—

PH ENIX

Global Observables and
Identified Hadrons
In the PHENIX Experiment

John P. Sullivan
Los Alamos National Laboratory
for the PHENIX Collaboration



University of 5do Paulo, 580 Paulo, Brazil L
Academia Sinica, Taipel 11529, China Rt

China Institute of Atomic Energy (CIAE), Beljing, P. R. China

Laboratoire de Physique Corpusculaire (LPC), Universite de Clermont-Ferrand, 63170
Lublere, Clermont-Ferrand, France

Dapnia, CEA Saclay, Bat. 703, F-91191, Gif-sur-Yvette, France

|PMN-0rsay, Universite Paris Sud, CNRS-IN2P3, BP1, F-91406, Orsay, France
LPNHE-Palaiseau, Ecole Polytechnigue, CNRS-IN2P3, Route de Saclay, F-91128,
Palaiseau, France

SUBATECH, Ecole des Mines at Nantes, F-44307 Nantes, France

University of Muenster, Muenster, Germany

Banaras Hindu University,Banaras, India

Bhabha Atomic Research Centre (BARC),Bombay, India

Weizmann Institute, Rehovot, Israel

Center for Nuclear Study (CNS-Tokyo), University of Tokyo, Tanashli, Tokyo 188, Japan
Hiroshima University, Higashi-Hiroshima 739, Japan

KEK, Institute for High Energy Physlcs,Tsukuba, Japan

{yoto University, Kvoto, Japan

yJagasakl Institute of Applied Science, Nagasaki-shi, Magasaki, Japan

RIKEN, Institute for Physical and Chemical Research, Hirosawa, Wako, Japan
University of Tokyo, Bunkyo-ku, Tokyo 113, Japan

lokyo Institute of Technology, Ohokayama, Meguro, Tokyo, Japan

University of Tsukuba, Tsukuba, Japan

Maseda University, Tokyo, Japan

Cyclotron Application Laboratory, KAERI, Seoul, South Korea

Langnung National University, Kangnung 210-702, South Korea

Lorea University, Seoul, 136-701, Korea

el Pl

Cancgraphes Secca
Myong Ji University, Yongin City 449-728, Korea
System Electronics Laboratory, Seoul National University, Seoul, South Korea
Yonsei University, Seoul 120-749, KOREA

Institute of High Energy Physics (IHEP-Protvino or Serpukhov), Protovino, Russia

Joint Institute for Muclear Research (JINR-Dubna), Dubna, Russia
Kurchatov institute, Moscow, Russia

PNPI: 5t. Petershurg Nuclear Physics Institute, Gatchina, Leningrad, Russia
Lund University, Lund, Sweden

Abilene Christian University, Abllene, Texas, USA

Brookhaven Mational Laboratory {(BNL), Upton, NY 11973

University of California - Riverside (UCR), Riverside, CA 92521, USA
Columbia University, Nevis Laboratories, Irvington, NY 10533, USA

Florida State University (F5SU), Tallahassee, FL 32306, USA

Georgia State University (G5U), Atlanta, GA, 30303, USA

lowa State University (15U) and Ames Laboratory, Ames, 1A 50011, USA
LANL: Los Alamos National Laboratory, Los Alamos, NM 87545, USA

LLNL: Lawrence Livermore National Laboratory, Livermore, CA 94550, USA
University of New Mexico, Albuguerque, New Mexico, USA

New Mexico State University, Las Cruces, New Mexico, USA

Department of Chemistry, State University of New York at Stony Brook (U58),
Stony Brook, NY 11794, USA

Department of Physics and Astronomy, State University of New York at Stony
Brook (USB), Stony Brook, NY 11794-, USA

Oak Ridge Natlonal Laboratory (ORNL), Dak Ridge, TN 37831, USA
University of Tennessee (UT), Knoxville, TN 37996, USA

Vanderbilt University, Nashville, TN 37235, USA



Outline

@® Global variables:
% Mean Multiplicity (previous talk by David Silvermyr)
% Mean E;
% Elliptic flow
% P, E; fluctuations
% charge fluctuations

