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OUTLINE

« Motivation for pA collisions

 Will have pAin 2012 (in 2011 it was cancelled)
. High & low-p_hadron spectra incl. nuclear effect

« Separation of initial/final state effects

« Nuclear Modification, RPA(pT)

. High-p_ nuclear effects @ midrapidity & large y

* Low-x and high-x tests?
 From SPS, RHIC, to LHC: finding proper scaling

» Rapidity dependence, asymmetry, Y(n )

* Puzzle: interpaly of nuclear effects

G.G. Barnafoldi: Prediction for 4.4 ATeV pPb Collisions at the LHC



MOTIVATION

Cronin effect at SPS energies
Brown et aI: PRD11 (1975) 3105, Ric.Sci.Edu.Perm Suppl. 122 (2003) 541
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Models & Parameters

HIJING B/B2.0 KTpQCD
PRC83 024902, PRC84 022002 (2010) PRC65 (2002)034903
Modified version of HIJING 2.0 NLO pQCD based parton

model with intrinsic-kT, kT-

broadening, and various
shadowing parametrization.

Minijet cutoff: p,.=3.1 GeV/c

po(s, A) = 0.416 /57" A% GeV /¢

String tension: K O=2.9 GeV/fm E, d;j—-"‘“" = ford(Ta, 0% KTa) @ forau(zs, Q% krp) &
L I!";':
k(s. A) = Ky (5/50)°% AVIET GeV /fm. P s O o 0?) 1)
.- I:].r .'. :_:f - L .

PDF: GRV+ HIJING shadowing
. PDF:GRV/MRST+Shad, FF:KKP
FF: PYTHIA 4+ minijet
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The Spectra and Rppb(pT) for |n|<0.8

Charged hadron production with HIJING 2.0 @ 4.4 ATeV RPA~ 0.7
|
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The Spectra and Rppb(pT) for |[n|<0.35 & 0.8

Hadron production with HIJING2.0 @ 0.2 AGeV & 4.4 AteV
Shadowing: & [Vs_ ~ 200AGev 4.4 ATev
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Shadowing effectson R, (p_) for |n|< 0.35

Extreme high-p_ Pion production with kTpQCD @ 200 AGeV
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Midrapidity R  (x_) for |n|< 0.35

Pion production with HIJING shadowing kTpQCD @ 0.2 & 8.8 ATeV
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Midrapidity R  (x_) for |n|< 0.35

Pion production with EKS shadowing kTpQCD @ 0.2 & 8.8 ATeV

EKS Shadowing
X-scaling

DGLAP evolution

R g (1)

, - :
L4 | —— This work, EPS08

1.2 |- EEKS598

1.0 koo HKNOT .

0.8 [z
0.6 -

D‘G NN 11111 1|||||||_
0t 100 107 10

1.2

0.8

0.6

0.4

0.2

EKS shodowing
v 0 0-20%, PHENIX dAu, 2'?=200 AGeV

----- dPb, s"2=200 AGeV
—— dPh, s"*=8800 AGeV

107 1

Xr

GGB, G. Fai, P. Lévai, BA Cole, G. Papp, Indian J.Phys. 84 (2010) 1721-1725

G.G. Barnafoldi: Prediction for 4.4 ATeV pPb Collisions at the LHC



"21.69 GeV?)

£w 02 -

Midrapidity R  (x_) for |n|< 0.35

Pion production with EKS shadowing kTpQCD @ 0.2 & 8.8 ATeV
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1.69 GeV)

Midrapidity R  (x_) for |n|< 0.35

Pion production with EKS shadowing kTpQCD @ 0.2 & 8.8 ATeV
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Midrapidity R ,(p.) fot LHC - Summary

Extreme high-p_ Pion production kTpQCD @ 0.2, 0.9, & 8.8 ATeV
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Midrapidity R ,(p.) fot LHC - Summary

Extreme high-p_ Pion production kTpQCD @ 0.2, 0.9, & 8.8 ATeV
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Midrapidity R ,(p.) fot LHC - Summary

Extreme high-p_ Pion production kTpQCD @ 0.2, 0.9, & 8.8 ATeV

N

S M T A RS I L
> I 1<
& 12 [ | apansevich et al. E706 ad=cprim 112 ?y’
~ F O Di-Muon daba IOk )
1L a Gloae™ Jio A
A W o/ 5 SN 1%
v s d Cprs GEV/ 9 9/,. _ 8 A"
r [i'd é i
6 C (&) ] 3
_ T Q ]
s g - 4
L i Lo 1Tl H0.23
2 __ ‘__- __ 2
L R Ll Ll TR ]
o 10° 10* o °
' (GeV)
— Q.1
& —_—
1 Raull2g(pr))=a-+glog(pr)
e Or
-] —y—
'_E -nif i T——A—
E-uf PHENIX  In dAu 0420%
- Fin
% =05 T w HNGE muties,
' sy In dau
aw
mo_pd P50 B e
& 7 HEH diu,
L i HEH il
L R ST B R TP S
HUING  EKS HEW EPS08 HENy HEN ¥

