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Bayesian AnalysisPART 1

Answer the 
following question:

Given the model and 
the experimental data, 
can we constrain the 
model parameters?



Posterior distribution of model parameters
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Generate 𝑑𝑑𝑑𝑑
𝑑𝑑3𝑝𝑝

of heavy quarks up to 
hadronization. 



𝐷𝐷 𝑧𝑧 ∝
1
𝑧𝑧

1 −
1
𝑧𝑧
−

𝜖𝜖
1 − 𝑧𝑧

−2
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Heavy quark hadronization in A+A: fragmentation (Pythia) + recombination/coalescence

Heavy quark hadronization in p+p: fragmentation (Pythia)
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where

[Phys. Rev. C88 (2013) 044907]
Weiyao

Sudden coalescence approximation. Similar to what Shanshan has presented. 
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[Phys. Rev. C88 (2013) 044907]

𝑞𝑞 = |�⃗�𝑝1 − �⃗�𝑝2|𝜎𝜎 =
1
𝜇𝜇𝜇𝜇

, 𝜇𝜇 =
𝑚𝑚1𝑚𝑚2

𝑚𝑚1 + 𝑚𝑚2

ω = 0.33 GeV for charm and beauty mesons, 0.43 GeV 
for charm baryons and 0.41 GeV for beauty baryons.

𝜇𝜇 determined by comparing to the charge radii:



𝑑𝑑𝑓𝑓𝑖𝑖 𝑥𝑥, 𝑝𝑝
𝑑𝑑𝑑𝑑

= 𝒞𝒞𝑖𝑖(𝑥𝑥, 𝑝𝑝)

collision terms (C), including binary collisions, 2 → n inelastic process, annihilation, resonance 
formation and decays.

In the semi-classical criterion, the cross section between a pair of particles is approximated 
as 𝜎𝜎𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠 = 𝜋𝜋𝑑𝑑02 , which means that if the relative distance between the two particles 𝑑𝑑𝑠𝑠𝑡𝑡𝑡𝑡𝑡𝑡𝑠𝑠 <
𝑑𝑑0, the collision would happen.
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The Ultra-relativistic Quantum Molecule Dynamics (UrQMD) 
model:

[Physical Review C 93.1 (2016): 014911]
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𝛼𝛼𝑠𝑠 = 0.32,
𝛼𝛼 = 1.74,
𝛽𝛽 = 2.43,
𝛾𝛾 = 0.18

PbPb 5.02TeV



PART 
ONE Heavy quark hadronization and hadronic re-scatteringPART 2

𝐻𝐻𝐴𝐴𝐴𝐴 = 𝑅𝑅𝐴𝐴𝐴𝐴𝑝𝑝 /𝑅𝑅𝐴𝐴𝐴𝐴𝑐𝑐 𝐻𝐻𝑣𝑣2 = 𝑣𝑣2𝑝𝑝/𝑣𝑣2𝑐𝑐



PART 
ONEConclusion

• Use Bayesian analysis to “fix” other ingredients of the simulation. The effects 

of hadronization and re-scattering are singled out. 

• Hadronization brings up 𝑅𝑅𝐴𝐴𝐴𝐴 and 𝑣𝑣2 at low 𝑝𝑝𝑇𝑇.

• Hadronic re-scattering further enhances the 𝑣𝑣2, enhance 𝑅𝑅𝐴𝐴𝐴𝐴 at low 𝑝𝑝𝑇𝑇 but 

reduce 𝑅𝑅𝐴𝐴𝐴𝐴 at low 𝑝𝑝𝑇𝑇.



Thank you!
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