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• The azimuthal anisotropy is studied by a Fourier expansion of azimuthal 
distribution of final-state particles:

Flow coefficients n=2, elliptic flow v2
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Azimuthal anisotropy
• The azimuthal anisotropy is studied by a Fourier expansion of azimuthal 
distribution of final-state particles:

Flow coefficients n=2, elliptic flow v2
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ALICE, PLB 813 (2021) 136054

• Open heavy flavours: 
• Low and intermediate pT: collective motion and properties of thermalization  


• High pT: path-length dependence of the heavy-quark energy loss 
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Small collision systems

• Long-range flow-like angular correlations are observed in high-
multiplicity small collision systems
• A clear mass ordering effect at low pT and baryon-meson 

splitting at intermediate pT is observed in p–Pb even pp collisions

ALICE, Phys. Lett. B 726 (2013) 164–177 CMS, Phys. Rev. Lett. 121, 082301 (2018)
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Small collision systems

• Long-range flow-like angular correlations are observed in high-
multiplicity small collision systems
• A clear mass ordering effect at low pT and baryon-meson 

splitting at intermediate pT is observed in p–Pb even pp collisions
➡  hydrodynamics? initial-state effects? or other finals-state effects?

ALICE, Phys. Lett. B 726 (2013) 164–177 CMS, Phys. Rev. Lett. 121, 082301 (2018)
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Possible Explanations

Many scatterings Initial conditions

hydrodynamics Initial-momentum  
correlations

Few scatterings

parton escaping

(Perfect) fluid dynamics Free streaming limit 
(CGC)

AMPT
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• The AMPT calculations with string melting can nicely describe the v2 and v3 in p-
Pb collisions with a modest elastic cross section (σ = 1.5 – 3 mb)

➡ Parton escape mechanism is responsible for the anisotropy build up in AMPT 

A.Bzdak et al, Phys. Rev. Lett. 113, 252301 (2014)

Parton escaping
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Parton escaping
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of v2 at intermediate kET  
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How about the heavy flavors?
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A Multi-Phase Transport (AMPT) model

• Initial conditions:  HIJING 


• String melting: hadrons from string 

fragmentation are melted into primordial 

quarks and antiquarks


• Parton cascade: two-body elastic 

scattering described by ZPC model  

 

• Coalescence: combine nearest quarks to 

meson/baryon


• A Relativistic Transport (ART) to describe 

hadron scatterings

HIJING 1.0 
Minijet (hard)  Excited Strings (soft)  Spectator Nucleons

ZPC (Parton Cascade)

Strings melt to q & qbar via 
intermediate hadrons 

Hadronization (Quark Coalescence) 

Extended ART (hadron cascade)

Final-state Particle

Hadrons freeze out (at a global cut-off time); 
then strong-decay all remaining resonances 

Partons freeze out
Debye screening mass

Structure of public AMPT v2.xx (String Melting Version)



Siyu Tang 16

Improvements for heavy flavors

ZPC (Parton Cascade)

Hadronization (Quark Coalescence+Fragmentation) 

Extended ART (hadron cascade)

Final-state Particle

Hadrons freeze out (at a global cut-off time); 
then strong-decay all remaining resonances 

Partons freeze out

Improved AMPT structure

HIJING 1.0+modernPDF/EPS09s/localscaling/HF    
 Heavy quark       Light quark           Spectator Nucleons

Strings melt to q & qbar via 
intermediate hadrons 

Cronin effects

• Remove the p0 cut for the HF production

More details in Chao’s poster

C. Zhang, Phys.Rev.C  99 (2019) 6, 064906

L. Zhang, Phys.Rev.C 101 (2020) 3, 034905

C.Zhang, Phys.Rev.C 104 (2021) 1, 014908
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• because the large heavy quark mass 
naturally control the heavy quark total 
cross section.
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• Replace the PDF and nPDF
• modern PDF (CTEQ6.1M) and a spatial 

dependence of nuclear shadowing 
functions (eps09s NLO) are incorporated
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• Replace the PDF and nPDF

• Local scaling for self-consistent size 
dependence 

• collision system dependence is 
introduced in Lund symmetric string 
fragmentation function (bL) and 
minijet cutoff (p0)
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• Replace the PDF and nPDF

• Local scaling for self-consistent size 
dependence 

• Add Cronin effect

• implement the pT broadening by adding a 
pT kick (kT) in the initial state where kT is 
sampled from a two-dimensional Gaussian
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• Replace the PDF and nPDF

• Local scaling for self-consistent size 
dependence 

• Add Cronin effect

• Add independent fragmentation

• according to the relative distance 
and invariant mass of the heavy hadron 
system
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Heavy flavor RpA and v2 at mid-rapidity

More details in Chao’s poster

• A simultaneous description of the RpA and v2 is provided by the improved 
AMPT model


• The Cronin effect significantly enhances D0 production at intermediate/
high pT, while modestly decrease the D0 meson v2


• Parton scatterings are mostly responsible for generating the D0 meson v2 
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Heavy flavors spectrum at forward rapidity
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(b)•  The D0 meson spectrum at forward and 
backward can be well reproduced by the 
improved AMPT model

• The Cronin strength needs to be 
quantified in different rapidity  
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Heavy flavors v2 at forward rapidity
•Calculation method: long-range two-particle correlation

ηCentral ForwardBackward

•Factorization:
• The nonflow contribution is estimated in low-multiplicity collisions
Y (�', 0� 10%)� F ·Y(�', 60� 100%) = a0 + 2

P
n=1

vncos(n�')

•  the contribution in the low-multiplicity 
events is scaled by the ratio between 
the “away-side jet” yield in low- and 
high-multiplicity events
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Physics Letters B 846 (2023) 137782
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Heavy flavors v2 at forward rapidity

• A significant suppression is shown after the nonflow subtraction for light 
flavors, but not for heavy flavors


• The mass ordering of v2 between light and heavy flavors is also obtained at 
forward rapidity with the AMPT model

Before nonflow subtraction After nonflow subtraction
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Heavy flavors v2 at forward rapidity

• The muons from meson decay are obtained using PYTHIA decayer 

• A reasonable agreement with the data at forward and backward rapidities is 

provided by the improved AMPT model
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Summary & Outlook
•  Systematic calculations of the heavy flavor v2  are perform in p–Pb 

collisions with an improved multi-phase transport model
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Summary & Outlook

• Extend the study to higher pT, and other hard probes (e.g., jets), 
where more mechnisms need to be considered (radiative energy loss, 
fragmentation of light quark, …)

Thank you !

•  Systematic calculations of the heavy flavor v2  are perform in p–Pb 
collisions with an improved multi-phase transport model
• Including a strong Cronin effect allows a simultaneous description of 

the D0 spectrum and v2

• The parton scatterings generate a significant v2 for charm mesons, 
and well reproduce the rapidity dependence observed in data
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Back up
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