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production

= cross section & polarization

» feed-down

cold nuclear matter
= shadowing or gluon saturation

= absorption

gluon energy loss
contrasting open & closed charm
initial-state p; broadening

Events/(5 MeV/c?)
=)

o

o =15 MeV,

J/w: 112649 + 486 events |

Wi 1824 + 114 events

J/IY

R(A/°H)

E789

2.9

hot-dense matter in A-A collisions

= PHENIX results

= cold-nuclear matter effects in A+A
= sequential suppression & regeneration

future prospects
summary
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» Los Alamos

J/w production, parton level structure & dynamics

Production of heavy vector mesons, J/y, v and Y

I
Gluon fusion dominates (NLO calculations add By W2 §
more complicated diagrams, but still mostly with 2
gluons) — 8
- color singlet or octet cC: absolute cross section hs

and polarization? Difficult to get both correct!

Hadronization fime (important for pA nuclear
effects)

o= Iy | ~30%

Complications due to substantial feed-down from v o> Iy | 5.5%
higher mass resonances, from v/, .
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J/p Production - Polarization

J/l|J Polarlzatlon E866/NuSea

"n.;-ihl ARAARSARAARRARAS very small J/y polarization
= s doldeosi=A(lricos'D) S o B
af VT N e gy
of : A = +1 (transverse) 02 K
azf + 3 = -1 (longitudinal “94 " E866 800 GeV ;
=4 prompt J /¢ E ( 9 ) =0.6 L o cip (np) ° E
—sf o COF 3 ~08 - %
08 — direct 3 070470270504 0.5 0.6 0.7 0.8 08 1
“l ”5“”1:!””15”“31”;,{5“5 xF: )(1--)(2

E866/NuSea — PRL 86, 2529 (2001)
1.5 . . : :

* Octet models get correct cross section size (unlike '
singlet), but... ' Drell-Yan |
* CDF and Fermilab E866 J/y data show little g +§ ---------------- Yoo
polarization & disagree with NRQCD predictions ! % 25+39)

A 0.5
But Y maximally polarized for (25+3S), but NOT (15) _ i g |
e Is feed-down washing out polarization? (~40% of 1S ' I |
from feed-down) L @ v
(also need v’ polarization measurement) ' s

03 ' I1 | 2 '

p, (GeVre)
5/24/2006 Mike Leitch 3
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PHENIX - J/y cross section vs rapidity

PRL 96, 012304 (2006)

T T T T gomt 5 > Unlike
500[° South e Like
@ PHENIX W (a) J/v - 2006
- Bl PHENIX e'e Vs =200 GeV - amf-
% 40+ ==
:5. - -
~a. 1 g _ Pythia]
=) 7 shape 2 0 w - Unlike
R " L #I/y's = Do T e
o — — — 500 e  —
£ E- L ~400 (up), I ;
~100 (ee) == - i
Rap i d ITy ) ) I;'lvan'ant Mass (lGeVJ‘c:z;’

More pp J/y's coming from PHENIX - ~5k/arm in 2005 run; 2006 online
analysis above.
(v' may be coming soon, at least for e*e-, but higher luminosities will be

needed to get significant # of counts)
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Nuclear effects on Onia Production

Modification of parton momentum Eskola, Kolhinen, Vogt, NP A696, 729 (2001)
distributions of nucleons embedded in JE i The ' RH[|C NS
nuclei S -
» shadowing - depletion of low-momentum
partons (gluons)

» coherence & dynamical shadowing

» gluon saturation at small x - e.g. Color e
Glass Condensate (CGC) model 5

800 GeV p-A (FNAL) o,=0,*A%
PRL 84, 3256 (2000); PRL 72, 2542 (1994)

Nuclear effects on parton "dynamics” «__open charm: no A-d¢p
- absorption (or disassociation) of J/w by | bt A
nucleons or co-movers 0 | ffﬁﬁ%ﬁ

- energy loss of partons as they o %ii
propagate through nuclei Tl %5 '
* multiple scattering effects (Cronin oo O %I -
effect) causing p; broadening e |
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Gluon Shadowing and Saturation

Leading twist gluon shadowing
- e.g. "FGS", Eur. Phys. J A5, 293 (1999)

Phenomenological fit to DIS & Drell-Yan data
* e.g. "EKS", Nucl. Phys. A696, 729 (2001).

