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Color Screening and the QGP

- Matsui and Satz first

-
=

articulated the consequences 3™ S NASS .U, 200 Gov
of color screening on 213 A
quar'konium pr'OdUCTion: %1.2 \ ® NABO In-In, 158 GeV
Phys. Lett. B178, 416 2 11
: . 9 ] 1
- If the bound state is formed in, = 7 IW i
or passes through, a QGP, the 0.9+ v |
free color charges will screen 08 ﬂl&{.éy.}
that potential (in a manner 07 J + '
completely analogous to Debye P
screening in a Coulomb plasma). . 1
- In this case the J/Y¥ will melt e

(or never form in the first place) ** 5 766 756 280 5 366 350 o
and the c and c-bar quarks will . Number of participants
again leave the system as D- Previous talk by Gianluca Usai
mesons, having found a

ubiquitous light quark.
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An Unambiguous Sighature?

* They carefully outlined
the conditions that
needed to be met for
an observed
suppression to be an

unambiguous signature
of QGP formation.

- We will see that two of
these assumptions may
well be violated.

To assure that this J/t suppression in nuelear collisions indeed constitutes an observ-
able signature of plasma formation, we must answer a number of questions:

(i) Can the J/1 escape from the production region before plasma formation?

(ii) At what temperature does rp (T') fall below r,;, (T), and how does r; (T') behave
as function of T? The large mass gives the J/v a smaller radius than that of conventional
mesons, and sufficiently small hadrons could survive deconfinement as Coulombic bound

states until much higher temperatures.

(i) Are there competitive non-plasma J/4 suppression mechanisms?

{iv] Could the J/¢ suppression in the plasma be compensated 10 the traisition 0T

hadronization stage?

(v) Could enhanced non-resonant production of lepton pairs (“thermal dileptons™)
prevent the observation of the J/¢? In this case, we could not study deconfinement
directly, although plasma formation would still be the cause for not seeing J/v’s. We will

now take up these questions.
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Generic Advantages of Hard Probes

Produced early
- Sample medium

* Scale W/ N, (in the absence of medium effects)

CRCHG)

- ppreactions calibrate probes, allowing detection of medium effects

g: Tast color octet ./
—

@

QQbar: slow color
singlet/octet

Suppression of high-pt single particles Dissociation?
and jets (many talks).

Suppression of charm at high-pt Virtual photon: colorless

(see talk I.3.B, by Xiaorong Wang). Controls

Non-suppression of photon production
(see talk I.9.A, by Takao Sakaguchi). @

Unknown Medium
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Two sets of forward-

rapidity detectors for W |
T 4 / il I TIME OF FLIGHT [
il 1l Eﬁéﬂé ¥|uoN L ' DETECTOR "

event characterization
‘Beam-beam counters
measure particle production
in 3.0<|n|<3.9. Luminosity
monitor + vertex
determination.
*Zero-degree calorimeters
measure forward-going
neutrons.

*Correlation gives centrality

v g /’_r/
Sl EXPANSION| s
CHAMBER o

Two central electron/photon/hadron (S iy LAY
spectrometers: ll Two forward muon spectrometers
*Tracking, momentum measurement with i *Tracking, momentum measurement with
drift chamber, pixel pad chambers cathode strip chambers

*e ID with E/p ratio in EmCAL + good ring || - u ID with penetration depth / momentum
in RICH counter. match
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What Would We Like To Measure?

- Collision species dependence
* y, prdependence

- /s dependence

- Centrality dependence

» Polarization

» Reaction plane dependence

» J/Y¥ - hadron correlations

- ¥, x. and B contributions

- Compare fo V', Y
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What have we measured?

