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Quark Confinement & the Hadron Spectrum VII

= production

= cross sections & J/y polarization
= cold nuclear matter
= shadowing or gluon saturation
= absorption
= gluon energy loss
= contrasting open & closed charm
= initial-state p; broadening
= hot-dense matter in A+A collisions
= J/y suppression
= sequential suppression vs.
regeneration
= heavy-quark dE/dx & flow
= future prospects

= summary
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» Los Alamos

Heavy-quark production, parton level structure & dynamics

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

* Gluon fusion dominates (NLO calculations add - U
more complicated diagrams, but still mostly with s

gluons) 2 .

- color singlet or octet cc: absolute cross section e

and polarization? Difficult to get both correct!

* Hadronization time (important for pA nuclear
effects) P P X2 2> Iy | ~30%
» Complications due to substantial feed-down from v > Iy | 5.5%

higher mass resonances (y', 1)

Open charm

- shares sensitivity to gluon distributions and
initial-state effects such as p; broadening, initial-
state energy loss

* but different final-state effects

2 Sept. 2006 Mike Leitch 2



Lok Alamos Open charm production in p+p collisions at RHIC

——— T
L = p+p/FONLL (these data) FOMLL uncertainty -

Consistency of 200 GeV measurements?
*STAR:14+02+04 mb
* newest STAR result: 2.2 £+ 0.4 (MJL est.)
« PHENIX: 0.92 + 0.15 + 0.54 mb
* newest PHENIX result: smaller than this
(release next week)
All data lies above the FONLL (fixed-order next-to-
leading log) calculation...

M STAR (PRL 94 (2005) DEZ3I01) === FOMNLL ef{c+b)
FHEMIX (FRL 96 (2006) 032001) e FONLL Bilc+D)

ratio to FONLL
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JB

J/y Production - Polarization

Los Alamos
1 J/p Polarization
oe - NRQCD
a4 - 3
naf 'l' T 5
o E
—04 | B promptJ Ay E
- . COF _;
—BE — direct 3
S T TR T

- Octet models get correct cross section size (unlike

e

singlet), but...

+1 (transverse)
-1 (fongitudinal)

- CDF and Fermilab E866 J/y data show little
polarization & disagree with NRQCD predictions

%
And Y maximally polarized for (25+3S), but NOT (1S)
* Is feed-down washing out polarization? (~40% of 1S

from feed-down)

(v’ polarization measurement would be helpful here)

2 Sept. 2006
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» Los Alamos

PHENIX - J/y cross section vs rapidity

PRL 96, 012304 (2006) . ,
T I T | T | T T T I T S%SDD; - = Unlike
SDD: SOLI'H‘I ‘ s - lee
@ PHENIX u'w (a) Jy - 2006 L —
- B PHENIX e'e Vs =200 GeV - anof- (I
:é\ 40— —T- 200?¢:j2:12+;:;:::: 8,
:g: - l 1nnf
g 1" _ Pythid] i
;g y, shape N - Unlike
=2 =4 P #I/y's: o3 | soob- 2006 I‘ i
sl E— —  ~400 (up), I wk i
~100 (ee) = a2 .
0 ﬂ ﬂ f\\
Rap | d | Ty - ) I;wariant Mass {_GeWcE‘)

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)
2 Sept. 2006 Mike Leitch
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° ES% Alamos

Nuclear effects on Onia Production

Modification of parton momentum Eskola, Kolhinen, Vogt, NP A696, 729 (2001)
distributions of nucleons embedded in i R RHI|C 'ps 1
nuclei ~Uif s Ny 4
- shadowing - depletion of low-momentum 3;;’ DS /AN ¥
partons (gluons) ospe o
- coherence & dynamical shadowing 01T S Gy ]

. 0.6 T -, N R, | -
* gluon saturation at small x - e.g. Color T e e B
Glass Condensate (CGC) model -

800 GeV p-A (FNAL) +,=+ *A®
PRL 84 3256 (2000) PRL 72, 2542 (1994)

Nuclear effects on parton "dynamics” «___open charm: 1o A-dep

- absorption (or disassociation) of J/w by | b A

nucleons or co-movers os | ﬁ%ﬁ

* energy loss of partons as they ¥ Eii

propagate through nuclei Tl e %5 '

* multiple scattering effects (Cronin o TOE %I _

effect) causing p; broadening | e |
I
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» Los Alamos Cold Nuclear Matter Effects
Gluon Shadowing

