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Flavour Anomalies Theoretical framework Analysis Inputs Results

b — s~ anomaly

Gilobal Fits of Flavour Anomalies

Several LHCb measurements deviate from Standard model (SM) predictions by 2-30:
> Angular observable Pt in B — K*utpu™.
» Branching ratios of B — Ky pu ™, B — K*upu~, and Bs — outp.
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Hints for LFU violation in b — s £1¢~ decays

Measurements of lepton flavour universality (LFU) ratios RE’G], R}?;045’1'1], R[1;1’G]

show deviations from SM by about 2.50 each. LHCb, arXiv:1705.05802, arXiv:1903.09252
Belle, arXiv:1904.02440, arXiv:1908.01848
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Hints for LFU violation in b — ¢ £ v decays

Measurements of LFU ratios Rp and Rp+ by BaBar, Belle, and LHCb show combined

deviation from SM by about 30. BaBar, arXiv:1205.5442, arXiv:1303.0571
LHCb, arXiv:1506.08614, arXiv:1708.08856

Belle, arXiv:1507.03233, arXiv:1607.07923, arXiv:1612.00529, arXiv:1904.08794
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Combination of B; ; — pt T measurements

Measurements of BR(Bs,y — p 11~ ) by LHCb, CMS, and ATLAS show combined

deviation from SM by about 20. LHCD, arXiv:1703.05747
CMS, arXiv:1910.12127

ATLAS, arXiv:1812.03017
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b — sfl in the weak effective theory

> Effective Hamiltonian at scale my: M5 = HE', + HE e

bsée _ bsll ~bsll /bsll ~/bstl
Hie = —N E E (Cror + ¢ o) + he.
{=e,p i=9,10,8,P

» Operators considered here (¢ = e, )

08 = (57, Pb)(y"0),  OF = (57,Pab)(Iy"0),

Ot = (57, Pb) (I ysl) . O = (57, Prb) (17" sL)
0% = my,(sPrb)(20), Obstt — my,(sP.b)(20),
O = m,(5Prb)(Pysl),  OP = my,(5P.b)(lvst) .

» Not considered here

> Dipole operators: strongly constrained by radiative decays. e.g. [arXiv:1608.02556]

> Four quark operators: dominant effect from RG running above mg.
Jéger, Leslie, Kirk, Lenz [arXiv:1701.09183]
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Two sources of hadronic uncertainties for exclusive

Gra y _ _
A(B — MUL) = T Vi, VE[(Ay + To)Tey" ve + BouTiey"ysve

Ver
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Two sources of hadronic uncertainties for exclusive
G,L'Oé

T

ot e

ok % @%é%é?io

Form factors (local)

A(B — ML) = Vio Ve [(Ay + Tu)Tey" ve + By ley" s ve

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

2"%0
An = 7 C7(M|50 ., Prb|B) + Co(M|5,, PLb|B)
B, = C10<M|§’YHF’Lb|B>
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Two sources of hadronic uncertainties for exclusive
GFOé

Ver

or rr

ok % @%é%é?io

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

A(B — MLl) = Vio Vie[(Ap + Tpu)Tey" v + By s ve]

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

2m
A, = ;q C7(M|30 11, Prb|B) + Cs(M|5v,,PLb|B)

B, = C10<M‘§’YMF’Lb|B>
» Non-local contributions (charm loops): hadronic contribs.

T,, contributes like O o, but depends on g and external states
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Two sources of hadronic uncertainties for exclusive
GFOé

Ver

or rr

ok % @%é%éio

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

A(B — MLl) = Vio Vie[(Ap + Tpu)Tey" v + By s ve]

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

2m
A, = ;q C7(M|30 11, Prb|B) + Cs(M|5v,,PLb|B)

B, = C10<M‘§’YMF’Lb|B>
» Non-local contributions (charm loops): hadronic contribs.

