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* Forward x,, high mass p-pair spectrometer . (4.3m Cu)
e Liquid hydrogen and deuterium targets . (13.4 1-Cu, C, CH,)
« Two acceptance defining magnets (SMO, « Momentum analyzing magnet (SM3)
SM12)  Three tracking stations
. & 4™ tracking
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Luminosity monitor NA3 8/NA5 O
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» Los Alamos

1939 NMC SPECTROMETER (Top view)
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Figure 1: The NMC spectrometar for the 1929 data taking. The beam calibration spectrom-
eter is locatsd downstreamm and not shown.
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» Los Alamos

Spectrometer for JPARC Dimuons

Schematic view in horizontal plane

Two vertically bending o

magnets with pr kickof o I

2.497 GeV/c an%TO.5 GeV/c. | [

"Closed geometry” Qe [ ‘

- A tapered copper bea |
dumg and Cu)? absor'brgrs ] i
placed within the first 100 s btetrs o s
magnet. I

T Ing i i

Tﬁfgﬁ antsiopnrsogfdf/\dv\t/) C * Based on the Fermilab

and drift chambers. spectrometer for 800 GeV,

Muon id and tracking are the length can be reduced but

provided. the aperture has to be

2x1012 50 GeV p/spill. increased.
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» Los Alamos

Representing Nuclear Dependences

Typical fixed-target measurement where centrality not measured
e.g. E772,E866: (G(W)/AW)

RO B o Bey a,, )

Power law representation of nuclear dependence when many nuclei
are measured (especially useful when comparing different
experiments that used different light and heavy targets):

_ (04
GM—GWA

Nuclear Modification factor typically used at RHIC:
. dAu
Yield, '

dAu— .
"< NS Yield PP

coll inv

Where, when looking at non-centrality binned results, the latter is
equivalent to:

R

O-dAu

R =
e (2497)o,,
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Deep Inelastic Scattering & the EMC Experiment

Deep Inelastic Scattering

in Parton Model

Drell-Yan Process
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» Los Alamos

The EMC Effect

Measurements of F,'/F,’ ‘ w :

(EMC, SLAC, BCDMS) RIS T —
have demonstrated Sl 1 #***H M ]
modification of quark b Hle

dISTI"IbLITIOHS |n nuclel %0 0.1 02 03 04 05 06 07 08 09 10

/F.

Magnitude of effect Y A |
depends on A, but not |
the shape ; L ﬁﬁg

- Typically broken in 3 regions o omem
- x < 0.1: shadowing °
*+ 0.1 < x < 0.3: small enhancement (anti-shadowing)
x > 0.3: suppression -> "EMC Effect”
* Fourth region at x > 0.7 -> ratio increases, crosses 1.0

- Attributed to Fermi momentum smearing
from Dave Gaskell

JLab EO3-103

4/18/2006 PHENIX Focus - Mike Leitch 8



» Los Alamos

4/18/2006

THEORETICAL MODELS

_ Ericson & Thomas
Nuclear Bindings Ferm: Momentum E;ckcv-std‘#-\-'l‘homs)
Berger«s Coester

® 2xcess T'S (vuclear Dinding) Re&)
( & e Snee— EMC
—» loss of valence 4 momentum,
enhanced seo (T's) 39

—> S have valence (lavae X) i“ " ."“:-zﬁ.‘ DY
so § momentum enhanced

n
® Fermi m™motlon Spreoads Q““"k R ___-Z:
momentum to large X
Rats

Rescaling (Close etal.3 Jaffe )
FLo(, Q) = Fr(x,8a% , Sv2

~|S% PpPhenomological increase in
Confinement Scale

® overlapping nucleons (Clese ,Jaffe,: )
2-N Correlation fn's R

—» loss of valence g momentum

: e Pirner +Var Via
Mu.\t;-}r(‘.\u-iﬂhs (~16-30%) (Ca':\nson o Haeensj
—» loss of valence 4 Mmomentum , R

relative enhancement at Yl
(one q can have > nucleon momentum)
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» Los Alamos

