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What We Know — Jet Quenching
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Inclusive yields and back-to-back di-hadron correlations
are very similar in p+p and d+Au collisions

Both are strongly suppressed in central Au+Au collisions

at 200 GeV
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What We Know — Baryon Enhancement

STAR Preliminary
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Clear meson-baryon yield differences at intermediate p,

They seem to come together at p;~ 5-6 GeV/c
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|dentified Strange Particles in 200 GeV d+Au
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Yields to ~ 5 GeV/c measured vs centrality
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Meson-Baryon Difference in d+Au 200 GeV
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R-p also shows a clear meson-baryon pattern in d+Au
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Pseudo-rapidity Density in d+Au

nucl-ex/0408016
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Particle yields are consistent with a range of models
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Pseudo-rapidity Yield Asymmetry vs p,

Au direction / d direction
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Back/front asymmetry in 200
GeV d+Au consistent with
general expectations of
saturation or coalescence;
doesn’t match pQCD prediction.
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n’ p+ Spectrum in 200 GeV d+Au

PHENIX data: PRL 91, 072303 (2003)
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Neutral pion p; spectrum to
13-16 GeV/c

Reasonable agreement
with pQCD calculation,
STAR charged-hadrons,
and PHENIX neutral pions

See talk by Andre Mischke,
Mon pm




Au+Au at 62 GeV: Charged-Particle Yields
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Spectrum shapes similar, but high-p, absolute yield down
over an order of magnitude at 62 GeV relative to 200 GeV

Carl Gagliardi — Hard Probes ‘04



dN/dp,dn (STAR)

Inclusive Hadron Suppression
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R-p: Centrality Dependence

*’EAR Binary scaling
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 Significant suppression in both n regions
¢« 62 GeV n~ 0.7 very similar to 200 GeV n~0
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Additional Particle |dentification Techniques
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Charged and Neutral Pions in 62 GeV Au+Au
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h/mt Ratios in 62 GeV Au+Au
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h/m higher in central Au+Au than peripheral.

Ratios approach at p;~ 6 GeV/c
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it Nuclear Modification Factor
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* Rep for h+- 20% higher than nt+- for pr = 3-4 GeV/c
* R¢p for h+- and n+- merge at pr = 5~6 GeV/c
 Consistent with h/r ratio
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Azimuthal Anisotropy and Partonic Energy Loss

M. Gyulassy, I. Vitev and X.N. Wang
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- m—m Hydro+GLV quench., dN/dy=1000
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Anisotropy at high pis sensitive to
the gluon density of the medium.

16



Separating Flow from Non-Flow at 200 GeV

nucl-ex/0407007
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Flow at High p;in 200 GeV Au+Au

nucl-ex/0407007
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Sizable real flow to ~8 GeV/c in mid-central collisions
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Flow in 62 GeV vs 200 GeV Au+Au
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Vo(p+) is very similar for 62 GeV to 200 GeV
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Back-to-Back Correlations vs. Reaction Plane

: | "“PETAR nucl-ex/0407007
= 0.2
E L
<]
5 0.1
Z.
=
?gi 0
% _0_1: = AutAu, in-plane ]

[ * AutAu, out-of-plane
1 0 1 2 3 4

A ¢ (radians)
Near-side correlations: independent of orientation

Back-to-back correlations: suppressed more strongly
when the path length is longer
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Di-Hadron Angular Distributions:
62 GeV vs 200 GeV Au+Au
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Near-side correlated yields are much reduced at 62 GeV
Away-side angular distribution is very similar
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Finding the Associated Hadrons
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Explores the interaction of an energetic parton
with the dense medium
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What about the near-side yield?
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Extending Two-Particle Correlations to Higher p-
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gives extended reach for correlation studies with
high E; photons
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Forward Particle Production in d+Au Collisions

BRAHMS, nucl-ex/0403005
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Do we understand forward =® production in p + p?
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Bourelly and Soffer (hep-ph/0311110):
NLO pQCD calculations underpredict the data at low Vs from ISR

