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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

19-Sep-2007
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this talk

® 71990-1996
® 1997-1998
® 71999-2000
® 2000-2005
® 2001-2007

prehistory
upgrade
running
calibration

analysis
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Sources of ete pairs

all stages
contribute

Drell-Yan

thermal radiation from QGP
(quark annihilation)

thermal radiation from hadron
gas (pion annihilation)

meson decays

gamma conversion
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CERES results 92-96
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Origin of the excess pairs

@ absent in pt+A, present in A+A
@ Mee range 0.2-1.0 GeV/c?
@ low pt

@ proportional to charged-particle-multiplicity squared

consistent with

t+nm—>p—>ere
q +gbar — y* > e* e
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setup with TPC: 1999 and 2000

run 2000: 30 M events with centrality 7% TPC magnet coils

2 M events with centrality 20%
500 k minimum bias events . - 140

UV detector voltage divider

158 AGeV/c

HV cathode
Pb beam™ S e o

TPC drift volume
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setup with TPC: 1999 and 2000

run 2000: 30 M events with centrality 7% TPC magnet coils

2 M events with centrality 20%
500 k minimum bias events . - 140

voltage divider

UV detector
80
158 AGeV/c HV cathode
Pb beam™ " o
TPC drift volume
-1
SD: event vertex, track vertex and angle
_}525UJIIIII|IIIIIJrIIII]IIIII][IIII]l
&
Boene event Az=0.2 mm
1850 track AO = 0.2 mrad
i I l Ag =2 mrad
50
—?2.; I I—‘IZI I -11.8 -11 -108 -10 -9.5 —SJJ 1—'85
event vertex z (cm)
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setup with TPC: 1999 and 2000

run 2000: 30 M events with centrality 7% TPC magnet coils

2 M events with centrality 20%
500 k minimum bias events

UV detector

158 AGeV/c

HV cathode
Pb beam™ " o

TPC drift volume

19-Sep-2007 D. Miskowiec, Hades Summer School 2007

10



setup with TPC: 1999 and 2000

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

UV detector

14°

158 AGeV/c

HV cathode
Pb beam™ " B

TPC drift volume

radial drift TPC: momentum and energy loss

Aplp=2%D1%*p/GeV
Am/m = 3.8 % for §

A(dE/dx)/(dE/dx) = 10%
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Silicon Drift Detectors (SDD)

n-implant.
anode

|

|

|

\
0.27% X/X,

250 pm

charged particle
IMIP # 25,000 & # 4fC

like a drift
chamber

19-Sep-2007 D. Miskowiec, Hades Summer School 2007 12



Ring Imaging Cherenkov (RICH)

UV detectors
BEFORE target
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Ring Imaging Cherenkov (RICH)

RICH1 RICH2
RICH specifications:
An 0.93 0.61
<n > 2.34 2.34
Radiator length (m) 0.9 1.75
Radiator gas C'Hy C'Hy
“ehr (measured) 31.4 32.6
window Caly quartz
RICH band width (eV) 5.4 - 8.5 54 - 7.4
Mirror specifications
material (thickness) carbon fiber (0.8 mm) glass (6 mm)
geometry one piece 10 azimuthal segments
inner/outer diameter (m) 0.20 - 0.65 0.85 - 1.75
focal length (em) 126 420
UV-detector specifications:
UV-detector area (m?) 0.42 2.84
inner/outer diameter (m) 0.27 - 0.79 1.06 — 2.20
number of pads 53800 45400
pad size (mm?) 2.74x2.74 T.62x7.62
channels /module 8> 32 11x11
number of modules 210 400
readout chains 16 14
readout freq. (M H =) 2.5 2.5
readout time (us) 1600 1600
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Ring Imaging Cherenkov (RICH)

UVl

A A g CalF, e

Sy

Quarz t S Vs

C1

Al

G1

G2/C2 H
A2

pitch 2.7 mm
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10/ 6 mm

15 conversion gap

4 1st amplification

13714 1st transfer
4
4 2nd amplification

9/11 2nd transfer
5

2/4 multiwire amplification

R‘ﬁ'esistive layer

pitch 7.6 mm

dielectric (0.6/2.6)
pads
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Ring Imaging Cherenkov (RICH)

If | were a RICH man
Ya ha diddle diddle...
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Ring Imaging Cherenkov (RICH)
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TPC — principle of operation

m,
i —

W
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y el
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3dim position
information
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CERES TPC

@ cylinder@2.6 mx2m

@ gas Ne:CO2 (80:20)

@ radial E-field Eg~1/r with
E=200-600 V/cm

@ radial drift with v=0.7-2.4 cm/ps
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TPC E and B fields

TPC magnet coils

=
. i
8°

H‘V cathode

0

TPC drlﬂ volume

ber

(semi)radial B
deflection in @
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first laser shot into CERES TPC

Tek Aun: E.IZIDMS.-’E_: Samplea ]
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TPC built within
1-2 years

e =

Chi EGameE EEE Sodei s M 14 0 Chi F =q=4n=m€m.w 1@
161727
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laser for TPC calibration

beware of
> _magnetic field

4 f=300mm f=-75mm w TPC

LASER

|
\ T

| 11T m | 244 mm | Em |
™ e
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laser for TPC calibration

=
e 5
ROTATING E REMOTELY
MIRROR | w CONTROLLED
< ADJUSTABLE
/ MIRROR
us | 7| 1o syumETRY AXIS.
L H (PARTICLE BEAM AXIS)
'\ POSITION
SENSITIVE
DIODES
monitor the laser
ray position before
they enter the TPC
|
d rd
< s i /
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laser for TPC calibration

transmitted ray

z 4
E
= 2
0 | (\
° ‘H‘m—l//
-4 I I I
-4 2 D 2 4
X (mm)
. reflected ray
= . : :
=
- 2

use diode info to
make sure the ray 2T
is on the z-axis
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laser for TPC calibration

Video not available, cannot find "vids:cvid'
decompressor.’

remove mirrors
from z-axis
during spill

tpc. avi
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2000 run of CERES - DAQ

trigger Runcorniral
system [
| ST || BiLey J |_E1h9me1 . event builder PC
VME crate 0 casennre T T = |
E‘ = = st disk
NN TR Ethermet
! Ethamet
1 = = event h:..lik:ler PC
— 2 E 2 E g Gigahit disk
T 'E, T 'E, Ethemet @
‘™ ‘™ .
tape
| @
_‘1"'
—
trigger’SDD VME crate(s) PC 10>1 scheme

fast and elegant

10 collecting PC's in spill (4.2 s) 300-400 event/spill
in spill pause (15 s) sending to 1 of 7 receiving PC's
receiving PC merges the 10 streams into 1 file 200 MB/spill

the file stored on CASTOR
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2000 run of CERES - trigger

TPC
VW RICH2 MD
RICHI m
BCl1 VC
_ B SDDs
N \S Y - A\ T <
T 77 - V] H my
yvacuum BC3 vacuum
Target
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2000 run of CERES - trigger

