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Outline

epton & charm measurementsat RHIC O PHENIX
PHENI X experiment: how to measur e leptons

Run-1: Au + Au @ Vs = 130 GeV
e single electronsfrom charm decays(c - D - e+ X)

® Run-2: Au + Au and p+p @ Vs = 200 GeV
e single electronsrefined
e dielectron continuum

@ char monium measur ements
—J/¥Y - ete inp+p and Au+Au
—J/¥Y S prutinp+p

® summary and outlook

INT/RHIC, Seattle, 12/14/2002 Ralf Averbeck, SUNY Stony Brook



PHENI X experiment

@only RHIC experiment optimized for lepton measur ements

@®clectrons. two central arms e ';"
e@muons: two forward arms _ / :'
®Run-1: | LT /Z /
e Au+Au at Vs = 130 GeV /‘\ ¥
e central armspartly instrumented 7 g
®RuUN-2: = W5 ,

e Au+Au at Vs, = 200 GeV
e p+p events at Vs = 200 GeV
e central armsfully instrumented y —
@ One muon arm instrumented | P @Th |/ “Derecron

ELECTROMAGNETIC 14
CALORIMETER

Two central electron/photon/hadron spectrometers ‘

Two forward muon spectrometers
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Electron measurement in PHENI X

@ high resolution tracking and momentum measur ement

e drift chamber and pad chambers
e [n|<0.35and p;>0.2GeV/c

@clectron identification
e ringimaging Cherenkov detectors and electromagnetic calorimeters

PHENIX Detector - Second Year Physics Run

10° oo

4| : : : : : . : : !
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Run-1: half of onearm only energy/momentum (E/p)
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M uon measurement in PHENI X

® muon identification, tracking, momentum measurement in south muon arm
e forward muons: 1.2<|n|< 2.2
® pPor>20GeV/c

PHENIX Detector
5

Central Magnet

ZDC Nurt-h
South muon identifier (MulD) South muon tracker (MuTR)
5gapsperarmfitted-withptanes of 3octagonalstationsof cathode strip

transversely oriented larocci tubes chambers per arm
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Charm measurements. why arethey important?

@® charm production in heavy-ion collisions
e production mainly viagg fusion in earliest stage of collision

=)

sensitiveto initial gluon density

e additional thermal production at very high temperature

-

sensitiveto initial temperature

@ propagation through dense (deconfined?) medium
e energy loss by gluon radiation? - softening of D-meson spectra?

-

sengitiveto state of nuclear medium

® baseline measurement for charmonium suppression
® same arguments hold for bottom measurements
® NO data available from heavy-ion collisions (except quarkonia)
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Charm measurements. why arethey difficult?

® ideal but very challenging Kﬁ/' 0"
e direct reconstruction of charm decays / >\
(eg.D0 -, K-1t*) /‘ ¢

@ alter native but indirect

e charm semi leptonic decays contribute
to singlelepton and lepton pair spectra

e 18 approach at RHIC:
analyze inclusive e* spectra
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Inclusive e* spectra from Au+Au at 130 GeV

® how to extract the contribution

from open charm decays?

® cocktail method
e model known sources as
precisely as possible
e compare with data

@ main sources contributing to
the et gpectra

@ “photonic” sources

— conversion of photonsfrom
hadron decaysin material

— Dalitz decays of light mesons
(M, n, 0N, ¢
e “non-photonic” sources

— semi leptonic decays of open
charm (beauty)

INT/RHIC, Seattle, 12/14/2002
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Separ ation of non-photonic e*; cocktail method

®light hadron cocktail input; ~A“$Au@\sw = 130 GeV : minimum bias

g LA RN IR I R IR
o1 (dominant sourceat low p;) 3 | i (eT+e)2
—p; spectrafrom PHENIX 10, T¢ data
— power law parameterization
eother hadrons
—m; scaling: P; —>\/Pf+mﬁ—mi
—relative normalization to mtat high p;

y conversion

™ - Yee

)

n_>yee,3n° ]

10 £

(1/2% p,)dN/dp.dy [(c/GeV

107

from other measurementsat SPS, : W - ee, Tee
FNAL, ISR, RHIC 0% \ ¢ eenee
ephoton conversions : ‘\ |
—material known in acceptance 10°L /I‘ NN N .

