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...collisional energy loss...

Recent papers advocating the possible role of this
mechanism for partons of moderate energy:

Dutt Mazumder et al (Phys.Rev. D71 (2005) 094016) /
Mustafa et al (Phys.Rev. C72 (2005) 014905 )/
Gay Ducati et al (hep-ph/0506241) /

But not the main stream




- - - heavy partOn collisional energy loss |n QGP
{ f

/

Hot topic; Avoid some complications
due to colinear divergences

Usual QGP: no quasi bound state, at rest, static,
« confined » over some extansion Lplasma



< (B OI'lIlg) heavy parton collisional energy loss in QGP.
/

/

Nearly everything 1s known; Braaten & Thoma (91)
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Retardathﬂ effECt for heavy parton collisional energy

/ loss in QGP.
/
What if the heavy quark is not produced at t = -oo ?

World | World I

Untouched !
o
Q
> < >
P P’<P 0

Physically reasonable, but HOW BIG ?
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CEL In stationnary regime.

Assume pQCD regime at high temperature: g<<1 and ordering

1 ~d

O o Ay gisty Heavy quark probes the medium
O © Vviavirtual gluon of momentum k

O O [\ —Zone I: k>g* : hard; close
O O Q collisions; individual; incoherent.

O 0 AO/Zone I1: k<qg*: soft; far collisions;
® collective; coherent; macroscopic.




CEL in stationnary regime: close collisions.

Bjorken (82) evaluated this contribution using kinetic theory.

Reaction rate I :

2
g ,
D P

=2 x n(p) (1-n(p”)) 3(P+p-P’-q’)
P Q 3

From rate to energy loss :

I

de(E E)  E- EdE —%am%ln("g-rj for v=1.




CEL in stationnary regime: far collisions.

Will embed most of the retardation effect.

First evaluated in stationnary regime by Braaten & Thoma (82)
following Weldon (83) :  I" = —(1-n(E))/2E x tr{(P.y+M) Im(Z)]

p
k
|m(2hard): p’ ‘%
P ’ \ Q>

P

Quite general relation : includes the soft collisions (k<qg*) as well,
provided one takes the full gluon propagator IT:



CEL in stationnary regime: far collisions (I1).

P

Kk
o ggﬁwﬂo\%
P Q>

P’

For k>g*: through Kinetic expressions

For k<g*: evaluate the self energy X with HTL ressumation for I1
(consistent with collective polarization)... Imaginary time formalism.

Legitimate as both contributions are separately gauge invariant.



CEL in stationnary regime: far collisions (111).

Results at the logarithmic accuracy:

O<v<1: vxl:
=G Lo () % e Famen{ ST
UV div— 982 g [ 1ot () —— S Zeme G
dE_2 In( GE_ 25 m3 In
X mo/v3) mo/+/3

Poor man’s prescriptien: take dc%fﬁ with some UV regulator Keut:

Method followed by Thoma & Gyulassy (91)



Far collisions: alternative formulation

Maxwell’s Equations with appropriate dielectric functions
(collective response of the medium in linear response approx.) lead
to the same result for Energy loss.

Easy strategy: evaluate induced chromoelectric field (medium
polarization Eind and the Lorentz force of this field on the heavy
parton / external current)

© Easy to generalize for non stationnary phenomena (heavy parton
produced inside the QGP)... better suited to discuss physics.

@® Misses some part of the hard dynamics... which plays little role
for retardation ©.

N.B.: L.R. = trivial color structure of dielectric functions.



Far collisions: alternative formulation (1)

Maxwell equations in Fourier space (®,k) =
g EL+ (e7-k*/ ) Er =?’—£ (. + Jr)
With eLand e1: dielectric functions of the plasma
ek, @) =1+11 (@ /K) /k?; er(k, @) =1-T11 (@ /K)/@°

(Polarization IT taken in H.T.L approximation)

jt (ir) : longitudinal (transverse) projection of the current on k

Eina (K, ) = 4iﬂ

{k K X It + @ X ]Ti| :4i7{k2ALx%+a)AT X ]T:|
ind ind

2_|_1_[L @ a)z_k2+HT [ /

Substract the vacuum value gluon propagator HTL



Far collisions: alternative formulation (111)

Fourier back and integrate the Lorentz force up to t=L/v:

