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and
Electrons



Direct Photons

Direct photons come from initial hot dense matter

«Compton scattering of quarks and gluons: q(@)g—yq(qQ)

*Annihilation of quarks: qq—yg

*[nformation on Thermo-dynamical state of medium
eInitial temperature, Degree of freedom, etc.

Other sources of photons? o
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Analysis ( s\,=130GeV Au+Au)

EMC Clusters 0-10% Central Collisions| pT
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Measured gamma

Energy|GeV]

Inclusive photon spectra

— Efficiency and contamination

estimated by comparing real data
and simulation

o .
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Correction or Systematics | Central | Errors io Total || Peripheral | Errors to Toial |

PID efficiency B8 +7.3% 98.5% +7.3%

Hadron Contam. ({Incl. PID eff.) 10-50 % +134% 10-50% £T74%

Gamma Conversion loss 1% +2.0% 4% +2.0%

Nonvertex photons 6.0 % +3.0% 6.0% +3.0%

n/7" raiio 0.55 +11.0% 0.55 +11.0%

Other hadron {(n' and w) coniribution 0.4 % +0.2% 0.4% +0.2%
1) branching ratio 30.2% 0 30.2% 0
7% branching ratio 098.8% 0 98.8% 0

| Total Systematic Errors [ N/A ] 17711 % [ N/A ] 13.74% |




Comparison of Cluster Energy Distributions (l)
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Comparison of Cluster Energy Distributions (ll)

_ Comparison of measured and calculated
s\n=130GeV AutAu orp
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Photon Result
Au+AuU-

Plotted are ratios of
photons to xt"

syv=200GeV
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Single electron and Charm

Two Au nuclei Initial gluon density =~ «—— Charm cross section
collide I (D l gluon shadowing? <«— Charm suppression?
Thermal production = «——» Charm enhancement?
Formation of ¢—— —3p of charm
Hot & Dense matter Energy loss of charm <«—— Charm pt distribution
Charm is a very good probe of
¢, [Hadronization initial stage of heavy ion
& collisions.
B
Hadron gas :
Open charm measurement is
important to understand J/W
production
Freeze Out Charm production at RHIC can

v be studied from its decay to

single electrons




Charm measurement

Direct method: 7\ o
Reconstruction of D-meson(e.g. D%>Km). /\
Very challenging without measurement of /

displaced vertex

V‘/ j Indirect method:
Measure leptons from semi-
leptonic decay of charm.

ot This method is used by
PHENIX at RHIC




Single electron in RUN-1(130GeV)

k) 10 ¢ +

m - AutrAu-—>e + X (\/s =130 GeV) s

E 1L . (e +e)/2

= = e # Central  (0-10%)

h-] i HiH . .

g V= I & min. bias (0-92%)

w E i HiH H _ oo

Z o0 '*_4 e are ® Peripheral (60-80%)

o 2 HEH K| 8

‘F-; 10_3 E_ F.-L!-:_!_' '_‘ﬁ_‘_!_'_,—'

%z ? @@LF%%*F

= 10_4 L Hﬂ_‘—?—<

- E A
”hi
10_E : 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1

0 05 1 15 2 2

estimate

PRL 88, 192303

5 3
P (GeVic)

ratio databackground

relative contribution to background

35—

25

Au+Au \s,, = 130 GeV

Minimum Bias Collisions

———1
total

¥ conv. I

= Dalitz]

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

1 Dalitz E

p

7’ Dalit

=

Inclusive electron spectra are measured at y=0

The background from nt® Dalitz, photon conversions, etc are
and subtracted.

Observe excess over background in pt>0.8 GeV/c
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AN V27 1p | dN%dp  dy (GeVic)

Background-subtracted single
electron spectra

10

I IIIIfﬂ| I IIIIIII| I IIIIIII| I IIIIfﬂ] I IIIIIII| I IIIIIﬂ] I IIIIIII| T TTI

Au+Au = e+ X (\|s =130 GeV)

(e"+e)2
Z  min. bias (x100)
® central
— ¢ —e
---- b —e (central)

.....
- ——
- -

——
e
- -

-
-

(=}
e
tn
-

PRL 88, 192303
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Background subtracted
electron spectra are compared
with the charm decay
contribution.