—— /o |
+ I 30 1 S
Pb - - Illr_l .
A oI
;| mc
T c—
7 SD1 SD2
,-";.
1cm 13
BC1 beam Cherenkov 1 centrality trigger with beam before-
BC2 beam Cherenkov 2 and after-protection
target
BC3 beam Cherenkov 3
MC multiplicity counter
air Cherenkov
BC1*2 beam .
BC1*2*A3 minb guru V. Yurevich

BC1*2*A3*"MC central

19-Sep-2007 D. Miskowiec, Hades Summer School 2007 32



2000 run of CERES - trigger

5 T 5 T , .
= & ® & first part (1/4) of the trigger scheme
o 7 g
T E E E
= = = =
MIMIECL prat logic MIMIECL e.am {clizc
BL2 cony gen unit cony riink
BC3 & fanout & fanout central 0
=1 M Clow N S
iz phys
ML high 2
MDD
B GGupd 1 us
= e GG upd 70 us
reset ar
disturbing interaction Lte
disturbing beamn
L — g 10°f
: 3 10°;
the simplest beam-before- ol
protection system in the 0’
world: one gate generator o2 A Mo
10, ,
-4000  -2000 0 2000 4000
t-ttriggtar (ns)
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2000 run of CERES - trigger

old scheme:
- VME modules controlled by an old FIC processor

new scheme:

- old FIC processor just forwards read and write
commands to VME modules (server)

- client software on Linux

[L] & [1]&![E]

—
[0]&[1]&![2] &[] |

[0]&[1]&![2] &[]

[O]&[1]

split:

simple server talking
to the hardware [0)&[1]&![£]

all the rest on linux [O]&[1]&![2] &[]

[0] (4]
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top: click
ottom: see result

.mrt o

SLT

DACOR
s50D
RICH 1
RICH 2
TPC
B
Alays on
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|
09h15 09h30 10h00 10h15

mink*100 |

including
formulae
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2000 run of CERES

==l CERES scaler viewer - O X

H1ﬂ‘13}
6000 ;
2000 ~

— 80 GeV run
I for free

3000 : 1 /\ /D

2000

1000

BC1/1500
SLT*{cent=0)*(SLT<1000)
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2000 run of CERES

=N CE Saler viewr

pipeline activated
just by shifting the

"remove busy" line ~N_ . .. . ... .'é .................
in the software yv———>. S S B NS
o < :
N\ 2 8 S e L
N £
.......................................................................... Do

B R R R = R R e g

- o

=

D. Miskowiec, Hades Summer School 2007
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TPC performance

é i . i [T T — | : .
et [ - - . :
I : £ _
& g ] B {
g €=957%+-0.1%| | ! :
0.6} ] osh ;
0.41 ] 0a- {
02 . 0.2 -
2“'l'“'l""l""'"""""'---l---ul-...l....|....: D-I" [P I I PR SR SN B i
% 1 23 456 7 8 9 10 I N T B T
P (GeVic) phi (rad)
x10° .
P e
E 7 |—— fitted hits on tracks ._: :_E

good

T PP P P T
10 12 14 16 18 20
number of hits
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TPC electric field

@ laser tracks curved
- field is "wrong"”

- better calculation
needed
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Maxwell package at CERN

19-Sep-2007

. Miskowiec, Hades Summer School 2007
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19-Sep-2007

D. Miskowiec, Hades Summer School 2007

finite width of
the stripes!
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TPC electric field: calculate precisely!

maxwell (black) and mymax (red) at phi=1, z=0

maxwell package:
bumps

custom calculation:
perfect

"smoothing”
works great

Ephi (W/mm)

075 |

Er |{I‘Wmm}|

500 520 540
r (mm)

i i i i
500 750 1000 1250
r(mm)

Ez (V/mm)

I T R L R i

d ]

12580 1300 1320 1340

500 750 1000 1250
r(mm)
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TPC electric field: account for bad resistors!

PS

resistance of
full resistor chain single carbon resistor
(CERN stock)

upstream HW cylindar

1988 measurement

— 400
g " g 1.05
= 390 T,
Alu ring E \:‘\%‘?\g& E
380 | el o 1
%, ‘\H\
@y v e 095 |
g1 kS
360 | .
350 | : 0.9
a2 340 |
085 |
330 |
BT 20 a0 a0 se 0.8 o Di2 Di4 Diﬁ D=8 ‘II
b (kW) ) ) ) -

U (kV)

ES
=]
s

bad luck with
resistors

o

2
o
B
z
o

©
{A?JE?_E;QCS?_W% D
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TPC electric field: short in the resistor chain!

1998 measurement 2000 measurement

R (MOhm)
R (MOhm)

ol

340 - .......... .......... .......... ......... N

a0 a0l

O S U R N S S N R
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TPC electric field: leaking through wires!

Z (cm)

19-Sep-2007

actual0 v nominal 0 V

......

..........

D. Miskowiec, Hades Summer School 2007

2-d Garfield
calculation
including wires
matched to

the 3-d calculation
of the drift volume
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[} an 192 = 420 e Lz

phi (pad number)

TPC electric field: chambers misaligned

a 1 2 3 4 ] ] v 8 9 10 11 12 13 14 13
J— \ e y :
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r ; anateres - o
et ww\-\_“"“‘...,\ e ""'“"-:._.n-“-"" rf g T plane @
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y * - e, . S
! o e i, :
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L T o Sy
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L B ", - . : | g
e it e ’,f" P A Fle
5 o T i ; S
[ ermem “'\k o . __v."'"'w-".-l—'\u--\.: r’fﬁm-’""-““ .‘g = Hane3

effect of chamber misalignment:

1. drift path modified

2. drift field modified

(similar contributions, same sign)
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TPC electric field: chamber misalignment corrected

1. calculate 2-dim potential with
nominal geometry V, ;. inai

y(")"fh) -1pDoD -1o00 G
400 10 mr it
E =
= N x\_\_ \'; \-x . \ |
2. calculate 2-dim potential with N N
misaligned chamber V, ..., o |
-zoo |/ F // : :_//’f__
_,f"r r” I_,/'
x (mm) x (mm) X (mm)

3. calculate corrected 3-dim potential as

v3cor = v3 + v2,misal - v2,nominal

iterate misalignment until reconstructed
cylinder has R =486 mm
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TPC electric field: chamber misalignment corrected
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TPC electric field: residual correction

potential (V)

ring voltages adjusted to
remove the remaining
curvature of laser tracks
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drift time: effect of the trace length

trace length (cm)

R (mm)

486.0 ¢

485.5 |

485.0 t

484.5 |

484.0

483.5 |

483.0 L

19-Sep-2007

O = N W s 3~

trace lengths

' / affects

capacitance
affects

487.0 v

pulse shape

486.5 |

affects
timing of the amplified pulse
" ] affects
measured drift time

10

20

30 40

mod(pad,48)
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drift velocity determination with laser tracks

