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* Heavy lon physics
- A + A collision
-> J/psi, heavy quarkonia
- p(d) + A collision (Cold nuclear matter)

-> Shadowing effect, nuclear absorption, gluon
saturation, initial state energy loss

e Quarkonia measurement
* Light vector mesons measurement

* Summary
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Heavy lon physics
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J/ Y Production Probability
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J/psi suppression

Several scenarios may contribute:

» Suppression by the color screening

* Cold nuclear matter (CNM) effect

* Regeneration effect
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cc bb

state AT S Y Y Y * Each quarkonium has different
(1s) | (aP) | (15) | (25) | (39) binding radius.
mass [GeV] | 3.10 | 3.53 | 9.46 | 10.02 | 10.36

radius [fm] | 0.25 | 0.36 | 0.14 [ 0.28 | 0.39
T,/T, 210 | 1.16 | >4.0| 1.60 | 1.17 | o

hep-ph/0609197v1 H. Satz

Perturbative Vacuum

iR

T<T T =12T, T= 3T
I]] m I i [I]:: T i O“ ® <o
It 1 IR IR ® _©
. . Il . I: i el G . 6
VAN Y XpY Xy W Y )(bY, Y ‘ ‘ ‘ ‘
hep'ph/0512217 Color Screening

Schematic of color screening
* At RHIC, Y(3S) melts and the Y(2S) is likely to melt, the Y(1S)

is expected to survive. - S. Digal et.al., Phys. Lett. B 514 (2001) 57.

C-Y Wong, Phys. Rev. C 72 (2005) 034906.
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Cold Nuclear Matter (CNM)

* Since, in p(d)A collisions, no hot and dense medium is expected to be created,
the matter created is called cold nuclear matter (CNM).

* The CNM can provide the quantitative comparison to the measurement of A + A collision

so can provide a better understanding of the effects beyond CNM from hot and dense
nuclear matter.
* CNM is an interesting matter itself.

o A |

Schematic illustration of Au + Au Schematic illustration of d + Au
collision collision
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Nuclear modification factors

dAu dAu |
R _ I\linv /< |\Icoll > X
dAu N pp .(“ m
inv .‘ \..
@ ‘./ '.
N 0-20% / [\ 0-20% o0
Ro_zo% . inv coll
CpP - N 60-88% // \| 60-88%
inv coll
pp dAu dAu dAu
(all centralities) | (0-20%) (60-88%)
N 1 7.6+0.4 15.1+1.0 | 3.2+0.2

N_., : number of binary (pp) collisions in one HI collision.

coll

* If the production of AA behaves like in pp,
RdAu = RCp= 1

* If there is suppression, Ry, , R, <1
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PHENIX Muon arm
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Run2003 dAu/RunZOOS pp, PRC 79, 059901(E) (2009)

T T 1 | ! | | | | T T | T T T | T T 171 | T T T | T T 171 | T T 171
- .. £11% Global Syslemallc 1 +11% Global Systematic -
M arXiv:0903. 4845(Erratum)

-
.

2 <
m‘U m‘o r
0'5_ EKS Model | 0'5_ NDSG Model |
------- Opreakup = 051,2,3,5 mb (top to bottom) T T Opreakup = 0,1,2,3,5 mb (top to bottom) A
— Best Fitc, oo, = 2.8, mb | — Best Fit Gpreatup = 2-676 Mb
v b s b b b by coa v b b b by
B 2 1 o0 1 2 3 B2 a4 o0 1 2 3
Rapidity Rapidity
Shadowing model comparison to With NDSG and fixed breakup
Rg4a, Values with EKS PDF and cross sections
fixed breakup cross sections PDF EKS(mb) | NDSG(mb)
. . q. +2.3 +2.2
Published Ry, vs. rapidity result Opreakup | 28777 21 | 2.6™77 556 o
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Centrality 60-88%

Global Scale Uncertainty +10%
—— — Gluon Saturation
EPS509 and 5 =4 mb

Centrality 0-20%
Global Scale Uncertainty +8.5%

Centrality D-20%/60-88%
" Global Scale Uncertainty +8.2%

-2 -1 0

* Preliminary result with 2008 d+Au data
which has ~30 times statistics than
2003 d+Au data.

e Can’t fit the data with fixed breakup
cross sections.

e Gluon saturation does not match at mid
rapidity

* Need to understand the suppression of
shadowing region.
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Upsilon analysis

* Run 8 (2008) d+Au data and Run 6 (2006) p+p data are used.
-> provide Upsilon cross section, oy and Upsilon nuclear modification factor, Ry,
* Physical backgrounds of Drell Yan, open charm and open beauty

are simulated and excluded.

