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Physical Background

o Why Quarkonia?

e Quarkonia in QGP

e Charmonia Production Properties in Nuclear Collision

Experimental Setup
o PHENIX Detector
» Analysis Method

Result
o Previous experiment : SPS Result
* RHIC Result

Summary
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o Quarkonia : bound states of a heavy quark and its antiquark

mc — 1.2 — 1.5 GeV } h
N B eavy
mb — 4.5 - 4.8 GeV oL

can apply non-relativistic potential theory

o Quarkonium spectroscopy from non-relativistic potential
th eO ry Ref) H. Satz, hep-ph/70512217

state J/ | Xe (4 T b T X5 T™

mass [GeV] | 3.10 | 3.53 | 3.68 [ 9.46 | 9.99 | 10.02 | 10.26 | 10.36

smaller
AE [GeV] lb 1.10 | 0.67 | 0.54 | 0.31 | 0.20

AM [GeV] | 0.02 | -0.03 | 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07

o) (DR D>

0.28 | 0.44 | 0.56 | 0.68 | 0.78




QuarkeRicNINeE

o What happens in QGP to the
much smaller quarkonia?

o When do they become
dissociated?

ﬂ Disappearance of specific
quarkonia signals the
presence of a deconfined
medium of a specific
temperature.




e For two light as well as for two light plus one heavier quark
flavor, most studies indicate Tc=175+-10 MeV
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Since 2000 Ref) P. Petreczky, hep-lat/050612

impr. stagg., p4, N\e2 e [
Karsch et al, NPB 605 (01) 579

impr. Wilson, N&=2 A —
CP-PACS, PRD 63 (01) 034502

Wilson. impr., Ng&=2 P
Nakamura et al, hep-1at/0409 153

impr. stagg., asqtad, N&=2+1 _—
MILC, PRD 71 (05) 034504

impr. stagg., HYP, N&=2+1 P
Petreczky, J. Phys. G 30 (04) S1259

std. stagg., Ne=2+41 0 e &

Fodor,Katz, JHEP 0404 (04) 050

Transiti

on point:

Tc~ 175 MeV

8~

1.0 GeV/fm3



I-dependenceroipEeliERsi

T NA =inlel forr e /

o Divergence of the radii defines quite well the

different dissociation points o Sats henshyosaa
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e Quarkonium dissociation temperatures

state || J/0(18) | xo(1P) | /(28) || T(15) | vu(1P) | T(25) | \(2P) | Y(3S)

TiT: 2.10 1.16 112 > 4.0 1.76 1.60 1.19 1.17




Schematic View! ofiPDISseeianehiSEE UERE
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Ref) H. Satz, hep-ph/0512217

T~1.16T,

T, 33T

e With increasing temperature the different charmonium
states “melt” sequentially as function of their binding

strength;

o The most loosely bound state disappears first, the ground

state last.

medium.

- o The dissociation points of the different quarkonium states
provide a way to measure the temperature of the



Charmonium ProdicticnumNiCIEaraeeIEIeRE

o Possible/different effects impacting on quarkonium

production due to the produced medium
e Suppression by comover collisions

e Suppression by color screening

o Enhancement by recombination

o Initial state suppression

<®> Normal nuclear absorption : effect due to the
Interaction with the surrounding nuclear matter

initially produced - need accounted by p-A collision
58
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Sitjoeeesslelnlr 0y carrlaver collisions

|

€(1;)
Energy Density

o J/y suppression by
comover collision

. dissociation by
Interaction with
hadronic comover

o Little or no prior
suppression in the
hadronic regime.

