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Motivation (1)

J/¥ is produced at the early stage of the collision via gluon fusion
~60 % direct J/V¥

~30 % via y.— J/¥ + X

~10 % via V'—> J/V¥ + X

Sensitive to the formation of a quark gluon plasma via color
screening.
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Motivations (2)

But it is also sensitive to initial state effects such as shadowing

and final state effects such as:
* normal nuclear absorption
e interaction with comovers (partonic and/or hadronic)

e recombination of charm quarks.

Studying J/¥ requires

» good p+p reference for baseline

* test experiment using pA (or dA) to control cold nuclear matter effects
 correct extrapolation from dA to AA

 measurement in AA collisions
(nuclear modification factor, pt and rapidity spectrum)



Experimental Setup




BNL Facility

length: 3.83 km

Capable of colliding
any nuclear species

Energy:
500 GeV for p-p

200 GeV for Au-Au
(per N-N collision)
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Collision species and energy

Species Energy (GeV) #J/Y¥Y (eetup)

01 2000 Au+Au 130 0

02 2001/2002 | Au+Au 200 13+0
p+p 200 46 + 66

03 2002/2003 | d+Au 200 360 + 1660
p+p 200 130 + 450

04 2003/2004 | AutAu 200 ~ 1000 + 5000
Au+Au 62 13+0

05 2004/2005 | Cu+Cu 200 ~ 1000 + 10000
Cu+Cu 62 10 + 200
Cu+Cu 22.5
p+p 200 ~ 1500 + 10000

06 2006 p+p 200 ~ 3000 + 30000
p+p 62
p+p 500




The PHENIX detector

ELECTROMAGNETIC
CALORIMETER

,,é’ S RING
¥ ,' ' ,f

Central arm
e hadrons; photons; electrons
p>0.2 GeV/c
ly|<0.35
AD=1

Muon arms
muons
p>2 GeV/c
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J/¥Y measurement at mid rapidity

West Beam View East

Drift chambers for momentum measurement

RICH and EMCal for electron identification and
trigger (levell and offline level2)




J/¥Y measurement at forward rapidity
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Front absorber to stop hadrons

3 muon tracker stations of cathode strip chambers with
radial magnetic field for momentum measurement

5 muon identifier planes (X and Y) and absorber, for
muon selection and trigger
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Dilepton invariant mass spectrum (run6 pp)
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Collision centrality determination

ZDC vs BBC - Rund Aut+Au
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Centrality measurement using:

Beam beam counters to count
charged particles at forward rapidity

Zero degree calorimeters to count
spectator neutrons

Depending on the run either BBC
alone or BBC + ZDC are used

The centrality is mapped into N
< | N, b, etc. using a simulation
... | based on a Glauber model.
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Collision centrality (2)

Npart

Noart VS centrality (5% bins) N, VS centrality (5% bins)

400 51200

n « Au+Au = - « Au+Au
350[+ -

. « Cu+Cu 1000 « Cu+Cu
300[ + -

- 800/
250 ¢ -

- ; - }
200[- 600|

- ¢ i 1{
150 § i

- . 400 *
100[° |, ! I ;

- 5 3 - E

- . ° 2004 $
50 - . S :

B * . ¢ - é 'y

- * . - ¢ N . . o 8

D_JLIJIIJII]IIlI|lIJL|JlIJ[I]I‘I]I’IL’Il;IJ"'l“J_.JII uIJII]IIlIlJIIllIJI.I]I.IJq|,II:|:JIII..I. Blig | 4|
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
centrality (%) centrality (%)

13



J/¥ yield and nuclear modification factor

J/Psi invariant production yield:

NJ/‘P

BdN,/dy = .
AY.Ag 3y gpc

Nuclear modification factor:

yield in AA

N.- Yield in pp

N., = number of equivalent nucleon-nucleon collisions

14



J/¥Y production in p+p collisions
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J/¥ yield as a function of rapidity
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Measurement from Run3 p+p
data.