043 - . .
g %0 = 7
2 D oaz | £
S 80 | r=~486 mm .,-E
o 041 | : i F
s 70 { r~600 mm E ,.-"':-:
: £ o4 |
E 60 *+] r~700 mm = Magbolt=:
8 o3 | @900 z:aC
E E 793197 10, 23.1°
= 50 1 ¥ =800 mm E:E1E_:|I|3:I1
033 ,."r
40 1 r=900 mm M,
03T I H ))J'J _.-
30 1 r=1000 mm oas | Ao m
20 1 r=1100 mm 0as | -r_{;:-f'”r fit bo lasar data
0 ‘ I I ‘ 033
0 5 10 15 20 80
plane

lines: absolute laser ray positions
known from the laser system
points: hits reconstructed by the

(calibrated) TPC

drift velocity different
from the one calculated
by Magboltz
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0.08

0.06

0.04

0.02

final momentum resolution

A pJp, = \(5.8%)%(p, 0.8%)°
A Ps/P; = \(1 .5°,»’£=.)2+(p3 1.E:‘a°f£=.)2

-ﬂ" pcumbfpcumb

/ not assuming vertex

assuming vertex

reasonably
good

0o 1 2 3 4 5 6 T 8
Puc [GeVic]
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try to reuse as

analysis scheme

much as possible

raw data
v
(beam detectors calibration) step0 )
v
(SD, RICH, TPC calibration) stc.ip1 >production
(tracklet and ring reconstruction) step2
| _/
ROOT trees
(matching, fitting, electron filter) step3e step3c (matching, fitting)
v v
electrons charged
' particles
electron *
charged . ..
e particle (pairing, event mixing)
analysis

19-Sep-2007
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centrality determination

Pb+Au at 158 GeV per nucleon

centrality deduced from the multiplicity
of charged particles around mid-rapidity

MC amplitude

E350
MC scintillator amplitude 2.95 <n < 4.05 £300
TPC track multiplicity  2.10 <n < 2.80 R250f it
mid-rapidity y = 2.91 L S
il =8
g 1 100 |
'E ST fminimum bias (B0PG) ! 20
8 02 o T | | o f
E‘I : : h’——:—"""'h;, central El[?",-’o]
3 T e S
2 L e i R
[ T B <Y
a1 e e e .L” - SRR
a i i ht
o C ! ‘W’HH
5 [+ | P T S R SR I'
0 500 1000 1500 2000 2500
MC ampltude
EI[F.I"E .E:[Ff’n -1I[ﬁ"rn Iﬁan GEl"‘l’trﬂlit;
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nuclear overlap on the web

http://www.gsi.de/~misko/overlap

Web interface for a nuclear overlap calculation code 5 5 ﬁ
]
This nuclear overlap code will calculate the number of participants and the number of binary collisions in % %
an nucleus-nucleus collision via the mass distibution within the two colliding nuclei. Please enter the oy
input parameters below. 3
<
| [
&: {208 (mass number of the projectile nucleus) g
— m
E: |i208 (mass number of the target nucleus) (§_
Which density profile do you want?

~sharp sphere
W nods- Saxin Average number of participants and collisions

sigma: |42 (inelastic NN cross section — —
fram: b= |0 fin or |10 centrality

42, 60 for $=56, 130, 200, 5500 GeV, re

Statistin:s:l?ll:ll:ll:l (number of trials per { 100 b=|#.8 fm or |L10266  centrality

Suhmitl calculate|

Mumber of participants: | 3324, 4

& lead lead collision calculation takes t

Mumber of collisions: [P48. 8
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charged particle multiplicity

@ dileptons traditionally normalized to dN_,/dn

@ rather than repeating the standard analysis,

for the 2000 data set new approach:

data driven N, analysis (no Monte Carlo!)
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CERES e+e- mass spectrum:

-4
710 EIIIlIII|III|III|III|III|III|III|IIIE
3 CERES/NA45 Pb-Au 158 A GeV
@
E 10_5 I " Preliminary Gy, g’ﬁtntx 7 % |
x p,>200 MeVic
E ®e>35 mrad
X _
$ ' 2.1<1<2.65
E107H N L .
" C
r4 i
=
.y
— 10" :
N., in 2.1<n<2.65 :
|
107 } .
1 1 1 | 1 1 1 | 1 1 | | 1 1 1 | 1 1 1 | 1 1 | ] ] | | | 1 17
0 02 04 06 08 1 1.2 14 16 1.8
m,. (GeV/c)
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dN_,/dn determination without Monte Carlo

— Q)

segmented Au target
13 disks 25 ym thick
diameter 0.6 mm
disk-to-disk 2 mm

two silicon drift detectors

360 anodes in phi

(hit makes signal on 2-3 anodes)
radius via drift time
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19-Sep-2007

in principle can be done by counting tracks,
track := matching hits in SD1 and SD2. But...

@ single track efficiency

@ fake tracks

@ two-track resolution

@ delta electrons

D. Miskowiec, Hades Summer School 2007
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single track efficiency

sd1 phi sd2 phi

L1 LI LI LU LI L LI LI L : I LI LI B | LB LI LI LI 1 I
20000 . 22000 . .
18000 . 20000 : -
16000F - 18000 : ]
F . 16000 F .
14000} ] - ]
s ] 14000 m
12000 . - ]
- . 12000 -
10000 i ] C J
- : 10000 ]
8000 . 8000 C ]
6000 . soook ]
4000 ] aoo0of :
2000 . 2000F
0 il [ b [ I 11l 0 n 1

-3 -2 2 3

SD1 phi

® pick two regions of phi without dead anodes
® acceptance determined by SD1 (narrower windows)

19-Sep-2007
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fake track subtraction

| track vertex z

30000

25000

20000

15000

10000

5000

r

mmmsasmsssssssMesssssssfassssssskssssssssesssssssdsssssssstessnssenkedhoccnmuankan

mmmmmslessssssdesssesssbasscassckassnsnasdeasnsamadenanmsandonasnneghbonannsnstnn

S -y SRR SRR TSRy - SRR SRR S

f——
11 1 1

ul L
-20 -18 -16 -14 -12 -10 -8 -6 -4

) SV SRR SN SRR SNSORE SO oo
o

vertex z (cm) for hit pair

abscissa:
SD1 SD2

vertex z
19-Sep-2007

track - event vertex z [

30000 F T T T A T T T L e L L L L L F T
25000

20000}

15000}

10000}

5000

vertex z (cm) for hit pair, event coords

ordinate:

- aligned A1*A2 + B1*B2
- rotated A1*B2 + B1*A2

D. Miskowiec, Hades Summer School 2007
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two-track resolution

sd2 dr vs dphi for hit pairs |

sd1dr vs dphi for hit pairs |

- 0-2 0-2 1 lll! LR ! LI ! LR ! T
E 3 | W R S S
20.15 2 0.15 - R S S
o H H
= - i 700
2 0.1 Q 0.1 s
; 600
0.05 0.05 s S S
i 500
-0 -0 .......,.................;........i. .....
g 400
-0.05 -0.05 ARt S
; 300
-0.1 -0.1 i — 200
-0.15 -0.15 l R B e 100
O H : : H
_0-2 ' Ili L1l :' L1l i L1l i L1l 0 _0-2 .‘.I i L1l i L1l i 11l i L1l
0.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1 “0.1 -0.08-0.06 -0.04-0.02 0 0.02 0.04 0.06 0.08 0.1

SD1 dphi SD2 dphi

@ inefficiency for pairs of close tracks
@ make it worse by applying cuts,
study the influence on the result
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two-track cuts, extrapolated to zero

rrrsepdep

dn/deta

0 0.05 01 0.15 02

0.25 0.3

r-cut (cm)

<D
—

a

dMch/deta

450

500_IIIIFIIIIIIIIIFIIIIiIIIIIIIIiIIIIIIIIIIIIIIIII_

400F

O S S S S ~-and 2frack. -
- —¢— ¢ ¢ |

G IIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIII|IIIIIIIII|IIII-

=Q= cor. for fakes

2 21 22 23 24 25 26 27 28 29

3

eta
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delta electrons

I_IIIrlilI1!Ii-lIIIIIIIIIII:I-I:II-!I-lil|IIII|IIII|I:II-I_

P U PP PP T PRI P PFE PP PP PP PP PPPE PP PR PP
r 1 i T s 3 | \

.
£n
[

L
5

determined in the same way ¢ 3 2 3 B F @ &
o pen;ral..ﬁ%.; ........ sk

but using data taken with the
beam trigger

dMNch/deta

I
O
=

T

- i i i L r ¥ 1 3 -
i i & i i i i

B . H i 5 i i i i T

T T T T T -

| & i i i & : i i i |

& ] i H & i i i i -

o A
112 of the obtained delta electron - EEEE e
multiplicity subtracted 150 ,.,, ....... ........ ....... ........ ....... ........ ..... ,,
(on average, beam passes through
half of the target thickness before 1[”] E..._ ........ ..; ........ , ....... .,,. ....... ..., ........ , ..... ..:.
making an interaction) 0] L S RN N 000 oty s ..... 4

-

—g N -
ULIIII.EII-IliII!|TIIII Illlthill‘lliiim
2 212223242526272823 3

eta
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dN_./dn vs centrality

FrT1T 17 17T T T T T TTTTTTTTI

%

corrected for fakes

...and for 2-track resolution
seen by TPC (not discussed here)

dNch/deta at eta

T~ NAS7

T NAS5O

corrections are significant

corrected results agree with

NAS57 and NA50O

0 10

Thu May 12 16:22:14 2005

20 30 40 50 60
centrality (%)

s Summer School 2007
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dN_./dn vs centrality

&

+ ; 0-5%
¢ p4E SR SRS SRS S S

11 l TR T T | l T T T | l L1 1 1 I L1 1 I L1 1 1 I L1 1 l il
00 50 100 150 200 250 300 350 400
N

part

flat N, per participant
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dN_/dy vs sqrt(s)

dN,,/dy in central collisions of Au or Pb
compilation by Anton Andronic

1000 |
ao0 |
800 |
700 |
BOO |

soo |

dN, /dy

a0 |

00 |

20|

A JEIOL REhl

10 10

dN_,/dy=1.025 dN_,/dn applied at SPS sy, (GeV)
dN./dy=1.1 dN_,/dn applied at RHIC

EB95
EB7Y
NASD
MNA44
CERES
MNA4S
NAS7Y
FPHOBOS
ERAHMS

good agreement with
NA49, NA50, and NA44
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dNch/dn: problems and solutions

single track efficiency
use the best performing parts of detectors

fake tracks
subtract event mixing

two-track resolution
apply separation cuts and extrapolate to zero

delta electrons
measure and subftract absolute multiplicities
without Monte Carlo

@ absolute multiplicities without Monte Carlo
@ result very reasonable
® systematic error estimate 12% max
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determination of the reaction plane

0.2 L L

sz - Zpt 'COS(Z(Pi)
sz :Zp; -sin(2(pl.)

Dy = lar(:ta L
2 X,

-0.05

-0.1

lllll[llll]llllillll]lllll]III1|IJJ[

-0.15

o
Il]IIII|IIII][IlIiIIII]II]I]III]|IIlI

-0 P s e i o ol ol v o o 1 s s
'-%.2 -0145 -01 -005 -0 005 01 015 0.2

X
Qz, TPC
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distribution of the reaction plane angle

D. Antonczyk
x 10* x10*
5 :I LI I rrri I rrri LI LI I LI I: 3_2 :I rrri | rrri rrri I LU I LI I LI I::I LI | rrri | LI | LI I LI I LI I:
dN_ 1dN | T E
av _, HavY__F T recentered ]
a b RAW 1 ,6f recentered E3 & E
F : 5 3 normalized E
ot ; W
2 4 24 E
1 :I L1 11 I L1 11 I L1111 | L1 11 | L1 1 1 I L1 11 I: 2-2 EI L1 11 | L1 11 | 111 I L1 1 1 I L1 11 I L1 11 I::I L1 11 | L1 1.1 | L1 11 | L1 11 I L1 11 I L1 11 IE
-1.57 -0.785 0 0.785 1.57 -1.57 -0.785 0 0.785 -1.5 -0.785 0 0.785 1.57

¥, -, (rad) ¥, -, (rad) ¥, -, (rad)

really simple
calibration
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resolution of the reaction plane

D. Antonczyk

3

o 0 _II LI I LI I LI I LI I LI I LI
e :I rrri I LI I LI | xz f ndf 70.02 " 43 0-72 : v G TPC
= 195 3 N A,
B:n C PO 1.67e+05 189 & 0.7
Z|7 - p1 1.292 + 0.001 -
> - ] n .
S 1851 — 0.66 — —
- . S | ]
180 : 0641 i =
: ] 062 % T =
1750 E - : ]
B . 06— " _T_jl — —
170[- . - —— | .
- ] 058~ _g—'— =
165F - u - ]
C B 0.56— = — -
- . - S T .
100} ] 0.54F -
_I L1 11 I L1 11 I L1 11 | L1 1 1 I L1 11 I L1 11 I_ _l 11 I 111 I 111 I 111 I L1111 I 111 I 111 I 111 I L1 11 | L1 I_
-1.5 -1 -0.5 0 0.5 1 1.5 0 10 20 30 40 50 60 70 80 90 100
YormVsgs centrality (%)

resolution 31°-38° (depending on centrality)
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e*e™ analysis

tracking
J
electron identification

\J

n%-Dalitz and y-conversion rejection

pairing
\J

subtraction of background
(like-sign or mixed events)

efficiency correction

\J

mass spectrum

D. Miskowiec, Hades Summer School 2007
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e+e- in Pb+Au at 40 GeV per nucleon