Shadowin

g parameterizations

5,

0.8

0.6

0.2

0.4

i 200 GeV 900 GeV AR _Ta\/
[ V8 AR e
EKS /
__HIJIMV_/
- 0=20% dPb—> n® LHC at y=0, HUING, EKS
— v 0—20% dAu—> =" PHENIX 200 AGeV, ot y=0
HIJING+multiscattering EKS only

| 200 GeV mennemmn F00 GeV

900 GeV memeemem= GO0 GaY
i 8.8 TeV meeeemem BB TeV
I 1 [ [ L1 IIII [ 1 1 L1l III 1 [ [ L 11 III 1 [ [ [
1 10 107 o

p; (GeV/¢)

BA Cole, GGB, G. Fai, P. Lévai, G. Papp, arXiv:08073384 (2007)

G.G. Barnafoldi: Prediction for 4.4 ATeV pPb Collisions at the LHC



Forward R (p.) at [n|< 0.8 & n=6.0

pPb

Charged hadron production with HIJING 2.0 @ 4.4 ATeV R ~ 0.35
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Rapidity asymmetry for dAu at RHIC

Pion production with kTpQCD @ 200 AGeV
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Rapidity asymmetry for pBe at FNAL

Pion production with kTpQCD @ 30.7 GeV

3 _h 3_h
b Top) d'y g
}_15_.”;.”'Jr'f'] — Enl? | /E.F'
II|-'_|']

3| 3
d*py d'pr |p~0
I..'El T T T T T T T T 2 T T T I T

- F E70& date - : | . | | | | | :
i i | <k >=1736 1O0=<ml<1.5 ]
i i 15— ]
1.2 — _ L
',:.‘a-...;;" i 7 1 T __=—.1_="-—/’ -
08|~ — - T
- 0.2<ml<07 1 035 ]
D"-]- | 1 1 | | 1 I 1 D [ | 1 | 1 | 1 | 1 | 1 | |

3 10 20 4 5 6 7 5 9

Pr [GeV/c]

A. Adeluy, GGB, G. Fai, P. Lévai, PRC80 (2009) 014903

G.G. Barnafoldi: Prediction for 4.4 ATeV pPb Collisions at the LHC



Rapidity asymmetry for dPb at LHC

Pion production with kTpQCD @ 8.8 ATeV
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HIJINGB/B 2.0: Rapidity distribution for pp & pPb

Charged hadron production with HIJING 2.0 @ 4.4 ATeV

40 — 2 = -
_55_ = (a) BBv2.0, 4.4 TeV, h*+h~ — L (b) BBv2.0, 4.4 TeV, h*+h
~ ¥ p+Pb, YS (with shadow) | ~175 = ——YS (b=0-9 fm)
ZU S p+Pb, NS (no shadow) i 15 b ==--- NS (b =0-9 tm)
= = sresmeen PP Qﬁ"“ ' | NCDH =64
25 |- ) 125 | =
20 f_ III|I ".I---___.- 1 B L
15 | B 0.75
10 [ 05 |-
5 | & 025 |
0::--1""]“..;|||||||||||T| 0_|||||||||||||||||-|'_|"
-10 -5 0 5 10 -10 -5 0 5 10
pseudorapidity, M pseudorapidity, N

GGB, J. Barret, M. Gyulassy, P. Lévai, V. Topor Pop PRC85 024903 (2012)

G.G. Barnafoldi: Prediction for 4.4 ATeV pPb Collisions at the LHC



SUMMARY

Our choice from the menu...
...to make consistent picture from 10 AGeV to 10 ATeV

« Test of the Cronin Effect in pA

« How strong is the effect at LHC
- Scaling x_, p_, etc?

 Test of shadowing parameterizations

« Test of existing parameterizations at low-x

« Test of the rapidity asymmetry

G.G. Barnafoldi: Prediction for 4.4 ATeV pPb Collisions at the LHC



EPJA: Topical issue on "Relativistic Hydro- and
Thermodynamics”

One of the most striking and still unsolved puzzles in the physics of high energy elementary and complex reactions, liki
e+e-, pp, ppbar and heavy ion collisions at several GeV fo several TeV energies, is represented by the unexpected anc

microscopically not reasoned success of the statistical equilibrium description. This description consists of two main
aspects: the relativistic thermodynamic and hydrodynamic approach, including kinematic models basaed on particle
concept. Acomprehensive review of the multiple achievements and numerous assumptions embodied in the successfl
hydrodynamic approaches to high energy collisions in recent decades should serve as a basis for finding an explanafic
fo the above puzzle. Detailed presentations of recent applications of contemporary developments towards a generalize

equilibrium and non-eguilibrium statistical physics description will be given as support. The planned issue may offer a
wealthy source of information for future research aiming at microscopical or guantum physical understanding of the

emergence of apparently thermal radiation and particle spectra in a number of high energy experments.

The European Physics Journal A (Hadrons and Nuclei) therefore solicits submission of papers for a Topical Issue on

Refativistic Hydro- and Thermodynamics in Nuclear Physics. Authors willing to contribute to this issue are expected to
send an indication of their intention of submitiing either a review or an onginal research article by e-mall to one of the

Topical Issue guest editors

Deadline: 31 May 2012
Web: http://www.epj.org/special issues 2.html
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The Spectra and RpPb(pT) for |eta|<0.8

Charged hadron production with HIJING 2.0 @ 4.4 ATeV
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Forward Spectra & Rppb(pT) at Nn=6.0

Charged hadron production with HIJING 2.0 @ 4.4 ATeV
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