EKS, NP A696, 729 (2001)

Lne : RHIC * Phenomenological fit to Deep-Inelastic

e Tl i A = 208° ST P s\ : Scattering & Drell-Yan data
S 1o O AY PN} + Leading twist gluon shadowing
5 agl | -7 2277/ W4 - Coherence approach, and many others
'qaq"‘ 08 l-'f"':i; ity ¥ Amount of gluon shadowing differs by up to a
e g g=ascev: 1 factor of three between diff models!
B e e Y el el o vl b o B
00 10* 107 107 10" 1

- LHC
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» Los Alamos

Cold Nuclear Matter Effects
Gluon Saturation & the Color Glass Condensate (CGC)

At low-x gluon density becomes very
large & a non-linear evolution regime
QX with 2 — 1 gluon processes sets in at
saturation scale Q

* CGC is an effective theory for

PARTON GAS that regime
) * Nuclear amplification: x,6(x,) =
«.?":/' Al3x G(x,), i.e.gluon density is ~6x

/

m*hl hlgher in Gold than the nucleon

@ DGLAP o * gives shadowmg
5 Qe pp)|

nA’ an

0D

SATURATION

Lower X

@%&%&@%ﬁﬁm&%ﬁ%@%ﬁ%
A S R Y

B e e e

—

saturation T

0 I
=1

More saturation at Lower x
y~log(1/x)
Lower x — forward rapidity

region

perturbative
region
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» Los Alamos

Cold Nuclear Matter Effects
The J/vy - a Puzzle

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

Absorption (or dissociation) of CC into
two D mesons by nucleus or co-movers

(the latter most important in

AA

collisions where co-movers more copious)

Energy loss of incident gluon
shifts effective x; and
produces nuclear suppression
which increases with x;

proton

J

4

Intrinsic charm components of incident
proton produce J/y at large x.. A%/3
dependence from surface stripping of
proton's light quarks (Brodsky)

2 Sept. 2006

800 GeV p-A (FNAL)

. open.:i:har'm.;I no
Absor‘pTion{1'D I at mid-rapidity -
0o f ﬁ% cC
o _ a
o,=oyA L
B r 4
: o iy x
Hadronized _.. ¥
Wy
J/p? » D (E789) E
07 r _
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)] ; e U Y U I E . 2
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‘

A-dep

shadowing,
dE/dx,
and/or
intrinsic
charm



» Los Alamos

_ (24
o,=0,4

Sy

Initial-state gluon multiple scattering
causes pr broadening (or Cronin
effect)

2 Sept. 2006
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PRL 96, 012304 (2006)
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A
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IR i e L

I LI LB L B
® dAue'e (x, ~0) o

- O E866 (0.3<x,.<0.93)
- W dAu p'p (x,~0.09) =

Mike Leitch

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

(Vs=39 GeV in
E866/NuSea)

] Low x,
~ 0.003

10



» Los Alamos

1:2

0.4

0.2

PHENIX J/v Nuclear Dependence
200 GeV pp and dAu collisions - PRL 96, 012304 (2006)

- FGS 3mb (Vogt)

I * L % 1 % ]

dAu/pp Jvy
Low x, ~ 0.003

(shadowing region)

EKS 1mb (Vogt)
EKS 3mb (Vogt)

T T T

=

0 1 2
Rapidity

Klein,Vogt, PRL 91:142301,2003

1.1

1.0

0.9

0.8

0.7

0.6

Data favors weak shadowing & absorption

» With limited statistics difficult to

disentangle nuclear effects
* Will need another dAu run! (more pp data

also)

2 Sept. 2006

J/y for different Vs collisions

T T T -
o
(@)oo, =04 | — I
open charm: no A-dep
I 2 %_c_;__‘iv._—_—— T 7 at mid-rapidity_______ .
- somethingl | = T ul
more, A L
dE/dx? 1y - + Ths
B I more?t AL o) |
[ T o Ess6(39Gev) % '
i 119GeV | o NA3(19GeV) i
@ PHENIX u'u (200 GeV)
39 GeV + W PHENIX e'e (200 GeV) .
| | AI E789|D° (39.Gev) |
2 L 00 0.2 04 06 0.8
10 10 i

(x, is x in the nucleus)

Not universal vs x, as expected for shadowing,
but does scale with xg, why?

* initial-state gluon energy loss?

- Sudakov suppression (energy conservation)?

