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Physics with Quarkonia at RHIC
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PHENIX was Built to Measure Leptons

PHENIX Detector

Philosophy (initial design):

High rate capability & granularity
Good mass resolution & particle ID
Sacrifice acceptance
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Charmonium States at PHENIX
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Results from p+p collisions
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Dilepton continuum at PHENIX
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Backgrounds well understood for |y[<0.35
Moderately well understood for 1.2 < |y| < 2.2
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J/y Ccross- -sections compared to models
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J/Y spin-alignment compared to models
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W’/ J/y ratio in the dielectron

channel about 2%
(consistent with HERA-B and CDF)

‘ Jiy from ' = (8.6 £ 2.5)% ‘

world average: (8.1 £ 0.3) %
[Faccioli, JHEP 0810:004,2008]
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[Faccioli, JHEP 0810:004,2008] s under way in d+Au and p+p
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First Observations of Y from 2006 data
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Cross section at y~0 follows world trend
Compatible with STAR measurement.
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Results from d+Au collisions
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Revised Fits to 2003 R A data

Now account for all systematic errors
PRC 77, 024912 (2008). Erratum: Phys. Rev. C 79, 059901 (2009)

anti-shadowing shadowing
| large x | | small x | region reglon
LA L B L B | T T T | T T 1 | LI | L ' ! T L I [T
+11% Global Systematic [P 11% Global Systematic
el ) B ‘ I N 1
I ™ "_--_.--_.__‘ :::: 1 _______ ﬁ ______________________ L __._ T al ‘-.__“-_::- :L_“: ________
< | T~ iw ........... 3
oc B Bl 4 ~ 0 1
0'5_ NDSG Model | 0'5__ EKS Model )
[ 777 Opreakup= 051,2,3,5 mb (top to bottom) -~ Opreakup= 0,1,2,3,5 mb (top to bottom) -
— Best F'tﬁbmkup— 2. 522 s mb | — Best Fltorhmku =287 mb
| 11 1 | | N | | 11 1 | |

I I %I 1 1 I-I2 -1 0 1 2 1 1 1 1 3
4—@ Flapldltv @ —> Rapidity

Calculations assume Color Evaporation Model, but different mechanisms
correspond to different translation between x and J/y p_and y
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2008 Data Provide Better Access
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Maybe the models aren't complete.

Lourenco, Vogt, Woehri arXiv:0901.3054

18— Ekses
- ® PHENIXsys  +5.0-4.1mb
16; e EB866
14:_ - HERA-B ,H
12— T Frawley ECT, Trento H%
€10 ;
£ 8 $ $'}
b.‘a 6
- 3
4 $ Hlﬂ @ g %
2:_ - t
o !
-2:|||||||||||||||||||||||||||||||||||||||||||||||||
-2 -1.5 -1 -05 0 0.5 1 1.5 2
rapidity

» Shadowing + fixed 0,,,,, don't match the observed rapidity dependency

* Use d+Au data to extract effective breakup cross section as a function of rapidity
to parametrize all the effects that shadowing is missing

* Same trend observed at mid rapidity in E866 and HERA-B data,
and at forward rapidity in E866 and PHENIX data
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Or maybe it can all be explained by
Coherent Scattering (CGC)...
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£ T
- ed ;
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Results from A+A collisions
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J/Y R,, vs centrality (

Phys. Rev. Lett. 101, 122301 (2008)

N_.+) iIn Au+Au and Cu+Cu

Data are from 2005 Cu-Cu and 2004
Au-Au. Lines are cold nuclear matter
effects extrapolated from 2003 d-Au
data

Cu-Cu and Au-Au ratios match well
where they overlap.

