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l. Introduction: radiative
energy loss

|.1. Theoretical setup.
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Medium-modified
gluon radiation
through
interference of
production and
rescattering.

hadron

parton

medium-induced B D M PS

gluon radiation

hadron

define the medium: ghat or gluon density plus
mean free path, and length (geometry, dynamical expansion).
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| /2. : static medium.
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Exact solution unknown,
|. Harmonic oscillator (Brownian

motion):

2. Opacity expansion: N=1,
corrects Brownian motion.
Comparison for massless and massive: SWV 03, ASWV "04.
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3. . rates order o, Physical ProCess iy wnterof suon nes con susch e s
dynamical medium, no SR b NN
interference of emissions |EENEEEFEE] Vi
expansion.

These pinch T~ E7
These pinch

Adding one more rung = O(1).
Need to resum.

D(z, 1')=D(z, 4’ =" Sid 1+1 ' ;_.1--'_,Q“_,Il_,J-I-If’.(?.]Dt,_zlf_}-',u"_}

4. : FF in DIS on 2tk

nuclei, first corrections p_Ca2ma [ dvdyidys -::j:A # () F () Fy) w(0)]4) e
in , modification of o -
DGLARP splitting functions,
virtuality (see also Majumder

et al."07).
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2.1. Light hadrons: Raa and back-to-
back suppression. :-)

2.2. Non-photonic electrons and more

differential observables. :-(
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conclusive: benchmark
(Armesto et al ‘05),
hadronization (Adil et al “06),
collisional (Djordjevic et al

‘06), resonances (van Hees et

al ‘06), dynamical medium
(Djordjevic et al.’08),...

2, = p (assoc) / p.(trig)
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2.3. qhat medlum modellng W
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2 L 9 - 5 Salgado et al.‘02

2 . 27_ A A ,
/ dTTq() 040 . 490 Gyulassy et al.’0l,
P R0

0

Phenomenological
implementation

fixed length <~| (average)
Woods-Saxon (PQM) 4-14 (average)
dynamlcal medlum

ghat (GeV?/fm)
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® C(Calculations done in the high-energy approximation:

® Energy-momentum conservation imposed in the
single inclusive spectrum (SGLV; Salgado et al.‘03).

° (BDMS 0l),
independent (Poissonian) gluon emission: assumption!

| | {1 1 n (o) _'.l'l. ;rz. \ . 7]
P(AE)= 2, — H ’ dw; S| AE- D) o, | exp| — ’ dw
\ / Jo

n=0 N ! i=1 d w dw

=

No role of in medium emissions (but GWM!).

® Medium and vacuum treated

Radiative energy loss: problems and new ideas: 2. Successes and problems I
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Recent attempts to go beyond (arXiv:0710.3073 [hep-ph], JHEP to

appear, with L. Cunqueiro, C.A. Salgado, Santiago and W.-C. Xiang,
Wuhan and Bielefeld); also with G. Corcella (Pisa).

: to check radiative eloss, more differential and unbiased
observables (particle correlations and jets) have to be studied
(others: Borghini et al.’05-...,Wang et al."01-...,Vitev ’05, Polosa et al.
'06) —

3.1. Medium-modified splitting functions (SF) and Sudakovs.
3.2. Medium-modified DGLAP evolution of frag. funct. (FF).

3.3. Preliminary: PYTHIA with in-medium branching.

Radiative energy loss: problems and new ideas 12
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In the vacuum, the formalism gives collinear (z= I) SFs:

(1—2)F and k? = z(1 —2)t

. 1 |
P\ ac ( _)

7w k3
In the medlum, (ansatz!!!) (Polosa et al.‘06):

Pt-i:rt. ( ) P\ ac ( ) + A P(

At =E*=10° GeV2 1)
lines/markers: with/without large x correct.

upperflower curves: quarks/gluons
=2t,=2 GeV? L=2 fm

mm

red: gL=10 GeV?

black: gL=0

3-f|avor coupling with scale kt?;
different small-z extensions.

Radiative energy loss: problems and new ideas: 3. Beyond
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of FF (from KKP IC):
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= Improvements: virtuality in medium emissions, medium and
vacuum treated on the same footing, energy momentum
conservation.
~ Drawbacks: formation time of the gluons does not affect the
medium length seen by the radiating partons; no elastic scattering,

no conversions included.

i : \ 2= L=2(solid), 6(dashed) fm
. 101 N\ ik =
" Ejet=10 GeV - Ejet=100 GeV 5,

— 2 B s
| Q2=2 GeV? | Q’=2 GeV -
E = 06

[ [ @2=40000 GeV?2 ) N
| @*=400 geV? W\ Al ) 04

02F

u_lllll
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Comparison with
experimental data
gives ghat~|
GeV?/fm (as with
QW for fixed L)

or ghat~10 GeV?/
fm (for cylinder

or sphere).

- e
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Dashed - Quenching weights

Radiative energy loss: problems and new ideas: 3. Beyond
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central AuAu, T1°

2 14 18 18 20 2
pT

Dashed - Quenching weights

g=1 GeV¥m; L=6 fm
Eje=40 GeV

Q%=1600 GeV?
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® We modify PYTHIA FSR (pyshow) routine introducing the
medium-modified splittings and Sudakovs.

PYTHIA

Good agreement
between default
and vacuum;

qL=20 GeV*

sl E.=10GeV, L=2 fm

10° : 0
0 05 115 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5 ) ) 15 2 25 3
E=In(E t ‘,ppartc-n} B=acos(p /p)
IE
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1 deartn ns
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PYTHIA

vacuum

qL=20 GeV?

