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0 open cham as probe of H.I. Collision
o single electrons in high pt
Single Electron measurement in PHENIX
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o (Row) electron spectrum in PHENIX
Background subtraction
o background from light hadron decays and photon conversion
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Single Electron and Charm Production at RHIC (ITP QCD/RHIC Conference 4/09/02)

Motivation

. Lepton and lepton pairs are “clean” protes of early
stage of heavy ion collision
o J/W production - Deconfinement
o Thermal lepton pair - Direct radiation from QGP
0 p.w, @ in dense matter >Chiral symmetry restoration
o Etc.
. High pt single electron (o, > 1 GeV/c)
o Heavy quark semi-lepfonic decays (c>eX, b>eX) have
significant contributions to high pt electrons.
- Heavy quark production con be studied by single electron
spectrum
o From heavy quark production, one con study
O Initial gluon density in high energy heavy ion collision
O Thermal production of heavy quarks in very high femperature
O Energy loss of heavy quarks fraversing the dense matter
O Base line for J/W suppression
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History
single electron at the ISR

. Single electron was observed
atthe ISR in early 1970s,
efore charm discovery.

o F. W. Busser etal,PLB53,212
o F.W.Busser etal NPB113,189

. It has been latfer interpreted as

a signal of open cham.

o I.Hunchlife and C.H.Llewellyn
Smith, PLB61,472

o M. Bourquin and J.-M.Gaillard,
NPB114,334
. Signal level is e/T~1-2x104 at
the ISR
u] HE;her signal level is expected at
A ek RHIC
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single electrons at high pt

o ATISR(syy"~60GeV), "prompt”
electron signal is observed af
e/mt~ 2x10%.

0 The most likely source of the

electron signal from cham is
expected at e/t~ 3-4 x104in
PHO
. The e/mratio conbe as high as
103 in Au+Au collision
o Production of chamn quark is

oollisions.

ressed relative 1o binary
sco ing by about factor 3

electrons is cham semi-leptonic ;=

« At RHIC (s5yy"~200GeV) , the 10

expected to scale with binary 10 0
O Produc’non of the high ptpions is 0 ’

(Simulation)

Vs = 200 GeV RHIC Au+Au centra

2002.04.09 ITP 5 Y Akibal]

PHENIX in RUN-1

. Dafais from RHIC run -1,
Au+Au at sy 2= 130
GeV

. 1.23 M events with
1Z,erieed <30 CM

. Detectors for the
electron measurement
o BBC

O Trigger

0 Vertex position
o DCand PC1 (W)

0 Track reconstruction

0 Momentum measurement
o RICH(W)

0O Electron ID
o PBSC(W):

0O Electron ID

0 Energy measurement

N

West Beam View
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Single Electron and Charm Production at RHIC (ITP QCD/RHIC Conference 4/09/02)

Electron Identification

0.8GeV<p<0.9GeV
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. Electrons are
identified by RICH
aond EMCAL

A clear peak in
energy/momentum
(E/p) ratio is seen ot
1.0 ofter RICH hit is
required

EMCAL E/p cut

cleans up the rest of
the background.

Random background
is also subtracted by

an event mixing
method
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Single Electron and Charm Production at RHIC (ITP QCD/RHIC Conference 4/09/02)

Sources of electrons

« Dalitz decays of m,n.n".w.e h

(MO>eey, n>eey, efo)
. Di-electron decays of p.w,@ > background
. Photon conversions
« Kaon decays

J
« Charm decays )
. Bottom decays
. Other > signal
o Thermal di-leptons
o Conversion of direct photons
J
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Background from light hadron
decays
™ eey » ~80% of badground
™>vyy * Proportional to pion
L, oo * conversion ~ 1.9 x Dalitz in PHENIX
n->eey
n=>vy \JL ~20% of T contribution at high pt
ete

Other contributions: small

. The measured electron spectra includes trivial
tbackground from light hadron decays such as 1 Dallitz
decay and photon conversions.