Cdata’ Opqcn APPears o be function of 0, /s in addition to py
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Forward n° Inclusive Cross Section
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STAR data consistent with Next-to-Leading Order pQCD
calculations in contrast to data at lower Vs
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7+ h™ correlations, vs = 200 GeV Correlations in d+Au
AR IS, = 4.0, I <0.75
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Conclusions

« Jet quenching, elliptic flow, and di-hadron
correlations are all very similar in 62 GeV
Au+Au to the results from 200 GeV Au+Au

* Meson-baryon differences are also present in
d+Au and 62 GeV Au+Au at intermediate p

 The saturation picture is consistent with back-
front asymmetries and forward-midrapidity
correlations in d+Au

* Lots more about STAR high-p; correlations
tomorrow morning
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The 62 GeV Reference Spectrum Problem
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n-(K+p) Separation

[ 42 I ndf 67.18/68
| no,(dEdx) in minbias 62.4GeV Au+Au 3<pT<4 GeV/c | = 1.315e+04 = 585
900F 6475 + 12614.9
- 22e+04 + 12092
= 0.9638 + 0.0219
800 — 0.1496 + 0.0486
- 1.7+0.3
700 — £5+05
C T 4/68 |
600— R |74
- 16
500 — 1
400 81
- - 0B
300 le-06+ 3 3e-01
200
100/ s
0 K | 11
-5 -4 -3 -2 -1 0 1 2 3 4 5
no, (dE/dx)

3 Gauss fits: dE/dx(m)>1.3*dE/dx(K)

dE/dx(m) as normal Gauss: 6=1, mean=0

*nt-(K+p) Separation: ~1.5-2G

 Worst Contamination:

1-3% at 50% Eff, 10% at 70-90% Eff
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‘dE/dx 1 Identification, 3<p ;<4 GeV/c
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it Nuclear Modification Factor

T \s,,=62.4 GeV Au+Au

¥ 14F o R.(PHENX70)0-10%/pp(ISR)  * R, (rdEfdx) 0-80%/pp(SR)
'g - Rep (h7) 0-10/40-80% = R,, (rdE/dx) 0-10%/pp(ISR)
+ 1.2 ... R,, Vitev 0 R,, (TOFr) 0-10%/pp(ISR)
T R Wang ° ¥ R (rdE/dx) 0-10/40-80%
g F :
= 0.8F ! % ] } . e
g - oo LI: b i L {
Zos- o el
04 & i '...,T,}Ffj:%? ---- P
0.21— STAR Preliminary
ol Lo b b b b b b
0 1 2 3 4 5 b 7 8

pT (GeV/c)

* Rgp h+-20% higher than nt+- p;=3-4 GeV/c; consistent with h/x ratio
« Vitev prediction at dN/dy=650
* |SR pp parametrization same as PHENIX
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. Geometry in 200 GeV Au+Au
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*fAR

STAR Detector

Barrel
Electromagnetic

Solenoid Magnet

ENENEREE

_ TPC:-1.0<n <1.0

FPD: |n| ~ 3.8 (p + p)

In| ~ 4.0 (p + p and d + Au)

Carl Gagliardi —

Forward n® Detector (FPD)
* Pb-glass EM calorimeter
* Shower-Maximum Detector (SMD)

* Preshower

Hard Probes ‘04

Calorimeter =
(EMIC)
il B
s r lec:r.or = - I:'u':u'gr: r
rmagnet x
poletip_} |
Z=-785cm
F:I][IDDD DDDD[I:Ii
East-North

East-Top

O
il

East-Bottom

East-South

Z=-620cm
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PYTHIA: a Guide to the Physics

Forward Inclusiye 1% Cross-Section: Subprocesses involved:
D-I'D- —> ‘,‘T + X, Vs = 200 GeY pHp = nf 4 X, v = 200 GeY, 7= 3.8 (PYTHIL, 307S)
g : Data EM n .
T _f _ 3 b - = ‘W =
ol « <7,>=3.8, hep—ex/0310058 el . wow
e, f s <7,»=3.3, STAR preliminary ‘E
Lo PYTHIA 3l a+g
4
= 938 e q+g — q+g+g +
o — n=33 Lo b et bl
Ll B +—-|...._._.|..-—""'._ + +.+_
S g ty
- L o --1...._-_._,...-.—""—":.:

=TT L™ - +
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Ltk 0zt -

10 L Il Soft «__

E H D|1 o
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-8 H p [ Ll T FEETE |--. e ]
10 i 1 N

O D..I:E-EI'I ﬂ.15ﬂ...'!ﬂ.25ﬂ'..'5-|:l.35|]-1-ﬂ.-'1-5ﬂ.5
Faynman x for leading n"

XFJT
« PYTHIA prediction agrees well with the inclusive n°® cross section at n~3-4 70
« Dominant sources of large x; ©¥ production from: __—
q g

*q+g—>q+g(2-2) >n’+X 0o
"qtg—-qtgrg@o3) s X o — "

O hqeeerrernaaaaann

g
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Forward — Mid-Rapidity Correlations

ptp —> 7% + X, vs = 200 GaV, 1,=3.8 (PYTHIA, 3075)

OCE <406V and 7, — 1. | < 0.7

|Q|IIII|IIII|IIII||||||I||I|||II|!III

FTPC TPC FTPC

FPD Barrel EMC FPD

—5 -4 -3 -2 -1 0 1 2 3 4 5

Carl Gagliardi —

11Gluon
Hard Probes ‘04

Final state correlations allow
reconstruction of parton
kinematics...

Broad rapidity range at STAR
enables broad coverage of
parton kinematics

Nuclear enhancement of
gluon field :
| A'3x ~ 6x (Au case)?

* FPD: In| ~ 4.0

o”' « TPC and Barrel EMC: [n| < 1.0
« Endcap EMC: 1.0<n<2.0
«FTPC:2.8<n|< 3.8
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Back-to-Back Azimuthal Correlations
over a large rapidity interval

Beam View Top View Fit ¢ = 0, — ¢ -p normalized
Trigger by distributions and with
o0 0 Gaussian+constant
forward 7 = F S=141+1.1%
*E,>25GeV S | B=71.8+13%
3 _ 02 - 0y = 0.82£0.06
‘(N =3.8 S 5 '
Midrapidity h* tracks in TPC % O
O
¢ -0.75<m <+0.75 o = O
e,
Leading Charged Particle(LCP) .g
p; > 0.5 GeV/e © O

8¢ =0, — Opcp

S = Probability of “correlated” event under Gaussian
B = Probability of “un-correlated” event under constant

o, = Width of Gaussian
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Coincidence Probability (radian

p+p —=>n"+h",vs =200 Ge
I<n,>1 = 4.0, Il <0.75

PYTHIA 6.222

5 =9.8+03%
B=4591+0237%
o, = 0.271£0.02

O
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Data
[ S=11E1%
B=5041+1 7%
ge = 1.13+0.

11.5+£2.7 %
= 50.3+£2.97%
og = 0.95£0.17

< p'ﬂ',‘nr

<X

1.09 GeV/c

’

68 GeV/¢

-

FPD-TPC

R Correlations in p+p

PYTHIA (with detector
effects) predicts

« “S” grows with <x >
and <p, >

* “0,” decrease with <x;>
and Pry

PYTHIA prediction
agrees with data

Larger intrinsic k;
required to fit data
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-

Coincidence Probability (radian

7+ h

KNl = 4.0, Il < 0.75

p + p (PYTHIA)

=9.8%10.3 %
= 45.840.3 %
g = 0.97+0.02 (0.

12+0.8 7%
44 310.8 7%

- 05 = 0.991£0.04 |0,

D
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d + Au (HIJING}

i =8.4X057%
= 7235205 7%
— 0 = 0.8210.04

- S=1414+£1.1%
71.811.37%
— 05 =0.821£0.06

LCP

correlations, vs = 200 GeV

1,45 GeV/

*

Does multiplicity
introduce “trivial”
differences between
p+p and d+Au?

 HIJING predicts
similar effects
in d+Au as seen

in p+p



