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CERES run history

1990 Installation

1991 completed

1992 200 GeV S+Au 4M central
445 open pairs

1993 450 GeV p+Be 10M pairs

450 GeV p+Au 3M pairs

1995 160 GeV Pb+Au 10M central

1996 160 GeV Pb+Au 50M central
2700 open pairs

1997 upgrade

1998 upgrade

1999 40 GeV Pb+Au 10M central
185 open pairs

2000 80 GeV Pb+Au 1M central

160 GeV Pb+Au 30M central
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CERES setup in 2000

run 2000: 30 M events with centrality 7%
2 M events with centrality 20%
500 k minimum bias events

TPC magnet coils

e

UV detector voltage divider

158 AGeV/c

HV cathode
Pb beam_l S

TPC drift volume

CERES built and upgraded for leptons; but also good for...

pt spectra, elliptic flow, two-particle correlations of hadrons
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blast wave model

Retiére, Lisa, PRC 70(2004)044907
analytic hydro-inspired 8-d emission function

—(T—To)2
) 1
S(x,K) = m, cosh(n —Y) Q(r,d;) e 2

with the space profile

- |
Q(r,ps) =Q(r) = [ 4 o Dia

and the normalized elliptic radius
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and the flow four-velocity

U= uﬂ(xaponpz)
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blast wave model

analytic hydro-inspired 8-d emission function

To)z
SEIK) = m, cosh@-¥) Q(r.g.) e 27 —

with the space profile

- |
Q(r,ps) =Q(r) = [ 4 o Dia

function of four

and the normalized elliptic radius space-time
> coordinates
) = J"S %), @inf4 )’
r (r9 ¢S) I R2

and the flow four-velocity

u=u,dpyp,)
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blast wave model

analytic hydro-inspired 8-d emission function
—(7—-79 )2 1

S(eJK) mgleosh(r ) Q. g) e 27

(|
>

+1

with the space profile

- |
Q(r,ps) =Q(r) = [ 4 o Dia

function of four

and the normalized elliptic radius momentum
: components
5 (rcos(dy))’  (rsin(gy))’ P
r (r9 ¢S) — 2 + 2
R R
X y

and the flow four-velocity
U= uﬂ(xaponpz)
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blast wave model

analytic hydro-inspired 8-d emission function

~(e{rd’ 1
S(X,K):m]" COSh(’?_Y) Q(FD¢S)8 eK-uil
with the space profile i
Qr,p5) = Qr) = RGN 7
_ o _ with eight
and the normalized elliptic radius parameters
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and the flow four-velocity

=1, 7YE]
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CERES (points) and blast T=100 MeV (lines)
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CERES (points) and blast T=80 MeV (lines)
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CERES (points) and blast T=100 MeV as=0.3 (lines)
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Pasi Huovinen

® hydrodynamical model, see e.g. nucl-th/0305064
® freeze-out at a fixed energy density (similar to fixed temp)

@ dedicated calculation of Au+Pb at 158 A GeV, b=2.6 fm

two sets of results:
® T=160 MeV (like at chemical freeze-out)

® T=120 MeV (like at kinetic freeze-out)
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CERES (points) and hydro T=120 MeV (lines)
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CERES (points) and hydro T=160 MeV (lines)
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try another flavour of hydro

black and blue points: CERES data

red line: present day hydro (Pasi Huovinen)
green line: old days hydro (Bernd Schlei)
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Ornik, Pliimer, Schlei, Strottman, Weiner PRC 54(1996)1381, Pb+Pb at 160A GeV;
rapidity and centrality not matched to CERES data so detailed comparison not
possible; but, in any case...

Rout/Rside totally different from the present hydro
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part of the puzzle?

hydro # hydro
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room for improvement in the present hydro?

Use blast to understand what is "wrong"” in hydro:

blast is "hydro inspired” and has 8 free parameters

- hydro source must be a special case of blast source

fit CERES by blast and fit hydro by blast and compare the
resulting parameters

identify THE parameter which is different

- this is what needs to be fixed in hydro
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hydro 120 MeV (points) and blast (lines)
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hydro 120 MeV (points) and blast, fit only HBT!
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hydro 160 MeV (points) and blast (Imes)
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blast vs. hydro

Use blast to understand what is wrong in hydro:

® blast is "% Qi&ipired" and has 8 free paraps€iers
> hydro source }e a special casgrOT blast source
O ..
7

® fit CERES by blast and fit A o%last and compare the
resulting parameters $
& %

2,

® dentify THE parameter which is different O”o

- s is what needs to be fixed in hydro
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hydro freeze-out profile

Why is R, so large
and Rg;,, so small in

hydro ?

Hint by Pasi Huovinen:

freeze-out profile

1-Aug-2007

Pasi Huovinen ~

—— T, =120 Me
—— T, =160 MeV

=

WPCF 2007, Santa Rosa, D. Miskowiec
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blast wave freeze-out profile

20
1sf
16F
14f

fit to CERES data

T (fm)

“fit" to hydro
120 MeV
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Yuri Sinyukov's blast wave freeze-out profile

12

10

T [fm/c]
-

1-Aug-2007

Phys.Rev. C73 (2006) 024903

pi- pi- from PHENIX and STAR

volume and surface
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Bernd Schlei’s hydro freeze-out profile
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influence of the freeze-out surface

r (fm)
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summary

1-Aug-2007

@ blast fits reasonably well CERES spectra, flow, and HBT
@ hydro fits CERES spectra and flow but not HBT radii

@ blast is qualitatively different from hydro (even if

"inspired” by it)
@ troubles with hydro may be caused by:

freeze-out surface moving inward? probably not...
its unrealistically small thickness? probably not...
with the two hydro versions giving so different results

one should be able to nail it down!
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azimuthal HBT from CERES: appetizer

