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Preface to the Series

The RIKEN BNL Research Center was established this April at Brookhaven National Labo-
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of Japan. The Center is dedicated to the study of strong interactions, including hard QCD/spin
physics, Iattice QCD and RHIC physics through nurturing of a new generation of young physicists.

For the first year, the Center will have only a Theory Group, with an Experimental Group to
be structured later. The Theory Group will consist of about 12-15 Postdocs and Fellows, and plans
to have an active Visiting Scientist program. A 0.6 teraflop paralle] processor will be completed at
the Center by the end of this year. In addition, the Center organizes workshops centered on specific
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Each workshop speaker is encouraged to select a few of the most important transparencies
from his or her presentation, accompanied by a page of explanation. This material is collected at
the end of the workshop by the organizer to form a proceedings, which can therefore be available
within a short time.
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Introduction

The RIKEN-BNL Workshop on Quarkonium pmdnction in Relativistic Nu-

clear Collisions was held September 28 — October 2, 1998, at Brookhaven National
Laboratory. The Workshop brought together about 50 invited participants from
around the world and a number of Brookhaven physicists from both particle and

nuclear physics communities.
Brookhaven has been at the origi
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f heavy quarkonium physics, which was
I heavy quarkonium physics

0
born after the 1974 discovery of the J particle at BNL’s AGS and of the ¥
particle at SLAC marked by the 1976 Nobel Prize in Physics. Since that time,
the properties of the J/¥ and other heavy quarkonia have constantly been at the
focus of attention — understanding their properties helped to establish QCD as

the standard model of strong interactions.

In 1986, T. Matsui (then at MIT) and H. Satz (then at BNL and Bielefeld)
proposed that not only production, butl also the death of J/¥ can serve physics
— signalling production of quark-gluon matter in relativistic nuclear collisions.
Their idea was based on the observation that at sufficiently high temperatures
the quark-antiquark potential will be screened, and bound states would cease to
exist. This predicted J/W¥ suppression was soon observed in S - U collisions by

+1L. A N A20 VN a b b3 TN LT sensrn +ha arniantifr Aashadtac xr L 4 e
tNe INAOO k/Ulld‘UULal}lUII (Lb UILILVIN, HOWEVET l;llt' bblCllblllb U.UUCLtCD Whlb}l uufu}dcd

immediately after the NA38 results were announced have demonstrated that to
understand the true origin of the effect one has to further develop the theory of
J /¥ production and accumulate more data.

A very impressive progress in these dnectlons was mad
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during the recent few
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high p; J/¥ production at the Tevatron. quarkomum productlon in pA collisions
at CERN and Fermilab, and most recent exciting observation of “anomalous” J/W
suppression in Pb-Pb collisions at CERN. It was timely therefore to summarize
the existing knowledge and to discuss critically the current status of quarkonium

physics

Ay silLo.

Participants extensively discussed the theory of quarkonium hadro-production
(Braaten, Matsui, Mueller. Peigne): their attention was drawn also to the recent
experimental results from Fermilab fixed target (Leitch) and Tevatron (LeCompte)
experiments. The new data and analysis of charmonium and dilepton production
in Pbh-Ph collisions from the NALSO Collaboration (( in. Ramello \ stimulated

many discussions. The theory and phenomenology ()f quarkonuun p1oduct10n in
nuclear interactions were discussed in detail (Capella, Gerland. Gyulassy, Hiifner.
Kopeliovich. Mattiello. Qiu). with particular emphasis on the role of coherence
effects (Kapusta. Thews). One of the central 1ssues at the Workshop was whether
the current data on charmonium suppression requirve the existence of collective

oy



effects (Blaschke, Kourepin, Nardi, Satz, Wong). Knowledge of charmonium
dissociation cross sections (Fujii) is very important in this respect, and the pro-
posed direct measurement of J/¢ — N dissociation cross section in low-energy
DA annihilation at FNAL (Seth) would thus be vital for the high-energy nuclear
program.

The future of quarkonium program looks verv bright, with two RHIC experi-
ments — PHENIX (Akiba, Rosati, Zajc) and STAR (Hallman, LeCompte, Ullrich)

starting operation this year. In a more distant future, the collider quarkonium
program will be joined at CERN by ALICE (l\/lm‘qr*h\ The workshop ended by

summary talks on experimental (Lourengo) and theoretlcal (Mueller and Satz)
status of quarkonium physics.

At this stage, when the Relativistic Heavy Ion Collider is approaching its
completion, it is particularly important to work out predictions and suggestions
for the experiments before RHIC begins its operation in 1999. Confronting pre—,

rather than post—dlctlons with the data will give us much firmer conﬁdence in our
Ull(lelbl;d,ll(llllg Of the LlIl(.lblllelE’ pllybl(,b d.Il(l Calnl blglllllLdIlBl} d.(.lVd.Il(,e Llle DIIB—
ory. It would be particularly convenient to compare different approaches among
themselves if the theorists could work out predictions for the same experimentaly

measurable observables. During two dedicated discussion sessions, the partici-

s Work-
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shop possible. In particular, I am indebted to Pam Esposn:o who handled the
organization of the Workshop in a very enthusiastic, creative and professional
way. Special thanks go out to Fern Simes for lLer help in publishing these Pro-
ceedings.

i

I thank Brookhaven National Laboratory and the U.S. Department of Energy
for providing facilities to hold this Workshop.

Finally, I would like to express my gratitude to the participants of the Work-
Shop for attending. taking part in discussions. and for sharing their ideas and

Dmitri Kharzeev



J/v¢ suppression: hopes and issues

T. Matsui

Yukawa Institute for Theoretical Physics

s of ultrarelativistic heavy-ion physics

- J/w suppression: an old idea
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2. Issues :

- production mechanisms
- suppression mechanisms

- "anomalous" J /1y suppression
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(Expected) States of matter at extreme conditions:

The early universe

A

Plasma of unconfined
quarks and gluons;
manifest chiral symmetry

Quarks and gluons
confined in hadrons;
broken chiral symmetry

oooooooooooooo

0
but at finite T indicate that the transition

rupt and may involve phase transition.

’-di
Q
)
ﬂ

"confinement-deconfinement transition"
"chiral phase transition”

Three signals:
- anomaly (softning) of the equation of state
» screening of the heavy quark confining potential

. melting of the vacuum condensate
4
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Factorization Approach to Inclusive Charmonium Production

The factorization approach to inclusive charmonium production unifies and supercedes
the color-singlet model and the color-evaporation model. It provides a rigorous basis for the
study of charmonium production, so that the standard tools of perturbative QCD, such as
factorization and resummatlon can be applied to this problem. The basic ingredients of this

fon—

The creation of a ¢c¢ pair occurs at short distances < 1/m,, but the formation of
charmonium involves long distances R 1/(m.v).

2. The sum over final states allows the inclusive cross section to be factored into short-
distance parton cross sections for c¢ production and long-distance factors involving the

charmonium wavefunction.

expanding the parto e velocity v (v?
lo

ong-distance factors are reduced o numbers (NRQCD matrix elements).

2
[y
T~
w
S—

the
4. A nonperturbative analysis within nonrelativistic QCD (NRQCD) is used to identify
the most important matrix elements for a given charmonium state.
The factorization formula for inclusive J/¢ production is

do(J/ + X) = 3 do(cen + XN OV,

The parton cross sections do can be calculated using perturbative QCD. The nonperturbative
matrix elements (O,) are treated as phenomenological parameters to be determined by
experiment. The sum over n includes color-singlet operators O; and color-octet operators Og

with all possible angular momentum quantum numbers 2°*'L;. The most important color-
singlet operator for J/¢ production is O;(3S;). The most important color-octet operators
depend on the process, but they include Og(3S5;). Os(}Sy), and Os(3Py).

1C
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VECTOR MESON PRODUCTION AND NUCLEAR EFFECTS
IN FNAL E866

M. J. LEITCH (for the E866/NUSEA Collaboration)
P-25 MS H8/6, Los Alamos National Laboratory, Los Alamos
NM 87545, USA
E-mail: leitch@lanl.gov

Fermilab E&B6/NuS

| [o4
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o
ber of measurements of the productlo of vector mesons by 800 GeV protons.
These include the nuclear 41nnnndpnr~p of T/qu Y and

broad ranges in zr and pr, and the J/¢ deca angula
nary results from these measurements are presented and discussed in
text of models for nuclear effects such as absorption, energy loss and multiple
scattering of the partons, and shadowing. Production mechanisms involving
color-singlet or color-octet states have implications on the strength of absorp-
tion in the nucleus or on comovers and on the decay angular distributions.
Over 2.7M J/¢’'s and 36k ¥"’s with —0.1 < zr < 0.9 and pr < 4GeV/c on
Be, Fe and W targets have been obtained. Preliminary results from these data
show that the J/v and ' have similar suppression for positive g, but that
the ¢’ is more strongly suppressed at negative zr. This results from formation
time effects such that the resonances become physical states in the nucleus at
negative ¢, while at positive zr they remain small ¢¢ objects. Absorption is
the main source of suppression in the integrated cross section but other effects,
such at energy loss and shadowing, cause increasing suppression for larger zp.
We also have preliminary angular distributions for J/4’s produced off our cop-
per beam dump which show some transverse polarization. Early results for
dimuons in the 0.5 to 3 GeV dimuon mass region show a much stronger sup-
pression of the ¢ than for the J/v. These studies of vector meson production
and it’s nuclear dependence are critical in furthering our understanding of these
processes towards future rmeasurements at RHIC and new results from NA50
at CERN, where J/v suppression is predicted to be an important signature of
the creation of quark-gluon plasma in heavy-ion collisions.
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Vector Meson Production and Nuclear Effects in FNAL E866

M. J. LEITCH (for the E866/NUSEA Coliaboration)
Los Alamos National Laboratory, leitch@lanl.gov
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e Early results from dimuon data in the 0.5 to 3 GeV mass
region show much stronger nuciear suppression of the ¢ than

for the J/v.
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Quarkonium Formation Times from Data in

=+

e™ — e~ Annihilation Reactions

R. L. Thews

Department of Physics
University of Arizona
Tucson, USA 85721

This talk is based on work in progress, in collaboration with Dima Kharzeev. We
show how to use dispersion relations to reconstruct, in a model-independent way, the
formation dynamics of heavy quarkonium from the experimental data on ete™ — QQ
annihilation.

The production of a pair of heavy quarks occurs at small distances (~ 1/mg) and
produces compact QQ states which later transform into physical heavy hadrons. In
this work we address the problem of formation time starting from the idea that all
the essential information about the space-time picture of hard process is contained in
the correlator of the hard scattering operator.

We calculate this correlator via a dispersion relation, which involves experimentally-
determined quantities from the cross section for annihilation into quark-antiquark
pairs. The expression becomes a sum over narrow resonance contributions, plus a
term from the continuum cross section. The physical meaning of such an expression
is transparent: it represents the correlator as a superposition of propagators of phys-
ical states, with weights proportional to the probability of their production in hard
process. The formation time of the ground state can be defined now as the time
at which the correlator approaches its asymptotic behavior II(7) ~ exp(—m7) for
Euclidean time.

Operationally, we define the function Fj(7) = IL;()/II(7) as the generalization
of the ©(r — 7,) shape which would be appropriate if an instantaneous formation
were to occur at time 7,. The distribution of formation times is then the derivative
of this curve, P;(7) = dF;(r)/dr. One can extend this formalism to excited states
by omitting all lower states in the dispersion integral. We have extracted numerical
formation time distributions for all Q@ states in the charm and bottom sectors. They
are compared with the simplistic (My; — M;)~! values which result from uncertainty
principle arguments. All distributions have support in the expected ranges, but the
average values are now determined from all states in the dispersion integral and
hence are not equal to the simplistic expectations. In addition, the widths of these
distributions are typically comparable to the averages, so that a wide variation of
formation time space is indicated.

As an example of the application of this formalism in phenomenology, we calcu-
late expected suppression factors of quarkonium states by collisions with comovers
produced in heavy ion collisions. We use comover formation time shapes from among
those extracted above, with average values adjusted to those expected for the light
hadrons. The resulting average suppression factors depend quite sensitively on these
shapes, with one particular shape appearing to provide a quite steep decrease with
increasing freezeout time. Several other applications are underway.

Talk presented at RIKEN-BNL Workshop on Quarkonium Production in Rela-
tivistic Nuclear Collisions, September 28, 1998.
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Coherence Time in High Energy
Proton-Nucleus Collisions

Charles Gale!, Sangyong Jeon?, Joseph Kapusta?*

1Physics Department
McGill University
Montreal, Quebec H3A 2T8, Canada

23chool of Physics and Astronomy
University of Minnesota
Minneapolis, MN 55455

Precisely measured Drell-Yan cross sections for 800 GeV protons incident on a variety
of nuclear targets exhibit a deviation from linear scaling in the atomic number A. We
show that this deviation can be accounted for by energy degradation of the proton as it
passes through the nucleus if account is taken of the time delay of particle production
due to quantum coherence. We infer an average proper coherence time of 0.4 £+ 0.1 fm/c,
corresponding to a coherence path length of 8 + 2 fm in the rest frame of the nucleus. We
then apply this coherence time to the production of J/1 in pA collisions. A significnt frac-
tion of the J/1 suppression in heavy targets appears to be caused by this finite coherence
time and consequent energy loss of the beam proton. The J/1) absorption cross section on
nucleons needs to be redetermined, and implications for nucleus-nucleus collisions must be
explored.

* Presenter
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A New Mechanism for Quarkonium Production*

Stéphane Peigné
LAPTH
Chemin de Bellevue, B.P. 110
F-74941 Annecy-le-Vieuz Cedez, France

The production cross section of a quarkonium state
may be viewed as a small fraction of the total heavy
quark production rate, where the heavy quarks Q and Q
are constrained to have a small relative p; (compared to
the heavy quark mass m} and to be in a state of given
angular momentum. The cross section is thus very sen-
sitive to possible rescatterings between the QQ pair and
its colored environment. Some surrounding color field is
indeed present in hadroproduction due to DGLAP evolu-
tion of the incoming partons, and the strength of this field
is suggested by the surprisingly large intrinsic transverse
momenta which are needed to reproduce & -distributions
or azimuthal correlations in open charm hadroproduc-
tion. We thus study the possibility that the ‘anomalies’
of quarkonium production could be due to a perturbative
rescattering between the QQ pair and a comoving color
field I We consider S- and P-wave total production
cross sections (ie., small zr and p; S m) in hadron-
hadron collisions [1].

The data on quarkonium production displays interes-
ting properties:

(i) In hadroproduction, the ratio o{¥')/og4ir(J/¢) =~
0.24 is ‘universal’ (it is nearly independent of the
c.m. energy Ecap, zp, and also of the nature of
the beam and target) and compatible with the ex-
pectation based on the values of the wave functions
at the origin R(0). This seems to indicate that the
QQ pair decouples from the environment (ie., turns

«, color singlet) when it is still compact compared to

* the size of the bound state.

(ii) Quarkonium production (at small zr) is consistent
with a leading-twist mechanism, since all anomalies
subsist when Ecyps, py or m are increased.

(iii) The Color Singlet Mechanism grossly underesti-
mates the J/¢ rate in hadroproduction, but gives
the right normalization (via R(0)) in photoproduc-
tion. This suggests that something specific occurs
with initial parton radiation.

We assume the color field ' to originate from the ra-
diation fields of the incoming partons. Thus the produc-
tion mechanism is leading-twist by construction. Since
in the radiative evolution process, the gluon virtualities
are logarithmically distributed between the factorization
scale ur and the mass m, we stress the importance of
the semi-hard (and perturbative) scale 1, pr < p K m,
and study the effects of a rescattering between QQ and T

at this scale p. The separation between the Q and Q at
the time of the rescattering must be of order 1/, larger
than the separation 1/m at the QQ production time, but
still smaller than the size of the bound state. This gua-
rantees o o |R(0)}? for S-wave production. In hadropro-
duction at high energy, the QQ is dominantly produced
by the fusion of two gluons, which carry their respec-
tive radiation fields. When these fields cross each other
they produce field components at low rapidity in the QQ
rest frame, which are ‘comoving’ with the QQ [(2]. It is
precisely these field components which we model by the
classical color field T', isotropically distributed in the QQ
rest frame. As photons do not radiate gluons (resolved
photon processes are unimportant here), T is absent in
photoproduction. The proposed mechanism occurs only
in hadroproduction.