Charm decay contribution is
calculated as

EdN_/dp® = T,,Edo/dp3
— T,a: Nuclear overlap integral
— Edo/dp3: electron spectrum

from charm decay calculated
using PYTHIA

From the single electron yield
in pt>0.8 GeV/c, charm cross
section per binary collision is
obtained as

0 o,, = 380£60£200 ub



Comparison with other experiments

e 3 o _ 4
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PRL 88, 192303
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PHENIX single electron
cross section is compared
with the ISR data

Charm cross section
derived from the electron
data is compared with
fixed target charm data

Solid curves:
PYTHIA

Shaded band:
NLO pQCD



RUNZ2 single electron result

electrons from non-photonic sources in min. bias Au+Au collisions

L L L B L B B BN B BN
PHENIX preliminary
¥ (e'+e)/2 @ \s,, = 200 GeV =
i (e'+e)2@ \s,, = 130 GeV

(PHEHD{: PRL 88(2002)192303)
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10° PYTHIA: pp @\Ns = 130/ 200 GeV

E++E_F2 from charm with
inary scaling from pp to Au+Au
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* The yield of non-photonic electron at 200 GeV is higher than 130 GeV
 The increase is consistent with PYTHIA charm calculation
(0,(130GeV)=330 ub 2 0,,(200GeV)=650 ub)
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Centrality Dependence
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In all 4 centralities, the data are consistent with N, scaled
charm decay contribution calculated by PYTHIA. |nucl-ex/0209016




Observations

* PHENIX data are consistent with within current statistical and
systematic errors.

* Both errors will be much reduced in final RUN-2 result
* NA50 has inferred a factor of ~3 charm enhancement at lower energy. We do not see this

large effect at RHIC.
* PHENIX observes a factor of ~3-5 in high p; 70 relative to binary scaling. We

do not see this large effect in the single electrons.
* Initial state high pt suppression is excluded?
» smaller energy loss for heavy quark ? (dead cone effect)

NAS50 - Eur. Phys. Jour. C14, 443 (2000).
5
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Jp Suppression



time

J/¥ measurement

Two Au nuclei

collide

Formation of <¢— Oj] —_—
Hot & Dense matter

Hadronization

Hadron gas

Freeze Out
v

Initial ccbar production

1L

J/W can not form due to - .
Debye Screening in QGP :> suppression

Statistical formation of
J/W from ccbar pair

at RHIC?!

J/W suppression, predicted by Matsui and Satz and
observed by NA50 at SPS, is considered as one of the
strongest evidence of QGP formation.

If J/W suppression is due to QGP formation, much
stronger suppression is expected at RHIC.

New theory of J/W formation predicts J/¥ enhancement
at RHIC energy by statistical formation of J/¥ at
hadronizatoin

Do we observe J/W suppression or enhancement
at RHIC?




N4 MLRREIF (Vector Meson)

« REY =1, NUTFT 4 =1 : RFLERULEFH
s VA—0  -RIOF—V -KRobOZOLEN
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-Eubt g — HHE

V. _ 4 Charmonium®D/SS A= —t v b
4qur aeff = 0.52, k = 0.926 GeV/fm, m¢ = 1.84 GeV
Viear = KI' oeft = 0.30, k = 1.18 GeV/fim, m¢ = 1.65 GeV
2
H = Zp— e
moI . . & (\ vector mesons
I I 2 _ 7 2 ;
oceﬁ—%( 3as) a° - 59 WoowY
composition cc cc bb
/ Mass (GeV) 3.10 3.69 9.46
/ T (keV) 87 277 53

/ Tee (keV) 526 2.14 1.32
Confined r (fm) 029 056 0.13



QGPHT® Charmonium

FICIADRT > v IILISER
Debye screening = i#/IBD RFT >+ )b

V(r)= -

drtr
A, : Debye screening length F
m = A, : Debye screening mass
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1

?\@(PQCD)=;\/ : =\E— (N, =3, N, =3)