Coherence approach and many others
Amount of gluon shadowing differs by up to a
factor of three between diff models!

Saturation or Color Glass Condensate
(CGC)

* At low-x there are so many gluons that
2— 1 diagrams become important and
deplete low-x region

* Nuclear amplification: x,6(x,) =

Al3x G(x,), i.e. gluon density is ~6x
higher in Gold than the nucleon

5/24/2006 Mike Leitch 6
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The J/v - a Cold Nuclear Matter (CNM) Puzzle

J/y suppression is a puzzle with possible
contributions from shadowing & from:

= 800 GeV p-A (FNAL)

L PRL 84, 3256 (2000); PRL 72, 2542 (1994)
Energy loss of incident gluon A e —
shifts effective x; and \ open charm: no |A-dep
produces nuclear suppression = Absorpﬁon{1'0 i at mid-rapidity-
which increases with x. ' X
0.8 - =3 E CC 1
7 EE% / shadowing,
A s
. - L
Hadronized *¥ ¥ Infrinsic
J/p? :E (E780) E } charm
[ .
_ EBRBEMNUSea
Absorption (or dissociation) of CC into BOD GeV p + A —» Jiy
two D mesons by nucleus or co-movers 0 Lot B
(the latter most important in AA | ' X | ' '
F

collisions where co-movers more copious)
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Eskola, Kolhinen, Vogt hep-ph/0104124 o
1.3 [ T !||1|||] 1 RRRLL |:|||||||: T T T ] |:|||||,- SCI P[ab Nl] ':n'h) ahs
12 [LHC: RHIC ¢ 1RPS ] (mb)
—~ 1.1 ]OOOOEGeY%,;_-' : : 1 NASD 450 GeV | 5.610.1
'“'"""5"',1".”",-‘ BRRREEAN W | NASO 400 GeV | 5.1+0.1
¥ 41104
. NA3S8
: N 400 GeV | 5.510.2
: @'=225Gev" (corrected)
0.6 1 iIIJIII] i \IIIIIIl 1 I:IIIIIIIE L |||||]||3 1 éllll: - _ s \
w® ot w W W 1 3% ]
PHENIX p T ES866 (mid-rapidity) E 250 S E
PHENIX € NAS0 = 200
. . J_/ 100
What really is o, J/V ? ;
- An effective quantity PO T T T e e

* What is crossing the nucleus and how does it evolve?
* pre-resonant cc state, fully formed resonance?
* Are we measuring primary J/y?
- feed-down from y' and ¥,
» will fraction of feed-down change in AA collisions?
* Does anti-shadowing make absorption appear smaller than it is?
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4 PRL 96 012504 (2006)
. SEAS EEEN RS BN Bl EX

c,=0,A" L
1.2

1.0
O E866 (-0.1<x,<0.3)_|
0.8F | .tliAu u+u; (xF-——O.(:S) -
L L S B
]/ - @& dAue’e (x,~0) A7
4 1.2f A7 -

04 10 -_z___z,_/zij_____:j_

TInitial-state gluon multiple scattering LB T N
—4—4—4—{—4—4—4—{—4—1—4—{—;. b

causes py broadening (or Cronin L O E866 (0.3<x,<0.93)
3<x,<0.
effect) 1.2} M dAu ' (x,~0.09) =

1

0.8
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Transverse Momentum Broadening for J/y's

High x,

1 ~0.09

PHENIX 200 GeV
results show p;

