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Introduction

Flavour has attracted renewed attention:
Various measurements showing “anomalies”
... unlike at the high energy frontier
A large set of these anomalies allow for a consistent
interpretation (Leptoquarks, Z ′)
However, be cautious!!

Where do we stand?
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Landscape of Anomalies

Seven “sets” of anomalies:
Branching ratios of b → s µµ processes
Angular distributions in b → s µµ processes
Ratios of b → s ee versus b → s µµ (LUV)
Ratios of exclusive b → cτ ν̄ versus b → c`ν̄ (LUV)

CP Violation: ∆aCP in Charm and Kaon ε′/ε
Exclusive versus inclusive Vxb

Anomalous magnetic moment of the muon

Leptoquark Anomalies Non-Leptoquark Anomalies
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A closer look at b → s``

Compute the matrix element of Heff

〈B|Heff|K (∗)``〉 =
4GF√

2
λCKM

∑
k

Ck (Λ/µ) 〈B|Ok (µ)|K (∗)``〉

Relevant matrix elements
〈B|O7,8(µ)|K (∗)``〉: Tensor Form Factor
〈B|O9,10(µ)|K (∗)``〉: Vector/Axial Vector Form Factor
〈B|O1,2(µ)|K (∗)``〉: Non-local matrix elements
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Tµ(q) =

∫
d4x eiqxT [Jem

µ (x)(C1O1(0) + C2O2(0))]
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The hadronic Caveat:
Farm factor matrix elements: Lattice QCD
Non-local matrix elements: QCD sum rule estimates
hard to make a statement about the precision

Remarks
Cut out the resonance regions,
remainig effects from the tails?
Below charm threshold: Reliable QCD calculations
based on OPE
Above the J/ψ and below the DD̄ threshold:
QCD sum rules
Above the DD̄ threshold: very difficult
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Branching ratios of b → sµµ processes

Thomas Mannel, University of Siegen Lecture 3: Hot Topics: Hints to new Physics”?



Introduction
Anomalies
Conclusion

Landscape of Anomalies
b → s`` anomalies
Non-Leptoquark Anomalies

Angular Distributions in b → sµµ processes

Decay Topology Decay Angles
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Angular Distributions in b → sµµ processes

P ′5 = S5/
√

FL(1− FL)
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B → K∗ψn
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Ratios of b → s e+e− and b → s µ+µ+ rates
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Anomalies in charged currents

Precise prediction for exclusive decays
Use the measurements for the light leptons
Use HQE to predict the form factor f0 which appears
only in B → D(∗)τ ν̄

Comparison to inclusive rates calculated in HQE

R(D) =
Γ(B → Dτ ν̄)

Γ(B → D`ν̄)
R(D∗) =

Γ(B → D∗τ ν̄)

Γ(B → D∗`ν̄)
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Ratios of b → cτ ν̄ and b → c`ν̄ rates
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Effective Field Theory Analysis

Effective Hamiltonian at the bottom scale:

Heff =
GF√

2
λCKM

∑
i

CiOi +
1

Λ2
NP

∑
i

CNP
i ONP

i

All the current anomalies can be incorporated by a shift in
the coefficients C9(′) and C10(′) for the Muon channel
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Interpretation in simplified models

Introduce a Z ′

Introduce a Leptoquark

→ Leptoquark seems to be more promising!
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Inclusive versus Exclusive Vxb

Charged Current Semileptonics are under scrutiny:
Tensions between inclusive and exclusive
determinations of Vcb

Tensions between inclusive and exclusive
determinations of Vub
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Exclusive Vcb has been
discussed recently

CLN form factor
parametrization is too
simple
More sophisticated BGL
parametriztion

(2018!!)
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some people (including me) have already declared the
Vcb problem to be solved, but ...

There were problems with the above BELLE analysis
Recent Babar paper based on BGL (arXiv:1903.10002 [hep-ex])

|Vcb| = (38.36± 0.90)× 10−3

New BELLE re-analysis, also based on BGL
(arXiv: 1809.03290v3 [hep-ex])

|Vcb| = (38.3± 0.3± 0.7± 0.6)× 10−3

Uses F(1) = 0.906± 0.013

The Vcb problem still exists!
but it may be a problem in F(1).
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A comment on Vub

Inclusive Vub is more difficult that Inclusive Vcb

Shape function-dependent methods GGOU and
BLNP
Update for BLNP urgently needed
Most precise Vub from B → π`ν̄

Method is Lattice QCD ⊗ Light Cone sum rules
Need for Vub extraction from other exclusive channels
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CP Violation

... in Bottom decays

... in Charm decays: New ∆aCP from LHCb

... in Kaon Decays: ε′/ε
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CP Violation in Charm Decays
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Generic Expectation
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QCD Sum Rule Calculation Khodjamirian, Petrov (2017)
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To take home ...
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To take home ...
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ε′/ε

(borrowed from A. Buras)
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(borrowed from A. Buras)
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Conclusions / Questions

What is the impact of the recent data on the
“leptoquark-like anomalies?
What is the status of exclusive Vcb?
Scrutinize the methods for inclusive Vub

Is there “new physics” in CP violating observables?
∆aCP in Charm
ε′/ε

Do we understand the hadronic matrix elements well
enough?
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