T,, contributes like O o, but depends on g and external states

» Overal agreement about both contributions, using various tools
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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]
P large recoil: Light-Cone Sum Rules (B-meson or light-meson DAs)

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

VEHI\"‘

2.0

1.5
: 1.0

0.5

00 10 0 10 2 0.0 L ) ) )

¢ [Gev?] 0 5 10 15
B-meson LCSR + lattice Light-meson LCSR + lattice

P correlations among the form factors needed
P known from direct determination and/or combined fit to low and large recoils [PS]
» recovered from EFT with m, — 0o + O(as) + O(1/mp) [SDQ]
[Jager, Camalich; Capdevila, SDG, Hofer, Matias; Straub, Altmannshoffer; Hurth, Mahmoudi]
» optimised observables P; to reduce the impact of form factor uncertainties
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Hadronic uncertainties: charm loops

» important for resonance
regions (charmonia) B

> SM effect contributing to Coy
depends on ¢?, lepton univ.

v

» quark-hadron duality approx at
large ¢? (syst of few %)

S. Descotes-Genon & P. Stangl (IJCLab & LAPTh) Beyond the Flavour Anomalies, 1 April 2020 8/31



Flavour Anomalie Theoretical framework An: Inputs Result Conc c Global Fits of Flavour Anomalies

> important for resonance ' S Siimmpinn
regions (charmonia)
» SM effect contributing to Cgp

depends on ¢?, lepton univ.

v

» quark-hadron duality approx at
large ¢? (syst of few %)

Several approaches agree at low-g°

. 7*(GeV?)
» LCSR estimates [Khodjamirian, Mannel, Pivovarov, Wang; Gubenari, Van Dyk]

> 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

> important for resonance 08 B

regions (charmonia) e

0.4

> SM effect contributing to Coy
» depends on g2, lepton univ. =00
» quark-hadron duality approx at —04p

large ¢? (syst of few %) sl

EOS
Several approaches agree at low-g° y 46 8 10 12 u
, ¢ [Gev?)
» LCSR estimates [Khodjamirian, Mannel, Pivovarov, Wang; Gubenari, Van Dyk]

» order of magnitude estimate for the fits (LCSR or A/mj), 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]

> fit of g>-parametrisation to the data

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

> dispersive representation + J/1), 1(2S) data [Bobeth, Chrzaszcz, van Dyk, Virto]
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Setup

» PS: Global likelihood from smelli python package for comparing theory
predictions to eXperimental data Aebischer, Kumar, PS, Straub, arXiv:1810.07698
» SDG: Likelihood taking into account experimental and theoretical uncertainties
and correlations in Gaussian approximation
[ Alguerd, Capdevila, Crivellin, SDG, Masuan Matias, Novoa-Brunet, Virto]

Two statistical quantities of interest to asses a NP scenario/hypothesis
P> p-value of a given hypothesis: sznin considering Nyor (in %)
goodness of fit: does the hypothesis give an overall good fit ?
and if not, can we exclude it ?
> Pullsy : x2(C; = 0) — X2, considering Nyor (in o units)
metrology: how well does the hypothesis solve SM deviations ?

S. Descotes-Genon & P. Stangl (IJCLab & LAPTh) Beyond the Flavour Anomalies, 1 April 2020
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Experimental inputs

> Ry, Ry~ (large- and low-recoil bins)
> B— K'up (Br and ang obs)
> B— Kee (ang obs)
> By — oup (Br and ang obs)
> Bt — KT, B° — Koupu (Br and ang obs)
> B — Xs7,B = Xsppt,Bs = pupi,Bs — ¢y, B — Ky (Br)

including LHCb, ATLAS, CMS, Babar and Belle data whenever available

» SDG: No inclusion of additional observables that are not directly related to
b — stl and b — s7y (would require extra assumption on NP model)

» PS: Global likelihood contains many other observables not directly sensitive to
considered Wilson coefficients

» PS: Theory correlations with AF = 2 observables have an effect on the fit
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Theoretical inputs

SDG:
» Form factors: B-meson DA LCSR + lattice + EFT for correlations

» Charm-loop corrections: Perturbative contribution + magnitude of of long-distance
contrib inspired by [Khodjamirian, Mannel, Pivovarov, Wang]

» Quark-duality violation at high g?: 10% effect at the level of the amplitude
» Br(Bs — pt) modified to include latest corrections from [Misiak ; Beneke, Bobeth, Szafron]

» Form factors: For B to light vector meson from [Bharucha, Straub, zwicky], for B — K
from [Gubernari, Kokulu, van Dyk]

» Non-factorizable effects parametrized as in [Bharucha, Straub, Zwicky], [Altmannshofer, Straub],
compatible with [Khodjamirian, Mannel, Pivovarov, Wang], [Bobeth, Chrzaszcz, van Dyk, Virto]

» Additional parametric uncertainties (e.g. CKM) based on filavio v2.0] with default
settings

S. Descotes-Genon & P. Stangl (IJCLab & LAPTh) Beyond the Flavour Anomalies, 1 April 2020 11/31
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Results
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1D Scenarios for C;,, [2020]