Ref) S. J. Brodsky and A. H. Mueller, Phys. Lett. 206 B (1998) 685;
N. Armesto and A. Capella, Phys. Lett. B 430 (1998) 23.



o Produced medium affects the intermediate
excited states,

o Stepwise onset of suppression
o Sequential J/y suppression by color screening

—]

-~

(15)

J/ Y Production Probability

| M
£(2S) €(1P) € (1S)

Ref) S. Gupta and H. Satz, Phys. Lett. B 283 (1992) 439;

: S. Digal, P. Petreczky and H. Satz, Phys. Rev. D 64
Energy DGI]Slty (2001) 094015




Enhancement thiroNGHNRECoIsIIsce)s

o ¢ from one NN collision can also bind with a C
from another NN collision E) enhancement J/y
production.

o Combination of random c and ¢ quarks from
different primary nucleon-nucleon interactions
becomes more and more likely with increasing
energy.

Ref) P. Braun-Munzinger and J. Stachel, Nucl. Phys. A690 (2001) 119;
R. L. Thews et al., Phys. Rev. C 63 (2001) 054905

J/P




Initial StaterSUPRIESSIBY

o At large enough A and energy, the density of
partons in the transverse plane becomes so large

partons percolate, producing an internal
connected network

ﬂ sufficient to resolve charmonia

This scenario is similar to suppression by color screening.

1 a4
g '- It is possible to calculate the percolation point, but its

effect on the different charmonium states is not evident.
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Experimental Setup

"




Energy Scale oifHeavi/ZlcrnieelliEIenE

e In a high energy heavy-ion collision, a large amount of
energy is deposited in a very small volume

o AuU—+Au collision at RHIC

o Total energy for the nucleus :

o 100 GeV * 197 nucleons = 19.7 TeV
o For collider, lab frame = center of mass frame ; Sy — 200 GeV
o Total of 39.4 TeV is for a short time in a very small volume

o Pb+Pb collision at LHC in CERN (upcoming)

o Total energy for the nucleus:

W ° 2.76 TeV * 207 nucleons = 571 TeV
' o Total 1143 TeV
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ERErgy: density Vs piedimuigincoliISICIREIEIEIES

o Energy density estimates vs. maximum collision energies, for
different accelerators, compared to corresponding temperature

€ [GeV/tm?]

200 —

100 - - 3 Tc ____________________________________ -
50 LHC
2WE - 2 Tlg —rrsremmemesmonanenpmmsns s s n i nunennsonensopmpmntnss v e
10 - RHIer

5 ----15Te------------------ l ——————————————————
X 2—-4
) SPS =
C 1, X100 J5[GeV]
| | |
10 10 2 10 3 Ref) H. Satz, hep-ph/0512217

o In all cases the energy densities exceed the
deconfinement value ¢(Tc)—0.5-1.0 GeV/fm®
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e Relativistic Heavy lon Collider online since 2000.
e Design Gold Gold energy and luminosity achieved.
e All experiments successfully taking data

—‘—Y._
PH-<ENI
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PHENIX, Phys. Rev. C 69, 014901 (2004)

Result through J/'P—e+e channel

o
tn

RUN 2

 Low statistics result on
J/Psi production

© =
— ]
]

10°J/'Y BdN/dy|y=0 per binary collision

L ]
R
RUN 4 0.0 e H‘h_,h_‘:_“—,—-—,——
« Archived very high statistics on 50 0 50 100 150 200 250 300 350
Au+Au collision at 200GeV fumbst of particwants
Year lons Luminosity #Events
2003 p+p @200GeV 350 nb1
D+Au @200GeV 2.74 nb?




P ENIXSIEXEHITED

BEAM-BEAM '
COUNTER

CENTRAL MAGNET

» Centrality measurement:
Beam Beam Counters &
Zero Degree Calorimeters

J/v measurement from Run4

Central Arms:

Hadrons, photons, electrons
+ Jy > ete-

% In|<0.35

s P_>0.2 GeV/c

¢+ Ap =7 (2 arms X n/2)

Muon Arms:

Muons at forward rapidity
+ Jy =2 p+u—
#12<|nl<24

+ Pu > 2 GeV/c

@ AQ=2n

Reconstructed — 600 J/y—>e+e- and — 5000 J/y 2 m+m-




[nvarianteyARYAE

Invariant yield :

dN ) N,, N
B — (A A J/wv > u’ = v [ —ME
“dy ( Vo uH) Ay Aguwgéég EQABEE

number of J/yv ‘s reconstructed
probability for a J/y thrown and embeded

into real data to be found
(considering reconstruction and trigger efficiency)