@® Some particle ratios
@® Two pion correlations
@® Some consistency checks
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PHENIX detector, years 1 and 2

PHENIX Detector - First Year Physics Run PHENIX Detector - Second Year Physics Run
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Determining N(participants)

BBC vs ZDC analog response
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Use combination of

% Zero Degree Calorimeters
¢ Beam-Beam Counters

to define centrality classes

% Glauber modeling

to extract N-participants
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Minimum bias multiplicity distribution at mid—/apidity
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Multiplicity distribution @ 130 GeV

Distribution has been scaled by the
known correction factors, to
correspondtox 0.5inhand 2pinf.

Width of high N, roll-off isafunction
of e.g.finite aperture.
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Multiplicity distribution @ 200 GeV

For the 5 % most central collisions, an increase of 1.15 + 0.04, relative to 130 GeV,
iIn dN_/dh per participant pair is observed.

Multiplicity distribution at midrapadity
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Transverse Energy

Measured with EM Sos00]
calorimeter 3000

2500

1 Well-understood E
response to soft charged
hadrons 500"

®pReliable measurement of 100

total transverse energy -

E:=(1.17+0.05) Egyca %
M (GeV/c?)
p”'s
pr>2 GeV, asym<0.8
pa

~
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Transverse Energy Distribution

@® Measured for
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® E. /Ny, larger than at CERN

E; vs. Nparticipants
@® E. increases faster than number of participants

® aE-n/a\ i ~ 0.8 independent of centrality
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Particle identification via TOF

PHENIX High Resolution TOF
Au+Au s = 130 A GeV
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K/p ratio In

K/p at Mid-rapidity
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Collision energy dependence

® p-/p+, K-/K+ and pbar/p =
vs. collision energy. T4
% anti-particle/particleratios E
aredramatically increasing .
from SPSand AGS energies
and approaching unity.
® (p-p)/(Npart pair) is § o
dramatically decreasing from AGS £ °°
and SPS ener gy 5
RHIC : factor 7 smaller than AGS :% o-1%
energy. 2 o
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PHENIX internal consistency on yields

AN, /dn /05N )

- o  PHENIX PRL 86,3500 (2001)

dN _/dn=aN_+bN,

e dN_/dn S(nKp) PRELIMINARY

o

@® Sum of dN/dh from integration of identified particle spectra are
consistent with the published dN/dh results.
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Elliptic Flow calculation
@ Determine viaacorrelation function method C(Df )
= R(Df )/B(Df)
dN/df ~ 1+ 2v,cos(f) + 2v,cos(2f )

e Study versus
1 Centrality

af o™
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John Sullivan

Correlation Functions
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V, vs. pr (PHENIX preliminary)
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HBT measurements

C, =P,(p.p,)/ P(p,)P(p,) ASsuming asource density }D correlation function

=1+ exp(- qizaniznv)‘/ is a Gaussian distribution \

=1+1 exp(- B5R% - @RS - q2R5 - O°s :
PL-AxRx - QyRy - QzRkz - ;S

=1+ exp(- qédeRgde_ qc2>utR§ut - qlzongRlzong)

P I Ly
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Bertsch-Pratt parameterization scheme
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Particle Identification (EMCal TOF)

@® BBC (Beam-Beam counter), ZDC

@® DCH (Drift chamber), PC1(Pad chamber)
@® EMCAL (Electro-magnetic calorimeter)
® EMC Time-of-flight s;~800psec

p vs Mass ® at EMCal

Sl

E
15

West ea:m View East

o/-vertex < 30cm

’ I ecentrality in the top 30%
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3-D correlation result

Au+Au - 21"
y PHENIX PRELIMINARY
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K; dependence of radius parameters
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Comparison with other experiments

Hslde

Vo

PHENIX,STAR 130GeV
NA44 NA49 ,CERES 17.2GeV
AGS-E866 4.6GeV
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Radii parameters depend on K-
- Transverse radii (R, and R, t)i
have very little dependence on
beam energy
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long

- Almost all energy dependenceis =, . oS Bl

in longitudinal radius (R,,,)
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Analysis Details...

