PROCEEDINGS

OF SCIENCE

Azimuthal HBT and transverse momentum
uctuations from CERES

Dariusz Miskowiec® for the CERES Collaboration: D. Adamov/Z, G. Agakichievb,
A. AndronicS, D. Antonczyk?, H. Appelsh user 9, V. Belaga®, J. Bielc kov/A",

P. Braun-Munzinger®, O. Busch®, A. Cherlin9, S. Damjanovic', T. Dietel", L. Dietrich’,
A. Drees', W. Dubitzkyf, S.I. Esumif, K. Filimonov, K. Fomenko®, Z. Fraenkel9,
C. Garabatos®, P. Gl ssel f, G. Hering®, J. Holeczek®, M. Kalisky®, S. Kniege9,

V. Kushpil?, A. Maas®, A. Mar n®, J. Milo evi ¢f, D. Miskowiec¢, R. Ortega,

Y. Panebrattsev?, O. Petchenova®, V. Petr&ek’, M. P oskond, S. Radomskif, J. Rak®,
I. Ravinovich9, P. Rehakl, H. Sako®, W. Schmitz, S. Schuchmann9, J. Schukraftk,
S. Sedykh¢, S. Shimansky®, R. Soualah’, J. Stachelf, M. umbera & H. Tilsnerf,

I. Tserruyad, G. Tsiledakis®, J. P. Wessels", T. Wienoldf, J. P. Wurm®, S. Yurevich®,
V. YurevichP

8NPl ASCR, Re, Czech Republic

bJINR Dubna, Russia

¢G3S Darmstadt, Germany

dFrankfurt University, Germany

eMPI, Heidelberg, Germany

fHeidelberg University, Germany

9\Wei zmann Institute, Rehovot, Israel

M nster University, Germany

'SUNY Sony Brook, U.SA.

JBNL, Upton, U.SA.

KCERN, Geneva, Switzerland

E-mail: d. m skowi ec@si . de

| present here preliminary results of analysis of the data collected by CERESin aPb+Au collision
experiment at the full SPS energy. The focusison two particular hadronic observables: azimuthal
Hanbury-Brown Twiss correlations between pions and uctua tions of the transverse momenta of
charged particles.

Critical Point and Onset of Decon nement - 4th Internationa | Workshop
July 9 - 13, 2007
Darmstadt, Germany

¢ Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercia-ShareAlike Licence. http://pos.sissa.it/



Azimuthal HBT and transverse momentum uctuations from CER ES

1. Introduction

CERES is a dilepton experiment at the CERN SPS, known for its observation of enhanced
production of low mass e* el pairsin collisions between heavy nuclei [1]. The upgrade of CERES
in 1997-1998 by aradial Time Projection Chamber (TPC) [2] alowed to improve the momentum
resolution and the particle identi cation capability while retaining the cylindrical s ymmetry. The
upgraded experiment is shown in Fig. 1. The upgrade also extended the sensitivity of CERES to
hadrons and made possible results like those described below. The measurement of central Pb+Au
collisions at the maximum SPS energy of 158 GeV per nucleon in the fall of 2000 was the rst
run of the fully upgraded CERES and at the same time the last run of this experiment. About
30 million Pb+Au collision events at 158 GeV per nucleon were collected, most of them with
centrality within the top 7% of the geometrical cross section og = 6.94 b. Small samples of the
20% and the minimum bias collisions, aswell asashort run at 80 AGeV, were recorded in addition.
The dilepton mass spectra from this experiment were published in [3]. In thistalk | present two
particular results of hadron analysis, the azimuthal dependence of two-pion correlations and a
differential p; uctuation study.

