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First results on charm quarkonia production in heavy ion collisions at the Relativistic Heavy lon Collider
(RHIC) are presented. The yield dfy/s measured in the PHENIX experiment via electron-positron decay
pairs at midrapidity for Au-Au reactions ayy=200 GeV is analyzed as a function of collision centrality. For
this analysis we have studied 4%30° minimum bias Au-Au reactions. We present thfe/ invariant yield
dN/dy for peripheral and midcentral reactions. For the most central collisions where we observe no signal
above background, we quote 90% confidence level upper limits. We compare these results withy our
measurement from proton-proton reactions at the same energy. We find that our measurements are not consis-
tent with models that predict strong enhancement relative to binary collision scaling.
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I. INTRODUCTION drift chambergDC), pixel pad chamberéC), ring imaging
cerenkov countergRICH), time-of-flight scintillator wall,

. Lattice quantum chromoq_ynamlcQCD) calculations in- time expansion chambe(3EC), and two types of electro-
dicate that there is a transition of nuclear matter from con-

fined to deconfined quarks and gluons at a temperature &mgnetlc calorimeterdEMC). This combination of detectors

_ o . . allows for the clean identification of electrons over a broad
orderT,=170 MeV. Characteristic of this deconfined state Ofrange in transverse momentum. Further details of the detec-

matter is the dynamic screening of the long-range confininqor design and performance are given in Hag]

potential of QCD. Color screening is predicted to reduce the The Au-Au event centrality is estimated using the com-

attraction between heavy quark-antiquark pairs, and thus. i
leads to a decrease in the ratio of hidden charm and beau@nEd data from our beam-beam count@SCs) and zero

(quarkonia to open charm and beaufg.2). Thus, one ex- egree calorimeter&ZDCs). While the ZD_Cs measure f_or_-
d t pen f Koni ' .t 5 b ward neutrons that result from fragmentation of the colliding
sei Sza SUpSreSS'? 0 qusr.org)l.urg' staley, 'Xa' h nuclei, the BBCs are sensitive to charged particles produced
(1s, 2s, 35)] depending on.t eir binding energy and the, yhe collisions. Together, both detectors yield information
temperatqrg qf the surroundm'g'system. __.on the impact parameter of the nuclear reacfi®®]. These

In rel_at|V|st|c heavy ion collisions a state of a deconf'nedobservables, combined with a Glauber model for the nuclear
therma!lzed quark-glupn P'a}ﬂa may be created. Measur%'eometry, allow us to determine different collision geometry
ments in Pb-Pb reactions atyy=17.3 GeV by the NA50 categories, referred to as centrality ran§2s.
experiment3] show a suppression of heavy quarkonia pro-  gqr the analysis presented here, the eleciousitron
duction relative to “normal” nuclear absorption, the dissocia-y,gmentum and charge sign are determined from tracking
tion of cc pairs by interactions with.the. nucleons into Sepa-ysing the DC and the PC and then projecting back through
rate quarks that eventually hadronize iflomesons4—7].  he PHENIX axial magnetic field to the collision point deter-
This suppression has been interpreted in the context of colgpined by the BB([22]. The momentum resolution achieved
screening in a quark-gluon plasm@,g], addij[ional absorp- is op/p=0.7%®1.0% X p (in GeVic). Electrons are cleanly
tion with comoving hadron$9,10], and multiple scattering senarated from the large background of charged pions and
between the charm quarks and the surrounding mediuRaons by associating the tracks with at least three active pho-
(11,12. L , . tomultiplier tubes in the RICH23]. In addition, we compare

At Relativistic I—_leavy lon CoII|der(RI_—|IC) energies,  the track momentuntp) to the energy(E) measured in the
where of order 10cc pairs are produced in central Au-AU gjectromagnetic calorimeter. THEp ratio is used to further
reactions[13,14, some models predict an enhancement Ofq,ce the pion contamination in the electron sample. Pions
heavy quarkonia due tac coalescence in a quark-gluon nicaily deposit only a fraction of their energy in the calo-
plasma[15], detailed balance dd+D < J/y+X [16], and/or  rimeter whereas electrons deposit all of their energy. These
statisticald/y production[17]. In addition, at RHIC energies gelections are augmented by requiring that the calorimeter
initial state effects of shadowing and possible parton saturaspower position and time-of-flight information agree with the
tion may play a role in initial charm productiqd8]. Disen-  track projection. Thus, we obtain a clean sample of electron

tangling these competing effects will require a systematiGyng positron candidates with less than 5% contamination.
study of yields of various quarkonium states in different col-

liding systemgproton-proton, protorgor deuterojrion, and
ion-ion] and over a wide kinematic range in terms of trans- Ill. DATA SELECTION AND TRIGGERS
verse momentum anx.