Line shapes obtained from
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Total cross section, energy dependence

PHENIX PRL96 (2006) 012304
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J/V¥ yield as a function of transverse momentum

PHENIX PRL96 (2006) 012304
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J/¥Y production in d+Au collisions
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Rya, @S a function of rapidity
PHENIX PRL96 (2006) 012304
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Centrality dependence
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Extrapolation from dA to AA collisions

Different approaches:

1. A model of shadowing and nuclear absorption as used in previous
slides (here EKS shadowing and 1 to 3mb nuclear absorption)
extrapolated to AA (Ramona Vogt, nucl-th/0507027)

2. A phenomenological fit on the d+Au data to get o, for each
rapidity and use exp-[c4.(Y) + ogiss(-Y)IN,L fOr AA.
(Karsh, Kharzeev and Satz, PLB637(2006)75)

* 04is(y=1.8)=3.1£0.2mb
* G4 (Y=0)=1.2+ 0.4 mb

3. A direct extrapolation of measured R4, to AA using a simulation
based on Glauber model (R. Granier de Cassagnac, private
communication)
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Direct extrapolation of measured Ry, to AA
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J/¥ production in Cu+Cu and Au+Au

collisions
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Nuclear modification factor
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Cold nuclear matter effects
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Black line is from R. Granier de Cassagnac, using RdA.

Error bars are from RdA measurement.

Orange and green lines are from R. Vogt, using 1 and 3mb normal absorption

Both methods miss the most central points
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Suppression extrapolated from SPS
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Suppression + recombination

-------- Thews et al., nucl-th/0505055
Grandchamp et al. hep-ph/0306077 (total)

1.2 | Bratkovskaya et. al nucl-th/0402042

------ »-=---  Andronic et. al. nucl-th/0303036 (A Y=2)
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Better qualitative
agreement achieved if
turning on coalescence
or recombination.

But;

* most models apply only
at mid rapidity.

 most models miss the
most central points, as
was the case when
comparing to cold
nuclear matter effects.
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J/¥ yield as a function of rapidity
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JI¥Y R,, as a function of rapidity

AuAu - PHENIX Preliminary data
200 GeV J/Psi - MRST , EKS98

CuCu - PHENIX Preliminary data
200 GeV I/Psi - MRST, EKS98
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J/¥Y mean p,? (1)
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S(Jly)

Comparison to SPS

Figure 5: Karsch, Kharzeev & Satz, PLB 637, 75 (2006).
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Large uncertainties in the
determination of ¢ for both
SPS and RHIC.

The comparison indicates that RHIC an SPS follow the same

pattern and are consistent with sequential melting of ¥’, xc and (not
yet observed) direct J/V.




Conclusion
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Conclusion (1)

PHENIX has measured a J/¥ suppression in Au+Au and Cu+Cu
beyond what one would expect by extrapolating cold d+Au nuclear
effects.

Simple extrapolation from SPS overestimate the suppression
Plugging in additional mechanisms (coalescence) do a better job.

Comparison between SPS and RHIC results is hard due to the choice of
a common X axis (energy density should be the correct variable) and
proper accounting for cold nuclear matter effects. It indicates a common
pattern when plotted against the energy density.
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Conclusion (2) Todo list

For experimentalists :

Produce final results;

detail the errors on the measurement and how to use them:;
use a better p+p reference;

have better control on cold nuclear effects in d+Au and how to
extrapolate to Au+Au.

For theoreticians :

give predictions not only for R,, but also p, and y spectrum;
give predictions for the different rapidity windows measured,
and for the different systems (so far Cu+Cu and Au+Au)
account for the cold nuclear effects measured in d+Au;

take the experimental error bars seriously;

produce theoretical error bars.
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Conclusion (3)

Near future:

Final Run4 Au+Au results should be available for QM2006, with better
control over systematic errors, and normalized to Run5 p+p.
Should allow for more acurate R,, vs rapidity and p,

Future RHIC runs (PHENIX Beam Use Proposal):

Run?: high luminosity Au+Au (200GeV) and p+p
Run8: high luminosity d+Au (200GeV) and p+p
Run9: energy scan with Au+Au

Future measurements:

Need accurate open charm measurement (for coalescence models).
¥, x.and Y would help.
Need RHIC Il and detector upgrades.
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