L/iv

—AE(L):iZ_[g—:;J.j:da{ K 1K), o ]T,a(K)} - [dte ™ gu u(t)

k+I1, @ o —K+I1t

ind \0
Special case of stationnary current; j,(t.X) = gav “5°(X-Vt) Wi\]h V#=(1,V)

= jUK)=27 GV * AKV) =27 GaV * Kok V) =L

_AE(L) d3k +oo k2 VZL(K) o , __:*
CraslL ®J‘ [k2+HL e +a)2—k2+HT vr(K) indg(a) K-V)

N— g
—~

Only imaginary part contributes

N.B.: « induced » not really needed



Far collisions: alternative formulation (1V)

2 2(K
a9,

ind
X : : - — - ; >
Pole Non vanishing & constrain from Pole
IOng collect. Imaginary part Statlonnary trans collect. mode.
mode. (Landau damping) : _ _
Vanishes at current (Sp_“ke) Imaginary part
T=0 — O
J — , J
Y Y Y
Time-like Space-like Time-like

In stationnary regime: Only the Im(g) contributes (ok); collective
modes do not get excited; no Cherenkov radiation.
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Retardation effect: model for partonic current

For partons produced at t=0

- a — i Ifllu . Vzp
Jo (K)=ia (K.Vl +in  K.Vo+in

with Vi = (1,7,) and V5, = (1, 7)

Satisfies current conservation KV =0

Simplifying assumption: V=0 =
V2=(1,0) and V1=(1, V)

Only one parton contributes to ] , but the
system is in fact color neutral.




Retardation effect:generalization of AE

. 3 +00 2 _:aK - -
_AE(L):'ZJ‘E—;J:@C'”[ K JaK) g MK)} -

k*+[1, @ o K+ 1t g

b
0

KV=0 but IKV1¢O

e AL — —iv / / _w [kz(u'-. 0 A (w )-i—w sin’ HQT(M k)]
C_r?ozg W
Complex_><> I 1 — g~ Hw—kvcost) L/v I
I (w — kv cos 6) ;w — kvcos® +in) De— current
A >
XX at K X XX
Poles Pole from current
Coll modes created at t=0
. J — __
Y g Retarded

Time-like Space-like prescription 11



Retardation effect:convergence and scales

Contour integration in lower half-(complex) plane :

_QE(L) dfij; 1 — eikLcosd , 0 g , , ; ;
- , SR — [k? cos® 6 sin? 6
Cras / 272 { k? + m3, T / 27w |k cos” 0 pr + w” sin” 6 pr|

1 1 — P—i(m—kv{:(mﬁ) Ljv
x P :
(w — kv cos 9) w — kv cos 0
ind

With the spectral functions :

ps(w, k) =2Im Ag(w + in, k)
= 2w sgn(w) 25 (k)0 (w” — w; (k) + Bs(w, k)O(K* — w?)
1 1

Residue Magnitude of the cut




Retardation effect: convergence and scales

Contour integration in lower half-(complex) plane :

2 [ dw 2 .2 2 .2
) — [k cos” 0 pr + w” sin Qp«ﬂ
ao 2TTW

1 1 — P—i(m—k?,r{:usf?) Ljv
x P i
w — kvcosf w— kvcosf
ind

— finite constant when L — oo (due to the induced prescription)




Retardation effect: convergence and scales

Contour integration in lower half-(complex) plane :
_AE(L) / diiE {1 . EikL(:(Jsﬁ ) /oo dew
B E— (2

—_— - y : - k‘giﬂzﬁ 2L1. 29
Cro V2 k3—|—m% + e 271'0;[ cos™ U pr, + w” sin pT:|

1 1 — E—i(w—kv{:u&;ﬁ)
/ w — kv cos H) w — kvcost
X s L

—> —(S(L;J — kv cos H) When L o> o0o= add and Fremove .

v

_ﬁE(L) diig 1 — eikL cos f , © 7, , , f |
B : : g TV — [k* cos® 0 pr + w”sin” 6
Cras -/k-::km 272 | K2 +my /OO 2w | AL pr

sin? — kvcos@)L /(2 L L
X [(23111 (w=kvcos)L/(2v)) d(w — kv cos 9)) + ﬂ—é(w — kv cos 9)}} :
ind

(w — kv cos 0)? v v
— _ ‘

L}

ind

—~

Brings a 1/k additional factor  Exactly the stationnary E loss
Instead of L = UV convergent ! log divergent in UV




Retardation effect: convergence and scales (11)

Conclusion: -AE(L) = dEstat/dx * L + B(L)

With: B(L) UV safe (as anticipated) and — cst when L — co.