Shadowing depletion of low-mometum partons

® at low X partons from Aiff. nuclel
overla.P ¢ interact (.9 Miller ¢ Qiw)
—» parton momento. redistributed f}"""
—» Shadowing o onti-shadowing X e

® Parton multiple Scattering
(Broo\sk% ¢ Lu)

1.1

| EMC |
1'05;'shcxdowing 5 G s efflect
] |
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08 | 0 DIS (NMC)
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0.75 |
0.01 0.1 1

X
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» Los Alamos

Explaining the EMC Effect

Conventional Models

-Some combination of Fermi
motion and binding

* Fermi motion + binding +

Exotic Models
» Dynamical rescaling
* Multiquark clusters

nhuclear pions /
\ | L |
14 T  Bws Fom A 8
- — Spectral function " i ::E‘f 'Igzﬁ'l 'FH
i - Speciral function + pions wd g ' i
~ 12 F l i
e
E i 7
— P |
T Y Ty "i
0.8 3—} e SLAC E139 (Fe) E
| L | L f IEMlCJ ((?U)u 1 i | L 1 i | L 1 i g
0 01 02 03 04 05 06 07 08 09 1 K.E. Lassila and U.P. Sakhatme
X Phys. Lett. B209, 343 (1988)
Benhar, Pandharipande, and Sick from Dave Gaskell
Phys. Lett. B410, 79 (1997) JLab E03-103
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Existing EMC Data

SLAC E139 probably the
most extensive data set
for x>0.2

Measured s,/s, for A=4 to
197

- “4He, °Be, C, 27Al, 40Cq, 56Fe,

- Size at fixed x varies with A,
but shape is nearly constant
Data set could be improved
with
- Higher precision data for *He
- Addition of 3He data
- Precision data at large x
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JLab E03-103
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» Los Alamos

Carbon EMC Ratio -JLab E03-103

1.2

[
E03-103, 5.77GeV (3-6 (GeV/c))

J. Gomez et al., 1994(SLAC}
] J. Ashman et al., 1988 (EMC) %

1.15

11

1.05

U]ch U2H

0.95

0.9

0.85

:IIII|IIII TTTTTTTTI IIII|IIII|IIII|IIII

(=]

- Existing precision Carbon data serves as a nice cross-check

* Points include 1.5% point-to-point systematic uncertainty (radiative
corrections, bin centering)

» 3% normalization uncertainty (target thickness, radiative and bin

centering corrections) from Dave Gaskell

JLab E03-103
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» Los Alamos

EMC Measurements at W<2 GeV

EMC ratio extracted using

resonance region data from
E89-008

- 1.2<W33.0 GeV?2 at
Q2=4 GeV?

Where there is overlap,
JLab resonance data agrees
well with SLAC (DIS)
results

E03-103 has data at W2>2
GeV? at Q%=6 GeV? (x=0.82)

Data at smaller angles will
allow us o put quantitative
limits on deviation from
scaling in the cross sections
AND ratios

from Dave Gaskell
JLab E03-103

@ JLab E89-008
BCDMS

X SLAC E87

<> SLAC E139

1.2 F }1'- Scale Uncertainties

3
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» Los Alamos

Drell-Yan and E772/E789/E866 at Fermilab

= r
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Jﬁ’smamos Quark Energy Loss from Drell-Yan data assuming EKS Shadowing

Parton ener loss limits
A e S.Gavin, J.Milana, Phys.Rev.Lett

. _ 68(1992)1834
| Data corrected for EKS shadowing Qo \"™ . i
A:I:l — kCQC]L (—) A§