-p - ee
10_55—

@cxcess above cocktalil
eincreasing with p+

.eXpeCted frOm Charm decays 10'6_||||||||||||||
0 0.5 1 15 2 25 3

p; [GeV/c]
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Non-photonic e* spectra from Au-Au at 130 GeV

_— PHENIX: PRL 88(2002)192303
@compar e excess et spectra g F AutAu — e+ X (\8 =130 GeV)
with PYTHIA calculationof & “ F PAETIEL o . 0
semi leptonic charm decays £ 1| ¢ central
- = — ¢ —>@
(C- e+ X)_ Zw'L ---- b —e (central)
etuned tofit SPS, FNAL,ISR % F
data (Vs<63 GeV) =10 "
o for PP at 130 GeV = 10~ ;—PYTH|A
—Cross section o = 330 pb ; - bx
e scaleto Au+Au using the TE M
number of binary collisions o S J
E directy i T s
.reawnableagr%mmt 1D_E:| ! (|J|A||arpelt&|ll|PR|C|6|3(2|091)|02|19|01|)| S T T :“l-‘
between dataand PYTHIA 0 05 1 15 2

2'5PT(GeWc]3
@corresponding charm cross section per binary collison from data

e assumption: all et are from charm decays
e fitting PYTHIA to datafor p; > 0.8 GeV/c

o' =380+60+200ub or %% =420+ 33+250ub

c

e consistent with binary scaling (within large uncertainties)
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Energy dependence of charm production

PHENIX: PRL 88(2002)192303

AE‘ 3 GcE NLO pQCD (M. Manganoet al. 4
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Photon converter in Run-2

PHENIX Detector - Second Year Physics Run

@® additional photon converter installed
in partsof the 200 GeV runin
PHENIX central arms

® 1.7 % X,brassclosetobeam line

@® additional material increasesthe
number of ef from photon
conversions by a fixed factor

@® ratio between Dalitz decays and
photon conversionsisfixed by
relative branching ratios Dalitz/yy,
which isvery similar for T and n

@® comparison of spectra with and without converter allows for complete
separ ation of contributions from non-photonic and photonic sour ces

e complementary to cocktail method
e completely different systematics

West Beam View East
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Converter method: proof of principle

qg 1u %I | | T T1 | L | I T T | T T1 | L | I T T | LI I?
ﬁ 1 ; (¢ +e’)R2 from Au+Au collisions @ \Is,m =200 Ge‘u";
2 = =
= = Fy =
4 ey Cp— - -

i 10" = ‘tt minimum bias 4
= o F t: } with converter =
=10 = 4 . =
— = 4 without converter =
& af 3 .
g0 = 2, E
T a4l 4 -
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E = . =
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® ¢ spectrawith converter: N°
@ ¢t spectra without converter: N
@® if no contribution to € from non-photonic sources - N/NC¢= const.

@® but spectra approach each other with increasing p;
e indication for strong non-photonic source
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Non-photonic e* spectra from Au-Au at 200 GeV

® non-photonic et yield at electrons from non-photonic sources in min. bias Au+Au collisions
1

ZOOGeV ; IIII|IIII|IIII|IIII|IIII|IIII|II-II-|IIII
K PHENIX preliminar
e larger than at 130 GeV § 45" ) p_
e consistent with = § (e"+0)2 @ Y5, = 200 GeV

PYTHIA, assuming €1n-2 i (e've)2 @ \s,, = 130 GeV
binary scaling £ (PHENIX: PRL 88(2002)192303)

e PYTHIA for pp at ;m" Zsys. error @ \[syy = 200 GeV
200 GeV: 0, =650 ub <

@® spectral shape &

=
L=

e consistent with .
PYTHIA prediction 10 /

@ dominant uncertainties 10° L PYTHIA: pp @ Vs = 130/200 GeV

4
10

e at high p;: statistical (e'+e)2 from charm with
error in conver ter e I e s I oy WO T T DV
measur ement L3 0.5 1 15 2 2.5 3 35 4
e at low p;: systematical Py [GeVic]

error in material budget
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Centrality dependence at 200 GeV
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Observations from single e* data
® inclusive et are consistent with binary scaling within
thecurrent statistical and systematical uncertainties

