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Particle Production at High p_

e General e Medium influences:

Hard processes: Parton « “Jet’-like correlations

collisions with large Q2 (“Jets”) « Particle ratios

« Factorization:
* PDF ® pQCD ® FF

+ Particle yields

’ p+p freeze-out
» Fragmentation into QCD- \ T T
vacuum

* Au+Au
Quark-Gluon-Plasma Initial hard
g Early reaCtlon-phase Pre-equilibrium parton—parton<—"—>

scatterings

Hadron-Gas

«  Probe for a later hot and
dense phase

Nucleus A Nucleus B
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Nuclear Modifiction Factor

e Glauber model:

~  AA/dA incoherent S
superposition of NN

hard 2 hard
O 4B Nfd bouw T ,54(b) b

e Comparison with
scaled NN

» Ry,=1 (forp,>2GeV) ?

«  Deviation = medium effects ?
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Known Effects N—A

* Multiple soft scattering Cronin-Effect observed in

. p+A experiments:

-:
- L]
. ‘

~ Broadens p_ spectrum
« Cronin Effect

* Change of the nuclear
structure function / PDF

» Shadowing (R,, < 1)
+ Anti-shadowing (R,, > 1)
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n”s @ PHENIX

* Reconstruction t°—2y
«All pair combinations

« Invariant mass
m._ =\ 2E1E2 (1- cos 6) ~ 135 MeV

»  Combinatorial background:
* “Mixed events”

v, from current event v, from
old event

 Corrections
« Acceptance

Beam View

«  Efficiency
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Charged Particles @ PHENIX

* Tracking in west arm

«  Momentum reconstruction
with BBC,PC1 and DC

PC3 Central

e Magnet e e Bac kg round rejection
» Matching PC2 and PC3 hits

» Remaining background:

e Conversions and decays

e Determined and subtracted
statistically

Corrections
»  Acceptance, decay in flight

Beam View

«  Efficiency
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Signal/Background

* n? analysis limited by
statistics

« Further improvement with
high p, photon triggers

* Charged particle analysis
limited by background:
x Op/p =0.7% @ 1.1%p (GeV/c)

« Background from conversion
electrons hardly seperable
from charged &
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Au+Au @ s, = 200 GeV
at Midrapidity

PRL 91,072301 (2003) + high p, triggered data
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Peripheral Au+Au Compared
to Scaled p+p

Au+Au 80-92%
Bcharged hadrons

@®neutral pions PH—\%g—E-NIX
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Central Au+Au Compared
to Scaled p+p

Au+Au 0-10%
Bcharged hadrons

. TN
factor 5 suppression [, RS PH-<ENIX

factor 2 difference
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h/n Ratios

‘ Expectation (pp, e*e):
S|

...... 4 H"H'TTT + . hr~16

Only the case in peripheral
collisions and above 5GeV

Identified Hadrons

Anomalous p/n

20-30%

Data suggests baryon vs.
meson effect (from A,p vs 0,7)

Talks: F. Matathias

p; (GeV/c)
Approaches
Au+Au @ 200AGeV » E.g. recombination of quarks in

PHIZENIX nucl-ex/0310005 a thermal phase
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Possible Explanations

. .
Jet quenChmg Comparison to model calculations with

« Hard scattered partons lose and without parton energy loss:
energy via gluon- Au+Au at \'s,, = 200 GeV

bremsstrahlung < 1.5

< :
v without parton energy
Depends on color charge 0SS

density

Depends on traversed
distance in medium

(—correlations) with parton energy
~ loss Wang
Vitev

* Theoretical models

» Good quantitativ description
within energy loss scenario

"V__
QM2004 Oakland PH><ENIX Christian Klein-Bésing




But .....

Effects of cold nuclear matter (“initial state™)
at Vs, = 200 GeV unknown

e Shadowing
e Gluon Saturation

Levai nucl-th/0306019

«« a) NLO pQCD + pThroadenIng - dK;ALiO—‘i5?3alsa:)l;falb':|"(r)l;01%§|32
== b) HWING shadowing + a) arzeev et al. hep—phi

== ¢) EKS98 shadowing + a)

d+Au needed as reference case:
No produced medium...
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d+Au @ PHENIX

d+Au, Au+Au at Vs, = 200 GeV

ey * No suppression in d+Au
collisions @ Vs, = 200 GeV

+ PRL 91, 0723903 (2003)

e Similar results from STAR,
PHOBOS, BRAHMS

phEnx P (GeVic)

= |nitial state effects excluded
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combinatorial background

nind+Au7 <p, <38

— Gauss fit
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e Similar to ©°

* No obvious mass dependence for mesons
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d+Au Spectra at Midrapidity
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Centrality Dependence at
Midrapidity

Au+Au @ Vs, = 200 GeV d+Au @ Vs, = 200 GeV
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Centrality Dependence at
Midrapidity

Au+Au @ Vs, = 200 GeV d+Au @ Vs, = 200 GeV

2 2

3 % (I
o L AutAu 50-60% ] 0‘:-0 L d+Au 40-60%

- licharged hadrons R . Mcharged hadrons
L ®neutral pions y L ®neutral pions
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Centrality Dependence at
Midrapidity

