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Introduction
e spectacular jet- quenchlng in A-A at RHIC and LHC

;TSI T T due to parton energy loss
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magnitude of R 44 can be explained only if
G=" ~ Ghor ~ 1GeV?/fm > Gogrq ~ 0.05 GeV2/fm

L = jet-quenching = prominent QGP signal
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e strong nuclear suppression also seen in p-A
J /1 open charm light hadron
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huge suppression at large = / large rapidity
might also be explained by AE,..+on (in cold matter) !

=
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e §..q SMall = large suppression arises from
specific parametric behaviour of AE at large xp

AEj‘large rp & L

e in the following, focus on large xg J/¢ production

e Intrinsic hard scale M = Mg
e Mmore data than for open charm

we expect same physics to apply to open charm
and light hadron production (but not to Drell-Yan)

=
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Model L

iIn c.m. frame of elementary p-N collision (primed frame):
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Tor (JTF) = ((11;;{) (JZ‘F -+ 5£CF(6) = ZI?F(FJ))

shift in zp takes into account energy loss ¢
of J /4 partonic parent through nucleus
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e ¢ defined in nucleus rest frame (where £/, = E)
= need to relate zrp 10 E

L Ir = x2F + 0xp < E + ¢ In nucleus rest frame
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remark:

e model can address zp =0
(xp = 0 corresponds to large E in nucleus frame

and can thus be affected by parton energy loss)

o simplify following by choosing large x:

:CF>>%:>SCF2EE1:>5IF2E%

do? do?
pA _ pp &
dzr (xF) — dxp (xF + El)
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latter model for J/¢) nuclear suppression in p-A
first proposed by Gavin & Milana (1992), with:

e ¢ = agverage AL

e ad hoc choice AExE-L-
(assumed to hold for both J/v and DY production)

fixed fractional energy loss £ = 5F = cst.

yields good description of E772 J /¢ data
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Gavin-Milana model vs. E772 p-A data
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model recently revisited
@ Arleo, S.P.,, Sami, 1006.0818
e physical interpretation of AE;/, o< E at large zg

e dependence AE(E, L, M, q) from first principles

@ Arleo, S.P.,, Rustamova, work in progress
e use energy loss probability distribution P(e)
to describe p-A J/ data

P
dap A

dar (xF) — f05 de P(g) dzr (:EF T Eil)

P(e) crucial for quantitative purposes:
e ¢ exhibits large fluctuations around AE

Q $F—>1$6§€ma$:(1—be)E1 < AFE
L. (model P(¢) = §(s — AE) breaks down when zp — 1)
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Why AE;,, < E at large xr L

L (CEM/COM) __¢€
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Iarge ZCF j thard - E/M2
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e J/vy hadronizes outside nucleus
@ cc pair remains color octet for a long time
CEM/COM:  toctet ~ 1+ £ > thara ~ ipz > L
CSM:  toctet ~ thara by definition
in CSM J /4 is produced in association with hard gluon
= Independently of J /v production model:

partonic process < small angle scattering of color charge
leaves room for radiation with ), <ty < thad
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associated gluon radiation spectrum turns out to be
similar to that of ‘asymptotic color charge’

e asymptotic charge
fast .k \/é o QED: radiation only if 85 £ 0

color charge

c --/.J:::'ff— e=a/E QCD: radiation even if 0, = 0
lq, due to color rotation

focus on non-abelian contribution: 6, — 0

. M
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Cozs do? .
W ~ fe? 02102, ° O
e 0 <0,k <qi: g mustresolve gg fluctuation

e 0>60y< k;, > A: PQCD consistency
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e charge produced at large zy in p-A

dl L dl o dl
w%ind_wdw‘pfl wdwpp

non-abelian contribution: pi(]/w)’pA — pi(J/w)\pp
slight modifications compared to asymptotic case:
QHQ—QJ_ AHQ AQi; AQi:qALZAZ

w2

e M? — M} =M +¢

~ _ AAG? A
W = M. E ; WO:EE

AFE = fdww ’ 4= cOg(Ww —wp) = NCQSVQ—MLIAE
L F.Arleo, S.P.,, T.Sami, 1006.0818 [hep-ph]
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In summary:

o physical origin of w$. and AE},, « E at large zp:
(medium-induced) soft gluon radiation with ¢ ; > 3,4
AFE « E when color charge is scattered to final state:

quarkonium open charm light hadron

QQ Qg 2.

R B el o

does not apply to Drell-Yan production

o parametric form of w2 and AFE(L, M) specified
AE VI

E M
o similar to AE, 4 of asymptotic color charge

L. o smoother than Gavin-Milana choice 5% ~
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Brodsky-Hoyer bound on energy loss (1993)

a look for radiation with ¢t > L off asymptotic particle

e choose p?| . = pi| (& non-abelian contribution)
in abelian model

a find no contribution from ¢, > L and conclude:

tfwﬁgL;»AEgLuci)

e argument fails in QCD: AE ~ E not forbidden
by first principles

e argument fails in QED when p?| , = pi| + Api

e bound applies to particle produced in a medium
(or undergoing large angle scattering)

=
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Quenching weight P(¢)
P(e) = energy loss probability distribution; [ deP(e) =1
how to get normalized P(¢) from 4.2
I=[," dwg—i = 00)

e use Poisson approximation <
assume /ndependent successwe losses w;

Ple) = z_:o ;! H / dw; d[ (i) <e — z;m) exp [—1

P( ) satisfies mtegral equation

dP(e)
ot = Iy~ dw[P(e —w) — P(e)] gz

= Landau klnetlc equation for ionization losses (1944)
L (Poisson approximation legitimate)
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& radiative losses: radiating w; takes time ¢ ¢ (w;)
e large xr quarkonium production in p-A:
each medium-induced radiated gluon is emitted with
tr(wi) ~ A“’;_QL > thard > L

w; ~ wj = emissions ¢ and j are not independent

o for self-consistency, impose the constraint
W Lwr ... KL wy
dl o0 dl | —
= P(e) @ & exp{— [ dwi} = P*(e)

e P*(e) only expression for quenching weight
L consistent with independent emissions
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P*(w) vs. %

P (w)
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as = 0.5 xp =05 A= 184 (tungsten)
L ¢ = 0.144 GeV?/fm
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Comparing to the data

model

et 8) o0
depends on single ‘free’ parameter ¢ (via & = %2 E)

=
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preliminary results
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e value ¢ = 0.144 larger than ¢ ~ 0.05
obtained from e-A DIS or p-A Drell-Yan data

— at large zr (small z5) we expect sizeable part of
suppression from shadowing of nPDFs

e data points at g > 0.8 not included in the fit for R;éy

(xp = subprocess gg — c¢ becomes subdominant)

e quantitative agreement between model and data
for slope and normalization of 2,4 (zr) supports:

e AE,q.ton, = dominant effect in nuclear suppression
o parametric dependence of AE < E and £

=
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Summary and outlook

o AFE seems essential to explain nuclear suppression
e large pr jet-quenching in A-A
e large zy hadron suppression in p-A

a simple features of AE have been overlooked

e understand nuclear suppression in p-A before A-A

e AF x E should affect RHIC and LHC
J/¢y and T p-A data at large rapidity

— see Elena’s talk
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