Mike Leitch 11



» Los Alamos

L
ou

T
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[
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E do¥dp® [mb GeV¥/c?
a‘h

Open charm in Cold Nuclear matter?

ARAARNRERRRAN T
Au (0-20%) |(e"+e)2
—— Non-photonic

—— Systematic error
—— PHENIX pp fit

collisions

But at forward
rapidity (deuteron

suppression is
observed. And
enhancement at
backward rapidity

10 L -
g PHENIX -
10° L Preliminary
10° L .
107 |- E
1']3 IIIIIIII | sl N N
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(d°Ny(2np dp dy) (GeVic) ™

dAu is consistent with
pp scaled by #binary

RdAu consistent with no
suppression for y=0 at STAR also

10,
= STAR Preliminary

- —- 4 i
= =] =] =
i " A :

S

-

mmmw AL D e

== ptp

at+a”
—

{background subtracted)
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@ ToF + dEidx
@ dEsdx only
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t A dEideonly  (10)
. ta,
g o0
B e
b4z
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Cla Ve b Ly, T
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AN

» Los Alamos

Debye screening predicted to destroy J/w's ina

AuAu J/y's - Quark Gluon Plasma (QGP) signature?

0.6
0.5
0.4
0.3
0.2

0.1 |

QGP with different states "melting” at different >
’remper'a‘rures due ‘ro different binding energies.
S3seJ Y rTrTTT T
E: 30072 Isfl)nl(r E ‘ .
%: 250—; G,y =43+ 0.3 mb 1 NABO ® @ ® :
= 2004 T3 e ..1 anomalous G.Q o s
1507 Y e, b | suppression ® S.g
100 Tt LTI 3
] @& Pb-Pb 2000
50 * Pb-Pb 1998 =
0 ;] I IZIDI I I4IDI I IGIDI ‘ ISIl)I ‘ llI)O ‘ éi?c. \1;10 RHIC dC(TG - ShOWS 1'00 “TTIC
suppression (comp. to NA50)!
15 PHENIX 200 GeV Jhy -- Preliminary

0.0

| T I
Grandchamp, Rapp, Brown
hep-ph/0306077
= Rapp fotal (y=0)
« = Rapp direct (y=0)
= = Rapp regen (y=0)

CuCupp
CuCues

CuCu pu 62 GeV
Aubu

Auhu e

dAu pp

L
100 200

part

2 Sept. 2006

{ but recent regeneration
1 models might give
{ enhancement that

compensates for

] screening?
|1 6randchamp, Rapp, Brown

on the other hand, recent

lattice calcula’rlons suggest
J/y not screened after all.
Suppression only via feed-down

from screened y . & y'

Mike Leitch

0.50

T

0.25 |-

rTrT T T T T T ™
K (0.59 fm) ]
@D’(o.ssfm) _
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e yelend E
J / Wio0.29 tm) ]
i éov T (0.13 tm) ]
f)o, ]
M | M| | M | P
L5 2 25 3 35 4 45
T
S
100 ___}____L ______________ Survival probability
‘ ] corrected for norm
0.75

*AF*% \ absor?:lon
+

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

1

£ (GeV/find)

al

3 4 =
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AN
Losilames T/\y suppression in AA collisions & CNM baseline
(CNM = Cold Nuclear Matter)

1.5

Iquu

0.5

200 GeV d+Au -> J/Psi

Vogt expanding octet absorption

I ' I ' [
—— EKS980mb —
EKS98 3 mb

Low x, ~ 0.003

(shadowing region)

0O mb

— PHENIX PRL 96, 012304 (2006) —

L | L |

|
-2 0 2
Rapidity

* CNM calculations with shadowing &
absorption
- present dAu data probably only

constrains absorption to: ¢,;5~0-3 mb

2 Sept. 2006

AuAu - PHENIX Preliminary data
200 GeV J/Psi - MRST, EKS98

CuCu - PHENIX Preliminary data
200 GeV J/Psi - MRST, EKS98

T I T I T I T I T I T I T

I

| AuAu |

CuCu )
cec ce
O I 1 I 1 I | I 1 I 1 I | I 1 ] 1 | L I L I 1 I
0 50 100 150 200 250 300 0 20 40 60 80
Npart . Npart
periph. » central

 AA suppression is somewhat stronger
than CNM calculations predict

constraint!