This picture, combined with the assumption of a semi-
hard rescattering, leads to very interesting results:

(i) It is possible to understand why in fixed targetv
experiments, the ¢’ and (directly produced) J/v
yields are unpolarized.

(ii) The x.1 and x.2 states are produced at similar
rates.

(iii) The anomalous A-dependence of production rates
in pA collisions is qualitatively understood.

We encounter one difficulty for the x.. to J/¢ ratio,
which depends on the expansion factor p of the QQ pair.
The data requires a quite large value p ~ 3. The approxi-
mation of the bound state wave functions by their values
at the origin becomes questionable here.
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Precursor Phenomena in Particle Production by Relativistic
Heavy Ion Collisions

A.B. Kurepin

Institute for Nuclear Research,
Russian Academy of Sciences,
117 312, Moscow, Russia

In order to extend a search of Quark Gluon Plasma or precursor phenomena in
relativistic heavy ion collisions, it is proposed to transform the experimental
momentum distributions of produced particles to dependence on generalized Bjorken

parameters of the partons in the projectile and target nuclei.

The method was tested for experimental data on pion, kaon and antiproton
production at low energy of several GeV/nucleon of colliding nuclei. The observed
scaling dependence with heavy partons in projectile and target nuclei could be
interpreted as precursor to QGP phenomena due to deconfinement in small space part

of the nucleus.

Preliminary analysis of charmonium production in proton-nuclei collisions
was made. No indications on the collective parton effects could be seen from existing
experimental data. The analysis of nucleus-nucleus collision experiments will be

performed.

Simple expressions for parton scaling parameters for colliding beam

experiments like PHENIX are presented.
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N, +N, - (z%, KH)+X

Lowest mass reactions, i.e. highest meson momenta due to
exponential ¢(z) dependence:

ZN, + xN, — zN, + xN, + z*
ZN, + xN, — zN, + xA, +K*
ZN, + xN, — zN, + xN, +K"+K’

4 - momentum conservation:

(zP, + xP, - P)* = (zP] + xP} + P,)’ ()
Maximum © for highest meson momenta or two body reaction:

(zP, + xP, - P)* = (zmy + xmy + m;)’

' pions m,=0
+ —
K m, = m, - My
! K m, = my

 x(PyP)+ xmym; +1/2(m} —my)
~ x(PP)— (PP)— xmy — mym,
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New Results on Intermediate Mass Dileptons

Luciano Ramello for the NA50 Collaboration
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The NA5O collaboration has measured dimuon production in the mass contmuu between
nd thoa T/ in D]’\_DP\ ‘lueract' t lu8 A QoVV/p a d in

and the J/¢, in I b A GeV/c an
GeV/c at the CERN SPS.

An analysis of these data samples and of the NA38 S-U data (at 200 A GeV/c) has
been done in order to establish if the absolute yield and the differential distributions in mass,
rapidity and transverse momentum can be explained in terms of known sources, namely Drell-
Yan and Open Charm.

The spectral shapes of the sources folded with the apparatus acceptance have been
been t

the ¢ in p-A inter
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‘subtractlon (muon pairs from m and K decays), based essentially on like sign dimuon data,
plus input on charge correlations from the VENUS event generator.

A simultaneous fit to the NA50 p-Al, p-Cu, p-Ag and p—W data samples gives an Open
Charm cross-section slightly higher, but compatible with published CERN and FNAL data
on proton and pion induced reactions; this cross-section point is used to normalize PYTHIA

calculations and therefore to establish the expected source level in A-B collisions.
We find that both Pb-Ph and S-U qnmn]n c¢xhibit

find that both [ xh an excess of dimuons w.r.t. ex
sources; this excess is compatible with an enhancement of the open charm component, and
increases smoothly with the number of participants in the collision, reaching a factor ~3 for
central Pb-Pb collisions. A study of the pr distributions supports the conclusion that we
indeed see a charm-like enhancement in A-B collisions.



\Estimation of expected sources (DD, DY) I

e Generate dimuons from DY and DD (m.=1.5 GeV/c?, (k2) =
0.8 GeV?) using PYTHIA,;

¢ Track dimuons through the apparatus (for each setup);

e Reconstruct dimuons kinematical variables using the same

reconstruction procedure adopted for experimental data.

Drell—=Yan and open charm mass shapes

@)
w

DY Open charm

COUNTS /0.1 GeV
COUNTS/0.1 GeV
)
N

o

b

2 6 8 10
M(GeV/c?) M(GeV/c?)

o lllllllll IIIHHI‘ T IIIIlllI l”lIlIl] ll”“lll T 1T

e Determine acceptance in kinem. region: -0.5< cosfcg <0.5 and
0< Yerm <1 (for p—A: -0.52< yem <0.48).

e it the A-B experimental mass spectra in the region M > 1.5
GeV/c? with a superposition of the mass shapes of the expected
sources, keeping the relative normalizations of the various

contributions as free parameters.




]Central vs. peripheral Pb—Pb collisions'

e We know that the DY exhibits no anomalous behaviour from p—p to
Pb—PDb collisions (see Abreu et al., Phys. Lett. B410(1997)337);

e We would then expect: o,5/0py = const. vs Frp;

PbPb 96
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But we see that, in central Pb—Pb collisions, an enhancement of the
open charm component, with respect to DY, is necessary in order to

describe the mass spectrum -- charin—like cnhancement.
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|Expected open charm contribution'

Introducing an overall up-scale factor PYTHIA reproduces the open charm
hadro-production +/s-dependence and the D-meson differential distributions
measured at CERN and FNAL energies ( see review by Braun—-Munzinger

et al.,, Eur. Phys. J. C1(1998)123 ) :
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Cross-sections per nucleon in the forward region (zy > 0), averaged between
charged and neutral channels, are shown;

PYTHIA multiplied by Kpeutrat=4.5 and Kcharged="7

e The NA50 point (obtained from four different p-A systems, see later) is
compatible with other data points

e We can use as a reference (expected charm) for A-B collisions either the

PYTHIA curve as shown, or the same rescaled to the NA50 point

IBNTRIE:
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lFit of the p—W mass spectrum'

T

]

p-W

~
S
h

oy
S
LN
I lHHHl I IIIIIIII

Open charm
Background
All

COUNTS/0.05 GeV

~
S
w

T Hlllll

e~y
S
N

1 HIHll

] HHHI

D

2 3 4 5 6 7 8
M(GeV/c®)

e If the background R—factors are fixed in the fit, a ~ 20% higher

value for o ,5/0py is obtained (open triangle in the next plots).




‘Charm—like enhancement vs Np,.: p—A, S-U, Pb—PbI
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Charm-like enhancement:

a factor 3 in central Pb—Pb with respect to p—A
(Enhancement w.r.t. rescaled PYTHIA)
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‘ pr distributions of the Pb—Pb IMR events'

PbPb — 1.5<M<2.5 GeV, 0, = 0.9 GeV/c
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e pr shapes for DY, DD, J/+ from PYTHIA (gaussian kr with

ok, = 0.9 GeV/c) + simulation of the detector;

e Absolute normalizations from the fil of the mass spectra;

e Independent evidence that the enhancement is due to a charm like
component.
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Charmonium Suppression in Lead-Lead Collisions:
Is There a Break in the J/i Cross-Section?

N. Armesto
II. Institut fir Theoretische Physik, Universitdt Hamburg,
Luruper Chaussee 149, D-22761 Hamburg, Germany

A. Capella and E. G. Ferreiro
Laboratoire de Physique Théorique et Hautes Energies,
Université de Paris-Sud, Bdtiment 211, F-91405 Orsay Ceder, France

Abstract

In the framework of a model based on ruclear absorption plus comover inter-
action, we compute the Ep distribution of the J/+ in PbPb collisions at SPS and
compare it with available NA50 data. Our analysis suggests that the existence
of new physics (deconfinement phase transition) in the region Er < 100 GeV is
unlikely and that signals of new physics should rather be searched in the region
Ep 2 100 GeV. The Er dependence of the J/¢ transverse momentum has been
computed. At large Ep it turns out to be much flatter in the comover approach
than in a phase transition framework. Estinates of the J/ suppression at RHIC

and LHC energies are also given.

LPTHE Orsay 98/27
DESY 98-086
hep-ph /9807258

July 1998
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CHARMONIUM SUPPRESSION AND PERCOLATION
IN HEAVY ION COLLISIONS

The aim of high energy nuclear collisions is to create and study the quark—gluon
plasma, a new state of matter in which partons ( quarks and gluons) are not constrained in
Doawuing experiine in part‘. U
according to g(z) ~ ( )k (k=3 for mesons, k = 4 for nucleons). In a medium of
deconfined partons these constraints are removed and gluons are, on the average, harder
than in normal hadronic matter. A candidate as a deconfinement probe is the J/¢ meson :
charmonium and bottomonium resonances are formed only at the earliest stages of a

nitelotie_nin cle alli hoafn +ha ihla ~awl o arna forrm e Tha T//
nucieus—nucieus \,uumxuu oeiore tne pOssinie quark 51uuu plamua Luuuauuu 11e JJY

can distinguish confinement and deconfinement : its “binding energy” of about 0.64 GeV
prevents the dissociation by confined gluons (for an hadron gas at the present energies)
but it is overcome by free gluons.

In a hard interaction between two nucleons, a colour flux tube (primordial strmg”)

18 formed between them and results in a rr]nnn exchanee: the radius r of thi
S 10 De 1 the n r oI Ih

L1110 LVYTOT1 211 ALILAIIAT, vl L AuUL g

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

related to the transverse momentum Ky of the gluon : 7 ~ 1/k7. In a collision between
two heavy nuclei, a nucleon undergoes several hard interactions and emits several such
strings which overlap in the transverse plane, forming a “cluster”. If the time between

successive collisions is too short, the nucleons can not recover in a physical, ‘normal’
hadronic state : the parton momentu

dror m distriburtions are ‘disturbed’ and the confinement
constraints are weakened. Many colln ons in a short interval of time implyv high density
of primordial strings; it is then conceivable that deconfinement is achieved when the
nucleon—nucleon collision density approaches a critical value n., which we assume to be
the mean nucleon—nucleon collision density obtained in a central S-U collision.

The study of clustering of disks, distributed in a two-dimensional region according
to a realistic nuclear density, is important to determine the conditions under which this
critical uensuv is reached in }“cavy ion collisions. For a gl\'t‘u nucleus—nucleus system, the
total number of elementary nucleon—nucleon collisions depends on the impact parameter b;
increasing the collision centrality (i.e. decreasing b), the disk density in a cluster increases
and. as shown bv numerical simulations, the mean cluster size grows very rapidly; in
particular, in Pb-Pb collisions. a cluster densitv of n, corresponds to a cluster size of

10 _ 9N 2 Thic nrame
19 U 1i11 . 11110 }JL\}IJ(,

e e - the cuark eluon nlacma
€ ence ¢ tne quark giuotr piasiia

-—

can not appear. in heavy ion collisions, in a region of arbitrarily small size : at the
onset of deconfinement. the new phase extends over a finite area in the transverse plane.
The discontinuous behaviour of anomalous .J/« suppression resulting from this argument
agrees with the recent NABO experimental data.
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Inelastic Charmonium-Nucleon Cross Sections
J. Hiifner, University of Heidelberg, Germany
V2P I Y~ VI SN [ | R N |
errg.uuemer\wurz.um-nelael Derg.ue)

(together with B. Kopeliovich)

Summary !

1.

SN

J/4 suppression in pA collisions can be understood in terms of an
effective JY N absorption cross section of 6-7 mb.

Analysis of photo production cross sections yp — J/¢p within the
vector dominance model leads to ai,'f_’N =1 mb.

An analysis of the same data within a multi-channel vector dominance
model gives at{,/t'pN = 4 mb in agreement with theoretical predictions

- based on o' r*/,-2\ (PLB 426 (1998)154)

]
3,
-+

Tol X
7 (’/Jl.
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absorption cross section which is about 30% smaller t an the total

cross section for a formation time t; — oo. (PRL 76 (1996) 192)

w
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Another (or an additional) mechanism for suppression even in pA —
JYX collisions is called for.
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Ckarmon;um breo.k "HP A_g . promp% 4&40143 |
n haan con collisions

Bor:is Kopeféovcck
Hayx - Pea.hc’t - IhS'rLC'!‘wnt :{:d'r Kernphjs:l:
He:a/eebzra

Based on
7. Hifner & B.K,
hep-ph /9809 300

@ Chatlences in

C’\armcnuim p roalu.c{:ow

of { nucle i

& 1/V produc{c‘on ik p:4 coll:sious dreated n
naive Optical model need

6&55(:,/’0"/) =~ 6 MA

However, VDM anaéjszs of P/)o‘[‘oproé{u.cs[\‘Oh daty
XP*J/‘I’P, lec.ds +o

640*(:1#4/) =12 wmb

This proE&,m was Settbed dJ. /'/t};[f\ew
Using @ wulti - channel X B.k,
aua.gsés of dete  whick fed 4o PLB 42£(1998) 157

O (AHN) = 3-4 mb

7% c,occp& ajC mb s{:ee need s 7[0 he expgatneo/,

® Y(2s) s axpec'fea( to have about ftwice as
eo.rge recius s j/*//, Correspono&gé%\,qemyé"

a(:sorp#:ve cross sechon.
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Interaction of ¢ with “wounded” nucleons (A/T)
i di.[{ercu'f

G (¥V*) =Gy, (VW) *+ 6, , (¥g)<h>,

where <h<?> (s the wmean number of 3&«0:43. radcatee
b_g, QL woumo(eﬂ[ MC@&MO% reor crosscy %L ¥

The rcaoliation @enéz‘é ?4 J,ouéo/ he sﬂjn[er they
He mean free a‘fl\ 07C a %a,rL ‘w A Mcéus

ﬁ —Z-zg‘i“(' °<) <4 A2 ﬁ@’(“*k

k= I-oA, K&
8Z =N/ ANxffw, f=10(5¢s)
o= {
g - 3 a/d(/(/—) X)
g <hgd g..h(w),(-[dkj”’“ AT O oz - ¢; )
, mon Min

de(qn) —2X) - 3oL (k)C 2m2ik +[I+(l 02 ](kY+ mf ¥
Aol A KL T (k‘f . m &)7

x[**g "':T.E(‘I ’ , A Schafer 8 A. Taraseov
Ae_P -ph /9208378
where C=3 (é(f)=Cj>)

Kivw = 0.3-0.5 Gev (4 -gu.uc'A\on cuts o}{ swma ¥e r~
mowmewn+a )
Owmen = 0.5 =/ GeV

<Vl<?> = 0.25 - 0.63 (pcr Y w@écs:on)
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Drell-Yan and J/9 Production in High-Energy

Pb-Pb Collisions

Cheuk-Yin Wong, ORNL

(BNL Workshop, September 28, 1998)

Drell-Yan distribution gives Er as a function of b
(hep-ph/9809497)

—

dofl = AB Typ(b) db oy,

—

where T4p5(b) is the thickness function. Therefore, we have
daAB db
J iE; = ABolpy Typ(b) ——- o
S(By) = — 2r 490V 1 = [ Typ(B)dd = S(b)
| 1= o 48 (total) /0 dE’ T TAB i - T
14 12 10 8 6 4 b 2 0
1.0 T - —r —r T Y
do 7
ohyv-(total DY qp I 7
1)}/( ) /0 dE/[I' T %0.6- e
5 e/
Joaf 7.7 Z(Ep)
= /
. . 0.2
E(ET - OO) - S(b B O> =1 0000 200 400 00 800 E. 1200
o me s i .

1. Graphical method: Plot £(FE7) and %(b). The line of constant

Y intercepts the curves at b and its corresponding Fop(b).

