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HEAVY QUARK EXPANSION (HQE) – systematic expansion in ΛQCD/mQ and αS

TWO-QUARK LEADING 
NON-SPECTATOR 
CONTRIBUTION

TWO-QUARK NON-LEADING 
NON-SPECTATOR
CONTRIBUTION

FOUR-QUARK SPECTATOR 
CONTRIBUTIONS – ENHANCED FOR c

etcetc

light-quarks come into game



Th. Mannel

mesons

baryons

Gratrex, Melic, Nisandzic,2204.11935



THIS IS NOT HELPING MUCH FOR c-HADRONS SINCE 
4-q NON_SPECTATOR CONTRIBUTIONS DOMINATE !



TWO- QUARK 
Dim-5 & Dim–6 operators:

HAMILTONIAN DIM6 and DIM7 OPERATORS

+  color-octet operators

+  μ-running and mixing

FOUR_QUARK 
Dim-6 operators:

FOUR_QUARK 
Dim-7 operators:

+ color-octet operators
+ non-local operators - reabsorbed
into dim6 matrix elements (proved

for mesons)



D-MESONS

LO

King, Lenz, Piscopo, Rauh,Rusov, Vlahos, 2109.13219 (c-mesons)
Gratrex, Melic, Nisandzic,2204.11935  (c-mesons & c-baryons)



SMALL coeff. In front of dim-6 , dim-7 

   Bi~ 1, εi ~ 0 and δi ~ 10 ^(-3)

RELATIVELY 

LARGE coeff in front of two-quark matrix elem. 

LARGE coeff. In front of dim-6, dim-7

     Bi~ 1, εi ~ 0 and δi ~ 10 ^(-3)

Lenz, Piscopo, Rusov, 2208.02643  (b-mesons)
Gratrex, Lenz, Melic, Nisandzic,Piscopo, Rusov 2301.07698 (b-baryons)

King, Lenz, Piscopo, Rauh,Rusov, Vlahos, 2109.13219 (c-mesons)
Gratrex, Melic, Nisandzic,2204.11935  (c-mesons & c-baryons)





COMPARISON OF PARAMETERS 



For b- hadrons: 
kinetic mass scheme for mb 

and  MS scheme for mc

For c- hadrons ?
kinetic mass scheme for mc,  
and  MS scheme for ms ??



Possible improvements??

- resummations ? 
- ratios/combinations of results? 
- better determination of parameters and combination with experiments?
- another scheme for mc? (doubly-heavy baryon  lifetimes?)

Beneke, 2108.04861

Dulibic, Gratrex, Melic, Nisandzic, 2305.02243 

RS, MRS = renormalon-subtracted masses

PS, PS* = potential-subtracted masses

kin = kinetic mass
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