Mike Leitch

- but really need more precise dAu
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» Los Alamos

Jhy survival probability

QGP sequen‘hal screenmg

Models without r'egener'a’non

s k\lf a2 Ty

o8l AT ‘
Fredipe—
A5 -" ¢
N R 1Y
04 L Digal, Fortunato, Satz —n
hep-ph/0310354

02| Pb-Pb,Vs=17.4GeV

0

Number of participants

0 50 100 150 200 250 300 350 400

N
=

b

b (%) <)
= oy
T T

T
iy Q

4

B o(IAMO(DY), o,
Lo
=

*[Capella, Sousa

-EPT

GRV LD
i

 Ph-Pb 1995~ pubks;’ ed
& Pb-Ph 1995 - reanalysis

+ Pb-Pb 2000 - analysis B
¢ Pb-Pb 2000 - analysis C

4 F-Pb2000 - Egpe— Ey
comovers

€30, 117 (2003) 1
Capella Ferreiro ;
hep-ph/05950§2

0

20

Models that reproduce NA50

results at lower energies predict

too much suppression at RHIC!

- Satz - color screening in QGP

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

- Capella - comovers with normal
absorption and shadowing

* Rapp - direct production with
CNM effects needs very little

regeneration to match NA50 data

2 Sept. 2006
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PHENIX 200 GeV J/vy -- Preliminary
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T

|
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! —— Capella1mb @ CuCuee
! — = Capella 3 mb <  CuCu pp 62 GeV
o —— Saiz percolation (with CNM added) i AuAupu
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13w v x N
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| | ]
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» Los Alamos

Models with regeneration,
i.e. single charm quarks

Models with screening & regeneration

combining in the later stages 1°
to form J/y's - match the
observed RHIC suppression

PHENIX 200 GeV J/y -- Preliminary
T

- Rapp total (y=0) CuCu pu
. —+ Rapp direct (y=0) @ CuCuee
— = Rapp regen (y=0) € CuCupp 62 GeV

- —. Thews T =0.3 GeV, pQCD NLO charm B AuvAupu
much better! —— Thews T, =04 GeV,pQCDNLOcharm M AuAuee
: Thews T = 0.5 GeV, pQCD NLO charm ¢ dAupp &
* but ‘rhe regeneration goes toblE- . o
as 0, - whichisstill ~ FlSe ¢ o !
poor'ly known at RHIC !
see earlier discussion... AA Thews :
( ) ! Eur.Phys J C43, 97 (2005) |
,_Statistical hadronization model 0.5 i
Shesie N Z0g g |
B (MY Hb=0) = 12.5 cc R | \y_-'; o
.4 hep-ph/0311048 - | S S ———— e === ——
i | (CERNyellow rpt) - 7 i Grandchamp Rapp Brown
L oy e, PRL 92, 212301 (2004)
: i i |
0.0
-]
3 N =12 | 0 100 200
i--l—-""'f.___.-_ part
2 Sept. 2006 Mike Leitch 16
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» Los Alamos

Regeneration or Sequential Screening?

PHENIX 200 GeV Jhy -- Preliminary

. 1.5 | T T
RHIC Suppr‘esslon IOOkS Same as *haT GT NA5O g Grandchamp, Rapp, Brown : gzg:!z
N M | hep-ph/0306077 CuCupu 62 GeV 7
» but ~10x collision energy & ~2-3x gluon energy i — esge W A
. - ==+ Rappdirect (y=0) | | 2:3\:“?9
density at RHIC | | —- v @

* 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/vy: with the J/vy itself still $ T
not dissolved? T

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

Quarkonium dissociation temperatures - Digal, Karsch, Satz

state | J/(1S) | xe(1P) | @/(25) | T(1S) | xs(1P) | T(25) | xo(2P) | T(35) 0.2 ° PHENIX
L | = NA50

PHENIX preliminary

T,/T, 2.10 1.16 1.12 > 4.0 1.76 1.60 1.19 1.17

7\ 11| ‘ 111 | 1111 ‘ L1 1] 111 L 111 L1 1] L 11| |
G0 50 100 150 200 250 300 350 400
Npart
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> Los Alamos . . .
Regeneration should cause narrowing of pr and y - does it?

