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Flavour Anomalies
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b — s u™p~ anomaly

Several LHCb measurements deviate from Standard model (SM) predictions:

> Angular observable P in B — K*u 1~ (two anomaly bins ~ 3 o each)
LHCDb, arXiv:2003.04831, arXiv:2012.13241

» Branching ratios of B — Kp "=, B — K*utp~,and Bs — ¢outpu™ (~ 2 o).
LHCb, arXiv:1403.8044, arXiv:1506.08777, arXiv:1606.04731
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Hints for LFU violationin b — s ¢*/~ decays

Measurements of lepton flavour universality (LFU) ratios RE?,;O“S”‘”, R,[Jf’e] show

deviations from SM by about 2.5 each. LHCb, arXiv:1705.05802
Belle, arXiv:1904.02440

> Cancellation of all uncertainties in SM (up to lepton masses), strongly FF
sensitive in presence of NP.
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Hints for LFU violationin b — s ¢*/~ decays
Measurement of LFU ratio REM] shows deviation from SM by 3.7c.
LHCb, arXiv: 2103.11769, Belle, arXiv:1908.01848
» Cancellation of all uncertainties in SM and in presence of NP (up to my).
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Hints for LFU violationin b — s ¢*/~ decays

Measurement of LFU observable Q4,5 = Dp, . = P}'s — Pis by Belle.
’ S. Wehle et al (Belle), PRL 118 (2017)

> Cancellation of all uncertainties in SM (up to lepton masses) like other LFUV
Rk k=, but optimized in presence of NP, contrary to the case of Rg«.

> Isospin averaged but lepton-flavour dependent channels:
Pt =0, PBY+(1—0)P(B%) o,=05+05
» Also electronic and muonic channel analysis, show electrons more SM-like.
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Combination of Bs g — "~ measurements

Measurements of BR(Bs ¢ — 112~ ) by LHCb, CMS, and ATLAS show combined
iati ATLAS, arXiv:1812.03017
deviation from SM by about 2¢. e e
LHCb seminar 23 March 2021
Altmannshofer, PS, arXiv:2103.13370
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QM: We take the average of ATLAS, CMS, LHCb (now closer to SM)
Bg syt = (2854:%13;11) x 1077
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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 3o.
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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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Theoretical Framework
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b — st/ in the weak effective theory

> Effective Hamiltonian at scale my:  HE = MO8 4 + HES v

Hgfsfeﬁ o= — N<c’;so$S /bs /bs + Z Z (Clpseeolpsee + Clgbseeolgbsee> ) +he.
¢=e,11i=9,10,S,P

> From the set of operators (¢ = e, p)

08 = (8y,.Pb) ("),  08°% = (5v.Prb)(I7"0),

058" = (8vuPLb)(I7ysl), 016" = (57,Pab)(I7"st) ,
0% = (80, Pb)F* , O = T2 (S0, Pib)F",
05 = m,(SPgrb)(1) 025 — m,(3P.b)(2¢),

OB = my(8Ppb)(Pyst), 0P = my(SPLb)(Zyst).

QM: not considered here Og‘)F,
PS: not considered here 07 7 (strongly constrained by radiative decays)
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Two sources of hadronic uncertainties for exclusive
GFCM
V2r

o [

s e

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

A(B — Mﬂf) thVtS[(A +T )Ug’)/ ve+B Ug’y ’75Ve]

> Local contributions (more terms if NP in non-SM ()): form factors

2
A, = mbq

C7<M|S(7HUPRb|B> + Cg(MlS’ylLPLbIB>
BH = C10<M‘S’7MPLb|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]

» large recoil: Light-Cone Sum Rules (B-meson or light-meson DAs)
[Khodjamirian, Mannel, Pivovarov, Wang; Bharucha, Straub, Zwicky; Gubernari, Kokulu, van Dyk]

Bk
2.0
15
0.5
00 ~10 0 10 20 0.0r ) ) )
1G] 0 5 10 15
B-meson LCSR + lattice Light-meson LCSR + lattice

» correlations among the form factors needed
» known from direct determination and/or combined fit to low and large recoils [PS]
» recovered from EFT with mp — oo + O(as) + O(1/mp,) [QV]
[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)

» SM effect contributing to Cy,
> depends on g2, lepton univ.

