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Introduction

A few words on the motivation:

@ Historically: FCNC processes played an important role in the construction
of the Standard Model (SM)

@ Currently: FCNC Processes are throught to provide a good window to beyond
SM (BSM) physics

@ Semileptonic processes such as b — s/ ¢~ provide
many different observables

@ b — stransitions have measurable rates in the SM

@ ... and are (to some extend) tractable from the theory side

e Effective Field Theory approach
e Hadronic matrix elements, local and non-local
o Effects from BSM physics
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We focus on b — s transitions
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Effective Field Theory

Effective Field Theory: Weak Effective Theory (WET)
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Effective Field Theory

The Wilson Coefficients C; ...
@ ... are computed by matching the SM to WET
@ ...atthescale u = My ~ Mz ~ m;
@ ... depend thus on m? /M2, (some of them)
@ ... are known in the SM at least to NLO, including RG improvement.

The EFFTh approach is flexible, i.e it can incorporate also BSM effects!

Problem: How to compute (B|He|K(*)¢t¢7) 2
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Effective Field Theory
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Hadronic Inputs

Hadronic matrix elements

Decay Amplitude for B — K(*)¢¢ (Schematically):
LM
A(B — KWty = N |(Colh, + Croly)F, — ?V(C7FT,,,, + H,,,)]
Hadronic matrix elements are the limiting factors

for precise predictions! §<

@ Local matrix elements: Form factors (M = K, K*):

FEM (k. q) = (M(k)|5v, P, b|B(g + k)

FEM(k,q) = (M(k)|50,,q" Prb|B(q +k)) @g

a

() Hf%M(k,Q) = 2/ diz e (M ( k)|T{_] x) 0101 + 0202) 0)}|B(Q+ k))
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Hadronic Inputs

Form Factors

3
relatively well under control: s}
Nl
. . . 15 - f
@ Lattice simulations at s b
high s (i.e. low hadronic C———
reCOII) 0 4 SqZ[Glezvz] 16 20 24
@ Light-cone Sum-rule 3
estimates at s ~ 0 =T
@ Inter-/Extrapolation 15 f
. . 1F
using the z expansion os | =
N 0 1 1 1 1 1 1
\ Uncertainty ~ 10% \ S e %
(HPQCD 2013) ! (H(")'rtsfah, Liu, Meinel, Wingate, 2013)
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Hadronic Inputs

Non-Local contributions

Related to charm loops
c ),‘ c )v* (& V'
b s b R b N

B K B K B K©
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Hadronic Inputs

Options for the charm loop:

@ Local Expansion for s < m?2
Expansion parameter s/m?2

Valid in the pole region
(Buchalla, Isidori, Rey 1997, Voloshin 1996)

@ Light-Cone expansion for 4m3 — s < N3¢

Expansion parameter Aqcp/v/4m2 — s
Valid for 0 < s < 4m2

-
o

-

dB(B->K*yy)/ds x 10" (GeV')

@ Narrow Resonances: Approximate by o
B — (J/0, " )KH) — e~ KH) !
Valid for 4m2 < s < M2, o T

s (GeV?)

@ Above s < M2, difficult! (Grinstein, Pirjol, 2004)

\This is still the largest source of uncertainties! ‘
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Hadronic Inputs

Interesting region for hunting anomalies: 0 < s < 4mf3
Decompose the non-local matrix element into helicity components

HE—»K _ SPHB—>K and HE—»{* ZSAHB—M* . A=L,|I,0

H (%) = G(g*)F () + ‘*A (

leading power (LO in ay) soft gluon correction

non-perturbative
g )::222 = not a; suppressed

4
+ hard gluons (a;) corrections 99&
E 2 é i ” B K
b s b s \ d
B X

d d
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Hadronic Inputs

Light Cone OPE for Vy:

(0]d ()G op (uy)hy (0)|B(¥))
femg 1 X Ya
— Tr ]/5P+ (va)/ﬁ — vﬁya)(lPA — lPV) - LUaﬁlPV — (yaVﬁ - yﬁva) ﬂ + (ya]/B - yﬁya) ﬂ (x, uy)

(Khodjamirian, M, Pivovarov, Wang 2010)

