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Different lattice calculations do not agree on whether the -
J/vy is screened or not - measurements will have to telll

Deconfinement and Quarkonia 2

For the hot-dense medium (QGP) created in A+A collisions at RHIC:
* Large quark energy loss in the medium implies high densities
* Flow scales with number of quarks

* Is there deconfinement? — quarkonia screening is the probe
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(quarkonia = vector mesons = J/vy, v', Y, ...)

Debye screening predicted to destroy J/y's
ina QGP with other states "melting” at
different temperatures due to different

sizes or binding energies. Mocsy, WWNDO8
T/T, 1/(r) [fm1]

RHIC: T/T,~ 1.9 or higher
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PHENIX A+A Data and Features 3

PHENIX Au+Au data shows suppression
at mid-rapidity about the same as seen

|
at the SPS at lower energy T T 2;“;;;;33??0“_
* but stronger suppression at forward B PHENIX 12qyi<22| ]
r'apldl‘l‘y NA38/50/60 syst 11%—
« Forward/Mid R, ratio looks flat 80§ ° 4 l
above a centrality with N, = 100 0.2 |- V<035 syst 129 S e
L 1.2<lyl<2.2 syst 7% i

. Of : | : | : | : .

Several scenarios may contribute: x12p LANL & PHENIX
o Cold nuclear- mGT‘l'erl (CNM) effecTs g 08]- ............................................................. :
* in any case are always present ol ]
 Sequential suppression T ol E
* screening only of y. & y'- removing 2 02 Global syst 14% ]
their feed-down contrib. to J/y L R R R B
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 Regeneration models
e give enhancement that
compensates for screening

Centrality (Npq.1)

4,
- Los Alamos Mike Leitch, LANL Physics-
—

NATIONAL LABORATORY



Cold Nuclear Matter (CNM) Physics 4

Traditional shadowing from fits to
DIS or from coherence models
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CNM Physics - PHENIX, E866, NA3 Comparison  °

New Analysis of Run3 d+Au o, =0 A"

with new 2005 p+p baseline

PRC 77,024912(2008) J/v o for different \s collisions
1.1 R R oon R A DL DL DL L

Compared to LANL-led a | I Jhy

E866/NuSea p+A results & - M‘fﬁ/’ifgéggl;)é

lower-energy NA3 at CERN OO0 HRPOOR -

Not universal vs x, as expected for
shadowing, but closer to scaling _ _
with xg, why?
e ey 0.7 T o NAa(19 GeV)
- initial-state gluon energy loss? 39 GeV O Eses (32 GeV)
. - T @ PHENIX (200 GeV) 1
* gluon saturation? I o I
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FNAL E906 (120 GeV) 6
Quark Energy Loss in (Cold) Nuclei

pN — ,u"‘,u_X

Drell-Yan in p+A
collisions - no final-
state interactions

In LANL-led E866 at 800 GeV, the
nuclear dependence of Drell-Yan
could not unambiguously separate
dE/dx & small-x shadowing

With Drell-Yan for p+A at 120 GeV:

- x>0.1 — NO shadowing

- only quark dE/dx remains
Important for understanding dE/dx
at RHIC

LANL LDRD for EQ06 led by Ming Liu
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Vitev calculations with various
levels of dE/dx compared to
expec ted 5906 error baf"s

| | | | |
expec’red error bars_
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X1 (mom. fract. in proton)

Vitev, Goldman, Johnson and, Qiu,
Acta. Phys. Hung. A27, 275 (2006).
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Vitev calculations with & w/o dE/dx
compared to dAu data for n° & D

Vitev, Goldman, Johnson, Qiu,

CNM Physics - Hadrons & Charm at Forward Rapidity '

PR D74, 054010 (2006).

Precision measurements in

future with FVTX

LANL led FVTX team
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Present CNM Constraints on A+A data

CNM effects (EKS shadowing +

dissociation from fits to d+Au dataq,
with R. Vogt calculations) give large

fraction of observed Au+Au

suppression, especially at mid-rapidity

PRC 77,024912(2008)
I IR I L B B
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more accurate d+Au
constraint badly needed
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CNM Constraints from New Run8 d+Au J/vy Data

MJIL PHENIX Run Coordinator service
e Run7 - Au+Au (833 pub1) - 3.4 x Run4
nb1) - 30 x Run3

e Run8 - d+Au (80

9

Expected improvement in CNM
constraints (red)
compared to Run3 (blue)
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QGP Effects on Quarkonia 10
Sequential Screening and Gluon Saturation

Some recent lattice calculations
suggest J/y not screened at all — . — . .

|l LR T T PP PP PP —

O NA3&/50/60

« suppression then comes only via feed- 03§ ® PHENIX | aa2| ]
down from screened y. & ' <06 NA38/50/60 syst 1%
oo 1

