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Heavy quarks in heavy-ion collisions

Large heavy quark mass
>> Nqep

Charm: M, = 1.5 GeV

Bottom: M, = 4.75 GeV

# Heavy quark

production at early

stage of collision

- ideal probe for this

stage
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BAMPS: Boltzmann Approach of MultiParton Scatterings

« 3+1 dimensional, fully dynamic parton transport model

* solves the Boltzmann equations for on-shell partons with pQCD interactions

<§t " 66> File, i) = CE2 4 C20 B e ooy

Z Phys. Rev. C76 (2007)
Implemented processes: o on @
g+g—9g+g 0O+0 =g+
grg=9+g+yg g+Q —g+Q
gt+g+g—9g-+g 4+0—g+0

. . g+J/Y—>c+e
Light quarks have been implemented but are B
not included in the present calculation ctc—g+ ']/w
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Heavy flavor in BAMPS
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Heavy flavor in BAMPS

Hadronic phase
No interactions taken into
account




Sketch of heavy-ion collision in BAMPS UNIVERSITAT

Heavy flavor in BAMPS

Hadronic phase
No interactions taken into
account
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Leading order perturbative QCD: g g9 9 9 g
g9+Q —=9+Q
g+Q —g+Q E - o E

t channel is divergent for small t

K can be fixed to A. Peshier,
1 arxiv:0801.0595
1 1 k=—=~0.184 = 0.2 [hep-ph]
== - 2e
t t —Kkmp by comparing dE/dx to P.B. Gossiaux,
HTL result beyond J. Aichelin,
logarithmic accuracy Phys.Rev.C78 (2008)

o (Q%)

Introduce a running coupling
N=0 — constant for all channels

02

Q?[GeV?|
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Heavy quark elliptic flow v, at RHIC ONIVERSITAT
090-90Q —> K 090-90Q
B3
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0.2 | running coupling, k=0.2, K=4 )
- What is missing:
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01k ® Quantum statistics
0.05
0 _ Au+Au b=82
Vs =200 GeV | T PHENIX,
0.0 i it —-b———————— arXiv:1005.1627
0 1 2 3 4 5
pr [GeV] JU, Fochler, Xu, Greiner

only elastic heavy quark processes
Phys. Rev. C 84 (2011)
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Heavy quark R,, at RHIC ONIVERSITAT

O-gQ—>gQ —->K O-gQ—>gQ

electrons (mini-jets IC)
HF electrons 20%-40% (PHENIX) —=— | RHIC

1.8
16
1.4
12 |

3 1 Hu!
0.8 |yll*
06 |
04 |

L Au+A
02 | NHU+AY b=82fm

L s =200 GeV
PHENIX,
arxiv:1005.1627 0 2 4 6 8 10

pr [GeV] JU, Fochler, Xu, Greiner
Phys. Rev. C 84 (2011)

running coupling, k=0.2, K=4

=%

only elastic heavy quark processes
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D meson R,, at LHC ONERSIAT

Tgo-90 > K Ogo40

18F  ALICE prel. D° mesons 0-20% —=— -
ALICE prel. D" mesons 0-20% ——— | | LHC

161 BAMPS, all D mesons ]
T4 Pb+Pb, \'s = 2.76 TeV '.
1.2 -
running coupling, k=0.2, K=4 -

§ 1 g pling
o | / |
0.8 1 b = 5.0 fm ]
0.6 r -
04 | —ﬁ -
02t = @ — P

O | PR BRI B B R R 1 . ]

0 2 4 6 8 10 12 14

pr [GeV] ALICE data, QM 2011,
arXiv:1106.5931

only elastic heavy quark processes
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D meson v, at LHC ONERSIAT
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only elastic heavy quark processes
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Muon R,, at forward rapidity at LHC ONIYERSITAT
preliminary O 40590 K 0 40->90
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only elastic heavy quark processes

arXiv:1106.4042
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Muon R,, at forward rapidity at LHC ONIYERSITAT
preliminary O 40590 K 0 40->90
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Radiative processes UNIVERSITAT

Can radiative processes account for K~4?

g—l—Q%g—'—Q{—g @, p1 - ﬁ@:pfi

q, P2

q, P4

Gunion-Bertsch matrix element generalized to heavy quarks:

gQ k, a: — ki
|M9Q_)9Qg’ = 12¢° ‘M ‘ [ + 22 M2 + (qr — k)% + x2M?

