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Outline
1) Lambda_b  
2) Classic expectations for the lifetimes of heavy hadrons 
3) Basics of HQE 
4) Ancient experiments 
5) Quark Hadron duality 
5) Old experiments 
6) Status Quo in experiments 
7) Status of Theory - how to improve 



Λb = udb



Classical expectations
1986 Heavy Quark Expansion

HFLAV 2020



Basics of the HQE



Basics of the HQE



Basics of the HQE

Uraltsev



vs. a theoretical expectation of about 1 



Many theory paper appeared 

Some claiming HQE fails 

Experiment in 1996 shows

Works Works 
Not

Nature (or experimentalists) 
might be nasty

Quark Hadron Duality



Quark Hadron Duality



Inventive Theorists





τ(Λb) = (1.471 ± 0.009)psHFLAV 2020

Experimental Status Quo

τ(Λb)
τ(Bd)

= 0.969 ± 0.006

Lesson 1:  
Experimental numbers can   

change by 5 sigma….



Theoretical Status Quo

Lesson 2:  
Theorists  can   

be wrong….



Theoretical Status Quo

• Comparison of experiment and theory for B-meson lifetimes 
and Delta Gamma_s show no sign of a deviation from the HQE 
predictions 

•Theoretical studies of duality violations, e.g. in the t’Hooft 
model show no sign of any sizeable duality violation 

How precise can we predict the Lambda_b lifetime?



Theoretical Status Quo



Theoretical Status Quo

Still no first principle determination of matrix elements of 4 quark operators 
Update of Rosner’s spectroscopy method 

New& 
Large!

MISSING

MISSING



Theoretical Status Quo
• Neglecting the Darwin term 
• Neglecting the NLO Penguins 
• Using spectroscopy for the matrix elements



Outlook

• First principle determination of the D=6 matrix elements 
• Include the Darwin term 
• Determine the NLO Penguins

• HQE is in good shape 
• Large uncertainties in the HQE prediction for baryons