At parton level
and for high

energy,

' E,_,=100 GeV, L=2 fm

0 5 10 415 20 256 30 35 40 45 50 0 0.5 1 1.5 2 25

parton (GeV)
Py B:acos{pzfp]

Radiative energy loss: problems and new ideas: 3. Beyond
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1 g Nhadrons 1 ¢/ yhadrens
ey '-.

20

A extreme
example of

vacuum

—  {L=20 GeV?

E;.;=100 GeV, L=2 fm
hadrons, 2 b-t-b jets

0 5 10 15 20 25 30 35 40 45 50 6 i 8 9 . 1.5 2 2.5 3

10

pf‘d'"" (GeV) #=acos(p /p)

hadrnn‘.'

g=In(E_/p
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® [0 check radiative energy loss as the explanation for jet
quenching, differential probes needed: relation energy
degradation / radiation enhancement / pt broadening.

We have supplemented vacuum splitting functions with medium
terms, based on an analogy with radiation spectra: virtuality,
energy conservation, and vacuum and medium treated on the
same footing.
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is a natural parameter
only in

Extraction from a
comparison with

mean eloss rudimentary,
distribution of energy losses
better: quenching weights

On the determination of the transport coefficient.

domed(p Vd
0(p, )= ldpl

J.l.—
|_.| T.II J-J- J-

' de"™(p, + AE)dp? |

dAEP(AE)
I | |'. da¥(p, ) TPJ_ |

.l' '-I A‘

Au+Au 200 GeV. PHENIXﬁrellmlnar

*?IL=6 fm, ghat=0.75 GeV?

‘ —— Quen. Factor
Multiple soft scat. .
Using FF

, Quen. Factor
N=1 opacity exp. Using FF
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: * ET&A WK 15%

L) FHEMX I, H D-10%

= GST&R W,k 0%
= PHEHIX K K 040
= FHEMIX & 0-10% o PHEHIX ai0%

geometry (production [

——= {=0.75 G¥'¥m, L =4 tm, gucns only

plus ‘medium’) gives ¥ i 1%
larger values and leads
to saturation: fragility

lys (Eweay side)

® Surface bias j R T

"0 E0 {480 200 280 800 480 50 100 150 200 250 400 360
Moot .

1.0

V=200 GeV, (b +h )2

® Energy constraints 8o
, ENErgy N —— nonw
dependence e |

On the determination of the transport coefficient. 22
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Hard probes ‘06: AMY gives 2, GLV gives <|, MW
give 3-4 GeV?/fm:all at initial time.

® Dilution: introduced effectively
2 /L o 2ol ey

AR d — e
\4) L 2o e L 2+5

Flow doesn’t lower ghat

0]

(UL oy

R T R e ._-Fl;:-i\-_ 3
Ry

al ’

(Hirano-Nara ‘03; Ruppert-Renk
'05,°06; Majumder et al ‘07; Qin et al ‘07)
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G=4 GeV?/fm
‘ G=10 GeV?/fm
§=14 GeV?/fm
e PHENIX

not conclusive: TINLL S emmpan
benchmark

, hadronization inside

, collisional

A b M 4 O 4 mM w & oo,
. . ,
A b P LA O 4N o w o & oo

T T T N I S S S "6 5 4 3 2 1 0 1 2 3 4 5 6 @
y (fm) y (fm)

tend to T o o o
K ! -~ |, py’=8+.5GeV pI=6+.5GeV
| . ) *s 11

— R,, p,=8+£5GeV
PbPb—r° 5.5TeV 0-10%

favor low values of ghat | _

: punch-through.

1.5 2.0 2.5

On the determination of the transport coefficient. ¢, (GeV/fm)
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Quantification of the effect on ghat
of some of the phenomenological
ingredients, based on Raa for central,
using a pQCD spectrum and QW.

"' = f dl
J0 @ d w

- | do**(p, + AE)/dp? |
| dAEP(AE)| 2]

Vac P .
doV(p, \dpy|

R O dl(w;)| | S
P(AE)= D, —{H ’ dw; ' ]‘5. AE- D, m,,-J exp

a=o n! it dw =1

quarks
gluons

gluon jet total

[mb GeV2c3]

ceee gluon jet — quark jet

— quark jet

2
t

K-factor=2.2

do/dp
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Ru(ps) for 0 at n=0 Ru(pi=10 GeV) for ©° at n=0

ex /0510023
AuAu at 200 GeV/A, 0—10%
filled. multiple soft

PHENIX: nucl—ex/0510023 a5 L PHENIX: nuc
AuAu at 200 GeV/A, 0—10% :
solid. multiple soft
dashed:. single hard
ghat=0.5, 1, 2 GeV*/fm
fixed L=4.5, 5.6 fm

empty. single hard
fixed L=4.5, 5.6 fm

O

0

o g
DDGDDG(

lJ JlJlJLIlJ
16 18 20

ghat (GeV*/fm)

On the determination of the transport coefficient.
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w(To, @)

A 00
C

R(ro,9) = 202(r0, /L) (0, 6), L= Rfwr (q) = 22/(LR)

........

PHENIX: nuc ‘0510023
AuAu at 200 ¢

filled. multiple soft

.......
N

.....

i S DS
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: 3+ 1| ideal hydro,
for AuAu@?200, b=3.1 fm, ideal
EOS with N=3, B!/4=247 MeV.

0= 79

On the determmat:on of the transport coeff cient.
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4 fixed length <=| (average)
Woods-Saxon 4-14 (average)
dynamical medium decreases
flow no effect
dilution increases, factor 2-5
\ nydro K~3-4, late times
1 AA/pff favors low values
non-photonic electrons unconclusive
A AMY 2 (initial)
MAAY% 2-3 (initial)
multiple soft/single hard small decrease
M GLV <| (initial)

Radiative energy loss: problems and new ideas: 2. Successes and problems
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