Kirill Filimonov, Sanja Damjanovic
Phys. Rev. Lett. 91 (2003) 042301

-4
x10 -4 _
02— T T 10
i - Pb-Au 40 AGeV ols_ =30 %
018 . . ] i <dN_,/dn>=216
- - e unlike-sign B
N ! D 211<n<2 64
o 0161 o like-sign g o 10
S i § p,>0.2 GeVic
% 0 M:_ % g % ®__ >35 mrad
o I pag
o B N
= 012 [ E 10
A
5 0.1 _+ . A
= 1l =
Y 0.08f - V
A A
2 B
£ 006 - £
ke] 5 \
i 3 )
= 0.04 . = \
o o
% Y \
0.02} \
: |.___-.=- .
0 e . | L
0 0.2 0.4 0.6 08 1 1.2 12
2 2
m.. (GeV/c") m.. (GeV/c)
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Modification of the p-meson mass observed

CERES, submitted to Phys. Lett. B

compared to the cocktail of e+e- compared to two model calculations >
from hadron decays > excess "in-medium hadronic" scenario fits better
-4 -4
1 CERES/NA45 Pb-Au 158 A GeV L CERES/NA45 Pb-Au 158 A GeV
G Opigl Oror= T % S ; Orpig/ Oror= T %
E p,>200 MeVic E p,>200 MeVic
E ©..>35 mrad FD_, 1078 fi ©..>35 mrad
ks 2.1<1<2.65 ks 2.1<11<2.65
- =% =0 1 in-medium hadronic =
% ¥ ‘ -
;ﬁ (a) ;ﬁ , % Rapp Wambach (b)
£ E #ze \4
g

2 2 PN S A
¥ ¥

1 m
e ’*-.-

dropping mass

Brown-Rho
108

1.2 14 16 02 04 06 08 1 1.2 14 16

FH— —= T L11 |I||||||| T

0 02 04 06 08 1

0
m,, (GeV/c?) m,, (GeV/c?)
2818%348 open pairs
S/B =1/21

enh. 2.58*0.32(stat)*0.41(syst)*0.77(cock)



closer look: p-meson signal (all other cocktail components subtracted)

1.8
1.»5:—|\l

1)
1.4 \

1.2'—r| |

<dNg/dm,>/<N_ >(100 MeV/c) ™

|
0.8 :—r

06_—]

0.4f

0.2F

19-Sep-2007

cocktail p
dropping p mass
— — - in-medium hadronic

(a)
dropping mass
Brown-Rho
in-medium hadronic
¢ Rapp-Wambach

vacuum p

T2 14 16
m,, (GeV/c?)

1

<dN,/dm,,>/<N_,>(100 MeVic}™’

187

16|

cocktail p
— — — p spectral function w/ baryon effect

same but without

p spectral function w/o baryon effect

p-baryon interactions

0 02 04 06 08 1 12

-—
1.4 1.6

m,, (GeVic?)

Brown, Rho, PRL 66( 1991)2720, Phys. Rep. 269(1996)333, Phys. Rep. 363(2002)85
Rapp, Wambach, Adv.Nucl.Phys. 25(2000)1, Hess,Rapp, PRL 97(2006)162302

p - enhancement in hot
and dense medium

interactions with baryons responsible

D. Miskowiec, Hades Summer School 2007

for the observed p-meson modification
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e+e- mass spectrum: lowering the pt-cut

Pb+Au at 158 GeV per nucleon Sergey Yurevich
‘Tﬁ 10_4 I T T T T T T T 1T T 1T T T T T T T T T T T T T FI‘-‘. 10_4 I T T T T T T T T T T T T T T T T T T T T T T T T ]
o ] o ]
% CERES/NA45 Pb-Au 158 A GeV | > CERES/NA45 Pb-Au 158 A GeV |
= . ] = - ]
§ o Preliminary Sirigl Stor= 1 % ] § 10" Preliminary gl Stor= T % |
:"Tg p,>100 MeV/c ‘K‘% p,>100 MeVic
= 1 = ]
‘E_ ™35 mrad : ._} O35 mrad
_g“’ 10° 2.1<n<2.65 _g‘" 10° L 2.1<1<2.65

< N F
z g
v v +

107 : 1071 .

10" ; 10° L .

| | 1 1 L L 1 1 L L L L | L L L L L ] [y | | | 1 1 1 | | | | | 1 L L L L L | | L
0 02 04 06 038 1 12 14 1-62 0O 02 04 06 08 1 12 14 16
m,. (GeV/c’) m,. (GeV/c?)

S/B =1/87
enhancement for 0.2<m<0.6: 1.52 + 0.36

poor signal-to-background ratio due to the nt°-Dalitz electrons
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e+e- mass spectrum: increasing the pt-cut

Pb+Au at 158 GeV per nucleon Sergey Yurevich

fa
fa

—
On
—
ol

CERES/NA45 Pb-Au 158 A GeV

CERES/NA45 Pb-Au 158 A GeV
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(I) - ete—extracted from (I) puzzle: D. Rohrich, J.Phys.G 27(2001)355

the e*e~ mass spectrum;

Phys. Rev. Lett. 96 (2006) 152301 Ana Marin
o o e CERES - et e
- 10
¢ > Kk o) . CERES & K*K
§ M: Tl ;RELIIWNA; !_ E X NAI9 D = KK
¢ BEAGY ] = N NASD o—u*
ncod B LN, = M
r 91 scaled to NA49 rapidity range —|
WI: 1.5 GaVic p zfi‘:‘::i’ﬁ . -.E E E
5 5 £ f ]
u; ++i __E:- . — —
[ ] 10 | —
j  ihedsteba i dout = ]
My (GEVIC) B .
i X i
leptonic and hadronic - D
channels agree T T T T Y T T T T T T

0 02 04 06 08 1 12 14 16 18 2 22
m,-m, (GeVic)
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First HBT analysis with upgraded CERES

Heinz Tilsner and Harry Appelshéduser, PRL 90 (2003) 022301

Freeze-out volume
Vi = (211:)312 Rlong Rside?
J/ has a minimum at a beam energy of 10-40

4000 |

3000 | + ++ .

2000 [

Vi(im)

_,1,._._-

GeV per nucleon

Particle multiplicity times mean hadron-
1000 | ] hadron cross-section No has a similar
beam energy dependence

. =

Vi/INo=Af=1fm
independent of beam energy

. =

freeze-out when
mean free path = 1 fm

4000 |

N (fm )

3000 |

2000 |

1000 |

1 10 10°
sqrit(s) (GeV)
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new analysis by D. Antonczyk 2003-2006

better momentum, centrality, reaction plane resolutions

better two-track separation cut

full statistics (30 M events)

emphasis on nonidentical and reaction plane
dependence...