In Au+Au the suppression is larger than
expected from CNM

There is more suppression at forward
rapidity than at mid-rapidity, although
the difference might be absorbed by
CNM
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Note: The errors on the CNM error
bands on these plots is underestimated
(slightly) due to the erratum on slide 14.
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JIy R,,over CNM in Cu+Cu and Au+Au

Work by Tony Frawley and Mike Leitch using rapidity dependent break-
up cross-section and errors estimated from 2008 data

Not a PHENIX Result
Uses Preliminary PHENIX d+Au RCP (QMO09)
[T : I T I | T I - ]
- ® PHENIX Au+Auy=0
1.6 BRSISCRMbaseline | 3 paeNix auvauy = 17| Difference between mid and
i PHENIX Cu+Cuy=0 | -
4 PHENIX Cu+Cuy = 1.7 |{ forward rapidity measurement
1ol NALD IntIn, 1 is washed out.
---------------------------- 71 Suppression beyond cold
it ] nuclear matter effects is
~ HW i 1 observed
0.6 Narrow boxes - correlated sys uu w M N
0.41 (oloba or each datavety T ° ! 1 Note: We don't measure R
0 1 2 3 4 5 ¢ -sotheCu+tCuR,  (CNM)
TFe (GeV/fmz/C) has some model dependence
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Future Possibilities:

Y states from d+Au and A+A collisions
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R, from Y(1S+2S+3S)

dAu
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C 4 ]
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High Mass di-lepton R

-
B PH><ENIX PRELIMINARY

ptp @ Ns=200 GeV |y|<0.35
—8— Measured Yield

Total signal

2 1y

%\\%\%& v’

2 \-1
Vie I
[

|\|||||

m Correlated ¢c and bb
i Drell-Yan

dN,/ dm,, /| Ge

i

10 % <
=
15

.7
m/
©

3 4 5 6 7 8 910

e*e invariant mass [GeV/c’]
Excess over combinatorial background at
high mass (m>8GeV/c?) attributed to
*Upsilons
*Open beauty
*Drell-Yan

High mass di-lepton R,,:

L AuAu[85115]<064at90%CL I
bertetd) + wa St:

10° =%~ PHENIX preliminary
E = S Au + Au at \J's_m‘=200 GeV
B == ® e'e
102 é_ =B=$ —z— e:e+ + ‘e'e;'
- e’e mixe
PE -+
1 $
- | Au+Au | -
-1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _'I.IIJT 1 1
1074 5 6 7 11 12
m,. (GeV/c?)
2 »
= 0.012 PHENIX preliminary
©
g 0.01 Ry, <0.642t90 % CL
o

0.008

0.006

0.004

0.002

No measurement available (yet) at forward rapidity
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@ PHENIX sy: 1 m
16 F . ES66
14 } - HERA-B

= PH  ENIX PRELIMINARY F Not a PHENIX Result

- Pp @ N5=200 GeV |y|<0.35 12— Uses Preliminary PHENIX d+Au RCP (QMO09)
0= ) = 10 F S — E——— ]

E —8— Measured Yield E ® PHENIX Au+tAuy =0

[ —— Total signal El s b m PHENIX Au+Auy = 1.7|7]

- % I/ 8 E PHENIX Cu+Cuy =0 1

10 E v b e e PHENIX Cu+Cuy = 1.7
DO E + NAGO In+In
0 = Y(15+25+3S) 4— 'I % I A NAS50 Pb+Pb
B % Correlated cc and bb 2 F I f
ittt Dreti-Yan c- = A | hrateeee e -——
102 s d or N
2|\|\\| I I NI N ”mn
E k -2 15 1 05 0 05 1 15 2 o~ F uw ﬁ'ﬂ
1 ;. rapidity 0.6 Narrow boxes - correlated sys w i
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0.4+ (global for each data set)
e e I - s A S HN AR AN NI N I S
2 3

- ‘““"'“ - 0 1 2 3 4 5
e*e” invariant mass [GeV/c’] u m m a ry TEE (GeV/fmZ/C)

* Quarkonia continues to provide exciting physics in
p+p, and it is an important probe in d+Au, and Au+Au.

PHENIX is able to make contributions through a
large number of diverse measurements

* The future holds great promise for increasing our
understanding of the J/y and of using X_and Y'to

enrich our understanding of CNM effects and the QGP.
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o) Fits to 2008 Data
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] L |
100 200 300 400

Npart

Differences between mid
and forward rapidity
measurement is washed out.

Suppression beyond cold
nuclear matter effects is
observed
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Using Coherent Scattering (CGC) to describe R,
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sQGP full characterization needs sPHENIX
superPHENIX
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Ultraperipheral J/ (photoproduction)
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J/W photoproduction cross-section at y~0: 76 = 31 (stat) £ 15 (syst)
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