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Electromagnetic probes
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: Low-mass dileptons

® Probe of deconfinement ® Probe of chiral symmetry restoration
v Shape of the thermal radiation v vector meson's mass/width modification

Theoretical predictions for RHIC

Central Au+Au s “=200AGeV

— Cocktail

+— Drell-Yan

— Open Charm
QGP
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: Low-mass dileptons

® Probe of deconfinement ® Probe of chiral symmetry restoration
v Shape of the thermal radiation v vector meson's mass/width modification

Theoretical predictions for RHIC

Central Au+Au SI/Z=2OOAGeV

— vacuum

—- T=120MeV.p_=021p,
- T=150MeV.p_ =0.41p,
—- T=180MeV.p_=0.68p,

— Cocktail
= Drell-Yan
— Open Charm

QGP
— Thermal
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D. Miskowiec (nucl-ex/0511010) S. Damjanovic (nucl-ex/0510044)

CERES/NA45 Pb-Au 158 A GeV
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® Both CERES and NA60 demonstrated clear excess for 0.2 < m < 0.6 MeV/c?

® NAG60: first measurement of the p meson shape
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PHENIX experiment

— —
- _:. MULTIPLICITYIWERTEX
| DETECTOR
o T

i NTRA : COUNTER
Central Arm: i 1 /—

® Acceptance
v In|<0.35
v AP =2 x90°
® Tracking: DC-PC
v Momentum, §p/p~1%p (GeVic) B/
® Electron ID
v RICH, EMCal (E/p) " = f,
® Hadron ID el R
v TOF, EMCal iy !

Muon Arm —

® Acceptance
v 1.1<n|<2.4
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“-\_f Electron measurements in PHENIX

PHENIX Detector Al charged tracks

PC3 Central PC3

Energy-Momentum

I. Ring information (RICH) II. Energy-momentum matching
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7 Challenge

ources of electrons Large combinatorial background:

M

® Dalitz decay of li ght mesons: unrecognized conversions and T° — Dalitz

decays
v 1°,n,N — eey
vV w—oeeTl 0 é
® Conversion in material : i ((ete- palr)
v TP— yy— eey L e A
vV Y= ee

® Two-body decay of vector mesons
v p, wand @ — ee

® Thermal radiation
v qq = 7* > ee
VT p > Y > ee

® Other
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'RUN

PHENIX performance

YEAR Species sy (GeV) N, (108 MB)
Run 1 2000 Au + Au 130 10
Au + Au 200 170
Run 2 2001/2002 D+p 200 3700
d+ Au 200 5500
Run 3 2002/2003 D+D 200 6600
Au + Au 200 1530
Run 4 2003/2004 AU+ Ay 62 4 59
Cu + Cu 200 1780
Run 5 2004/2005 Cu+ Cu 62.4 425
p+p 200 85100
Run 6 2006

Polarized Proton Operation
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¢® meson

® Line shape analysis

v line shape (peak position and/or width) modifications: To= 46 fm/c,
Togp ~10 fm/c = small fraction of ¢ decays inside fireball
producing a very small modification in the line shape.

® Yield analysis

v Yield (dN/dy) through ee- compared to the K*K" channel. (mq)~2mK =
small changes in the ¢ or K can induce significant change in the BR).

PHENIX has the unique capability to measure

both decay channels simultaneously!

Alexander Kozlov, QNP06 Madrid, June 5-10 11



® meson 1n d+Au collisions

(cold matter effects)

R. Seto J.Phys. G30 (2004) S1017

b > KK
d + Au\(s,, =200 GeV

1.2 1.4

1
i - 2 '
ete invariant mass (GeV/c?)  [GeVic']

® Extract yield:

v ¢ — ee: ~ 120 counts; ¢ — KK: ~ 207 counts;
® Divide yield into m_ bins
® Derive dN/dy and T
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/% dN/dy and T (d+Au)

0.1

0.09 dN/dy

0.08

R. Seto J.Phys. G30 (2004) S1017

dAU ee = DR

dAug- KK =

0.06

0.05
0.04

0.03
0.02 KK ee KK ee
0.01

1 0

PHENIX preliminary

PHENIX preliminary

both dN/dy and T measured in e*e” and
K*K- decay channels are consistent
within errors (stat. and syst.)
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¢® meson 1n Au+Au collisions

0 1s fitted with relativistic Breit-Wigner & Gaussian for the mass resolution

¥, = 909 & 256
%/B = 1/53
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X, = 462 + 101
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my- spectra for MB, 20-40%, > 40% centralities
for 0-20% centrality used integral yield.