Q
C = 4/3 for quarks, C' = 3 for gluons, n =

for ”soft physics” Experimental fit:
1

_Q;M = - -fl-'[.l.‘| A ':?.
o = — ‘ e S.Brodsky, R.Hoyer, Phys.Lett.
' B298(1993)165
3 e kJ_ > La
o Azq| <
= Az s =5
Experimental fit: Az = — — A3
ogl—1L 1 o 1 1 1 . 1L I, e R.Baier et al., Nucl.Phys. B484(1997)265
02 03 04 05 06 07 08 09 1
X4 R.Baier et al., Nucl.Phys. B531(1998)403
e Gavin and Milana AE < 0.14 %/fm 3
Az =22, < P >
e Brodsky and Hoyer AE < 0.44 GeV/fm 2 s
Experimental fit: Az; = — ’Il

e Baier et al. AE < (0.046 GeV /fm?) x L?
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» Los Alamos

Ratio (W /D)

Quark Energy Loss from Drell-Yan data
assuming Kopeliovich Shadowing

Johnson, Kopeliovich et al., PRL 86, 4483 (2001)

‘o data from

Ey Shadowing  E772 - PRL 64, 2479 (1990)

3 1 i

1 o9

q 07 F dE/dx

3 o EI<M<6 & Shadowing

105 Y6206 o8 1 Analysis of our p-A Drell-Yan data using
the Kopeliovich model. Dashed lines with

el SARARERAREN REF Bl SR AR REREN RAF shadowing only; solid lines with parton
b 11 E energy loss of

1 E® - 1 f:# - -3 B
0.9 “*‘#\ 0o \ﬁ\ dE/dx = 2.32 + 0.52 + 0.5 GeV/fm
0.8 + 08 F s
07 07 :

_..JIIIIIlllllllllllllllllllll

E 6<M<7 7<M<8 ] . .
a8 06 E Confusion due to both shadowing and dE/dx
I TR R TR | Co v by v v 1y g 0 H H H
05 =02 06 08 05 =02 06 o8 1 contributing to Dr'ell.-\/cm suppression for
. . measurements at this energy
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FNAL E906 - flavor asymmetry of the nucleon to larger x
& quark energy loss in nuclei

dbar/ubar > 1 for x, < 0.25 . : o AL ESEONLS
* probably due to meson cloud of proton, i.e. quark ;, [ o Main Injector o
counting (p — h + m+ — n + dbar-u) f ¢+++ 34107°POT
- does gluon splitting dominate at larger x, and L1 E g %*
give dbar=ubar? - Sl + ________
* 120 GeV Drell-Yan D/H measurement needed to ‘;3 :
push to larger x,! 09 |
» polarized p-p collisions at RHIC can explore spin :
structure of dbar/ubar with W's 08 i
H 5 E906 Expected Uncertaities 07 3
1 (] © 06 OI - IO{]I - IOTZx - .0{3I B IOT4. - |OTSI l

Baier .
< 0.046 GeV/fm~ L~

At 800 GeV, the nuclear dependence of

09
- Brodsky and Hoyer

% ki) Drell-Yan on nuclear targets could not
®os L unambiguously separate shadowing and
- dE/dx effects at low x
07 b sotmon et * for 120 GeV p-A Drell-Yan only quark

dE/dx remains and can be isolated
N - and is stronger, dE/dx ~ 1/s
%0304 05 06 07 08 09 * also would work at JPARC (50 GeV)
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Energy loss from m-—broadening?'

A L9
<
R.Baier et al., Nucl. Phys. B 484, 265(1997); R.Baier et. al., '\h‘VLSS'_ E866
hep-ph/9804212 Suggested: 181 )
dE _ asNe . _ . 175 - B
Cdz 4 T 17}
Can we find energy loss from it? 1.65 s IOP e =0.03210.006
high statistics Monte-Carlo study of the L e S S I S T '1/'3{0
pr - acceptance for Drell-Yan pairs is necessary! 5s o - A -
(Nearly finished) ‘\E@}) ” E 7 2
14 =
0.1 1,
1 /}‘5 4
A < p7 > = slope (A3 — 1) %*V o . .
0- . .
0,05 - SlOpe =0.032 i 0.008
—0.1* | P I I S S R e N AT T (O W S [ S TN N AN SN S T (T
AE:EXL:QSNCXSlope(A%—l)xL 1 2 3 4 5 6 7 8 9 10
dz A1/3

AE = (0.24 x slope GeV'\ . 12
fm?

