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Abstract: elastic energy loss model

» elastic dE/dx of heavy quarks in the case of a
non-static thermalized QGP
» pQCD transition matrix approach with
 quantum distribution functions
* running coupling
» effective screening mass adjusted to HTL
calculations
 Peterson fragmentation and meson decay with
Pythia
» comparison with RHIC data for electorn yields
from heavy flavor decays
* linear scaling of the binary cross section
seems not sufficient 1
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Experimental data

Raa and v2 from experiments at RHIC:
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mm) energy loss and strong coupling (to the medium)
of light and heavy (!) quarks
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Mean energy loss in the QGP

interaction rate: X is evaluated at the energy pg = E + te:

[i (B) = — —— (1 — ng (E)) tr (7P, + M) Tm3 (P)] | Cif; _ % / o gzjw

contribution from [¢| < [t*| with m%, < |[t*| <« T*:

dEi_K(CF:Q)/O /” x 2 2 _ 22 _
dr 2 B dt (—t) —ud$(1—a:2)2 o+ (v* —2°%) pr], t=w’-¢°, z=w/g

spectral functions and HTL propagators:

1 . 1 1
e (w,q) == —;Im [Apr(w+ieq)], Ap(w.q)=

with the self-energies:

() =} [1- Q)] , T (@)= "L (1-2%)Q (1), Qx):=73n
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Mean energy loss in the QGP

contribution from [t| > [t*| with [, = [d°k/(2m)":

dE;
! o) s (P+ K — P — K’ |2
dz QEU/k /,%'[213' (2m) 0 (P + )d > Ml

spin,color

in the limit £ — co and £ >> T":

dE; (k) [V do;
:di/n() dt(— t)a
d:E k Qk tmin

both contributions from |t| < |t*| and |t| > [t*| lead to the NLL formula:

dE  4ma’T? ng ET 2 ET _
o = 5 [(1 + G ) In m% + = 5 In 2 + ¢(n )] with ¢(ny) ~ 0.146-n¢40.050

and for running coupling:

dE_47rT2
dr 3

as(m3)as(ET)

ET 2a,M? . ET
(1+”f)1n as(M?)

ET
1 O [ as(m%)In =5
o Sy " B0 (s 2 )
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Mean energy loss with QGP flow

replace Bose and Fermi by the Jiittner distribution functions:

1 1
: npy = — .
P a(B—FR) T

npJj =

in the parallel case (5]||p):

fix

dE Ao T? ny Exy(1-/)T 2, Ex1-8T

@ I 1 —)1 2

& | 3 [( A A e VE +C(”f)]
in general:

dE 4malT? ny p, BT 2 p,BHT
=8 1 )1 ¢ —In £
dz 3 [( T )t T T e +C(”f)]
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Mean energy loss with QGP flow
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MC-simulation: transition matrix

thermalized medium with quarks and gluons: 7 = 0.6 — 0.8 fm/c

- IAf 32F(u uz Ic?fj ’f)
Py ~ Atz

0<i<N,, 0<j<N
ouwoc 0 'S SJ s A

o ¢ = N, matrices are needed (ingoing u)

mappings:

10° b 9?0 (uu, €)

el /ro 1

u: Rar — [0, 1), p, I—)’U;(p,) = m

€: 00,7 — [0,1], 9 — € = (1_20879)2

u(t +At) =u'

u(t) =u
o p &

as input: available partonic or hydro models for the background medium, Ti.c;; (%, t), Ueer; (T, 1)

v
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Effective screening mass and numerics

dE dr
no convergence for the Debye screening mass (soft part of I'/0w has to be screened): T o
r num. * analyt.
effective screeni ass for the Born cross sections: 2 (t) 4 (1 + nf) HT? = s 2
1V reecilng 1in I I'Tl CI 101152 = R-aT — | &
& . 6 t =1y (w,q)  t— p?(t)

1
analytical evalution of OT'/dw with u? (t) and comparing with HTL calculation of dF/dx leads to: k= 2 = 0.2
e

= convergence of the numerical results against the analytic NLL formula

- T - T 11 T T T T T T T
effective screening mass with: K:0.18411 —_—

K=1 ===m=m-
16 - NLL formula ===+
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Peterson fragmentation

8 1 —1
P
o o 2= E dz DQ
& PQ
1 > _]0.05, for c-quarks,
..... | €Q ™ (mg/mq)” ~
____________________ =-. 0.005, for b-quarks.

the following stage of heavy meson decays to electrons is calculated with PYTHIA 8.1
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Results: nuclear modification factor

Bax ENaafdprdy AN /dprdy
Nb.coll.dQNNN/dedy - d2Ninﬁtm£/dedy

R at mid-rapidity, medium from BAMPS and ideal hydro
n STAR, HF electrons 0%-5%, stat. and sys. errors ——+—
PHENIX, HF electrons 0%-10%, stat. and sys. errors ——
e from D+B-mesons, ideal hydro

T o . g T o T 13

Rapa at mid-rapidity, medium from BAMPS and ideal hydro

PHENIX, HF electrons 20%-40%, stat. and sys. errors +——+—
e from D+B-mesons, ideal hydro «=:==-

"""" e from D+B-mesons, BAMPS medium, K=1 ——

e from D+B-mesons, BAMPS medium, K=1 ——— e from D+B-mesons, BAMPS medium, K=3 ======~

e from D+B-mesons, BAMPS medium, K=3 ======~ ; :
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Results: elliptic flow

2 2 3
PN oy ] d>N )
vy = pe = (cos (2¢)) = —mx— QOppoTdcpdy cos (2¢)
T prdprdy
o0
d>N d*N
from FE—— = 1+ E 2v,, cos (nyp)
d°p  2mprdprdy —
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Conclusion

more realistic scenario
quantum statistics, running coupling, effective
screening mass, light quarks and gluons,
fragmentation, decay of mesons, different
background media

- significant contribution of elastic processes

Raa can be reproduced up to a factor of 2

V2 can be reproduced up to a factor of 3
discrepancy could be an effect of radiative energy
loss and/or uncertain initial conditions

possible modifications:
different initial conditions
hadronization of the medium particles
implementation of bremsstrahlung 12
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