2. Parametrize Fp(b) as
L

Er(b) = 1+ expl(b —by)/a]’

and vary FEpq, by, and a.
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Drell-Yan distribution gives Er as a function of b

The Drell-Yan distribution dNAg /dEr calculated for
Ex(b) = 135 GeV
T 1 ¥ expl(b — 6.7 fm) /3 fm]’

is shown as the dashed curve. The Drell-Yan distribution with Erp

spreading is shown as the solid curve.

vty T
1200 | P
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80.0 |
60.0 |
40.0 |
200 }

0‘0 PURPERTUN NEPURT WP UNT S PSP S S S RSP S0 [ TP N R PN
0 25 50 75 100 125 150

E, (GeV)
There is good agreement between theory and data when one assumes

Number of DY / GeV

a new phase of strong J /1 absorption, with Ep spreading.

2500.0 —————————1———r—rTrrrrrr——r—r -y
I ® Pb+Pb (NAS0 1996)
s~ = With new phase
[ With new phase, E spreading
S 2000.0 i == =~~~ No new phase, with E spreading
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=S 15000 |
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£
=
<
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A Model of J/+ Absorption

C.Y. Wong, Phys. Rev. Lett. 76, 196 (1996)
(Y. Wong, Nucl.Phys. A610, 418c (1996)

The cross section for J /4 production in AB collision

do”” |
A{/»wdb / 2 J/@b N){1 N [1 - TA<bA)0abS(‘]/¢_N)]A}

O ahs\

B
x{1=[1—Ty(b—b,)ows(J/p—N)| }F(ba,b),
F (b, b) is the survival probability due to soft particle collisions,

F(by,b)=

N a(n) n ;
> k iy tl'
n ]N N< ‘%pr{l lz;d ](rh }7

N.(bg) and N.(b,) are the greater and the lesser of the
(rounded-off) nucleon numbers AT4(b 4)o;, and BTg(b — b4)oin,

aln)=2 for n=1,2,..,N.—1,and a(N.) = N5, — N_. + 1.
kdh = ph UhU'lb (]/l/ -—h)

[) NN (l _LN;;V N 1
Oh - )
d’/ Tin (d/ﬁ/)

tflj =ty +ty — Max(t; +t5,t; + tee),
t, = the hadronization time = 1.2 fm/c,

te = c¢ production time = 0.06 fm/c,
, _ VN ) NN = o3
tr = thttn I (treegeond /Th) = tabtn In(pl Y [ poy ) i o = 0.5 hadrons/fm®.
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Results from the J/¥ Absorption Model

We found that J/t absorption by produced hadrons, as revealed
by O-Cu, O-U, and S-U collisions, is small, and the experimental
Pb-Pb yield is much smaller than the extrapolated results if one
assumes J /1 absorption by nucleons and produced hadrons only.

The deviation of the J/¢ data in Pb-Pb collisions from the
conventional theoretical extrapolations suggests that there is a
transition to a new phase of strong absorption, which sets in when

. y NN
the local energy density €, € =wvp; ~ my,

exceeds €.. Here, v is the number of prior nucleon-nucleon collisions
at that point, and my is the transverse mass of a produced hadron.

€y = 4.2 GeV/ fm?® gives good agreement with data:

40 ——r———T T
'\ QO Pb+Pb NA50 (1995 Data)’
35 F @ Pb+Pb NASO (1996 Data)

2 PAN €.~ 3.0 GeV/Fm’

d : €, —tIZGeV/fW\-5 ]
S§i30 - o o € .,—556eV/'Fm3 ]
- i
\/ -
© 25 X
=~ [

TN b
2_20
> [
g 15 ;
10 1 1 i . <9 )

10 30 50 70 90 110 130



Dependence of J/v Survival Probability

on Collision Energy

0.8 v ] v ! d | | v I v [} b 1 v I
\ mmemee=e= Abonswntianze by AN Azl
~ f nu;)u: PLioit Uy IV Oy
P~ N - With new phase
§ y _ X\X‘\ ———— No new phase
“‘}; .
<
>
o
3
~ 04 }
=
Q
3
2
% 0.2 }
3
@)
m
—
0.0 " 1 A [l A 1 A 1 A 1 2 1 A 1
14 12 10 8 6 4 2 0

b (fm)
If a new phase of strong J/v¢ absorption is as-

sumed, the J/1) survival probability reaches the low-
est survival limit (the solid curve) when the nucleon-

nucleon center-of-mass energy /s > 35 GeV.
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CONCLUSIONS:

. Drell-Yan distribution gives Er(b).

. The anomalous suppression of J/¢¥ in Pb-Pb
collisions can be explained by a model in which a
new phase of strong absorption sets in when the

local energy density exceeds 4.2 GeV /fm?®.

. The J/v survival probability reaches the

lowest survival limit when the collision energy

V8 > 35 GeV.
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PHENIX Overview

o PHENIX PHilosophy

o PHENIX PHeatures

o PHENIX Physics

o T hanks to:

29-Sep-98

» The ~454-1 PHENIX colleagues who
have contributed to this talk |

Quarkonium Workshop
BNL, Sep-97

93 W.A. Zajc



< Prototypical Heavy lon Signals

o Iconography ,5._ transverse —
“The pictorial * Tl S
illustration v
. . T 05 R;:2.230.1(fm
of a given subject T .(. " J
(American Heritage C Y e
Dictionary)

o Ratings based on:
» Interest generated

> Relation to
primordial state

L 1
[+ 4 Lo
H

00 F 44

0 -““‘IQ’ M’."":W‘W’Tﬂ'_‘ﬁ"_
i 1

M, (GoV)

» Subjective T
impression L N
fm;' AN
e PHENIX: ﬁ ﬁ ﬁ 2 e N 1
\ §° ] oo ‘
> Will measure all of g*w;_:“;”;:m“t?l u
these (and more) in o e 1]

0 05 1 15 2 25 3 35
pr (GoV/e)

a single experiment

A (A0 G/ 04 (A m g} (NABT}
0 Qu/sh-a 4 = wid) (N3S}
M "S(19 1230 Gav/e) ~ 1F (NAS)

» ™PHL08 « 155 Ow/e} - Pb (HAG0)

a =
o O
T

NA50

W
=3

Buo(d/¥)/o(Dred—Yamu «
8 &
s

Nota Bene: These are not the

. ° +’
ratings of the experiments! L.
] 2.5 -1 7.5 10 II.Z(:m)

29-Sep-98 94 W.A. Zajc



olez "¥'M 5 86-dos-62

o081~

- ODN L-

- OOWI

uoyouUd +

uoJa3osa|3 1%

- Dom

— .02}

| 081
(a1Bue) §

XiNZHd

—

sainpiode
abJe| ul ||om sbuiyl ,ma},, ainses|N °©

sainuade
_[rews,, uil j|om sbuiyy |je ~ dinses|\ ®

TAydosojiyd




Vector Mesons in PHENIX

BN

« Rate |$ ih'ot" the major problem:
e This represents:

» ~10 weeks at 1% design luminosity
» ~1week at 10% design luminosity

» ~1 week at 100% design luminosity
(without a trigger)

» ~1week at 10 x design luminosity
(W|thoutatr|g er)

Vector mesons and background
(n Dalitz, Y conversion, etc)

Rhic Au+Au central collision
32 M events in PHENIX e—arms

Calculation by
Y. Akiba

‘ o
ML See talks by
llllll I ‘ﬂl,l?auﬁatilcl/yz)
J/¥
and
Y. Akiba
wias) (open charm)

\ Lnlsljlu

96 W.A. Zajc



PHENIX Di-Muon Physics

Compilation by
M. Leitch

. Seektalk Rosatl for

details on J/¥Y rates

e Physics rates compare well to existing
fixed-target standards"

29-Sep-98

PHENIX PHENIX FNAL

Central Au + Au | Min. bias Au 4 An E772

p— pt+p > 300K > 1M -
¢ pt 4 > 139K > 500K -
Jip — pt 700K 3IM 100K
W s pt4+pu 10K 24K 12K
T s put +pu” 2160 oK 17K
D-Y (4-9 GeV) ~ 24K ~ 100K A50K
s (GeV) 200 30
TF -0.3 to 0.3 0to 0.6

Pr {GEV) 0-10 0-2.5
Tq ~ 107%0.2 | ~ 0.03-0.27

97
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J{=
g ¢ vUvVory
PHSENIX
R CEI MR
Q. How to categorize various approaches to
QGP detection and characterization?
A?. “Factorization”:
o(QGP) = 6(INT) x 2(formation) x Z(probe)
~{INIT _mManmatrms
O\INT ) - geometry
P(formation) - unknown
2(probe) - below _
Common Rare
“Strangeness Direct Photons
Charged Pions Thermal di-leptons
Appearance Neutral Pions Open Charm
o HBT
Mass shifts
Fluctuations in dn/dy
Neutral Pions JriY
Disappearance Charged Pions (jets)
PP HBT
D ->KK?
(jets)

Rare probes in disappearance mode will require
concerted effort to establish by dependence on
v centrality
v E.y (note advantage of collider)
v AB

O
co



Comments on the Status of STAR
Prospects for Detecting Heavy Flavor

T. Hallman

Quarkonium Production in Relativistic Nuclear

Collisions

September 28 - October 2, 1998.
A RIKEN BNL Research Center Workshop



Electron Identification

Backgrounds:

hadrons incorrectly identified
(E/p, shower profile)

gamma conversions
( vertex pointing, partner, missing track)

Dalitz electrons
(partner)

Pairs of any of the above

Handles On Electron ID:

Energy-momentum matching (TPC, EMC)
dE/dx in the tracking chambers (SVT, TPC)
Shower max size, shape, position (SMD)
Energy deposited in pre-shower (EMC)

Identification of conversions (SVT, EMC)
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T~

Sectcrs
(WBS 4.2.4)

Laser System
(WBS 4.2.6)
(both ends)

Outer Field Cage (OFC)
(WBS 4.2.1)

Central Membrane (CM)
(WBS 4.2.2)

Inner Field Cage (IFC)
(WBS 4.2.3)

Wheel (Se.-tor Sapport)
(WBS 4.2.5)

RHIC—-STAR TPC (WBS 4.2)




STAR Detector Construction Milestones - 9/11/98 Scheduling Mtg.

MILESTONE

First 20 CTB trays at BNL
DAQ Rm Racks water/power/smoke/intergen system install complete
Pull & replace 3 problem sectors complete
DAQ Infrastructure installation in DAQ room complete
Power & tray installation in control room complete
Rack water leak detection system install complete
Base floor pads/column anchors installation complete
Micro DAQ available for TPC FEE/RDO testing
@ TPC tent & temporary utilities come down
@ Magnet mapper removal complete
First 20 CTB trays installed on TPC
TCU (1) Board available for system test
CTB HV & signal cables, HV suppliés & SC installed
® TPC Support arm installation complete
‘Temporary Network installation to Platform complete
® Computer & Network installation in Control room complete
FEE Pwr Supply move to South Platform complete
Rack infrastructure (water, power, detection & suppression) ORR
® DAQ Final Design Review
‘@ First “50%” of FEE & RDO installation &testing w/ Micro DAQ complete
Network installation from S to N Platform complete
® TPC mechanical installation in MAG complete
Clock/Trigger, HDLC & FEE DC Power installation complete
DSM (1) Board available for system test
Detector ventilation, smoke & flam. mixture detection install complete

All CTB trays at BNL

—

DATE DEP

9/15/98

10/1/98

10/7/98

10/7/98 racks
10/15/98

10/15/98

11/1/98

11/1/98

11/3/98

11/7/98

11/10/98 tent rem.
11/10/98

11/15/98

11/15/98 Mapper
11/15/98

11/15/98 power
11/15/98 racks/map
11/15/99

11/25/98

11/26/98

11/30/98

12/3/98

12/15/98

12/18/98

1/10/99

1711799

9/29/98



STAR Detector Construction Milestones - 9/11/98 Scheduling Mtg.

SVT scaffolding installation complete

DAQ production card debug begins

Final TPC ORR for operation in MAG

Detector global safety interlock system installation complete
Detector interlocks ORR

SVT Cone installation complete

TPC ready for operation w/ P-10 in MAG

Festoon installation complete

Beampipe support installation complete in WAH
Fiber Cabling from Detector to DAQ complete
Permanent Network installation to Platform complete
DAQ installation in crates begins

All CTB trays installed on TPC in MAG

SCRAM NET & cable installation complete

All DSM & TCU boards installed & tested

Last “50%” of FEE & RDO installation &testing w/ Micro DAQ complete
Magnet/TPC run and Test

Final Detector System ORR

Begin Detector Roll-in (to WAH) process

Final ORR walkthrough of detector in WAH
Complete baseline TRG system installed & tested
STAR Detector ready for RHIC commissioning run

Complete baseline DAQ system installed & tested

103

1/12/99
1/15/99
1/15/99
1/20/99
1/21/99
1/25/99
1/25/99
2/1/99

2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
2/15/99
3/1/99

3/1/99

Cone/
Ventil.

Festoon

Festoon

Festoon

3/1-15/99 FEE inst

3/16/99
4/1/99

5/15/99
5/31/99
5/31/99
7/31/99

complete

9/29/98



FY 99
FYO0O

FYO1

FYO02

FYO03

EMC Installation Profile

Modules

12

30

32

32

14

*®
Coverage—
1<1n<0, 0° <p < 72°
1<n<0, -120° <h < 120°
1<n<0, -120° < < 120°
0<n<-1, 0° < < 192°
1<n<0, -180° <d < 180°
O<n<-1, -72°<d < 192°
1<n<-1, -180° < < 180°

* Assumes T] = 1 is in the west direction, and

¢ = 0° is at 12:00 0’clock looking west
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The SVT - an AEE project STAR

e Si Wafer production has started
— Prototype & test were successful
— Two suppliers: SINTEF & BNL
— Two Q/A teams: BNL & OSU

e Electronics

— PASA & SCA
in production w

— Hybrids tested &
production soon

— Final design for

601

de79%(down) - Drift Non-Linearity
=9V, PO=SIV, E1=1IV, NowttV
HVu. 1500V

g W

RDO components 7
 Mechanical - | L
— Be ladder Sz i s Won SN B
prototype was a success 5 -
— French collaborators will build the SVT g S Af‘\
support cone (This month!) fop M w.v”;%"\,\m,-;w\!‘\}’f\.- i /‘W !
» Successful Tests . i/; .......... B ARG
— E896: Two SDDs test STAR multiplicities S A ,,,,mj’

— Ladder test: 4 wafer test of integration issues JT: 1




~TAR

Apr 1998
Juri 1998
Aug 1998
Sep 1998

Sep 1998
Nex 1998

1999

-

o b o

<N T L al Path Milestones

50% completion of die production
Beryllium fabrication start

Flex cable production start

5% hybrids assembled & tested
RDO production model completed
Ladder assembly start
Completion of SVT support cone

50% hybrids/cables/wafers
assembled & tested

100% hybrids/cables/wafers
assembled & tested

SVT assembly start
100% ladders completed
SVT assembly completed
SVT DAQ Installation

SVT installation completed

106



-

Conclusions

e Preliminary “back of the envelope”
calculations indicate that further
investigation is warranted

¢ The full tracking capability required for this
physics will come on-line in STAR in the
FY 2001 running period

e Given the EMC installation scenario under

discussion, the necessary acceptance would
begin to be available in the FY 2002 running
period, with full acceptance in FY 2003
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Open Charm measurement with
PHENIX

Y .Akiba (KEK)
September 30, 1998

Quarkonium Production in Relativistic Nucleus Collisions
A Riken BNL Research Center Workshop
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Measurement single electron in central arm

Production of heavy quark (c, b) in central rapidity (y
~ 0) can be detected by single high pt electrons (pt >
1.5 GeV/c) in central arms

Single electron spectrum is dominated by n° Dalitz
decay electron at low pt (pt < 1-2 GeV/c). In
moderately high pt (pt > 1 - 2 GeV/c), charm decay
electron contribution becomes comparable to Dalitz
decay. At very high pt (pt > 4 GeV/c), b-quark
electrons becomes the dominant source.

e/ ratio in high pt region (pt> 1 GeV/c) is about
1/1000, while PHENIX will have pion rejection better
than 1000 in this momentum region.