...however, most of the statistics central 7%
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pion-pion correlation function

correlation function C,(P.q) = n(p4,P,)
= pair distribution, 2(F 9 n(p,) N(p,)
normalized to event mixing 1

with mean momentum P=(p,+p,)/2
and momentum difference q = p,- P4
Bertsch-Pratt coordinates q = (9out sider Jiong/
LCMS frame
T
9 >
= —_—)

out
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acceptance and particle id

Pb+Au at 158 AGeV

L)

AR B R S Tk e R o o B [T LI I B0
H

dE i

dx
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=)

.
-9
lIIIIllllllllllllllllll

P == (GeVic)

1.2

.a.iu.l:.al...la.:h_._._ﬂ

|1 BT e S ] P e 36
(i [P es e e AR AR A SR R R e
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—

midrapidity: y=2.91
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two-track cut

P P P- P- P-

(
N

tru/mix
tru/mix

1.02 1.02

different cuts
needed for
cowboy

and sailor

0.98

4100 0 100
Ad (mrad) Ad (mrad)
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two-pion correlation function

Pb+Au at 158 AGeV D. Antonczyk
el MR CRGE T T | T T T T T T T T T T T T T T
ON centrality 0-7.5 %
[ 0.4 <P, <0.5(GeVic)
42 L13<Y<28 . 1 1 =~ B
L TC-'TC— - " 1 . 1 .
1.15 |- - - > o -+ . -
~1IR,,, I ~Ryy | ~1Rgn, = ™ _
P4 L — Y 1 — — 1 — e ]
1.05 |- . . 1 . 1 e * .
1 -”‘“0‘0-.«-“. AT s Rancianir- = ++++“.‘ ."..N+++ I
opmetiidl & Lo il e il o J o [l f i e W e T o T T g i il o 0w 0w e s U g
-0.2 -0.1 0.1 -0.2 -0.1 0 0.1 -0.2 -0.1 (V] 0.1 0.2
a,. (GeVic) d_, (GeVic) Uong (GeV/c)

fitwith  C,(q)=1+Aexp Z Rl.z’qu.qj with i,j = out, side, long

I,j

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

Pb+Au at 158 AGeV D. Antonczyk

<p;>=0.47 GeV/c

R, (fm)
Rige (fM)
Rlong {fl'l"l}

ST ha g Sfo e

ab P S N b

30&1;]1:52;]22530 %Ei1;]1i52il]2i530 %é1iﬂ1i52il]2i53ﬂ
centrality (%) centrality (%) centrality (%)
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with Ogegoy =6.94 b




HBT radii vs azimuthal pion angle - expectation

in-plane

out-of-plane

Rside
4P
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HBT radii in bins of the azimuthal pair angle
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pion-pion correlation function

" .«-—-.._._.: % ,ﬁ_._-....;, .'.._--.._-: ‘|i’++"’..-.. ..'”..""#J[|‘

Popo NP MU RO ISR MAPSR PR B | 1 1 1 1 1 1 [ P IR NI SO S BPe P
0.1 L] 0.1 0.2 0.1 a 0.1 -0z 0.1 a 0.1 o2
L T (GeVic) Ay (GeWic) q (GeVic)

\

3-dimensional fit to C, performed separately in
R, Rsiger Rionew Rop Ros R €Xtracted each o-bin

outr " ‘side’ ' *long’ ' ‘ol ' ‘os’

P _= ¢11'1'r - .¢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 D. Antonczyk
central semi-central
a6 0.0-25% 6 360 T 510.0% 6 a6, 25.0-35.0%
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azimuthal angle dependence of HBT radii

Pb+Au at 158 AGeV D. Antonczyk

central semi-central
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pion source size anisotfropy

Pb+Au at 158 AGeV
preliminary

parametrize the oscillation with R? = R?, , + 2 R?, , cos [2(®, -P)] 2
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et 5
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elongation
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q- ............................................ e

0 10 2030 40 50 60
centrality (%)

...compared to RHIC

q- ............................................ -

0 10 20 30 40 50 60
centrality (%)

-4

0 10 20 30 4050 60
centrality (%)

q- .............................................

0 10 20 30 40 50 60
centrality (%)

e CERES
m STAR
e STAR

158 AGeV
sqrt(s) = 130 GeV
sqrt(s) = 200 GeV

<pt>=0.47 GeV/c
0.125<pt<0.45 GeV/c
0.15<pt<0.6 GeV/c

D. Antonczyk, Ph.D.

PRL 93 (2004) 012301
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... and AGS

..............................................

R:idez {fmz)
-

R;ng 2 {fmz)
i

(fm?
-

Rgsz
N

o]

I I I I .
= H H H H H H

P — e N v e e A
0 102030405060 0 102030405060 0 102030405060 0 102030405060
centrality (%) centrality (%) centrality (%) centrality (%)

E895 o2.m4,A6 AGeV <pt>=0.11 GeV/c Phys. Lett. B 496 (2000) 1
e CERES 158 AGeV <pt>=0.47 GeV/c D. Antonczyk, Ph.D.
m STAR sqrt(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 sqrt(s)

Pb+Au, Au+Au
centrality 15-20%
<« 6 a6 . « 6
El £, 3 E Ll
o o oL ™ i
“3 2 22 s 2
. ... — o 0 = ... -
e ('3 13
oF- ot u.....: -
-2 .- .. -2 = -2 . . . -2 ..- .-.-
-4. -4. : -4. » -4. .-.-
-E B !!!!!_:I' Dol ::::::iz Dol -E B !:!!!_'..' Dol ::::::iz Dol -E !!!:!_'..' Dol ::::::iz P -E B !:!!!!_'.I' Dol ::::::iz Do
1 10 10 1 10 10 1 10 10 1 10 10
sqrt(s) (GeV) sqrt(s) (GeV) sqrt(s) (GeV) sqrt(s) (GeV)

]

® non-monotonic behavior of R,

® R, inconsistent with R, = different freeze-out
times in-plane and out-of-plane?
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pion-proton correlations

-
=}
o

=5

correlation
2

1,044

1.02]

poal—

correlation
s

0.33

-03 02 01 1 01 02 103 --uz 0.2 01 o 01 0.2

0.3 --u_a 0.2 -01 1© 0.1 D2 03

q, [Gewvicl q, [Gevicl q, [Gevicl

transverse radius than
pion source
(or earlier emission)

