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Particle physicists believe that quarks 

are the building block for the matter in 
our viable universe. Due to the color 
confinement of strong interaction, quarks 
are bounded into the color neutral 
hadrons with different configurations.
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However, other unconventional 

configurations with more quarks or 

gluons are also allowed to exist in 

the quark model framework.

exotic state 
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The first candidate for exotic state —— ( )3872X

Phys.Rev.Lett. 91 (2003) 262001

2MeV/c5.06.00.3872M ±±=

MeV.32<G

Observation of a Narrow Charmoniumlike State in Exclusive Decaysypp JKB -+±± ®
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years of discovery

particle 
mass

Over the past 10 years ,59 
new hadrons and counting 
at the LHC
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2MeV/c5.06.00.3872M ±±=

MeV.32<G

Phys.Rev.Lett. 126, 102001 (2021)
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14 MeV/c64003M +
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MeV2615131 ±±=G
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Belle  PRL 110, 252002 (2013)BESIII PRL 110, 252002 (2013) e+ e-collision
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D0 PRD 98, 052010 (2018) D0 PRD 100, 012005 (2019)pp collision
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Hadronic moleculeTetraquark

It is speculated that
consists of at 

least four quarks:
or .

( )3900±
cZ

ducc ducc
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Analysis Method

So we try to proposed a dynamically constrained phase space 
coalescence model + PACIAE model and used to investigate the 
production of Multiquark Exotic State in high energy collisions .

The discovery for Exotic State in the high energy experiment have 
been widely fascinating the sights of particle and nuclear physicists.

PRC 102, 054319 (2020）；EPJC (2021) 81:198；arXiv:2105.06261
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Analysis Method
PACIAE  model

1. The parton initial state is obtained. 
2. The parton rescattering is proceeded until partonic freez-out. 
3. Then the hadronization is followed. 
4. At last the hadronic rescattering is proceeded until hadronic freez-out. 

Ben-Hao Sa ,etal. Comput. Phys. Commun., 183, 333 (2012).

It is the parton and hadron cascade Model  based on PYTHIA.
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Analysis Method —— DCPC Model

We  proposed a dynamically constrained phase space coalescence model to 
calculate the yield of Multiquark exotic states after the transport model simulations.

Phys. Rev. C 85 024907 (2012)；PRC 86, 054910(2012).

Dynamically constrained phase space coalescence model (DCPC)

In the theoretical studies, the yield of nuclei or bound states is usually 
calculated in two steps: 
(1)The nucleons or hadrons are calculated by the transport model. 
(2)The nuclei or bound states are calculated by the phase space coalescence  
model with Wigner function or by the statistical model . 



Analysis Method —— DCPC Model

Phys. Rev. C 85 024907 (2012)；PRC 86, 054910(2012).

As the uncertainty principle

one can only say particle lies somewhere within a six dimension quantum ``box" 
or “state" of volume of ΔqΔp

However, we can estimate the 
yield of a single particle by

Similarly for the yield of N 
particles cluster

Dynamically constrained phase space coalescence model



Analysis Method —— DCPC Model

The yield of             ,  for instance,  is assumed to be



Determine the appropriate parameter to simulate the pp collision by PACIAE 
model:

EPJC (2021) 81:198； arxiv：2010.10062

(ALICE), Eur. Phys. J. C 75, 226 (2015).
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increase 
linearly
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The ratio is 
less than 1
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The value of peak 
become smaller ;
the width of the pt
distribution 
become wider
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The value of peak 
become smaller ;
the width of the y 
distribution 
become wider
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Summary

• Using PACIAE + the dynamically constrained phase space coalescence 
model to calculate the multiquark exotic state            in high enengy 
pp collisions, it seams successful. 

• Predict the multiquark exotic state   yield, transverse momentum 
and the rapidity distribution in  pp collisions at √s = 1.96, 7 and 13 TeV .

• Study energy dependence of multiquark exotic state produced 
in pp collisions.

• It turned out that the proposed dynamically constrained phase space 
coalescence model  would  be an effective method  investigating the 
production of multiquark exotic state in high energy collisions.
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Thanks for your attention!