» quark-hadron duality approx
at large g2 (syst of few %) B
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Hadronic uncertainties: charm loops

r ——
B SM prediction (prior)
ZZ) NP fit (posterior LLH2)
W LHCH 2015

B K*y,

> important for resonance 0.
regions (charmonia)

> SM effect contributing to Co,
> depends on ¢?, lepton univ. = oof

» quark-hadron duality approx —04f
at large g2 (syst of few %)

0.4

—0.8F

9 A v

Several approgches agree at low-q i \%[G_\_]/ 10
» LCSR estimates [Khodjamirian, Mannel, Pivovarov, Wang; Gubenari, Van Dyk]
(see talk by Gubenari)

» order of magnitude estimate for the fits (LCSR or A/m,), check with bin-by-bin
fits QM: we include a nuisance parameter s; to allow for
constructive/destructive interference between charm and short-distance
for each amplitude widening theo uncertainties  [crivellin, Capdevila, SDG, Hofer, Matias;

Straub, Altmannshoffer; Hurth, Mahmoudi]

» fit of sum of resonances to the data [Blake, Egede, Owen, Pomery, Petridis]
> dispersive representation + J/v, 1(2S) data [Bobeth, Chrzaszcz, van Dyk, Virto]

Is charm-loop overestimated instead of underestimated?
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Setup

» PS: Likelihood in Gaussian approximation combining experimental and
theoretical uncertainties
*NEW*: theoretical uncertainties depend on new physics Wilson coefficients
Altmannshofer, PS, arXiv:2103.13370

» QM: 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-value of a given hypothesis: x2;, considering Nyor (in %)
goodness of fit: does the hypothesis give an overall good fit ?
and if not, can we exclude it ?
> Pullsm : X%(C = 0) — xZ, considering Nyor (in o units)
metrology: how well does the hypothesis solve SM deviations ?
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Analysis Inputs
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Experimental inputs

> LFUV: Rk, Rk~ and Qa5 = P;’fs - Pffs isospin average™ (large- low-recoil bins)

> B — K*uu (Br and ang obs)
> By — dpp (Br and ang obs)
> BY — K, B® — Koupu (Br and ang obs)
> B — Xsup, Bs — pup (Br, effective Bs — ppu lifetime 7o)
> B K ee (ang obs)
» B — Xsv,Bs — ¢v,B— K"~ (Br)
> Ap — Aup (Br and ang abs)

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

Total: 246 obs (Global) of which LFUV (R, Rk+, Q4 5) from LHCb, Belle, ATLAS, CMS
Total: 130 obs (no bins at or below 1 GeV? (used for C!) except Rk-, no [6, 8] GeV?)

* It is important not to miss any LFUV observable (like Q; observables) for a
complete analysis.
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Updates

v

Update: Experimental value RE™°" = 0.84699:2+%%9% [LHCb 2103.11769]
Update: Exp value BR(Bs — ) = (3.097%457%"%) x 107° [LHCb at LHC
Seminar]

Update: Experimental value RE"'® [Belle 1908.01848]

New: Optimised angular distribution B — K** . [LHCb 2012.13241]
Update: Angular analysis at low B — K*®ee [LHCb 2010.06011]

New: Angular analysis B — Kt uu (F4, Ars) [CMS 1806.00636]

New: Angular analysis B — K**uu (F., Ars) [CMS 2010.13968]

New: BR(B%* — K%* uu) partners to RE®!'® [Belle 1908.01848]

New: effective Bs — uu lifetime 7eg [CMS 1910.12127, LHCb at LHC Seminar]

v

vVVvyVvVVvyVvyYyvyy
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Theoretical inputs

QM:

vy

vYyy

PS:

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

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

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

Br(B* — K**¢¢) and P;" include mass and lifetime differences, annihilation
graphs, hard spectator interactions with Og and O;_¢

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

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

Additional parametric uncertainties (e.g. CKM) based on [favio v2.2.0l with default
settings
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Results
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[2021]

Updated results in: M. Alguero et al. arXiv: 2104.08921

1D Scenarios for Cj,,

All LFUV
1D Hyp. Best fit 1o Pullsye  p-value 1o Pullsn
Coyr -1.06 [-1.20,-0.91] 7.0 39.5% [-1.06,—-0.60] 4.0

CNP — —CNP 044 [-052,-037] 62  228% [-0.46,—029] 46
CNP = —Cy, AT [-125-0.96] 65  280% [-2.13,-0.96] 3.0

CNP = -3Cee 089 [-103,-075] 67  322% [-0.78,-0.44] 40

> LFUV fit: Rk, Rk+, Qa5 (updated isospin average), Bs — puu, b — sy
» All:allb — s¢f/ and b — s+ observables
» Pullsy in o units increased compare to [2020], scenario C%E still marginal.

