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Physics motivation

e Goal: disentangle normal nuclear effects
- Antishadowing & Shadowing (gluon saturation ?)

— Energy loss of initial parton - Iy
~ p; broadening (Cronin effect) 7 ¢
- J/y (or cc) absorption 5

 Tool: d+Au collisions .
— over a broad range of p,, rapidity and centrality.

e Interests:

— Intrinsically probes interesting nuclear effects
— Baseline for Au+Au: Why do J/y disappear / appear ?
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How does PH ENIX see the J/Y ?

- ER— J/Y ® e‘e
o o0 . identified in RICH
EES Yy
A\ oy e and EMCal
e - |h]<0.35
- p>0.2 GeV
J/Y ® ptu-
identified in 2 fwd
spectrometers
- 1.2<|h| <24
- p>2GeV

R Centrality and
e Ay vertex given by
" BBC in 3<|h|<3.9
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Short history of RHIC

Year lons Gy Luminosity Detectors J/Y
2000 | Au-Au | 130 GeV { bt central 0
(electrons)

- -1
5001 | AU-Au | 200 GeV 24 b S— 13+0[1]
2002 0-p 200 GeV 0.15 pb-! + 1 muon arm 46 + 66 [2]

- -1
5002 | G@-AU [ 200GeV | 274nb U 300+800+600
2003 1,5 | 200Gev| 0.35pbt +2muon arms | 54,300+120
2004 | Au-Au | 200 GeV 300 nb1? | taking data! | ~400+2x1600 ?

[1] nucl-ex/0305030

[2] hep-ex/0307019

16 January 2004

All data shown are from the run 3
and results are PHENIX preliminary !
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Di-electron analysis

Example : dAu sample

Mass Resolution ~ 100 MeV
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> lIdentify electron
e« 0.5<E/p<15

> Di-electron invariant
mass spectra

» Subtract combinatorial
background

e Signal =N, - (N, -N_)
» Count J/y

» Correct for acceptance
and efficiencies

® Cross section



Di-muon analysis

Example : dAu north sample

7 2.620 - 3.580 GeV
Like sign = 575

10°
Opp. sign = 1442
10
1
6
1 ndf 55.72141
E | Prob 0.06231
DY T I AT JIw yield 784.2+ 30.79
E JIY mass 3.076 + 0.006613
150 B Resolution 0.1649 + 0.006609
E Expo Const 200 + 28.84
100 ;_ .......................................................................... Expo slope u.%aai 0,‘01 34?
50 f_+ﬁ++ ........................................................................................... 3
0 !Y+ + ! + 1 |
= 1 [ 3
50 L I L L L =
1 2 3 4

5 6
Invariant Mass (GeV)

Mass Resolution ~ 150 to 200 MeV

Identify muons
— Depth in Identifier

Di-muon inv. mass spectra

Subtract combinatorial
backgrounds (N, 1 )

~ Signal =N,_-2QN,.)(\N )
Work in progress to quantify
physical backgrounds :

— Open charm & beauty,

— Drell-Yan,

- Ahintofy’

For now: fit gauss J/y +exp bg

Correct for acceptance and
efficiencies

Cross section
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Deuteron ®

e In PHENIX, J/y mostly produced by gluon
fusion, and thus sensitive to gluon pdf

e Three rapidity ranges probe different
momentum fraction of Au partons
- South (y < -1.2) : large X, (in gold) ~ 0.090
- Central (y ~ O) : intermediate X, ~ 0.020
- North (y > 1.2) : small X,, (in gold) ~ 0.003

Example of predicted gluon shadowing in d+Au

X, X, rapidity y

gluons in Pb / gluons in p

1.3 T |||||||| SRR I |||||||| SEERS IR ALY \ .
1.2 J/y in
o M South
< 10 ati (BN W Y <0
H .
(t:\; 0.9 g : ’-.'.‘: : : ; X /
e 0.8 = Shadowmg— Q— Iy in
0.7 = C:)-Z 25 G?V. 7 North
0.6 : : . -
I R R B A AT T B RN N R T MRS R TITT BRI X From ESkOIa K0|h|nen Vogt
107 107 107 10~ 107 1 Nucl. Phys. A696 (2001) 729-746. y>0
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Cross section versus p+

pp J/¥ — PHENIX Preliminary

B Run3 (South, y=-1.7)
@®Run3 (North, y=1.8)

X JIY ® mm
\ PP

<p,2>=2.70(24) N

1/(2n*p,)*BR*d 6/dydp (nb/(GeVic)")

0 2 4
p, (GeV/c)

10

10
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10 ¢

dAu J/¥ PHENIX Preliminary

JY ® mtm
-~ dAu "