We report here the first results ol production via The Au-Au data ahsyy=200 GeV used in this analysis

. . : T were recorded during Run 2 at RHIC in the fall of 2001. For
glgctron—ppiltron decay pairs at midrapidity from Au-Au Col- o« ininum bias® Au-Au event selection, we use a level-1
lisions at vsyy=200 GeV from data taken during Run 2 at yqqer that requires a coincidence between our BBCs. We

R.HIC in 2001. For peripheral and midc_;entral Au-Au C_Olli' lace an additional offline requirement of at least one for-
sions, we present the most probable yield values, while f‘:@;rd neutron in each of our ZDCs to remove beam related

central reactions, v:J/e ObSE?“’e no signal abov«_a packgrou ckgrounds. Our “minimum bias” sample includes 92% of
and thus quote 90% confidence level upper limitsJ¢  yhe 6.9 parn Au-Au inelastic cross sectif2l]. We further
production. restrict our analysis to 90% of the inelastic cross section to
remove a small remaining contribution from beam related
background events.

We observed a Au-Au inelastic collision rate that in-

The PHENIX experiment is specifically designed to makecreased during the running period from 100 to 1200 Hz. The
use of high-luminosity ion-ion, proton-ion, and proton- level-2 triggers are implemented in a personal-computer-
proton collisions at the Relativistic Heavy lon Collider to based farm with 30 processors in run 2, as part of the
sample rare physics probes including #é and other heavy PHENIX Event Builder[19]. The level-2J/¢ trigger algo-
quarkonium states. The PHENIX experiment includes twarithm identified electron candidates by starting with rings in
central rapidity spectrometer arms, each covering the pseuhe RICH and then searching for possible matching showers
dorapidity range|s|<0.35 and an interval of 90° in azi- in the EMC. The EMC search window based on the RICH
muthal angle¢. The spectrometers are composed from thering is obtained from a lookup table, generated using Monte
inner radius outward of a multiplicity and vertex detector, Carlo simulations of single electrons. Possible matches were

II. PHENIX EXPERIMENT
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FIG. 1. (Color onling Dielectron invariant mass distribution in Au-Au reactiogiep row, most central, 0—20 % central; middle row,
midcentral, 20—40 % central; and bottom row, peripheral, 40—90 % cgffitralunlike sign pairs containing signabackground(left
column), like sign pairs containing only backgrouicenter columiy and the subtracted differen¢eght column.

assumed to be electron candidates, and the electron momeig'e”), like sign pairs(e*e” or €°€7), and the subtracted dif-
tum was taken to be the EMC shower energy. The invarianterence in Fig. 1. The number dfi counts for each central-
mass was calculated for all electron candidate pairs within aity range is determined from the number of signal counts
event, regardless of the candidate’s charge sign. If the invarabove “background” within a fixed invariant mass window.
ant mass was higher than 2.2 Ge¥/the pair was accepted The PHENIX acceptance and level-2 trigger efficiencies are
as aJ/y candidate, and the entire event was archived. Théhe same within a few percent for unlike sign pairs and like
level-2 trigger provided a rejection factor of order 30 relativeSign pairs in theJ/yy mass region. Therefore, the sample of
to our “minimum bias” level-1 trigger sample. like sign pairs is a good representation with no additional
An additional offline requirement was imposed that theScale factor of the *background” due to simple combinator-

collisions have a vertex satisfyingZ <30 c¢m in order to  '°S:

eliminate collisions taking place near the PHENIX magnet. In _order to extract al/y signal strength, we employ a
After this selection, we have analyzed 25.9CF “minimum counting method where we subtract from the number of un-

o AL : . 4 .. like sign pairs the number of like sign pairs in the mass
bias® Au Al.J.reactlons as tr_lggereq by our BBC level-1 F”g window 2.8<m< 3.4 GeVE% We have chosen a wide in-
ger. In addition, from the high-luminosity period of running,