All LFUV
1D Hyp. 1o Pullsyg  p-value 1o Pullgny
CSF [-1.19,—0.88] 63  375% [-1.25—0.61] 3.3

Coyf =—Chh [-059,—041] 58  253% [-0.50,—0.28] 3.7
Cyl =—Cyp [-1.17,-087] 62  340% [-2.15,—1.05] 3.1

» LFUVfit: Rk, Ri~, Qu5, Bs — ppt, b — sy

» All:all b— sl and b — sy observables

» Pullgyt in o units increased compare to [2019]

» p-value of SM hyp decreased from 11% to 1.4% (2.50) for the fit “All"

S. Descotes-Genon & P. Stangl (IJCLab & LAPTh) Beyond the Flavour Anomalies, 1 April 2020
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Scenarios with a single Wilson coefficients

Coefficient type best fit o pullio = v/ AX?
chome LRV —093 [—1.07,—0.79] 6.20
Clbsmn R®V  +0.14 [—0.02,+0.31] 0.90
chsun LA +0.71 [+0.58, +0.84] 5.70
clbsm R®A —0.20 [—0.29, —0.08] 1.70

T — g L®R  +0.15 [+0.02, +0.29] 1.20
CoMH = _ChM  L®L —053 [-0.61, —0.46] 6.90

Only small pull for
» Coefficients with £ = e (cannot explain b — sy anomaly)

» Scalar coefficients (can only reduce tension in Bs — fu/4)

see also similar fits by other groups:
Ciuchini et al., arXiv:1903.09632 Datta et al., arXiv:1903.10086
Kowalska et al., arXiv:1903.10932 Arbey et al., arXiv:1904.08399
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2D Scenarios for C;,, [2019]
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NP
ClUu

—-24 24
ACCD
-24 -1.6 —0.8 0.0 0.8 1.6 24 —-24 0.8 1.6 24
CNP
I
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2D and 6D Scenarios for C;,, [2020]

All LFUV

2D Hyp. Best fit Pullsyt p-value Best fit Pullsyt  p-value

(€5 Coe) (-0.98,0.19) 6.2  39.8% (-0.31,0.44) 3.2 70.0%

(C3F, Corp) (1.14055) 65  47.4% (-1.86,1.20) 35  81.2%

(C3Y . Crorn) (1.17,-0.33) 6.6  50.3% (-1.87,-0.59) 37  89.6%

(CoF = —Cyy1, CRE = Crory)  (-1.10,0.28) 65  489% (-1.69,0.29) 35 82.4%
(C3F,Corpp = —Crorys) (-1.17,0.23) 6.6 51.1%  (-2.05,0.50) 3.8 91.9%

P Right-handed currents appear quite naturally
» No change in the hierarchy of scenarios

cNF cyr (& Cr Corp Crory
Bfp +0.00 -1.13 +0.20 +0.00 +0.49 -0.10

10 [-0.02,+0.02] [-1.30,—0.96] [+0.05,+0.37] [-0.01,+0.02] [+0.04,+0.95] [—0.33,+0.14]
20 [-0.03,+0.04] [-1.46,—0.78] [-0.09,+0.57] [-0.03,+0.04] [-0.39,+1.45] [—0.55,+0.41]

> Pullgy: 5.1 [2019] — 5.80 [2020]
> p-value: 81.6% [2019] — 46.8% [2020]

S. Descotes-Genon & P. Stangl (/CLab & LAPTh) Beyond the Flavour Anomalies, 1 April 2020 16/31



Flavour Anomalies Theoretical framework Analysis Inputs Results Conclusiol Global Fits of Flavour Anomalies

Comments onthe B — K*uu data

. T R T T 1
* LHCb Run1+2016 LHCb Run 1+ 2016 7
0. % A sm from AszB [ [ SM from DHMV ]
osf b
0: & H A 2 . o) :
2] . 7727222 + %) . 4
o : g o s 8
. = =3 C = =3 1
, : L -1 , " L =
5 10 15 0 5 10 15
2 [Gev?cd] q? [Gevcd]

New data from LHCb
> uncertainty reduced by 30 — 50% (in particular [1.1,2.5] and [2.5, 4])
» new average value for F; in the bin [2.5, 4] more than 40 below 1, helping the
discussion in terms of optimised observables P;