S/B ratio may become even larger if there is a large
energy loss of quarks in A+A collisions. (The
background pion spectrum becomes softer, while
charm electron have a boot from decay)

The yield of single leptons in central arms will be
very large. A few million events per year above pt 1
GeV/c is expected with nominal RHIC luminosity.

1097 Smpzdolzzooh.hbd,
: Vs = 200 GeV RHIC Au+Au central

108L

—— N, = 2.4 (shadowing)
----- N = 4.8 (no shadowing)

=

e+ from bdecay ™ n -7“;,,

_____

[P,
|||||||
|||||

o ' "."::r.:::".r'. Pl H
103 L T AP VIO PR IIPIIN 111 B M A H 1 IR P 1
0o 05 1 15 2 25 3 35 4
Pt (GeV/c)

Electron momentum distribution at y=0 in RHIC
Au+Au collisions and their sources. Ncc ~ 2.4 or 4.8
and dN/dy(=®) ~ 400 is assumed
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F Measurement of single muon in PHENIX muon arms

* Heavy quark production in forward and
backward rapidity (1.2 < lyl < 2.4) can be
studied from measurement of single high
p, Muons in muon arms.

* Heavy quark production (b, ¢) is the
dominant source of single high p, muons
for p,>2 GeV/c

* b-quark muons dominates over charm
decay muons for pt > 4 GeV/c.

* Pion/kaon decay background can be
estimated from the distribution of
collision vertex, and then statistically
subtracted from the data.

*Yield is very large. More than a million
events per year are expected for pt above
2 GeVle.

97/10/20 07.53

105?0—
Vs = 200 GeV
104;}!:+chcrm —>u
C  —A—
L T :x:
103, il —ae beauty = u
E ——
- A
o
102 & AT
N> —* A
—0—_’__‘__4_
o L e ey
V>p TT Lf“_H_
'f |
107! IIT\TVIIT
2 5 [ 7 8 9 10
p,(GeV)

Pt distribution of single muons in PHENIX
south muon arm. Studied by M. Brooks and

J. Moss




111

cU measurement

An unlike-sign high mass em pair is produced
from charm pair followed by c > eand ¢ >

)
decays.

Those electrons and muons can be detected
by central arms and muons arms.

The charm signal can be observed in ey pair
mass above 4 - 5 GeV.
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Mass spectrum of ey pair from 10® Au+Au central
events. From PHENIX CDR.
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D measurement in p+p and p+A

With a help of single lepton tagging in central or
muon arms, DY mesons from p+p or p+A collision
can be reconstructed from its K= decay in central
arm. (Kaons are identified by high resolution
TOF wall or EMCAL TOF). D° meson signal with
a reasonable S/B ratio will be obtained.

Expected event rate is about 100 reconstructed,
electron tagged DV per 1 pb! ( 1 day of RHIC p+p
run at nominal luminosity), and several times more
for muon tagged ones. Other charmed meson can
also be detected with lepton tag.

This direct measurement will supplement “indirect
measurement” using single leptons or lepton pairs
in p+p and p+A collisions.

For A+A collisions, this method become much
more difficult because of large combinatorial
background. It is not feasible except for very light
ion collisions or very peripheral collision.
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K= invariant mass distribution in p+p events with charm
pair, calculated with PYTHIA. A peak at 1.8 GeV is a
signal of D® — Kr decay.
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D measurement in p+p and p+A

With a help of single lepton tagging in central or
muon arms, DY mesons from p+p or p+A collision
can be reconstructed from its Kn decay in central
arm. (Kaons are identified by high resolution
TOF wall or EMCAL TOF). DY meson signal with
a reasonable S/B ratio will be obtained.

Expected event rate is about 100 reconstructed,
electron tagged D° per 1 pb! ( 1 day of RHIC p+p
run at nominal luminosity), and several times more
for muon tagged ones. Other charmed meson can
also be detected with lepton tag.

This direct measurement will supplement “indirect
measurement” using single leptons or lepton pairs
in p+p and p+A collisions.

For A+A collisions, this method become much
more difficult because of large combinatorial
background. It is not feasible except for very light
ion collisions or very peripheral collision.
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Summary

Large production of charm is expected at RHIC

Charm production can be studied with PHENIX detector through many
process with high statistics in wide rapidity coverage (-2.4 <y < 2.4).

- high pt single electrons in central arms

- high mass electron pairs in central arm

- high pt single muons in muon arms

- high mass muon pairs in muon arms

- ¢ m coincidence in central and muon arms

- D mesons tagged with high pt leptons (p+p and p+A)

Those variety of measurement can address many physics issues
- Gluon shadowing in p+A and A+A collisions
- Thermal and pre-equilibrium charm production in A+A
- Energy loss of ¢ quarks in hot matter
- Spin dependence of charm production (gluon polarization)




J /4 Suppression in Nucleus-Nucleus Collisions
Jianwei Qiul
Department of Physics and Astronomy, Iowa State University
Ames, Iowa 50011, USA

We propose a model for the production and suppression of J/1 mesons in high-energy
hadronic collisions. We factorized the process into a production of the ¢ pairs of relative
momentum k = k. — k: convoluted with a transition probability from the produced cz
pairs into the observed J/1 mesons,

- (02
TarB-iprx(S) =Ky D / dg? [Zb:cc_(Q_)}
a,b

QZ
Tq Tp

X /de ¢a/A(wa; )u'z) ¢b/B(mb, #2) m

Faeraarold?) (1)
where 3, ; runs over all parton flavors, and Q? == ¢® + 4m?. Because of the two-parton
final-state at the leading order, the incoming parton momentum fractions are fixed by
the kinematics, and given by z, = (y/z% + 4Q?/S + zr)/2 and =, = (y/zt +4Q?/5 —
zr)/2, respectively. In Eq. (1), the short-distance hard parts for producing the c¢ pairs,
Gagocz(Q?) and 6gg—cc(@?), are calculated in perturbative QCD. In Eq. (1), the integration
limits of zF are chosen to be consistent with the data. The function F,z_,5/4(g?) represents
a transition probability for a c€ pair to evolve into a physical J/¢ meson. We propose
three alternatives for parameterizing the transition probability,

c(z:P—)J/lp(q ) = NJ/¢ 0(q12nax - (12) (1 - qz/qxznax) ) ’ (2)
C

c(c—)vJ/'\b( 2) = NJ/‘l’ g(qx?nax - qz) ’ ‘ (3)
Fyg(@) = Nipy exp|~¢*/(203)] | (4)

where ¢2,, = 4m'™ — 4m? with m’ the mass scale for the open charm threshold. The
parameters, Ny, and ar in the F.z,j/4(¢%)’s, and the K-factor, Ky, in Eq. (1) are to
be fixed by fitting the existing total production cross section data from hadron-hadron
collisions.

As the produced ¢ pairs exit the nuclear matter, the absorption of gluons by the
colored ¢ and ¢ increases the square of the relative momentum between the ¢ and g,

q¢" = ~(ke ~ ko)’ — §° = q° + " L(4, B) . (5)

In Eq. (5), L(A, B) is the effective length of nuclear medium for the c¢ pair to pass through
in the collisions of two nuclei of A and B. The increase of the relative momentum between
the ¢ and ¢ reduces the phase space integration dg? in Eq. (1), and consequently, J/+
suppression is expected in nuclear medium. With only one parameter, €2, the amount of
relative momentum square gained by the produced cc pair per unit length in the nuclear

medium, our model can fit all observed J/4 suppression data including recent NA50 data
from Pb-Pb collisions.

1This talk is based on work done with C. Benesh and J.P. Vary, Phys. Rev. C50, 1015 (1994); and
work done with J.P. Vary and X. Zhang, hep-ph/9809442.
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Low Energy Theorems for Charmonium Interactions

H. FUJII and D. Kharzeev
RIKEN BNL Research Center, BNL, Upton NY 11973

The quarkonium interactions are studied at low energies based on the combined use of the
operator product expansion (OPE) and low energy theorems (LET) in QCD, which gives us
model-independent information about them. After a brief review of the OPE formulation for
the interaction of massive quarkonium with soft gluons, the use of the LETs in the low energy
processes of quarkonium with light hadrons is explained. Especially for pions, it is stressed
that the interactions are fully constrained. Two concrete are presented; the onium-onium
and the pion-onium interactions.

In the latter example, pion-onium elastic cross section, which may be relevant for the pr
broadening, is found to be tiny due to the “chiral” ¢ suppression as well as the small size

of dipole moment. & — @’ transision is also disscussed, even though it involves a formal
difficulty in use of the OPE.
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INTRODUCTION

e Heavy quarkonium provides a natural cutoff, r ~ 1/a,mqg
e Separation of soft/hard scales; OPE formulation — systematic ~ (GOTTFRIED’78, PE-

SKIN’T9)

Quarkonium interaction with pions are largely determined
by the QCD low energy theorems (LET).

— No valence quark exchange: Interact with light hadrons through gluonic operators.
e The leading operator is the trace of stress tensor, 6%.

~ Matching 6% onto low energy expression (x symm.)
e Applications; extrapolated down to J/v¢ or T

— J/¢—J /1 interaction (H.F. and D.K. hep-ph/9807383)

— Quarkonium interactions with pions... relevant for HIC

GENERAL IDEA

e Assuming the separation of the hard and soft scales (OPE), the onium interaction with
a soft probe is written as

M = 2 ci<()i>;
i
with local operators, O;, and their coefficients, c¢;.

e The leading twist-two terms can be summed up into the double-dipole form,

M= Liglerfr-Baet B e)

N H,+e+1D°
B ~O(w,) E
e @ small energies, £ < 1/7,1/rg, we have a quite simple form: P~ Yseen
Sa2 o, E~ 2
M = d2@<;i‘g2Ea2(01)>. 2 % ~my
€0 2 YV ~ %r ~ 0(2
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e Physically,

4

8 T, —
i - ,],Q soft ; %(
probe

e Non-pert. matrix element generally unknown — bypassed by dispersion rel., parton
model, etc

Scale Anomaly Relation  —— Nen-peil. malvix elementfglun op. aver fiadrons

Note that the operator is rewritten as the form Tale
Lo e :
¢*E? = —ZGQgG P+ ¢*(—GoaGl + ZgooGaﬁGaﬂ)
8n? |

L G
- b 9:1, + g20[()0)

A

0,.,: Energy-Mom. tensor (@ chiral limit, u,d,s=0, b=9)

The first term, the scale-anomaly, dominates by a factor, a,(1/rg)
D N il e W P N

i T e M i SN
Eg.
¢ In the back ground color field, double Stark effect:

a2 -1 g ;
Mg =2 dg—(;]QE‘?)
€0 2

o Elastic scattering with a light hadron @ low energy:

2 2" 2 2
ay 5 (4w . ag - (4w 9
= —df> — / 9, } - — QM
Mo % (b)“‘ #|l> 60d2<b) h

e In pion case,
(w*10%|nt) = 2M26% =<0 @ chiral limit;

-— Decoupling of pions in quarkonium interactions!
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More on onium coupling with pions

— Matching 6, with pionic oparator — (VOLOSHIN& ZAKHAROV’80)
Broken chiral symmetry fixes the low energy realization of ,,:

2
0p = =2 T tr UOTT + 4A tr (mU + Utmt),

U = exp (2ir/ fx), m = 7°T°, tr T°T® = 6%, m the quark mass matrix, and A = —m2 f2/4sh
with 7 being the average light quark mass.

(m*164(0)|7") = (0" — p)*6% + O(m2)

Thus the LET from the (broken) scale and chiral symmetries of QCD determine the
onium coupling with pions as

OPE— 42 LET
- aQ T
M =d ha( AN A ) — 26kl 3
' .- -~ LEr
up to the small o, and m2 corrections. | ‘r @?a Y Tor X
' OPE ' ’

Application; onium-onium interaction @low energy

HF AND D.KHARZEEV HEP-PH/9807383

T 2 : - (a3 ? (4r?\®
2 — M(R) ~ &2 (5) (\T> | at(19:(x)6(0))
l NP OPE- LET

e At large distances, R >> rp, inevitably non-perturbative

Use a dispersive representation:

2y _ o _ pe(s)
(%) = F.T.(T0%(2)04(0))) = /dsm
Non-pert. contrib. required by a QCD theorem:
[1(0) = —d(0) = —16€yac # 0

lightest hadronic states:

T p
po(s) = s? |F(s)]*>  scalar form factor; resonance enhancement
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Application; 7® interactions
& — wJ/v Elastic Cross Section -—

1 M2 [_a2\? (4n?\® [4odu
= — = (a%) (= / d(~t) 2
a(s) drrs 2]_)2CM< 260) ( b ) 0 (=)

~ FQG 37
e Chiral symmetry: Low momentum suppression, t2

= At low energies the 7® interaction is very weak.

e The cross section is of order, 0.01 mb;
== much smaller than the geometrical size of J/1.
& — 7@ — 7@’ Transition —

e Difficulty; The transferred mom.(energy) is of order, A = M’ — M = O(e), which
invalidates the factorization. 75’

e Fortunately, the double-dipole form is still valid (PESKIN),
1
M = (¢rltrlr - E——-———1 - E||¢7
@il By g, Bl
NN 0d) n
e To get a rough estimate within our formulation, replace —iD, with the typical value
of the gluon momentum, A.
Lo i L ora2 a5, 1 2qpa2
—(r - T 7| =g E*|7m) = d,— (7| = g°E*|n
e With this replacement, LET applies:
2 2
- a 4
M= dy=2 ) | —) ¢
( 2 €o b
e In Fig., we see o ~ 0.01 - 0.1 mb in this morn. region.
(The 1s and 2s Coulomb wave functions assumed)
1 ai T
0.01
— = o
2 =
— 0001 F 5
> =4
5 T
© & 001 /
0.0001 |
1e-050 0‘.1 072 0f3 0..4 05 0'0010.6 O.ISS 0?7 0.175 OTB 0.‘85 0?9 0.195 1
Poy [GeVic] Pem [ GeVie]
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¢ — &' — ®nw Decay — ¢TS¢'
e &' — & process always involves the mom. of order, A y, \g N
. ) . /
e Average over the trans. mom. ' S
LR
1 r8dQ 1 1
Mkl ~ — | 22 / kL= 2E2 0
W ) RO g e B

_Ila’gl k1 1 2102
= dy—(r"m|59"E*|0)
" ppE” LET

e “OPE-like” form: M = (number) x s x ‘F (s)]

e Compare the results with the observed decay width to get an idea about the error.
I'= 260 keV (70 keV) with (without) the final 77 int. F(s) < 140 keV (exp).
AN A A M e e e TN A e e A A e e e e A A e e A A e e A

Error in the absolute value ~ a factor of several at least.

e Experimentally, M, dependence of the decay is well described by this form of ampli-
tude (Fig.)

\

Remarks

e THE COUPLING WITH PIONS IS FULLY FIXED BY THE LET 1n QCD
e “ONIUM SURROUNDED BY 77 CLOUD” MAY GIVE A GOOD PICTURE FOR ONIUM
INTERACTIONS

e 7® ELASTIC INTERACTION IS SMALL @LOW ENERGY BY ¢’-SUPPRESSION (CHIRAL
YMM) AS WELL AS THE SMALL DIPOLE SIZE OF THE ONIUM. _...
SYMM) L OF THE ONIUM. ... | bquenr.‘;c?)

e ESTIMATE FOR 7® — 7®' INTERACTION [S MARGINAL, BUT NOT COMPLETELY
WRONG AT LEAST FOR J/1¢ < ESTIMATE FOR THE DECAY PROCESS.

