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Introduction and motivation




Standard model and heavy-ion collisions
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Heavy-flavor probes

Hard scatterings QGP Hadronization Hadronic interactions

pQCD clean non-perturbative

¢ & b quarks

g
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Large masses: SQGP
mgo~ GeV ,

> AQCD' TQGP ~ MeV
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pp baseline

Nuclear modification factor:
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Fragmentation of heavy-flavor (HF) hadrons:
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Parton Hard scattering Fragmentation
distribution cross section function

function (PDF) (pPQCD) (hadronization)

FF is extracted from e*e- experiments.
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Heavy baryon enhancement
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® Significant enhancement.

® Different hadronization mechanisms?



Hadronization challenging
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® String fragmentation + color reconnection
® Quark coalescence (recombination)

® Statistical hadronization

® Hybrid frag. + coal., ...



Hadronization challenging
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Microscopic transport model PACIAE



Development of PACIAE model

Parton And-hadron China Institute of Atomic Energy (PACIAE )
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PACIAE model: Ver. 4.0
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Open Heavy-Flavor Hadrons

Heavy Onia (NRQCD)



Color reconnection (CR)

The color charges (configurations) are allowed to be reconnected.

In PYTHIA (string picture):

@ @
—p

In HERWIG (cluster picture):
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Beyond-leading color (BLC)

SU(3) color algebra ( QCD ):

303=8d1 LT
color-triplet quark  anti- color-octet gluon color-singlet PYTHIA

More generally:

Ne@N,=(N=1)@1

Leading color (LC) / large N, approximation: N, — oo. Ghrt )
4

For MC implementation, no repeating colors will appear,

~

.e. each colored particle is assigned a unique color/anticolor tag. T
SHERPA
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Beyond-leading color (BLC)

Recover/re-introduce the beyond-leading color (BLC) effect, in string picture,
the junction topology is allowed by CR according to the QCD color rule (QCD-CR)!

IR3RI=1083P8D1

@ @
— 4 @
@ @
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String fragmentation

Baryon source in the String fragmentation model: diquark formation!

(1) Diquark excited from vacuum. (2) Diquark combined by fluctuated q(q),

X l.e. the popcorn mechanism.

16 Normal baryon. Popcorn baryon.
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String fragmentation

Baryon source in the String fragmentation model: diquark formation!

(3) Diguark combined by junction g(gq), stemming from QCD-CR + junction frag.

@
— @
@

17

Junction baryon.

Another source of baryons.




Implementation of QCD-CR in PACIAE4

C
(
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PACIAEA4:
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Dynamical Space-Time Constrained QCD-CR in PACIAE4

(1) 3D spatial constraint:

For two dipoles to be reconnected, their distance:

||7”dip1 — Tdipz” <dcgr =4 fm \ /

For three dipoles
Tdaip1 — Tdip2

Tdip1 — Tdip

Tdip2 — Tdip

< dcg,
< dcp,

< dcr

where the position of a dipole (7;,) is represented by the midpoint

between two parton ends (lab frame).

(2) Temporal constraint:

For dipoles to be reconnected, their ends should be at a same time point,

l.e. propagate partons to the maximum time among them before the distance checking.



Junction String Tension Enhancement

G Strange junction: The excited probability ratio of
strange qq over the u/d one around junction
differs from that of the normal string.

/(\ s:u/d) = P(s:u/d)'™

Instead, we use the string tension scaling: q

q q q
Ko/ K = -
p! = po/ress >_< = YK
h: = Keff/KO (: 3) ! ! ! !

Furthermore, we take the tension enhancement between the junction-antijunction
iInto account, i.e. for the break to decouple junction-antijunction system.
20 An additional factor of 5/3.



Production of open-flavor hadrons



Charged hadrons
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Light sector

&*N/dp,dy [ (GeV/ie)' ]
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Strange sector
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Charm sector
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Charm sector
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Charm sector
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The decoupling strange enhancement / multiple junction structure?
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Summary and outlook



Summary and outlook

1. We introduce a dynamical space-time constrained QCD color reconnection and
a junction string tension enhancement mechanism in PACIAEA4.

2. With the framework, we successfully describe the p spectra and baryon-to-meson
ratios of open light and heavy hadrons in pp collisions at v/s = 5.02 TeV.

3. The production of charm-strange Z? baryons is enhanced in the string
fragmentation regime, but still underestimates the experimental data.

3. Multi-junction structures play an essential role in the production of charm baryons.

4. More detailed study for junction structure is required in string phenomenology.

5. From small systems from pp to pA, to large AA... Th ankS /

Jan 25, 2026, Wuhan, JAQ2026






Other HF species
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PACIAE model: Ver. 4.0

PACIAE: Parton And-hadron CIAE
( based on PYTHIA 6 & 8, refactoring and rewriting in modern Fortran + C++)

,,---[ Main }--.. ,_--[PYTHIASJ--_\

-~

’ . ’ A
| | \ i = . . \ )
B thia = ;
' > : 2 Fortran / interface / C++ : pythia . n-ew-Pythla(), :
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I s ~ | 1 [ AL
> Initial state . Fortran / interface / C++ | next(); :
1 \. A \ /
o l :
. Parton cascade : : :
: ! 5 l :
- \ | [
: Hadronization . Fortran / interface / C++ forceHadronLevel(); ] :
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i ' <o Fortran / interface / C++ delete *pythia; ]
\ y

"----[ End ]---
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Open-source: https://github.com/ArcsaberHep/PACIAE4



https://github.com/ArcsaberHep/PACIAE4

Beyond-leading color (BLC)

SU(3) color algebra ( QCD ):

33=8d1
|

color-triplet quark  anti- color-octet gluon color-singlet

More generally:
Nc &) Na — (Ng __lﬁ_%_l_

Conversely, in the LC limit , the gluon color state (adjoint) can be
reduced to the direct product of the quark color state (fundamental)

and the antiquark one (antifundamental).

34



35



	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30
	幻灯片 31
	幻灯片 32
	幻灯片 33
	幻灯片 34
	幻灯片 35