{ broadening

comparable to that

{ at lower energy

(Ns=39 GeV in
E866/NuSea)

| Low x,
~ 0.003
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* Los Alamos PHENIX J/y Nuclear Dependence
for 200 GeV pp and dAu collisions - PRL 96, 012304 (2006)

B . J/y for different Vs collisions
dAulpp J/lll . I o I N L L DL L B
1.2F - a)o, =04 ;(b
Low x, ~ 0-0_03 i @ 4 N T ) open charm: I'ilélg-dep i
F (shadowing region) 7 200 GeV «—
1 1.0—rnmmnn :I T B
<0'8 - 0.9F somethingl D : - m—l -
o 5 ' more, 1A Oy
oc o | dEdx? x o
0.6 & o
i N, e | i xr more? 1 T J
. i 0.8 i Ly
— \-\ s ", 0 m
L . Kopeliovich N ' I g —‘ T o Ees66(39Gev) % |
- — EKS 3mb (Vogt) . | 07k 119GeV | o NA3(19GeV) 1
0.2} —- EKS 1mb (Vogt) ‘-\___ — : i @ PHENIX u'u (200 GeV) g
| - -+ FGS 3mb (Vogt) T i 39 GeV 4+ H PHENIX e'e (200 GeV) 4
gl b L L b L ! . A EepTEE
3 2 -1_0 1 2 3 06 152 o' 00 02 04 0.6 08
Rapidity X Xe = X5 =X,
Klein,Vogt, PRL 91:142301,2003 (x, is x in the nucleus)
Kopeliovich, NP A696:669,2001 2
Data favors weak shadowing & absorption Not universal vs X2 as expected for shadowing,
- With limited statistics difficult to disentangle ~ PUT does scale with xg, why?
nuclear effects * initial-state gluon energy loss?

- Will need another dAu run! (more pp data also) ° Sudakov suppression (~energy conservation)?
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Counts/0.1 GeV/c?
T I I
o o o
w S [

=
o
N

=
o

[uny

8 10 12 14 16

Contrasting Y’s with J/y’s

VS =39 GeV (E772 & E866)
- less absorption

* not in shadowing region (large x.)

- similar pr broadening

* Y,5.35 have large transverse
polarization - unlike Y;5 or J/p (as

was shown earlier)

Mass (GeV/c?)
1.4
13F mY_EMm
12F WY,,EMM E
11 F I !E

oy B R

1.2

But careful: Y
suppression is from ‘
data for x; < O or S
X, > 0.2 (in the '

Upsilons
13 ¢ @ J/y 866
19 F @y E866
@DYETT2

11 F

i0fe o @ <
09 F F?/\Ipii
08 R #ET
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.0
.
.
Lo
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0.7
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AuAu J/y's - Quark Gluon Plasma (QGP) signature?

Debye screening predicted to destroy J/y's ina

o FT T rTT T T T T T T
. N . . L 0.59 f
QGP with different states "melting” at different o0 ‘, ol T -
temperatures due to different binding energies. 0s | W (058m :
§ 350 .‘E) e ,,, 58 e mith, * 04 | K/% Debye length from lattice QCD
SO A ot o4 .| I ormm
Z 25 1 abs 3+ 0.3 mb 1 NA5O . . . i ]
- ZME ) ] FEmman j anomGIOUS .e.. .e. " ééo T 013 m) E
150 - DY rescalin W GRYV LO_] . E /3
g ++¢ ++¢ * g suppr‘eSSIOH Color Screening 0.1 B /jof ]
100 TN ]
]l @ Pb-Pb 2000 0 P | | P P | PRI
50 * Pb-Pb 1998 3 1 1.5 2 2.5 3 3.5 4 ?t:fST
R AR A
E, (GeV)
SIw . -
. Y T SO Survival probability
g PHENIX 200 GeV JAy — Preliminary but recent r'egener-a'hon - ‘+ it +* corrected for norm
d I | 1 . .
; Grandchamp, Rapp, Brown : g‘:g::ﬂ mOdels mlghT 9|Ve { IJ:I .") : abSOf‘pTIOI‘I
! e 4 wemew 1 enhancement that i |, aads
it o QR compensates for ¢ #
screening? e 4
050 -

Grandchamp, Rapp, Brown

L/
005

1
100
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on the other hand, recent o2t

lattice calculations suggest
J/y not screened after all.