I d 23410 “mini bias” ts with variant mass window to be consistent with the signal extrac-
We also processe : minimum bias™ events wi tion method from our proton-proton analydig4], and to

our J/y level-2 trigger. limit our sensitivity to the exact mass width value. Although
we expect from our Monte Carlo studies a mass width of
IV. J/¢r SIGNAL COUNTING order 60 MeV, we cannot quantitatively verify this even with

our proton-proton data sample due to low statistics. We note,

For three exclusive centrality bins—0-20%, 20-40%,that in principle, there is more information to be utilized in
and 40—90% of the total Au-Au cross section, we show thehe exact distribution of the candidates within the mass win-
dielectron invariant mass distributions for unlike sign pairsdow. However, we have found that this does not add to the

014901-4
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TABLE |. Statistical results fod/¢ counts are shown for three

= -
exclusive centrality ranges. Shown are the number of unlike and 8 0'1k N(unlike):16 H
like sign counts within the mass windo(2.8<m< 3.4 GeVE?). < L ]
Also shown are the most likely signal value with the 68% statistics @ - N(like)=8 i 90% C.L.
confidence interva(for the peripheral and midcentral cageand = 0.08 A :
the 90% confidence level upper limits. - i
Cent. Unlike sign  Like sign ~ Most likely ~ 90% 0.06;
counts counts signal C.L. r
0-20 % 33 41 0 9.9 r
20-40 % 16 8 g8 14.4 0.041
40-90 % 7 2 535 9.3 -
0.02—
significance of the result, given the low counts and the lack L
of constraint on the)/y and background line shape. TR T R
RN NTLM A NSNS AN R A,

Table | shows the number of unlike and like sign counts 90 15 10 5 0 5 10 15 20 25 230
within the mass window. For given observed countsNpf Net Signal
(like sign) and N, (unlike sign), the likelihoodL(y, v,) for

the expectation valueg andu, is given as FIG. 2. (Color onling The Poisson statistical likelihood distri-

bution as a function of the expected net signal. The distributions are
1) for the midcentral case M ie=16 andNj=8. The dashed curve
is the likelihood distribution, and the black is after eliminating the
unphysical net signal less than zero and renormalizing. Vertical
lines are shown to indicate the most likely vali@, the 68% con-
fidence interval values, and the 90% confidence level upper limit.

VlN'e_”' vl':‘ ug™u
N;! N,!

L(V|, Vu) =

We then integraté.(v, v,) to give the likelihoodL(vy) for
the expectation value of the net signal counts v,— v,

L(ve) =J f L(y, vy) 8(vs— vy + v)dydy, (2) beauty semileptonic decays, and a small contamination of
0 -0 misidentified hadrons. The unlike sign pairs should also have
We show the likelihood distributioh () for the midcentral & component from semileptonic decays of charm and antic-

L - : harm pairs, but its contribution is less than the statistical
— 0, ’
(20-40 % events in Fig. 2. Althougl.(v) is normalized uncertainty of the dat§26]. A complete analysis of the in-