® afactor of ~3-4 suppression of high p; hadronsis

observed relativeto binary scaling
e Nno large effect observed in e from charm decays

@ possibly less energy loss of charm quarksin medium dueto
“dead cone” effect (Y.L. Dokshitzer and D.E. K harzeev, Phys. L ett. B519(2001)199)

® NASO hasinferred a factor of ~3 charm enhancement

from dimuon measurements at SPS naso: Eur. Phys. 3. C14(2000)443)

e no large effect observed at RHIC
@ possible cross check: dilegptonsat RHIC

@® next steps (work in progress):
e charm in p+p asreference

e complementary leptonic channels
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Dielectron continuum
® why isit interesting?
e intermediate massregion (IMR): between the @ and the J/Y mass

— may be dominated by charm decaysat RHIC
— another charm measurement with completely different systematics

e low massregion (LMR): below the @ mass
— dominated by light hadron decays

— excess dielectron observed at SPS (NA45/CERES) and attributed to in-medium
modifications of the p meson dueto therestoration of approximate chiral symmetry

® and why it isso difficult to measure?
e combinatorial background needsto be subtracted to extract small signal

Real and Mixed e*e distributions .- Real - Mixed = e"e signal
Eo T TI

Counts

PHENIX Preliminary 0.6—

10°

Yield into Acceptance

Single e p, > 300 MeV/c

e ¢
-
[TTrprrrprr1

2
10
10 .oi‘— ——————
0.2 A
1 . ..... (—
N N NP ) 041l N R IR R RN
0 0.5 15 2.5 3 325 0 0.5 1 15 2 25 3 325
Invariant Mass (GeV/c®) Invariant Mass (GeV/c)
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Dielectron continuum: results

® comparison with cocktail including § “*F[] e¢romiignt 1%
e light hadron decaysusing vacuum ° osf-{{ 3TN AGCAYS ooovvofp
masses and branching fractions N i g,,p
e charm decaysfrom PYTHIA 0'4:& i- net e'e
P integl’ ated y|e|d in PHENI X 0_25_....- L (RRAES: N “ﬁ‘*“
expectated from cocktail - ks AL "3"
e LMR (0.3-1.0 GeV): ~9.2x 10° SRR
e IMR (1.1-25GeV): ~1.5x 10 oz ;?PerTrﬁT‘Ajh T [ e protminay |~
® PHENIX preliminary data R e .2I5mé(ew3zl)5
NN oy =3 8 Gy ox07

N R g =08 £2.6 (st ) (sys)x0

® reasonable agreement within huge uncertainties
Improvement requiresfuture Au+Au run at RHIC design luminosity
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J/W¥Y physics

® why isit interesting?
e possible signature of the deconfinement phase transition

e J/W¥ yield in heavy ion collisions can be

— suppressed, because of Debye screening of the attractive potential
between c and € in the deconfined medium

— enhanced, because of cC coalescence asthe medium cools

® important to measure J/VY in Au+Au, p+p (Run-2),
and d+Au (Run-3) to separate “normal” nuclear
effects

® preliminary datafrom PHENI X

e JV¥ - eeandJ/¥W - pru inp+p at Vs=200GeV
e J¥ - e e in AutAu at Vs, = 200 GeV
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J/VY - e*e in p+p collisions at Vs = 200 GeV

® ~ 1.0 billion pp collisions £ PHENIX Preliminary
. S 16L Protqn-Prpton
Sampled with € magn. = T 2x2 Tile Trigger
calorimeter hardware £
trigger (single etly) “raf
® represents about half of ™ _
total p+p statistics o J\

Njy =24 £ 6 (stat) £ 4 (sys) |4

2;|||||||||||||||IIII|||"' "'|"

1 15 2 25 3 35 4 45 25
Invariant Mass e'e (GeV/c)

