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e medium-induced parton energy loss

i

=P jet-quenching in [\

A-A collisions P
== QGP signal N QQQQQQQQQQQQQQQO
(Bjorken, 1982) \i %UA

o Bjorken estimated collisional energy loss
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4 parton energy loss should be relevant when
partonic subprocess occurs 1n any nuclear medium

nuclear medium = hot QGP or cold nucleus

4 usually, one calls «xanomalous nuclear etfects»

those responsible for s, Raa # 1

yield in AA

R : i) —
AAPTY, ) = DER T ield in pp)

== [,A, RaA sensitive to medium-induced 10ss
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4 radiatve loss might be dominant

Gyulassy & Wang (1993)
4 1n following, basics of AFE},q in QCD medium:

s 1w AFE.. 4 oc L? (for static medium) 1s valid for
specific case of particle suddenly produced in medium

e for a parton prepared long before the target
and scattered to small angle, AF,,4 arises from

fully coherent gluon radiation

VAg (L)
Qhard =

N o v




4 although simple to evaluate, coherent energy
loss 1s a non-trvial ettect:

o looks higher-twist: AFE.qp 1s suppressed by a
power of (narq and process-dependent

e but AFE .., suppressed by odd power of Qnhard

4 at large energy, AE.,n < E can have drastic
consequences on phenomenology

for instance: quarkonium nuclear suppression

== sce talk of Francois Arleo




oeneralization of LPM eftect to QCD  (Baier et al, 94)
‘asymptotic color charge’

df
= (wa)L ~ Ly . wd_w)GB,ueff N by .

LPM suppression in QCD ~ 1/{/w

fOr)\<tf<L<:>)\[L2<w<wc:L2>\“2




1, dI |
s dw L QCD
increasing t; L<<L,
L/A =
1
5 1/Vo LPM full
& | suppression | coherence
S | =
g
A u? d)c: L p? /A E (:)

E
average loss AE = [ dww$), :

limit £ — oo at fixed L
we K B L <K Loy = \/AE/ 2

== fully coherent domain ¢ > L dominates



2 2
= AFE ~ o,z F log (qLA(QL)> + O (asﬂ—L2>
| N e’

fully coherent (t; > L) LPM (¢t S L)

the log arises from k| -integral:
ts > L = whole medium acts as single effective scatterer

= wd//dw obtained from Gunion-Bertsch
spectrum induced by single scattering:

& mﬁéff 5
- - I, q’
0" E E = Widk ~ sEk—q)?

: 2 (L 2
by replacing ¢ — ¢2 (L) ~ p?L = wid ~ q, [G& P &




Why is fully coherent term AFE.,;, rarely discussed?
e main focus has been on parton AFE through QGP:

] il ~ particle suddenly
/\ ) Qcp ) (\ accelerated
- ~ 1 iIn a medium
. L.0000000000( o L00000000000Q000Q0 o
U" 1 U ? L
A / A = -

Y ;
ty > L = o——g—r——-ﬁ ~ [ [-independent

Os (6—05)2

: dl — ,,dl dl
=ty > Lcancelsin wi) —=wi), —wg
= no fully coherent term in this case

=t~ % S L= AFE ~ agw) ~ a,L(k3) ~ a;Lq} (L)

1

) =0

2
AFE ~ AF ~ Y &LQ Baier et al. (96)
LM ° A Zakharov (97)




e back to ‘asymptotic parton’, L fixed, £ — oo:
SGO0 tf > L
(fully coherent)

L
AE ~ AFE.,+ AELpy ~ agsF log (%@) + O ((13&2[42)

does AFE,,; cancel in medium-induged loSS?