Suppression only via feed-down .

from screened y. & V'

Mike Leitch

Karsch, Kharzeev, Satz
@® In—In, SPS
O Pb=Pb, SPS
w Au-Au, RHIC, |y| < 0.35
A Au-Au, RHIC, |y|=[1.2.2.2]

+

£ (GeV/fin?)

al

energy density
12



A
toshlames T/\y suppression in AA collisions & CNM baseline
(CNM = Cold Nuclear Matter)

. AuAu - PHENIX Preliminary data CuCu - PHENIX Preliminary data
200 GeV d+Au -> J/Psi 200 GeV J/Psi - MRST, EKS98 200 GeV J/Psi - MRST, EKS98
Vogt expanding octet absorption T T T T T T T T
I ' I ' [ I }l‘ 1§
= ——  EKS980mb _|
LR=] EKS98 3 mb T

Low x, ~ 0.003

(shadowing region)

O mb

Iquu

051 PHPIJNIX PRIL 96, ()121304 ('2()0:6) | — _ A A i | cuCu _
-2 0 2 &e ee
Rapldlty = (I} | SIO | ](I)(}I ].ISO | Z{I)O | 2;0 | 3(I}0l (]} | 2|0 | 4|0 | 6|0 | SIO
Npart ibh Npart > central
. . . eripn. >
- CNM calculations with shadowing & perip
absorption - AA suppression is somewhat stronger
* present dAu data probably only than CNM calculations predict
constrains absorption to: ¢,55~0-3 mb - but really need more precise dAu
constraint!

5/24/2006 Mike Leitch 13
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Jhy survival probability

QGP sequem‘lal scr‘eenmg

Models without r'egener'a‘non

e

08 - ) -."{:\ :: eiH - ;
0 :5'-579-,\_— 5 .
Nt
o PG ]
04 | Digal, Fortunato, Satz —
hep-ph/0310354

02 | Pb-Pb,Vs=17.4GeV

0

Number of participants

0 50 100 150 200 250 300 350 400

B o(TANa(DY),, .

4
=

:Capella, Sousa

-EPJ

GRVLO
1

T
L] PIJ -Fb 199'5 pubhs] d
< Fb-Pb 1998 - reanalysis

% Fb-PD 2000 - analysis B
¢ Pb-Pb 2000 - analysis C

& Fb-Pb 2000 + Egpe— Ep
comovers
=4 7]

€30, 117 (2003) 1
Capella Ferreiro ;
hep-ph/0505032

a

20

Models that reproduce NA50

results at lower energies predict

too much suppression at RHIC!

 Satz - color screening in Q6P

(percolation model) with CNM
added (EKS shadowing + 1 mb)

40 60 80 IOD 120 140
E,(GeV)

1.5

PHENIX 200 GeV J/vy -- Preliminary

T e
3 e Pb-Pb. NASO
W suppression E
'*.1 F =i + regeneration
.-..fi' n:- — = suppression only
= st — . regeneration
e -E ----- variabl T
L ok 3
g 2 1 total
S I5F 3
L g .
‘1]0 -y |
= F6randchamp, Rapp Brown < direct
' hep-ph/0306077 __._... -3
‘‘‘‘‘‘‘‘‘ 1 .
%50 40 S T regeneration
LT [GeV]

T

—— Rapp direct
Capella 1 mb

Capella 3 mb

Satz percolation (with CNM added)