N, - total number of events

ga¥ : BBC trigger efficiency for events with a J /y

ene. - BBC trigger efficiency for minimum bias events

NJI!// "

A -

- . J/
For Au+Au collision : cpe ~ &aa%




Anal\/SISHPIOCEE

| FG(+-) - Mixed Bkgd

1. Get momentum of tracks di LA S R
> Muon tracker [ L
2. ldentify muons N |
» Depth in Muon ldentifier (MUID) __: ':::2::::::;::

3. Extract J/vy signal R
» Event mixing technique

4. Correct for acceptance and ERREIE I
e Calculaﬂie Acceptance x Efficiency e
> Realistic detector simulation PR O
5. Calculate corresponding — gl b L
luminosity P O O
> run4AuAu Level-2 filtered at CCF aab |||
(78%) - 170 mb-?! nal
6. Estimate systematic errors — ' XR%

RS FETTE FUTEE T
0 70 80 90 100
centrality

Systematic error estimation

| FEuT PTUTE Lovd LeuTy ITe] GreT
010 20 30 40 50 6

— Cross section

\ 4

Acceptance x efficiency 12 %
( considered various factors)

Luminosity 2 %

Signal extraction Different (bin by bin)




Viore DEtIINoRATEN '

Data sets and production ©
Centrality determination
Cut Variables ©

Efficiency x Acceptance
Signhal extraction
Systematic ®

2




j Participants BBC

> (] )
st

Calculate Ncon and Npart

Classifying Centrality

Used Clock method

30-40% " .

o

- Ncon and Npart for each

centrality class determined

by Glauber Model

1000
(ﬁ %200 400 600 800 1000 1200 1400 1600 1800 2000

Cent>l’?.'1lity Npart N.on

0-20 279.9+4.1 77976

20-40 140.4+49 297+31

40-93 32.3*3.1 45474

40-60 60.0+3.6 90.7£t11.9

60-93 13927 15.3*4.4




o Generate J/y using PYTHIA, selecting only
those within acceptance

o Embed them in real minimum bias data
o Match simulated J/¥ vertex to real data vertex
o Realistic response for simulation

o Consider high voltage and electronics condition of MuTR
o Consider intrinsic efficiency of MulD

o Measure combined trigger(Level2) and
reconstruction efficiencies




SOUTH

Dimuoen RecopsthliciiCliN=iicIEIeEy,

NORTH

AccEff

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

Acceptance*Efficiency (SOUTH)

20 40 60
centrality

80 100

AccEff

0.07

0.06

0.05

0.04

0.03

0.02

0.01

Acceptance*Efficiency (NORTH)

0 20 40 60 80 100
centrality

Peripheral




e Artificial events
constructed from data by
mixing particles (tracks)
from different events to
eliminate possible
correlations.

e For the signal extraction,
we used event mixing
method with the IvI2
filtered set.

RESULTS 07-05-2005 (JLN)
Gold-Gold Run-4

PRO .64 File L2Filtered Segments
South Arm and full ZVertex range
Centrality = 60-93 Percent Central

SIGNAL INFORMATION:

Mass Range 2.6-3.6 GeV (~ +/-2.5sig)
Like-Sign: S=235.0 +/- 20.4 S/B=2.610
Mixing(+-): §=204.9 +/- 18.0 S/B=1.706
Mixing(+-): Ga+Ex Fit 8=172.6 +/- 16.2
Mixing(+-): Count-ExpFit 5=187.3 +/- 18.0
Mixing(++): S=5.4 +/- 59

Mixing(--): S=4.1+/- 7.9

Blue Bands are +/-2 Percent Systematic

Example plots)

