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Heavy ion CollisionLittle bangs in the laboratory
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 Spectra of iden?fied par?cles

Events recorded by ALICE  from the first lead  
ion collisions in 2011 

)c (GeV/
T
p

0 1 2 3 4 5

]
-2 )c

) [
(G

eV
/

yd Tp
/(d

N2
) d Tpπ

 1
/(2

ev
N

1/

-510

-410

-310

-210

-110

1

10

210

310

410

pRange of combined fit

0-5%

80-90%

positive
negative
combined fit
individual fit

(c)

[ALICE, Abelv et.al. (2013) ]

Pt : Transverse momenta  
 to the beam axis 
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Two par?cle correla?on func?on
Two-particle correlation function

normalized two-particle correlation function
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surprisingly v2, v3, v4, v5 and v6 are all non-zero!

[ALICE 2011, similar results from CMS, ATLAS, Phenix, Star]
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✦Normalized Correla?on func?on

✦ The modula?on in angles are signals of the ini?al state shape  
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Polariza?on In HIC

In peripheral high energy heavy ion collisions the system has a large 
angular momentum and may manifest itself in the polariza?on of 
secondary produced par?cles  
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In rota?ng gas the par?cle, 
and an?par?cle get polarized 
in the direc?on of the  
angular momentum.

F.Beca\ni, V.Chandra, L.Del Zanna and E.G (2013) 
. 



STAR measurement 
 STAR Collabora?on, Global Lambda hyperon polariza?on in nuclear collisions, Nature 548 62-65, 2017

Par?cle and an?par?cle have the same polariza?on sign. 
Not driven by a EM field  
Definitely favours the thermodynamic (equipar??on) interpreta?on
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Comparison with the data 

Different models of the collision, same formula for polariza?on

 Beca\ni, Lisa, Polariza?on and vor?city in the QGP, Ann. Rev. Part, Nucl. Sc. 70, 395 (2020)  
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Bulk viscosity 
A.Palermo, E.G, I.Karpenko and F.Beca\ni EPJC (2024) 
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The polariza?on along the bean axis is really sensi?ve to the  
bulk viscosity coefficient of the fluid

Work in progress with Sushant Kumar Singh… 



Mo?va?on
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We are neglec?ng any hydro-dynamics of the chiral condensate  !



Equa?on of mo?on (Model G)
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Ideal part Dissipa?ve part Gaussian Noise 
• The ideal part is charge conserva?on and Josephson constraint  

• Two dissipa?ve coefficient  and  and noise Γ0 D0

Diffusion at high temperature, pion propaga?on at low 
temperature  as the vev  develops 

• The simula?on of the stochas?c process is done with an 
ideal step and metropolis update.

Chiral condensate  + Axial and Vector charge   ϕa nab = χ0μab
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A. Florio, E.G., A. Soloviev, D, Teaney PRD (2022) 
 A. Florio, E.G., D, Teaney (2023)



Propaga?on of axial charge across the 
transi?on

Quark diffusion T>>Tc

Quasipar?cle Pions T<<Tc

Around  the axial charge start changing form a diffusive form  
to a quasipar?cle one  

Tpc
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Quench in the broken phase 
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varying mass, L=192
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G⇡⇡(t, ⇠, k) =
⇠2�⌘

(k⇠)d
F(vkt) .

Consisted with 
non equilibirum 
scaling form and 
huge produc?on 

of sos pions!  

<latexit sha1_base64="75smutI43ZpPZLNmo/eA1gXyLRI="></latexit>
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A. Florio, E.G., A.Mazeliauskas,A. Soloviev, D, Teaney in prepara?on  

Preliminarly 