I
CuCu pp

CuCu ee
CuCu pp 62 GeV

Auhu pp
Auhu ee
dAu pp

SENC@e

1.0 ¢

e — —

- Capella - comovers with normal Ran
absorption and shadowing o5l |
- Rapp - direct production with |
CNM effects needs very little
regeneration to match NA50 data p I
0.0 0
5/24/2006 Mike Leitch
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Models with screening & regeneration

Models with regeneration,

i.e. single charm quarks PHENIX 200 GeV J/y -- Preliminary
combining in the later stages 1 l |

, — Rapp total (y=0) @ CuCupp -
to form J/ VS - match the - =+ Rapp direct (y=0) ® CuCuee
— = Rapp regen (y=0) & CuCupp62GevV 7]

observed RHIC suppression
much better!

* but the r'egener'a‘rlon goes _
as 0. - which is still B R S _
poorly known at RHIC R £
(& that's another story..) AA

./
« = Thews T =03 GeV, pQCD NLO charm B AuvAupp
—— Thews T, = 0.4 GeV, pQCD NLO charm B AuvAuee
" — - ThewsT,=0.5GeV,pQCDNLOcharm 4 dAupu i

Thews

__statistical hCldI"OhIIZClTIIOH model 0.5F i . ==
SeREs N -8 [ g St -
oy hep—bh/6311048 | ™ 3 P RSP SR —— —_—————
i | (CERNyellow rpt) -1 7 M Grandchamp Rapp, Brown
3 O PRL 92, 212301 (2004)
_ 0.0LL2 ! ! T
. N.=12 | 0 100 200 300 400
_i._‘_r"_’.___.-_ 7 pal’t

1 | | | | | |
oo IE I I,_I I I I,_I
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* Los Alamos Many More Models for RHIC J/y suppression
in CuCu & AuAu Collisions

All have suppression + various
regeneration mechanisms PHENIX 200 GeV J/¥ Preliminary
Rapp - PRL 92, 212301 (2004) 1.5 ! — |

- screening & in-medium production et
Thews - see previous slide
Andronic - PL B57, 136 (2003)

- statistical hadronization model

- screening of primary J/y's

- + statistical recombination of
thermalized c-cbar's R
Kostyuk - PRC 68, 041902 (2003)

- statistical coalescence

- + comovers or QGP screening
Bratkovskaya - PRC 69, 054903 (2004)
* hadron-string dynamics transport

CuCu pp -
CuCu ee
CuCu pp 62 GeV ]
AuAu pp
AuAu ee
dAu pp -

= = Andronic dy=2, 6 = 80 ub
-+ Andronic dy=1, o = 160 pb
— Rapp total (y=0)
Zhu
Bratkovskaya
Kostyuk

41 Ed I

AA

0.5

Zhu - PL B607, 107 (2005) 0.0
« J/vy transport in QGP ) 400
- co-movers, gluon breakup, hydro for N

QGP evolution part

* no cold nuclear matter, no regeneration

5/24/2006 Mike Leitch 16
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Regeneration or Sequential Screening?

RHIC suppression looks same as that at NA5O
* but ~10x collision energy & ~2-3x gluon energy
density at RHIC
* regeneration compensates for stronger QGP
suppression?

- if so, regeneration would be huge at the LHC!

(Karsch, Kharzeev, Satz, hep-ph/0512239)

* Sequential screening of the higher-mass resonances
that feed-down to the J/y: with the J/vy itself still
not dissolved?

- supported by recent Lattice calculations that
give Tz, >2 T

Quarkonium dissociation temperatures - Digal, Karsch, Satz

state || J/&(1S) | x(1P) | ¥/(2S) || T(1S) | xo(1P) | Y(2S) | xs(2P) | Y(3S)
T,/T, 2.10 1.16 1.12 > 4.0 1.76 1.60 1.19 1.17
5/24/2006 Mike Leitch

PHENIX 200 GeV JAy -- Preliminary
1.5 T T T 1

@ CuCupu
CuCu e
& CuCupp 62 GeV 7
Audu pp
Auhu ee
dAu pp

Grandchamp, Rapp, Brown
hep-ph/0306077

[ ]

