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“Heavy Ion Collider Physics”™
(from Ultra-Peripheral Collisions to Hard Probes)
(~rom very forward to y=0 @RHIC)

HI colliders are different from BEVALAC&AGS & SPS:

1) HI beams- a practical laboratory for y-A Interactions

2) Hard probes, jets emerge above the ‘““‘soft physics”

backgrounds
Sebastian White

NATIONAL LABORATORY



Heavy lon stuff:

e[_uminosity determination easier than p-p:+/-5% @RHIC

> ~29% @]LHC

*L~2*10%°(AuAu) vs ~10%(pp)

*[L(b) vs. b known a priori
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Event characterization with forward detectors(n>23)

Reaction
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b direction from BBC
(3<n<4 hodoscope array)
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Calculation No.

AA cross-normalization with pp
1) From pp comparison data

Error from AA &pp Luminosity uncertainties and

2) From central/peripheral
Error from determination of centrality classes

—_ =k =k =k
o = N W

QO = N W BB 00~ O W

min. bias error (92+ 2 %): less central
min. bias error (92+ 2 %): more central
different origin for angle calculation
different BBC fluctuations

ZDC: different neutron loss function
Nucleons with hard core (f,,, = 0.4 fm)
BBC without saturation
Woods-Saxon: R = 6.25 fm, d =0.53 fm
Woods-Saxon: R=6.65 fm, d =0.55 fm
0, =43mb

T = 37 mb

default calculation
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Total Inelastic Cross sections

Ion Geometric cross sections decouple from o, ,

Au+Au geometrical cross section

. g i
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g 7 i. Nucleons with hard core (f, = 0.4 fm)
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5 - : Woods-Saxon: R=6.25 fm, d =0.53 fm
4 i @ Woods-Saxon: R = 6.65 fm, d = 0.55 fm
3 I @ Top = 43 mb
2L ® E Opn = 37 mb
1 + default calculation
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Electromagnetic Interactions of Heavy Ions:

(‘24)-E.Fermi develops Equivalent y approx
for int of e- and a’s with atoms

(‘33) -Weiszacker and Williams

(50’s) demonstration of EPA with interactions
of ~500 MeV e with Nuclei-
(Wilson, Panofsky et al. @ Stanford)

(80-90°s) -first measurement of EM interaction
using ion beams @Bevalac SPS and AGS

(‘03->)- “rapidity gap” physics w. Heavy
Ions @ RHIC & LHC

The Science and Culture Series - Physics

Electromagnetic Probes
of Fundamental Physics

Series Editor: 4. Zichidhi

Editor= W Marcano & 5vWhite

Wiorld Sciencific
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Correlated Forward-Backward Dissociation
Au + Au at RHIC
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TABLE [. Cross sections calculated and derived from the data. The errors quoted on measure-

ments include the uncertainty of the BBC cross section [8]

Cross sections from Cross Section Calculated Value(1) Calculated Value(2) Measured
Run Iin PRL Ttol 10.83 + 0.5Barns 11.19 + N.A.
— > O geom 7.00 £ 2z 7.29 + xx N.A.
(1)Baltz & SNW Zgeom 0.67 0.65 0.661 +0.014
(2)Bondorff et al. electromagnetic
Meas.=Chiu et al. glintn) 0.125 xx 0.117 + 0.003 £0.002
glinln) 0.329 xx 0.345 £ 0.01 = 0.006
Zn.Xn) xx 0.327 0.345 + 0.011 + 0.01
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Experimental Signature of UPC

CTB-Topolog
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* Two oppositely charged tracks
with vertex

 Low total py

2D DC

e Back-to-back in transverse
plane

STAR peripheral p production
F.Meissner, LBNL

*

Au i i Au Au Au
v e
i ST SY T
P | | P
P T | P T
Au A Au Au

Coincident signals from nucl. Breakup  Topology requirements in
in zero degree calorimeters (ZDC) central trigger barrel (CTB)



Meson Production with

Nuclear Break-up 3™F ‘ < e |
Minimum Bias (ZDC) P 5;3'6““;‘ * 200GeV | © Monte Carl
Trigger AuAu AU A £MF Signal region:
aAu*Au*p0 2001 p;<0.15 GeV
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*2001: ~1.7M triggers L~250/mb
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The Four RHIC Experiments
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dN/dn’
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Highlights from Run 1(&2): Multiplicity distributions (PHOBOS et al.)
Extrapolation to LHC ~1/4 of “design” dN/dn
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Comparison of (N, ) vs. Energy
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How to measure jets @ RHIC?
(similar to ISR-era with pp )

-focus on measurement of high-p hadrons
= Dominated by fragmentation of hard-scattered partons.