But rapidity dependence of central AA
collisions (top panels) shows no narrowing -
i.e. the peaked ratios as in the Thews
(maximal) regeneration, shown below

But careful - is o, flatter with y than
we originally thought?

pr broadening lies in between
Thews direct & in-medium
formation suggesting some
regeneration (but our fit to
pp+dAu data vs L also reasonable)

8 T T —
TT T 1T 177 ['l T T T T TIr11 |
Cul cy<-1.2
PHENIX 200 GeV J/Psi -- Preliminary

AuAu - PHENIX Preliminary data CuCu - PHENIX Preliminary data
200 GeV 1/Psi - MRST , EKS98 200 GeV J/Psi - MRST, EKS98

O pOECee

—~ O
ol
Lt
=
i 3
; %
o
off% 1 E
F
Q‘ i -
Vv 3l Ju,
| i Thews —— Thews Direct
2+ hep-ph/0504226 —— Thews In-Medi#im Formation |~
nucl-th/0505055 | . % _ 51,0300
and private comm. 1 . .
] 11 | L L 1 L L1 i 1 | L 1 1 1 L1 11 I 1 ’ L 1
10° 10' 10° 10°
Nco]l
<p;2> = 2.51+0.32*L
. 40-60%
from fit to dAu data vs L 1 1 f !
0 2

Rapidity _ Rapidity
2 Sept. 2006 Mike Leitch 18



AN

* Los Alamos Open charm in AuAu collisions
Invariant yields scale 10 Wicks et al, nucl-th/0512076
. . e . . T T T T T T
.. With #collisions Charm alone gives A PHENIX 4N fdy=1000
= 01X H O STAR QMO5 prelim 9 B
‘2’0_09:; Integrated 0.8 < p, < 4.0 (GeW/c) | o contraity binned | 900d Clgr‘eemen'l'
Soos-  0.906<a <1.042 o meses but beauty must  *?|
o7 . PHENIX T e—— be there too
u_ns;:— i | dN/dy A( coll)a Fy 0.6 1
0.05/ — . p:
u.mé |7 AR 1 1 ‘ With both ¢ & b, %
o035 T , | | radiative + 3 0.l
© 2 mmemer WEnomoaey collisional energy *“
I %: ::é Canra iz l sSs
mo; + STAR 4 1000 1200 0 . 0.2
2o L E Neoy underpredicts
B Wi suppression vs p; I
1005— —i 0.00 2 I ilt I é I |8 I 10
sof- NLO = pT {GBV)
- Rapp et al, nucl- ‘rh/0608033
! L L T ! L L L
L central Au-Au - c+g res% _ o PHENIX plel (mm blas) — c+breso
' . . - - o — c+ . — "
Rapp's predictions, 1> s=200Gev T ¢EHIQ 15} Au-Au Vs=200 GeV (b=7 fm) — €10 PQCD]
which include a “non- i ° ® PHENIX prel (0-10%) [ ]

perturbative heavy-light ¢ STAR prel (0-20%)

resonant r'esca’r‘rer'ing"f 1; ‘ :
thermalization scheme, |
come closer on RAA and 0.5
give flow "similar” to

data (flow definition on ) o

next slide) o 1 2 3 5 6
pT[GeV]
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» Los Alamos

Flow: A collective effect

Initial spatial anisotropy converted info momentum
anisotropy

Elliptic flow = v, = 2" fourier coefficient of momentum
anisotropy

dn/d$ ~ 1+ 2 v,(p) cos (2 9) + ...

1.ah-

1.4

» 3177 %
s 10-31 %
+ 0-10 %

12[8es "

\ (I) 7'z 0.6} ﬁ&ﬂ
& y L
sﬁL (7 | : ' '
0 05 1 15 2 25 3
X

q)lnh-Tplﬂne (I’Ed}
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£
+ LosAlameos Back to J/vy's - Flow?

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

Rapp
L I L L L L | / ]
25; @ PHENIX prel (min bias) — c+breso | . : Primo. + Absorp. —— j
20 Au-Au Vs=200 GeV (b=7 fm) — S+P PQCD] [ Coalescence (x0.1) - :
; —creso | 15 [coalescence of ]
- [ thermalized char'm J/\If ]
& R L fX0l T——,
> 10; S (Rapp)
: 05 |
: f " PL B607, 107 (2005) |
L. .. L L L T 0 =T 1 1 1
R I1 > 3 4 5 0 1 2 3 4 5
py [GeV] p, (GeV/c)
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> Los Alamos

Detector Upgrades for Heavy Quarks

PHENIX

- Silicon vertex detector RHIC-II
* mid-rapidity & forward heavy-qg's, - Luminosity increases via electron
incl. B —» J/y X

cooling also important:

- improved background & mass » x10 (AuAu); x2-3 (pp)

resolution for quarkonia & dimuons
* Nose cone calorimeter y. — J/vy y

STAR
- Silicon vertex detectors
* Heavy Flavor Tracker & integrated

central tracker
D - Kn

Forward (Nosecone)
W-$i Calorimeters

Heavy Tracker

Flavor
Tracker

Magnet Poles
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» Los Alamos

Charm Physics at RHIC - Summary

Quarkonia production cross sections and polarization still

not well understood

Disagreement between PHENIX & STAR open charm cross
sections and with theory (FONNL) - ® PHENTX prel (min bias) — c+breso
15} Au-Au Vs=200 GeV (b=7 fm) — ¢+ PQCD.

Weak shadowing observed at RHIC for the J/y in dAu
collisions (need better dAu data to understand physics)

* but scaling with xr (and not with x,) is still a puzzle
Open charm not modified by cold nuclear matter except in
the shadowing region (forward rapidity)

AA collisions at RHIC suggest substantial contributions
from regeneration

* But Sequential screening, where y. & y' are screened but
not J/y (consistent with Lattice calculations), provides a
simpler picture

Open charm energy loss and flow seen in AuAu, but
difficult to get consistent theoretical description

* need to look for flow from regeneration J/y's

Future vertex detector upgrades (& luminosity increases)
will provide much higher quality data
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» Los Alamos
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» Los Alamos

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

o mA

[ pA
J ¥ pA (HERA-B)

HERA-B Phys.Lett.
B561 (2003) 61-72
& E705 @ 300
GelV/c, PRL 70, 383

(1993)

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

' A T T A A A A I
30 40 30 60 70 80

Vs (GeV)

R. Vogt, NRQCD calculations

Nucl. Phys. A700 (2002) 539

I | | | | I
].00 e X‘: ““n-;{--' -y, ~ —_
s \@ "ﬁ,*
B “o'g\(\q ‘».“—
0.95 — -~ T N -
r !“’ N
ts QC‘\%“S\’
0.90 ==y B
HERA-B
- |xerane| 920 Gev-
O- 85 1 1 1 1
-0.5 0.0 0.5
AR
2 dept. 2006 1ny/QA

Proton Pion
Xi2 = J¥Y ~30% 37%
¥ > 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/yp

* e.g. in proton production ~21-30%
of J/y's will have different
effective absorption because they
were actually y.'s while in the
nucleus
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» Los Alamos

Absorption of J/y's not so simple?

.. _Eskola, Kolhinen, Vogt hep-ph/0104124 G
|3 [ T | TTTTI ] UNRRLIL N RN R L LU SRR S(‘:[ F[ab Nl] (ﬂb) alys
o5 | (mb)
AN NA50 | 450 GeV | 5.630.1
7 AR N | NA50 | 400 Gev | 5.120.1
A 4104
¥ MNA3S
: P 400 GeV | 5.510.2
; @=225Gev: (corrected)
0.6 1 iIIJlII] 1 IIIIIII| 1 I:IIIIIII: L IIIII1I|E 1 Iillll: - _ S S —_ S
10° 100" 1000 102 10! 1 LN R .
PHENIX p T E866 (mid-rapidity) S 250
PHENIX e NAS0 st
. : J/ T :
Wha.‘- r'ea”y ls Gabs \lj ? ’ 0 20 40 60 80 100 1,;_0 |1_40

E, (GeV)

* An effective quantity
* 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 y,
- will fraction of feed-down change in AA collisions?
* Does anti-shadowing make absorption appear smaller than it is?
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» Los Alamos

Counts/0.1 GeV/c?

L) I .

2 4 6 8

N IR T I
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/v (as

was shown earlier)

Ma$(GeV/c2)
1.4
13F my ETN2
iob WY, ETR E
11 F () b
o
BT
09 %ﬁ: .
Upsilons
13F  euwyEses ]
12 F @y E866

@DYE7T2

3" F  Drell-Ya
e o ©

1.0

¥,

09 F ;TﬂIIfi
0s Hwwe Iy

&vy’

0.7 L
0.00 1.00

p; (GeVic)
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2.00

3.00

4.00

But careful: Y
suppression is from
data for x. < O or
x, > 0.2 (in the
EMC region)

Mike Leitch

0.6 P
—0.2 0 0.2 0406 0

E772, p+A—> u'

R(A/°H)

