Microscopic Sources of Particle Production in
Relativistic Heavy-lon Collisions

Philipp Schulz

Multiparticle Dynamics Seminar
University of Heidelberg

07/12/2018




Outline

@ Motivation
Charged Hadron Production
Relativistic Diffusion Model

@® Factorization and Gluon Saturation
Collinear Factorization
kr-Factorization

Gluon Saturation
Hybrid-Factorization

© Results for Charged Hadron Production

O Summary

*picture titlepage: [phys.org20150211]



Outline

@ Motivation
Charged Hadron Production
Relativistic Diffusion Model



Charged Hadron Production
* Produced charged hadrons N ~ O'Ch/A
A s 2 >y,
o~ [ dpo(p” —snn)O(po)f(p) ~ | 5 F(PE)

® At LHC: \/sNN = /SppV/ £ /A =5.023 TeV

® Non perturbative regime: Aqcp =~ 0.22 GeV
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Phenomenological Model

DGL for f(po,p1) with t =po, y = p1

0 10 0?
—fyt) = —— = [(Yeq — )]+ Dy= f(y,t
¢/ (Wrt) Tyay[(yq Y f(y, )]+ yayzf(y )
Produced charged hadrons:
dNeh dN°h

= J(n,mx/ (pr))

dn dy

\/m2 + p2 cosh?(n) + pr sinh(n)

\/m2 + p2 cosh?(n) — pr sinh(n)

1
y(n, m,pr) = 5 log

For (pr) > m = y~n
Non-equilibrium Relativistic Diffusion Model (RDM)

dN¢h 3
G =7 [ oo N (0 0) G0 — i) = T3S NiR:
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Relativistic Diffusion Model

® Two fragmentation sources
2 — 1 scattering
® Midrapidity source
nearly equilibrium = thermal QCD, QGP, hydrodynamics
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B -~ Fragmentation
(non-perturbative)

- fA X4
fs
Hard Scatter H
(perturbative) ;b rton Distribution
[Reygers20i7] in nucleon

(non-perturbative)

Collinear Factorization

doin = Z fa® fp®do(AB = C)® Dyc

AB,C

Oin = Z /d1‘1d$2 fa(z1) fB(z2) 0(AB — C) ® Dy

AB,C



MSTW 2008 NLO PDFs (68% C.L.)
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® |nfrared divergencies =

9g(x,Q%) _ as(Q

X

DGLAP for PDF f;(z)

O0log(Q?) 27

2)(Zqu®(Qi+Qi)+ng®9)

e Splitting function for quarks Pap = P(A — B) ~ as(Q?)"
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kr-Factorization

Splitting function for gluons Py, (x) ~ as(Q%)" log™ !(1/x)
1/x divergencies = B-JIMBKL equation for
unintegrated gluon distribution ¢(z, k1)

Q% 42
ro(w.Q%) = [ Grele k)

Cross section:

Loy _ ! k 5(1k
G = | gk el ek + o )

kT,qr

Py
T2 = exp(Fy)

SNN
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Color Dipole Cross Section

e Color dipole cross section: N
vtk y) ~ / d*r e M IVING(x, y)
¢ Balitsky-Kovchegov (BK) equation with Y = log(zo/x)

%N(X’ y; Y) ~ / ch,y,z [N(Xa z, Y)N(Za Yy, Y) - N(Xa Yy, Y)]

N aﬁxed (X _ )2
LO Ve y
]C (X7 y? Z) - 27:2 (X . Z)Z(Z . y)Q

® x= ($T,07~TT,1)
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Gluon Saturation
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® Gluon recombination
e Unitarity of gluon distribution
® Saturation Scale
QA(x) = 2 Q3A?
* Q2(0.1) = 0.44GeV?
e Solution of BK:

_ 1 v(y.kr)
QO(LU,kT) — —/d27"‘T elkT'TT []_ — exp (_Z_l (T‘%Q?((L’))) ]
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Analytical Solutions of BK

® Simplest solution: GBW Model

_ 4Amk2
e (k) = QQT exp (—k7/Q?)
e y=1/2
327k, 1

(k) =
QT (14 16k2/Q2)
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Hybrid-Factorization

Fragmentation region = large y = Dilute-dense regime
Single Inclusive Hadron Production

ANt ¢ b de o)

— = — afa(z,pF) p(a* e
dy 2 20/% T ( )
7 =In(syn/Q?) —In AY3 —2(1 + Ny

Geometric scaling: zg — 0

1
C:/ dz Dh/g(z,p%)
20

Fragmentation function D < parton-hadron duality

+ +
DM (2, M2) = NI 2 ?(1—,2)*’? <1+c (1—z)dh)
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Charged Hadron Production
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Charged Hadron Production
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Summary

® Relativistic Diffusion Model
— Rapidity distribution of charged hadrons

® Midrapidity source
— Nearly thermalized, small-x small-x gluon scattering

® Fragmentation sources
— small-x gluon high-x quark scattering
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