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@ Motivation



b — st~ anomaly

Several LHCb measurements deviate from Standard model (SM) predictions by 2-30:
> Angular observable Pt in B — K*utu™. LHCb, arXiv:1512.04442

» Branching ratios of B — Kpu™p ™, B — K*utp~, and Bs — outpu™.
LHCb, arXiv:1403.8044, arXiv:1506.08777, arXiv:1606.04731

flavio

05 = (57, PLb)(I4"0)
01[0 = (EW’MPLb)(ZW’HW’SZ)

see also fits by other groups:
Capdevila et al., arXiv:1704.05340
D’Amico et al., arXiv:1704.05438
Geng et al., arXiv:1704.05446
Ciuchini et al., arXiv:1704.05447
Mahmoudi et al., arXiv:1611.05060




Hints for LFU violation in neutral current decays

Measurements of lepton flavour universality (LFU) ratios R
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show deviations from SM by about 2.50 each. LHCb, arXiv:1406.6482, arXiv:1705.05802
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Hints for LFU violation in charged current decays

Measurements of LFU ratios Rp and Rp~ by BaBar, Belle, and LHCb show combined
deviation from SM by 3.6-3.80.
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Tools for the numerical analysis

» Computing hundreds of relevant flavour observables properly accounting for
theory uncertainties

> @ flavio https://flav-io.github.io

» Representing and exchanging thousands of Wilson coefficient values, different
EFTs, possibly different bases

> . Wilson coefficient exchange format (WCxf) https://wcxf.github.io/
» RG evolution above* and below the EW scale, matching from SMEFT to the weak

effective theory (WET)
> m wilson https://wilson-eft.github.io

* based on DsixTools


https://flav-io.github.io
https://wcxf.github.io/
https://wilson-eft.github.io

Global SMEFT likelihood
» Based on tools above, builds a SMEFT LikeLihood
> e smellihttps://github.com/smelli

» So far, 265 observables included

Rare B decays Csmert(Anp)

>

» Semi-leptonic B and K decays

» Meson-antimeson mixing

» FCNC K decays éSMEFT(,U/h) EWPO

» (LFV) tau and muon decays

> —
Z and W pole EWPOs Lgiobal(C)

> g-2 = QFV [SM

Cwet () global

> Real global likelihood is work in o

progress and open to everybody:
smelli is open source

MDM


https://github.com/smelli
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Fitting anomalies in the WET

e e e »> Before Moriond 2019:
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Fitting anomalies in the WET

Ric & Ryc-
b= sup

»> Before Moriond 2019:
Very good agreement between fits to
b — syt observables and Rk & Rk+

» After Moriond 2019:
Updated Rk measurement by LHCb
and new Rk+ measurement by Belle
closer to SM value
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Fitting anomalies in the WET

Ric & Ryc-
b= sup

»> Before Moriond 2019:
Very good agreement between fits to
b — syt observables and Rk & Rk+
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Fitting anomalies in the WET

» LFU contribution only affects b — sy, observables

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

> Perform two-parameter fit in space of Ci"™ and A Cg™* = — CoatH:
Cbsee — CunivA Cbsee =0
Cbsw Cumv +A Cbsw Cbsw —A Cbsuu

bsTT __ Auniv. bsTT __
C9 - CQ C10 =0



Fitting anomalies in the WET
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Fitting anomalies in the WET
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Fitting anomalies in the WET

. Im\- © m;- 30 vie » Before Moriond 2019:
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Fitting anomalies in the SMEFT

RG effects require scale separation

» Consider SMEFT at 2 TeV

Possible operators:
3 - _
> [qu)]sszs = (v, 7'13) (@7 7'qs):
Can also explain R ) anomalies!
> [02)]3323 = (lvu13) (827" qs):
Strong constraints from B — Kvv require [Cg)]sszs ~ [Cf:)]3323

» [Ogelosas = (G2v,.93) (837" €3) cannot explain Ry
» Four-quark operators cannot explain Ry, models yielding large enough
contributions already in tension with data



Fitting anomalies in the SMEFT
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Fitting anomalies in the SMEFT
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Fitting anomalies in the SMEFT
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Fitting anomalies in the SMEFT
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Fitting anomalies in a Us-leptoquark model

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

Ly, O gl (@4"F) Uy +hec.

» Generates semi-leptonic operators at tree-level

K il
(M. 1By lg Jig
[Co’li = [Ciylj = — oM
» And dipole operators at one-loop, e.g.
[Oav]j = (Gio"" Vi d)p, V€ {W,B,G}:
Yo N~ i o _ag
[Cdv]zrs:/“€v167T2 Z W Kw=%, Ks= —%




Fitting anomalies in a Us-leptoquark model
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Fitting anomalies in a Us-leptoquark model

g2 =06
g =08

1— bosmay=1
— Rk & Rx- A2 =1
excl. by LV
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muonic couplings gi;, g,
Constraint from LFV observables
Before Moriond 2019:

Given non-zero C3™, tension between

fits to R, () and b — su . observables



Fitting anomalies in a Us-leptoquark model
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muonic couplings gi;, g,
Constraint from LFV observables
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Given non-zero C3™, tension between
fits to R, () and b — su . observables

After Moriond 2019:
Non-zero Co™ preferred, R,(~) and
b — sup in good agreement
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Summary

Solving the anomalies in
> WET: AC™" = —CJs"* and C4"™-
»> SMEFT: [C/(q1)]2223 = [C/(qs)]zzzs and [C/(qﬂ]sszs = [C/(qs)]sazs

> U1 LQ: g/q ag/q and g/q 7g/q
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Installing smelli

» Prerequisite: working installtion of Python version 3.5 or above
» Installation from the command line:

python3 -m pip install smelli --user

» downloads smelli with all dependencies from Python package archive (PyPl)
» installs it in user's home directory (no need to be root)
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