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Suppression of High-p; Hadrons T e e

in Au+Au at Vs = 200 GeV
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Suppression of High-p; Hadrons T e s

WILHELM S-UNIVERSIT AT

in Au+Au at Vs = 200 GeV
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Factor ~ 5 suppression in central Au+Au at 200 GeV
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Vsyy Dependence of Jet Quenching:

=
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n0‘s in Cu+Cu at 22.4, 62.4, and 200 GeV
— . . = 62.4, 200 GeV:
§ :Vlwv.\[s_hﬁ AfGeV, .\[_ ' ot Bk I 5
= oo e \r”“ 62.4 GeV - + Suppression consistent

® = 200 GeV

Cu+Cu, 0-10% most central
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= Vltev 22.4 GeV, 130 < dN°/dy < 185 -
[ Vitev, 62.4 GeV, 175 < dN*/dy < 255
[ Vitev, 200 GeV, 255 < dN*/dy < 370 |

mnoe

PHENIX, Phys. Rev. Lett. 101,162301(2008)

15
P, (GeV/c)

with parton energy loss
for p; > 3 GeVic

22.4 GeV:

¢+ No suppression

¢+ Enhancement consistent
with calculation that
describes nuclear ky
enhancement in p+A
(“Cronin effect”)

Parton energy loss starts to
prevail over Cronin
enhancement between

22.4 and 62.4 GeV

dN_ /dn in semi-central Cu+Cu@62.4 GeV also reached in p+p at the LHC
— Could jet quenching be important in “central” p+p coll. at the LHC?
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Two-Particle Angular Correlations T s

WILHELMS-UNIVERSITAT

at RHIC: Intermediate and Low p;
Away side yield modification - Away side shape modification -
Jet Quenching Medium response
4< pT™® <6 GeVie, pi* > pr® —2 GeV/c 2.5< p® <4 GeV/e, 1< p™ < 2.5 GeV/e
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Two-Particle Angular Correlations o
at RHIC: High p;

Reappearance d+Au
of di-jets o3
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Nuclear Modification Factor
for Direct Photons (RHIC Run-2)
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Nuclear Modification Factor

for Direct Photons (RHIC Run-2)

PHENIX Au+Au (central collisions):
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Nuclear Modification Factor

for Direct Photons (RHIC Run-2)

PHENIX Au+Au (central collisions):

- | Direct y
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Nuclear Modification Factor e

WILHELMS-UNIVERSITAT

for Direct Photons (RHIC Run-2)
PHENIX Au+Au (central collisions):
mg: B Direct y t - R _ dN / de A+A
A A" -
F ¢ i <Nc0“>><dN/de
B GLV parton energy loss (dN%dy = 1100) ptp
[ | m =y
- PH-“ENIX No energy
a + g loss for y's
et %{'H : i e + _, f * __________
[ AA + actor 5 sdppressmn
= A A
i T? ? fAi + T A +
107 AN,
T o125 energyloss /]|

p; (GeVic) forqand g

Hadrons are suppressed whereas direct photons are not:
Evidence for parton energy loss (as expected in the QGP)
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Centrality Dependence of T ————
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n? and Direct y

S 2 @ 200 GeV Au+Au Direct Photon
& 5 200 GeV Au+Au 0
S 15 PHENIX
At
T +
3 1 o & + """""" [ + |
= %@ ------------------------------------------------
0.5 O
o A 5
0 " -I L | | | | | |

0 50 100 150 200 250 300 350
part

Point-like scaling for direct photons (as expected)
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Direct Photons (RHIC Run 4): Y

WILHELMS-UNIVERSITAT

Suppression at High p;?
< 1.6 —
n:< - PHENIX Preliminary = direct v, 0-10%
1.4 = AutAu,\s, = 200 GeV e 1° 0-10% (arXiv:0801.4020)
1.2
15— L R
0.8 # ; o { : ?
0.6
0.4 «°®
- [}
0.2:_ ..”000’00000' ® »
N P T | | |

PETET ooy
4 6 8 10 12 14 16 18 20
pT(GeV/c)

=
ol

= Aut+Au: DirectyR,, <1 at p; = 18 GeV/c ?
= |[sospin effect + nuclear PDF’s + Suppression of fragmentation photons?
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Nuclear Modification of PDF’s — i

MUNSTER

® Nuclear PDF’s
o ¢+ Eskola et al. (e.g. EKS-98)

motion

antishadowing

[S—
™~
LI | I 1

+ Hirai at al.
¢ De Florian and Sassot

EMC-
effect

=  Approach

¢ Nuclear effects parameterized
at fixed scale Q,?2

+ PDFs at higher scale Q2 > Q,2
1 Lol 1 L1 1111 from DGLAP evolution

10" I = Problem

£ ¢+ Lack of data for x < 0.01 and
proton in nucleus Q2 > 1 GeV?2

shadowing

1 l 11 I LI

A‘/ 5 + Consequence:
RA B f, (x,0%) nPDF’s not well constrained in
i (x’Q )_ fp(x Qz) this range (in particular gluon
i 9