Integrated Cross Section Ratios

Mass Number

800 &GeV p+A

Y1S YZ 3S

............
““““
o g
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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) 15 | — |
- screening & in-medium production et
Thews - see previous slide
Andronic - PL B57, 136 (2003)

- statistical hadronization model

@ CuCupup -
= = Andronic dy=2, 6 = 80 ub @ CuCuee
-+ Andronic dy=1, 6_ = 160 ub @ CuCupp62GeV T
— Rapp total (y=0) B AvAupu

i

*

Zhu AuAu ee
Bratkovskaya dAu pp G

——  Kostyuk

- screening of primary J/y's 1.0
- + statistical recombination of 5‘
thermalized c-cbar's R AA
Kostyuk - PRC 68, 041902 (2003)

- statistical coalescence -

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

Zhu - PL B607, 107 (2005) 0.0 | | |

- J/y transport in QGP ' 100 200 300 400
- co-movers, gluon breakup, hydro for N

QGP evolution part

* no cold nuclear matter, no regeneration
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» Los Alamos

Sudakov suppression
Kopeliovich hep-ph/0501260

Universal suppression at large x seen in

data for various reactions:

» forward light hadrons, Drell-Yan, heavy
flavor

» often attributed to shadowing since x,

is small

But this common suppression mechanism
can also be viewed as:

» Sudakov suppression - no particles
produced as xg — 1 due to energy
conservation; more multiple interactions
make the effect larger in nuclei

» or Reduced survival prob. for large
rapidity gap processes in nuclei as xg — 1

2 Sept. 2006 Mike Leitch

Rep(py)

0.8

0.6

0.4

0.2

0 1 1 I I 1 1 1 1 1
0 05 1 15 2 25 3 35 4 45 5

7p,KA,p E data

- Jhy

Sudakov
-..__Suppression
LLER ] }

30 50%1%4
T L ]

= F&A—i #‘?’—}-«
MZO % (central)

Py (GeV)

describes
universal
suppression
vs xg for low
energy data

Close to
800 GeV
J/y
suppression
VS X1 (X1=X)

and
Brahms
forward
rapidity
(n=3.2)
hadrons
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» Los Alamos

Ry (T/¥)

- Coherent production of heavy
quarks at high energy, when 1, > R,

To.,y = 15¢” fm (at RHIC)

J/vy in Color Glass Condensate (CGC) model

Kharzeev, Tuchin, hep-ph/0510358

- Suppressed by saturated gluon

wavefunction at forward y

18
16 [
14 [
12 E

08 [
06 L
04 [
02 L

J/y in dAu
rapidity dep.
% of RdAu
| | | | 1111 | 11 | |
2 1 0 1 2 3

1.6

1.4

1.2

0.6

0.4

0.2

1.1

Xg scaling at
forward
rapidity

*NA3
* EB66/NuSea
* PHENIX

0

2

[ N
4 1] 8 1

1 1
o0 12 14 16 18 20

NcoLL

» Suppression at
forward rapidity -
increases with
centrality;

* Enhancement for
backward rapidity
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» Los Alamos

final-state coherence effects
- simultaneous interaction with mores [
than one nucleon (x, < 1/2romy) 08
- equivalent to shift in effective x Zost

initial-state inelastic radiative energy

Charm production in dAu
Vitev et al. - hep-ph/0605200

cg & cq dominate inclusive D production

loss necessary to reproduce data

* large dE/dx - average parton loses

10% of its energy!

I ' I
STAR R, - min. bias

— = Ry, - coherent power corrections

0.8}
z e
06} T
=L +dE/dx
0.4 = ')
T e Te——
| @ ° [ ] ™ J
02}

Forward rapidity <y = =4

0 1 1 1 1

No nuclear effect 7

—— R,.4, - Power corrections and energy loss

1 1.25 1.5
P [GeV]
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£ [ Lightpions (r)

[[9]
i 0.8

" 1 ’ N

et 1 i

coherence | .

only T— y-125 B

PHENIX 2040%/6088% | __ y =25

aty=1.8 U o ]
4+ ® PHENIXprelm. p,y=186

Minimum bias Minimum bias

D mesons (D +D")