> p-value of SM hyp from 11% (2019) to 1.4% (2020) to 1.1% (2021) for the fit “All"
12.6% (2020) to 1.4% (2021) for the fit “LFUV"

> Tension between All fit preference by Cy,, and LFUV-fit by Cg,, = —Cio,,.

Same hierarchy of main scenarios was found by other groups, for instance:
Hurth, Mahmoudi, Neshatpour, arXiv:2012.12207
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Scenarios with a single Wilson coefficients

b — sup LFU, Bs — pp all rare B decays

Wilson coefficient best fit pull best fit pull bestfit  pull
CosE —-0.87103 430 | —074107% 410 | —0.80707, 570
Chsmm +0.4979%: 1.90 | +0.607%1 470 | +0.557012 4.80
G 4+0.39%927 1.50 | —0.327%1° 2.00 | —0.14*9% 1.00
Cpsmm —0.10%%7. 0.60 | +0.067912 0.50 | +0.047510 0.40
CoH = Coot | —0.34138 210 | +0.4379%8 245 | —0.0115% 010
CoMt = —Chgr | —0.60797 430 | —0.35'9% 4.60 | —0.41'5% 5.9

Only small pull for

» Coefficients with ¢ = e (cannot explain b — suu anomaly and Bs — 1)

» Scalar coefficients (can only reduce tension in Bs — i)

see also similar fits by other groups:

Alguerd et al., arXiv:1903.09578
Kowalska et al., arXiv:1903.10932

J. Matias & P. Stangl (UAB & U. Bern)

Ciuchini et al., arXiv:2011.01212
Arbey et al., arXiv:1904.08399

Beyond the Flavour Anomalies, 20 April 2021

Datta et al., arXiv:1903.10086
Geng et al., arXiv:2103.12738
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Scenarios with a single Wilson coefficients

b — sup LFU, Bs — pp all rare B decays

Wilson coefficient best fit pull best fit pull bestfit  pull

- coshe -0.87791% 430 | —-0.74792% 410 | -0.80701, 570
2 Cchsmm +0.4979%4 195 | 40.60*%% 470 | +0.55"%12 4.85
Zz o= chr | —0.6079% 435 | —0.3519% 4.60 | —0.417%%Y 590
= cosmm —-0.96"91 460 | 074750 415|083 594
s G +0.517%2 235 | +0.607%1 470 | 40.567%'2 4.90
B oo =—Cot | —0.64758 430 | —03570% 4.60 | 041157 590

Visible effect of theory errors depending on new physics

J. Matias & P. Stangl (UAB & U. Bern)

Beyond the Flavour Anomalies, 20 April 2021
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2D Scenarios for C;

i

[2021]: Hints for RHC?

ATLAS
=== Belle
CMS
LHCh
— All Data

ACDMN21

ATLAS
=== Belle

CMS
LHCh
— All Data

ACDMN21

— All Data

ACDMN21

=3,
=30 <24 -18 <12 <06 00 06

NP
G,

> Now Cyp,, compatible with zero at 1o in (Cs);, C1p,,) due to Bs — ™

12 18 24 30

TUI30 24 18 <12 <06 00 06 12 18 24 30

NP
Ciy

=30 =25 =20 -15 -10 -05 00

NP
Co

05 10

» RHCs appear quite naturally: large increase in scenario (Cgu ,Cior,,) and Hyp. V

([09;“ Cor =

J. Matias & P. Stangl (UAB & U. Bern)

Beyond the Flavour Anomalies, 20 April 2021

—C10/,,]) due to Rx at level of 30 w.r.t. RHCs.
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2D and 6D Scenarios for C;, [2021]

