +0.21 +0.02 +0.39 0.12
To [0.01, +0.05] | [—1.28, —0.91] | [+0.04, +0.42] | [+0.00, +0.04] | [—0.09, +0.96] | [—0.40, 10.17]
20 [-0.03,+0.06] | [—1.48, —0.71] | [—0.12,40.61] | [—0.02,+0.06] | [—0.56,+1.14] | [—0.57,+0.34]

@ 6D scenario (SM + chirally flipped in b — suu) in 2017 and 2019

® Cy, < 0needed, Cy, >0, CYy, >0, Cjy/, < 0 favoured

e SMpull 5.3 o (5.0 o in 2017)

N
&
ATLAS]

Belle
CMS

I =1 @ NPin (Cgp,Coe) in 2019

Zs 0 . e Less need for NP in b — see

@ Though some room

-1 available (not many obs)

@ SM pull=5.5 o, p-value=65%
(unchanged wrt 2017)

CNP

C
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Ofther infteresting scenarios

2019 || chP | co | % | Cqr | Cor,, | Ciorp
Bip +0.02 713 +0.21 +0.02 +0.39 0.12
To [0.01, +0.05] | [—1.28, —0.91] | [+0.04, +0.42] | [+0.00, +0.04] | [—0.09, +0.96] | [—0.40, 10.17]
20 [-0.03,+0.06] | [—1.48, —0.71] | [—0.12,40.61] | [—0.02,+0.06] | [—0.56,+1.14] | [—0.57,+0.34]

@ 6D scenario (SM + chirally flipped in b — suu) in 2017 and 2019

® Cy, < 0needed, Cy, >0, CYy, >0, Cjy/, < 0 favoured

e SMpull 5.3 o (5.0 o in 2017)

@ Though some room
available (not many obs)

@ SM pull=5.5 o, p-value=65%

- (unchanged wrt 2017)

| /\ @ NP in (CgM,Cge) in 2019
@ Less need for NP in b — see

2 1 1 2 3

0
NP
!
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Enhancement of b — sr7 for 02333

~{Capdevila, Crivellin, SDG, Hofer, Matias]

10+

8 L
< O RD(*)&RJNJ 20
S 6 B R, &R 10
X
@ H Br[Bs—11]

4l B Br[B->K*r1]

B Br[B-Kr1]
O Br[Bs»¢r1]

=

1.1 1.2 1.3 1.4 15
Rx/R$M

+, - -3 +, - -3
Br(BS—H' T )LHCb <6.8x107°, Br(B—> Krr )Babar <2.25x107°.
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