For small L, the hard scale « 1/L » would lead to kiyp in B(L) above
keut = Condition on L: must be typically larger then 1/mp.

Behaviour at small L has been nevertheless studied, using sum
rules; interesting cancelations were discovered.

Cra,mak3 ,
—.ﬁE(L) _ . et D2 cut L-l
L{{kc_ul! ]_08 mv




Retardation effect; Results

o o o =

M=15GeV:as=0.2:nf=2; T=0.25 GeV: mp=0.46 GeV
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Retardation effect: Results (1)

-AEasymp(L,E,...) = dEstat/dX * (L-delay(E,T))

delay Im |.|_
; — T=0.25 GeV
5 i V
: - o = T05Gev
21
: H
chevl M=15GeV:0s=0.2: Nf=2

2.5 5 7.5 10 12.5 15 17.5 20

Delay roughly o 1/T, but not of the order of rp !!!




Retardation effect: Results (111)

Might have some phenomenological implications :

Jet absorption and corona effect at RHIC. Extracting collision

geometry from experimental data

V.5, Pantuev
University at Stony Brook, Stony Brook, NY 11794-3800
Abstract
We propose a simple model based on Monte Carlo simmlation of nuclensnuclens collisions s

ing a Glauber approach to explain experimental data on the angular dependence of the nuclear

modification factor K44 at high transverse momentum in the reaction plane. The model has one

@ameter L2 fm to deseribe the the thickness of the cor@d was ajusted to fit the

experimental data on AuAu collisions at centrality 50-60%. The model nicely describes the Haq

dependence for all centrality classes. We extract the second Fourier component amplitude, va, for
high pt particle azimuthal distribution and found v should be at the level of 11-12% purely from
the geometry of the collision with particle absorption in the core. We give a prediction for Hq4 in

Cu+Cu collisiops at 200 GeV. Our physical interpretation of the parameter L is that it's actually

@ﬂme T'=Ljc~12 D
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Retardation effect... and other related mechanisms.

-AE (GeV -AR (GeV)
1.25 piocey 1.25 ek Or reduced
1.00 Retardation ? 1.00 Induced E loss ?
0 Induced energy
0.50 [ 4 . 77
D.25 galn

— L{fm)

__________ 8__ _ Ao

D.25

2 [ dw 2 .2 2 .2
) — [k cos” 0 pr + w” sin Qp«ﬂ
ao 2TTW

1 1 — P—i(m—k?,r{:usf?) Ljv
x P :
(w — kv cos 9) w — kv cos 0
ind

— finite negative constant when L — oo (dipole separation easier
In QGP than In vacuum)




Retardation effect... and other related mechanisms.

e |If one just considers the force acting on the heavy parton:
Irrelevant question (It takes some time to reach its fully value,
that’s all).

 Being less inclusive, one can identify another interesting
mechanism...




Retardation effect... and radiation.

—AFE(L dw L2
:—??}/ / Y k2 cos? QAL (w, k

ORas'

+ w? sin” @

A1 (w, k)|.

w — kvcos8)(w — kv

A

{ 1 — e—i(m—ﬁN Liv
1

(W??) } '

XX cut X ==

Pole from current
created at t=0

— \_

X X

PP[1/(w-ws(k))]
+ i8(oo-a)s(k))J

Y
Space-like

~
Time-like

O(m-ws(K)): « Clear signature of some radiation (cf. identification of Cherenkov

radiation in stationnary Collisional E loss)

 Does not scale like L = Not Cherenkov (although emitted by the
time dependent medium polarization), but ‘“initial” Brenmstrallung .

» AE incorporates the difference of energies radiated in the medium
(neglecting radiative rescattering) and in the vacuum.



In-vacuum radiation

k butalso (even at K
lower order) :
P

O——>0 O—<—0

Radiative contribution W(L) to the energy loss :

dW (L) _ Cras . sin?((k — kv cos 0) L/(2v)) - Crag v? sin’ 6

~ T 0 (cosf — 1/v)? Lo 21 (1 — vcosf)?

dk d cos @

Vac

N.B.: For v=1, this is just the Z.O.L. result of GLV for x<<1

‘“‘Radiates like crazy’’, but what should matter is the difference with
the ““In-medium’’ radiation.



