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Introduction

This is an overview of the PHENIX J /1 results in hot
nuclear matter, ie QGP.

I'll be showing R,, and v, in Aut+Au collisions, as
well as R,, from Cu+Cu collisions.

Hopefully by the end you’ll have a nice overview of
the current landscape.
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Why J /s?

“If high energy heavy ion collisions lead to the formation of a hot quark-
gluon plasma, then colour screening prevents c¢€ binding in the deconfined
interior of the interaction region.”

- Matsui & Satz, 1986

Debye screening (from EM plasmas) is a modification a particle’s potential
due to the charge density of

| Charmonium Potential |

the surrounding medium.
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One way to look at it is that the _z_f
charmonium potential well is modified
in the medium to become much shallower.
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J /s Unbound

Another view is that the energetic short-range interactions in the QGP
overwhelm the charmonium binding interaction.

The charm and anti-charm become unbound, and may combine with light
quarks to emerge as open charm mesons.
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The PHENIX Detectors
s

Drift Chamber, Pad Chamber, EMCal
& RICH detect J/ ¢ —ee at mid-
rapidity.

Beam-Beam Counter
used to measure
centrality and collision

z-position.
MuTr and MulD
detect J/ P —uu Ay
at forward :(l)on
rapidities. Y
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Measuring the J /1 at PHENIX

Au+Au 200 GeV
Use a Glauber model combined with

a Negative Binomial distribution of
particles going into the BBC

Normalized yield
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Extract J /1y by removing the combinatoric background either through like-

sign subtraction or event mixing, then fitting the remaining peak.
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Studying J/1{ Suppression with R, ,

7 Hot Quarks - M. Wysocki 8/20/2008



RAA

Take the yields from nuclear collisions and divide by
ptp Yyields, scaled by the appropriate number of
binary collisions (N__,).

1 dNAuAu/dy
<Ncoll> dep/dy

Raa =

Deviations from unity should first be compared to
CNM effects. Any remaining suppression can be
attributed to the deconfined medium (QGP).
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Ris vs. N__ . in 200GeV Au+tAu
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R, vs. p7 in 200GeV AutAu
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Ris vs. N__ . in 200GeV Cu+Cu
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ing J/1 Formation with v,

Study
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Elliptic Flow

Precise measurements of the flow of heavy quarks could tell us about how
they thermalize with the medium, as well as how many J/1{s come from
recombination.

We expect J /s which are formed via recombination to inherit the flow
properties of the individual charm quarks. And, we already know that
open charm mesons flow.
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Reaction Plane and v,

vy = (cos2(¢p — Wrp))

actual __ ~ meas actual
vy = 05" [{cos2(VELp
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71 In Run 7, PHENIX used the
new Reaction Plane Detector,
allowing for almost a factor
of 2 improvement in reaction
plane resolution.
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J/ v, in Run 7 AutAu collisions

A bit underwhelming at the moment. A small improvement to the

dimuon result is expected from analyzing the minimum-bias sample.

For dielectrons, this is only
42% of the Run 7 dataq, so
a larger improvement could

be had, but still ~V/2.

Most consistent with
zero or negative v,,.
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Really need RHIC |l luminosities to make a precise measurement.
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Projections for RHIC Il

We can use a simple MC or an analytic expression to estimate

the error on v, for a given sample size (RHIC Il projection).

Also incorporate PHENIX

RP resolution and J /1
signal /background.

5(vs) = \/

1 — 203
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Summary

PHENIX has measured J/\ R,, in Aut+Au and Cu+Cu.

Larger suppression at forward rapidity in Aut+Au. 1

Cu+Cu consistent with CNM projections. |

X8

¥ Run 7 AutAu.

Future high-lumTag
medasurement o =
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v, Statistical Error

We'll call our randomly distributed variable X:

X = cos2P

Now we can write down some basic statistical quantities:

(X) = (c0s20) = v (X?) = (cos*2®) =
1

Var(X) = (X?) — (X)? = 5~ V2

But we'll be taking multiple samples, so our measurement is the mean of X, and
the statsistcal error is the sqrt of the variance.

_ 1 B 1 —9 2
Var(X) = NVCLT(X) 5(X) — 2NU2
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Assumes one NCC
arm in 2011, two
NCC arms in 2013.

PHENIX 200 GeV

Species Signal [n| To Date 2009 2011 2013
vp J/p — ete < 0.35 ~ 1,500 | 30,000 | 29,000 16,000
Jhp — ptu~ 1.2 24 || ~ 8.000 | 256.000 | 249,000 | 393.000

U — et < (.35 - 510 530 830

v —putp 1.2 — 2.4 — 4,600 4.500 7,100

Xe el - 0.35 2.000 1.000 3.000
Xe — U747 1.2 -24 - 37.000 | 116,000

T o etTem < 0.35 115 110 180

T — 'y 1.2 — 2.4 27 290 280 440

B — J/{X — ete™ < 0.35 - 160 155 240
B—J/wX —ptp 1.2-24 - 1,600 1.500 2,400
Au+An J/v— ete < 0,35 - 800 1:3.500 14.600 | 22,400
Jp — ptu~ 1.2 =24 || ~ 7.000 | 119,000 | 129,000 | 198,000

' el - 0.35 240 260 400

v — ptps 1.2 - 24 — 2,150 2,300 3,600

Xe — €777 - 0.35 890 960 1,500

Ye — A 1.2 — 2.4 - 19,000 59,000

T — eTe™ < 0.35 120 130 200

T —putpu 1.2 — 2.4 - 310 310 520

B — J/{¢X — ete™ 0.35 170 190 200

B . J/wX o putp 1.2 24 1,700 1.900 2,900
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