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Setup
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Experimental setup
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TPC READOUT CHAMBERS

TPC DRIFT VOLUME

TARGET

SDD
MIRROR 2

UV DETECTOR 2

UV DETECTOR 1

15 deg

8 deg

BEAM

TPC MAGNET COILS

RICH1

RICH2

0 1 2 3 4 5m

MIRROR 1

HV CYLINDER

Sidc1/2: vertex reconstruction and angle measurement

Rich1/2: electron ID

TPC: momentum determination, additional PID via dE/dx

Improved mass resolution

Data sets (Pb+Au)

RUN / Events
1999 40 AGeV 30% 8 M
2000 80 AGeV 30% 0.5 M
2000 158 AGeV 8% 33 M
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• CERES - Cherenkov Ring Electron Spectrometer

• designed and built for measurement of low-mass dielectrons

• target area: 2 SD drift detectors - vertex reconstruction

• RICH detectors: electron ID

• 1999: TPC upgrade - tracking, PID

• 2000: Pb-Au run at 158 AGeV, 30M events, σ/σgeo = 7%
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Target area
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Terget Area and Silicon Drift Chambers

Segmented target: 13 Au disks of 25 thickness, 600 diameter

Silicon Drift Chambers:

provide vertex = 216

provide event multiplicity = 1.9-3.9

powerful tool to recognize target conversions
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• segmented target: 13 Au disks of 25 µm thickness, 600 µm diameter

→ minimize radiation length into acceptance

• 2 Silicon drift detectors:

high resolution vertex reconstruction
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TPC

• tracking, momentum reconstruction

• B up to 0.5 T

• radial drift field

• precise treatment of ( ~E, ~B), geometry,

detailed understanding of gas properties mandatory
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TPC performance

• tracking efficiency (MC):

CBM Collaboration Meeting, GSI S. Yurevich (Heidelberg)- CERES Collaboration

TPC tracking (MC)

18 hits/track down to
p = 0.5 GeV/c

80% efficiency down to
p = 0.3 GeV/c
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• momentum resolution (MC): ∆p/p ∼ 2% ⊕ 1% · p/(GeV/c)
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Momentum resolution based on MC
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2-parameter fit assumes tracks come from vertex

3-parameter fit takes into account multiple scattering

combined momentum fit
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• mass resolution: ∆m/m ∼ 4% at the φ
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TPC PID

• particle identification via specific ionisation (dE/dx)

• dE/dx vs momentum, positive tracks:

• dE/dx resolution better than 10%
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dE/dx resolution

Pad-to-pad calibration based on
total amplitude in the pad of
maximum amplitude

Correction of undershoot after
each pulse included

Attachment correction done taking
into account the population of dif-
ferent particles in polar angle
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RICH electron identification

• electron ID = ring reconstruction

• use PID in TPC to prepare reference samples of

- electrons (i.e. electron dominated)

- non radiating pions

→ distributions of reconstructed radius:

ring radius (rad)
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RICH electron efficiency and pion rejection

pion rejection
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• determined from data

• electron efficiency: fraction of accepted electrons

• pion efficiency: fraction of pions misidentified as electrons

• pion rejection = 1 - pion efficiency

• electron efficiency: 70%

• pion suppression factor: 2 · 103
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dilepton analysis: experimental procedure

main sources for electrons:

• Dalitz decays, mainly π0 → e
+
e
−
γ

• e
+
e
− from γ conversions

• VM decays

→ large combinatorial background:

– single legs due to finite acceptance and efficiency

– misidentified pions

analysis procedure:

• tracking and electron identification

• π
0 Dalitz and γ conversion rejection

• pairing: unlike sign - like sign - unlike sign mixed events

• background subtraction

• efficiency correction
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RICH - TPC combined electron ID

• TPC dE/dx requiring RICH ring:
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Analysis cuts

Rejection of V-tracks in TPC Electron identification with TPC dE/dx
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Dalitz and conversion rejection

• simulated opening angle distribution for e+e− pairs

from conversions, Dalitz and VM decays

→ require minimum opening angle 35 mrad

• require minimum single leg pT
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• target conversions and conversion in the SDD: cut on SDD dE/dx
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Rejection Of Conversion Pairs

Conversions are recognized by
their typical V pattern in TPC

Target conversions are effectively
rejected by double dE/dx signal in
the SiDC detectors.

Conversions in SiDC1 and SiDC2
are identified by low dE/dx tails

Remaining conversions are
rejected by cuts on hits/ring and
sum analog amplitude
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13• late conversions: e.g. RICH2 mirror

• rejection by pair cut on TPC segments: require isolation in TPC
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Analysis cuts

Rejection of V-tracks in TPC Electron identification with TPC dE/dx
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signal/background invariant mass distribution

• background: invariant mass distribution of uncorrelated pairs

→ same-event like sign pairs . . .

• . . . or mixed event unlike sign

• normalisation of mixed event to same event background
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efficiency correction

• efficiency obtained from MC simulation, embedding generated pair

into real event:

efficiency = reconstruction probability

• efficiency vs mass:
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• single track efficiency vs azimuthal angle for different dilepton sources:

Overlay MC, Single track efficiency
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theta (mrad)
120 140 160 180 200 220 240

S
in

g
le

 t
ra

ck
 e

ff
ic

ie
n

cy

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6
-Dalitz0π

-Dalitzη

 ee→ ρ

 ee→ φ

 > 100 MeVtp

theta (mrad)
120 140 160 180 200 220 240

S
in

g
le

 t
ra

ck
 e

ff
ic

ie
n

cy

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6
-Dalitz0π

-Dalitzη

 ee→ ρ

 ee→ φ

 > 200 MeVtp

theta (mrad)
120 140 160 180 200 220 240

S
in

g
le

 t
ra

ck
 e

ff
ic

ie
n

cy

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6
-Dalitz0π

-Dalitzη

 ee→ ρ

 ee→ φ

 > 300 MeVtp

. 7

physics of compressed baryonic matter - GSI, 15.12.05



e+e− mass spectrum

• data absolutely normalized
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• 2571 ± 224 e+e− pairs with mee > 0.2 GeV

• S/B = 1/21

• 〈dNch/dη〉 = 322
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enhancement over cocktail
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• enhancement over hadron decay cocktail:

0.2 GeV < mee < 1.1 GeV: 2.35 ± 0.31 (stat.)

0.2 GeV < mee < 0.6 GeV: 2.80 ± 0.50 (stat.)

• systematic uncertainty of normalization ∼ 20%
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comparison to models
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rho spectral function + QGP contribution

calculation by R.Rapp using dropping mass scenario

B.Kämpfer, thermal emission

physics of compressed baryonic matter - GSI, 15.12.05



pT spectrum of the φ

• reconstruction in 2 decay channels:

φ → e+e−

φ → K+K−
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• φ spectra observed in both leptonic and hadronic channels agree

• φ → K+K−: dN
dy

= 2.05 ± 0.14(stat)±0.25(syst)

φ → e+e−: dN
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conclusions and outlook

• 2000 data confirms dilepton excess between π and ρ

• improved mass resolution allows to distinguish between models

• consistent φ yield in the leptonic and hadronic channels

• event-by-event efficiency correction underway

• 3rd, independent, analysis carried out, efficiency correction in prepa-

ration
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