INT/RHIC, Seattle, 12/14/2002 Ralf Averbeck, SUNY Stony Brook



J/WY - utuin p+p collisions at Vs = 200 GeV

® 1.7/ billion pp collisions sampled with muon level-1
hardwaretrigger

) PHENIX Preliminary . PHENIX Preliminary
S " Red: unlike sign pair 1.2<y<2.2 S 20
3 20 Blue: like sign pair + = i 12y
ok C @
=) - | -
g 1Bp = 10+
0 - = -
- r | -
g | s o] +
3 s r | | |
S 50 + 5L __+ Mean: 3.156 +- 0.074 GeV
i ﬁ—'_h o [ Sigma: 0.257 +- 0.075 GeV
0 1 | 1 | 1 _+|_ ’_|+_ % _10 - | | | | | | | |
1 2 3 4 5 = 2 3 4 5

Dimuon Invariant Mass (GeV) Dimuon Invariant Mass (GeV)
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J/W¥ p; distribution in p+p collisions at Vs = 200 GeV

" Jhy B-1/(21 p,) d “a/dydp; (nb ¢ “/GeV*) |

I
\]

N% SR PHENIX Preliminary

8 350 l

[T - X

S st TF '

2 f T 1 H ,,

E 15? PYTHIA scaled

I :_ Ly

R oo PYTHIA <kT>=0.8GeV/c

7 esp Lower Energy Experiments ==
- | | | | | | PHENIX preliminary (1.2<y<2.2) -
00 05 1 15 2 25 3 35 4 0 25 50 1 00 200

Transverse Momentum (GeV/c)

Center of Mass Energy (GeV)

® shape of p; distribution is consistent with a PY THIA calculation

@® averagep:
® <p;>.,;,=166+0.18(stat.) £0.09 (syst.) GeV/c
e dlightly larger than measured at lower energies
e consistent with a PYTHIA extrapolation to RHIC energy
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J/W rapidity distribution & integrated cross section

80

@® combination of muon PHENIX Preliminary

measur ement at

forward rapidity and

electron measur ement

at central rapidity

O rapidity distribution
@® integrated cross section

consistent for

e Gaussian fit
e shapefrom PYTHIA

Jiy B-do/dy (nb)

Gaussian Fit

PYTHIA (aribitrary normalization)
- IPDF = GH|V94LO | |

-3 -2 -1 0 1 2 3
Rapidity

Bo(p »>J/y+X)=8 =8 (st )9 (sys)h

o(p >J/y+X)=3.8%10.6(sa )x1.3(sys) ub
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v's dependence of J/W production in p+p

® comparison with lower energy data and model predictions

PHENIX Preliminary

3 Color evaporation model with GRV HO
10 -------------- Color evaporation model with MRS-A
- Fixed target experiments
4
10 '

I | I | I | I | I
50 100 150 200 250 300
\s (GeV)

CEM predictions (J.F. Amundson et a.:Phys.Lett.B390:323-328,1997)
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J/¥Y - e'e in Au+Au collisionsat Vs, = 200 GeV

® c'e Invariant massanalysis
® very limited statistics

N=10.8 + 3.2 (stat) + 3.8 (sys)

® split minimum bias sample
Into 3 centrality classes

J/y B-dN/dy (y=0)
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e
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Centrality dependence of J/W yield

® J/W¥ B-dN/dy per binary collision compared to different modelsfor J/W
absor ption patterns
e J/W scalewith the number of binary collisions
e J/WY follow normal nuclear absorption with given absor ption cross sections
e J/W follows same absor ption pattern as observed by NAS5O (phys. L ett. B521(2002)195)

. \ Jhy B-dN/dy |
g 02511 Attention:
2 PHENIX Preliminary | 51| eurves are nor malized
=] B .
S 02 1 to the p+p data point!
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Summary and outlook

® open charm @ RHIC
e single e no direct charm measurement, but asclose asit gets
e Au+Au - cc: littleroom for large in-medium effects
® p+p — cc: reference data are needed

@ dielectron continuum and J/¥Y @ RHIC
e capability to measurerare probes has been demonstrated

e studies of continuum and J/W suppression/enhancement
pattern require more statisticsto draw conclusions

e long runsof p+p (Run-3), d+Au (Run-3), and Au+Au (Run-4)
areneeded at RHIC design luminosity
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