In accordance to scalar QCD result from
Gossiaux, Aichelin, Gousset, Guiho, J.Phys.G37 (2010)




GOETHE @4

Energy loss in static medium UNIVERSITAT
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Fixed coupling, without LPM effect
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Heavy quark R,, at RHIC with 2->3 ONIVERSITAT
preliminary
1.6 . | | electroné -
14 L charm and bottom quarks === | RHIC
B HF electrons 20%-40% (PHENIX) —=—
1.2 | |m 1
- T N 2—2, 2—3, running coupling, k=0.2 |
1 —£]
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arXiv:1005.1627
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Conclusions & outlook UNIVERSITAT

Full space-time evolution of QGP with charm and bottom quarks

* Running coupling and improved Debye screening yield results that can explain
experimental v, and R,, at RHIC and LHC if K=4 is introduced

* Importance of 2 — 3 processes estimated in energy loss calculations in static
medium

* Preliminary results with 2 — 3 in full cascade are promising

Further details on arXiv:1104.2295 and 1104.2437

Future tasks:

* Further study of radiative heavy quark scattering in full cascade
* Light quark interactions with heavy quarks

* Further study of J/y suppression, also at LHC

Jan Uphoff Heavy flavor in the QGP 24
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J/g production
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RHIC

Rap at |y|<0.35
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Cold nuclear matter effects

® Shadowing

1.3
121

~ L1

«l

< 1.0

o

08
0.7 E2=

S . §2=0.25 GevEfiee

0.6

® Cronin effect

Projectile

® Nuclear absorption

Jy

Hot nuclear matter effects

= J/psi dissociation
= fT>T,=2T, =330 MeV

" Via J/yp+g—c+c

= J/psiregeneration

via c+c—J/p+g

g

e

\ C

Bhanot+Peskin 79
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J/g production UNIVERSITAT
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Heavy quark elliptic flow v, at LHC ONIVERSITAT
Ogo-90 K O go-9Q
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Pt [GeV] JU, Fochler, Xu, Greiner

only elastic hea uark processes
y A P Phys. Rev. C 84 (2011)
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Heavy quark R,, at LHC ONIVERSITAT
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only elastic heavy quark processes
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Heavy quark elliptic flow v, at RHIC ONIVERSITAT
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arXiv:1005.1627
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Heavy quark elliptic flow v, at RHIC ONIVERSITAT
1_8 4 t 4 ' | ' ! ' ' | ' ! ' ' | ' ! ' B | ' ! ' B
| electrons, k=0.11 ---reees
1.6 1 To7 electrons, k=0.184 e | RHIC
1.4 + || electrons, k=0.2 —— 1
1o |4 electrons, k=0.25 '
O
T o8 FLl"
0.6
04 r
02 B =
[ Js=200Gev  P=&2Mm
O — . . ] — . . ] . . . . ] . . . ] . . .
0 2 4 6 8 10
PHENIX, pt [GeV]

arXiv:1005.1627



GOETHE @4

Charm R,, at RHIC ONERSITAT
1 _4 “‘.. N E ' 1 4 4 4 ' 1 ! 4 " ' 1 ' N " i 1 ' N 4 4
L\ run. o, k=0.2, only 2—2, K=4 —— |
12| run. og, k=0.2, 2—2 and 2—53 - 1
| ‘ run. ag, k=1, 232 and 253 e
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r:r:§ 0.8 i
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S 06 t | For Raa
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| s = 200 GeV
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0 2 4 6 8 10
pt [GeV]

