Interplay between bulk medium
evolution and covariant (D)GLV
energy loss

Deke Sun & Denes Molnar

Purdue University
sun80@purdue.edu

The 31st Winter workshop on Nuclear Dynamics
Keystone Resort, Colorado, USA




Outline

® Motivation

® Covariant formulation
» Light quark
» Heavy quark
» The effect of running coupling

* Summary

Deke Sun, Purdue University s January 30, 2015 2



DGLV - Opacity Expansion

Gyulassy, Levai, Vitev NPB594(‘00)
Djordjevic PRC 74(‘6)
Buzzatti & Gyulassy, PRL108(‘12)
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Motivation

Transverse expansion results in much smaller v, in GLV

D. Molnar, D. Sun, arXiv:1305.1046
Au+Au at RHIC
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Motivation

Hydro medium gives larger v, than transport medium
D. Molnar, D. Sun, arXiv:1405.4848

Au+Au, RHIC, b~8fm ie
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Covariant formulation — light parton

But energy loss in GLV is not covariant

Suppose holds in fluid rest frame, then

Massless particle
Ly =E,F(1I V¥VF) AELR=AEVF(1_V¥VF)

LLR = L)/F (1 I V¥VF) AL, =ALy¢ (1_V.VF)

AL,z 0,20 = dLP 0y, (1-Vevy)=dLpo(1-vevy)



Results - Pion

Covariance results in additional v, increase (~30%)

Original GLV Au+Au, RHIC, b~8fm Covariant GLV
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Covariance leads to an interplay between jet propagation direction and medium
flow, causing an enhanced in-plane versus out-of-plane energy loss difference



Covariant formulation — heavy quark
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Charm

Au+Au, RHIC, b~8fm

! | 0-25 1D, =034
charm —--—- 1D,0=0.34 charm > a=-
i ] i 3D, a=0.28 1
081 e 3D, a=0.28 0.2 —— 3D covariant, a=0.30
—— 3D covariant, o.=0.30 ’ )
< 06 1 1 0.15 ¢
(@\]
” ”
04 ¢ 1 0.1 ¢
L oSS LTI TST oo TS
02 F~ 1 0.05
fKLLN
0L— ' ' 0 ' '
5 10 15 20 5 10 15
pr [GeV] pr [GeV]

——,

Deke Sun, Purdue University' e —— | - January 30, 2015




Bottom

Au+Au, RHIC, b~8fm
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D meson

Au+Au, RHIC, b~8fm
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B meson

Au+Au, RHIC, b~8fm
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Running coupling

o i f Q < Q .
J. Xu et al, JHEP 1408 (2014) 063 max = min
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Running Coupling - Pion

Au+Au, RHIC, b~8fm
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1. With running coupling added in, almost no effect on R_AA(after tuning).
The effect on v2 is not significant, compared with statistical fluctuation.

- 2. Covariance increases v2 clearly.
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Charm quark

Au+Au, RHIC, b~8fm

1 . . . 0.25 . :
. ey e R I ling, GLV
charm ----- running coupling, GLV charm o T
0.8 —— running coupling, flow{ 0.2 ¢ - ?nrgng colqphnfgl, flow
— — - fixed coupling, flow 1xed coupling, tiow
0.6 1 015 ¢
& 2
04 ;_w 0.1 I
0.2} 1 0.05 o e |
0 0
) 10 15 20 5 10 15
pr [GeV] pr [GeV]

No obvious effect due to running coupling
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D meson

Au+Au, RHIC, b~8fm
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Same on D meson — no obvious effect due to running coupling
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Running coupling - LHC

Pb+Pb at 2.76TeV, b~8fm
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Running Coupllng LHC
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Running coupling - LHC
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Summary

®* We studied (D)GLV radiative energy loss with various bulk
medium models at both RHIC and LHC energies.

® Due to the bias of (D)GLV energy loss for later scattering,
realistic transverse expansion suppresses elliptic flow(v,)
significantly

® However, a covariant frame-independent treatment of (D)GLV
energy loss increases v, for both light and heavy quarks. This
comes from the interplay between collective medium flow and
jet propagation direction.

Next steps:

= Elastic energy loss + radiative energy loss

the Cen_tralities
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