1 05 5 1.2
me (GeVic')

Counts per 1 MeVic” bin

Counts per 1 Mevic” bin

¢ — K*K-

Au + Au @ ys,, = 200 GeV
&+— Same event b KK

MB

Combinatorial background

1""1-6'5""1]1""|
M., [GeVic?)

X, = 44000 = 770; S/B = 1/10

> = 104801 + 000003 (stat) + 000085 (syst) Gevic®
I =4.22+ 008+ 0.508 Mevic’

1 1 1 1 1 1 1
M, [Gevic?)

my.- spectra for MB and 7 centrality bins
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Run 4 Au + Au @ 200 GeV
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o — K'K
0 Minimum Bias
m Centrality selected
A Centrality selected

(from integral-extrapolated yield)

» Centrality selected
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PHENIX PRELIMINARY Au+Au\s, =200GeV

|
00 50 100 150 200 250 300 350 50
Npart

100 150 200 250 300 350
Npart

® dN/dy (¢—e'*e’) seems to be larger than dN/dy (¢—K*K"), but
ERRORS are too large for a defiitive statement.

® Temperatures measured 1n two decay channels are consistent.
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o — K'K
0 Minimum Bias
= Centrality selected » Centrality selected
A Centrality selected

(from integral-extrapolated yield)
o Minimum Bias, d+Au
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= Centrality selected
PHENIX PRELIMINARY Au+Au\ys,, =200GeV © Minimum Bias, d+Au

|
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® Yield and temperature measured in d+Au are consistent with dN/dy and T
measured in peripheral Au+Au collisions via KK decay channel
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e+e- Invariant mass spectrum

\ Au+Au collisions
A. Toia (Hot Quarks 2006)

foreground background

A. Toia (Hot Quarks 2006)
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® Background
v mixed event technique (unlike- , like-sign spectra)
v BG 1s normalized to the measured like-sign spectra
v BG reproduces FG with 0.1% accuracy!

® S/B ratio 1s small: at m = 400 MeV/c* S/B ~ 1/150
® Main source of systematic errors 1s background normalization
Alexander Kozlov, QNP06 Madrid, June 5-10
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Dielectron Continuum

minimum bias Au+Au @ \'s = 200 GeV

hadrunlc cncktall

,. Vacuum p spectral functinn .
HH”,”,”,___m__mEt:hum p spectral fu nctmn
— druppmg mass scenarm

PHENIX Prellmlna

A. Toia (Hot Quarks 2006)

Theory:
R.Rapp, Phys.Lett. B 473 (2000)
R.Rapp, Phys.Rev.C 63 (2001)

1 12 14 R.Rapp, nucl/th/0204003
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Systematic uncertainties are too large to interpret results
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' Centrality dependence
N 10-20%

10-20% Au+Au @ Vs = 200 GeV
L e e e

pairs

dN/dm,, [¢2/GeV] IN PHENIX ACCEPTANCE
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Mass ratios

Ratio of different mass intervals to 7° yield (0-100 MeV)
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‘\_f Future: Hadron Blind Detector

il

® HBD goal: improvement of the PHENIX capability to measure low-mass
dielectron pairs.

Outer coil

® HBD strategy: 4_\
| 80 cm

v Zero field to keep opening angle of
background pairs

v Identification of low mass electrons

v Cut on pair opening angle + veto area [ ﬂ -H j
U B GEM + csi

readout

v S/B 1s improved by factor ~ 100

Inner coil

A. Kozlov et al., NIM A 523 (2004)
7. Fraenkel et al., NIM A 546 (2005)
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HBD Concept

v Windowless Cerenkov detector operated in pure CF 4~ Broad bandwidth (from 6 to
11.5 eV) and large number of photoelectrons (Npez 36 1in 50 cm radiator).

v Detector element: triple Gas Electron Multiplier (GEM) + Csl photocathode

Detector element

MESH O000000000O0OO0O0DODODOODOODOOOODODOODODODODODODOODOOOOO
Csl photocathode Ep

7. Fraenkel et al., NIM A 546 (2005)
Alexander Kozlov, QNP06 Madrid, June 5-10 23



Summary

O PHENIX is capable to measure dielectron continuum and
vector mesons

® First measurements of the low-mass dielectron in Au-Au
collisions at \s w =200 GeV

vV e+e- continuum
V' @ —meson

® Further improvement will be achieved with upgrade of the
PHENIX detector

® The installation of Hadron Blind Detector is foreseen in 2006

Alexander Kozlov, QNP06 Madrid, June 5-10 24
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