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Freeze-Out A fime
Large heavy quark mass 5 D
>> 3 qcp
Charm: M a 1Ge%
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BAMPS: Boltzmann Approach of MultiParton Scatterings

Transport algorithm solving the Boltzmann equations for on-shell partons with pQCD

interactions

9, 9,
(81‘ + E 6‘1") fi(r,p1,t) = Coo + Coz + - -~

Z. Xu & C. Greiner,
Phys. Rev. C 71 (2005) 064901

Implemented processes:

g+g—g9g+g gt+tg—ctc
g+g9g—g9g+g+g c+c—g+g
g+g+g—9g+g gtc—g+c
gt+c—g+c

(no light quarks yet)
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Rapid thermalization
t.,° 1fmic

Z. Xu & C. Greiner,
Phys. Rev. C 76 (2007)

h/s extraction

h/s° 0.08

Z. Xu, C. Greiner & H. Stocker,
Phys. Rev. Lett. 101 (2008)
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Solving the Rlemann problem
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Toy model: consider box of gluons with just two processes

g+g—c+c Initial conditions:

c+c— g—+g thermally distributed gluons

Rate equation: Matsui, Svetitsky, McLerran,

Phys. Rev. D (1986)
Biro, van Doorn, Muller, Thoma,
Wang, Phys. Rev. C (1993)

6,-_;_ (HCH“) — Rgg—:-cf: - RCE—:-Q‘Q‘

with
1

2
Rgg—mE = E < Ogg—sceUrel = ng

RcE—>gg =< Ocg—ggVrel > NeNg
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Box calculation T, =400 MeV UNIVERSITAT
420
410 r
400
% 390
2,
£ 380 09 ——— T T T T T T T T T
a . analytic, T=400 MeV -wweees
870 | 08 analytic, T=370 MeV
360 | - ' BAMPS ——
T, = 400 MeV 07 L 1
0 0 5;)0 10IOO 15;00 20IOO 25;00 30IOO 35;00 4000 0.6 _
t[fm/c] — B
= 05
3 04t
- X
03 t
0.2 r
0.1 Ty =400 MeV 1
O R 1 _— 1 s 1 _— 1 s 1 _— 1 s 1

0 500 1000 1500 2000 2500 3000 3500 4000
t [fm/c]



Box calculation T, =400 MeV

GOETHE @4

UNIVERSITAT

FRANKFURT AM MAIN

0.0009 . ———
analytic, T=400MeV oo
0.0008 ... analytic, T=370MeV e .
¥ gg—cC (BAMPS) wseweseees
0.0007 R T cc—gg (BAMPS) — 1
— 0.0006 ~"}‘-,, |
<t % A
E 0.0005
L,
2 0.0004 |
T
0.0003
0.0002 t
0.0001 Ty =400 MeV
O A 1 M 1 M 1 M 1 - 1 M 1 M 1

0 500 1000 1500 2000 2500 3000 3500 400C
t [fm/c]



GOETHE @,

Box calculation T, = 800 MeV UNIVERSITAT
0.45 .
b analytic, T=800MeV e
0.4 analytic, T=720MeV e -
s .:;.‘ gg_)ca (BAMPS) ...........
035 T % cc—gg (BAMPS) —— 1
— 03} _
E
< 0257
S
L 02}
x
0.15 |
0.1}
0.05 ¢ Ty =800 MeV
0 A . 1 . ] : . 1 . ) 2 )
0 50 100 150 200




GOETHE @4

Time scale of chemical equilibration UNIVERSITAT
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Two approaches:

1. LO pQCD: mini-jets -
AB
do’:
dp? d‘-:ﬂ dyz 7122021, 72)
PrdYclYe depend on renormalization
dé - scale e
C(x1,29) = [ (1) [P () —2 =+ —
dt y both very sensitive on
S5 fE (w2) + fA (1) FE (22)] F0TE Aoarton distribution
. di functions
= o
Kactorization scale
depend on factorization scale & Aenormalization scale
Aharm mass
2. PYTHIA
Monte Carlo Event Generator
for nucleon-nucleon collisions
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Initial gluon distribution for parton cascade uyuErs AT