such that/” L(r9dvs=1, it has a nonzero probability for termediate mass region will be presented elsewf&T
negative expected net signal val@e<0). Since the un- Our method of measurement does not separate contribu-
like sign contains signal + background, and the like signtions from decay feed-down from_other states such agthe
contains onlybackground the only physically allowed val- and ¢’, and thus ourd/¢s counts include these feed-down
ues fory, are greater than or equal to zero. Thus, we remové&0Urces. Our acceptance and efficiency is identical for the
the probability range corresponding t9<0, and renormal-  resultingJ/¢ from these decays as for promjit), and thus
ize the remaining probability integral to ofi25], as shown they enter our signal weighted simply by their relative pro-
in Fig. 2. We then determine for each centrality the 90%duction and branching fraction int#y+X. Another contri-
confidence level upper limit, and the 68% confidence in-Pution may result frons meson decays intd/y. However, if
terval around the most likely value for the peripheral andwe assume &b cross section in proton-proton reactions
midcentral ranges. These values are shown in Table I. Tw=~2—5ub [28] and that beauty production scales with
Since the net signal is negative for the 0—20 % centrabinary collisions, we would expect a contribution of order
event class, we can only quote a 90% confidence level uppdr—4 % relative to primary/y or J/y from x.. This percent-
limit. Also, even for the 20—40 % and 40—90 % centrality @€ contribution calculation assumes that the primiy
classes, the signal observed is not significant at the two sta@/so scales with binary collisions. If primadyy are substan-
dard deviation level and thus we also show 90% confidencéally suppressed, th& meson decay contribution would
level upper limits for completeness. The limited statisticalconstitute a larger fraction of our measutd#d, especially at
significance of the results is clear from the mass distribution§ligher pr.
shown in Fig. 1. It should also be noted that some signal in the unlike sign
In the intermediate mass region below th#y, pairs from correlated open charmc— D(—e€"+X)+D(
2.0<m< 2.8 GeVF?, the shapes and absolute yield of like —e™+X) will contribute in our mass window. Assuming bi-
sign and unlike sign dielectron mass distributions are welhary scaling in charm production with a proton-proton cross
reproduced by an event mixing method within a few percentsectiono~ 650 ub [14], this contribution in thel/yy mass
This indicates that most of the dielectron pairs are from un+egion is estimated to be about 0.1 events in the 0—20 %,
correlated electron and positron candidates. They are origB.05 events in the 20—40 %, and 0.02 events in the 40—90 %
nating from Dalitz decays, photon conversions, open charméentrality bins.
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V. J/¢p YIELD CALCULATION > 0.005¢
We quote our results as the branching fractionJbop 3 0'0045;:*7
—e'e” (B=5.93+0.10< 1072 [25]) times the invariant yield & 0.004f
at midrapiditydN/dyl,-o. We calculate this quantity for three g goasF- A A
exclusive centrality ranges as detailed below, 5 c
& 0003 -
dN _ Ny, 1 1 | 2 0.0025; e N
dy y=0 Nimb-evt + (€p12-eiNipi2-evt)  AY €acceft X €cent 0'002? 7A77A7*A**A*
(3) 0.0015[~
The number of signal countsy,, from both the “mini- 0.001
mum bias” and level-2 triggered event samples are shown in  0.0005F
Table I. The number of events from the “minimum bias” S \ ! \ ! \ Loveulonil

leNpp.e 1S 25.9% 1P Au-A ts. Th ber of 0051 15 2 25 8 35 4455
sampleNppet IS 25. u-Au events. The number o b (Gavic)
.

effective events sampled by the level-2 trigger(é,o.efs

X Niyiz-e,t), Which is the level-2 trigger efficiency j{imes the FIG. 3. The PHENIXJ/¢ acceptancex efficiency as a function
number of events processed by the level-2 trigger, 23.4y the 3/y transverse momentum is shown. Most of the acceptance
X 10° Au-Au events. This formulation appropriately weights is with one lepton into each of the two PHENIX central spectrom-
the two data samples by the expected numbel/ of eters. This contribution peaks pt=0 and decreases with increas-
The efficiency of the level-2 triggee, .1 Was deter- ing py. The rise in the acceptance at highis from contributions
mined by running the trigger algorithm on simulat#gy and  where both electron and positron are accepted into one of the
carrying out a full offline reconstruction of the resulting PHENIX central spectrometers.
electron-positron decay pair. The efficiency was calculated

via counting the fraction of successfully reconstrucd  efficiency includes not only the tracking efficiency, but also
events that were also found by the trigger. In these triggethe probability for passing all of the electron identification
simulations, the channel-by-channel calibrations for theselection cuts. The electron identification efficiency deter-
RICH and EMC were used to convert the simulated signalsnined by the Monte Carlo simulation is verified by a clean
into realistic values representative of a specific period in theectron sample from conversion photons. We also account
run, before passing them to the level-2 trigger. for run by run efficiency changes by counting the relative