Vol PDF’s)

parton flavor

free proton
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Comparison of Different PDF’s T ———
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for Lead (A = 208)
0’ =1.69 GeV’
Valence quarks Sea quarks gluons
By RS Re
— 1.4 N ‘414
> 12F f | 12
O IR it Y . I ORTPPPPRPY i} 1.0
A 10 R X m«%‘“"’—.._ F N
= 08 E="__ This work, EPs08 :_,,»"‘" s
o 06 F —- EKS98 = 0.6
%’ 04 HKNO7 (LO) 0.4
o2 - e EKPS +
w021 ——- DS (LO) T 02
00 SRR ECEETITT BRI BT 0.0
10" 10° 107 10" 10" 10° 107 10"
T x

ip
Eskola et al., JHEPO07 (2008) 102

Discrepancies for gluon PDF’s critical
for x range probed at the LHC
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Multiple Mini-Jet Production and the T s

WILHELMS-UNIVERSITAT

Centrality Dependence of dN_ /dn

= Multiple mini-jet production in p+p explains
+ Increase of dN_,/dn with s
+ Increase of (p;) with Vs
+ Increase of (p;) with N,
+ Violation of KNO scaling
=  Simple extrapolation to A+A: Two-Component Model
¢ Soft component: Coherent scattering — Scaling with N,
¢+ Hard component: Incoherent scattering — Scaling with N,

Mini-jet cross section

d(]i\;;h - % <Npart > <nsoft > o <nhard > <Ncoll > Gl?i; (\/;) Ete):'lig?:rlleson-nUCIeon
K f inel

Fixed in p+p

o'\ (\/; ): Depends on lower p; cut-off p,. Vs independent value
hard of p, =2 GeV/c chosen in HIJING

Gyulassy, Wang, Phys. Rev. Lett. 86, 3496 (2001)
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Mini-jet Model fails to Describe Y

WILHELMS-UNIVERSITAT

Centrality Dependence of dN_ /dn

PHOBOS, nucl-ex/0410022

T L L A A B B = A B I LI B B O
Au+Au (filled) - W Foppps AR y
i = | - ® Ryggq95 (PHP) =
4- pPyplopen) 0 N . 7 2 4l — Saturation Model _
[ 200 GEV 1 [\ L. 1 | - Hijing (1.35) ]
C/\“\ L AV e | I Two-Component Fit |

t P

8 I 7 i K 7
< 3 — _g 2.2 —
\v i — Saturation Model n g - =
v F =+ Hijing (1.35) 1 - 2 S (N — 5 o
C__g m A w Two-Component Fit 7 - ’ + + + i
T i ] 20- | K |
3 2 19.6 GeV m I I ket |
z 1 L | ]
o | 1.8 ¢ a

1 | ! [ L [ 1 | | | | | | ! 1 1 L L ~"' L - L L | L 1 | 1 | 1 1 1 1

0 100 200 300 400 0 100 200 300 400

= Mini-jet model predicts stronger rise with N, at higher Vs

= Data show: Relative increase of dN,,/dn for N, > 100 identical
for Au+Au at \sy, = 19.6 GeV and Vs, = 200 GeV
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Forward-Backward Correlations
in p+p(bar): Explained by MPI

n,=a+b-n_,

CORRELATION STRENGTH b
0.7

My > — <"F ><nB>

-

—
I — — \WESTFALISCHE
WILHELMS-UNIVERSITAT
MUNSTER

o
S
T

4 UAS DATA

Correlation strength b
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Sjostrand, van Zijl, PRD 36, 2019 (1987)



Forward-Backward Correlations in A+A: __-___

WILHELMS-UNIVERSITAT

Long Range Correlations
Forward-backward correlation strength b vs. An: STAR, arXiv:0804.4661
0.8
- STAR Preliminary N STAR Preliminary
070 Au+Au 200 GeV [
B 0.25—
£ + &= I [}1
Dqal 1090 o |
§ 0.6E % + § § @ . 0§10{o § 0.2:_ [_][_] %] l{] % .
D osf 10-20% s % % %] ’
.% % q] E}I D A O g 2015 E%
=204 8 T
S of . o S - {j
3 osf- + " " L. 2:-3; %o S o % i
e B PP
0.2 0.05 . LI
0-1F Bl s % 40-50%
_I | I L I l | I | I l | AR A | _I 1 11 1 I | T | l 1 I 1 l | I —
0 0.5 15 2 0 0.5 15 2

1 1
AN An
= Correlation strength b flat as function of An in central A+A

= Simply due to impact parameter correlation?
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(pr) vs. “Centrality” in p+p and A+A: -
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Similar Trend, Different Explanations (!1?)
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— Explained by multiple
mini-jet production
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— Typically explained by
collective radial flow
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= High-p; hadron suppression discovered
at RHIC in central Au+Au collisions

+ High-p; particle yields
+ Angular two-particle correlations

= Direct photons are not suppressed:
Hadron suppression is a final state effect

= Interpretation: Energy loss of partons in a medium of high
color-charge density (“jet quenching”)

= |t will be interesting to see whether jet-quenching even plays a
role in “central” p+p collisions at the LHC

25 Klaus Reygers, Hard Scattering and (some) MPI Observables in A+A Collisions
e





