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= Physics issues in J/y production and nuclear
effects
= production mechanisms
= shadowing, p; broadening, absorption,
parton energy loss
= QGP signature?
= PHENIX: di-muons & di-electrons
= J/y measurements in dAu and pp collisions
with p*u- and e*e- pairs in PHENIX
= Expectations for AuAu collisions
= Summary
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Nuclear modification of parton level structure & dynamics

Modification of parton momentum distributions of Eskola Kolhinen, Vogt hep-ph/0104124

nucleons embedded in nuclei 13 o —-rrromp -y
- e.g. shadowing - depletion of low-momentum 112;: ;AL_H(;B; RHH: PS
partons Sob i ST W
- Very low momentum fraction partons have large ﬂé 0of | i B

size, overlap with neighbors, and fuse; thus S ety B
enhancing the population at higher momenta at the 07577 225GV 4
expense of lower momenta OO0 Tl vl vl vl Ll

» color glass condensate - specific/fundamental .

model that gives gluon shadowing in nuclei

Production of heavy vector mesons, e.g. J/¥,¥' L
and Y ha g

- production: color singlet or octet ccbar? ¢

* hadronization time _ g

» feed-down from higher mass resonances, e.qg. X, hs
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Nuclear modification of parton level

preRiin

structure & dynamics IT

Nuclear effects on parton “dynamics”

* energy loss of partons as they propagate
through nuclei

- and (associated?) multiple scattering
effects (Cronin effect)

» absorption of J/y on nucleons or co-
movers; compared to no-absorption for
open charm production

dAu also baseline for AuAu J/y Quark
Gluon Plasma (QGP) signature

- Debye screening °®_ 0,
predicted to destroy ®eo o
J/y's in a QGP ¢® o ®

- but recent charm recombination models
might instead cause an enhancement?
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800 GeV p-A (FNAL) o= o, *A®

PRL 84, 3256 (2000); PRL 72, 2542 (1994)

open charm: no A-dep
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J/w's in PHENIX

Wy ( 4
| L & |den’r|fd|eEd Nl\ré RIICH
et ' (-4 an a
sl AN V=¥ - Inl <0.35
~ - p>0.2 GeV
' J/ Y-ty
identified in 2 fwd
spectrometers
- 12<|n|<2.4
. - p>26GeV
. Centrality and
-/ =7l vertex given by
y — BBC in 3« |n |<3.9
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PHZEND A

J/y yields in PHENIX from recent dAu run (2003) at RHIC

J/p — pp

1.2<|y|<2.4
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J/p — ee

ly|<0.35

* §*_‘-+*__F+* lIi]likC;Sigl'l pair: 631 counts
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South Muon Arm
 In PHENIX, J/v mostly produced by gluon

J/@ — p+p- Analysis for dAu & pp

PHZENDV A

North Mugn Arm

N
“d

fusion, and thus sensitive to gluon pdf Yaikll
* Three rapidity ranges probe different
momentum fractions of Au partons O

- South (y < -1.2) : large X, (in gold) ~ 0.090

- Central (y ~ 0) : infermediate X, ~0.020

- North (y > 1.2) : small X, (in gold) ~ 0.003
Example of predicted gluon shadowing in d+Au

gluons in Pb / gluons inp

1.3 I 1 ||||||l| 'Il'lll. T T 1 LA X
1.2 I LHC \ 1
o~ L1p Jly in
%‘ 1.0 South
< 09} s y<0 X
ST 08 -7 1
e i T c
0.7 E
0.6 L i : 1011 Lovannl Do S From ESkOIa, KOIhinen, Vogt
107 10 107 10 10" 1 Nucl. Phys. A696 (2001) 729-746.
2/16/2004 Mike Leitch



A _ -
/___) _V—;’-P\‘ - W
> Los Alamos PFF;,'f’*rENiIm”

PHENIX Preliminary 200 GeV
JY¥Y —>11, G,,=0, (2A)

1.4
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2 " Ve 009 -7

e Low Xx,
1 Eﬁﬁ?ﬂ ~0.003

—h

dAu/pp versus p

{ L mdAue'e (x.~0) /”,*’_
pr broadening comparable | T
o ' ol
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1.2t g gl
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~ 0.09
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pp JMY -

PHENIX Preliminary
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Cross section versus rapidity
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Rapidity
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dAu/pp versus rapidity e

d-Au J/\¥ Ratios Rapidity dependence of o — PHENIX Preliminary
PHENIX Preliminary 200 GeV Jy—>py, o,= =G, (2A)"
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Rapidity Rapidity
Data favors (weak) shadowing + (weak) absorption (o > 0.92)
With limited statistics difficult to disentangle nuclear effects

e Wil need another dAu run! (and more pp data also)
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o versus X,(X,,) compared to lower Vs

* Not universal versus X :

shadowing is not the
whole story.

- Energy loss expected to

be weak at RHIC energy

- But could explain larger
suppression seen for
lower energy data?
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Central/peripheral versus N,

JA¥ —> 1"l PHENIX Preliminary 200 GeV
Central/Peripheral (Rcp) vrs Number of Collisions

@'y South (Y=—1.7)
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_ o
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N cent>< < N perlph

Il
R (N ) _ co
cp coll perlph cent
Nj, < <Ngy >

Low and X, have small variations
- Weak nuclear effects
- Small (shadowing) centrality dependence
High x, has a steep rising shape
- Difficult to see how antishadowing could
be so steep when shadowing is not?
- Effect of being closer to the Au frame ?

- e.g. final-state effects in Au nucleus
remanants?

Mike Leitch 11



» Los Alamos

Simple expectation for AuAu
J/y's based on nuclear
dependence observed in dAu

* Renormalize model predictions to
dAu measurement (top panel).

» Then reverse RdAu and multiply by
itself (bottom panel)

* Variations between models not too
large at mid-rapidity, but
substantial in the large negative or
positive rapidity regions. Better
models (physics understanding)
might help, but a higher statistics
dAu baseline, especially in the pp
regions is needed.

« 2004 AuAu run: (1600 J/yp)/arm
expected for 130 ub!

* Challenge of pulling out J/w signal in
AuAu now being worked!
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Summary

 dAu J/y data suggests that gluon shadowing is
weak and that absorption is smaller than
expectations based on lower energy data; but p

broadening is very similar to that seen at lower ALY Raies
energies 16 ‘ . |
- We will need more J/y’s to definitively RdAuU . |
disentangle these effects. Another dAu run with 12 }

higher luminosity at RHIC is needed.

* Near the Au frame, at negative rapidity, a :
dramatic centrality dependence in both J/y (and
hadrons) has been observed and challenges

do/dY(dAu)/[2*197*do/dY (pp)
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» A modest baseline for the study of J/p in AuAu 0 |7 e i

collisions has been obtained. Whether it is oLl DU
Rapidity

adequate will depend on if the AuAu results turn
out to be far from simple expectations or not.
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