All LFUV
2D Hyp. Best fit Pullspy  p-value Best fit Pullspg  p-value
(COF,CRE) (-1.00,+0.11) 6.8 39.4% (-0.12+0.54) 43 65.6%
(€5, Cory) (-1.22,40.56) 7.2 49.8%  (-1.80,4+1.12) 41 53.6%
(Coy 5 Cror) (-1.26,-0.35) 7.4 559%  (-1.82,-0.59) 47 84.1%
(CSF,Corpy = —Crory) (-1.26,40.25) 7.4 558% (-2.08+0.51) 4.7 86.0%
(CYF = —CNL,Corpy = —Crory)  (0.4840.11) 60  240% (0464015 45  745%

> No change in the hierarchy of scenarios w.r.t. 2020.

> From last two rows: Vector preference in left sector (Cg,; ) (vs Cg, = —Ci.,)
and Cy,, = —Co,,, preference in right sector.

[ C;LP C{Ez Cyr Cory Ciorp
Bfp +0.01 -1.21 +0.15 +0.01 +0.37 -0.21
To [-0.02,+0.04] [-1.38,1.01 [+0.00,+0.34] [-0.02,10.03] [-0.2,10.80] [-0.42,+0.02]
20 [-0.04,40.06] [-1.52,—0.83] [-0.11,40.49] [-0.03,+0.05 [-0.51,4+112] [-0.60,+0.23]

> Pullsm: 5.0 [2019] — 5.80 [2020] — 6.60 [2021] (49.9%)
» 6D Fit shows coherence and stability with time.

J. Matias & P. Stangl (UAB & U. Bern)

Beyond the Flavour Anomalies, 20 April 2021
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Solution of the tension between All fit and LFUV fit:
LFU New Physics

In [Alguerd, Capdevila, Descotes-Genon, Masjuan, JM, PRD"19, 1809.08447] it was proposed:
... to remove hypothesis that NP is purely LFUV

Ci. = Cf
¢y = ¢+’
» Common New Physics contribution CY to charged leptons.
> Allow to accommodate that LFUV-NP prefers SU(2), and LFU-NP is vectorial.

3 3

’ ’ v V.o eU
[Cguv C'IUH] | o . N [Cgﬂ = —C10;u CQ]
TENSION  :: , il =" PERFECT
between LFUV ~ agreement and

- -t higher Pullsy

and non-LFUV. significance of
pr— -2 -
PU"SM 6.80. 7.30.

B B ] 1 2 3 32 a1 o 1 2 3
NP Vo Vv
Cop Cou = —Ciou

(see more LFU scenarios in back-up)
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Solution of the tension between All fit and LFUV fit:
LFU New Physics

In [Alguero, Capdevila, Descotes-Genon, Masjuan, JM, PRD'19, 1809.08447] it was pl’OpOSGd:
... to remove hypothesis that NP is purely LFUV

cr = o
¢’ = cy+c’

» Common New Physics contribution CY to charged leptons.

» LFU naturally generated by 7-loop linking it to future b — s77 and Rp p«
anomalies (discussed later)
[Capdevila, Crivellin, Descotes-Genon, Hofer, Matias, PRL18, arxiv 1712.01919]
[Crivellin, Greub, Muller, Saturnino, PRL'19, arxiv 1807.02068]
[Alguerd et al. EPJC79 (2019) 8,714.]

Assuming a generic flavour
structure and NP at the scale A:

* Notice that C§ should not be confused with
the g?— dependent, amplitude and process
dependent charm-loop.
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Scenarios with two Wilson coefficients

2.0
By — pp 1o
—— Rk & Rg- 10, 20 av)
—— b= spplo, 20
154 e
104

%g
I
—05
-1.0
-2.0 ~1.5 -1.0 =05 0.0 0.5
Cgsuu
WET at 4.8 GeV

J. Matias & P. Stangl (UAB & U. Bern)

» Before Moriond 2021

Beyond the Flavour Anomalies, 20 April 2021
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Scenarios with two Wilson coefficients

2.0

» After Moriond 2021:

By — pp 1o
—— Rk & Rg- 10, 20 .
L e > Rg: smaller uncertainty
° > Bs — pp: smaller uncertainty,
better agreement with b — suu

1.0
s
%2 SRS A

—0.51

~1.0
-2.0 =15 -1.0 -0.5 0.0 0.5 1.0

bsup
Cy

WET at 4.8 GeV
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Scenarios with two Wilson coefficients

207 —— Combination of Bs — ™~ and NC LFU
— LFUobs. & B, — pup 10, 20
flavio observables (Rg, Rg+, Dp,,

b= sup 10, 20

y5/)
»> NCLFU obs. & Bs — pp:
very clean theory prediction,

10 insensitive to universal Cg”"’-

» b — supu sensitive to univ. coeff.