A PYTHIA
scaling to heavy-ion collisions with Glauber model (considering shadowing) and
energy conservation  z parqg partons ~ N,;,: number of binary collision

A soft partons ~ A: number of nucleons

A Minijets (low p; cut-off at 1.4 GeV)

A Color glass condensate H.J. Drescher & Y. Nara, Phys. Rev. C75 (2007)

PYTHIA —— PYTHIA ——
800 | Au+Au CGC - 1600 | Au+Au e CGC - 1
Minijet g Minijet

dN/dY
dE/dY
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BAMPS simulation of QGP phase at RHIC
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GOETHE @4
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RHIC PYTHIA initial conditions
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GOETHE @,

Charm production in the QGP at RHIC UNIVERSITAT
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Charm production in the QGP at RHIC UNIVERSITAT
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RHIC
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Extract temperature,
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Charm production in the QGP at LHC UNIVERSITAT
LHC
120 . e
1o BAMPS Pb+Pb
100 | Vs =5.5 TeV 11 - 50 charm
90 _ pairs are

charm pairs
N

60 |

50
40

Mini-jet, M=1.5GeV e
CGC, M=1.5GeV

PYTHIA, M=1.3GeV ----eeeee

PYTHIA, M=1.5GeV

1 2 3

4 5 6 7
t [fm/c]

produced in the
QGP

m) 15 - 45 % of

total charm



Charm production in the QGP at LHC
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A

LHC

* r=2fm, An=0.5 ——

I‘I=2'fm,I A‘I’]:CI).E) _

i

0 05 1 15 2 25 3 35 4 45 5
t[fm/c]




GOETHE @,

Bottom production in the QGP at LHC UNIVERSITAT
LHC
7.25 I BAMPS -
w 72 b {  0.01 bottom
3 pairs are
o @] 8 T T T M RRRRE ]
e = 7157 g 3 7 1 produced in the
= g i
g 71 | § ' i
| 5b+Pb .'1—2 - ] =) 0.2 % of
7.05 t 0 -
012345678 total
. bottom




GOETHE @4

Elliptic flow v, UNIVERSITAT

FRANKFURT AM MAIN

d3 N ( 5) 1 d3N

= 1+2 2
2 pTdPTdy[ + UQ(ij y) CDS( ¢')‘|‘ ]
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Elliptic flow v, for charm at RHIC UNIVERSITAT
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Elliptic flow v, for charm at RHIC ONIVERSITAD
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Elliptic flow v, for charm at RHIC
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Elliptic flow v, for charm at RHIC UNIVERSITAT
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Elliptic flow v, for charm at RHIC UNIVERSITAT
| K=l —— | Debye mass with a
0.2 ) 2K:10 """""" 1 prefactor 8 =0.2,
' rED_)O'z rgD= SRR proposed by
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A Chemical equilibration time for charm very large

A Huge uncertainty on initial charm yield due to PDF and scale dependencies
=) | O calculations cannot explain data

Full space-time evolution of charm and bottom quarks

A Small charm yield during QGP phase
A RHIC: 3-27 % of final charm are produced in QGP
A LHC: 15 - 45 % of final charm are produced in QGP

A Negligible bottom yield during QGP phase at LHC
A LO gluon charm scattering is not sufficient to build up collective flow

Future tasks:

A Light quarks

A Higher order corrections, gluon radiation for charm scattering
A Energy loss of charm quarks = R,,

Jan Uphoff Heavy quark production and elliptic flow at RHIC and LHC Hirschegg , January 20, 2010 30
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Thank you for your attention.
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Backup
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A 3+1 dimensional Monte Carlo cascade

Z. Xu & C. Greiner,

A Divides collision zone into cells Phys. Rev. C 71 (2005) 064901

A Using stochastic method:

02—z At PPy = mim
Ntest &33-: Frel = EIEE

PE—:»E = Urel

A Testparticles to increase statistics
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ZX and C.Greiner, PRL 100, 172301, (2008)
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Temperature at RHIC and LHC

RHIC, PYTHIA
LHC, PYTHIA

LHC, mini-jets