Excellent consistency
> new tensions with respect to the SMin (Ps)(;.1.2.5], (Ps)[6,8] ad (Pg)[1.1,2.5]
» enhanced tension for other observables such as the first bin of P »
P tension in first bin of Pg decreased, in better agreement with theory (see later)
Solve earlier tensions of the fit discussed in [Alguers, Capdevila, SDG, Masjuan Matias]

S. Descotes-Genon & P. Stangl (IJCLab & LAPTh) Beyond the Flavour Anomalies, 1 April 2020

17/31



Anomalie Theoretical framewc An: Inputs Results Conc le Gilobal Fits of Flavour Anomalies

Consistency of the results over the g° range

Sanity check possible for the Cg,, NP
hypothesis

» B — K*uu Br+ang obs +
1 Bs — pp+ B — Xsppo +
b— sy
> Cq)' fitted separately for each
bin
’/_ » Good agreement with global fit

(20 range)

_’ > No indication of a g* variation
]

» In particular, agreement
-2 between low and large recoils
0 5 ) 10 ) 15 20 with very different theoretical
q°(GeV) approaches and systematics
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Consistency of the results over the g range

0.5

» Finding also
good agreement with
00 g*-independent C,
considering data on B — K™ pip from
LHCb, ATLAS, CMS, CDF
(different binning)

o 1 2 3 1 5 6 1 5 9
7 [GeV?]
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Scenarios with two Wilson coefficients

—— By—pup& AF =210 . » .
—— b sup BRs 1o flavio [2019]: ) ) N
L5 —— b s ang. obs. lo Angular obs. slightly disfavour positive
—— b— spp BRs & ang. obs. 1o bspLiL
| all b sy & corr. obs. 10, 20 Cio" ", but overall good agreement
10 between different sectors
5
£2 054
§)
0.0
051
-1.5 =10 =0.5 0.0 0.5
Cgsuu
WET at 4.8 GeV
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Scenarios with two Wilson coefficients

By up& AF =210

b sup BRs 1o

b= sup ang. obs. 1o

b= sup BRs & ang. obs. 1o

| —— all b sup & corr. obs. 1a, 20

11

[2019]:

Angular obs. slightly disfavour positive
CoS1H but overall good agreement
between different sectors

. [20201]:
SQS Angular obs. slightly favour positive
b
Cyo""", agreement increased
0.
-1.5 =10 =0.5 0.0 0.5
Cgsuu
WET at 4.8 GeV
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all b — spp & corr. obs. 1o, 20
—— NCLFU observables 20, 30
151 —— global 1o, 20
AN

> [2019]:
Angular obs. slightly disfavour positive
CoS1H but overall good agreement
between different sectors

> [2020]:
Angular obs. slightly favour positive
CosHt agreement increased

» Global likelihood:

1.0

0.0

> Tension between fits to Rk & R~
and b — spu observables in Cq
direction = LFU Cy?

0.5

=15 ~1.0 =0.5 0.0 0.5

Chom > Purely left-handed

CooHH = —ChHH yields very

WET at 4.8 GeV good fit to experimental data
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Inpu Results

Scenarios with two Wilson coefficients

» LFU contribution only affects b — sy observables

» Tension between fits to b — sy observables and Rk & Ry~ could be reduced
by LFU contribution to Cy

> Perform two-parameter fit in space of Cy™ and A Co*# = — ChsH:
Cbsee — Cuniv. Cbsee =0
b. b. b. b
C S CUHIV + AC SHL C Spp _A095MM
Cbsrr _ Cunlv CbSTT =0

scenario first considered in
Alguerd et al., arXiv:1809.08447
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Scenarios with two Wilson coefficients

—— NCLFU observables 1o
—— b spp & corr. obs. 1o
—— global 1o, 20

> [2019]:
Preference for non-zero Co™"

0.0
02
20 -15 -10 05 00 05 10
anivA
WET at 4.8 GeV
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Scenarios with two Wilson coefficients

—-14
—— NCLFU observables 1o | g [201 g]:
—— b— spp & corr. obs. 1o niv.
— dlobal Lo, 20 Preference for non-zero Cg™"
. > [2020]: _
32 , Preference for non-zero Cg""
| B . .
I 064 g slightly increased
:
3.
a3
0.0
0.2
-20 =15 -1.0 —0.5 0.0 0.5 1.0
.
WET at 4.8 GeV
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Scenarios with two Wilson coefficients

—— NCLFU observables 1o
—— b spp & corr. obs. 1o
—— global 1o, 20

> [2019]:
Preference for non-zero Co™"

