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Outline 

• Hadronization:  

– Coalescence 

– Fragmentation 

• Coalescence model and Parameters 

• Comparison with data 

– RHIC Au+Au     𝑠 = 200 𝐺𝑒𝑉  

– LHC Pb+Pb      𝑠 = 2.76 𝑇𝑒𝑉  

• Elliptic Flow 
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Hadronization 

•  Fragmentation 
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RHIC Observables 
 

 
Proton to pion ratio 
Enhancement  
 
In the vacuum, from 
fragmentation functions the 
ratio is 

 
 
 
 
 

Elliptic Flow Splitting 
 
 
 
 
 
 

Transverse momentum 

R
at

io
 



25.0
)(

)(






zD

zD

c

pc



4 

RHIC Observables 
 

 
Proton to pion ratio 
Enhancement  
 
In the vacuum, from 
fragmentation functions the 
ratio is 

 
 
 
 
 

Elliptic Flow Splitting 
 
 
 
 
 
 



Coalescence code 

• Consider i  particles 

• Give a probability 𝑃 𝑖  from the partonic distribution 

• Compute the coalescence integral 
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Fireball parameters 

 Central collision (0-10%) 

 Temperature 𝑇 = 160 𝑀𝑒𝑉 

 Collective flow      𝛽𝑇 = 𝛽𝑚𝑎𝑥
𝑟

𝑅
 

   𝛽𝑚𝑎𝑥  from radial expansion 𝑅 = 𝑅0 + 𝛽𝑚𝑎𝑥𝑎𝑥𝜏 

 Uniform in 𝑥, 𝑦 ;  𝑧 = 𝜏 sinh 𝑦 

 𝑉 = 𝜋𝑟𝑇
2𝜏 

 Fireball radius+radial flow constraints  
𝑑𝑁𝑐ℎ

𝑑𝑦
  ;  
𝑑𝐸𝑇

𝑑𝑦
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Fireball transverse radius 
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 Fireball radius+radial flow constraints  
𝑑𝑁𝑐ℎ

𝑑𝑦
  ;  
𝑑𝐸𝑇

𝑑𝑦
 

 𝑅𝑇 = 8.7 𝑓𝑚  𝑎𝑡 𝑅𝐻𝐼𝐶 

 𝑅𝑇 = 10.2 𝑓𝑚  𝑎𝑡 𝐿𝐻𝐶 

 

Typical QGP lifetime 
 RHIC = 4.5 𝑓𝑚/𝑐  
 LHC = 7.8 𝑓𝑚/𝑐 

𝛽𝑚𝑎𝑥 = 0.37 𝑎𝑡 𝑅𝐻𝐼𝐶 
𝛽𝑚𝑎𝑥 = 0.63 𝑎𝑡 𝐿𝐻𝐶 

∼ 1000 𝑓𝑚3 𝑅𝐻𝐼𝐶 ∼ 2500 𝑓𝑚3 𝐿𝐻𝐶 
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• Thermal Distribution (< 2 𝐺𝑒𝑉) 

• Minijet Distribution (> 2 𝐺𝑒𝑉) 
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Resonance Decay 
• 𝜋 (𝐼 = 1, 𝐽 = 0)  
 𝑘∗ 𝐼 = 1, 𝐽 = 1/2    → 𝑘𝜋  
 𝜌 𝐼 = 1, 𝐽 = 1           → 𝜋𝜋  
 ∆ 𝐼 = 3/2, 𝐽 = 3/2 → 𝑁𝜋  
 
• p (𝐼 = 1/2, 𝐽 = 1/2)  
 ∆ 𝐼 = 3/2, 𝐽 = 3/2 → 𝑁𝜋  

  
• 𝑘± (𝐼 = 0, 𝐽 = 1/2)  
 𝑘∗ 𝐼 = 1, 𝐽 = 1/2    → 𝑘𝜋  

 
• Λ 1116   (𝐼 = 0, 𝐽 = 1/2)  
 Σ0 1193  𝐼 = 1, 𝐽 = 1/2     → Λγ 
 Λ 1405   𝐼 = 0, 𝐽 = 1/2       → Σ𝜋 
 Σ0 1385  𝐼 = 1, 𝐽 = 3/2     → Λ𝜋     𝑤𝑖𝑡ℎ 𝐵. 𝑅. = 88% 
                                           → Σ𝜋     𝑤𝑖𝑡ℎ 𝐵.𝑅. = 11,7% 
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Suppression factor 
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Results RHIC 



RHIC - Pion 
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RHIC - Antiproton 
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RHIC – Kaon & Lambda 
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RHIC - Ratios 
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Results LHC 



LHC - Pion 
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LHC - Proton 
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LHC – Kaon & Lambda 
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  Height and pT position of the peak well described. 

 Lack of fragmentation at pT ≈ 6 GeV (seen also in pp with AKK) 

 Soft-minijet coalesc. contribution around and above the peak (similar to EPOS) 

 Only colaescence would give higher peak shifted in pT 

 Without radial flow … ( pp collisions but not exactly) 

LHC - Ratios 
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RHIC Observables 
 
Elliptic Flow  splitting 
 
 
 
 
 
 



Elliptic Flow 

• Fourier expansion of the azimuthal distribution 
 
 
 
momentum  anisotropy  in the transverse plane 

𝑓 𝜑,𝑝𝑇 = 1+ 2 𝑣𝑛 𝑝𝑇 cos 𝑛𝜑

∞

𝑛=1

 

n=2   Elliptic flow 

coalescence brings to  
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Partonic elliptic flow 

Hadronic elliptic flow  
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Preliminary on radial flow impact 
Same approach, but with an anisotropic radial flow in the quark distrib. function 

About 20% quark number 
scaling breaking : 

- 3D 

- finite width wave function 

- anisotropic radial flow 
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Summary 

22 

• Good agreement with RHIC & LHC data 
 𝜋, 𝑝, 𝑘, Λ spectra 
 ratio peak shift at LHC 
with no parameters change 

• v2 QNS breaking 

 

• other particles (ϕ, Ξ,Ω) 
• other centrality 
• Next order in vn and effect of radial flow  

on the Quark Number Scaling 
 

Outlooks 



Backup slides 



Elliptic Flow and v3 

• Fourier expansion of the azimuthal distribution 
 
 
 
momentum  anisotropy  in the transverse plane 

20 

𝑓 𝜑,𝑝𝑇 = 1+ 2 𝑣𝑛 𝑝𝑇 cos 𝑛𝜑

∞

𝑛=1

 

n=2   Elliptic flow 

Fluctuations  n=3 



Next order: v3- LHC 
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* What’s the approach working in the range pT≈ 2-10 GeV? 

* Is the coalescence necessary? 

EPOS= (half)-viscous-hydro 
+ soft-jet recombination 

K. Werner, PRL109 (2012) 102301 

- p/ ? 

- v2 of L and K ? 

- Also pT spectra check 



Missing fragmentation 
Contribution usually  
half of the yield at pT ≈4 GeV 

Soft part 
same slope  

 and p 

Prediction for  at LHC - Preliminary 

We do not have the 
fragm. function for  

It is clear that coalescence 
predict a similar slope for 
 and p 

p/ 
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Parton spectrum 

H 

Baryon 

Meson 

Tp

th Aef /

In case of  a partonic thermal distribution   

for a two-quark hadron, 

in the n quark case 

Baryon/Meson Ratio = 1 
 