E2 05 possibly afflicted by underestimated
© hadr. uncert.
0.0
»> Before Moriond 2021
—0.5
-1.0
=20 -=1.5 ~1.0 =0.5 0.0 0.5 1.0
c:;suu

WET at 4.8 GeV
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Scenarios with two Wilson coefficients

—— LFU obs. & B, = 10, 20

b— spup lo, 20 flavio

bsup
Cl 0

0.04

—0.5

-1.0
=20 -=1.5 =10 =0.5 0.0 0.5

bspp
C!) Hy

WET at 4.8 GeV

J. Matias & P. Stangl (UAB & U. Bern)

1.0

Combination of Bs — ™~ and NC LFU

observables (Rx, Rx+, Dp,, 5,)

> NCLFU obs. &Bs — pu/i:
very clean theory prediction,
insensitive to universal Cg™"

» b — supu sensitive to univ. coeff.
possibly afflicted by underestimated
hadr. uncert.

» After Moriond 2021:

> LFUobs. & Bs — ppu:
smaller uncertainty, better
agreement with b — supu

Beyond the Flavour Anomalies, 20 April 2021
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Scenarios with two Wilson coefficients

2.0

104

—— LFU obs. & B, — pp 1o, 20

b= sup 10, 20
rare B decays 10, 20

flavio

§2 054
&}
0.0
~05 1
~10
~2.0
WET at 4.8 GeV

J. Matias & P. Stangl (UAB & U. Bern)

> Globalfitin Cgs“”-Cﬁ’g“” plane prefers
negative Cgs’“‘“ = fcﬁ’g*‘“

> Tension between fitsto b — suu
observables and R¢ & R¢+ could be
reduced by LFU contribution to Cg

Beyond the Flavour Anomalies, 20 April 2021
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Scenarios with two Wilson coefficients
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> Perform two-parameter fit in space of Cg”i‘"
and AC’;S”“ = —C’;;‘“‘:
bsee _ ~bsTT __ puniv.
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bspp _ bspp
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scenario first considered in
Alguer6 et al., arXiv:1809.08447

> Preference for non-zero Cg““‘

> could be mimicked by hadronic effects
> can arise from RG effects:
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Bobeth, Haisch, arXiv:1109.1826
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Scenarios with two Wilson coefficients

> After Moriond 2021:
smaller uncertainty, better agreement
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Scenarios with two Wilson coefficients

»> Before Moriond 2021
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Scenarios with two Wilson coefficients

> After Moriond 2021:
smaller uncertainty, better agreement

-1.2
—— LFU obs. & B, — i 10, 20 ]
b spp 1o, 20 flavio
—-1.04
—0.84
ES
Z2
L‘) —0.64
1
_:i;:m ~0.44
&}
a
—0.24
0.0
‘
0.2 —
-2.0 -1.5 ~1.0 —U.;\ 0.0 0.5
Cyni.
WET at 4.8 GeV

J. Matias & P. Stangl (UAB & U. Bern)

1.0

» Perform two-parameter fit in space of Cg”i"'

and AC';S”“ = —Cﬁ’g‘“‘:

Cgsee _ Cgsrr _ aniv.