-also angular / p, correlations between hadrons
=> Indirectly sensitive to jet properties
= And to di-jets

200 GeV jet overlay on central
Pb-Pb event with ATLAS
calorimter segmentation
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PHENIX EMC

2000

1500

1000

500

P

1801
1603
1401
1200
100f
g0
60

a0

) in p+p at s =200 GeV

———

‘m-r—"u“ '-“"'-.-_,-...

M-h‘.‘m%-\.

0.5 0.6 0.7 0.8

M (GeVic’)

60x10% min. bias events
n® pr > 3.5 GeV/c

0 01 020304050607 08089 1




PHENIX EMC

high p; nt” full energy Au+Au

2 22x10% min. bias events

T 0 pr > 8 GeV/c
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Particle id w. PHENIX Pb/Sc EMCAL t.o.f.
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RHIC Measurements at High pr

0. Foreword: “ high p.”  p;> 2.0 GeV/c @ mid-rapidity (except y ~ 2
BRAHMS )
1. Unidentified charged-particles:
- 130 GeV (p"*~=5 GeV/c)
- 200 GeV (p"*= 12 GeV/c)
2. Identified baryons — protons, lambdas:
- 130 GeV (p"*= 3.5 GeV/c)
- 200 GeV (p"*=4 -5 GeV/c)
3. Identified mesons — 7', v
- 130 GeV (p"*~=4 GeV/c)
- 200 GeV (p"*~= 10 GeV/c for AutAu, 13 GeV/c for p+p)
4. Particles ratios:
- 130 GeV (p"* = 3.5 GeV/c)
- 200 GeV (p"*=4 GeV/c)

5. Two-particle correlations



n” yields measured in Au+Au collisions for all

centralities
T 10
TOE
* “Invariant yields” vs. % L ! PbSc 1 spectra:
centralit e = ¢ o 0-10%
y = £ o = 10-20%
L . 20-30%
* Most central 0-10% s s f L sa-d
w B 'y - 9
ZioL r ok - 80-70%,
™ = i A —/0%
VS, - . 54 ¥ 70-80%
. % al 4 4 8 = 80-92%
* Most peripheral 80-  z10 ¢ ¥ G iy
92%: like p+p collision g ¥ .4
N0 ¥ 348
* also compare to pp TF : i : % :
107
(PHENIX data and ; tegly,
o ¥ ’
SppS) 10 % }
B PHENIX PRELIMINARY
10
:II||||||||||||||||||||||||||||||||||||||||

S. Mioduszewski, BNL(PHENIX), 1 2 3 4 5 § 7 8
T° p, (GeV/c)



If no nuclear enhancement/suppression expect:

% =number of Nucleon - Nucleon binary collisions
Yield |
=(Npinary, for the AA centrality class
e Define :
2nTAA .
R (p ) — 1/ Nevents d N / dp Tdn — Yleldcentral/ <Nbinary>central
AA\FPT/ ™ .
< binary >(d U / dp Td?’]/ o’ 1nelast1c) Yleldpp
Yleldcentral/ <Nbinary >central
= Yleldperipheral/ <Nbinary > peripheral



e In the absence of nuclear effects, these ratios are
expected to be 1 at high p;

e Departures from 1, measure nuclear etffects
Previously observed effects (at lower energies):
— Shadowing
— “Cronin effect” (p; broadening)
Possible new effect:
— Parton energy loss in dense medium