2. Azimuthal HBT

Thetwo-pion correlation analysiswas performed in the longitudinally co-moving frame (LCMS)
de ned by the vanishing z component of the pair momentum (z axis is parallel to the beam). The
momentum difference in this frame, g = p2-p1, was decomposed into the out, side, and long
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Figure 1: Upgraded CERES setup in 2000. The apparatus has acylindrical symmetry. The results presented
here are based on the tracks measured in the Time Projection Chamber (TPC).
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Figure 2: Denition of the transverse Bertsch-Pratt axes: out is parallel and side perpendicular to the
transverse momentum of the pion pair; both are perpendicular to the beam axis.

components following the Bertsch-Pratt convention, with gjong pointing along the beam and Qo
along the pair transverse momentum (Fig. 2). The i i and 1" ™ correlation functions, de ned
asthethree-dimensional q distributions of pion pairsfrom the same event, divided by the anal ogous
distributions of pairs constructed from different events (event mixing), were tted by
C T 14)
Co(@)=N¢ (LiA)+AtFRe(an) 1+exp i Y RiGo; : (2.1)
i;]=1

The normalization factor N is needed because the number of pairs from event mixing is arbitrary.
The correlation strength A <1 re ects the tails of the source distribution caused by the pions from
long-lived resonances, the nite g-resolution, and the contamination of the pion sample by other
particle species. The R,zJ t parameters, with the indices i,j being {out, side, long}, are related
to the size of the source emitting aons of given momentum [4] and are therefore called source
radii. The Fc(qinv) factor, gim = (P, i P})?2, accounts for the mutual Coulomb interaction
between the pions and was calculated by averaging the nonrelativistic Coulomb wave function
squared over arealistic source size. The Coulomb factor was attenuated by A similarly as the rest
of the correlation function peak; the importance of this was demonstrated in [5]. The ts were
performed by the minimum negative loglikelihood method with the Poissonian number of true
pairs. The source radii obtained from the t were corrected for the n ite momentum resolution.
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Figure 3: Centrality dependence of the pion source radii. The mean pion transverse momentum is
0.47 GeV/c. The data are preliminary and come from central Pb+Au collisions at 158 GeV per nucleon.
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The correction was determined by Monte Carlo and was rather insigni cant for Rsige and Riong; for
Rout it depends on the pair p; and can be as large as 20%. The source radii obtained for different
centralities are shown in Fig. 3. Likein the rst CERES HBT analysis [5] and in numerous other
studies the radii roughly scale with the cube root of particle multiplicity.

With the access to the source size provided by the two-pion correlationsit isinteresting to ook
for a possible anisotropy of the pion sourcein the transverse plane. The reball created in anuclear
collision with a nite impact parameter isinitially elongated in the direction perpendicu lar to the
reaction plane. In the course of transverse expansion, with the pressure gradient larger in-plane
than out-of-plane, theinitial asymmetry should get reduced or even reversed. A dependence of the
pion source radius on the pion azimuthal emission angle with respect to the reaction plane would
be a signature of the source eccentricity at the decoupling time (Fig. 4).
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Figure 4: Initial transverse anisotropy of the reball, and how it sho uld manifest itself via the pion source
radii. The top and bottom panels represent the pion emission in-plane and out-of-plane, respectively. The
Rout radius should be smallest for pions emitted in-plane and largest for those out-of-plane, and the Rgge
radius should have the opposite behavior unless the initial anisotropy gets reduced or reversed during the
transverse expansion.

Before one can sort pions according to their azimuthal angle with respect to the reaction plane
the latter has to be determined. The azimuthal angle of the reaction plane was estimated for each
event via the preferred direction of the particle emission aka elliptic ow. The particles were
weighted with their transverse momentum:

Q=3 pcos(2q) (2.2)

Qf =Y msin(2q): (2.3)
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Figure 5. The raw distribution of the (Q5; Q) vector used to determine the azimuthal orientation of the
reaction plane. The distribution was recentered and made round run-by-run in order to make the resulting
distribution of the reaction plane angle uniform.

The raw distribution n(Q%; Q}) isshown in Fig. 5. The distribution was recentered and made round

run-by-run in order to make the distribution of the reconstructed reaction plane angle uniform. The

reaction plane angle was cal culated (modulo 1) from the calibrated Q, components via
Q.

1

Prp = > arctan Q§

The resolution of the reaction plane angle, estimated via the subevevent method, was 31-38°.