The overallJ/y trigger efficiency from the trigger simu- number of reconstructed electrons and positrons per event in
lations wasej,jp¢£1=0.75+0.04. The systematic error was de- gyr data sample. We show the PHENIX acceptance and ef-
termined by studying the dependence of the trigger effificiency as a function of transverse momentum in Fig. 3.
ciency on the collision vertex position, the assumb¢ Since we do not have the statistics to determine the trans-
transverse momentum and rapldlty diStribution, CO”iSionverSe momentum distribution of thhlﬂ, we must emp|0y a
Centl’ality, and the period of the run from which the Channel'mode| for thep_l_ dependence to determine an Overa” accep_
by-channel calibrations were taken. After evaluating all oftance and efficiency. We use two different functional forms
the above dependencies, we assign a 5% systematic error g the p; distributions to test the model sensitivity of our
the J/y trigger efficiency. acceptance. We use an exponentiapjrand an exponential

The efficiency result from the trigger simulations wasin p2 as motivated by fits td/y data at lower energig29].
confirmed using real data in two ways. First, the minimumThe two models give similar acceptance values given a com-
bias data sample in Au-Au collisions was analyzed to calcum0n<pT> value input. The largest uncertainty comes from the
late theJ/y trigger efficiency. This was done by taking the \,5,e of (py) assumed. PHENIX has measurdlds produc-

ratio of the events that have an electron pair with invarianE. . . O i
. . ion in proton-proton reactions as=200 GeV and finds a
mass between 2.8 and 3.4 Ge¥that fired thel/y trigger to épﬁ:1.80i0.2$stai)iO.lG(sysDGeV/c [24]. We use this

all of the events having electron pairs in that invariant mas lue to determi i d effici d
range. The trigger efficiency estimate from this check jsvaiue "0 ?I_ﬁ"?/'ne our "’fc? anclﬁ and € |C|<(ajr_1f?y (fa\verage
0.67+0.10(stad. Second, the triggers were run on a sampleover_a pr- TheJ/y(pp) in u-Au collisions may difier from

pat in proton-proton reactions. Therefore we vary ¢he)

of 26 events from the proton-proton dataset that passed all d
the J/¢ cuts in the offline analysis and had invariant masses
between 2.8 and 3.4 Ged The level-2J/y trigger ac- TABLE II. The J/y acceptancex efficiency apd the centrality.
cepted 19 of these events, yielding an estimate of (8%31 dependent efficiency are shown for three exclusive Au-Au centrality
(stay, in very good agreement with the trigger simuiation €vent classes.
result. These results verify that the trigger performance is T
similar for real data and simulations. Centrality bin €acoeff Ecent
.The J/y acceptance and efficie_nagécc_,_sff is determined  4_oq o4 0002729999 (5ysp 0.61+0.06 (sysb
with a GEANT based Monte Carlo simulation of the PHENIX ,, 5 o, 0.0027329%9 (syst 0.78+0.08 (sys)
experiment. The detector response has been tuned to repro- 0009
duce the resolution and performance of the real detector. TH& 20 %0 0.0027g5005 (Sysh ~ 0.90+0.09 (sys

o
o
o
=
=
w
N
N
wn
w
w
3]
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TABLE Ill. We show the statistically most likely/ invariant  find +35% and —41% total systematic error on the invariant
yield (B dNdyl,-o) value and the 68% confidence interval for pe- yield in each of the centrality ranges. The dominant system-

ripheral (40—90 % and midcentra{20—40 % collisions. We also  atic error results from the uncertainty in they) of the J/ys
show the 90% confidence level upper limit and the systematic errogistribution.

on this limit for all three different centrality ranges of Au-Au col-

lisions.
VI. RESULTS
B dNdy],—o(x10™* . .
i likelv val Y=ol o) limi The B dN/dyl,-, values for the three exclusive centrality
Centrality Most likely value 90% C.L. upper imit  sejactions are shown in Table Il We have calculated using a

0-20 % NA. 6.08+1.56(sysb Glauber model[21] the number of expected participating

20-40 % 4.0023 (stad 138 (sysh 7.19+2.43 (sys) nucleonsN,; and the. number of expected binary coII|S|ons_

40-90 % 0 868:52 (sta‘)w;zg (sysh 1.60+0.54 (sys) Neon for e{;\ch cen_trahty range. These results are shown in
044 —0.35 : : Table IV, in addition to theB dN/dy|,—o values divided by

the expected number of binary collisions.