—— Rapp total (y=0} ]
+ =+ Rapp direct (y=0} n
*

— - Rapp ragen (y=0)

_+_

o PHENIX
« NA50

0.2—

PHENIX preliminary

7\ | - ‘ I ‘ L] ‘ I -] I L1 I -] | - |
00 50 100 150 200 250 300 350 400
part
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» Los Alamos _ . .
Regeneration should cause narrowing of prand y - does it?

p broadening lies in between But rapidity dependence of central AA

Thews direct & in-medium collisions (top panels) shows no narrowing -
formation suggesting some i.e. peaked ratios as in the Thews

regeneration (but our fit to (maximal) regeneration, shown below

pp+dAu data vs L also reasonable) But careful - is o ., flatter with y than
we originally thought?

B ° {_':_ 1‘r. |I« T T T T T T T AuAu - PHENIX Preliminal‘y data CuCu - PHENIX Pl'eliminary data
8 Giculagas PHENIX 200 GeV J/Psi -- Preliminary 200 GeV 1/Psi - MRST , EKS98 200 GeV J/Psi - MRST, EKS98
U E w iF — - Thews - thax regeneration ' 1 | I ! [ !
A da E .__
y o 0.8 [
- 6 ALY A5
(o] 1.2<lyl A - e Sy
Q 3 T
oz S Sz o
L S
@)
o
A 3 -
F
j=¥
V 3 1 8
E Thews —— Thews Direct
21— hep-ph/0504226 | — Thews In-Medjfim Formation | 7]
nucl-th/0505055 — < 2, o514 3051
and private comm. 1 . .
1 | | Lol f
10° 10’ 10° 10°
Nco]l
<p;2> = 2.51+0.32*L i
o 2 -95%0
from fit to dAu data vs L gl 1 . | . !
-2 0 2 -
Rapidity Rapidity
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A
+ Los Alamos Flow of J/y's?

Need to look for J/vy flow - if regeneration dominates, the J/y's

should inherit flow from charm quarks

- open charm has recently been seen to flow (at least at some p+

values)

- but what about geometrical absorption effects, which could also

give asymmetry wrt reaction plane?

L L L L L
25" @ PHENIX prel (min bias) — c+breso
20~ Au-Au \s=200 GeV (b=7 fm) — S+0 PQCD.

Vs (%)

C 1eso

[%]

A%

2 -

1.5

0.5

Primo. + Absorp. 1
Coalescence (x0.1) === . om-]
[ coalescence of :
[ thermalized charm '
[ X 01 —— - i
(Rapp) o
g?f°me:“‘Y '
Zhu et al. ]

. s PL B607 107 (2005)

0 1 2 3 4 5

p; (GeVic)

FIG. 4: The elliptical flow of J/¢ as a function of p¢ at
RHIC energy. The solid line is the maximal vy with impact
py [GeV] parameter b=7.8 fm calculated in the frame of J/¢ trans-
port, and the dashed line is the minimum-bias v, (scaled by
a factor of 0.1) of the coalescence model with the assump-

tion of complete charm quark thermalization.

5/24/2006 Mike Leitch
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» Los Alamos

Much More to Comel!

PHENIX 200 GeV p- : .. .
Upsilon -> ' = Ultra-peripheral Collisions (UPC's)