) > [2020]:
= .
£ 7% Preference for non-zero Cg™"
| . .
I slightly increased
5
ISt i )
3 » Cg"" can arise from RG effects:
b 7, U, d; 1
0.0
0.2
~2.0 ~15 ~10 -05 0.0 05 1.0 s Yi
.
Bobeth, Haisch, arXiv:1109.1826
WET at 4.8 GeV Crivellin, Greub, Muller, Saturnino, arXiv:1807.02068
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The global picture in the SMEFT

RG effects require scale separation
» Consider SMEFT at 2 TeV

Possible operators:

> [053)]3323 = (73’Yp7a13)(¢_12’7”7aqa)3
Can also explain R anomalies!
> [Og)]ssza = (I7uh) (@27 93):
Strong constraints from B — Kvv require [Cg)]3323 ~ [Cg)]gggg
Buras et al., arXiv:1409.4557
» [Ogelosss = (G27,,93) (837" €3) cannot explain Ry

» Four-quark operators cannot explain Ry, models yielding large enough
contributions already in tension with data
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The global picture in the SMEFT

0.0008 4 —— NCLFU observables Ay2 = 1 | 4 [2019]:

—— b-» sup & corr. obs. 1o flavio
0.0007 Clear preference for
' 3)

non-zero [C{))|szzs = [C\3)]aa23

s s =
£ 2 8
g 2 &
ER

0.0003

0.0002

(G122 = [C1) )aoas [TeV 2]

0.0001

0.0000

~011 012 —010 008 —0.06 ~004 —0.02 0.0
1 3 —
[C,(,,)]ma = [Ct(.,)]sm [TeV~2]

[C/(;)]ssze.:[cl(;)]aaza = "™ (RG effect)

[C,(;)]zzza = [C,(;)]zzza = Acf;s““ = —Cfg”“
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RES

Global Fits of Flavour Anomalies

The global picture in the SMEFT

- —— .
000081 ﬁﬁffi;ﬁi‘f‘ SRS flavio [2019]:
00007 | P s & cor obs. 10 Clear preference for

global 10, 20

non-zero [C{))|szzs = [C\3)]aa23

> R, explanation:
Agreement with combined R,.) and
b — spup explanation has improved

ooo
£ 2 8
g 2 &
ER

(G122 = [C1) )aoas [TeV 2]

011 012 —010 008 —0.06 ~004 —0.02 0.0
[C P32 = [C s [TeV 2
() = (3) univ.
[Cly'lases = [Cy'lases = Co (RG effect)

[C,(;)]zzza = [C,(;)]zzza = AC:S‘“‘ = —Cfg”“
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The global picture in the SMEFT

—— .
i (= [2015];
00007 b sy & corr. obs. 1o S Clear preference for

global 10, 20

(3)

non-zero [C{))|szzs = [C\3)]aa23

> R, explanation:
Agreement with combined R,.) and
b — spup explanation has improved

I3 o o
=3 3 =3
15 5 g
5 5 5
2 = S

[Ct(ql Nazns = [Cz(q3 )2 [TeV 2]

> [2020]:
Prefernce for
non-zero [Cg)]aszs = [Cf:)]ssza
slightly increased

011 012 —010 008 —0.06 ~004 —0.02 0.0
1 3 —
[C,(,,)]ms = [Ct(.,)]sm [TeV~2]

[C,(;)]saga = [C,(;)]aaza = C;niv. (RG effect)
[C,(;)]zzza = [C,(;)]zzza = AC:S‘“‘ = —Cfg”“
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Results Global Fits of Flavour Anomalies

The global picture in the SMEFT

00008 —— ZES)FK:;JS:TM% A’ =1 flavio > [2019]:
b sp & corr. obs. 1o S Clear preference for
(1) — 100
non-zero [C,q ]3323 = [C,q ]3323

0.0007
global 10, 20

> R, explanation:
Agreement with combined R,.) and
b — spup explanation has improved

s o o
s = s
g 2 g
= S S

[Ct(ql Nazns = [Cz(q3 )2 [TeV 2]

> [2020]:
Prefernce for
non-zero [Cg)]aszs = [Cf:)]ssza
slightly increased

004 012 010 008 006 004 —0.02 000
[Cl(,,l )]3323 = [Cl(,,s )]3323 [TeV~2]
» Only a simple SMEFT scenario
= Consider explicit models that yield
this coefficients
[C,(q‘)]zzgg = [C,(;)]zgza = ACPM = _cii = Good candidate: U; Leptoquark