Only charm quarks (no heavy flavor electrons!) for better comparison
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Charm elliptic flow v, at RHIC ONIVERSITAT
o5 For v,
run. o, k=0.2, only 252, K=4 —— | 2—3processes
0o | run. o, k=0.2, 22 and 2—3 oo | cannot explain
' run. g, k=1, 232 and 253 - r}?ljs'”g factor
0.15 1 .
o Different impact
- of 2—3
S 017 processes on v,
S and Raa
0.05 Reason:
LPM effect
0
; -....l......,,,.,,___,,,-kappa=1iseven
0.05 0 1 ) 3 4 5 better since 2—3
processes more
Pt [GeV] important due to
LPM effect

Only charm quarks (no heavy flavor electrons!) for better comparison
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Heavy quark R,, at RHIC UNIVERSITAT
5 0 90-90Q —> K 0 90-90Q
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‘.,‘b =821m 1=0.3, K=1, 1.0 m3
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arXiv:1005.1627

only elastic heavy quark processes



Heavy quark scattering cross section
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Heavy quark scattering
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Compare to analytic formula

22
db_ 8o T [(1 nf)lng+glng

dx T 3 m3 9 M?
I v
m2— -7
+(Il 4 S)Rf
B, 101 T
9 108 9

dE/dx [GeV/fm]

1.4

]
l'.
.
-
.
.t
.
l..
o
-

T =300 MeV

12p  CTOEER
M=13GeV .

0.2t BAMPS, ¥=0.184 —— |
' analytic, Boltzmann stat. -
analytic, quantum stat. -

10 100 1000
E [GeV]
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Fragmentation and Decay UNIVERSITAT
« Peterson fragmentation Peterson et al., Phys. Rev. D27 (1983)
N Fifte €. = 0.05
D Z) = L= 05
1/Q(2) ( R )2 o e = 0.005
Q
z(1—=
z 1—=z
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>N i ]
s 015 :
o
T 01} 2
S | £ TN\ e
© -
2 005} .
_ running coupling, K=4, 0.2 m%
0 Au+Au
Impact of hadronization s < 200 GeV b=8.2fm
and decay small -0.06 —m————m4—/—/———— ———
0 2 4 6 8 10

pr [GeV]
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CM frame
Ejet =10 GeV
T=0.4GeV
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100

N (a.u.)
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Dead cone effect UNIVERSITAT
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LPM effect SNERAAT

A>T

2 — 3 only allowed if mean free path of jet larger than formation time of radiated gluon

# Bethe-Heitler regime, independent scatterings
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Energy loss in static medium UNIVERSITAT
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Initial conditions UNIVERSITAT
Gluons: Heavy quarks:
= PYTHIA = PYTHIA
scaling to heavy-ion collisions with Monte Carlo Event Generator
Glauber model (considering for nucleon-nucleon collisions
shadowing) and energy
conservation
= Minijets

(low p cut-off at 1.4 GeV)

= NLO pQCD

= Color glass condensate oo
Distributions from R. Vogt

H.J. Drescher & Y. Nara, Phys. Rev.
C75 (2007)

= MC@NLO
Next-to-leading order matrix elements
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Initial heavy quark distribution UNIVERSITAT
10-1 N N Y N ' v " N I Y N N N 1 N i ' I "
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> 25
g 2t
-
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° 05 . .

pp = pr = 0.65y/p3. + M2 for charm (M. = 1.3GeV)
pp = pr = 0.4/ps + M? for bottom quarks (M}, = 4.6 GeV)
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Charm production in the QGP at LHC UNIVERSITAT

120 : . : : .
nor Pb+Pb
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-C_G g LHC
o '8 80 B
X ;
£
S L
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© 60 r Mini-jet, M=1.5GeV e I
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40 | |  PYTHIA, M=15GeV —
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tf
[fm/c] November run
(n 42 B
= 50—
. S 40
Large secondary production S 40} ol
— Can even be comparable to % o0 |
initial production < 38 | Pb+Pb 0l ]
© Vs =2.76 TeV 0 Lt
36 | 012345678 |
JU, Fochler, Xu, Greiner

Phys. Rev. C 82 (2010) 0 1 2 3 4 5 6 7 8