- Collision species dependence v'©
* vy, prdependence v©

+ /s dependence v©

» Centrality dependence v©

* Polarization v©

- Reaction plane dependence No

+ J/V¥ - hadron correlations No

* ¥, . and B contributions No

- Compare to V', Y No

v'e - Good start on exploratory measurements
Species : pp, dAu, CuCu, AuAu
y : |yl <0.35 (central arm), 1.2 < |y| < 2.4 (muon arms)
pr+ O0<pr<5GeV/c
Js : 200 GeV (and 62 GeV/c CuCu)
Polarization : preliminary measurement in dAu
Statistics : More is always better (allows reduction in statistical and systematic errors)
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J/¥ in pp - Measuring Initial Production

nucl-ex/0507032
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PHENIX 200 GeV p-p
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J/¥ in pp - Much More to Comel
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J/W¥ in dAu -
Calibrating Cold Nuclear Matter Effects I
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J/¥ in dAu -

Calibrating Cold Nuclear Matter Effects II

10/24/2005

Oga = 0, (2x197)°
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J/V¥ in dAu -
Calibrating Cold Nuclear Matter Effects III

O = 03y (25197
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J/¥ in CuCu - N,,.. Dependence

PHENIX Prelimina
— F Cu+Cu
:t-g,i-%‘ ----- L %
"1’1_' Feiy i .'“:::::IEIZZ:::::::::::::::
- = L —/
_______ Sd, &
................ i
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EKS98 o,,=3mb, 200GeV, y=0 = 200GeV, 1.2<|y|<2.2 _|
EKS98 o, =3mb, 62GeV, y=2 = 200GeV, |y|<0.35 B
dual parton model, 200GeV | 62GeV, 1.2<|y|<2.2
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J/¥ in CucCu -
Recombination Effects?

J/y nuclear modification factor R, ,
- Au+Au =[1.2,2.2 | Grandchamp et al.
« In fGC.ZT, models that Cu+Cu ||§'||E{1 .2,2.2} ?___dAE,rA:di:e;
eXp|Gln NA5O F@SUH’S i:it:‘l?ﬁ[l;;?] -------- Au+Au regen
via hot nuclear CurCu <035 AutAu total
+AU Jy|<U. |- - -+ Cu+Cu direct
matter effects W7 — .. CusCu regen
significantly
overpredict the
suppression at RHIC.

- Unless they include
recombination.

—— Cu+Cu total
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J/W¥ in CuCu - Rapidity Dependence

# Cu+tCu0%-20% |
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J/¥ in CuCu- prDependence

________________________________________________________________________________________________________________________________________

—&— 1.2<lyl<2.2 PHENIX data

CU+CUZOOGQV —e— J/¥ Formation from all pairs

PHEN'X Preliminary —&— Diagonal ¢T pairs

0 10 20 30 40 50 60 70 80 90 100
part

*  On the other hand...

- <p;2> is consistent with flat as a function of centrality
- Red* shows NLO calculation without recombination.
- Blue* shows effect of including J/¥'s produced via recombination.

* R.L. Thews, Quarkonium Formation from Heavy Quark Recombination”, PHENIX Muon Workshop, June 13, 2005.
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Conclusions

* PHENIX has measured J/¥ production as a
function of several independent variables.

- Readlly just starting on a systematic measurement
program.
- J/¥'s are not simple.

- Cold nuclear matter effects are present and
although they appear to be relatively modest they
are not understood.

- It may be that not all J/¥'s come from initial
production (/.e., recombination may be important).
» Patience may be rewarded though, because
J/¥'s are sensitive to so much more than
simple screening.
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J/¥ Polarization -
Understanding the Production Mechanism

.
1.8 PHENIX preliminary ot 1,091 - 012y
16 E_ d+Au @ 200 GeV Lambda 0.151= 0.263
1.43—
1.2f —1 T
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013 fit with 1+1*cos?(6)
0.4
0.2 f—
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cos(0)
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Azimuthal Correlations Between J/¥'s in the
Muon Arms and Hadrons in the Central Arm -
Understanding the Production Mechanism

|
A ~ 1 1 B Q0 { ' . q 1
GF: pr 1s balanced from back to back jefs ; CSM pr 15 largely balanced by the hard gluon
Al
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Charm Energy Loss

nucl-ex/0510047

TPT T T T T T A [T T[T AT [ TT T[T T rrT L L A L L R R N R R

40-60 % central 1 | 20-40 % central

051152253 35445 05115225335445
p; [GeVic]
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