from 1.0 to 3.0 GeW to determine our model dependent  The PHENIX result for thel/y invariant yield in proton-

systematic errors. We assume that #¢ rapidity distribu-  proton induced reactions as=200 GeV at midrapidity24]

tion is flat over the range -0.35y<0.35 where we mea- js

sure. The final value for thé s acceptance and efficiency is

shown in Table I1. This acceptance and efficiency has a 20%BdNdyl,-o(pp) = 1.46 + 0.28stap + 0.2sys} + 0.15abg

systematic error from uncertainties in matching the Monte % 10°8. (4)

Carlo to the detector response, a 10% systematic error from

run-to-run variation corrections, and g% systematic error The systematic errofabs represents the uncertainty of the

from the uncertainty in thép;). normalization of the total proton-proton invariant yield.

Our tracking and electron identification efficiencies ex- We show in Fig. 4 the results from the three Au-Au cen-
hibit a centrality dependence due to overlapping hits andrality bins and the proton-proton data normalized per binary
energy contamination in the calorimeter. We determine thigollision as a function of the number of participating nucle-
dependence by embedding Monte Cailg into real data ©Ons. Note that for proton-proton reactions, there are two par-
events of different centrality selections. The correspondingdicipating nucleons and one binary collision.
efficiency factoree, varies from 56% for the 0—5 % most
centrfll events to 98% for the 85—-90 % most peripheral VIl. DISCUSSION
events.

The final values for the embedding efficiency in our wide Despite the limited statistical significance and systematic
centrality bins are sensitive to the true centrality dependencencertainty of these firsl/i results, we can address some
of the J/y production. In order to estimate the systematicimportant physics questions raised by the numerous theoret-
error due to this uncertainty we assume two different centralical frameworks in whichl/¢ rates are calculated.
ity dependence model$l) binary collision scaling and2) We show in Fig. 5 binary scaling expectations as a gray
participant collision scaling. Within our centrality ranges, weband. We also show a calculation of the suppression ex-
find that these two models yield less than a 5% differencegpected from “normal” nuclear absorption using ogc-y
and we include this in our systematic error. We assign arf4.4 mb[30] and 7.1 mb[31,6]. A recent measurement in
additional 10% systematic error to account for uncertaintieproton-nucleus collisions at lower energig&9] favors the
in the Monte Carlo embedding procedure. The centrality desmaller absorption cross section, thus underscoring the im-
pendent efficiency values are shown in Table II. portance of measuring/¢s in protondeuteron-nucleus col-

In our B dN/dy calculation, we have added the systematiclisions at RHIC energies. We also show the NA50 suppres-
errors from all of the contributing factors in quadrature andsion pattern relative to binary scalin@], normalized to

TABLE IV. We show the number of participating nucleons and the number of binary collisions for three different centrality ranges of
Au-Au collisions, and the associated systematic errors. We show the statistically most likely value Ja¥ imeariant yield(B dN/dy1y=0)
divided by the expected number of binary collisions for periphet@}90 % and midcentra{20—40 % collisions. We also show the 90%
confidence level upper Ilimit and the systematic error on this limit for all three different centrality ranges of
Au-Au collisions. The systematic error in the invariant yield per binary collision does not include the systematic error in the expected number
of binary collisions. This error contribution is negligible for the central and midcentral categories and would increase the systematic error for
the peripheral category by 6%.

B dNdyl,—o per binary collision(x107°)