. The background is estimated using a hadron decay
gﬁnEel\rﬁ;r(or that is constrained by pion measurement by
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Background
7 Dalitz
R T . Background from Dalitz
1Y decays and di-electron
S N decays are calculated
*msk r using a hadron decay
0 >~ generator.
< .« The 10 spectrum of the
PR R generator is defermined by
combined fit fo PHENIX 10
(:; ] EAu-+Au @ SNN:13OGQ:E: C‘l;(lo%.cenlral Ond T[t m.l.ql
. The systematic in the
st $ spectrum is estimated by
2 s 5 L P 2 changing the input & and
y: . 10 spectrum within their
"z sy stemattic errors.
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Background:
other hadrons
Data/Mt scaled spectrum (p) Pt distribution of other hadrons
£ MA@ 0 minimumas are obtained from pi0 spectrum
’ by m; scaling
e ; S > sqrt@2+m, 2m. 2)
Fon 1L Spectra shapes of Kt p* aogree
wE : with this scaling within 20%
L e R Particle ratios at high pt:
data/Mt scaled spectrum (K*) o nfm=0.55
z 2 AUHAU @5, = 130 GeV : minimum bias on /m=0.25
g 9 o p/m=wrm=1.0
R o @mn=040
H P gty 3 Assign conservative systematic
2 F El g H
Tt ' error of 50% fo these ratios
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Background:

Photon conversion

Invariant Mass of e+e-
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0 002 0.04 006 008 01 012 0.14
Mass [GeV]

7"|_|Eonve sion at near Beam Pipe and Dalitz decay o

Single electron spectrum
conversion ~ R*Dalitz

The re-scaling focfor, R, is
determined from the GEANT
simulation.

The simulation is cross checked
by comparing the relative yield
of Dalitz pairs and conversion
pairs in the real data and in the
simulation.

R=1.9+0.2x(1-0.0718p07%)
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Datq/background ratio
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E D i -tsocer 3 datooackground ratio as

% ? Minimum Bias Collisions E funCTiOﬂ Of pT fOI’ min bbS

§ 2 = collisions.

S .- + % 3 .« Thedata show excess
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Single Electron and Charm Production at RHIC (ITP QCD/RHIC Conference 4/09/02)

Charm contribution to the signal

« Semi-leptonic decay of cham is an expected
source of the electron signal above the
bbackground.

. The electron spectrum from chamn decay is
evaluatedby PYTHIA

« PYTHIA parameters are tuned such that
fixed target charm data and ISR single
electron data are well reproduced.

o PYTHIAG.1524+CTEQSL, Mc=1.25 GeV, K=3.5,
<k>=1.5 GeV/c

0 o(Ep—=>cc)=330 pb at 130 GeV by this PYTHIA
calculation

2002.04.091TP 15 Y.Akiball

PYTHIA and charm data
Occ i PN.TN =3 1 | Use PYTHIA 6.152
I . Moaodified parometers

red points: pi+N data O MC = ] .25 GeV
blue points: p+N data

o K=3.5
blue curve: PYTHIA p+p

red curve: PYTHIA pi+p ] <kT> = ] .5 GeV/C

. Cham cross section by
fixed target experiments
are reasonably
reproduced.

. Pt distribution of D-mesons
by E791 oand BEATRICE
are also reproduced.

L L 1
2 a 6 8 10 12 14 16 20
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Single Electron and Charm Production at RHIC (ITP QCD/RHIC Conference 4/09/02)

eve- pt{charm) abs(y)<05

Mean - 0.2785
PYTHIA vs CCRS at53 GeV |RMS -0.2191
(e+ + e-)2.

PYTHIA 6.1. CTEQSL. <kt>=15GeVic

K=3.5 and Mc=1.25 GeV [
red: CCRS

open red: CCRS e/pi * BS pjon

green: CSZ (PerezY

PYTHIA vs ISR electron data
K=3.5, CTEQ5L, <kt>=15 GeV/c
green: Basile et al
C blue: Perez et al (CSZ)
100 red: CCRS (filled: xsection,
E open: e/pi0 * BS pion)
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PYTHIA and ISR single electron

Electron spectrum from
chamn decay calculoted
with the fTuned PYTHIA is
compared with the single
electron data at the ISR.