4/18/2006

PHENIX Focus - Mike Leitch

AE = (0.0085% ) x L
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4/18/2006

Onia at Fermilab - E772/E789/E866

E772 - 1991

DY 1;: C Ca Fe W
- &

¥ 3 )

|i
(.
W ~_ ,
N I
0 6.0 10.0
Mass (GeV)
10 100

Mass Number
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0.4
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1
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Open Charm Nuclear Dependence : x; Dependence?

E769 250 GeV 7 PRL 70,722 (1993) WAS2 340 GeV = PRB 284,453 (1992)
1.2 : E |
j + x.sE
| jﬁﬂL Tt | y
os | I e |
o 4 0 05 H—I
£

parameter o

PT (GeV) - : XF 0.7
FIG. 4. Dependence of the parameter o on Pr and zr for M
D+ S.ﬂd DG. 035 cﬂ ofz 013 0?4 0{5 0‘5 ol7 0’5 ole 1
X vs X; 7 .
Vogl' el’ a l.’ NP 3 8 3 6 4 3 ( ] 9 9 2 ) :';:'ie‘i:t;lr\;e;:;x'netera for charm production as measured in
1.2
I
-1 E769 250 GeV 7
~ 1.0 ]
3
08 — oo R
]
l — WAT78 320 GeV & (Beam dump)
0 0.5 1

Fig. 14. We show a(x,) for ™A interactions at 300 GeV as calculated in our model. The dashed curve

shows delta function fragmentation, the solid curve, the Peterson function. These results are compared

to those for D* mesons produced by 250 GeV 7~ A interactions [3] and the effective « found by the
WAT78 beam dump experiment [23], indicated by the band with {x;) = 0.31.
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Fermilab E789: D° & B —» J/yp X

(charm & beauty using silicon)

Dimuon spectrometer

B -
16-plane, 50um pitch/8.5k
strip silicon vertex detector

SALOF 115
fiusrlleitchfe TAAfitd/d900beltn. his
=
2K 1 /D [ o
3 7

> Mass (GeV/c?)

Mass KPi(GeV,

4/18/2006

09 |

08

0.7

0.6

upstream  downstream
0 0 T T T T
7, < =55 mm 7, 2 5.5mm

16,51 > 0.11 mm 16,0 > 0.11 mm

JPi 2+ 2evis

J/Yl 26 £ Bevis

o e i A =t - T L SR =+ I o -]
o
i

E866/NuSea, 6 =o, * A"

4
o
N

e Jhy
oy’ I
4 D (E789)
E866/NuSea
800 GeVp+A—Jy 1
0.0 0.2 0.4 0.6 0.8 1.0

F
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| |
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» Los Alamos

Now lets come back to my favorite
cold nuclear matter effects
i.e. those in Onia production

4/18/2006 PHENIX Focus - Mike Leitch
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Nuclear modification of parton level structure & dynamics

Modification of parton momentum Eskola, Kolhinen, Vogt, NP A696, 729 (2001)
distributions of nucleons embedded in N RHI|C TP |
12 KE:
nuclei [T Sy Y 4
. . @ ; ¢
» shadowing - depletion of low-momentum 5 [ TN
partons (gluons) ospe sy oW
- coherence & dynamical shadowing 01T Gaasant
. . _ 06 — il A CE—— T —
gluon saturation at small x - e.g. color T P AT~ R
glass condensate z

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-dep
- absorption of J/w on nucleons or co- nitiens AN
movers . ﬁ%ﬁ