19-Sep-2007

proton source at larger

most probable origin:
transverse flow

central Pb+Au at 158 AGeV
Dariusz Antonczyk

asymmetry of correlation function
is related to the asymmetry of the
relative source distribution
(Lednicky, Phys.Lett.B373(96)30)

pion and proton sources in UrQMD
14000 RS SRR SRR S e S S Sl SR

12000 F
10000 |
8000 |
6000
4000

2000
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blast wave model

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

—(z-14)°
—— 1
S(x,K) = my cosh(n—Y) Q(r,gs) e 2

with the space profile

- |
Q(r,py) =Q(r) = |1 gD

and the normalized elliptic radius

~ _ (r COS(¢S))2 (r Sin(¢s))2
I"(I", ¢S) _ \/ Rj + Ri

and the flow four-velocity

u:uﬂ(xapoapz)
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blast wave model

analytic hydro-inspired 8-d emission function

1
SEIK) =m, cosh{}-Y) Q(r,¢,) e

with the space profile

- |
Q(r,py) =Q(r) = |1 gD

function of four

and the normalized elliptic radius space-time
5 coordinates
J"S o)’ , @inf4)”
r(r.gs) =
Ry

and the flow four-velomty
u= uy 100 ’ p2 )
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blast wave model

analytic hydro-inspired 8-d emission function

—(7-7 )2 1

S(eJK) L eosh(n - (. gy e 7 s

A
€

+1

with the space profile

- |
Q(r,py) =Q(r) = |1 gD

function of four

and the normalized elliptic radius momentum
. components
_ (rcos(gy))’ , (rsin(4y))’ P
r (r7 ¢S) = 2 + 2
R R
X Y

and the flow four-velocity

uzuﬂ(x,po,,%)
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blast wave model

analytic hydro-inspired 8-d emission function

—(7 2 1
S(x,K)=m, cosh(n—-Y) Q(r e 17
(6, K) = my cosh(=Y) Q(r.¢y) e B ——
with the space profile |
Q(r,pg) = (r) = 1+ e(?-l)ﬂ
_ o _ with eight
and the normalized elliptic radius parameters

Fr) = J (rcos(g,))’ | (rsin(gy))

and the flow four-velocity

=077
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CERES (points) and blast T=100 MeV (lines)
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CERES (points) and hydro T=120 MeV (lines)

Kos PL
spectrum

h- PL
spectrum
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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)
w3 a0 : . __% a0 E . . .
40F A0F ]
30F 3ok
- - II " ]
20k 20E * :
N :\L ]
C L ]
10F 1 . M0y 1
0 - . . . ] 0 - . . . ]
0 02 04 06 08 0 02 04 06 08
pt (GeV) pt (GeV)

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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pt fluctuations

motivation:
enhanced fluctuations at critical point

difficulty:
distinguish from trivial fluctuations (statistical,
centrality, HBT, elliptic flow...)

observation:
non-statistical fluctuations exist, indeed
flat vs beam energy

non-monotonic vs centrality\
npg (MeV)

500 400 300 200 100 50 25 T T T T T T T T T T T T
- 24r I I I I T T I L iégge¥ I\C)llnblals
S 22 @ CERES, 2.2<1<2.7, 6.5% central = 0':!'_ B = 80Gov entral-
& of ¥¢ STAR, Inl<0.75, 6% central E A I 4 40GeVv 1
2N - & STAR, |n|<1, 15% central 3 N\ a
1.8 <5 PHENIX, [n|<0.35, 5% central E =
1.6f B S .
o 3 =
1 .4:* - % E A\V4 =
1.2k " o E 0.05[
i ee? = ,
] | i
06b E (CERES collaboration, ‘ bp extrapolation
0.4} 3 Nucl. Phys. A727(2003)97, I I
0.2f = J.Phys.G30(2004)S1376) - |
o_l 1 Ll 1 1 1 L . O L L L L L L L L L L L |

T O 100 200 300
sy (GeV) Noare
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measures of fluctuations
Opt dyn’ difference between the variances of pt and mean pt
> 2 same divided by mean pt
(Apt;, Apt;) pt covariance
[0

ot difference between the standard deviations of pt and mean pt

relations
Opt dyn2 = 0-(pt)z - 0-ptzl <M>
2:pt = Gpt dyn / (pt>
<Apti’ Aptj = 0-pt dyn2

(I)ptg <M> Gpt dyn2 / 20'pt
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pt fluctuations

Pb+Au at 158 AGeV Harry Appelshaeuser

Georgios Tsiledakis

away-side short range correlations

correlations
confined to Q<70 MeV

preliminary narrower and weaker for unlike

|_All pairs <pi,pj>map [MeV] |  0.1<p, <1.5GeVic pairs © HBT and Coulomb?

elliptic flow, jets? \

rich structure >
averaging over
A¢ and An is not

decline with An

reproduced with event mixing
trivial effect of pt(n) dependence?
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pt covariance at 158 GeV:

Pb+Au at 158 AGeV
preliminary

h 100
0.5

150
ﬂph-'u tdeg‘ee}

peripheral
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pt covariance at 158 GeV:

Pb+Au at 158 AGeV
preliminary
< 40000
D
= 35000
Iy 0°<A@<30°
2 30000 short range
o
.’ 25000 = 0 0
E 1 150 <Ap<180
z znuun .......................................................................................................................................................... _E away side
150“0 .............................................................................................................................................. _: o o
1 0°<Agp<180
10{]00 ........................................... }_ .................... ................... _: a" inclusive
: : —®- 5 -
5000 - _. ............................................... ,,, ........................ , ................... __
i1 3 30°<Ag<60°
f | | ; 5 5 3 best suited for

19-Sep-2007

-5000, 50 100 150 200 250 300 350  critical point

the observed centrality dependence comes from the short-range
and the away-side correlations

30°<A@<60° region, which is free of these effects and of elliptic flow,
shows no signal
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pt covariance at 80 GeV:

Pb+Au at 80 AGeV
preliminary

central

’0
0 P
5

150 T
diptil {deg‘ge}' o dpt tde'ﬂ-‘ge}

peripheral
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pt covariance at 80 GeV:

Pb+Au at 80 AGeV
preliminary
&~ 70000
®
=
< 60000 0°<A(p<30°
2 50000 short range
v 40000
E 150°<A¢p<180°
z 0000 away side
20000
0°<A@<180°
10000 all inclusive
0
10000 30°<Agp<60°
| | | | | best suited for
20000555 ~""fo0 150 200 250 300 350 critical point

Npart

19-Sep-2007 D. Miskowiec, Hades Summer School 2007 113



pt covariance: beam energy dependence

CERES central Pb+Au 158 AGeV preliminary
STAR central Au+Au 20-200 GeV PRC 72 (2005) 044902

40000

30000

20000

10000

N,.t * <pt,pt> (MeV?)

-10000

-20000

19-Sep-2007

E_ _________________________ __________ CERES ______________________ - _E

- _inclusive - e *

: o STAR | G

;_ ..... ................ . ........................................