1 InTAA
RAA(pT)= /Nevezntsd N /dein _
<Nbinary >(d Oup / dp Tdn/ O inelastic )
: & ) R, 7° 0-10% Central:
Yleldcentral/<Nbinary>central 52_5__ L, o  Au+Au\s,=200 GeV
Yield | z§ ! ‘ o  Au+Au\s, =130 GeV
= | ”.}. Pb+Pb \[Syy=17.3 GeV
< 2
g [ -
g [ I
1.1.5_— -
o L PHENIX Preliminary
SPS _ \\Croninll effect 1__.'_;‘..“ ............................................................
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Theory Comparisons for Raa

=== Wang dE/dx =0

=== dE/dx = 0.25 GeV/im < 1.5
(expanding) ¢ I / Predicted Cronin
dE/dX]_, = 7 GeV/im ! effect at RHIC

(static source)

e X.N. Wang, Phys. Rev.
Cé61, 064910 (2000).

- L/h=4

e Gyulassy, Levai, Vitev:
P.Levai, Nuclear Physics
A698 (2002) 631.

m— ViteV ng/dy = 900 0 | | 1 | | 1 ] I | 1 | 1 | | I | | | I 1
e GLV, Nucl. Phys. B 594, 0 2 4 6 8 10

p. 371 (2001). P, [GeV/c]
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Yieldcentral/ <Nbinary>
Yieldperipheral/ <Nbinary>

_ B Charged hadrons (0-10%)/{(60-92%)
0.9 ® Neutral pions (0-10%)/{70-80%)
¥ Charged pions (0-10%)/(60-90%)

central

peripheral

0.8

0.7—
i PHENIX Preliminary
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0.6—
e Suppression seen in 0.5
3 independent 0.4/
measurements 0.3
0.2
0.1 1
n_.|.|.|.|.|.|.|*.|.|.

o 1. 2 3 4 5 6 7 8 9 10
p; [GeV/c]




Sources of azimuthal correlations

e Au+Au
— flow

e p+p and Au+Au collisions:
— di-jets
— combinatorial background

— Jets } Small AN
— eSonances

* opposite sign 4 Same sign

'¢) 0-10% Au+Au T ANj<05— |AnD.S ]

=

01

STAR nucl-ex/0210033

2 3
O{radians)

—> Subtracting the correlations for large An from those for small
An leaves correlations only due to jets and/or resonances



* Hadron spectra show suppression ~2-10 GeV/c

* Hadrons with pr > 4 GeV have significant jet
contributions

—> Suppression is occurring in a region where
hadrons have contributions from jet fragmentation

(Similar analysis by PHENIX experiment for
leading photon, mostly from nt°, with energy

greater than 2.5 GeV/c supports this conclusion)
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Peripheral Au+Au data vs. pp+tlow
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1/Nrpiceer dN/AA )

Central Au+Au data vs. pp+tlow
C,(Au+ Au)=C,(p+ p)+ A*(1+2v; cos(2A¢))

B STAR 200 GeV |[A 1 |<1.4
i « Central 0-5% Au+Au
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Ratio vs. # participants

Ad| <075, d<p,(trig)<6 GeV/c
A Q| >225 4<p,(trig)<6 GeV/c

1/NTRIGGER dN/d(A ¢)

4|

STAR nucl-ex/0210033

STAR 200 GeV fiififcEa;
+ Central 0-5pé
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More on this from RHIC soon.

Inclusive spectra in d-A collisions

Enhanced 1if source 1s parton energy
loss(GLYV et al)

Suppressed 1t saturation of gluon pdf
Inclusive spectra for p,pbar, hyperons

Is there a suppression of heavy flavor
spectra(c,b-jets)? PHENIX
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data are well described using PYTHIA
cross-section multiplied by number of
binary collisions obtained from
nuclear thickness function, T,g

(i.e., a Glauber model).
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Charmonia in pp data(Run II)

PHENIX preliminary
o(pp—=J /¢y +X)=3.8=+0.6(stat)x1.3(sys) ub

PHENIX Preliminary

Color evaporation model with GRV HO
-------------- Color evaporation model with MRS-A
. Fixed target experiments

I | I | I | I | I | I
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I already gave my perspective.

I think 1t will get better.