S -

% High x, ~ 0.09
SN

NN
Low X,

AY o
> 833[1+(p/423) T
0,003 § 2]
AN <py >=4.47(25)
N
NN
Y
[}
- \
oo
~ \ \
638[1+(p,/4 00)T° Y
A
<p,’>=3.99(25) \\
\\
\\ \\
M Rund dAu (South, y=-1.7) NN
@ Run3 dAu (North, y=1.8) R
\ AN
0 2 4 6
p; (GeVic)

D<p®>> =

<Pr*>gau — <PT7>pp
1.77 £ 0.35 GeV?2
1.29 + 0.35 GeV?2

(preliminary)

p+ IS broadened for dAu

16 January 2004
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dAu/pp versus p+

R=s,/2"197 s S i =S (27 197P

PHENIX Preliminary 200 GeV PHENIX Preliminary 200 GeV
J :>|,Lu Ratio vrs p; 4 Y —>IT, Csa =95, (A)
R 3 o Esss;NuSea(o 3¢ <0. 93)
dA ——- 1ol W dAU North (x, ~ 0. 09) 4
M South (Y=-1.7) L
25 | @® North (Y=1-8) J I R ﬁ
: T x -
& | Hghx, % 08 koomo i Low x,
£, ettt ~ 0,003
=, WdAuee (xg~0) /,’
,g‘“ | — ~1- 1.2 et
3 - o
o 15 . Bk -t L ____ _
= il 1.0 b ®drone
c -
= ¥ : 0.8 f -
A T I e L 9 o___| : : e
> O EBB6/NUSea(—0. 1<x.<0.3) -7
E‘% E - | AdAu Sauth (s, ~~0.08 E‘/,/ |
-g'u =§= === :___- ' | I .;E
Sos5 @
Low x, 8l | High x,
%0 1 2 3 4 5 o e s e s 009
p; (GeV) P, (GeV/c)

Broadening comparable to lower energy (G5 = 39 GeV in E866)
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BR * do/dY(nb)

Cross section versus rapldlty

pp J/V — PHENIX Preliminary dAu J/'¥ — PHENIX Prelmunary
25000 . : :
QPHENIX RUHE]J.JL_&EC @ PHENIX p'n”
go  @PHENIX Run3pp PP - M PHENIX e'e”
B PHENIX Run3e'e” dAu
20000 F
Pythia GRV94HO '
60 G T * BR*6_ . = 159nb
+-8.5%+-12.3% S 15000 | '
* e p-‘ o E T
E i
- 5 i
40 B L P Bl T g
- - . \\ i 0y 10000
s -t
), -t- Nt o
- N
- “
20 1 Fa _i\ | 5000 |
/ i §
/ AY
/ U accepted events S
i .
/ [ h shape vrs rapidity ‘H N
0 A A 0 . . . . .
-3 ) -1 0 1 5 3 -3 2 - 0 1 2 3

Rapidity Rapidity

e Total cross section (preliminary)
BR s} = 159 nb + 8.5 % (fit) + 12.3% (abs)
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dAu/pp versus rapidity

d-Au J/¥ Ratios Rapidity dependence of o — PHENIX Preliminary
PHENIX Prehmmary 200 GeV Jflp T Gy = O'Pp (HA)
1.6 T 11
RdA Low Xz ~0.003 a compared to Iower G
14 (shadowing region) | -
o P S _
E 1.2 r ;/_,_ \ 1 4 = . .
~ P \\\ - e AI:::I
s 1 . A ] [T}
® / . 09 t A - 1
5 : e
Z 08¢ 2 S w
il_]l ,/_ S E“HH S w
= 7 \\\\-"- " s S
~ . -
.%: 06 // “\‘\'\M g 4 08 n _
- @FHENIX 'y |\\ I . 4 !._
5 St AN ~- m £866/NuSea (39 GeV) =
© 04 . Zopeliovicn S . 4 NA3 (19 GeV)
T, Vost FaSshad. + -0 abuomp. 1\, T 0.7 + ®PHENIX '™ (200 GeV) =
W vgt EKS98, no absorp. i \‘ | M PHENIX e’e” (200 GeV)
Vogt, PRL 91:142301, 2003...
0 Kopeliovich, NP A696:669,2001 06 ‘ | .
-5 -2.5 0 2.5 5 -2 -1 0 1 2 3

Rapidity Rapidity
Data favours (weak) shadowing + (weak) absorption (a > 0.92)
With limited statistics difficult to disentangle nuclear effects
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A versus X compared to lower Gs

1.1

1.0 r

09 r

07 r

06 r
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o
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O E866/NuSea (39 GeV)
o NA3 (19 GeV)_