ABing = AB(La) = AB(Ly) = asE-(L} - L)

it does in a specific setup Brodsky & Hoyer 93

QED and ¢* (L4) = ¢* (L,) = AFE « E’ when E — oo
‘bound on energy loss’



a AFE. does not cancel in QCD:

in practice, oA and opp, are either inclusive in pr

or compared in some pr -bin
2

0PT |pin ~ 1GeV 2 press(L) ~ VG L (4= )
(take (jcold ~ (.08 GeVQ/fm)

— sufficiently inclusive to have, within a p-bin:
q1(La) ~q1(Lp) +G(La — Ly)

2 (L ) o A
= AEcoh, ind X O{S-E‘ log (Zi(Tﬁ)) aSE log (1 T (qLJ;))

remark:
suppression ~ 1/q% (L,) is specific to above model:
‘asymptotic parton’ undergoing soft rescatterings



QCD: asymptotic charges do not exist
color charge must be resolved via hard PQCD process

does AFE.; x E extend to realistic QCD situation?
Arleo, S.P., Sami 2011; Arleo, S.P. 2012;

high-energy p-A collision in nucleus rest frame

o tag energetic hadron with p/ |, . > V4L (§= ”72)
a energetic parent parton suffers:

- single hard exchange ¢, ~ p/,

- soft rescatterings: 2 = (3. 4;1)2 ~ L < ¢



use opacity expansion (Gyulassy, Levai & Vitev 2000)
to derive wg—£|m _ (S.P,, Arleo & Kolevatov, work in progress)

@ ordern = 1inopacity (L < A) (focusonts> L)

generic diagram

o~ ik [ R [ 0V(E) [ - h] - 2

(€2 + L
wﬂ’ a.% log (1 + Ezziz
dw | L& )\ sy 105 g w?




e all orders in opacity (L > \) (¢t > L)

C,o(k, {0:}) = 2Re

Lk

1 = 2Re{
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{L>>A N"as S[Qr]; Q= =L, TEAL

S| 7] = [7°4B7 35(QB) {1 — exp [—r (1 — BK,(B))]}

a simple approximation can be inferred from n = 1 result

II _ Neas L . ulE?

by replacing ¥ — 1 and p? — p?%

d/ Neog 1L E?
= W— ~ log (1 1 )
T

dw

L>\, appr

(color factor corresponds to fast gluon)
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4 fully coherent gluon radiation arises from:

A
o W QLE<<E and=—k=rrAgy
Qhard

(radiated gluon must ‘see’ a difference between pA and pp
in the transverse displacement of parton-gluon fluctuation:

= k'~ (Aqi/w)ty =k, ~Ag )

W E
Pl e e = b

emission:
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4 coherent energy loss looks «higher-twist»

e AFE . 1s suppressed by a power of Qnard
b b

=>> thard ™

O
f Aq | - Qnard Q%lard

e AF .o 18 process-dependent
+ for a fast quark, color factor o< 1/N,
+ etfect 1s absent when no color charge
1s produced 1n the hard process:

i this case radwation 1s purely

cancels out, giing

AEinitial ~ L?
(S.P., Arleo, Kolevatov)

hard process

|

Jfrom mmtial state, and t§ > L
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4+ AFE..p, suppressed by odd power of Qnard

= cannot be reached 1n standard twist expansion

Q1u & Sterman
no such effect 1s expected in Drell-Yan process:
/02
thard ~ £/Q ~F o
:& 1D '\’\’J\’:\U’;UPJ_
P 7 li (1 -2)E

At high energy 1n the target rest frame:
DY ~ bremsstrahlung of ~* and opy & Telbmoliz

Kopeliovich 95;  Brodsky, Hebecker, Quack 96




e as 1n DIS, the DY cross section 1s dominated by:

+ ‘aligned-jet’ configuration: 1— z ~ A%/Q”

1n this region there might be some coherent

energy loss in DY, but bounded by 1/Q?

- - =
D=t — 2~ —
1) Q’ Q
+ Ssymmetric region: z ~ 1 — 2
. : : AFE : : :
in this region = O possible, but there 1s

a factor 1/Q* to pay for each dipole rescattering




AFE.,n o< EE has been widely ignored, probably due to:
e AE_ .., = 0 for a parton created in a medium

e belief that Brodsky-Hoyer bound is universal

when partonic subprocess is equivalent to
small angle scattering of fast color charge,

AFE..n is the dominant contribution to AE

=0 crucital U Phea«mmemamgv

(Francois Arleo’s talk)