* energy loss of partons as they ¥ Eii
propagate through nuclei Tl e T;TE '
* multiple scattering effects (Cronin o OO %I -
effect) causing p; broadening [ wsdeeas ™ |
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» Los Alamos

Gluon Shadowing and Saturation

Leading twist gluon shadowing, e.g.:

- Gerland, Frankfurt, Strikman,

Stocker & Greiner - Eur. Phys. J A5,
293 (1999)

- phenomenological fit to DIS & Drell-Yan
data, Eskola, Kolhinen, Vogt - Nucl. Phys.
A696, 729 (2001).

- and many others

G,/AG,

Amount of gluon shadowing differs by up
to a factor of three between diff models!

high x 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 6(x,), i.e. gluon density is ~6x higher
in Gold than the nucleon
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Coherence Effects & Shadowing

Johnson, Kopeliovich et al., PRL 86, 4483 (2001) , L :
In target rest frame Drell-Yan can be described as, @

* * - T
g—qy and y" >l s e
NG YA

And the coherence length of this fluctuation is,
1 2E,

|
g M 57* —m;

For /. << R,, i.e. short compared to nuclear size, the fluctuation appears
for a very short time and therefore interacts with individual nucleons (no
shadowing) and also has no (final-state) pr broadening since it is just like on

a free nucleon (but initial-state “"Cronin” p; broadening is still there)

While for /. > R,, the interaction is with the whole nucleus coherently and
this can result in some nucleons being effectively hidden or shadowed and a
nuclear dependence of A%/3 (as the 2-D surface area)

And for values in between, varying amounts of shadowing
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\smamos  The J /v - a Cold Nuclear Matter (CNM) Puzzle

J/y suppression is a puzzle with possible 800 GeV p-A (FNAL)
contributions from shadowing & from: PRL 84, 3256 (2000); PRL 72, 2542 (1994)
Energy loss of incident gluon = 10 } open charm: no A-dep
shifts effective x. and A _ at mid-rapidity
produces nuclear suppression \ v ﬁ% _
) . 9 r CC
which increases with x. Xp % EE /
(§ ) _ a
o,=o,A —~
B -
Hadronized ;f;‘" ¥
J/g? » D (E789) I
07 r .
Absorption (or dissociation) of CC into : EESE‘;’:;S; s Sy I
two D mesons by nucleus or co-movers N 3
(the latter most important in AA 6o oz 04 0B 0B 10
collisions where co-movers more copious) X

« J/¥ and ¥’ similar at large xr where they
both correspond to a cc traversing the nucleus
* but ¥' absorbed more strongly than J/¥

near mid-rapidity (xg ~ O) where the
resonances are beginning to be hadronized in

proton

J

Intrinsic charm components of incident

nucleus
proton produce J/y at large x;. A%/3 ,
dependence from surface stripping of  open charm not suppressed at xg ~ 0. what

proton's light quarks (Brodsky) about at higher xg?
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» Los Alamos

EN‘I;R\NS\C_ HE;\N _QLLP«RKSJ

At \arge Xe (20.5) intrinsic <& ovr bb
Stotes v the projectile con dominate

the production of heovy-quark pairs .

Can explain Xg dependence, of T/@ m

°f

(alse jneludes nuclear
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Absorption of J/w's - not so simple?
Eskola, Kolhlnen Vogt he-ph/0104124 o

L3 L TR D P51 Set Py N, (nb) (n:ll::)

AN 1 NA30 | 450 Gev | 5.6+0.1

“““““““ NA50 | 400 GeV | 5.1+0.1
4.120.4

NA38
; ] 400 GeV | 5.530.2
Q'=225GeV: (corrected)

0.6 1 iIIJluJ I 1 IIlIIII 1 IEIIIIIIIE L IIIII1I| 1 ISIIIIII
10° 100" 1000 102 10! 1
PHENIX 1 Z K866 (mid-rapidity)
PHENIX e NASO

* What really is o, /v ?
* An effective quantity

B, 6(Iy) /o I)Y)” o

.;50 L e o LA e e s e e o IS o
Absorg rescaled to 158 GeV with

300

[ [

=]

s =
|

Sl)f * Pk

e NA50

* 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?