Pb+Au at 158 AGeV
preliminary

4t

0 102030 4050 60
centrality (%)
suggests an

out-of-plane
elongation

q e T

0 10 20 30 4050 60
centrality (%)
no effect --

inconsistent
with R,

-4 S S T S S
0 102030405060
centrality (%)

significant --
against
expectation
and symmetry

more about this subject in the talk of
D. Antonczyk on Friday morning

1-Aug-2007
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azimuthal dependence of pion HBT radii

more about this subject in the talk of
D. Antonczyk on Friday morning

WPCF 2007, Santa Rosa, D. Miskowiec
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pion-pion correlation function

correlation function C.(P.q) = n(p1,P2)
= pair distribution, 2P, 9 n(p,) n(

: i P1) N(P2)
normalized to event mixing

with mean momentum P=(pitpy)/2
and momentum difference d = P,- P4
Bertsch-Pratt coordinates d = (Qour qside!qlong)
LCMS frame
T
o >

out

WPCF 2007, Santa Rosa, D. Miskowiec
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acceptance and particle id

Pb+Au at 158 AGeV
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two-pion correlation function

Pb+Au at 158 AGeV D. Antonczyk
el T R S T B e B N [ TR T i Mo B ) i ) e i i IR ! mia
UN centrality 0-7.5 %
[ 0.4 < P1< 0.5 (GeV/c)
2 L13=<Y<28 1 L . g
L n_-n- - " 1 . 1 - -
1.15 |- - = .o s . -
1R, | ~Rgee | ~1Rgng = -
1.05 |- - . A . I - - il
-. * ..m"‘mm + . ’. ..'”t" ]
1 Sl Ll D SRR e PRSTL NS e o ] B + ot 4 + e
0'95 1 I L I L [ L ] L I L I L I L L I L I AL I L I 1 I A1 I 1 I 1 '] I 1 I 1 I 1 I I L I L I
0.2 -0.1 0.1 -0.2 -0.1 0.1 -0.2 -0.1 0.1 0.2
q . (GeVic) q.. (GeVic) q._ (GeVic)

fitwith  C,(q)=1+Aexps— > R’.q,q, withij=out, side, long
L,]

correct for Coulomb and finite momentum resolution
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HBT radii: pt dependence

Pb+Au at 158 AGeV D. Antonczyk
centrality 5%
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HBT radii vs azimuthal pion angle - expectation

in-plane

R t
ou
(/\
8 I > out-of-plane
x —
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HBT radii in bins of the azimuthal pair angle

1-Aug-2007 WPCF 2007, Santa Rosa, D. Miskowiec 37



pion-pion correlation function

i e .””"—"ﬂf' "-----:J++h.-.-"' 2""’..&#
3-dimensional fit to C, performed separately in
ROUt’ Rside’ Rlong! ROI’ ROS’ RS/ eXtraCted eaCh ¢'bln

@ = ¢rrrr — ¢RP
azimuthal pair angle
with respect to the RP
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azimuthal angle dependence of the HBT radii - simulation

D. Antonczyk

® T Gaussian source parameterization with R, =4 (fm), R, =5 (fm), R, =7 (fm)
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azimuthal angle dependence of HBT radii

Pb+Au at 158 AGeV

R, (fm?)

R, ;42 (fm?)

Rlong2 (fm2)

1-Aug-2007

central
0.0-2.5%

ERESESRES

16k

EERUEN TR R
i~ (rad)

B T N I
i, e (rad)

16k

EERCEN TR R
i, -t (rad)

SRESSSEES

(RIFEETI FRTR FETRA STETA IRAR PR Ph
~15-H05005 115

i~ (rad)

Rk g et TR R

i, - (rad)

L[ A I AR,
-1.5-105005115
I, - (rad)

7.5-10.0%

SREBSSKES

18+
R Eom T
i~ (rad)

ITTEITTY

B o R

e (rad)

e T
it (rad)

15.0-25.0%

EER LT R
i~ (rad)

KRS R KRS
g~ (rad)

S T T L I
i~ (rad)

T30S 005 110
i, -t (rad)

16k

16

EERTENTERER
i~ (rad)

LSRR
i, e (rad)

WPCF 2007, Santa Rosa, D. Miskowiec

D. Antonczyk
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azimuthal angle dependence of HBT radii

Pb+Au at 158 AGeV D. Antonczyk
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pion source size anisotropy

Pb+Au at 158 AGeV
preliminary

D. Antonczyk

parametrize the oscillation with R? = R?,, + 2 R?,, cos [2(®, -Pgp)] 2>
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...compared to RHIC

...........................................................................................
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e CERES 158 AGeV <pt> = 0.47 GeV/c D. Antonczyk, Ph.D.
m STAR sqri(s) = 130 GeV 0.125<pt<0.45 GeV/c
e STAR sqrt(s) = 200 GeV 0.15<pt<0.6 GeV/c PRL 93 (2004) 012301
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source anisotropy vs sqrit(s)

Pb+Au, Aut+Au
centrality 15-20%
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HBT radii: centrality dependence

Pb+Au at 158 AGeV D. Antonczyk

<p,>=0.47 GeV/c
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blast - source shape
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hydro 120 MeV (points) and blast as=0.3 (lines)
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hydro 160 MeV (points) and blast as=0.3 (lines)
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Source anisotropy from HBT
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charged particle multiplicity

Pb+Au at 158 GeV per nucleon

charged particle multiplicity determined

from hits in the two silicon detectors dNch/dn in central collisions of Au or Pb
compilation by A. Andronic
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determination of the reaction plane
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distribution of the reaction plane angle

D. Antonczyk
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resolution of the reaction plane

D. Antonczyk
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