Cgsuu — aniVA + Acgsuu

bsee _ ~bsTT __
Cio  =Cip' " =0
cbsur — _ pgbsum
9

10 -
scenario first considered in
Alguer6 et al., arXiv:1809.08447

> Preference for non-zero C§""

» could be mimicked by hadronic effects
> can arise from RG effects:

b

T, Uj, dz

Bobeth, Haisch, arXiv:1109.1826
Crivellin, Greub, Miiller, Saturnino, arXiv:1807.02068

Beyond the Flavour Anomalies, 20 April 2021 25/30



Scenarios with two Wilson coefficients

»> After Moriond 2021:

smaller uncertainty, better agreement
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Scenarios with two Wilson coefficients

Constraint on scalar coefficients
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Scenarios with two Wilson coefficients

Constraint on scalar coefficients

e B, = ppi 10, 20
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Scenarios with two Wilson coefficients

Constraint on scalar coefficients

0.02 e o
T sl > After Moriond 2021:
. > Region corresponding to mass
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Consistency of scenarios with B — K*pui: (Ps)a.6 VS (Rk)[1.1,6]

2.0
— CEIJ\LP
— Ci, > Bfps not significantly changed in
— Gy =—Cii, 2021.
L5 = (Cgf’,csrﬂ - —C;orﬂ) > Increase of significance for some
— Gh=—CG) scenarios, but same hierarchies
= > Better internal coherences of the fit
< 10 > for P,
< > between P and Ry
he for some of the scenarios
> Cy, on the edge with Rx.
0-5 Co,, = —Cyo, and Cqp,, completely
fail to explain Pg.
» RHCs counterbalance a very large
and negative Cy,, in Ry
0010 —08  —06 —04 —02 00 g
(P)pg)
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An EFT interpretation: SMEFT

Connect b — s¢¢ and b — cfv anomalies within SMEFT (Anp >> My w.7)
Lsmerr = Lsm + Lg>a with higher-dim ops involving only SM fields

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

» Two ops. with left-handed doublets

0% = [0 QUL L] Of) = [Qnue Q)L L]

» FCCC part of (9;33)33 can describe Ry (rescaling of Gg forb — c7v)

» FCNC part of 093';3) with C(ZL‘)SS = C(233)33 [Capdevila, Crivellin, SDG, Hofer, Matias]
> Large NP contribution b — st through C§/ = —Cy/

> Avoids bounds from B — K(*)uv, Z decays, direct production in 77
> Through radiative effects, (small) NP contribution to C§’
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An EFT interpretation: B anomalies in Scenario 8

1.0 Global Fit to b — st
Global Fit Including R(D'™)
vV _ _oVv .
> Cy, = —Cyp,, from small Ozs;5 [b — sppl sl v Hoo)
o R(D! :
> ¢Y from radiative corr from large 0333 D
[b — crrvandb — suul 0.0 10

> Agreement with (Rp,Rp=) forA =1—10TeV _
o051
» Scenario 8 has Pullgy of 8.1 0 once Rp« ©

included. Global fit b — s¢¢ would prefer

slightly higher tension in Ry.) or large Ascale ~*7 222/ &+ .
» Huge enhancement of b — s77 modes s ,
0(1074) [Capdevila, Crivellin, SDG, Hofer, Matias] ] "~~~ S I 145
Br(Bs — 577 ) gy < 68 %1078 0 ACDMN-21
. 3 ~10 05 0.0
Br(B — KT )Babar <225x%x10 C(};‘ _ 7C1\6u
AN=2TeV

Scenario 8 LFU fits & R(D™)/R(D"))su

Scenario Best fit 1o Pullgy (o) | p-value (%)
(C, = —Cypp ) | (036, -0.74) | ([-0.43, -0.28], [-0.86, -0.61]) 8.1 514
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Summary and Outlook
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Summary of dominant scenarios and future outlook

Hypotheses Param. P’5[4’6] Rk ngﬂ Pullsy
Coyy 1 v /1029 70
0, = Copnn ) 2 v v 4009 73
(€5, Corpy = —Cior] 2 v v 40.31 7.4

With only 1 or 2 parameters one gets excellent fit to data. Scenario (*) moreover link with
b — crv anomaly and naturally generates LFU in Cg+imply large b — s77.

1.2-

 Can we disentangle the two most interesting ones?:
B -] IDU 1) [Cé\;‘PACg//‘ = 7010/“] = PU”SM =7.40
3 I‘ I I 2)[cY, = ¥, Y1 = Pullgy =7.30
06 » Ry and Rg+ cannot.
oa » Qs can. It is a discriminator that can tell us if NP
' og B L ar prefers a SU(2), structure Cq,,=-Cqq,, OF a vector
‘ H G =l CH) one Cg,.
- (G, Cy, == Cio)

0.0 —
T | C)F. Ciop)

-0.2

1.0

0.2

Outlook: a) large b — s77 would point in favour
of LFU (CJ). b) large and Qs > 0 would point in
favour of large Cg’up < 0+ possible RHCs.