Data
 The mean p, and E, are determined on an event-by-event basis:
Mp,=Sp, /N, Meg=S5g;/Ng
200 MeV/c < p, < 1.5GeVl/c, 225 MeV < E, < 2.0 GeV

* An event must have at least 10 tracks/clusters per event to be included in
the mean distribution.

Mixed Events:

» Mixed event distributions are built from reconstructed tracks/clustersin
real events.

» No 2 tracks/clusters from the same real event are allowed in the same
mixed event.

* The number of tracks/clusters distribution, N, or N, In mixed events are

sampled fromthe data N distribution.

et?
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Mean p+ distributions
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Mixed Event

Mean E; distributions Distribution
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Quantifying the fluctuations

Define the magnitude of afluctuation, w:

W = (<XZ> - <X>2)V2[<X>=s/m

Define the fractional fluctuation difference from random, d:

d= Waata = W random

Also commonly used isthe variable, f ;:

f pT = Sqrt(<N>)(S data S‘random) = deC]I’t(<N>)

John Sullivan > Los Alamos
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Fluctuation Results

Fluctuation Quantities for the M, analysis.

Centrality class w (%) d (%) op, (MeV/c)
0-5% 37 =010 014 £ 0.15 b.6b &+ 6.02
0-10% 780 x 0:.13 016 £ 0.19 6.03 = 7.28

10- 20 % 052 + 0.14 010 + 021 6.11 + 6.63
20- 30 % 11.7 4 0.21 021 + 0.35 5,47 + 0.16
Fluctuation Quantities forthe M, analyais,
Centrality class w (%) d (%) @, (MeV/c)
0-5 % e o= 0,07 0.30 £ 0.09 110+ 3.59
0-10% 7.84 £ 0.08 B3 Bl 13.6 & 4.23
10- 20 % G.58 £ 0.17 0.38 = 0.20 11.1 £ 5.75
20- 30 % 11.8 £ 0.26 040 £ 0.32 0.28 4+ 7.34
John Sullivan "Eﬂ?mﬁ



Net charge fluctuations: QGP signal?

(S. Jeon & V. Koch PRL 85(2000)2076)
(M. Asakawa, U. Heinz, B. Miller, PRL 85(2000)2072)

Expected fluctuationsin net charge, Q (=N, - N.) :
<Q%>
<N,>

(A reduction is expected due to global charge conservation and resonances,
depending on the acceptance.)

Hadron gas:: =1

<Q%>
<N >

QGP : » 0.20 —0.25 (s 30n& v. koch PRL 85(2000)2076)

Theuseof R=N,/N. Isproposed.

Asymptotically, for large N, : <Q?>
<N,><R2-<R>2> » 4

<Nch>

A
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PHENIX Charge Fluctuations

Data - West Arm PHENIX Preliminary
20:
3 | The fluctuationsin R depend on N, ,
16_— ' .- .
=iy and they are sensitive to relative
::;_ M fractional changesin N, and N._ .
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Summary (1)

@® dN/dh increases steadily with Nparticipants
@ E; increase Is similar to dN/dh increase

@ Constant Et/(charged particle) ~ 0.8 implies
Increase In energy density from AGS, SPS is from
Increased particle production

@ Anti-particle/particle ratios approaching 1
@® Net baryons at mid-rapidity small, but non-zero

@ Elliptic flow results: initial spatial asymmetry
translates to similar asymmetry in momentum

/A
John Sullivan > Los Alamos
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Summary (2)

*HBT: transverse radii consistent with AGS, SPS
results, R ong INCreases with sqrt(s), Royt — Reipe
eMean pT fluctuations consistent with no
fluctuations beyond random, but all are positive
(HBT?)

eMean ET fluctuations have a non-statistical
component, most is attributed to cluster
merging, the remainder sets an upper limit

Net charge fluctuations are consistent with
statistical fluctuations in a hadron gas
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