Centrality Npart Neoll Most likely value 90% C.L. upper limit
0-20 % 280+4 779+75 N.A. 0.78+0.205ys)
20-40 % 140+5 296+31 1.3875 (stap*5:29 (sysb 2.43+0.82 (sys)
40-90 % 34+3 45+7 1.95:3 (stad?3%5 (syst 3.55+1.21 (sys)
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FIG. 4. Thed/y invariant yield per binary collision is shown for FIG. 5. (Color onling The J/ invariant yield per binary colli-
proton-proton reactiog and three exclusive centrality ranges ofion is shown from proton-proton reactions and three exclusive cen-
Au-Au reactions all at'syy=200 GeV. For the proton-proton reac- trality ranges of Au-Au reactions all atsyy=200 GeV. The lines
tions, we show the most likely value as a data posguare, the are the theoretical expectations from “normal” nuclear absorption
statistical error, and the estimated systematic errors as brackets. R@tth o_y=4.4 mb(solid curvg and 7.1 mh(dashed curvecross
the three Au-Au data points, we show as arrows the 90% confidenceection. The stars are tidéy per binary collision measured by the
level upper limits. The bracket above the limit includes the esti-NA50 experiment at lower collision energy. In order to compare the
mated systematic error on these limits. In the case of the peripherghapes of the distribution, we have normalized the NA50 data to
and midcentral ranges, we also show, as a square marker, the si@atch the central value for our proton-proton results.
tistically most likely value and as two horizontal dashes the 68%
confidence interval. The gray band indicates binary scaling and th
width is the quadrature sum of the statistical and systematic error o

our proton-proton data} point. F(.)r the Au'-A'\u points, the. systematic A different calculation[15] assumes the formation of a
error in the invariant yield per binary collision does not include the . : o .
quark-gluon plasma in which the mobility of heavy quarks in

systematic error in the expected number of binary collisions. Thish d fined ion lead . Sdoal Thi
error contribution is negligible for the central and midcentral cat-t e decontined region leads to increasedoalescence. This

egories and would increase the systematic error for the peripher ‘Fads .to avery large enhancemenﬂpﬁ production at RHIC,
category by 6%. energies for the most central reactions. The r_nodel considers
the plasma temperaturd) and the rapidity width(Ay) of
match our proton-proton data point at 200 GeV. The dataharm quark production as input parameters. Shown in Fig. 6
disfavor binary scaling, while they are consistent with “nor-are the calculation results folf=400 MeV and Ay
mal” nuclear absorption alone and also the NA50 suppres=1.0, 2.0, 3.0, 4.0. The narrower the rapidity window in
sion pattern measured at lower energies, within our larggvhich all charm quarks reside, the larger the probability for
statistical errors. J/y formation. Ay=1.0 is consistent with the three dimen-
One model calculationi16] including just the “normal”  sjonal spherically symmetric thermal distribution, and results
nuclear and plasma absorption components at RHIC energigs a charm yield at midrapidity that is inconsistent with the
is shown in Fig. 6. The higher temperatufe) and longer  PHENIX preliminary charm yield as determined from single
time duration of the system at RHIC lead to a predictedelectron measuremenfd4]. Ay=4.0 is consistent with ex-
larger suppression @l relative to binary collision scaling. pectations from factorized QCD am¥THIA with CTEQ5L
This specific mode]16], and in general this class of models structure functiong13]. All of these parameters within this
[32,8], cannot be ruled out at this time due to our null resultmodel predict &/ enhancement relative to binary collisions
(90% confidence level upper limifor the most central col- scaling, which is disfavored by our data.
lisions. Another framework for determining quarkonia yields is to
Many recent theoretical calculations also include the posassume a statistical distribution of charm quarks that may
sibility for additional late stage re-creation or coalescence ofhen form quarkonia. A calculation assuming thermal, but not
J/y states. In Ref[16], they include both breakup and cre- chemical, equilibratiorfi17] is shown in Figure 6, and is also
ation reactionsD+D < J/¢+X. At the lower fixed target consistent with our data.
CERN energies, this represents a very small contribution due Significantly larger datasets are required to address the
to the small charm production cross section. However, avarious models that are still consistent with our first mea-
RHIC energies, where in central Au-Au collisions there aresurement. Key tests will be thg- andx: dependence of the
of order 10cc pairs produced, the contribution is significant. J/¢ yields, and how these compare with other quarkonium
The sum of the initial production, absorption, and re-creatiorstates such as thg'.

&s shown in Fig. 6 is also consistent with our experimental
ata.
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0.5210° This first measurement from PHENIX will be followed
5§ 'k W PHENIX Data with high statistics measurements in both the electron chan-
2 045 A nce nel at midrapidity and at forward and backward rapidities in
8 oub " Statistical Model the PHENIX muon spectrometers. Such measurements are
A = Detalled Balance . expected in the next few years and will address the full range
0% T e of heavy quarkonia production and evolution models.
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