[C/(;)]saze.:[cl(;)]aaza = "™ (RG effect)
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Scenarios for LFU and LFUV C; [2019]
Ry and Ry~ support LFUV NP, but there could also be a LFU piece

C,'e = ,U C’ﬂ = C,U + C,\[L [Alguerd, Capdevila, SDG, Masjuan, Matias]
3 3
2] 2
ATLAS ATLAS
1 Belle 1 Belle
CMS \‘ CMS
LHCH N k| LHCH
Al Dua, i B Al Duta
=3 =3
S S
-1 -1
-2 -2 ? i
-3 SN -3 SN
-3 -2 =1 0 1 2 3 -3 -2 -1 0 1 2 3
" Vo _ Vv
CQ;L Cgu - _Clou
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Scenarios for LFU and LFUV C; [2020]
Ry and Ry~ support LFUV NP, but there could also be a LFU piece

Ce=C’ Cup=C+C}

[Alguerd, Capdevila, SDG, Masjuan, Matias]

24 24
164 L6
— All Data
0.8 0.8
2o
0.0 0.0
Q
~0.8 -08
—16 —16
—24
08 00 08 16 24 a4 -6 -n\;s 0.0 \u/zs 6 24
V —
CQu CDu - Cl[)u
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Scenarios for LFU and LFUV C; [2020]

Scenario Best-fit point 10 20 Pullspny  p-value
C{;/Q —0.54 [-1.06,—0.06] [—1.68,+0.39]

Sc. 5 s +0.58 [+0.13,4+0.97] [-0.48,+1.33] 6.0  39.4%
ey = —0.43 [-0.85,+0.05] [—1.23,+40.67]
Cy, = —CY —0.56 [-0.65,—0.47] [-0.75,—0.38]

Sc.6 % o ’ ’ 2 414%

¢ ¢y =cl —0.41 [-0.53,—0.29] [~0.64,—0.16] 6 5

@ —0.84 [-1.15,—0.54] [—1.48,—0.26]

.7 o ’ ’ ] 5%

se @ —0.25 [-0.59,+0.10]  [-0.92,40.47] 60 36:5%
Cy, = —C —0.34 [~0.44,—0.25] [-0.54,—0.16]
Sc. 8 oy om ’ ’ . 48.4%

¢ cy —0.80 [-0.98,-0.60] [—1.16,—0.39) 62 84%

G = =C, —0.66 [-0.79, —0.52] [-0.93,—0.40] .

se. 9 cy _040  [-063,-0.17] [-086,40.07] O/  284%
Cy, —1.03 [-1.18,-0.87] [-1.33,—0.71]

Sc. 10 o ’ ’ 2 415%

¢ ClH +0.28 [+0.12,40.45]  [~0.04,40.62] 6 5%

@ —1.11 [-1.26,—0.95] [—1.40,—0.78]

.1 & ’ ’ ' 9%
se C}f, —0.29 [-0.44,-0.15] [-0.58,—0.01] 63 43.9%
e 12 Cy —0.06 [-0.21,40.10] [-0.37,+026] 000,

' Ch +0.44 [+0.26,+0.62]  [+0.09,+0.81] ' -

Cg‘} —1.16 [-1.31,-1.00] [-1.46,—0.83]

€ +0.56 [+0.27,+0.83] [-0.02,41.10] .
sc. 13 @ +0.28 [+0.08,+0.49]  [-0.11,40.70] 62 492%

O +0.01 [-0.19,+0.22] [-0.40,40.42]
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Results Global Fits of Flavour Anomalies

Consistency of scenarios with B — K™* i data

» Increase of significance
for some scenarios (up
to 0.8 o), but same
hierarchies
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Consistency of scenarios with B — K™ i data

1.0 —}— LHCD combined : Run1+ 2016 -
~-&-« LHCb Runl only

SM fi JHEP 1606 (2016) 092 . e
B s fon (o) > Increase of significance

05T 4 1 for some scenarios (up

Tl : Cop to 0.8 o), but same
R ! (CopsCor = ~Cro) hierarchies
vm 0.0r e i » Reduction of the internal

€ =-ch.c)

inconsistencies of the fit

, > for P,
—05}F ,__' - — |
EE.F"E‘I‘ for some of the
! ——Cou=—Cugy scenarios
0] —— pap ]
0 5 10 15 20
¢ (GeV?)
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Results

