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Ject guenching

High-momentum leading-particle suppression in nuclens—nuclens (AA) with
respect to proton—proton collisions is regarded as one of the major discoveries
at the Relativistic Heavy lon Collider (RHIC), Brockhaven. In Au-Au col-
lisions at centre-cf-mass energy | /Fyy = 200 GeV per nuelecn—mclecn (NN)
pair, the two experiments with high transverse momentwm, . capabilities,
PHENIX and STAR. have measured:
s the suppression of single particles at high @ (=4 GeV) and central
peseudorapidity (|7 = 1), quantified via the nueclear modification factor

o ] d* Ny fdpdy
Ryalp) =75 " BN, dpdy

WV edl) sontrality class

(1)

which wonld be equal tounity if the AA collision was a mere super posi-
tion of Ny independent NN collisions { Ny scaling): instead, at high
m Fas is found to decrease from peripheral to central events, down
to == 0.2 in head-on eollisions [1, 2]; the suppression is the same for
charged hadrons and neutral picms for g, = 5 GeV;

o the disappearance, in central collisions, of jet-like correlations in the
azgimuthally-opposite side of a high-p; leading particle [3];

« the absence of such effects in d-Au collisions at the same energy [4,5].

An important parameter to be understood <G>

HIM-6 June 2005



Section 2

Parton energy loss and collision
goemetry

+My personal review
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Basics: fast charged particle scattering from scattering centers
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1. The high energy electron scatters successively on
ordered scattering centers

2. As a consequence, the electron momenta are on shell
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Basics: fast charged particle radiating from scattering centers
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For QCD: Non-abelian nature
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Some famous result for QCD
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Section 3

_eading-particle suppression
procedure
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Actual step I: Factorization formula

1. generation of a parton, quark or gluon, with p, > 3 GeV, using the
PYTHIA event generator [23] in pp mode with CTEQ 4L parton dis-
tribution functions [24]; the pi-dependence of the quarks-to-gluons ratio

15 taken from PYTHIA:

2 h 2 "ab—)jx D (zZ.
d'o’ | _ jdx dx,dz; T, (x,) T, (xb) “”2( )
dptdy y=0 a,b,j=q,0,9 pt,dej Zj
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Step IlI: determination of parameters

2. determination of the two input parameters, w. and A, for the calcula-
tion of the quenching weights, 1.e. the energy-loss probability distribu-
tion P(AE);

et
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Different parameterization
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Figure 1: Distributions of parton production points in
(upper row ) and in-medinm path length (lower row) in
and peripheral Au-Au collisions. The quantity {L} is the average of the path

length distribution.
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Step Ill: determination of parameters

% L

3. sampling of an energy loss AE according to P{AFE) and definition of

the new parton transverse momentum, p, — AE;

e Reweighted: truncate P(AFE) at AEF = E and renormalize it to unity by
dividing out the factor fDEdE Fle). The Monte Carlo implementation
of this approach 1s: sample AE from the original P(AFE); if AE = E|
sample another AFE; iterate until a AF < E 15 sampled.

e Non-reweighted: truncate P{AE) at AE = E and add the &-function
HAE-FE) fE'x' de P(¢) toit. The integral of P 1s, in this way, maintained
equal to one. The corresponding Monte Carlo implementation reads:
sample an energy loss AFE and set the new parton energy to zero if

AFE = E.
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Step IV: determination of parameters

4. (independent) fragmentation of the parton to a hadron using the leading-
order Kniehl-Kramer-Potter (KIKP) fragmentation functions [25].

dz ke hed Z dzﬂub—j}'{
7 quenc — dary day dAE; dz; folwa) folzs) ——
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Section 4

Results
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Nuclear modification factor in Au-Au at 200 GeV - |

2 nr J
1 » d*Naa/dpidy

Hﬁﬁl:\p‘t-:l = AT

VYool centrality class

d2N,,/dpdny

LI L B L B BN B B B B
# STAR h.H 0-5% i
s FHEMWIX h, K 0-10% —
o PHEMIX# 0-10%

|:| # = 15 GaWim __

1 1 1 1 1 1 11 1 1 1 1 1 1 1 | ]
0 2 4 6 3 qlg-e‘u"]

panel) are reported. In the right-hand plot and in all the following figures the
shaded band 1s delimited by non-reweighted case (solid line) and reweighted
case (dashed line).
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Nuclear modification factor in Au-Au at 200 GeV - i
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Figure 3: Raa(pe) for central Au-Au collisions at /sy = 200 GeV. The
model band is obtained with a parton-by-parton calculation of w. and K.

L 5 4 — 1'2 I
The average transport coefficient is 14 GeV=/fm.
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Nuclear modification factor in Au-Au at 200 GeV - i
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Figure 4: Distributions of §, calculated from Eq. (16), for different contral-
itiez; the & parameter is fixed to the walus that allows to describe By, for
the meoat central collisions.

=R

Figure 5 K, ,(p) for different centralities Data are PHENIX charged
hadrans (closed squares) and 7 (open squares) [1] and STAR chargsd
HIM-6 June 2005 hadrons (stars) [2].



