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Hadronization:

— Coalescence

— Fragmentation

Coalescence model and Parameters

Outline

Comparison with data

— RHIC AutAu
— LHC Pb+Pb

Elliptic Flow

\s = 200 GeV
Vs = 2.76 TeV



Ultrarelativistic heavy—ion collisions

freeze out

hadrons
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Hadronization

e Fr agmentation Fragmentation Function c @{: hadrons
dN dN b O/j_a
5= =ZIdZ e RisnlZ)
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0<z<l1

S. Albino, B.A. Kniehl, G. Kramer, Nucl.Phys. B803 (2008)



Hadronization
y/

e br agmentation Fragmentation Function c 5 hadrons
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e (Coalescence

R. Fries, B. Muller, C. Nonaka, and S. Bass, Phys.Rev.Lett. 90, 202303 (2003)
V. Greco, C. Ko, and P. Levai, Phys.Rev. C68, 034904 (2003)



Hadronization
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. Fragmentation
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RHIC Observables

Proton to pion ratio
Enhancement

In the vacuum, from
fragmentation functions the

ratio 1s

Elliptic Flow Splitting
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RHIC Observables

Proton to pion ratio
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Coalescence code

e Consider 7/ particles

e (Give a probability P(i) from the partonic distribution

« Compute the coalescence integral

dN,,
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Fireball parameters

Central collision (0—10%)
Temperature T = 160 MeV

Collective flow By = ﬁmax%

Pmay, from radial expansion R = Ry + L7, aXT

Uniform in (x,y); z = tsinhy

VAR g

Fireball radiustradial flow constraints

chh ;

ay

)

Fireball transverse radius

dET
dy



Fireball parameters

Central collision (0—10%)
Temperature T = 160 Mel/ RHI

Collective flow By = ﬁmax%

Typical QGP lifetime

C=45fm/c

LHC=78fm/c

Bmax from radial expansion R = Ry + [0, aX7)

Uniform in (x,y); z =@sinhy
V=t ap)

Fireball radiustradial flow constraints

)

dy dy




Fireball parameters

. — —
Central collision (0—10%) Typical QGP lifetime

Temperature T = 160 Mel/ RHIC = 4.5 fm/c

Collective flow  fr = ﬁmax% = 8 fm/c

Bmax from radial expansion R = Ry + [0, aX7)
Uniform in (x,y); z =@sinhy

V =nry%@  ~ 1000 fm® RHIC ~ 2500 fm? LHC
: g . " dN dE
Fireball radiustradial flow constraints d;h ; d—yT

Rr =87 fm atRHIC B, =0.37 at RHIC
Ry =102 fm at LHC  Pmax = 0.63 at LHC



Parton Distibution

e Thermal Distribution (< 2 GeV)

dN

9.9

derdz Pr . (2z)’

T

~ Ygqty exp(_ yr (My =Py - By $,Uq)j

« Minijet Distribution (> 2 GeV)
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Resonance Decay
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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
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[LHC = Proton
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[LHC - Kaon & [Lambda
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p/m Ratio

DN AN

[.HC — Ratios
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RHIC Observables

Elliptic Flow splitting
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 Fourler expansion of tl
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f(o,pr) =1+2 Z@m) Cos N
n=1

momentum anisotropy in the transverse plane

coalescence brings to

v,u(Pr) =2V, (p;/2)

he azimuthal distribution

n=2 Elliptic flow

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

dN _ grmy _VT(mT_pT°IBT) N
erTdeT N (272_)3 exp( T ) ﬁT (r’¢) ﬂO(r)_l_ﬁZ(r) COS(2¢)

About 20% quark number
scaling breaking : 0.15

o

= 9ID) Z

— finite width wave function 0.1

— anisotropic radial flow
0.05




 Good agreement with RHIC & LHC data
T, p, k, A spectra
ratio peak shift at LHC

with no parameters change

* vy, QNS breaking

 other particles (¢, E,Q)

 other centrality

* Next order in v, and effect of radial flow
on the Quark Number Scaling
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Elliptic Flow and v,

 Fourier expansion of the azimuthal distribution

f(o,pr) =1+2 Z@pT) CoS ng
n=1

momentum anisotropy in the transverse plane

Fluctuations = n=3

n=2 FElliptic flow
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* What’ s the approach working in the range p~ 2-10 GeV?

* [s the coalescence necessary?

- p/m?
- vy, of Aand K %

— Also py spectra check
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ues of p;. We understand this effect to be due to a
communication between the fluid and jet-hadrons: these
hadrons are composed of a high p; string segment (from
the hard process) and (di)quarks from the fluid, carry-
ing fluid properties. So the final hadrons are observed

at relatively high p;. but nevertheless providing informa-
tion about the fluid, whereas the soft hadrons from fluid

freeze out carry only small p;. The reason for the strong
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In case of a partonic thermal distribution
ke —p/T

for a two—quark hadron,

o —p /T e —p, /T — @ XP/Te—(l—X)P/T __ A—P/T

in the n quark case
-2 B |

He P /T _)e nT oc e T 10_,?

Baryon/Meson Ratio = 1 o |