W+Y,
vy

_ fems

) X,
TriysPs |(va¥p — vp¥e) (Wa — By) — i0ap®y — (YaVp — YpVa) vyt (Ya¥p — YpYa)

X4 ' w

}(x, uy)
(Gubernari, van Dyk, Virto 2020)
Additional contributions up to twist 4
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Hadronic Inputs

Transition ~ V(¢? = 1GeV?) This work Ref. [11]
B— K A (+4.9£2.8)-1077 (=1.3+49)-10*
V, (—4.443.6)-1077GeV  (—=1.5%12)- 1071 GeV
B— K* v, (+3.34£20)-1077GeV  (+7.371%)-107°GeV
Vs (+1.14£1.0)-10°°GeV  (+2.475%)-107*GeV

This work = Gubernari, van Dyk, Virto 2020, Model for the functions: Braun, Ji Manashov, 2017
Ref[11] = Khodjamirian, M, Pivovarov, Wang 2010, simple exponential model

Factor more than 100! ... Why?
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Hadronic Inputs

@ Cancellations between the various contributions, which was not present in
KMPW2010, may be model dependent?

@ More recent calculations of the normalization constants of the gGh, LCDA

A2~ (0|gsgo(7 - E)yshy|B(v))
X2, ~ (0gsq(c - B)yshy|B(v))

Neubert Grozin 96 Nishikawa/Tanaka 14 Rahimi Wald 20
)\25 (GeV?) 0.11 +0.06 0.03£0.02 0.01 +0.01
A,%, (GeV?) 0.18 £0.07 0.06 £ 0.03 0.11 £0.02
(A2 =X2(u=1GeV), X2, = X2 (u=1GeV))

@ Estimates are based on different! QCD sum rules
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Hadronic Inputs

Lepton (Flavour) Universality Violation (LFUV)

In the SM:
@ LFUV originates exclusively form the different lepton masses!
@ For e and i the power like corrections are (too) small
@ QED Corrections from soft and collienar photons depend on my
@ These induce contributions of the form

a <A2)
—In(—=
s me

@ Their size depends on the experimental cut A
@ Controllable!
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Hadronic Inputs

For B — K*//:

10 —— my =me; mES = 4.880 GeV ]
e my =me; My = 5.175 GeV
105 — =My 5° = 4.880 GeV/
o : ———— my=my; mpt = 5175 GeV
S n
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S e
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(Bordone, Isodori, Pattori, 1605.07633)
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Beyond the Standard Model

Beyond the Standard Model

Current Highlight: “B-Anomalies”
@ Partial rates
@ Angular Distributions
@ Lepton Universality

The EffTh approach is very versatile:
@ Modification of Wilson coefficients relative to the SM values

@ Additional Operators nor present in the SM
e.g. Operators with right-handed currents, usually marked with a prime

@ ... but it cannot tell you much about the details of BSM physics
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Beyond the Standard Model
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(Alguero et al., 2104.08921)
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Beyond the Standard Model

Observations from the fit of the Wilson coefficients: (aiguero etal., 2104.08921)
@ Viable possibility: Right handed contributions Oj and O;, for muons
@ LFU violation with Cg , = —Cy, requires also LF-universal NP contributions
@ Move on to simplified models:

@ ... and eventually also to a UV complete theory
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Beyond the Standard Model

Summary: The Landscape of Anomalies

“New” Anomalies:

@ Branching ratios of b — s uu processes

@ Angular distributions in b — s uu processes

@ Ratios of b — see versus b — spuu

@ Ratios of exclusive b — crv versus b — clv
“Old” Anomalies:

@ CP Violation: Aacp in Charm and Kaon €'/¢

@ Exclusive versus inclusive Vyy

@ Anomalous magnetic moment of the muon
“Brandnew” Anomaly

@ Branching ratios of Bs) — Dis){m, K} (uveretal, 2007.10338)

T. Mannel, Siegen University Theory of FCNC Semileptonic B Decays



Beyond the Standard Model
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Beyond the Stand.

ard Model
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Beyond the Standard Model

@ Some interesting anomalies are seen in flavour physics

@ They seem to be pretty stable, in particular the b — s¢¢ anomalies

@ They seem to hint at NP modifications of some specific Wilson coefficients
@ Maybe history repeats and flavour gives us decisive hints on BSM physics
@ We need a still better control of hadronic effects!
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