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Paolo Gambino - Endless chase for Vcb 

Frank Tackmann- SIMBA

Florian Bernlochner - Beauty is Back BELLE 2

Svjetlana Fajfer - Flavour Anomalies Andrzej Buras -eps’

Christian Bauer - SCET

Johannes Albrecht - LHCb

Mikolai Misiak -  b -> s gamma

Martin Jung - NP in sl b->c

Susanne Westhoff - Tau polarimetry

Robert Harlander- OPE

Uli Nierste - CPV in charm
Javier Virto - ?

Alexey Petrov - LFV in tau decays

Bastian Kubis - Pion TFF & g-2

Gil Paz - Effective Theories to all orders

Claus Grupen - Flavour gives variety to life



Non-leptonic Decays



24 years later
Finally our experimental friends were working harder :-)

HFLAV 2018



24 years later
Did we also work harder ?

HQE:

Each term can be split up into a perturbative Wilson coefficient and 
a non-perturbative matrix element

For mixing a similar expansion holds - starting at the third order



24 years later
A + for each independent calculation
At most ++ 
At most +++ for <>: 2 lattice, 1 sum rule
Punishment: A   - - for no <Q6>
A 0  for quark model et al for <Q6>

****: 12-15         *** 8 -11.5         **: 4-7.5        *: 2-3.5



24 years later
• Lifetimes agree 

perfectly with 
experiment

• Even a convergence in 
the charm system 
seems to be feasible

• Lattice confirmation of 
matrix elements would 
be very desirable

• Precision of HQET sum 
rule  can be improved

Rauh, Kirk, AL
JHEP 2017



24 years later
The box diagrams

Physical observables

Status quo for Gamma_12



24 years later
The mass difference of neutral B mesons

by far dominant uncertainty significant CKM dependence

HFLAV 2018

Taking the most recent FLAG average gives 2 sigma discrepancy



24 years later
A popular BSM model for solving the 
anomalies related to loop-level (semi) 
leptonic decays are Z’ models:
                                                                              

Such a new tree-level transition will also 
affect many other observables, most 
notably B-mixing at tree-level, but also 
many loop processes.

Make sure all relevant bounds are 
included, e.g. electro-weak precision 
bounds  


❖



24 years later
If the new lattice values are correct 

and if Vcb is close to the inclusive value
=> severe consequences for BSM physics 



24 years later
Independent cross-check of FNAL/MILC highly desirable

B0 B̄0

Q Q

Sum rule

Quark-hadron duality

Analyticity

Hadronic matrix element Correlation function

Characteristic scale: ΛQCD

αs

(

ΛQCD

)

∼ O(1)

Characteristic scale: ’virtuality’ ω

αs (ω) ≪ 1

⇒ non-perturbative ⇒ perturbatively calculable

Choose ω s.t.

1. HQET sum rule at hadronic scale
2. HQET running to scale mb
3. HQET-QCD matching



24 years later
Independent cross-check of FNAL/MILC highly desirable

Do integration by parts with FIRE



24 years later
Complete SR calculation for the SM B-mixing operator (V-A)x(V-A) for Bd mesons

Complete SR calculation for all 5 B-mixing operators and all lifetime operators



24 years later
Good agreement for SM B-mixing operator (V-A)x(V-A) for Bd mesons

• SR are competitive since B-1 can be calculated
• Dominant uncertainty stems from matching!



24 years later
Only reliable non-perturbative determination of matrix  lifetimes 

Should be cross-checked by a lattice evaluation 



24 years later
Preliminary determination of  SM B-mixing operator (V-A)x(V-A) for Bs mesons

• Slightly smaller then FNAL/MILC
• Mass difference close to experimental number
• Independent lattice evaluation desirable

Rauh, King, AL
In progress



24 years later
To reduce SR uncertainty (by a factor of 2?) matching has to be  done at NNLO
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48 years later

9.4 sigma discrepancy of 
experimental numbers 

for semi-leptonic asymmetries
from SM predictions confirmed



Happy birthday Thomas! 