Au+Au @ Vs, = 200 GeV d+Au @ Vs, = 200 GeV

2 2

< [ i < j
CI:< L AutAu 20-30% ] 0‘:-0 L d+Au 20-40%
- licharged hadrons R . BMcharged hadrons
L ®neutral pions y L ®neutral pions

15 ] 15
PHCENIX
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Centrality Dependence at
Midrapidity

Au+Au @ Vs, = 200 GeV d+Au @ Vs, = 200 GeV

2 2
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0‘:-0 L d+Au 0-20%
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Centrality Dependence

] Au+Au charged Examine nuclear

MusciEEd g modification at fixed p.
Y T Enhancement in central d+Au

1
u 'é uls s Suppression in central Au+Au
U

Deviation from scaled pp
vanishes in peripheral
collisions

TN .
PH-XENIX preliminary

40 20 0

centrality ( %
y(%) — Strong medium effects in central

Au+Au overcome initial Cronin

peripheral w——- central enhancement
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Does the Enhancement Vanish
f)

PHENIX Preliminary e R
d+Au s = 200 GeV CcpP

+  Compares Yields in central
and peripheral scaled by N__,

«Many systematics cancel

. - * Different parts of PHENIX
0.4 o inied 52y Tor measure different p_

® identified ©¥by EMCAL
ranges of

® identified 7* by RICH and EMCAL

10 12 14 16 .
A7) © Enhancement in central

vanishes at high p.

Poster J. Jia P3
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Conclusion

o Observation: Suppression of high p. charged hadrons
and n®'s in central Au+Au

+ Suggests medium induced energy loss

* Enhancement/absence of suppression at midrapidity in
d+Au

» As expected from cronin effect
« Rules out initial state effects for observed suppression in Au+Au

e Established baseline for the effects of cold nuclear
medium at \s,,, = 200 GeV
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Backup Slides
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Phenix @ RHIC

PHENIX Detector -Second Year Physics Run
* Central Arms

* In] <0.35

«  Calorimetrie (PbSc PbGl)
~ Tracking (PC, DC)

« PID (RICH, TOF)

[ Active

e North and South Arms
+ Muon PID and Tracking

A Global
ol A l | et + Trigger (BBC)
it Vo7 . « Centrality (BBC, ZDC)
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Corrections

* Geometrical acceptance
014y A-A-A-AAAAAp-A-Ad * Detector effects
~— x  Multiplicity T

embedded data « Energy- / position resolution

real data

* Analysis cuts
+ Asymmetrie
« PID

“~+_Bad modules !

Efficiency:
From embedding of simulated
n° into real events
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n in Au+Au

R

Central/Mid-central ~ RAA

X
—_—
)
T
=)
N
=
X
—_—
<)
oy
=
S

8 9 10
p; (GeV/c)

QM2004 Oakland PH><ENIX Christian Klein-Bésing




d+Au Centrality
Dependence

* Centrality Selection with
BBC-South

+ Au going side
+ 3< In|<3.9
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~ Charge sum = multiplicity

N_, from Glauber model

0-20% |15.0£1.0
20-40%
40-60%
60-88%
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Recombination

A charged hadrons @ 200 GeV

— ;ecombinat_ion+fragmenta1ion . TWO competing processes
== fragmentation

=== recombination fOI‘ hadI‘On pI‘OdUCtiOn
« Jet fragmentation

» Recombination of 3 quarks or a
quark/anti-quark pair in a densely
populated phase space

* Fries et al.:

» In case of thermalized partons
fragmentation wins over
recombination only above
5 GeV/c

Explains p/x ratio

Fries, et al, nucl-th/0301087 “Such a phase may be
also, Greco, Ko, Levai, nucl-th/0301093 appropriately called a QGP”
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2 GeV<p,<25GeV

134 939 + 3184 =° from
26 M minimum bias events (PbGl)
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Centrality Dependence r°

O AutAu = Examine nuclear
® d+Au ° modification at fixed p.

é Enhancement in central d+Au

4

Deviation from scaled pp
vanishes in peripheral
collisions

(} % % C_TlD Suppression in central Au+Au
<I> 35 at

PHCENIX preliminary

40 20 0

centrality ( % ) _ _
= Strong medium effects in central

Au+Au overcome initial state Cronin

peripheral w——- central enhancement
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Theory Comparison

d+Au 0-88%

® neutral pions PH-<ENIX (] Prediction from pQCD
Tuned to pp (<k;*>...)

Good qualitativ agreement
Ceval il thiORS with expactation from Cronin

= a) NLO pQCD + p, broadening

—— b)HUING shadowing + ) enhancement

== ¢) EKS98 shadowing + a)

Further improvement with
inclusion of shadowing

d+Au 0-20%
® neutral pions

TN .
PH-ZENIX preliminary

Prediction from
saturation models

; Fails, no suppression in
d+Au 0-15% saturation model Central d+AU at midrapidity

Kharzeev et al. hep-ph/0210332

Different rapidity region
PHENIX
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