Ne Ny o gl
36

=0.36fmat T=200MeV : g’ = 4ncx

o> Qo =0.52

A (Lattice-QCD )~ 0.54, (POCD) 7, = L 04fm:u=1840/2 MeV

aeﬁu
u /2
T =0.291Ja,_,. (GeV
¥~ 0840\ ox ¢y (GEV)

charm: aef= 0.30 = Tx = 143 MeV
Oleff = 0.52 = Tx =209 MeV
bottom: Tx = (4.73/1.84) x 143 = 368 MeV
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Ba2s/AB (ub)

A = R B3
p+A, A+ ABRTOEHEKTMH
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Jhp suppression D “/NROY” &

B

- NRAOYEDHERICE->T. Zbhsd A
Jy+h—>D+D+X

+ RAFNGEE
BGJ/WAB/AB =41 exp[-po Oabs (LA + LB)] mb

102 x
po =0.14 fm3 o o dbrewetal
7 L v Badier et al.
Oaps = 5.2 Mb ol g fndersen il
. o = lde et al
La+Le: RBlVscaling /ST A—4 5| — Tneory i it
EiRARE EEATE) Sk

Jhp suppression (I FDHIZK B ?

SN = 2.2 (0.7) mb 4
(J.J. Aubert et al., Nucl. Phys. B213 (1983) 1)
Oquasi-elastic”’¥"™N = 0.79 (0.12) mb
(R.L. Anderson, SLAC-Pub 1741 (1976)) 10-3
Caps?¥N = 1.4 mb ’
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Pb + Pb 2 T® Jhp Suppression
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By 0ury-(2.8—4.5 GeY)

Co-mover ETFI)VICE

19— a 19
(n) S+U (b) Pb+Pb

a BE (] %M O B oo 160

Ep [GeV) Er {GeV)

Solid line: oyn = 4.8 mb,

Oyco = 3.2 Mb,

Neo =0.8/fm3
dashed line: oyn = 4.8 mb
dot-dashed line: oyn = 7.3 mb
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pp—=2J/W at 200 GeV

pp 2 ete X (Jy[<0.35) pp 2 np X (1.2<y<2.2)

PHENIX Preliminary
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* pp—~2J/W is measured both in ee and in uu
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J/W Bdo/dy in p+p(200GeV)

80

PHENIX Preliminary
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Rapidity
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Comparison with lower energy

PHENIX preliminary
o(pp—=J/yY+X)=3.8=0.6(stat)+1.3(sys) ub
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- Fixed target experiments
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Color evapolation model prediction is consistent with

PHENIX data at s'2=200 GeV



Jhp — e*e” In Gold-Gold

« From 26 M min. bias
Au+Au collision @ 200 GeV

(1/2 — 1/3 of all data)
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[ # PHENIX Preliminary
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J/hp B-dN/dy per binary collision

J/y B-dN/dy

PHENIX Preliminary

40% <nb>=297

I AuAu 00-20% <n

x10 ~°
- 0.25_
o
0 i
3 i
=~ 0.2_— o
o
= N
& Pr"f"“"’mﬂm" AuAu 40-90% <nb>=45
0&0.15_— T
S i
2 i T U
]
g 0'1__ | AuAu 20-
s o - '
m i i
= 0.05—
":_-’ L
oL | I I B
0 50 100 150 200

nucl-ex/0210013

250 300 350
Number of Participants

b>=791



Model Comparisons (1)
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(1) JAhp scale with the number of binary collisions
(2) J/y follow normal nuclear absorption with ¢, =7.1 mb
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Due to low statistics, our data are compatible all of these models.
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Model comparion(2)
J/W re-generation models

At RHIC, about 10 ccbar pairs
produced in central event.
They can recombine to form J/W.

Those models that assume formation of
J/W inside of QGP predict enhanced
production of J/& in AutAu.

PHENIX data does not favor a large
enhancement.

In QGP suppression model, very strong
J/W suppression at RHIC 1s expected.

PHENIX data does not favor a very
strong suppression.

Models of statistical generation of J/W
at hadronization stage predict that J/W
yield in central Au+Au is about half of
that of pp.

A much larger statistics is required to
test those models. (2?RUN4)

Theory curve from R. L Thews, PRC63,054905
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