In-medium radiation

Radiation of collective
modes, described at the
level of the HTL

@ @ ressumation
PP \

Not considered before, to my knowledge

dW (L) _ Croy {z (k) — k2 cos? sin?((wr, (k) — kvcos6) L/(2v))
dk dcos 6 T L (cos @ — wr(k)/(kv))?

2 sin?((wr (k) — kv cos 8) L/ (2v)) }
i lonEt (cos 8 — wp(k)/(kv))?

Crag { (k) k? cos? 6 + (k) sin? @ }
} zL i J zT ‘
L—oo 27 w? (k) (cos@ — wr(k)/(kv))? (cos @ — wr(k)/(kv))?

Long: suppressed at large k



Vacuum vs Infinite medium

Vacuum Vacuum
Medium ) Medium
0.5 0.5
0.2 0.2
0.1 0.1
0.05 0.05
0.02 /| P=10 GeV ®»=0.5Ge 0.02 /1 P=10 GeV w=1GeV
0.01 ‘ — q Wad 0.01 q Wad

0 0.5 1 1.5 2 0 0.5 1 1.5 2

Medium o In all cases, the 6—integrated In-
medium radiation Is weaker than in the
vacuum (finite mass, residues < 1)

o Interplay of trans. and long. radiation

I—i|>r o of the order of mp
q Wad

P=10 GeV ®»=2GeV

0 0.5 1 1.5 2




Infinite medium vs Finite (L=5fm) medium

0.2}
0.1}
0.05 ¢

0.02 ¢

0.01

0.5¢

0.2}
0.1
0.05¢

0.02 |

0.01

- Infinite o el

P=10 GeV »=0.5GeV 0.2/

0.1}
0.05¢

L gmin 0.01
0 0.250.50.75 1 1.251.51.75 2

Infinite
/

e Gluon

0.02 ¢

_— Infinite

n=1GeV

: gmin
0 0.250.50.75 1 1.251.51.75 2

* Depletion at small angle

formed:

n=2GeV ‘
sin?((wy, (k) — kv cos6) L/(2v)) averages to 2
Provides a criteria for formation time.
L ‘ ‘ ‘ ‘ ‘ ‘ -gmin ) .
0 0.250.50.75 1 1.251.51.75 2 » Possible consequences on the understanding

of far away hadrons.



Conclusions & Perspectives.

Extansion of the formalism of Thoma and Guylassy in the case of
partons produced inside the medium.

Collisional energy loss suppressed by large factor. Retardation
time of the order of several fm/c.

In-vacuum gluon radiation is supressed by the medium. Radiation
of collective mode is treated using the correct dispersion relation.

Crucial implications on the phenomenology of jet quenching.

Conseguences on the radiative energy loss induced by
rescatterings ?

Is k the splitting function of some in-medium
X evolution equation ?

PP




	Retardation effect for heavy parton collisional energy loss in QGP.
	…collisional energy loss…
	… heavy parton collisional energy loss in QGP.
	Gossiaux5.pdf
	Retardation effect for heavy parton collisional energy loss in QGP.

	Gossiaux6-34.pdf
	Retardation effect for heavy parton collisional energy loss in QGP.
	CEL in stationnary regime.
	CEL in stationnary regime: close collisions.
	CEL in stationnary regime: far collisions.
	CEL in stationnary regime: far collisions (II).
	CEL in stationnary regime: far collisions (III).
	Far collisions: alternative formulation
	Far collisions: alternative formulation (II)
	Far collisions: alternative formulation (III)
	Far collisions: alternative formulation (IV)
	Retardation effect for heavy parton collisional energy loss in QGP.
	Retardation effect: model for partonic current
	Retardation effect:generalization of DE
	Retardation effect:convergence and scales
	Retardation effect: convergence and scales
	Retardation effect: convergence and scales
	Retardation effect: convergence and scales (II)
	Retardation effect: Results
	Retardation effect: Results (II)
	Retardation effect: Results (III)
	Retardation effect for heavy parton collisional energy loss in QGP.
	Retardation effect… and other related mechanisms.
	Retardation effect… and other related mechanisms.
	Retardation effect… and radiation.
	In-vacuum radiation 
	In-medium radiation 
	Vacuum vs Infinite medium 
	Infinite medium vs Finite (L=5fm) medium
	Conclusions & Perspectives.