Nuclear modification factor in Au-Au at 200 GeV - iv
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Figure 6: Average Raa in the range 4.5 < py < 10 GeV [1,2]
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Back to back correlation

hihg
Paa = f dptzf d A d’o Taly /AP dpydAg
pmm - D My min I I:.I_[Thi Ill:].ﬁt_l

[28] X.N. Wang, arXiv:nucl-th /0405017,

The STAR data [3] are for trigger particles with 4 < py;

assoclated particles with p,z > p™® =

2 GeV and py 2

< P, with A

b GeV and

|6 — @2 = A¢d™" = 130°. The correlation strength is then corrected for
. don 1 . Daa
suppression factor: L=
PP

We penerate pairs of partons with the same imtial p, and separated in azimuth
by A¢ = 180°. Then, we calculate w,. and R for each parton and apply energy
loss and fragmentation. We count as trigger particle every hadron b, with
4 < pyq < 6 GeV and as associated away-side particle the other hadron hs
of the pair, if its transverse momentum is in the range 2 GeV < piz < pea-
We define:

ah.rassac:ia.ted

Tas = (

) / lﬁ.lrra.sac-ci.at,ed.

BT — _ 19
ATtrigger ( A Ttrigmer ) |: 4
N with energy loss N w fo energy loss
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Azimuthally-differential observables - |
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Figure 7

rewetqhied case (dashed) is the lower one.
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Transverse momentum and centrality dependence of the az-
imuthal anmsotropy v,, compared to measurements for charged hadrons from
PHENIX [30] and STAR [31, 33] (see text). Only the statistical errors are
plotted. Note that, opposed to all other fipures, here the model result for the
non-reweighted case (solid) 1s the upper limit of the band and that for the

a-(14+2v, cos2a);

Non negligible

collective flow effect

21



Azimuthally-differential observables - ii

. Hi’f’a‘ (p ), the miclear modification factor for hadrons in an azimmthal
cone of 45% centred at the angle ¢y with respect to the event plane;
we use ¢p = 07 (in-plane), ¢, = 90° (out-of-plane) and ¢, = 45°
(intermediate);

. Iﬂ (away side), the nucleus—mmcleus away-side correlation strength
relative to pp, in the three azmmuthal regions defined for Hi’i.
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Figure 8: Azmimuthal variation of the nuclear modification factor of the away-
side correlations. In the left-hand panel, ratios R, /R, (out-of-plane/in-
plane) and R}, /R, (intermediate/in-plane), averaged over the range 4.5 <
py < 10 GeV. In the right-hand panel, the same ratios for faa with trigger
conditions as in Fig. 6. Both observables are plotted as a function of N ...
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Nuclear modification factor in Au-Au at 62.4 GeV - |

The recent RHIC run with Au-Au collisions at /sy, = 62.4 GeV allows
the measurement of the miclear modification factor for charged hadrons and
nentral pions up to transverse momenta of 78 GeV. We estimate the leading-

o luons 0.383 y —0.574 gluons — gluons
'l';'.- x . n® o A L4 SHNJ Mau—An 6240V — 0.5 x M au—Au, 200 GeV

(g) =T GeV? /fm in central collisions at 62.4 GeV.
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Figure 9: Model results for Raa(p:) in central and semi-peripheral Au—Au

collisions at /syy = 62.4 GeV. The preliminary " data (0~10% centrality

class) from PHENIX [35] are also shown; the pp reference is the PHENIX

pp — 7 4+ X parameterization, the error bars on the data points are the

combined statistical and pi-dependent systematic errors and the bar centred
HIM-6 June 2005 at Hss = 1 is the systematic error on the normalization.
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Extrapolation to the LHC (5.5 TeV)

gluons = gluons - A « T2y
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Figure 10: FRaalpy) for different centrality classes in Pb—Pb collisions at
W Eun = 5.5 TeV and in Au-Au collisions at | /sy = 200 GeV. For compar-
ison, the prediction for LHC presented in Ref. [17] (Vitev—Gyulassy) is also

shown.
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Discussion
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High-energy partons from the surface
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Figure 10: FRaalpy) for different centrality classes in Pb—Pb collisions at
W Eun = 5.5 TeV and in Au-Au collisions at | /sy = 200 GeV. For compar-
ison, the prediction for LHC presented in Ref. [17] (Vitev—Gyulassy) is also

shown.
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High-energy partons from the surface
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Figure 11: Distributions of parton production points in the transverse plane
(upper row) and in-medium path length (lower row) for partons that escape
the medinm and produce hadrons with p, > 5 GeV in central Au-Au colli-
sions at 62.4 and 200 GeV and in central Pb—Fb collisions at 5.5 TeV. The
quantity (L) is the average of the path length distribution. These plots were
obtained in the non-reweighted approach.

[t 1s inferesting to try to apply a simple toy model: all partons with
a path length L smaller than a maximum length LT - escape from the
medium, the others are absorbed. We define the path length probability dis-

tribution P(¢) as the probability distribution for a generic parton to have a

HIM-6 June 2005
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Energy loss saturation
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Figure 13: Average relative energy loss versus parton energy for quarks and
gluons in central collisions at RHIC and LHC energies for the non-reweighted
and reweighted cases.
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Energy loss saturation
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Figure 13: Average relative energy loss versus parton energy for quarks and
gluons in central collisions at RHIC and LHC energies for the non-reweighted
and reweighted cases.
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Summary

(1/ ?:]. Due to the scaling AE = a, g, if larger values (e.g. 1/2) were used,
the extracted transport coefficient would be smaller, but still quite large,
() = 10 GeV*/fm [22]. In Ref. [22], it is pointed out that such § values da
not necessarily imply unexpectedly large medium initial energy densities (a
few hundreds GeV ffmgjl, as one obtains in the hypothesis of an 1deal plasma
whose constituents interact perturbatively with the hard partons [15], but
rather suggest that the medium might interact with the hard partons much
stronger than perturbatively expected. Technically, the large extracted g
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