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Illustration of heavy-ion collisions
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Initial state Quark Gluon Plasma Hadronization Hadron Cascade

Initial hard collisions Jet quenching

Jet quenching
Strong interaction with 
the energetic partons
and the medium.
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Different domains in heavy-ion collisions 
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CoLBT-hydro model
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CoLBT-Hydro model 
Linear Boltzmann Transport model +

(LBT)
3+1D hydrodynamic model

(CLVis)

: Energy-momentum tensor of the QGP fluid; 

: Energy-momentum density deposited by energetic partons. 
with the Gaussian smearing:

Evolve the energetic partons and the bulk medium concurrently.

𝑝𝑐𝑢𝑡
0 separates the soft and hard partons

W. Chen, S. Cao, T. Luo, L.-G. Pang, and X.-N. Wang,Phys. Lett. B810, 135783 (2020), 2005.09678.



Thermal hadrons, low 𝑝𝑇 (CLVis): 

- generated by hydro. with Cooper-Frye.

Coalescence hadrons   (Coal Model): 

-generated by coalescence model

including thermal-thermal,

thermal-hard & hard-hard parton

coalescence.

Fragmentation hadrons : 

-the remnant hard quarks feed to 

fragmentation .

UrQMD afterburner:

-All hadrons are feed into UrQMD for

hadronic evolution, scatterings and  decays 

W. Zhao, Ko,  Liu, Qin and Song, PRL. 125, 072301 (2020).
W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, arXiv:2103.14657. 
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Framework of calculations

Hydro-Coal-Frag hadronization Initial 
conditions

Initial hard 
partons

CoLBT-Hydro
evolution

Hydro-Coal-Frag
hadronization

UrQMD afterburner

Framework
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Verification of the hadronization code in p-p

𝑷/𝝅

K/𝝅

• 𝑝𝑇

𝜋 /𝜋 /𝜋
W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, arXiv:2103.14657 [hep-ph]. 
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𝑹𝑨𝑨 v.s. 𝒗𝟐(𝒑𝑻) from low 𝒑𝑻 to high 𝒑𝑻
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• 𝑅𝐴𝐴
𝑝𝑇 𝑝𝑇

𝑹𝑨𝑨
𝒗𝟐(𝒑𝑻)

W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, arXiv:2103.14657 [hep-ph]. 
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Transition from low 𝒑𝑻 to high 𝒑𝑻
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•

• 𝑝𝑇 𝑝𝑇
𝑝𝑇

• 𝑝𝑇

𝒗𝟐(𝒑𝑻) 𝒗𝟐(𝒑𝑻)

W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, arXiv:2103.14657. 



Transverse momentum spectra of identified hadrons
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•

• 𝑷/𝝅 𝑝𝑇

• 𝑷/𝝅 𝑲/𝝅 𝑝𝑇

W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, arXiv:2103.14657 [hep-ph]. 

𝑷/𝝅 𝑲/𝝅



Collective flow of identified hadrons
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•

• 𝑣2(𝑝𝑇) 𝜋

•
𝑝𝑇

Hydro-Coal-Frag Hydro-Frag

Hydro-Coal-Frag Hydro-Frag

Pb+Pb, 10-20%

Pb+Pb, 40-50%

W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, 
arXiv:2103.14657 [hep-ph]. 



Predictions for Au-Au at RHIC
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Spectra at Au-Au at RHIC
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• 𝜋0 𝜋±

𝑝𝑇 𝑝𝑇

W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, arXiv:2103.14657.
W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, in preparation. 



𝑹𝑨𝑨 and 𝑣𝟐 (𝑝𝑇) at Au-Au at RHIC
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• RAA 𝑣2(𝑝𝑇)

• 𝑣2(𝑝𝑇) 𝜋
W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, arXiv:2103.14657.
W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, in preparation. 

𝒗𝟐(𝒑𝑻) 𝒗𝟐(𝒑𝑻)𝑹𝑨𝑨



Summary

•
𝑅𝐴𝐴 𝑝𝑇 𝑝𝑇

• 𝑝𝑇

•

• 𝑅𝐴𝐴
𝑝𝑇 𝑝𝑇
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Back Up
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Initialization of hard partons
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•

• 𝐫⊥

W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, arXiv:2103.14657.



𝒗𝟐(𝒑𝑻) of hydro. Coal. and Frag. parts
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• 𝐥𝐨𝐰 𝒑𝑻 𝒑𝑻

• 𝒗𝟐 𝒑𝑻 𝒑𝑻

• 𝒗𝟐

W. Zhao, W. Ke, W. Chen, T. Luo and X. N.Wang, arXiv:2103.14657.



Wigner functions of hadrons
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Wigner functions of hadrons
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