@ PHENIX 1™ (200 GeV)
M PHENIX e'e” (200 GeV)

X, (in gold)

L
-2 -1

10 10

X2

1.1

1.0

09 r

08 r

0.7

06

J/'W —> ' PHENIX Preliminary

XF = Xd B XAu

© E866 (38 GeV)
NA3 (19 GeV)
@ PHENIX Wi (200 GeV)

B PHENIX e'e” (200 GeV)
E866: PRL 84, 3256 (2000)

NA3: ZP C20, 101 (1983)

0.0 0.2 04 0.6 0.8

X

e Not universal versus X, : shadowing is not the whole Fstory.
« Same versus X, for diff Gs. Incident parton energy loss ? (high X, = high X,)
 Energy loss expected to be weak at RHIC energy.

16 January 2004
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Centrality analysis

Au breaks up in our south beam counter

BBC South

Spectator nucleons BBC North

9=

// --- -

— V-
d and Au participant nucleons

x10°

¢y 9000/~

» Define 4 centrality classes 3 I Peripheral

* Relate centrality to <N_,p> 1 <N,,>=15.0£ 1.0
40-60%

through Glauber computation | 2 Vf e
<N,

<N.,>=32%03

8000 coll

2000

>=8410.7 -

0-20%

coll

0 20 40 60 80 100

South BBC Charge
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Central/peripheral versus N

JA¥ —> |'I' PHENIX Preliminary 200 GeV
Central/Peripheral (Rcp) vrs Number of Collisions

coll

Ncent' < N perlf

2.5 - coll
R @' South (Y=—1.7) B RCD(NCOH) perlf' Ncent S
M North (Y=1.8
CP ogg (Y=0) J Jy coll
2 r | ®
High x, e Low and med x, have small
~0.09 1 —
15 | variations
- Weak nuclear effects
1 i — Small shadowing centrality
i i dependence
o5 | - * High X, has a steep rising shape
Low x, ~ 0.003 — How can antishadowing be so
0 . . | steep ?
0 5 10 15 20
Number of Collisions
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dAu / pp versus N

PHENIX Preliminary 200 GeV

J/¥ —>1'I” vrs Number of Collisions

AJ
_LQ_L
= > 5

—
[\~

—

PP
[=]
o

e
m
T

o
T

" @North (Y=18)
4 South MinBias
#North MinBias

do,, /dy/(2*197*dc_/dy)/(n_/n_, )

=
[y8]
T

High x2 ~ 0.09 1

ne absorption in Vogt calculations

@sSouth (Y=-1.7) FGS shadowing (Vogt) |

0 2 4 10 12 14 16 18
Number of Collisions

coll

MB
S dA |\Icoll >

21978 ;. <N

coll

Low X, shape consistent
with shadowing models

High x, shape steeper
than corresponding
antishadowing...

- What could it be ?

— Effect of being closer
to the Au frame ?
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Conclusion & perspectives

 \WWe have seen small nuclear effects !
- Weak shadowing
- Smaller absorption than expected (a > 0.92)
— p+ broadening similar to lower energies

- Something above antishadowing ?
 Rising RdA versus centrality at high x, (y<-1.2)

e Difficult to disentangle given statistics
— Need more luminosity !

e But, no large nuclear effect !
— Good news to see Jy suppression in Au-Au !
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Soft physics
from Thursday
Ming Liu’s talk
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Soft physics
from Thursday
Ming Liu’s talk
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Soft physics S *
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Hard physics
from Thursday

Sean Kelly’s talk
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« Similar p; shape compared to pp data
» No significant centrality dependence seen

« Seems little net nuclear effect on charm production at central rapidity
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Nalve picture

JAY —> n'p” PHENIX Preliminary
1.1 ,

e Less absorption
e Shadowing
 Energy loss

O EBBB/NuSea (39 GeV)
0 NA3 (19 GeV)_

06 @ PHENIX 11 (200 GeV)
M PHENIX e'e” (200 GeV)

05 -
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J/Y cross section from run 2

T Results consistent
mnT . with shapes from

= \ rln JJ various models and
\ PDF.

Take the PYTHIA
shape to extract
our cross-section

........... Pythia (GRV94NLO)
—— COM (GRV98SNLO)
....... COM (MRST2001NLO)

| | Error from absolute

-3 -2 -1 0 1 2 3 normalization
rapidity

Integrated cross-section : |
RUN2 234 + 36 (stat) + 34 (sys) £ 24(abs) b | (3 sy
RUN3 159 nb + 8.5 % (fit) + 12.3% (abs) difference)
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