- ""Lf’,‘f‘l/w,al?o
\
LT ~ \
¢ \
‘ OPL '
. LE_T‘ ]
‘r @ — 93 —J T
\
\ x 3 . '
Sl 7 /
N Ve
\ Vd



Quarkonium Production in Relativistic Nuclear Collisions (BNL/RIKEN)
Sep. 28-Oct. 2, 1998

J /Psi-Nucleon Cross Section

A Review of the Experimental Situation

Kamal K. Seth
Northwestern Univ.
Evanston, IL 60208

kseth@nwu.edu
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Table 1.
PHOTO & LEPTOPRODUCTION OF J/W

R

E,(GeV) |Detect |Targets Meoswed  [Model |0(Ie-N) |
mb
Knapp(i975) FNAL
100> | utr |Be O(=T v +X) VDM  |x|
Camirint (1975) SLAC
(3-21 | €, & H,,0, do(p=)| VDM (<08
Giltelman (1975) Cornell
T do~(k-

1.8 € Be 40 (e=g)| VDM
Anderson(1977) SLAC

20 n Be,Ta.  |9(Be) Opteal |3520.8:05{ 0.96+0(

O(Ta)
Binkley (1982) FNAL
£150> |etpd | K, D, %‘Q.t'(tzo) VDM |1.5£0.2
Denby (1984) FNAL
L105> | pME | H2 o (>3/wN)
Sokoloff (1986) FNAL’
<120> | at | H,Be,,Pb el o (23/w#x) | VDM |i-2 0.94£0,6
Clark (1979) FNAL
. + F .0) VDM
35-150 | AL e %gacv
Aubert (1980 CERN
, x do(c:0) VDM |1:26+0.3]

50-170 L Fe QL 0) M +

Aubert (1985) CERN

60-200 ‘ p* | H,D,

{.10+0
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| _ -

'T'ab.le 2.
HADROPRODUCTION oF J/PSI

Beam Momentum - Hadvon - Targets -

Antipov (1977) Serpukhov

43 GeV/c T  Be,Cu,W  0.92(6)
Anderson
225GeVc. 1KY pE o, Cu W 0.87

Corden(1982) CERN

39.5 GeV/c A H, W 0.9%(2)
Badiey (1983) CERN

150 , 280 T H, Pt 0.96(2)
200 n V7 O.q7C2)
nt P 0.96(2)
/" 0.94(3)
Katsanevas (1988) FNAL
25 T Be,Cu,W 0.87(2)
E « 0.90(3)
Alde (1a41) FNAL -ET72
300 P D.C,Fe,W 0914(2) J/V
0.902(7) Y’

0.943(1) D-Y
Baglm (1991) /Laurenco(1996) CERN -NA38

200 /nucleon b-U,0-Uu,s5-u 0.908(29) < pp
0.919¢21)

Leitch (1998) FNAL- E 366

300 b Be, Fe,W x 0.95 Jv,w’
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1 The Data

J/1 suppression in nuclei has been observed almost from the day of the
J /1 its discovery. Photoproduction and hadroproduction of J/+ with beam
energies ranging from 11 GeV to 800 GeV, and nuclei ranging from deuterium
to uranium, have been measured. Unfortunately, the data extending over the
last 24 years (Tables 1 and 2) are neither of uniform quality, nor have they
been analyzed in a uniformm manner. The photoproduction experiments have
been generally analyzed in terms of the vector dominance model (VDM). It
has been shown recently [1] that the J/¢-nucleon cross section derived from
the classical VDM formula and the measured %%(’yN — J/YPN)|i=o needs to
be increased by a factor of almost 3. Most hadroproduction measurements
avoid the problems of absolute cross section measurement by reporting what
amounts to ratios of cross sections between different nuclei. They report the
variation of the cross sections in terms of & when they are fit as constant x A®
where A is the atomic weight of the nucleus. This parameterization has no
theoretical justification and several examples exist which show that it may
not have an experimental justification either. But it has become customary.
The cross sections can be obtained from o by the approximate relation A® =
All-e™)~ Al - 245

When the above considerations are taken into account it is found that all*
photoproduction and hadroproduction data are consistent with the following
statement:

“At /s > 17 GeV, a = 0.92 £ 0.01, or ¢ = 5.5+ 0.5 mb for the heavy
nuclei.”

*[There is one exception. Preliminary analysis of Fermilab E866 has been
reported to yield o = 0.95, or 0 =~ 2.6 mb. The reasons for this discrepancy
are not clear.]

2 What does o0 = 56 mb mean?

Not only does ¢ = 5.5+ 0.5 mb fit all data for J/v suppression in p-A colli-
sions, but it fits the data on oxygen-uranium, and sulfur-uranium collisions
at 200 GeV/nucleon. This raises the question: what does 0 = 5.5+ 0.5 mb
mean? Without understanding the answer to this question we cannot under-
stand why it fails to fit the new Pb-Pb data at 158 GeV /nucleon. Without
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understanding that we cannot call the J/1 suppression in Pb-Pb collisions
truly ‘anomalous’, or infer that it says something significant about QGP.

Many explanations have been offered about how a cross section of this
magnitude can arise. They all add up to a number of questions rather than
answers.

e Is this o largely due to the color-octet (c¢)s traversing most of the
nucleus, and not J/, as the octet-lovers would have us believe.

e Is this ¢ made up of 0.6 mb of o(J/1-comover), and the rest due to
o(J/¢-nucleon), as the comover-lovers would have us believe.

e How many comovers are there, anyway?

e Is this ¢ a measure of the attenuation of the higher resonances which
feed J/1 in a NN collision at high energies?

e How correct are the present estimates of J/¢-nucleon cross sections
based on QCD inspired models?

The point is that at present there is a total ‘unconfinement’ of the theorist.
He can concoct his favorite mixture of the above ingredients to explain his
favorite data. There are no clean-cut experimental constraints.

I wish to propose a set of relatively simple measurements which will pro-
vide definitive answers to at least a small part of this potpourri of questions.

3 A direct measurement of J/i¢-N cross sec-

tion.

In order to have a cleanly interpretable measurement of J/-N cross section
several conditions should be satisfied: (a) J/v should be produced exclu-
sively, in order to be free from feed-down and comover contamination, (b)
the initial ¢¢ pair should be produced in a color singlet state, (c) the cC pair
should be produced with such low momentum that J/4 is formed before
reaching the next nucleon in the nucleus.

The above conditions are uniquely satisfied in J/v¢ production in pp an-
nihilation with a nuclear proton. The reaction is

p+A=Jv+(A-1)>efe” +(A-1)
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Proposed measurement of o(J/¢ — N)

—~ 103
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32 34 36 38 4 42 44 46 48 5
pmomentum (GeV/c)
e At the FFermilab Antiproton Accumulator, with

70 mA antiprotons circulating at ~ 0.65 MHz

102 atoms/cm?® Xe atoms in the gas jet target
L£=25x103cm 251

a(peak) = 185 pb = 185 x10~%¢ cm?2, ae ~ 0.5

Count rate (peak) = 200 / day

.". An 11 point scan across the Fermi-broadened J/9 (3.60 - 4.60
GeV/c) will require 300 hours, to give o(J/9¥ — N) to +5%.

¢ In order to test correctness of assumptions made, and method of data
analysis, several targets, from C to Pb need to be measured.

But, there is little hope that this measurement will be dene at Fermilab,
wilh HEP priorities.

Tune, 1998 Kamal K. Seth, Northwestern University
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Annihilation in hydrogen has been studied at Fermilab by E760/E835 for

several years now to do precision spectroscopy of charmonium resonances [2)].
’T‘his 1S dunn hyv deteectine nhaotona and o]nnfrnn following the tra versa al af a
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hydrogen gas jet by the stochastically cooled circulating antiproton beam in
the antiproton accumulator. Mass resolutions of the order Am/M ~ 1074
are routinely achieved and cross sections down to ~ 1 pb are successfully
measured.

It is prop nsed that the h

nuclear gas, Ne, Ar, Xe or CHs, and the (J/9-N) cross sectlon be measured
by detecting the ete™ decay of J/v. Fermi motion of protons in the target
nucleus will cause the J/ peak to be smeared over ~ 200 MeV and the peak
cross sections will be correspondingly reduced from 360 nb for hydrogen to
~ 180 pb for the nuclear gas, but since the only physics background is due

to the timelike formfactor of the proton, pp — e+ , and its magnitude is
on 1_y ~ 20 pu a very clean measurement can be made | Dy b(,a,nl‘uug over the
4.07 £ 0.5 GeV/c region of  momenta (see Fig. 1). It is estimated that for
one target a 5% measurement of o(J/1¢ — N) can be made in ~ 300 hours
of running.

It can be shown that a similar scan of 1’ is quite difficult because the

A~ 7 nkh uith a farm fantar ‘hanlror oun nd? af ~~ 9
AV | lJU YWiull @ 1Ul11l lauvuul UCl:bI\B vullu ulL ~ &

pb. The measurement is a factor 25 slower than the J/1¢ measurement and
is intrinsically more difficult to make and analyze.

Fortunately, however, measurement of o(x2 — N) is much more favorable,
even though the intermediate step of the radiative decay of xo — vJ/¢ is

involved. The estimated pealk cross section is about 38 hh with the form

PR A VY 110 COULILGLLU UG LY SCLviViL 15 Giwvvuvy YYiuii yiil 11 1i1

factor background of ~ 3 pb.

In principle, these measurements can be made tomorrow. However, with
the current priorities of Tevatron physics at Fermilab, the likelihood of such
measurements being approved at Fermilab is very small, unless, of course, the
nuclear physics community puts some of its resources into the effort. Hence,
thlS talk to this group'
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Thomas J. LeCompte
Quarkonium Production at the TeVatron
Brief Summary

The pre-CDF conventional wisdom of charmonium production was that:

e Few J/4s and 4'’s are produced directly

e The majority of ¥’s are from bottom quark decay

e The majority of J/¢s are from Chi decay

We should have known this was wrong, because there is still a substan-
tial 7' cross section at fixed target energies, where there are few bottom
quarks produced. Nonetheless, this hadn’t really entered the community’s
consciousness until after CDF measured these processes, and found:

e Most (75%) 9'’s are not from b decay.

e Most (65%) of J/¢s are not from Chi deacy. (and only 15% are from b
decay)

e The direct cross sections appear to be 50x larger than theory.

An interpretation of this that fits the data is that the so-called Color
Octet Model (not really a model - it’s just QCD) is a better description
of what’s happeneing. While this model contains matrix elements that are
hard to be calculated from first principles, the same matrix elements can
simultaneously fit the J/v and 9’ production.

Similarly, the COM seems to accomodate the upsilon production that we
have measured.

While the CDF experiment has the larger dataset and the ability to mea-
sure bottom quark contributions from their lifetime, the DO results are in
agreement everywhere.

In the forward region, the J/¢ yields are much smaller, even though the
absolute rates are comparable or larger. This is seen by both CDF and DO.
The difficulty is that the backgrounds in forward muon detectors are large,
and tight roads (and therefore pr cuts) have to be made, especially at the
trigger level. (If these cuts are not or can’t be made tight enough, a prescale
has to be imposed) These backgrounds generally come from the accelerator

rather than the interaction region. Forward muon physics at RHIC needs to
have these backgrounds under control.
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CDF PRELIMINARY

do/dPuBr (nb/GeV/c)
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Summary on Y(2S) , J/yY and xc

Huge excess of direct ¥(2S5) production,
Data/Theory .y sing. ~ 50

Majority of prompt J/¢ do NOT come
from x., F = 0.307+£0.018 & 0.07 and

same excess for direct J/vy production,
Data/TheoryCOl.Smg_ ~ 50

Excess of direct production can be described
with the inclusion of Color Octet contribution.

Open question:

is the ¥ (2S5) polarized ?
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da/dPBr(nb/GeV/c)

do/dPBr(nb/GeV/c)

Combined fit to J/¢y and ¥ (25S)
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Summary

® Quarkonium production is more interesting (or at least harder
to understand) than we first thought:

v 2.S)
Yie)

Cross sec
Direct J/y cross section too large by similar factor

»»» Color Singlet Model appears to be dead.

%, Cross sections are much closer to expectations.

e Contributions from new states (e.g. 2°P; 1) can't be excluded,
but it is an unlikely explanation:

- We don't see any evidence for them

Cross sections and branching fractions have to be both

large and conspiratorial to explain both the J/y and y(25)

¢ Direct production is the dominant production mechanism of
both 38| states.
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* Color octet contributions can improve the match between
prediction and data. (But introduce extra parameters)

e Forward dimuon detection is difficult
* A major upgrade will turn on in 1999, with major detector
improvements at both ends of the spectrum:

high p; (more data)
low pr (better triggering)

Open Questions
e Testing the Color Octet Model
- Polarization (but is this definitive? Can the RHIC spin

program help by measuring the entrance channel?)
» Other experiments (e.g. HERA)

 Can we untangle the upsilons like we have untangled the y?
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Can STAR Measure Quarkonium Production in
AuAu Collisions?

Thomas Ullrich, Yale University

The Solenoidal Tracker At RHIC (STAR) is a large acceptance detector ca-
pable of tracking charged particles and measuring their momenta in the expected
high multiplicity environment. It is also designed for the measurement and cor-
relations of global observables on an event-by-event basis and the study of hard
parton scattering processes.

Although primarily dedicated for thé measurement of hadrons and hard pho-
tons the detector has enough capabilities to also allow the study of quarkonium
production via J/¥ — ete™. This decay mode is attractive because it has a large
branching ratio (6%) and because the electromagnetic calorimeter (EMC) together
with the combined particle identification capabilities of the large Time Projection
Chamber (TPC) and the Silicon Vertex Tracker (SVT) allow the identification of
electrons with a high efficiency. First studies show that the achievable hadron re-
jection is sufficiently high to pull the signal out from a large hadronic background.
The reduction factors used here are based on preliminary studies, either derived
from simulations (TPC/SVT) or prototype tests (EMC). The total J/ ¥ yield de-
pends critically on how low in p one can successfully reconstruct electrons, which
in turn depend on what the electron-hadron separation is as a functions of p ().
Our studies indicate that in one year running (107 s) at full luminosity STAR can
record 25k J/W¥s at a signal-to-background ratio of 1:5 for a p -cut on the decay
electrons of p; > 1.5 GeV/c. A stronger cut of p; > 2.0 GeV/c results in a
much better signal-to-background ratio of 2:1 but with a considerable lower sig-
nal of 6000 J/Ws. One of the key elements for a successful measurement is the
sophisticated level-3 trigger which allows us to trigger on electron pairs in a given
invariant mass window.

Physics with charmonium looks possible if STAR is able to fully exploit the
performances of all components and especially the level-3 trigger. The prediction
at this point in time are not entirely stable and the current results represent just a
snapshot of work in progress.
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The STAR Detector

......... g,

- Time Projection Chamber TPC — tracking, PID
- Electromagnetic Calorimeter EMC + EEMC — PID
- solenoidal magnet — momentum

Thomas Ullrich

Silicon Vertex Tracker
e 3 layers of SDD detectors
e ~1<np<], A¢d=2r
® impact parameter resolution o, ~ 70um at 1 GeV/e

e PID via dE/dx, rejection of conversions (b £ 0)

Time Projection Chamber
e 45 padrows
e high tracking efficiency (> 90%)
e —2<n<2Ad=2r
e momentum resolution: o,/p < 1% for p < 5 GeV/c

e PID via dE/dx, particle momentum, tracking

Electromagnetic Calorimeter
e Pb-scintillator sampling em calorimeter
e stack and shower maximum detector
e barrel: || < 1.0, Ag = 2x
e endcap: 1.05 < [ < 2.0, Ap = 27

e 120 modules, each: |n| = 1, A¢ = 6°
e resolution ~ 16%/+/E
e E measurement, a/h

October 1, 1998 3
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The STAR Trigger

RHIC parameters for Au+Au, /s = 200 GeV:

o design: £ =2-10% cm ?s ! — ~100 Hz central collisions

e 1999: ~ 10% of design value

STAR:
e max. TPC rate =~ 100 Hz

e DAQ limii (tape): 1-2 Hz

Basic Trigger — LO:
e interaction/multiplicity trigger
e combined information CTB+MWC ® ZDC ® VPD ® EMC

e more complex as it sounds ...