With the event plane known for each event the pion pairs were sorted into 8 bins covering

(i 7=2; =2) according to their azimuthal angle with respect to the reaction plane & = ®py; j

Wrp. During event mixing it was required that the two events had similar reaction plane angles:

jW2p i Wioj <7.5°. Theeight correlation functionswere tted by Eq. 2.1; theresulting Rout, Reide,

Riong, @d the cross-terms are shown in Fig. 6. In order to quantify the anisotropies visible there
the squared source radii were then tted with

R? = R%, + 2R?, cos(29") (2.5)

with i denoting { out,side,long}. The out-side cross-term was tted by a similar formu la but with
sine rather than cosine and requesting that Ryso = 0. The R;.¢’s obtained coincide with the mean
radii presented in Fig. 3. The second Fourier components R;:2's, which represent the eccentricity
of the observed pion source, are plotted in Fig. 7 along with the anal ogous results obtained at the
AGS [6] and at RHIC [7, 8]. The values of RZ,., and R5,, consistent in sign and magnitude,
indicate a pion source elongated out-of-plane. The Rgge anisotropy, on the other hand, is close to
zero. Inparticular, it seemsto be signi cantly reduced when going from A GSto SPS energies. The
fact that anisotropies in Rgge and, especially, Rong do not vanish in the limit of central collisionsis
unexpected and is still under investigation.

(2.4)
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Figure 6: Pion source radii squared vs. the pion azimuthal emission angle with respect to the reaction
plane & = Dpair § Wre- The columns represent four of the seven analyzed centralities. Oscillationsindicate
pion source anisotropy. The data are preliminary and come from central Pb+Au collisions at 158 GeV per
nucleon. Lines represent results of the Fourier decomposition (2.5).



Azimuthal HBT and transverse momentum uctuations from CER ES

q
0]
3
S
QD
-

<

< < « 4 4 T T T T T T
E E E
Y e 3 3
~3 b= 2
14 o w 2F 2
1 1 1
0 0 opP-
1k -1k -1k
2F -2 21
-3F -3 3F
4 N I O T 4 TN TR 4 I TP T 4 R T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
centrality (%) centrality (%) centrality (%) centrality (%)

Figure7: Azimuthal pion source eccentricity, represented by the second Fourier component of radii squared
R2(®") (full symbols). The data are preliminary and come from central Pb+Au collisions at 158 GeV per
nucleon. Positive and negative pion pairs have been combined. The mean pion transverse momentum is
0.47 GeV/c. Theresults are to be compared to the anal ogous measurements at the AGS (open blue symbols)
and RHIC (rhombus and stars for 130 and 200 GeV, respectively).

3. Transver se momentum uctuations

It is expected that event-by-event uctuations are enhanced in the vicin ity of the QCD critical
point [9]. The rst CERES results indicated that over-statistical p; uctuations exist in heavy-
ion collisions and that their magnitude is independent of the collision energy within the SPS and
RHIC range (left pandl of Fig. 8). This independence of collision energy is to be contrasted with a
non-monotonous centrality dependence (right panel of the same gure) .

In order to understand the origin of the uctuations a differential analysis of p; correlations
was performed in [11]. The covariance between transverse momenta of charged particles was
studied there as a function of the pair opening angle in azimuth A¢ and in pseudorapidity An
(Fig. 9). Thisrepresentation allowsto identify immediately at |east three components contributing
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Figure 8: Left: beam energy dependence (or rather independence) of p; uctuations. Right: non-
monotonous centrality dependence of the same quantity. Both gures are taken from [10].
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Figure 9: Transverse momentum covariance as a function of the pairiopa&ngle. Short and long range
correlations are visible. The plot is taken from [11].

Figure 10: Differential transverse momentum covariance for centesli0-10% (top left), 10-20%, ..., 80-
90% (bottom right). The two most central bins have highestisttcs because most of the data were taken
with a central trigger. Events with centralities above 60%yrhe contaminated by non-target interactions.
The data are preliminary and come from central Pb+Au coltisiat 158 GeV per nucleon.