South Arm : Centrality 60-93%, All Pt

, All Rapidity

Singal = 204 +/- 18(stat)
+/- 19(sys)

a4

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

[ FG[ﬂ) Mixed Bkgd |




EStimating CombipEteRzNsEE eIt NidER=Id
Signall counting (EVertiVixinoNESEE ) EeE diic1p

Gold-Gold Run-4

RESULTS 07-05-2005 (JLN) FG(+-) and Like-Sign Bkgd (m])' | FG(+-) - 2*sqrt(++*--)
PRO.64 File L2Filtered Segments Y : : : T T

South Arm and full ZVertex range
Centrality = 00-20 Percent Central

SIGNAL INFORMATION:

Mass Range 2.6-3.6 GeV (~ +/-2.5sig)
Like-Sign: $=1262.2 +/- 196.1 S/B=0.068
Mixing(+-): S=1343.4 +/- 140.9 S/B=0.073
Mixing(+-): Ga+Ex Fit §=933.9 +/- 212.5
Mixing(+-): Count-ExpFit S=955.8 +/- 140.¢
Mixing(++): $=131.5 +/- 84.7

Mixing(--): $=14.6 +/-109.9

Blue Bands are +/-2 Percent Systematic

Another Example plots)
South Arm: Centrality 0-20%, All Pt
, All Rapidity
Singal = 1343 +/- 140(stat)
+/- 387(sys)

| FG(++) - Mixed Bkgd |




Sy steMALCHEIBIS

o Error on Acceptance*Efficiency calculation

o Error on counting total number of events

o Error on subtracting background and extracting signal




Result
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81 .8 1 Ref) G. Borges et al. (NA50), hep-ex/0505065 1.4 Ref) R. Arnaldi (NA60), Quark Matter 2005
5 JAy I DY, 570
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[ 1 O NA50'LI Be, Al, Cu, Ag, W, 450 GeV
04 - v /DY, 57, ] 0.6 * NA50 HI, Be, Al, Cu, Ag, W, 450 GeV
[ e Pb-Pb + A NAS50 VHI, Be, Al, Cu, Ag, W, Pb, 400 GeV
i ‘ 1 o NA38,SU92, 200 GeV
02 - = S-U ‘ + — 0.5 ¥ NA50 PbPbOO 158 GeV
o p-A 1 * NA6O, Inin, 158 GeV
gelr w8 L , | L 04: e NABO, Inln, 158 GeV
4+ - -
0 2 4 6 8 E‘if ) 0 2 4 6 8 10
m
L (fm)

S-U collisions (NA38) at c.m. energy = 19.4 GeV
Pb-Pb Collisions (NA50) at c.m. energy = 17.3 GeV , In-In Collisions (NA60) at c.m. energy = 17.3 GeV

Ref) B. Alessandro et al. (NA50), Eur. Phys. J. C 33 (2004) 31.

e Charmonium production rates are measured relative to Drell-Yan
pair production 077y = 4.18 £ 0.35 mb <}

e Normal nuclear absorption is considered g;gs =73+1.6 mb




J/y production in YSnn=200 Ge

o Total cross section  ren nuc-ex/osi0020
= 2.61+-0.20(fit)+-0.26(abs)ub
e J/y dilepton decay branching
ratio of 5.9%

o PYTHIA predicted rapidity shape
using GRV94HO parton
distribution function

o Uncertainty from different PDFs
Is less than 3%

60

40

BR * do/dY(nb)
N
S

O-F 0

collislors

-2 -1

" UM accepted

events, shape
L rapldlgzp

0 1
Rapidity

aussian

@PHENIX u'u

JIPHENIX e'e” o)

