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parton shower

hadronization

H-S interface

heavy quarks connect hard & soft, as the probe

small 
spacetime



Factorization (in)valid? for HEAVY quark sector?
 Two selected  topics: 

B/M, and hence T/M, P/M... with heavy flavour

Combination contribution to heavy Quark 
hadronization in jet

production  &  structure



B/M, long-existing question or just phenomena        
 diquark  &  combination to study the B/M and to predict  the T, P, /M... 

Baryon Number Fluctuation of 
Pre-confined Colour-singlet 
Clusters, talk morion 2019
enhance baryon production
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Phys. Rev. D 85, 052005 (2012) ground states PS seem OK, but vector, direct production, sounding
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Factorization of combination d��

V:  underlying events provide quark sea

�(�)  �+�−
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d�� ��������� �������������     hep − ph/0501290 



d�� hard partonic scattering Xsec.  convolute with the ME’S

combination 
function-CF

pdf of light q’s in 
background

=

a scaling probe
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d�� hard partonic scattering Xsec.  convolute with the ME’S

combination 
function-CF

pdf of light q’s in 
background

=

a scaling probe

=

underlying events: quark sea      process-dependent
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asumming:

Most simple 

simple anysis on combination function

should be increasing fuction
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    Commun.Theor.Phys. 75 (2023) 2, 025201

fit by a background 
distribution
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effective contribution to ‘FF’ from combinition 

 V=0, d�� = �, need
complex ‘background’
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Dead-Cone  e f fec ts      angular distribution of hadrons in various jets
          suppression of radiation and hence production         
  

，
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 Nature. 605, 7910 (2022)

arXiv:2312.17697
see also Nate Grieser’s talk on 03/04,  Emma Rose Yeats’s talk on 04/04
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Angular distribution of hadrons in various jets    C h i n . P h y s . C  4 8  ( 2 0 2 4 )  6 ,  0 6 3 1 0 1

winner-take-all
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ratio
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PT weighted  good for phase space description



   BUT energy loss almost same!   figure from Symmetry 15 (2023) 3, 727

how complex. background

QCD jet-medium interaction
moriond 2010, pionization
Amati,Stanghellini,Fubini, 1962
H.Cheng & T.T. Wu,1969

‘in jet’ simplifies the 
environment



B/M, long-existing question or just phenomena        
 introduce  diquark to  combination  to study B/M and to predict  T, P,/M... 

Baryon Number Fluctuation of 
Pre-confined Colour-singlet 
Clusters, talk morion 2019



B/M, long-existing question or just phenomena         (understand --->)
 introduce the diquark to  combination ME to study the B/M and predict 
the T, P,/M... 

Baryon Number Fluctuation of 
Pre-confined Colour-singlet 
Clusters, talk morion 2019

� =± �

Amati & Veneziano, 
Phys. Lett. 83B:87, 1979



CERN-THESIS-2022-052,  baryon enhacement for large multiplicity

good illustration on 
different mechanisms:

strange pair 
absolute number
extra s-quark pair prod.

baryon pair:
distribution in different 
pre-confine. clusters.
no extra quark pair prod. 
need



light q

heavy Q

=0.05

combination contribution V ≠ �

* underlying events
 provide  
quark sea

 * baryon number 
functuation 
enhance the 
diquark pair
distribution 
and the heavy
diquark 
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                    fitted to data from Phys. Lett. B 781 (2018) 8–19,  Phys. Rev. Lett. 128 (2022) no.1, 012001Ξ� Λc



   Phys.Rev.D 104 (2021) 11, 114009, see also: moriond 2017, unirarityProduction of multiquark hadrons in 
high energy multiproduction processes
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� � �                 hence predicted,  Symmetry 2023, 15, 695.� � �  

Λc, (Σc), Ξc Tcs(2900)family

diquark cs + u, d
 

������� cq (q=u,d) +s

��� ���

an overal free parameter



Summary

High energy hadronic scatterings,  production of heavy hadron gets 
EXTRA contribution from  combination ME  in case that the underlying  
events provide quark source. 
The vector meson and hyperon data are explained and

Multiquark hadron production can be predicted with the help of their 
structure in relation with the meson and baryon

ROLE of HEAVY quark 



Discussion I

 e.g. ,Chin.Phys.C 41 (2017) 8, 083106,  Phys.Rev.D 104 (2021) 11, 114009

molecule

different ‘combination’

different structure



Discussion II: Thoughts onthe role of heavy quarks in the 
multiquark states,  what different from  light quarks

each constituent light quark ocuppy space scale around 1 fm (with saturation)
 only the nuclear-like  structure (molecule) is possible??????

(pre)confinement scale changed when including  small heavy quarks

single heavy pentaquark?????

the method discussed above is useful to 
estimate the production rate and spectrum
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Thoughts onthe role of heavy quarks in the 
multiquark states, what different from  light quarks

small size in spacetime, heavy quark can naturally ‘compact’ the size of multiquark hadron.
each constituent light quark ocuppy space scale around 1 fm (with saturation),    light multiquark hadron 
larger in size.

 for lights, only the nuclear-like  structure (molecule) is possible??????

compact multiquark state can only be possible for heavy, 
but molecule can be both.
look for  single heavy pentaquark

(pre)confinement scale changed when including  small heavy quarks

the method discussed above is useful to estimate the production rate 
and spectrum