The calculation
reasonably reproduces
the single electron data.
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Background-subtracted single
electron spectra
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. Spectra of single electron
signal is compared with
the calculated cham
contribution.

« Cham contribution
calculated as
EdN/do® = T,,Edo/ap?
0 Taa: NUClear overlop integral

o Edo/do®: electron spectrum
fromn charmm decay
calculated using PYTHIA

. The agreement is
reasonably good.

Y.Akiball
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Single Electron and Charm Production at RHIC (ITP QCD/RHIC Conference 4/09/02)

Other sources of signal

b-decays

o Becomes significant only in higher pt.
J/Psi decays

o negligible compared with the signal.
Thermal di-leptons

0 p->ee contribution is less than 1% of
ackground

o A large contribution from o> p>ee (dominont
source of low mass pair) is unlikely.

« Conversion of direct photons
o Can contribute 10-20% to the signal.
o Large uncertainty in theoretical predictions

2002.04.091TP 19 Y.Akiball

Charm cross section from the
electron data

+ We can estimate the charm yield by assuming that all
single electrons above the background are from charm
o Neglect other possible sources such as thermal y and di-
leptons
o Charm yield can be over-estimated.
. By fitting the PYTHIA electron spectrum to the data for
pt>0.8 GeV/c, we obtained charm yield Ncc per event.
. The charm cross section per binary NN collision is
obtained as
o-= i N -
cc TAA cc
« T,a is nuclear overlap integral ~ NN integrated luminosity
per event
0 Taa=22.6+1.6/mb (central 0-10%)
0 Taa=6.2+0.4/mb (min. bias 0-92%)
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Single Electron and Charm Production at RHIC (ITP QCD/RHIC Conference 4/09/02)

Derived charm cross section

« Charm cross section per NN collision in central and
minimum bias collision are obtained as

0.(0-10%) = 380+ 60+ 2004b
0.(0-92%) = 420+ 33+ 2501b

« If charm production follows binary scaling, cross
section per NN cross section should be independent of
centrality

« The data is consistent with the binary scaling (i.e. no
nuclear or medium effects), but with large uncertainties.

2002.04.09 ITP 21 Y .Akiball
Comparison with other
experiments
. PHENIX single
electron cross section
= g _ . .
Bl et hd is compared with the
2 E¥ PHENIX -
£ o SPSIFNAL ; ISR data
o1 4~ o« Chamn cross section
1 derivedfromthe
1 W2  electrondatais
raeare  dojdy ] f compared with fixed
1 28 PHENIX | farget cham data
g ziBasie | o Solidcurves:
L - —_ i
T PYTHIA
30 40 50 60 70 380 90100 \E(Gevim o ShOded bOnd:
NLO QCD
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RUN-2

PHENIX Detector - Second Year Physics Run

7 Installed
| Active

West Beam View
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Central arms fully
instrumented

South muon am installed

LVL-2 triggers for

o Single electrons

o Electron pairs

o Single muons

o Muon pairs
Much higher statistics than
RUN-1

o 170 M events sampled

o More than 100 fimes of RUN-1

data set.

Comparison data in p+Ho

Y.Akiball

Converter run in RUN-2

. Special runs with a
photon converter

. By comparing data set
with and without the
converter, we con directly
measure the background
from photon conversion.

w conveter

wio converter

hmee3d

Nent = 25232
=0.3002

Mean
AMS

- We can defermine

| non-photonic source of

electron ~ charm decay
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summary

. We have observed single electron above the
expected background from decays of light
hadrons and photon conversions in Au+Au
collisions at sy '2=130 GeV.

. The observed signal is consistent with
electron from semi-leptonic decay of cham.

. The cham cross section corresponding to
the dbserved signal in central collision is
380+60+200pb per binary collisions.

« The forthcoming RUN-2 data will be useful to
clarify the nature of single electron signal
and open charm production in Au+Au
collisions at RHIC
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