- pp
Pghla GRV98LO

IPythla GRV94H

2




J/y production in VSnw=200 GeV d

e Nuclear modification factor

Rdau=GdAu/(2x197xGpp) Vvs. rapidity |

o Bjorken variable x
o Forward rapidity : x — 0.003
shadowing region
o Backward rapidity : x — 0.09

anti-shadowing region |

e nuclear absorption cross section is
marginal at order 1-3mb

-FAL colllslorns

Ref) nucl-ex/0510020
T T T

| —-— Kopeliovich N

—— EKS3mb (Vogt) "\
- ——- EKS 1mb (Vogt) N
e FGS 3mb (Vogt)

dAu/pp |

1

—2

0 1, 2
apidity!—

1.4
1.2

0.8 <
R ©
1 0.6 C

0.4

0.2

0



Nl \Viejelfilezition of J/w orocluctior ir)
VSnw=200 GeV Au+Aul collisions

o Nuclear Modification Factor

AUuAuU
R = d N‘M] /dy VS. Npart
AA™ pp
dNJ /dy <|\Icoll>
s L
® 1.4 pPHENIX PRELIMINARY (Au+Au @ \[Syy = 200 GeV)
12l e Au+Au |n|<0.35 (Jiy — e'e)
- - e AutAu 1.2<|n|<2.2 (Jhy - n'w)
1
0.8 "
- ¥ — l
0.6 = & l
0.4 :— — =
B —> —
0.2
3./ T —— v
B | | | ‘ | | | 1 | 1 1 1 1 | 1 1 | | ‘ | | | | | 1 | | | ‘ | | | |
% 50 100 150 200 250 300 350

Number of Participants
e J/y vield is suppressed compared to that in p+p collisions
- Suppression is larger for more central collision
- Factor of 3 suppression at most central collisions




Cold NucleaVEetEr

(D
X
o

o Compared to R. Vogt prediction  ren nuck-exsosorosz
e assuming 3mb Nuclear Absorption and EKS98 Gluon Shadowing

o Evaluated from PHENIX d+AuU results
* 0,,< 3mb and o, of 1 mbis the best fit result.

abs
14 oF 1.4/ Theory : R. Vogt et. al. nucl-th/0507027
145 B EKS98(PDF), cars = 3mb at y=0, y=2
: 1.2
11 1: |
1 0.8 « 0al it - . * AutAu [n|<0.35
: ko) N TN - *  AutAu 1.2<|n|<2.2
i o - TeEmee ®
0.6 - " DR - T ) e y:2
W 0.6 = - U -0
B o ‘\\ _ 04 - - o . y—
| —-— Kopeliovich N, ] 04— . 5 )
LT Eg ?fmﬂg gggg \\_\_ 0.2 E Ref) H. Pereira da Costa (PHENIX), Quark Matter 2005 Q E
oo resamoled 0 02 pHENIX PRELIMINARY (Au+Au @ \[Sy = 200 GeV)
-u* ‘ | _2 _1 0 1 2 00_ | | | | 5|0 | | | |1$0\ | | \15‘0\ | | \ZAOI | | Izgol | | |360| | | |350
H Fw Rapldlty Number of Participants
. ' « 3mb is an upper bound for the nuclear absorption
& e more suppression on the most central points beyond cold nuclear

matter effect




SUpPpPrESSIERNVIGE

o Color screening, direct dissociation, co-mover scattering

&

I e Grandchamp et. al. hep-ph/0306077 & Priv. communi, direct dissociation
14—
I Kostyuk et. al. hep-ph/0305277 suppression in QGP
1.2
C — PHENIX PRELIMINARY (Au+Au @ \|syy = 200 GeV)
1
g » Au+Au |n|<0.35
0.8 " »  Au+Au 1.2<|n|<2.2
-l -
0.6 =
0.4 . /
0.2— el |
07 AR AT N R RN B R N AR --\---

Capella et. al. hep-ph/0505032 & Priv. communi, suppression from co-mover

0

50 100 150 200 250 300

Number of Participants

co-mover
direct
dissociation

e J/v suppression at RHIC is over-predicted by the suppression

models that described SPS data successfully




Suppression + RecombinEionNYBEEE

]

Bratkovskaya et. al. nucl-th/0402042 & Priv. Communi HSD model

Andronic et. al. nucl-th/0303036 & Priv. Communi, SCM model

Kostyuk et. al. hep-ph/0305277 SCM model

Grandchamp et. al. hep-ph/0306077 & Priv. Communi, Suppression+Regeneration

Au+Au |n|<0.35

08"

L Au+Au 1.2<n|<2.2
0.6 = E il T T e
0.4
0.2 pHENIX PRELIMINARY (Aut+Au @ \[Syy = 200 GeV)

0_ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 50 100 150 200 250 300 350

Number of Participants

e Better matching with results compared to suppression models.
e At RHIC enerqgy, recombination compensates stronger
suppression?