(RK)[1.6)

S. Descotes-Genon & P. Stangl (IJCLab & LAPTh)

Beyond the Flavour Anomalies, 1 April 2020

Gilobal Fits of Flavour Anomalies

» Increase of significance
for some scenarios (up
to 0.8 o), but same
hierarchies

» Reduction of the internal
inconsistencies of the fit

> for P,

> between P} and Rk
for some of the
scenarios
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Results

(RK)[1.6)

S. Descotes-Genon & P. Stangl (IJCLab & LAPTh)

Beyond the Flavour Anomalies, 1 April 2020

Gilobal Fits of Flavour Anomalies

» Increase of significance
for some scenarios (up
to 0.8 o), but same
hierarchies

» Reduction of the internal
inconsistencies of the fit

> for P,

> between P} and Rk
for some of the
scenarios

» p-value of SM
decreased to 1.4%

28/31



Results Gilobal Fits of Flavour Anomalies

An EFT interpretation: SMEFT

Connect b — sfl and b — clv anomalies within SMEFT (Anp >> my w 7)
Lswerr = Loy + Lg>4 with higher-dim ops involving only SM fields

[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]
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Inpu Results Con C Gilobal Fits of Flavour Anomalies

An EFT interpretation: SMEFT

Connect b — sfl and b — clv anomalies within SMEFT (Anp >> my w 7)
Lswerr = Loy + Lg>4 with higher-dim ops involving only SM fields
[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]

» Two ops. with left-handed doublets

:/kl = [QI’Y;LQ/][LW“L/] qu/ = [Qﬂ’uEQj] [Zk'VMEL/]
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Input Results Conc le Gilobal Fits of Flavour Anomalies

An EFT interpretation: SMEFT

Connect b — sfl and b — clv anomalies within SMEFT (Anp >> my w 7)
Lswerr = Loy + Lg>4 with higher-dim ops involving only SM fields
[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]

» Two ops. with left-handed doublets
//kl = [Q,'yuO,][Lw“L,] qu/ = [OWAL&Q/‘] [Liy"aL))

» FCCC part of (9(3%3 can describe Rp(-) (rescaling of Gg for b — c7v)

S. Descotes-Genon & P. Stangl (/CLab & LAPTh) Beyond the Flavour Anomalies, 1 April 2020 29/31



Anomalie Theoretical framewc An: Inputs Results Conc le Gilobal Fits of Flavour Anomalies

An EFT interpretation: SMEFT

Connect b — sfl and b — clv anomalies within SMEFT (Anp >> my w 7)
Lswerr = Loy + Lg>4 with higher-dim ops involving only SM fields
[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]

» Two ops. with left-handed doublets
//kl = [Q,'yuO,][Lw“L,] qu/ = [éﬁu&Qj] [Liy"aL))

» FCCC part of (9( ) can describe Ry (rescaling of Gg for b — c7v)
2333 D

» FCNC part of (9§3’33) with Cé;:)m = Césga [Capdevila, Crivellin, SDG, Hofer, Matias]
> Large NP contribution b — s77 through Co, = —C»
> Avoids bounds from B — K(*)w/, Z decays, direct production in 77
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An EFT interpretation: SMEFT

Connect b — sfl and b — clv anomalies within SMEFT (Anp >> my w 7)
Lswerr = Loy + Lg>4 with higher-dim ops involving only SM fields
[Grzadkowski, Iskrzynski, Misiak, Rosiek ; Alonso, Grinstein, Camalich]

» Two ops. with left-handed doublets
//kl = [Q,'yuO,][Lw“L,] qu/ = [éﬁu&Qj] [Liy"aL))

» FCCC part of (923%3 can describe Rp(-) (rescaling of Gg for b — c7v)

» FCNC part of (9§3’33) with Cé;:)m = nga [Capdevila, Crivellin, SDG, Hofer, Matias]
> Large NP contribution b — s77 through Co, = —C»
> Avoids bounds from B — K(*)w/, Z decays, direct production in 77
> Through radiative effects, (small) NP contribution to C&
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An EFT interpretation: B anomalies

wfp T
Scenario LFU + LFUV NP (Sc 8) Global fit to b — st

Global fit including R(D™)
V _ VvV
| Cgu = —C10# from small 02322
[b — spp]
> C;J from radiative corr from large Opass
[b — ctvand b — supu] s