(Qs¥r.1.6 (Rid1.1.6.0] (Ricdra6.01
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Other possible LFU scenarios
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Other possible LFU scenarios

Scenario H Best-fit point | lo 20 ‘ Pullsm ‘ p-value
3, —0.67 [~1.12,-0.24] | [~1.58,+0.18]

Scenario 5 Clon +0.42 [+0.01,40.77) | [-0.54,+1.08] | 6.6 38.6%
o5 =cth —0.31 [~0.68,+0.17] | [-0.97,40.65]
Cp = —C —0.52 —0.60,—0.44] | [-0.68, —0.36)

Scenario 6 4~ O [ I I 68 | a01%
¥ =ch —0.41 [~0.54,—0.28] | [-0.66,—0.15]
cy, —0.76 —1.00,-0.52] | [~1.25,—0.30]

Scenario 7 o [ D L2 m0800 oy g,
c§ —0.39 [~0.68,—0.09] | [-0.94,+0.19]
cy, = —C% —0.30 —0.39,-0.21] | [-0.47,—0.13]

Scemario ¢ I (039, -0211 ) [ I 7s | sasw
c§ —0.92 [~1.10,-0.72] | [-1.27,-0.51]
cy, = —C% —0.51 —0.64,-0.39] | [-0.77,—0.28]

Scenario9 ¥ T [ i I 6o | 202%
clh —0.27 [~0.49, —0.05] | [~0.69, +0.16]
Cs, —1.02 —1.18,—0.85] | [—1.32,—0.68]

Scenario 10 o [ iy I 6o | 128w
clh +0.27 [4+0.11,40.44] | [~0.04, +0.60]

o -1.12 —1.28,-0.95] | [-1.43,—0.

Scenario 11 Cob (128, -0.95] | [-143,2078] || g
Clty —-0.31 [~0.46, —0.15] | [~0.60,—0.01]
cy —0.22 —0.37,-0.06] | [~0.51,40.09)

Scenario 12 o'k [ ! . »+0.09 2.7 2.3%
Clo +0.46 [+0.29,+0.64] | [+0.13,+0.82]
3, -1.22 [~1.37,-1.05] | [~1.50,-0.87]
cy 0.59 0.31,40.84 0.03, +1.04]

Scenario 13 e * [H03L,+084] | [+0.03, +1.04 7.0 52.6%
clh +0.27 [+0.07,40.48] | [~0.13,+0.69]
Cly —0.04 [~0.23,40.16] | [~0.43,+0.37]

J. Matias & P. Stangl (UAB & U. Bern)

Beyond the Flavour Anomalies, 20 April 2021

Several of these scenarios
either have been related or
motivated specific models:

= Scn. 8 can be realized in
any model with large

b — stt7~ couplings like
the LQ singlet-triplet model
[1912.04224] or vector LQ
or two scalar LOs like
[1703.09226].

= Scn. 9 can be motivated
by 2HDMS and 10 to 13 by
Z' models with vector-like
quarks.
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RG effect in SMEFT
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RG effect in SMEFT )

RG effects require scale separation
» Consider SMEFT

Possible operators:

b — stT b — crv

> [0;:)]3323 = (I37.713) (@27 7%03): b, m by
Might also explain R(.) anomalies! X SU2), X
> [0 13323 = (Isvuls) (@,7"5): St L CL Vil

Strong constraints from B — Kvv require [CI(;)]3323 = [C,(:)]3323
Buras et al., arXiv:1409.4557

> U, vector leptoquark (3, 1),,3 couples LH fermions q ¢
U
Ly, D4l (T ( ) U.+hec.
aq 14
> Generates semi-leptonic operators at tree-level I

a 0

Gl

[CI(;)]UkI = [C,(;)]ijkl la =
2M3, q ,
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Correlation effects in the global likelihood
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Slightly different results by different groups

Descotes-Genon, PS, Talk at Beyomd the Fhvour Awomﬁlles
https://conference.ippp.dur.ac.uk/even

All LFUV
1D Hyp. To Pullsyy  p-value 1o Pullsny  p-value
CNP [-1.19,-0.88] 6.3 37.5% [-1.25,-0.61] 8.3 60.7 %