Pieel(gicleNEeiil]fel = oy zinicl Raoiclity Narrowirig

Predicted p; and rapidity spectra of J/¥ in Au+Au interaction

at 200GeV from pQCD. [Thews : (nucl-th/0505055)]
10— 1 ' T T ' 3 0.6 F ' T : T ' |

& & Formation from all pairs
&4 cc diagonal pairs

A cc diagonal pairs
#® Formation from all pairs

Ty

I 'dNidp,” 1, (GeV)

=
=3
=
b —
tad
.
tn
L]
N

i p(GeV) i - - .
= Triangles are for initial production via diagonal cc pairs.
-*, « Circles are for in-medium formation via all pairs.
= Sensitivity of the formation spectra to variation of <k;2> is indicated by the spread in the solid lines.

e Recombination model assuming all CC pairs’ recombination
predict narrower pr and rapidity distribution




=p:?=> vs. Ncol, BUN/GyAEREIEI

o Recombination predicts narrower p; and rapidity distribution.
® <p;?> vs. Ncol
o Predictions of recombination model matches better.
o BdN/dy vs. Rapidity
o No significant change in rapidity shape compared to p+p result.

o But charm p; and rapidity distributions at RHIC is open question.
© AutAulye[1222] || o AurAuly|<0,0.35] J/yv BdN/dY - Au+Au @\|SNN=200GeV

*  p+plyle[1.2,2.2]

s 8 . deAuyel2212) ] ° PrplyIc0035] > R o 0%-20%

L | v wauyeizg o d+Au |y|<[0,0.35] ) 310°-PHENIX preliminary :ig:ﬁ':g:

O - . S = .

o 7 . . o r o p+

~ | No recombination "l 75 x 2

¥ o oLtz = 11 0120%
. E - - 3
£ + s .= 20-40%
B - x -
- } 107 3 o
40-93%
3 ]L -
2;+ RecombinatiQI, . .wm 10° = - 0+D
'PHENIX preliminary | — Thews ai-Auvau !
m Lol R =S - Tl by by b b by
™ 10 10° N 10° T2 o oz 3

‘coll Yy

Ref) H. Pereira da Costa (PHENIX), Quark Matter 2005




Theoretical background of the in-medium behavior of quarkonia are
shown.

PHENIX has measured J/y production as a function of several
independent variables and compared with various theory.

o Observed a factor 3 suppression for the most central events

» Recombination/regeneration is needed in order not to overestimate the
suppression when extrapolating from CERN experiments

» No large modification of rapidity and transverse momentum distributions
iIn comparing proton-proton but large error bar

PHENIX hope to have more power on discerning various theories by

reducing of our current systematic error and performing future
measurement

It is very challenging to construct models incorporating as many of
thgobserved features as possible
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QuarkeniURINSPECHBSEBI9Y,

o Quarkonium spectroscopy from non-relativistic potential
Qv

theory V()=or—=

T

state J | xe || T xw | Y| x5 | Y
mass [GeV] [ 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36
AE [GeV] [ 0.64] 020 | 0.05]1.10] 0.67 | 054 | 0.31 | 0.20
AM [GeV] | 0.02 | -0.03 | 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07
ro [fm] | 0.50 | 0.72 [ 0.90 | 0.28 | 0.44 | 0.56 | 0.68 | 0.78

*Delta E : differences between the quarkonium masses and the open charm or beauty
threshold

- «Delta M : differences between the experimental and the calculated values, less than 1%
*R0O : QQbar separation for the states

eInput parameters : m, = 1.25 GeV, my = 4.65 GeV, /o = 0.445 GeV, a = 7/12




I-dependenceroipeREEREREr

for JAysane eeEy/a;

.