Generic flavour struct and NP at scale A

R«
o = 7.5(1— D())
Rp(),s0m1
log(A2/(1TeV?
x(1+ og(A?/(1TeV/ )))
10.5
Cy, = —Clo,

» Agreement with (Rp, Rp«) for A =1 — 10 TeV

» Scenario 8 has Pull,,sy of 7.4 o once Rp- included

> Huge ehhancement of b — s77 modes O(10™*)  (Capdevila, Crivelin, SDG, Hofer, Matias]
Br(Bs = 7777 ) yop, <68x107°, Br(B— Krtr ), <225x107°
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Conclusions
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Conclusions

New B — K™ i1 data a very reassuring confirmation of the situation in b — s¢/¢

» Increased consistency between B — K* upu data and the rest of the global fit, in
particular between Ry and P

P Increase in the pullgy; of the favoured scenarios, no change in hierarchy of
scenarios

P Possibility of right-handed currents in several favoured scenarios

» Possibility of LFU contributions, in good agreement with simple EFT
interpretations combining b — ¢fr and b — sff anomalies

> Significant decrease of the p-value of the SM
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Flavour Anomalies Theoretical framework Analysis Inputs Results

Gilobal Fits of Flavour Anomalies

Simplified U;-leptoquark model

> U; vector leptoquark (3, 1),/ couples quarks and leptons

Ly, D gl (@7"F) Uy + hec.

P> Generates semi-leptonic operators at tree-level

K ilx

Iq g/q
2

2M?,

[N = [ = —

» And dipole operators at one-loop, e.g.
[Oav]j = (Gio"" Vi d)p, V€ {W,B,G}:

i3%

Yb Q/is g
C =K , kw = 2,
[Cav]es Y 6n2 E,» v w= g
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Simplified U;-leptoquark model

2.00
—— Rpw A =1 »
15 . lfzm & lept. 7 decays 10, 20 RD(*) I:ﬂOSﬂy d?pendsagn 23
- L S el by lept. 7 decays 1 tauonic couplings g;,, gj,
w0 ", “Uzz3 excl. by BR(B - X.7)
o dip =06 g5y =07 » Dipole operators contribute to
125 BR(B — Xs7)
ao M » RG running contributes to
S 0.75 4 leptonic T decays
050+ > Well defined allowed region for
explaining R,
0.254 -
select benchmark point
0.00 4
flavio 32 33
~0.25 | 99 = 0.6, 94 = 0.7

~025 000 025 050 075 1.00 125 150 175 2.00
32
Yiq
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0.4

0.3

23
9iq

0.1

—— b s A =1
—— NCLFU obscrvables Ay? = 1
gy =0
9 =0

> R,(~ can be explained by muonic
couplings g7, 9o

» Vanishing tauonic couplings:
Tension between fits to R, (.) and
b — sy observables after
Moriond 2019

flavio

0.0

—0.200 —0.175 —0.150 —0.125 —0.100 —0.075 —0.050 —0.025 0.000

22
Jiq
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—— b s A =1

—— NCLFU obscrvables Ay? = 1
excl. by LFV

0.4

0.3

0.1

--------- flavio
0.0

~0.200 ~0.175 ~0.150 ~0.125 ~0.100 —0.075 —0.050 ~0.025 0.000
22
Jiq

Gilobal Fits of Flavour Anomalies

R, () can be;:xplained by muonic

couplings g7, gic

Vanishing tauonic couplings:
Tension between fits to R, (.) and
b — sy observables after
Moriond 2019

Benchmark point explaining R,

gy =06, gp =07,

implies non-zero Cs"™", R, (., and
b — spp in good agreement after
Moriond 2019

Constraint from LFV observables
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Pending questions

P> Estimate of soft-gluon c¢ contribution from
Light-Cone Sum Rules

v P Several cc contributions, with hard and soft gluons

(hard to estimate)

§ ' > Soft-gluon correction from LCSR smaller than
thought ? [Gubernari, Van Dyk]

> Impact on contribution to be worked out (not used at

v v face value in fits)

© W

» Narrow-width approx for form factors o

> Not problem for K or ¢, but for K* ? S—g ™

> Lattice QCD : other collaborations ? :5 ™

> K*-meson LCSR: not able to catch the effect :\f o 5]
(need to use K DAs) £

» B-meson LCSR: universal 10% effect, b R
increasing SM discrepancy R S |

[Khodjamirian, SDG, Virto] ‘ 1‘",\-‘ (GeV)
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