Other Trigger — L1, L2: future

High level trigger — L.3:
e software trigger
e proposed by Frankfurt University
o currently reviewed

e can be ready for 1999

The Level-3 Trigger

Basic Idea:

e pattern recognition in real time
e TPC tracking + PID (+ EMC)
e select events according to

— event topology

— specific signature

Implementation:

e one CPU for each TPC sectors

e reconstruction of full event/sector
e track merging

e hierarchical structure of processors

e = scalable to 100 Hz !!!

Venus Central AuAu

L3 is one of the key elements for a J/ 'V measurement

[47a!
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Pseudorapidity, 7

J /¥ trigger:
o find electron candidates
® loop over candidates

— calculate mass with
vertex constraint

— select event if
[m —mJ/\I,| < I - Opes

Thomas Ullrich
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Signal Background
o J/¥ — e*e” in acceptance : 0.025 Hz = HIJING b=0 AutAu
(eaCh track > 40 hits + 3 SVT hits + EMC) Fake Electrons:

e both electrons tracked and identified: (0.9 x 0.7)2 = 0.4 e use HITING b=0 Au+Au

® py-cut: e form hadron pairs in: 3.0 < m < 3.2 Je\//cz
cut efficiency cut approx. annual yield (h* h™)
pife) > 1.0GeV/c 0.72 pi(e) > 1.5GeV/e 2360 - 10°
P ( ) > 1.5 (;P\/(’ (.23 D \/e\’ > 20 Ge‘v,/C OU 106
pi(e) > 2.0GeV/c 0.06 '
pi(e) > 2.5GeV/c 0.025 ¢ hadron suppression: (varies strongly with p, )

E big error bars here ! ~-TPC+EMC: 1.5 < p; <25GeV/c

-EMC:p; >25GeV/c
Assume:

y T

) Real Electrons:
e one year RHIC running — 107s
. e Dalitz and Conversions
e nominal luminosity £ = 2-10% cm™2 5!
. ) e form h-e and e-e pairs
e 100% trigger efficiency

cut fake e* hT |fake e* h¥ et et

= annual S 1AR yleld: (conversions) | (Dalitz) | (Conv./Dalitz)

B ' 108 105 =
cut approx. annual yield (J/¥ — ete™) EJ'S? ? ,1,?\ E?X/,f g,lf 1126 001510
s PLiE) > 2UGEV/C U.uo - LU - -
pi(e) > 1.0GeV/c 72 - 10*
pi{e) >1.5GeV/c 2.5 - 104 i L
b(e) > 20 GeV /e 06108 ¢ Conversion suppression:

- impact parameter cut (not from primary vertex)

October 1, 1998 16 Thomas Ullrich October 1, 1998 17 Thomas Ullrich




Results
cut S S/B| St |Significance (o)
pi(e) > 1.5GeV/c|2.5-10*| 1:5 | 2300 48
pile) >2.0GeV/c|0.6-10%( 2:1 | 3000 55

A lot of “best guesses” can be made better

Trigger:
ate of detectable J/¥ — e™e™ in detector: 0.025
e STAR: IH
e assume L3 copes with LO rate (~ 100 Hz)
To keep loss of signal (dead-time) small:
—_ S 0020Hz 1
. =7 Ta. T 10
- B 1 Hz 40
= need L3 trigger studies
- Tr\C'
e Ups:
— iat Anane 1No /ougnql rammirag ) soh_n  trarkc)
J\a\. \.iu\zll\/lllllb \Dlollul lb\.iullL/D s lllsll t}Lllu\/l\D/

— use cuts on the pair instead at the

g=]

e Downs:

— trigger losses
- p in EMC (fake electrons)

- Hijing underestimates background

October 1, 1998 18

single electron level

Thomas Ullrich

e Charmonium physics in STAR looks possible
e There are good reasons to believe that STAR can
—find J/W’s viaJ/ ¥ — ete”
— and even find open charm via semileptonic decays
e the requirements are:

— L3 trigger
- EMC
— both are on their way ...

o we are extremely sensitive to the Ievel of background
e predictions not yet entirely stable

al] inprovements in hadron rejection correspond

enta/ 10 Mev
s
[=] (&3

SV
o
=}
o

5

L
.

Ty

IASARSASARARARRERE =R R R R R RN R R

N ETEY WP ETS RTWH SWTS N U FEVE FUTY SWe!
22 24 26 28 3 32 34 36 38 4

AV St
GeY/

QNmT

Dlelectron Mass Spectrum

October 1, 1998 21

plot:T. LeCompte

Thomas Ullrich




145




Marzia Rosati
for the PHENIX Collaboration
Department of Physics and Astronomy, Iowa State University, Ames, IA 50011
E-Mail: mrosati@iastate.edu

The PHENIX detector at RHIC will allow the measurement of vector mesons
through their decay into both dielectrons and dimuons. This is one the of main
goals of the PHENIX experiment, which will start taking data in 1999.

Electrons will be reconstructed as charged particles by the Central Arm track-
ing detectors (Drift Chambers, Pad Chambers and Time Expansion Chamber)
and can be identified, in the range of 0.1 GeV/c < p < 5 GeV/c, by using
a combination of detectors: the Ring Imaging Chamber, the Electromagnetic
Calorimeter and the Time Expsansion Chamber. All these detectors combined
will provide a 7 rejection factor of better than 107

Muons will be identified by the MUID detectors, made of steel absober inter-
leaved with layers of Iarocci proportional tubes. The low energy muon threshold
in this detectors is 2.2 GeV/c and the 7/u ~ 10~%. The muon trajectories will be
reconstucted using the Muon Cathode Strip Chambers, which provide a position
resolution of 100 pm.

The full tracking and particle identification system has been simulated. The
acceptance as a function of pr and rapidity is calculated. The expected perfor-
mance of the Central and Muon Arm detectors in measuring J/v and 9’ through
their ™~ and ete™ decay are shown. The expected rate integrated yield in one
year of RHIC running at full luminosity is estimated.
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dileptons

1000
800 ¢ Using the p-N cross section predictions as calculated
] at NLO for the transverse momentum and rapidity
400 ® . . °
ol distribution we calculate the acceptance, that is the
ol b percentage of J/y which have both leptons going
yerasty  wrereev/e  through the detector
VNI Model 7+ Rapidity
. nucl-th/9705041
..3, o 2 For Jiy —ptpr
g ) ii H'L N,,, (accepted) 8.6%
8 L [!l N,,, (total) N -
= I e
s | 5
S . ; For Jhy —ete
é i N,,, (accepted ) - 0.75%
IJ E N Jiy (tOtaI )
O T o L1 B NP S
y
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Estimate of J/y Integrated Yield in one Year of RHIC {

o
N

Assuming there is no anomalous Jhy suppression we can calculate an upper limit to
the J/ v Integrated Yield. J BR Gy yp, =185 b

BR=A¥G ,,,BR=33mb  “™ | 400

We estimate one year of running for 8 months corresponds to 107 seconds, to account
for detector and accelerator down time(50%). Using the RHIC design luminosity
L=2x 1026 cm2 s Then the total number of J/y produced is:

N, (total) = 6.3x10°events

Within the PHENIX acceptance we have:

O“AA—U/W

Particle Dimuon Dielectron
Decay Decay
Jhy 530k 53K
Y’ 9k 0.9k
Y 0.8k
972598 Quarkonium workshop Marzia Rosati
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ALICE Capabilities Concerning Quarkonium Physics

Andreas Morsch
CERN

The LHC (Large Hadron Collider) will allow to perform heavy and light A-A collisions at a
centre of mass energy of Z/A+14 TeV/nucleon. The machine will have separate RF systems

for both beams allowing also p-A collisions in the same energy range, which will serve as a
source of indispensable reference data.

ALICE (A Large Ion Collider Experiment) is the only detector dedicated to heavy ion
physics at the LHC. Its central part allows a comprehensive measurement of hadrons,
photons and low-mass electron pairs, whereas the forward muon-arm will be used to
study the production of the heavy quarkonium states via their dimuon decay channels. As
hard, penetrating probes, the quarkonium states provide a tool to study the earliest and
hottest stages of heavy ion collisions, probing the strongly interacting matter on short
distance scales. The suppression of the heavy quark resonances is the most promising
signature for a deconfined state of partonic matter, the Quark Gluon Plasma (QGP).

In order to exclude other more conventional mechanisms of quarkonium suppression the
effect has to be measured for the complete family of resonances and as a function of the
energy density and the transverse momentum of the resonance. The observed production
rates have to be normalized to unsuppressed hard processes that are produced at a similar

Q% and x of the parton-parton interaction i.e. charm and beauty production.

The measurement of the charmonium transverse momentum spectrum down to p=0 is only
possible in the forward direction owing to the intrinsic momentum cut-off of the absorbers
used for muon identification. In order to separate all the members of the Y family a mass
resolution of at least 100 MeV is needed. An absorber has to be placed as close as possible

to the interaction point in order to suppress combinatorial background from m,K—p
decays, which would otherwise dominate the dimuon continuum and render the
measurement of the continuum from heavy quark semileptonic decays impossible.

The acceptance of the forward spectrometer covers the pseudorapidity rang from 2.5 to 4.
The tracking system consists of 10 logical planes. One tracking station is placed inside a
dipole magnet with a total field integral of B.1=3 Tm and a maximum field of 0.7 T. The
momentum of the muons is determined from a combined angle-angle and sagitta
measurement. With this set-up, mass resolutions of 55 MeV and 80 MeV are achieved for

the JAy and the Y resonance, respectively.

The most demanding running conditions for the muon spectrometer are found for the
heaviest system: Pb-Pb collisisions at an initial luminosity of ~10% cm?s™. In this case, in

the J/y mass region, the continuum below the resonances is dominated by combinatorial

background from m, K and from semileptonic charm decays. In the Y-mass region,
correlated muons from beauty decays dominate and can be used for normalization. The
significances of the signals after one month of running are estimated to be 310, 12, 43, 21

and 13 for the JAy, Wy, T, Y, Y “-resonances, respectively.
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ALICE Capabilities concerning
Quarkonium Physics

Andreas Morsch
CERN-EP

Geneva, Switzerland
Andreas.Morsch@cern.ch

ALICE Dimuon Group

For the ALICE Collaboration

Workshop on
Quarkonium Production in Relativistic Nuclear Collisions
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Physics Goals and
Experimental Requirements

The suppression of the heavy quark resonances J/v,
v, T, YY" is the most promising signature for QGP.
To exclude other explanations (comovers, hadronic
absorption) suppression has to be measured:

for the complete family of resonances

as a function of energy density (centrality and A of
the system)

as a function of transverse momentum

by normalising to unsuppressed hard processes,
I.e. charm and beauty production.

2

* Mass resolution at least 100 MeV in order to separate
TI'YII

* Measurement of J/w down to p.=0 GeV only possible
in the forward direction, owing to the intrinsic
momentum cut-off of absorbers/calorimeters (~ 4 GeV).

* Use absorber close to IP to suppress dominating =,K

decay background. Forward direction more favourable
because of boost.

Andreas Morsch 154 CERN PPE



Layout of the Muon Arm
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* acceptance: 0=2°-9 n=25-4
* front absorber =11A C +Concrete heavy metal shield (W or Pb)
* beam shield 8 < 2°, 1, = 4cm, r, < 29 cm heavy metal (mainly W)
 dipole magnet B=1T,BlI=3Tm r=19m
« tracking chambers 10 logical planes, high resolution & grahularity
« hadron absorber =11\ Fe
* trigger chambers 2 logical planes, low resolution & granularity
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Number of Muons per Central
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PbPb

Dimuon Mass Spectra in central
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Suppression Measurements

light ions ‘h'eavy ions
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What Produces the zy Dependence of 1y Production in pA
Interactions?*
R. Vogt

The nuclear target, A, dependence of particle
production is conventionally parameterized by a
power law as 0,4 = op,nA®. If production were
independent of nuclear matter, &« = 1. Experi-
ments have measured o < 1 and a decrease in
« as a function of zp. There are a number of
effects which could contribute to the zr depen-
dence. The nuclear parton densities are different
than those in a free proton. The incoming par-
ton or the final-state cc pair could lose energy in
nuclear matter. Absorption of the produced v
or ct state by nucleons and/or produced parti-
cles can cause 1) suppression. Another effect is a
possible intrinsic ¢€ component of the projectile.

We compare a(zp) with the preliminary E866
¥ and ¢’ data [1]. Since the E866 targets are
tungsten and beryllium,

In[(Apedopw)/(Awdopge)]
In(Aw /Age)

We calculate quarkonium hadroproduction in
two ways. The color evaporation model, CEM,
treats all charmonium production identically to
c¢ production. The more recent non-relativistic
QCD approach, NRQCD, involves an expansion
of quarkonium production in powers of the rela-
tive ¢ — g velocity.

We consider three different models of nu-
clear absorption: either all states are pro-
duced as color octets or color singlets or in
an octet/singlet combination. Comoving secon-
daries also scatter with the ¢¢ pair or the .

We have assumed that the nuclear parton
distributions can be written as f(zr, Q% A) =
S'(A,z,Q%)fP(z,Q?). The first parameteriza-
tion, Si(A,z), does not differentiate between
g, § and ¢ or include Q? evolution. The sec-
ond, Si(A,z,Q%), modifies the valence quark,
sea quark and gluon distributions separately and
includes Q? evolution from 2 to 10 GeV. The

ofzp) =1+

most recent, Si(A,z,Q?), evolves all g, § and
g distributions separately above 1.5 GeV. The
gluon distribution has a larger antishadowing
peak than S5 while the sea quarks are shadowed.

We use two different models of energy loss.
The first, GM, from Gavin and Milana, depletes
the projectile parton momentum fraction, z;.
The second model is from Kharzeev and Satz,
KS. A color octet ¢¢ propagates some distance
before emitting a soft gluon because the QCD
Landau-Pomeronchuk effect causes a delay. Each
successive interaction degrades the c¢ pair mo-
mentum.

To compare with the preliminary data, we cal-
culate a(zp) in the following way. For pure
octet absorption, we use both GM and KS en-
ergy loss. Only GM loss is used with pure singlet
absorption and the combination of singlet and
octet production. The CEM is used to calcu-
late charmonium production for pure octet and
pure singlet absorption while NRQCD is used for
octet/singlet combination absorption. All three
shadowing parameterizations are used in each
case. The absorption cross sections are chosen
so cach S* grees with a(zr) at zF > 0.

A single mechanism cannot describe the shape
of a(zr), thus a combination of effects is neces-
sary. The forward zp data is understandable
as a combination of shadowing, initial-state par-
ton energy loss, final-state absorption by nucle-
ons and comovers and intrinsic charm. The pre-
liminary central and negative zp data is more
difficult to describe without invoking a much
stronger than expected absorption mechanism.
(1) M.J. Leitch, in proceedings of “Quarkonium
Production in Relativistic Nuclear Collisions”,
Institute for Nuclear Theory, Seattle, WA, May
1998.