Run06 Run7/ Run08
Collision type pp AuAuU pp dAu
sy (GeVic?) 200 200 200 200
JLdt 10.7 pb-1 0.8 nb-1 5.2 pb-1 | 80 nb-1
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Invariant mass distribution
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Physical background of Drell Yan, bband cc is estimated (pythia)
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Upsilon cross sections

— = e e e s gy s B B B — T 7 —~ 14 L U A S R S
-3_160_— Runﬁpp Preliminary —®— r(1s+2s+3s)>e'e, y| <0.35 -g B —&— Y(1S+28+438) > u u, |lyl€[1-2,2.2] |
5140i —®— Y(1S+2S+38) = 1|1, |yl e [1.2,2.2£ :g: 12— y>g: :(Dguﬁzron) g°ingd5ide*
I~ — ] - <0: o oing side _
B - \E =200 GeV Vogt CTEQ6M(scaled) 1 © F y u( ) going si 7
T 120— . —
£ - pulen 1 & r .
C QWL — - _
m 0o PH=FENIX 4 0 s | —
s Preliminary = -~ |Run8dAu §
r ¢ ] 6— ]
60— = ~ \/Syy =200 GeV i
E E a4 _Y_‘ _]
40— - - PH-~ENIX .
20— + 10% Global scale uncertainty ; 2 Prellmlnary —
- - -  £5.65% Global scale uncertainty E

0733 2 1 o 1 3 03 2 - 0 1 2 3
y y

BR*do/dy = 28.2+9.4(stat.) £4.8(syst.)pb, y E[-2.2, -1.2] BR*do/dy = 9.6 +2.1(stat.) =1.5(syst.)nb, y E[-2.2, -1.2]
BR*do/dy = 31.1£8.7(stat.) £ 6.2(syst.)pb, y £[1.2, 2.2] BR*do/dy = 6.7+1.7(stat.) =1.5(syst.)nb, y £[1.2, 2.2]

* pp cross section is reference to comparison to d+Au collision.
* pp cross section vs. rapidity is following the shape of

Color Evaporation Model-CTEQ6M(PDF)(scaled down by ~2).
* Cross section vs. rapidity of d+Au collision is asymmetric.
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Upsilon Ry,

:1.57 [T T I T T T T T T T T T T
S Run8dAu/Runépp |
14— _ —e— Y(1S+2S+3S) - ', lyl € [1.2,2. zt
n \/Syy = 200 GeV ]
12— y>0: d(Deuteron) going side —|
S T y<0: Au(Gold) going side -
0.8/ il -
0.6 — —
%427 1 11% Global Uncertainty E
0.2— Y —
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0 | | | | | | | |

]
w

-2
y

Rya, = 0.8410.34(stat.) £ 0.20(sys.), y €[-2.2, -1.2]
Ryaw =0.63+0.20(stat.) =0.16(sys.), y € [1.2, 2.2]
* First Upsilon Ry,, measurement at forward rapidity.

* Showing suppression at small x region.
* Waiting for theoretical comparison.
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PHENIX Preliminary (2008 data)
d+Au—V+X at \'s = 200 GeV, V—u*w
12<y<24, P, > 0.9 GeV/c
pl w, ¢, J/P <p,> = 2.2,21,1.7 GeV/c
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0
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Deuteron(d) going, y>0 N,

* First nuclear modification factor measurement for low mass vector mesons

at forward rapidity.

* Significant suppression at deuteron going direction.
* Stronger suppression for p/® than ¢ and J/'\V.
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chi_c Analysis

* Higher charmonium state(1P) than J/{(1S).

* There are three states of chi_c.

* Radiative decay channel y. ->J/Y +y->ptu(ete) + .

*R= % > J/Y +vy)/ (Inclusive J/Y).

* [t would be a good tool to decouple the fraction of decay J/¢ and direct J/y.

BR ratio Xco X1 X2 J/‘-p
(3.41 GeV) (3.51 GeV) (3.56 GeV) (3.10 GeV)
e = J/Yy 1.16% 34.4% 19.5%
Y >t 5.93%
PDG 10’
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Fitting to real data (p + p data set)
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Fitting to real data (d + Au data set)

[ Mass diff. distribution |
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* Peak is visible at small x region.

* South MPC has large background.
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Summary

* Nuclear modification factors of Upsilon, J/\yy and light vector mesons are
shown.

 They show suppression at low x region but, not clearly understood yet.

* RecentlJ/y R, result is not explained well with shadowing model and fixed
breakup cross sections.

* Upsilon Ry,, shows suppression in low x region and need to have
theoretical comparison.

* Low mass vector mesons need to understand its production mechanisms.

» Xcfeed down to JAy measurement is underway and important to
decouple the cold nuclear matter effect and QGP state.

e In future, PHENIX FVTX/VTX upgrade will reduce more background and
make the y’ and even Drell-Yan measurement possible.
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Heavy lon Collision
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PHENIX acceptance

Backward & Forward Calorimetry
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RHIC and PHENIX detector

VSNN = 200(7.7 ~ 500) GeV
Collision type = p+p, Au+Au

PHENIX Cu+Cu, d+Au
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