CNF = —CN [-0.59,-0.41] 58  253% [-0.50,-0.28] 37  753%
CYF = —Cy, [-117,-087] 62  340% [-215-1.05] 31  531%

Coefficient type best fit 1o pullp = /Ax?
chskm LV  —0093 [-1.07, —0.79] 6.20
Cipsm R®V  +0.14  [-0.02, +0.31] 0.90
Clsmm L®A 4071  [+0.58,40.84] 5.7c
Cpsmm R®A  —020  [-0.29,-0.08] 170

Chsuw — Chowm L®R +0.15  [+0.02, +0.29] 1.20
c"w = —c"w LRL —0.53 [-0.61, —0.46] 6.9
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https://conference.ippp.dur.ac.uk/event/876/

Co vs. C9g = —Cyp with global likelihood

Likelihood contours for different sets of observables taken into account

b— sup lo

b= spp & Bya — pp 1o

151 —— b sup & Beg— pup & AF =2 10

0.5 4

bspp
Cio

0.0 9

—— b= sup & Beg = pp & AF =2 & Ay — App 1o

J. Matias & P. Stangl (UAB & U. Bern)

0.0

0.5

Most groups doing fits of b — s¢¢
observables do not include AF = 2
obs.: They do not depend on b — s¢¢
Wilson coefficients

In global likelihood, AF = 2 obs.
naturally included (global!)

Choice whether to include them or not:
clear difference in Cf;“” direction
(red contour vs. blue contour)

This explained the differences
between the different groups!
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Why does the inclusion of AF = 2 observables
has such an impact on the fit in the Cﬁ’g”“ direction if
AF = 2 observables do not depend on €252
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Why does the inclusion of AF = 2 observables
has such an impact on the fit in the Cﬁ’g’“‘ direction if
AF = 2 observables do not depend on Cﬁ’g’“‘?

Theory correlations...

J. Matias & P. Stangl (UAB & U. Bern) Beyond the Flavour Anomalies, 20 April 2021
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Correlations in a toy example

> Correlations for observables 04, O, (uncertainties o1 2, correlation coeff. p):

2 2
—2|n£(01,02):L &—F&—Z D1 D , D13 = (012 — 012)
1*P2 0'12 O'% 0102 ’ ’ ’

» If D1(Cy0) depends on Cq0 and D, is constant in Cqg, then A In £ between
Cio = 0 and Cyg = Cyg yields

2 2( A ~
o Di(9) —2D1(C10) B 2pD2D1(0) — D1(Cro)

g3 0102

AlnL

1
1—p2

» First term is present whether we include O, or not (up to prefactor)

> Second term makes a difference
> if p £ 0,i.e. 07 and 0, are correlated
> if D, # 0, i.e. experimental estimate 0, shows deviation from SM prediction 0,

J. Matias & P. Stangl (UAB & U. Bern) Beyond the Flavour Anomalies, 20 April 2021 Backup 6/8



Correlations in the global likelihood
The same is true for AF = 2 observables, in particular ex:

> theory predictions of ex and BR(Bs — pu) are correlated,
BR(Bs — uu) depends on Cyg

> experimental estimate of ex shows deviation from SM prediction

Should we include AF = 2 observables in b — s¢/ fit or not?

Two different assumptions:

» Including them and only varying C;o means we assume all other Wilson
Coefficients C; = 0, i.e. we fix the SM point in these directions

» Excluding them is (nearly) equivalent to setting certain C; # 0 such that theory
prediction and experimental estimate of AF = 2 observables agree

Bayesian approach: marginalise over “nuisance coefficients” C;
» Including them and only varying Co corresponds to prior on C; strongly peaked
around SMvalue C; =0
» Excluding them is equivalent to flat prior that allows the posterior for C; to be
peaked around C; # 0

J. Matias & P. Stangl (UAB & U. Bern) Beyond the Flavour Anomalies, 20 April 2021 Backup 7/8



What can we learn from this?

> There are different assumptions we can make by including or excluding
certain observables

> Itis not obvious if there is a “correct” one, but we should be aware of the
differences

> The Ax? values between best-fit point and SM point can be different and one
has to think about what “SM point” actually means if one does not fix C; = 0
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