0 1
)=

L. Minimum bias = ' . Minimum bias =

T 1' Light pions (n) T Dmesons (D +D")
a osl +dE/dx = ] h
||E o % .
206l o = i
_QE L o -

a PHENIX 20-40%/60-88%
< 04_’ B aiy-18 T 7]
' e e + o -
STAR | — %=1 . .
O - 1 I 1 | 1 | 1 I 1 1 i 1 | 1 | 1 I 1

n’ at y=4 % T 2 3 4 5 1 2 3 41

p;, [GeV] P;, [GeV]
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AN
rtoshlames— Open charm production in the C6C model
hep-ph/0402298

Suppression below binary
scaling at forward
rapidity (small-x) in dAu

Further suppression at
forward rapidity in AuAu

2 Sept. 2006

a.u

charmed meson yield,

a.u.

charmed meson yield,

16
14
12
10

o N B O O

- Vs = 200 GeV

- dA

E | | | | | | | ‘ | | | | | | | ‘ | | | ‘ | | | | | | |

2 4 6 8 10 12 14 16
Ncoll

= vs = 200 GeV

= AA
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» Los Alamos

Much More to Comel!

PHENIX 200 GeV p-p

y Upsilon -> p "l
10 | |
@ PHENIX ug EXTRAPOLATED to y=0
- Vogt NLO CEM MRST HO

5| [ — Vogt NLO CEM GRVggHO
5 "9 PHENIX Preliminary
:IL
I i
E\ 10 [ PHENIX 200 GaV p- ]
\ej Upsilon -> |ﬁu i
% T T T
B LAl
5 10
*
c
m

e
1 2
10 10
sqrt(s) (GeV)

1st Upsilons at RHIC from ~3pb-!
collected during the 2005 run.
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Ultra-peripheral Collisions (UPC's)

Y .
£ PHENIX AuAu UPC s/ = 200 GeV
3 »  e'e (unlikesign - likesign pairs)
§ 12 ' I /Y coherent
g - ) [ e'e coherent continuum
£ 10 N B max./min. e'e’ continuum
g o 5 [ High-p trigger threshold region
o B 2 ..‘I
\ PHENIX Preliminary
6L- s
4 ‘ %
i T +
ol Ll TS |
: T
Ry I | 1 | 1 | | 1 | 1 | 1 | ] | | | | l | 1 | 1 |
1 2 3 4 5 6

m,, (GeV/c?)

UPC's : well calibrated EM probe of
small-x gluon saturation
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Onia in STAR

Yield 330.2 + 1025 40-800/0 Yield 90.14 + 2524 x2 ! ndf 25.73/23
40 Yield 67.12 + 13.56
Width 0.026 20010 | 4GOI Width 0.026 - 0.000 F Mass 3.062 = 0.010
Mass 3.066 = 0.010 Mass 3.066 = 0.012 305 Width 0.04195 £ 0.01030
LT 1 i R D .......... - 20; f\\
+ STAR Preliminary, CE)’ T | /AN
............ . [ 1 | RIS CRUPRITEIE tpTEI CPRIPISS I TERIY: AT 10: | |
LT | T A e @ T N L
Lll | ilT H+ &‘ -10§ + +
s was]| | 0-20% S - STAR Preliminan
) RS N N Width 0.026 + 0.000 150 unAI.AuAu __________ é -305 J/\ Run5 pp
100 100_ RN R SR U JUU -, h _40:\ 1 2-6 L L L 2.3 L L 1 3 1 I 1 3.2 1 1 1 3-4 1 1
Sun Dec 11 14:59:44 2005 m,, (GeWc’]
o] T T T
of L jﬁmﬁ o% iz H wt&ﬁ ++ Pd. w PHENIX 200 GeV p-p
1 i Upsilon -> 11"
26 28 3 32 34 36 26 2.8 3 32 34 3.6 19 ‘ ‘
M,., (GeVic?) M., (GeVic?) PHENIX Preliminary
Dielectron Invariant Mass (GeV/c?) 10%F STAR AuAu s 2
= preliminary ¥
Signal RHIC Exp. RHICI RHICII LHC =z ol o l
(AutAu)  (>2008) ALICE" & I
Jhy —»e*e~ | PHENIX 3,300 | 45,000 | 9,500 [ 21T 3.2 i
Jhyy — prp 29,000 | 395.000 | 740,000 © | W |2 Veanocaimmstio |
—, o STAR AUA osedo p i 505
Y — e—i-e— STAR 1\830 1 1,200 2,600 > | % STAR AuIAu {scaled to pp with a=1)
Y — utu- PHENIX 80 1,040 8,400 10' 10° 10° 10
sqri(s) (GeV)
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