- .}.CERES G .. conclusions changes
- 30°<A¢@<60° if analysis restricted

n . to the interesting part

T | T T 30°<4¢<60°
sqri(syy) (GeV)
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summary... and outilook

@ running at SPS 1990-2000
® 58 members

@ 87 publications (SPIRES)
® 1318 citations

@ practically all members now working in ALICE
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backup slides
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pt covariance at 158 GeV:

value 22 MeV? critical point

-100 90 100

Pb+Au at 158 AGeV
preliminary
—~ 500 T
% - 0°<A@<30°
§_ 400:— short range
A B (o] (o]
3 150°<A@p<180
15: 300 away side
Vit
200 :— 0°<A@<180°
- all inclusive
100[—
published - 30°<A@<60°
inclusive _—¥ best suited for
analysis -
0 10 20 30 40 50 60 70 80

centrality (%)
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Extracting the asymmetry

- proton correlation

go.zs UN UN T T T T T T T T T T | T 1 T T
3 1.04 1.04 %
S : .
= .
0.2
- —1.03 1.03
0.15 i |
102 1.02F J{ J”r t
0.1 J[
1.01 1.01
0.05 - -
H
1 i g 1
0 I ! ﬁ 1 1 | 1 1 | 1 1 1
0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0
q|| (GeV/c)
take a slice and project on q, A4
fit each half separately with......... C(q”) =1+ 5 3
require same A 1+ g, /B
B is HWHM
asymmetry = B,eﬂIBright
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Fitting R;,, and Ax

Rside (pJ_) = 5 m, =.m_ +(i)2
\/1+nw 2

U. Heinz, many many papers

RGLO
(a)= =Pt

1 2
o T m, = \/ m, m, :
By +—— 1 _:
1 y C
| i ,B ﬁj_ = > of- 5
+ m_+m L 4
77f=510g1 0 \/1+(Hj Ja g g T fungepl] e g
— 0.2 0.4 0.6 0.8 1 1.2
'B 0 + P, (GeVic)
R. Lednicky, nucl-th/0305027, based on
Akkelin, Sinyukov Z.Phys.C 72(1996)501 R,iqc dominates the fit
Ax agrees reasonably well
- all flow?
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Fitting R;,, and Ax

fixed T=120 MeV

po Rg (fm)

T+ p 0.695 (7) 7.64 (7)
T p 0.655 (6) 7.41 (12)
m+pand z—p| 0.663(4) 7.42 (12)

19-Sep-2007
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e*e- enhancement: centrality dependence

Pb+Au at 158 GeV per nucleon

enhancement factor

prellmlnlary

....................................................................................................

............................................................................

o 1996 data :
o 2000 data :

..................................................................

Qo
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| | | | | |
50 100 150 200 250 300 350 400
dN_, /dn
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Sergey Yurevich
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final position resolution
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final mass resolution

D'l: 6 C T T T [ T T T T [ T T T T [ T T 11 ] c'{; [T T T T . dala
= C = 20 -
© 5[ 01 @ B & overlay Monte Carlo
= C . = B
£ af 1 S1r =
] E B
a o i . ]
af K. mass offset B 16 [ K, width .
2 > 14| -
1F E 12 .
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final dE/dx resolution
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o(dE/dX)/dE/dX
o o
™
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Bl new calibration
Allison/Cobb 0.408N; 2% 4%
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log(p [GeVic])
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Oy [mrad]
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final position resolution
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final momentum resolution

Pb+Au in 2000, 590 k events

m = (487+2) MeW/c”
.l ) =, = (10.8+2.7) MeWV/c®
o = (2.240.6) %

_Pb*Au in 2000, 930 k events

. I
0.55 0.6 0.65
m,,, (GeV/c®)

m = {1110.420.3) MeV/c™ |
Gy = (7-7H0.3) MeWVsic®

"H’ t i +++++++++T++ *F
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Monte Carlo

Counts

g8 & 88 8 8

8
|

m = (490.120.7) MeW/c*
o, = (9.5+0.9) MeW/c®
o, = (1.944+0.17) %

i

Ll

- rMonlte p_arlo _

0.6 I 0.65 I 0.7
m,  (GeV/c?)

=

+ m = (1113.6£0.5) MeVic®
O = (5.3£0.5) MeWw/c®

By o B, 4 0 4 v o«

1.16 1.18 1.2
m,,, (GeV/c?)

1.14

Compare to the widths in 1999: lambda 12.6 MeV, KO 21.7 MeV
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TPC contribution to pid (via dE/dx)
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centrality of the analyzed data set

centrality TPC (%)
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Track multiplicity in the TPC
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CERES setup in 2000

run 2000: 30 M events with centrality 7% )
2 M events with centrality 20% TPC magnet coils

500 k minimum bias events

uv dtector voltage divider i
8

158 AGeV/c HV cath ode
Pb beam |
TPC drlﬂ volume
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Is rho-modification interesting?

At high density and/or temperature chiral
condensate disappears

—> meson masses change

quarks interact with chiral condensate

quarks acquire constituent mass

.

hadrons acquire mass

mass of macroscopic objects

D. Miskowiec, Hades Summer School 2007
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dN/dy ~ cosh2[0.75/0(y-y,)]

dN/dp: ~ Ae’Bmt +C(1-0.0682 my)7-%/(1+m¢)*

relative
particle decays
abundance
m° 1.0 m° — ye+e—
n 0.053 n — ye+e—
n’ 0.009 n’ — yete—
() 0.0033 Q@ — ete-
p 0.065 p — ete—
w — ete—
w 0.065
W — yete—
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comparison to the 95/96 data

Pb+Au at 158 GeV per nucleon 2000 data:

Sergey Yurevich, Heidelberg

1
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6 2.1<1<2.65

@,.>35 mrad
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Pair acceptance
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HBT radii: pt dependence

Pb+Au at 158 AGeV D. Antonczyk
centrality 5%
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good agreement with
the first analysis
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Pion-proton correlations

pair c.m.s.

q= pproton - ppion
C(q”an- )

q, is the component parallel to the pair P .
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pion-proton correlations

central Pb+Au at 158 AGeV Dariusz Antonczyk

pion-proton correlation functions pt-dependence of the asvmmetrv

W
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asymmetry of correlation function
is related to the asymmetry of the
relative source distribution

(Lednicky, Phys.Lett.B373(96%

pion and proton sources in UrQMD
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First HBT results with upgraded CERES

analysis by Heinz Tilsner and Harry Appelshauser

centrality and energy dependence
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analysis by Heinz Tilsner and Harry Appelshauser
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CERES (points) and blast T=80 MeV (lines)
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CERES (points) and hydro T=160 MeV (lines)
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hydro 120 MeV (points) and blast (lines)
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pt fluctuations, charge dependence

Pb+Au at 158 GeV per nucleon

G. Tsiledakis, GSI Darmstadt

+/+ pairs <pi,pj> map [MeV2]| [ -I- pairs <pi,pj> map [MeV] |

0105 90 /<
Ad=1Di-0il
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pt fluctuations, event mixing

Pb+Au at 158 GeV per nucleon

G. Tsiledakis, GSI Darmstadt

true pairs mixed

[ All pairs <pi,pj> map [MeV?] | [ All mixed pairs <pi,pj> map [MeV’] |

0105 90 £
Ad):‘d)i-‘b]'l
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Pb+Au at 158 GeV per nucleon
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/A flow

Jovan Milosevic

comparison with hydro
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angular correlations of high-pt particles

Pb+Au at 158 GeV per nucleon
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