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Flavor

Generational structure & mixing is feature of SM and many BSM
d.o.f.’s; VIRTUES:

i) high sensitivity to BSM in flavor violation;
FCNCs b→ s``, µ→ eγ, h→ τµ, ...

we may discover BSM in flavor physics (even first)

ii) flavorful processes are intrinsically linked to ”flavor puzzle”
YSM hierachies from where?
with BSM-signal, we may be able to progress here

iii) plenty of modes s→ d, c→ u, b→ s, d, t→ c, u, µ→ e, τ → µ, e

plus charged ones; plenty of ongoing & future experiments, too.
we may identify LBSM ; complementary to direct searches
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Main Themes 2015

-SM precision: Higher order, hadronic matrix elements, lattice QCD

- bottom-up model-building/simplified models (Z ′, extra Higgses,
leptoquarks..) ”data-driven”

- multi-observable fits to couplings ”Wilson coefficients” C7,9,10 of
standardized |∆B| = |∆S| = 1 effective hamiltonian; few groups,
dedicated effort, exploit correlations, precision test of the SM

- design/use clean observables; related to (approximate) symmetries
of the SM: lepton-nonuniversality, CP, helicity, LFV .. ”null tests”

- Higgs physics: hff̄ and hff̄ ′ – are couplings SM-like?

- quarks together with leptons: hint of lepton-nonuniversality in
B-decays; searches for LFV

3



Points of interest 2015
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WIN15 flavor Summary

HIGGS Flavor
Avital Dery, Erik Schumacher, Matthias König, Avelino Vicente
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Higgs-Flavor

New exp method to search for h→ τµ with h→ τeµ ; in prep. for
ATLAS A.Dery

[S. Bressler, AD, A. Efrati, Phys. Rev. D 90 (2014) Editors Selection
arXiv:1405.4545]
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Higgs-Flavor

Explaining the CMS anomaly at face value is non-trivial (Dery,
Vicente, Schumacher, Heeck):

Can do the trick: Multi-Higgs doublet models, U(1)FN w.
holomorphic zeros, models with ”more LFV spurions e.g from
seesaw

Strong constraints in general from radiative FCNCs τ → µγ and
other flavor violation. Succesful models generically are
testable/predicitive!
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Higgs-Flavor

S4 flavor symmetry explaining higgs anomalies; E.Schumacher
”PMNS”-type model-building tools
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Higgs-Flavor

predicts h→ τe not far from h→ τµ
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Higgs-Flavor

A.Vicente
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Higgs

Probing light quark yukawas with exclusve higgs decays; M.König
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Higgs

SM predictions

M.König
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Higgs

Correlations with h→ bb̄

M.König
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WIN15 flavor Summary

Precision Tests in b→ s``, γ
Sebastien Descotes-Genon, Morimitsu Tanimoto

Heff = −4GF/
√

2VtbV
∗
ts
αe

4π

∑
CiOi

O9 = s̄γµPLb¯̀γ
µ`, O10 = s̄γµPLb¯̀γ

µγ5` O′ from O with PL ↔ PR.

CSM
9 = 4.2, CSM

10 = −4.2, C ′SM ' 0.

Model-independent fits: C = CSM + CBSM .
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b→ s fits

Fitting dimuon observables globally; S. Descotes-Genon
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b→ s fits
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b→ s fits

The global fits indicate a hint for BSM in CµBSM
9 ' −1; other

coefficients can be affected, but to a lesser degree, too. A good fit is
obtained with the SU(2)L relation C9 = −C10 ' −0.6.

Main TH tasks: understand hadronic uncertainties: power
corrections at low q2, cc̄ contributions and improved form factors
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b→ s fits

If taken at face value, the fit outcome |CBSM
9 | ≥ |CBSM

10 |requires
non-standard model building. Z → `+`− in SM opposite hierarchy.

Current proposals: Z ′ models (Heeck, Fuentes, Vicente),
Leptoquarks (de Medeiros Varzielas)

(J.Fuentes) Explain simultaneously with RK– avoids large hadronic
uncertaintes
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WIN15 flavor Summary

LNU and LFV in b→ s
Ivo de Medeiros, Javier Fuentes, Avelino Vicente, Julian Heeck

RK = B(B̄→K̄µµ)

B(B̄→K̄ee)

Lepton-universal models(SM): RK ' 1 very clean
LHCb: RK = 0.745±0.090

0.074 ±0.036 < 1
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b→ s explanations

Activity counter; A.Vicente
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LNU-RK

Explanations: Z ′-models (BSM in b→ sµµ, not in b→ see),
leptoquarks (both µµ and ee possible), R-Parity violation

Vicente: dark SM × U(1)X simultaenous expl of b→ s anomalies
and relic density

Fuentes: minimal input SM × U(1); uses anomaly conditions

Heeck: gauged SM × U(1)τ−µ; amended by extra Higgs-dublet gives
h→ τµ

Varzielas: Leptoquarks with flavor symmetries, e.g. U(1)F (quarks)
and A4 × Z3 for letpons; relate leptoquark couplings to SM masses
and mixings.
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LNU in other modes

Correlations B → K with B → K∗; J.Fuentes
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b→ s explanations

SM × U(1)X : A.Vicente
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b→ s explanations

b→ s anomalies– correlations with direct searches: J.Heeck
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LFV

In models with LNU there is generically also LFV.

An exception is the minimal U(1) extension by Fuentes.

LFV can show up in B-decays and Higgs decay (Heeck)

predictions in leptoquark model with flavor symmetries (Varzielas):
M . 50 TeV

B(B → Kµ±e∓) ' 3 · 10−8 κ2

(
1−RK

0.23

)2

, (1)

B(B → Ke±τ∓) ' 2 · 10−8 κ2

(
1−RK

0.23

)2

, (2)

B(B → Kµ±τ∓) ' 2 · 10−8

(
1−RK

0.23

)2

, (3)
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LFV

and

B(µ→ eγ) ' 2 · 10−12 κ
2

ρ2

(
1−RK

0.23

)2

, (4)

B(τ → eγ) ' 4 · 10−14 κ
2

ρ2

(
1−RK

0.23

)2

, (5)

B(τ → µγ) ' 3 · 10−14 1

ρ2

(
1−RK

0.23

)2

, (6)

B(τ → µη) ' 4 · 10−11 ρ2

(
1−RK

0.23

)2

. (7)
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LFV

asymmetric branching ratios:

B(Bs → `+`′−)

B(Bs → `−`′+)
' m2

`

m2
`′
. Left-handed leptons only (8)

B(Bs → µ+e−)

B(Bs → µ+µ−)SM

' 0.01κ2 ·
(

1−RK

0.23

)2

, (9)

B(Bs → τ+e−)

B(Bs → µ+µ−)SM

' 4κ2 ·
(

1−RK

0.23

)2

, (10)

B(Bs → τ+µ−)

B(Bs → µ+µ−)SM

' 4 ·
(

1−RK

0.23

)2

, (11)
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LFV

A.Vicente
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Summary

– Anomalies in the flavor sector have inspired new types of
bottom-up model-building.

– Leptons and quarks flavor links are becoming important – current
b→ s, c-anomalies hint at non-SM lepton flavor.

– If LHCb’s measurement of RK substantiates it implies that there is
more difference between a muon and an electron than their mass.
Lepton-universality, a feature of the SU(3)C × SU(2)L × U(1)Y SM
appears to be violated in b→ s FCNC transitions.

– Fantastic prospects to progress in understanding of flavor and
BSM.

We thank the organizers of WIN’15, all our speakers for great talks and our fantastic session chairs.
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