104 [ | i
@ PHENIX pu EXTRAPOLATED to y=0 Sk PHENIX AuAu UPC s; = 200 GeV
- Vogt NLO CEM MRST HO § 12 I . » e’ (unlikesign - likesign pairs)
— Vogt NLO CEM GRV398HO o L i I /Y coherent
103 T g '._ [ e'e coherent continuum
8 PHENIX Pr@hmlnary -:E; 10- P ELEEEE max./min. e’e’ continuum
T 3 [ 3 [ High-p, trigger threshold region
s © g 1
S 102 I - i L PHENIX Preliminary
& PN e 6 :
> [ .
E 14 . |w\|'\:“:: prelminany .
il |- wehio | 4 4. s
.8 101— 4l PHENIX Preliminary | ] : ‘ ‘.'
& £ 8 2 £ T
m g e | [ +
1 00 | j ol Ll TS |
I ) T
Ry 1 | 1 | 1 | | 1 | 1 | 1 | ] | | 1 | l | 1 | 1 |
1 2 3 4 5 6,
101 102 m,, (GeV/c")
sqrt(s) (GeV)
1st Upsilons at RHIC from ~3pb-! UPC's : well calibrated EM probe of
collected during the 2005 run. small-x gluon saturation
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Onia in STAR

Yield 330.2 = 102.5 40‘800/0 Yield 00.14 - 25.24 %2 I ndf 2573723
40 Yield 67.12 + 13.56
Width 0.026 = 0.010 A5 e Width 0.026 = 0.000 C Mass 3.062 + 0.010
Mass 3.066 = 0.010 Mass 3.066 = 0.012 305 Width 0.04195 + 0.01030
QOO i ) .......... - , 205 f}\l
STAR Preliminary, é 1 | A
........... IRV PR ¥ HEUE RN SRR SO 1!1; + | |
P | LA & Tt N
ITNIIS H’+ Dﬂ*ﬁ P Ll N g | +4r T
N “0F R
0-20% S _:  STAR Preliminan
: C
1] | I R A Width 0.026 + 0.000 150 J/'\l’ ..... F[un4|.AuAu __________ o -302 J/\ Run5 pp
00 00 e - ‘40:"2.6"‘2.3"'3"'3.2"‘3.4"
. Sun Dec 11 14:59:44 2005 m,, (Ge\ﬂczl
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» Los Alamos

RHIC-IT - Quarkonia

- With detector upgrades (PHENIX and STAR):
» J/y from B decays with displaced vertex measurement (both).

» Reduce J/y —pp background with forward vertex detector in
PHENIX.

* Improve mass resolution for charmonium and resolve Y family.

* See y. by measuring y in forward calorimeter in front of muon arms
(PHENIX)

- And with the luminosity upgrade:

* Measure B — J/y using displaced vertex - independent B yield
measurement, also get background to prompt J/vw measurement.

+ J/y R,, to high p;. Does J/vy suppression go away at high p;?

+ J/y v, measurements versus p;. See evidence of charm
recombination?

* Y R,,. Which Upsilons are suppressed at RHIC?
* Measure y' R, ,. Ratio to J/y?
* Measure y. — J/y +y R,,. Ratio to J/y?
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/mames Quarkonia Production in pp, p(d)A & AA Collisions
--------------- summary ---------------

Quarkonia production cross sections and polarization still E866/NuSea, o = 0, * A"
not well understood | RN
- causes uncertainties in the understanding of nuclear

effects (e.g. J/w absorption) . Eﬁiﬁi%
i

Weak shadowing has been observed at RHIC for the J/y “ |

4

0.8
in dAu collisions sy 3
» but scaling with xg (and not with x,) is still a puzzle 0| *oE %ﬁi _
oGeVp - A->dy I
AA collisions at RHIC suggest substantial contributions 0 b
from regeneration %

- suppression observed is very similar fo NA5O at lower
energies but more suppression would be expected from
QGP since gluon densities are 2-3x larger at RHIC

PHENIX 200 GeV J/y -- Preliminary

uuuuuu

uuuuu

uuuuuuuuuuuu
-----

¢ENC00

Sequential screening, where . & v' are screened but not - |
J/vy (consistent with Lattice calculations), provides a

: . R
simpler picture Mo

* need more accurate dAu data to establish level of CNM I T S w— g
effectsin AA 1 * g
* need accurate open charm cross section & J/y flow e T — ]
measurement to constrain regeneration models " N
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» Los Alamos

[ JPsi:|y|=12-24 |
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First spin physics result from J/¢

- J/y: produced via almost pure gluon fusion

ALL VS Pt

5 6 7 8 9 10
P

- sensitive to gluon polarization
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2,
+ Los Alamos RHIC-IT - Heavy Flavor Yields

All numbers are first rough estimates (including trigger and reconstruction
efficiencies) for 12 weeks Aut+Au run (JL_ dt ~ 18 nb™!)