0.4

* then the situation would be the same 035 e 10, ]
at lower energies (NA38/50/60) as for  %2[| s <22 syst 7% g ]
| | I I

RHIC mid-rapidity . Of | | : | .
o 1.2 -

e and the STF‘OHQCF‘ SUPPF‘@SSiOﬂ at =R : ............................................................ _
forward rapidity at RHIC could come éﬁ 0.8 -
from gluon saturation f 0.6 .
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Can this picture explain flat S I

> o fo _ Y 7
forward/mid-rapidity R, , super-ratio. Centrality (N
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QGP effects on Quarkonia 11
Regeneration - Compensating for Screening

PHENIX 200 GeV J/y

* larger gluon density at RHIC expected o '] . . .

— Rapp total (y=0) m AuAu |y|<0.35

give stronger suppression than SPS I s oo ]
. — - Rapp regen (y= * ul.e<fy|<e.
e but larger charm production at RHIC R S

ives larger regeneration 1 e
? ’ 7 Grandchamp, Rapp, Brown  [Y|<0-35 syst 12% ]
PRL 92, 212301 (2004)  1-2<ly|<2.2 syst 7%

 forward rapidity lower than mid due to "an [ nucl-ex/0611020
smaller open-charm density there

* very sensitive to poorly known open-
charm cross sections (FVTX will help here)

|
0'00 100 200 300 400

« expect inherited flow from open charm
* regeneration would be HUGE at the LHC!

e can the two compensating components
(screening & regeneration) which may have
diff. centrality dependences, give a flat
forward/mid-rapidity R, ,?

4
2k Global syst 14%
0 i . ] . | . | .

0 100 200 300 400

Centrality (N,q.+)
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PHENIX Upgrades & RHIC Luminosity Advances — 12

Vertex detectors (VTX,FVTX) + higher luminosity
will give:

 y' measurement with reduced combinatoric
background + sharper mass resolution

* precise open-heavy measurements to constrain
regeneration picture

* hadrons at forward rapidity

FVTX:
* 3x less r,K decays

« oy 170 > 100 MeV
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LANL Thrusts - CNM, Quarkonia Screening & Regener'a‘rlon

Precise J/yv CNM
constraints from

Run8 d+Au & A+A .~ |
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Nuclear Dependence Nomenclature - Ratio (Rya,. Ras) and Alpha (oc)15

Ryay = O = 1if every N-N collision in a Nucleus
contributes as if it were in a free nucleon

dO_dAu/dy
RdAU — pp
2x197-(do™ /dy) ;

_ dN /dy <n.,> from Glauber
<ndAu >dN pp /dy model calc. - can also be

coll

Where dNd94u¢/dy is an invariant yield w/o absolute
normalization factors that would be needed for a
cross section (lower systematical uncertainties)

& 05—

used for centrality bins | .. ...,
032 4 o0 1

| EKS Model

; - +1.7
—— Best Fit Cpreakup = 287, mb

T T ‘ T T 1 7T | T T T T | T T 1 7T ‘ L
+ 11% Global Scale Uncertainty |

Lo Cpreakup = 0,1,2,3,5 mb (top to bottom)

Tl ey

Alternatively, a power law with o - especially useful [ . & >3

when comparing expts that used different nuclear g =

targets 8l =

? o.\=0,,A" E866/NuSea
P PP p+BDe?,r re,W
a=1+In(R,, )/In(A) T

pa 0.6 —— i@l .
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Flow: A Collective Effect

Initial spatial anisotropy converted intfo momentum

anisotropy
Efficiency of conversion depends on the properties of
the medium
Elliptic flow = v, = 2" fourier coefficient of momentum
anisotropy
dn/dd ~ 1+ 2 v,(p;) cos (2 §) + ...

1.6L- — —

v 3177 %
s 10-31 %
o 0-10 %




QGP effects on Quarkonia - J/y flow & p+ Broadening

~—~ PHENIX, Au+Au Run 7 + Run 9, 2.4 nb™

« J/y's from regeneration should inherit
the already observed large charm-quark
elliptic flow

* First J/y flow measurement by PHENIX

* also need to measure open-charm flow
at forward rapidity

* Projection for Run9+7 (2.4 nb!) with
dimuons (blue) & dielectrons (red)

* CNM effects broaden p+ }:“:
* initial-state mult. scatt. for o
both gluons o

* but regeneration should narrow p+ *
* square of small-p; peaked open- 3
charm cross section <

* AA data same as pp & relatively flat

with centrality
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J/vy Flow (v

No.25-

| oo Coalescence in medium

Coalescense at hadronization

No coalescence
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