*LBNL-42294; to be submitted.
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Charmonium Dissociation and
Anomalous J/v¢ Suppression

D. Blaschke, G. Burau, K. Martins (Rostock)

Outline
1. Mott dissociation of cc pairs in matter
2. Anomalous Er dependence
3. Saturation of (p2) broadening

4. Transverse momentum Rg.(pr)

RIKEN-BNL Workshop “Quarkonium Production ...", Brookhaven,
Sept 28- Oct 2, 1998
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Mottt dissociation of preresonance charmonium

Simplify description of critical behavior:

e criterion of “nearest neighbor”
o <r§a> L <frf§> = no absorption;
(rZ) > (r%) = complete absorption
e time dependent <'r2> in different rest frames

== role of Lorentz boost 4 of charmonium with respect to
the collision c.o.m. system

Criterion for the onset of Mott dissociation of J/¢ and x. in S-U
and Pb-Pb collisions K.M., D. Blaschke nucl-th/9702044

—= charmonium suppression in central region of Pb-Pb collisions

C C - pair creation

\ Y=1, cC - pair at rest

n //;7 Y=\/cosh2y + p2/M? >1
b parton density
evolution

~
~

-~
~

W
n Mottt

xX
n Mott

pre-resonant states final states

Seen J/i come from about 30% x. + 8 % ¢’ + 60 % direct J/4
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“Anomalous” Er dependence
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Saturation of {p2) broadening

Initial state scattering
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S-U 1.21 ¥ 0.04 0.080 £ 0.007
Pb-Pb 1.12 ¥ 0.04 0.077 £ 0.005

Mott criterion pr- dependent via gamma factor
¥2(pr) = \/(Ay)? + p2 /M2

Large pr cc pairs not efficiently blocked out = (p%) rises with Er
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Summary ( D.?‘)\G\Sc"\(«w, Cz\%urruwl \(‘Y\,\_/,H'mg)

e The cross section for cc dissociation in correlated guark
matter (¢q pairs) has been calculated in NRQCD. It is energy
dependent and characterized by a threshold and a slope.

e The medium dependence of the mean dissociation cross
section (opss¥) has been estimated by changing rms radii
and masses of guark-antiquark pairs. A dependence on (frfE)
(similar to the Povh- Hifner law) and an increase from 0.5
mb in the vacuum to 10 mb at the dissociation threshold is
found.

e Application to J/vy suppression in ultrarelativistic AB colli-
sions (NA 50) is performed within a modified Glauber model,
with simplifying assumptions:

— nearest neighbor criterion for sudden breakup
(Mott densities) in the transverse plane

— preresonance evolution of the transverse size

e Results for Pb-Pb collision experiment (NA50)

— "anomalous" threshold(s) in the E; dependence: one

threshold if n% .. & n} ... Otherwise a second threshold
is expected.

— saturation of (p%) broadening not necessarily a plasma
signal, also further rise possible.

— slope of R(pr) dependence modified due to pr depen-
dence of the additional suppresion mechanism.

e Further studies will be devoted to
— '/ ratio
— beyond the instantaneous breakup
— inverse kinematic A-p and A-B experiments (Pb-S)

— calculation of the dissociation cross section within the
Schwinger- Dyson Approach at finite temperature
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Summary C D,.P)\C\SCL\L‘-&/ a\ %Ltf‘c’vml \(\Y\a—fk\‘m&)

e The cross section for cc¢ dissociation in correlated guark
matter (qg pairs) has been calculated in NRQCD. It is energy
dependent and characterized by a threshold and a slope.

e The medium dependence of the mean dissociation cross
section (onss?¥) has been estimated by changing rms radii
and masses of gquark-antiquark pairs. A dependence on (rfa
(similar to the Povh- Hiifner law) and an increase from 0.5
mb in the vacuum to 10 mb at the dissociation threshold is
found.

e Application to 1/ suppression in ultrarelativistic AB colli-
sions (NA 50) is performed within a modified Glauber model,
with simplifying assumptions:

— nearest neighbor criterion for sudden breakup
(Mott densities) in the transverse plane

— preresonance evolution of the transverse size

e Results for Pb-Pb collision experiment (NA50)

— "anomalous” threshold(s) in the Er dependence: one

threshold if nf ., ~ n% .o Otherwise a second threshold
is expected.

— saturation of (p%) broadening not necessarily a plasma
signal, also further rise possible.

— slope of R(pr) dependence modified due to pr depen-
dence of the additional suppresion mechanism.

o Further studies will be devoted to
— ' /4 ratio

— beyond the instantaneous breakup

— inverse kinematic A-p and A-B experiments (Pb-S)
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Summary CD,E\a\scl\u, Q?;un:w, \(\Y\MHHX)

e The cross section for cc dissociation in correlated quark
matter (gq pairs) has been calculated in NRQCD. If is energy
dependent and characterized by a threshold and a slope.

e The medium dependence of the mean dissociation cross
section (opis¥) has been estimated by changing rms radii
and masses of quark-antiguark pairs. A dependence on (rz)
(similar to the Povh- Hiifner law) and an increase from 0.5
mb in the vacuum to 10 mb at the dissociation threshold is
found.

e Application to J3/+ suppression in ultrarelativistic AB colli-
sions (NA 50) is performed within a modified Glauber model,
with simplifying assumptions:

— nearest neighbor criterion for sudden breakup
(Moftt densities) in the transverse plane

— preresonance evolution of the transverse size

e Results for Pb-Pb collision experiment (NA50)

— “anomalous” threshold(s) in the Er dependence: one

threshold if n% . ~ n¥ .., otherwise a second threshold
is expected.

— saturation of (p2) broadening not necessarily a plasma
signal, also further rise possible.

— slope of R(pr) dependence modified due to pr depen-
dence of the additional suppresion mechanism.

e Further studies will be devoted to
— '/ ratio
— beyond the instantaneous breakup
— inverse kinematic A-p and A-B experiments (Pb-S)

— calculation of the dissociation cross section within the
Schwinger- Dyson Approach at finite temperature
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Color Fluctuation Phenomena in J A Production in pA and AB
‘ Collisions

L. Gerland®, L. Frankfurt®®, M. Strikman®, H. Stécker®, W. Greiner®
a J.W.G. Universitat, D-6005} Frankfurt a. M., Germany
b Tel Aviv University, 69978 Ramat Aviv, Tel Aviv, Israel
¢ Pennsylvania State University, University Park, PA 16802, USA

The QCD factorization theorem is used to evaluate the
PQCD cross sections of heavy quarkonium interactions with

ordinary hadrons. However, the charmonium states (here de-.

noted X) are not sufficiently small to ignore nonperturbative
QCD physics. Thus, we evaluate the nonperturbative QCD
contribution to the cross sections of charmonium-nucleon in-
teraction by using an interpolation between known cross sec-
tions (1]. The J/¥-N cross section evaluated in this paper is
in reasonable agreement with SLAC data [2].

The A-dependence of the J/¥ production studied at SLAC
at Einc ~ 20 GeV exhibits a significant absorption effect [2]
leading to oap.(J/¥-N) = 3.5+0.8 mb. It was demonstrated [4]
that, in the kinematic region at SLAC, the color coherence
effects are still small on the internucleon scale for the formation
of J/¥’s. So, in contrast to the findings at higher energies, at
intermediate energies this process measures the genuine J/¥-N
interaction cross section at energies of ~ 15-20 GeV [4].

To evaluate the nonperturbative QCD contribution we use an
interpolation formula [1] for the dependence of the cross section
on the transverse size b of a quark-gluon configuration Three
reference points are used to fix our parametrization of the cross
sections (cf. Tab. 1). The X-N cross sections is calculated
via: 0 = [o(b) - |¥(z,y,2)|’drdydz, where ¥(z,y,2) is the
charmonium wave function. In our calculations we use the wave
functions from a non-relativistic charmonium model (see {5]).

We follow the analysis of [6] to evaluate the fraction of J/¥’s
(in pp collisions) that come from the decays of the x and ¥'.
So, the suppression factor S of J/¥’s produced in the nuclear
medium is calculated as:
$=06-(092-5/% 4+008-SY)+04-SX. Here S* are the
respective suppression factors of the different pure charmonium
states X in nuclear matter. The SX are for minimum bias pA4
collisions within the semiclassical approximation (cf. [7]). We
assumpe that the charmonium states are produced in a hard
proc&s, uniformly at any point in the nucleus, the weight is
given by the local nuclear density p(z,y, 2)

The charmonium states are produced as small configurations,
then they evolve to their full size. Therefore, if the formation
length of the charmonium states, s, becomes larger than the
average internucleon distance, one has to take into account the
evolution of the cross sections with the distance from the pro-
duction point {4)].

The formation length of the J/W¥ is given by Iy ~ — Em,,w .

\pl
where p is the momentum of the J/¥ in the rest frame of the
target. For a J/¥ produced at midrapidity at SPS energies,
this yields {; = 3 fm. Due to the lack of better knowledge, we
use the same [; =~ 3 fm for the x. For the ¥’ we use {; ~ 6 fm,
because it is not a small object, but has the size of a normal
hadron, i.e. the pion. For Ei,p = 800 AGeV we get a factor of
two for the formation lengths due to the larger Lorentz factor.

However, this has a large impact on the ¥’ to J/¥-ratio
depicted in Fig. 1, which shows the ratio 0.019 - Sy+ /S,y cal-
culated with (squares (200 GeV) and triangles (800 GeV)) and
without (crosses) expansion. The factor 0.019 is the measured
value in pp collisions, because the experiments do not measure

the calculated value S¢+/S; ¢ but Bepol¥)

Bapo (J79)" Bl‘u are the

0.025

2
by
4
=4
w2
(@)Y
—
Q . data
O ooos| x expansion time 0 fm/c
0 -— with expansion(200 GeV)
A e with expansion(800 GeV)
o.oo 50 100 150 200

A
Figure 1: The ratio 0.019 - Sy /Sy ¢ is shown in pA
{crosses) in comparison to the data (circles). The squares
and the triangles shows the ratio calculated with the ex-
pansion of small wave packages (see text).

branching ratios for J/¥, ¥' — up. The calculations which
take into account the expansion of small wave packages show
better agreement with the data (circles) (taken from [3]) than
the calculation without expansion time, i.e. with immediate
J/¥ formation, {; = 0. We calculated this effect both at
Fiap = 200 AGeV and 800 AGeV. The data have been mea-
sured at different energies (E1as = 200, 300, 400, 450, 800 GeV
and /s = 63 GeV). One can see that this ratio is nearly con-
stant in the kinematical region of the data, but it decreases at
smaller momentum (e.g. Eis = 200 AGeV and y < 0) due to
the larger cross section of the ¥'.

However, the P-states yield two vastly different cross sections
(see Tab. 1) for x10 and x11, respectively. This leads to a higher
absorption rate of the xi1 as compared to the xi0. This new
form of color filtering is predicted also for the corresponding
states of other hadrons; e.g. for the bottomium states which

are proposed as contrast signals to the J/¥’s at RHIC and
LHGC!

T
20.0

[ ce-state
| o (mb)

37
3.62

Xec10
6.82

Xecll
15.9

Table 1: The total quarkonium-nucleon cross sections .
For the x two values arise, due to the spin dependent wave
functions (Im = 10,11).
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| J / \If;suppression in pA L. Gérléna. o
® S=06-(092-57/%4+008-S¥)+04-5x
The charmonium states may are produced as
point-like-configurations and expand to their full size

X : no formation time 75 = 0

U: with expansion (200 GeV) during 75

A : with expansion (800 GeV) during 74 | |
® : pA-data C. Lq«.(en(,a/ Nuel. Phys. A 6o (499¢) 3

® D. m\vze.cv, L. Lourencs, M, N&w‘{, H. Sutz , & W)y). C 4 (4192),302
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. The ¥ : J /¥-ratio in pA

L. Gerland

0.019 - S(¥')/S(J/¥), 0.019 is the pp-data point

X : no formation time Tr =

U with expansion (200 Gev) during 7
A : with expansion (800 Gev) during 7
® : pA-data (B, ,0(T’ — N)/Bu,o(J/¥ — N)) |

C. Loul;eh(.p;',_ Nucl. Phy;. AC10 (1990) , £53 ¢ (am' procs.)
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L. Gerland
Y-polarization

Polarization, due to a spin-dependent cross section
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L. Gerland

X (J —2)-polarization

J, =0,1(-1),2(—2) _states are mixture of
X10 and X11(—1)
x(J,J;) = a1 - x10+az- X11 + as - X1-1-
The a’s are glven by the Clebsch-Gordan coeflicients
(i.e. ag = a3 =0and ay =1 for J=2 and J —-9).

1.0

0.9

o
— N

oM X
Cod S
N

TR
O =

0.8 ¢ z

07 |
0.6 | .‘ AR
Y wost
04}

03+

0.1r¢

0.0

177



R@C&\\Jfg Co V\si‘réuw'\'s oNn

C\/\o\vw{\\m& Scenarios mvo‘w'v\% |
V\V’V\\V\'\“ae* \@wrs“‘s |

©

What do Hovses) Elepkav(fs)amoQ Camels

wauve W\ Covvimon ?.?

\\ Vo M éé\-s PGFCO\CL*‘G Cd‘ SPS .? | "
\(9—5 . Ce \gec Muller VNE ; @@ﬁws fifae

Maébe_g HI1TING Po = 4 GeV
No : Higwe Po=2 ce!

l\ AN o E_L Ot_':)_ - onsteamts NO on Vo

M. G w\asszs
RIKEN /ONL
l0/¢t/98%

178




HE A

\\Av'/ uxu‘\,/

(AT v

;
S Al

T/

dE

o]
(o]

o
[=]

NA’Sd Prelim

N
400 -
Jpsi.exp i
200 —q=.4 a=1 - ]
g=.38 .a=1 -
0 q=136 a1=1 ..................... , 1 | | | | | | | | J g;

Naedi Sq+3 l
_ rercalation 6\/‘{8_

0 10 20 30 40 50 60

?réba CAMEL

70 80 90 100 110 120 130 140 150 160

BT

80Q

20

“]\1I‘r1—ll

VNI, b=0 fm

“] )

NA3S5, Z. Phys. C52, 239 (1991)-

o

Hard Scattering ]
Beam Remnants |

179

GGe v

3

L Au
d ag

F

[ 200

—

“'4 0q 0
‘a o,
“ o
o
\&)‘ °
e
<
/nucleon
Py
- i
50 100
EM
£ (GeV)



" R | A I P S . .
PO L T L S Y N

WO o e B iSRG o
ASSU('M‘WS aviomalous 2{ S‘*(PK)“@S&O(/\

o Heeshdd  arouad E~vyoceu
t} whet s S“JQC\O& oot bx $ {W\?
D) What is seally percolatig 7

@ ?055\\0\6 O\v\sweff Sw;(o(j ~/ Gel//c Wlm. de‘f s
T Dowlear ATE of pRcO (Geger Ml

B s cate \'\\c&\/\ Guou&"\?
amswer: neo itk 0‘307-&68(/ B SNG

WA a,ué\oe%(_e( e Fa = Gey "

~E s Po=l6ev VAT
Evidence W\aua ‘A\‘ﬂée Cﬁ'&\Cq(-(l ov

QbSo\U&G d%{x avd ~(+5 SCc\((.w:\‘
ot A | VF

180




|

T e T —

-

/dy (GeV)

ot

{

df

-

e(t) (GeV/fim')

M~

-
- clusters ‘
- + h.adr,on.s__
= partons
- 77\
il \ S
E ‘ ' W"l'l‘\:\ /,’
= et
- 7" ourst . \
< 1 {111 ?'I'I 1 | l\l | lll 1 |
1 10
T (fm)
Pb+Py y-y. 1 <0.5
< cm

[zl < 0.5 fin

partons \ Irl <4 fin

YA \ \ clusters
\ \ + hadrons

N
-
¢
L4
’
4
4
,

181




ET(N

PbPb b=0 160 AGeV pO=1 vs 2 GeV

(S . . . e
W - ) L ) :Z‘;?f:,-.‘
o A

600 ;_ ﬁ\?":( | 102; -r”.'iLP":'_\' | d al
500 — 1 jf 1 0\6
400 — V'/"\A JJ LL
300 [ fwz\\ 3 |
Y B\ ]
= [N | i
o B N | ?/ \ |J|_
Ojﬂ..mu.l...‘aﬁ‘mL Wi Ao
-2 2 6 8 -2 T E—
dN/dy, charged dN/dy, gluons
f A | 102;—/4’-'6\
TN TN
10 J \tl PE ]
f A
A i TR
161 E—ﬂ_‘ \-q 161:?:' \_E_i U
152?}\ H ~2§ o
Efjlll,,.lu.llul.,l I S P
-2 0 2 4 8 -2 0 2 4 6

dET/dy dET/dy, gluons

182




1.8

w

A

0 .