RHIC Exp. Obtained RHICI(>2008) RHICII LHC/ALICE"

Jhy —e'e” PHENIX ~800 3,300 45,000 9,500
Iy —pfu- ~7000 29,000 | 395,000 740,000
Y —e'e STAR - 830 11,200 2,600
Y-y PHENIX - 80 1,040 8,400
B—Jhy—e'e” PHENIX - 40 570 N/A
B—oJhy—putu” - 420 5,700 N/A
X €€y PHENIX - 220 2,900* N/A
XC—’H+M_ Y - 8,600 | 117,000%* N/A
D—Kn STAR ~0.4%106 30,000** | 30,000%* 8000
(S/B~1/600)
* Large backgrounds, quality uncertain as yet T. Frawley, PANIC’05,
** Running at 100 Hz min bias RHIC-II Satellite Meeting

* 1 month (= year), P. Crochet, EPJdirect A1, a (2005) and private comm.
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> Los Alamos

Onia Yields at RHIC IT

Signal/System pp (200 GeV) pp (500 GeV) C“C“G(z?]()) AuAu (200 GeV) dAu (200 GeV)
J/¥—ee 55,054 609,128 73,921 44,614 29,919
P'(2S)—>ee 993 10,985 1,333 805 540
x_c0>y+J/P—ee 100 2,578 134 81 54
x_cl>y+J/P—ee 1,340 40,870 1,800 1,086 728
x_e2—y+J/P—ee 2,190 59,296 2,941 1,775 1,190
Y(0,1,2)—>ee 210 3,032 547 397 184
B—J/¥—ee 1,237 41,480 4,567 3,572 1,085
J/¥—pp 468,741 5,483,006 653,715 394,535 258,136
¥'(2S)—>pp 8,453 98,880 11,789 7,115 4,655
x_c0>y+I/P—>pp 3,822 99,824 5,330 3,217 2,105
x_cl>y+I/F—pp 51,215 1,582,561 71,425 43,107 28,204
x_c2>y+I/F—>pp 83,702 2,296,069 116,732 70,451 46,095
Y(0,1,2)—>pp 528 7,723 1,429 1,035 469
B—>J/¥—>pp 2079 76466 5756 3752 1824

*  Precision measurements of the J/¥
- Exploratory measurements of the other onium states.

- Steep increase at Vs = 500 GeV illustrates the significant difficulties for
measurements at lower energies.
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» Los Alamos

Feeding of J/w's from Decay of Higher Mass Resonances

& E705 @ 300
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R. Vogt, NRQCD calculations
Nucl. Phys. A700 (2002) 539
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HERA-B
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HERA-B Phys.Lett.
B561 (2003) 61-72

GelV/c, PRL 70, 383

Large fraction of J/y's
are not produced directly

Proton Pion
X1z = J/¥Y ~30% 37%
¥V - J/¥Y 5.5% 7.6%

Effect on Nuclear dependence:

* Nuclear dependence of parent
resonance, e.g. x. is probably
different than that of the J/y

* e.g. in proton production ~21-30%
of J/y’'s will have different
effective absorption because they
were actually x.'s while in the
nucleus
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» Los Alamos
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dAu p; J/vy distributions
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Invariant p; distributions - CuCu

- Cu+Cu invariant yield vs p, - [y|<[1.2,2.2]
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w=teme Invariant pr distribution - AuAu

«  Extraction of <p,2> by fitting with A(Z+(p/BF)*¢

J/y invariant yield vs p, - Au+Au @ \ISNN=ZOOGeV
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