Ref) H. Satz, hep-ph/70512217

1.6 4 T T T T J‘r %y T 1 T T T T 5 T
'. psi  + psi
14 | 09 r % Y
' 08t .
13 b |
0.7 "
1
Y - = 06
© ! ©
G 08 | 3 sl
£ | 4
06 | 04 =
03+ “u, 1
04
;‘_‘- 0.2 B '._ Ty
02 ++ | 6 | ) e
0 I T - e W s o PO SO R AR O G 0 | i SR i
1 1.2 14 1.6 1.8 2 22 1.04 1.06 1.08 1.1 1.12 1.14 1.16
T TIT,




o Spectrum for the
ground state J/vy
remains
essentially
unchanged even
at 1.5Tc.

At 3Tc, it has
disappeared.

e In contrast, yc is
already absent
at 1.1T¢c

0.2

0.1

I

oy (MT)

0.75 Tc
1.5 Tc
23 Ie

3.0Tc

M [GeVl

Recent Lattice QCD results
indicate J/y spectral function may persistup to 3 T...

Temperature Bound < 3 T_(?)

0.050

0.025




NejfgalstBNIEielezir Agsorgtior
Ozllelllciier Usipie Gleitioar Mocle]

p A JA, ¥y e Taking into account both processes
o - o Production of the charmonia state,
bt - o Possible absorption on it’s way through
nuclear matter, we get
Op A 1
= {}'0 X
. . — I)Uabs

o Charmonia production follows the hard "
] 2 1T Tabs

process cross-section / d?p e~ ADTAL)
Op—A = A ONN TA(_’): Nuclear thickness function

© After production, charmonia states can . charmonia experimental cross-sections

o\n eractwith the surrounding nuclear can be fitted using this Glauber model
Fwith at given cross-section (Tahs)  with 2 free parameters : 0, O ahe




NASO Result withl Glatberyeae

e JIi) and ¢ results

Ref) B. Alessandro et al. (NA50), Eur. Phys. J. C 33 (2004) 31.
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Data samples
«  Take total ~1500 Million Minimum Bias events during the Run-4
Au+Au collision

Run selection

e  Take into account :
- MuTr/MulD HV conditions
- Large number of MuTr clusters/event
- Low MuTr cluster peak ADC value
- A number of hot planes/packets or dead planes/packets in MuTr
- Runs with low hit rate in MuTr or MulD

e  (Categorize simulation sets and real data sets based on this

p a!prductlon

t CCF, processed ~78% of the entire Run-4 data sample using a
trigger filtered data sample




CutVanabiees

Variables we have to cut on

Rapidity

Road depth (deep-deep) due to Level2

Track z directional momentum (to match road depth)
Level2 decision for corresponding arm

Levle2 cuts on associated Level2 primitives

BBC z-vertex

Additional quality variables

o Road to track association (DGO, DDGO0)
o Track chisquare

o Vertex chisquare
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Thews : (nucl-th/0505055)
Predicted p; spectra of J/'¥ in Au-Au interaction at 200GeV from pQCD.
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Predicted R,, of J/¥ vs p; in Au-Au interaction at 200GeV
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o Cu+Cu, Au+Au : mu+mu- channel

6
o Fit function : A[l+ (p;/B)’]
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e From theory, J/y survive up

to e~10 GeV/fm? SwW
o Suppression of the 40% =y *%t """"""""""""""""""""""""
coming from yc and v’ %#)
o 60% directly produced J/y o075} HD
remain unaffected until much \ #
higher ¢ <:> +
. 0.50
e Onset of suppression occurs +
at the expected energy ® In-In, SPS
density 025 O Pb-Pb, SPS
] . w Au—Au, RHIC, [y| < 0.35
e J/y survival probability A AU-AWRHIC, [¥=[1222] | Gov/ind)
converges towards 50-60% L
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Ref) H. Satz, hep-ph/0512217