PbL +Pb

132 16¢V ;

'E

Gan Fl Sl’\a&o«i:/\a

/

N4
Y

By e e 5 e Ot Y Y I R I H R I

\ |
/
. 4
/
. /
. s -\\ P
\ \.\\ \.\ ’
/ . \.
prase R OW \\\ .,\.
Mw ;o \.\
- \\. rle = /
S GM\ M e
AN . .
p / . s\ .\
\ 4 s 7
7/ .
1 n\ L L \—\ ) 1 ’ — L \h 1
(@») o
() hoe
q—
o
A o
3
1
& >

1.4 1.6

1.2

Po LéeV]

183




NF e, . . . ' A ;\\.;-:f"ti;'q.tm&“’.‘.'v. o
WALAL A@'\K o - TN

S ' - Lo ri' - -
Y e \k\o‘\‘ S?o'\‘ (A% "‘f‘kf\fw‘@wé 8"‘;@ SGEMQ(?\Q
' . go"\
' )
PbPb b=8fr?o1 60AGeV
8 E . liiaaiii
6 E ~.cdopons - -
o o000 0 « -
4 B -0 Q0o - -
[~ 'UU.DD O0ago -
2 o e 0000006 -
: « o 0O ooQ e« -« .
o b
-2
_4 £ (AWE OVEeT wWGWA
6 b events
0 "8 F |
. _10 llJlIlllllllllIll*_[_
-5 _10 -5 -10 -5 0 5 10

-10

ave num of hard inter per fm#**2 ave num of hard inter per fm#x2

O=NWH OO N

'll]lIllllllllll]llllIllllllllllllll

= T
ok
i

(@]

@)

@)

(@)

event num of hard inter per fmx*x2

event num of hard inter per fmxx*2

IXg TN Wet 3‘)0'\' %1% o./ —F\M’L ?,L}' \Ge\)

vFo.ckm:a ’}mc{-@\ = *‘%‘J_ffglax arec hSfspst = P % O.H—w\?—
Fw

Jfoo d\l%‘\‘e ,? | ¥ o, < j_

184



{6o Abel
Plo Py g

450

400

350

300

250

h)

185 - |

| V .J g"' ."T:E .
| 200 |
150
100
50 ’ s 5..5
O -.". A ---'.
3 4 5 6 7 8
) dET/dy



1 ]‘."‘{"3‘,1‘“:-"‘.5‘ ;»- ;,
! ‘.-:“J’;”}g; ¢ %
ey 5$§i{"« i~

. e - b i YARE L g ) RS S N Lt e et g e A
g U Gl oS P IR Sam Y. T [ TR Sy 1 Sty A LA 3 ¢ TN AN
ST g o LR IRARE T e, b o o, px i H S GO
3 "f_,k:‘-!» ,{,i%‘v A ‘;!:{;»./?-'i.' R s I e R ;?%ﬁ SRR i o e
X ¥ oL DR - Bt AR .
o @ %61\!@;% |
‘.“.‘—M W—

‘\\ Miu Sets (\‘EVCAO&G bedmﬂd S’f(,(
avx\ua 1§ Co\w\@ llve W 2Zoo!

chw\e\‘i S\APPYGSS\OV\ O{‘ Scﬂ‘ [S’f‘rms\
d«dv\aw“cs as (r\ard 'PCQC.D

fhuw\s on

2} ZIn dvvxqm(c‘o.( \Mode(s (H-léYHUG Fr('l-fof
Gl Sobt + Hacd(p>Po) |

4%3 needs P IlGeU ab SPS PL2

but waay ot be qu%\‘ “+o ?@‘cc\a'ke
Cre call  Estola f(D\Q‘\‘ -(-oo\

Horses (O\t_,_/d ) Can coex(st with
(P‘“\‘B E e\o\«m\’t‘s Cdo‘?/dgr)

ém\é o Cowmels ( soft beum 6&’[‘ &«(apressco»\>
lwe harmovxtouslj 'i‘O%e‘w\G“

106



—_

!

J /1) Suppression in a Cascade Transport Approach

R. Mattiello, J.P. Bondorf
Niels Bohr Institute, 2100 Copenhagen O, Denmark

October 9. 1998

Abstract We present J/1 suppression rates in p+A and A+A reactions based on a microscopic transport approach that
combines flux-tube fragmentation with the cascade of const. quarks and hadrons. Since hard processes are strongly suppressed
at SPS energies we treat the formation of CC pairs by gluon fusion as a ’virtual’ excitation superimposed to the soft dynamics
of the system. The coherence in the leading particle wave function of the ingoing nucleons is simulated by the resummation of
the energy and momentum in the (leading) particle spectrum to be produced later on.

For J/1), 1’ and X states we employ individual formation times Tspread and dissociation cross sections. As for usual hadrons
the interaction of Quarkonium states is suppressed before formation. For their reinteraction we use a straight line geometry
starting from the formation vertex. Dissociation on mesons includes an energy dependence similar to the one introduced by
Kharzeev and Satz which essentially dies out for small pion (meson) momenta. The size of dissociation cross sections is still
subject of debate (see the contribution by Blaschke et al.). An enhanced absorption in the final state could add significantly
to the suppression in reactions with large numbers of produced secondaries, i.e. large transverse energy production. The
major part of the dissociation is expected to take place in the early (and dense) stage of the reaction. Thus it is crucial to
employ interactions with the constituent quarks of the excited nucleon wave functions which are parametrized by resonances

and classical strings. We assume here a scaling according to the additive quark model (AQM) which is consistent with the
general treatment of non-pertubative interactions.

One could interprete our picture as an interpolation between calculations from Huefner and Kopeliovich and the comover
picture introduced by Gavin et al. (see the contribution by Capella et al.). The essential link is the space-time kinematics of the
fragmentation process which is borrowed from the factorized description via excitation and subsequent fragmentation of gluons
into hadrons by classical strings. For simplicity, initial constituent quarks in string-type objects carry no formation time and
follow the trajectories of those hadrons which finally pick up the original valence quarks. As a consequence of delayed hadron
formation and gradual energy loss the ingoing constituents traverse the first 1-2 fm/c almost completely without loosing energy.
This picture bears some uncertainties which have been minimized by comparing to different sets of observables sensitive to hard
and soft processes, i.e. the simultaneous description of hadron production, baryon stopping and Drell-Yan pair production in
p+A and A+A reactions. Information on the somewhat larger absorption cross sections for 1/)' states at small T g can be gained
from recent E866 results (see the contributions by Leitch et al. and Gerland et al.). The strong suppression at large values of
TF might not be related to break up processes (see the contribution of Peigne at al.) and have been disregarded. A ’faster’
energy loss in the gluonic degrees of freedom as compared to valence quarks could, however, simulate a stronger suppression
also for large Tp.

The results show that the break up of Quarkonium states happens on very early time scales and basically within the
geometrical overlap of the two nuclei. The relatively strong change of the survival rates at small transverse energies reflects
a transition from surface- to volume- type reactions. The strong absorption in massive central events can be traced back to
energy loss and additional ’pile-up’ of energy and particle densities within the first 3-5 fm/c where non-equilibrium processes
dominate. Such compressional effects have long been proposed and find confirmation in the recent observation of characteristic
flow observables. The rather good agreement with the J/1/ suppression rate is another indicator for the quality of the particle
production scheme used. The contribution of a somewhat enhanced suppression of x and 1)/ -states gives some hope that even
structures in the transverse energy excitation function might be explained by different 'formation times’ for different bound
states. Such processes are already indicated by the strong decrease of the relative suppresion S(’l/)’)/S(J/’(/)) as function of
transverse energy. In this case the onset of the suppression depends more strongly on the geometry and time scales of the
interaction and one should expect different suppression patterns as function of beam energy. We would like to finally comment
on the sharp structures observed in the the F; dependence of the J/1 excitation function in Pb+Pb reactions. The transport
calculations show a different F; dependence of the suppression as function of the impact parameter (or 'geometry’). Selecting
different impact parameter ranges we demonstrate that a certain 'granularity’ in centrality related triggers could possibly lead
to structures in the suppression rate. Therefore, we suggest a systematic study using transport calculations which take into
account appropriately trigger conditions and acceptance effects.
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J /1 suppression: an experimental overview

Carlos Lourengo

The

$ L)

seen a number o very 1mportant deV( lopments Some of the new
results, based on the analysis of data taken during the 1996 heavy
ion beam time, have the quality of experimental breakthroughs. The

new data provide additional support to the expectation that matter

with a structure rnﬂlnn]]v different from nuclear or hadronic matter

ALQUUL ULELY LILAUUTL

is created in Pb-Pb colhslons at the SPS. Although the results stop
short of furnishing unambiguous evidence for a transition to quark
matter, there is growing confidence that this evidence may be within
reach.

The most notable achievement over the past year concerns the
suppression of-J /1,/) productlon The earlier evidence for an anoma-
lous mechanism of -J/U auppl‘ESSIO‘ in Pb-Pb collisions has been
confirmed by a new analysis of the data taken by the NA50 collabo-
ration. The new analysis compares the J/1 cross section as a func-
tion of transverse energy, Er, with the minimum bias distribution,
known with much smaller statistical errors than the corresponding

+
Drell-Yan spectrum.

The data clearly reveal that the Ep-dependence of J/1 suppres-
sion strongly differs from that observed in lighter systems. Once the
analysis is extended to smaller and larger values of Ep, the obser-

vation of a threshold behaviour in a single collision system will be
clarified. Such a behaviour is exnected if the (\(“ﬁ deconfinement

G2 22200 LAl LG VALIRL 10 LAPITLLEAL 1L Ll AT 213001011108y

transition occurs within the covered Er-range. In fact, two consec-
utive thresholds are predicted, since the dissolution of the x. and
J/ states is expected to occur at different energy densities.
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Heavy Quarkonium Production: An Outsider's View

A.H. Muelier
Physics Department
Columbia University
New York, New York 10027

Abstract

Heavy quarkonium production in nucleon-nucleon, nucleon-nucleus and nucleus-
nucleus collisions has become an important probe for understanding possible phase
changes in QCD matter. However, there are quite different, and seemingly contradictory,
pictures of J/y production in nucleonic and nuclear collisions. In this talk the main
pictures of J/y production in nucleonic and nuclear collisions are reviewed with an

attempt to point out the strengths and weaknesses of the various proposals and to
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Observables in J/v production

D. Kharzeev

RIKEN-BNL Research Center,
Brookhaven National Laboratory,
Upton NY 11973, USA

During the RIKEN-BNL Workshop on Quarkonium Production in Relativistic
Nuclear Collisions (held September 28 — October 2, 1998, at Brookhaven National
Laboratory), participants agreed on the list of observables which are most useful
in terms of comparison of theoretical approaches with the experimental data and
among themselves.

It would be most beneficial for further progress in the field if the interested
theorists make predictions for all or some of these observables (both for RHIC
and LHC energies) before the data become available.

Here is the list:

o Differential minimum bias cross sections, as a function of charged multi-
plicity N¢, and forward (Zero Degree Calorimeter) energy:

dO’AB. dO’AB (1)
dN.,' dEzpc '

(All of the calculations should include A = B = 197 at /s = 200 GeV and
A = B =208 at /s = 5500 GeV; N, should refer to the rapidity interval
-0.5 < yX <0.5).

e Differential cross sections of J/¢¥ and x production in pp collisions as a
function of rapidity and transverse momentum:

dzaszJ/w, 9
— (2)
dy dpy.
at energies /s = 50 + 500 GeV (including /s = 200 GeV) and /s = 5500
GeV.

o Differential cross sections of .J/4 production in AB collisions as a function
of rapidity and transverse momentum:

Elzo.—\B—U/z;J
dy dp?

at energies /s = 200 GeV and /s = 5500 GeV.

(3)
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° Trlple dlfferentlal ections of J/¢ production in AB collisions as a
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Boapsiw
dy dP?L dEzpc’

(5)

at energies /s = 200 GeV and /s = 5500 GeV.

It was also realized that understanding the production of open charm and beauty
would be important, both for providing the reference point for quarkonium sup-
pression and filtering the background from B meson decays. Therefore the fol-
lowing quantitites are also of interest:
e Differential cross sections of D and B meson production in pp collisions as
a function of rapidity, transverse momentum, and charged multiplicity:

d Opp—D
dyD D dpJ_D D chh

—~
(=]
N

at energies /s = 200 GeV and /s = 5500 GeV.

¢ Differential cross sections of D and B meson production in AB collisions
as a function of rapidity, transverse momentum, and charged multiplicity:

5
b
dyp p dp? , 5 dNey
Yp,p 4P p p ANy :
at energies /s = 200 GeV and /s = 5500 GeV.
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Quarkonium Production in Relativistic Nuclear Collisions

September 28 - October 2, 1998.
A RIKEN BNL Research Center Workshop

Scientific Program

Monday 28 September

8:30 - Registration
9:30 N. Samios

T. Kirk

T. Matsui
10:50
11:00 E. Braaten
12:00
13:30 M. Leitch

Welcome from the RIKEN-BNL Center

Welcome from BNL

Opening Talk (50'+10"

Coffee break

Inclusive Quarkonium Production in High Energy Collisions (50'+10")
Lunch

Vector Meson Production and Nuclear Effects in Fermilab E866 (45'+15")

R.L. Thews Formation Time for Quarkonium from e+ e- Annihilation (30'+10")
15:10 Coffee break
15:40J. Kapusta Coherence Time in High Energy Proton-Nucleus Collisions (30'+10")
S. Peigne A New Mechanism for Quarkonium Production (30'+10")
K. Kourepin Prec.ursor Phenomena in Particle Production by Relativistic Heavy Ion
Collisions (30'+10"
18:00 Welcome reception
Tuesday 29 September
9:30 M.Gonin New Results on Charmonium Production from NA50 (45'+25")
10:40 Coffee break
10:50 L. Ramello  New Results on Intermediate Mass Dileptons from NA50 (30'+10")
W. Zajc PHENIX Overview(30'+10")
12:10 Lunch
13:30 A. Capella  J/Psi and Drell-Yan E_t Distributions with Comovers (30'+10")
M. Nardi Charmonium Suppression and Percolation in Heavy Ion Collisions (30'+10")
14:50 Coffee break

15:00 J. Huefner

B.
Kopeliovich
16:20
16:30 C.-Y. Wong
D. Blaschke

J/Psi-proton Cross Section from Photoproduction and ccbar-nucleon Cross
Section in Nuclear Collisions(30'+10")

Charmonium Break-up by Prompt Gluons in Heavy Ion Collisions (30'+10")

Coffee break
J/psi and Psi' Suppression in High Energy Pb-Pb Collisions (30'+10")
Charmonium Dissociation and Anomalous J/Psi Suppression (30'+10")

Wednesday 30 September

9:30 T. Hallman

Comments on the Status of STAR Prospects for Detecting Heavy Flavor
(30'+10")
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Y. Akiba PHENIX Open Charm Measurements (30'+10")
10:50 Coffee break
11:00J. Qiu J/Psi Suppression in Nucleus-Nucleus Collisions (30'+10")
H. Fujii Low Energy Theorems for Charmonium Interactions (30'+10")
12:20 Lunch '
13:40 K. Seth J/Psi-Nucleon Cross Section - A review of the Experimental Situation (45'+15")
16:30 Workshop party
Thursday 1 October
9:30 T.LeCompte Quarkonium Production at CDF (30'+10")
T. Ullrich Can STAR measure Quarkonium Production in Au Au Collisions? (30'+10")
10:50 Coffee break
11:00 M. Rosati PHENIX J/Psi Measurements (30'+10")
A.Morsch  ALICE Capabilities concerning Quarkonium Physics (30'+10")
12:20 Lunch :
13:40R. Vogt (to be confirmed) (30'+10")
Color Fluctuation Phenomena in J/Psi Production in pA and AB Collisions
L. Gerland (30'+10Y)
15:00 Coffee break

15:10 M. Gyulassy
R. Mattiello
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Survival of Charmonium in Mini-Jet Bursts and Turbulent Glue (30'+10")

Quarkonium Production in a Microscopic Transport Approach (30'+10")
Coffee break

16:40 Contributed talks

Friday 2 October
9:30 C. Lourenco
10:45

11:00 A. Mueller
12:05

J/Psi Suppression: an Experimental Overview (50'+25")
Coffee break

QCD and Quarkonium (50'+15")

Lunch

13:30 Discussion - "The Future of Quarkonium Physics" (50"

14:20 H. Satz

Summary (50"
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