4/18/2006
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Feeding of J/w's from Decay of Higher Mass Resonances

S T o TA
= [] p_A _ . ]
i voamERan) | HERA (50';’;55362_’;} Large fraction of J/y's
; & E705 @ 300 are not produced directly
06 GelV/c, PRL 70, 383
: (1993)
04 Proton Pion
021 X)l’z —> J/\Il ~30% 37%
(;IlllllﬁllHllﬁlllIBIGHIIélldlllﬁldllllﬁlﬂlnll?lﬁlnISO LI” —> J/\P 55% 76%
Y5 (GeV)
R. Vogt, NRQCD calculati
Nucr.gPhys. AQ7ooC?2%uo%)'%gsg Effect on Nuclear dependence:
ool LT T * Nuclear dependence of parent
e XC‘..“‘\'g{"" """ o | resonance, e.g. y. is probably
- 1909 N, ] .
S - Y different than that of the J/y
0.95 1= o™l N * e.g. in proton production ~21-30%
S - oc"f’f&"! | of J/y's will have different
0.90 =="y» — effective absorption because they
- ,':FE,E‘F; 920 GeV were actually x.'s while in the
0.85 —1—L L nucleus
-0.5 0.0 05
g
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» Los Alamos

J/w Nuclear dependence seen even for Deuterium/Hydrogen!

1,1_|||||||||| IIIIIIIIIIIIIIII T 1.1 :IllllIIII|IIII|IIII|IIII|IIII|IrIjII|IIII|IIII|IIII

1075F  J/¥ Production at 800 GeV ] 1.075
. a3 k —~ 1,05
g 10of E866/NuSea : e
LiosE | Preliminary £ Q1025
© - ] o B
™ o
+ + 0.975 Jr,’r ]
& ] & -
B peskE = b posf A =2 -
T A=2 L E866/NuSea | 1
0.925 | ) 0.925F Preliminary ‘
||||||||||IIII|IIII|IIII|IIIIIIIIIIIIII: :|||| ||||||||||||||||||||||||||||||||||||:
D%I 0.12 0.2 025 0.3 0,30 0.4 045 0.5 0'90 O|.5 ‘ll 1[5 é 215 Il’: 315 ﬁll- 415 5
Xg pr(GeV/C)

Nuclear dependence in deuterium seems to follow the systematics
of larger nuclei, but with an effective A, A . smaller than two.

From fits to E866/NuSea a(x,)oc1-0.052x, —0.034x;
p + Be, Fe, W data: 0,,~0,,A®  «(p,)0.06p, +0.011p;
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» Los Alamos

cC
Sy

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

a
o,= GNA
1.4 ¢
E T
13F w®mY_ET2
1.2 : my,,E772 E
1.1 f— i
S 1.0 F EE
0.9 E % E
i Upsilons
13 F  @uyEsss
12 F @y ES66
. ®DYE772
= ;' rell Yan |
10 F
0.9 F
0 8 J¥Y & ¥’
0.7 t s
0.00 0 200 3.0 4.00

4/18/2006

p (GeVlc)

1.2

1.0k~

0.8

1.2

PRL 96, 012304 (2006)

O E866 (-0.1<x,.<0.3)__

— @ dAup'p (x,~-0.08)
1 I 1 L I L I

- @& dAuee (x.~0) *2

' ¥ T
. --
b Ly

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

PHENIX Focus - 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 Xx,
~ 0.003
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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/@’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 Y5 or J/y (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

¥,

st

LU B
09 F ,—T“Iﬁi
08 ST ¥

o r &Y

0.00 1.00 2.00 3.00
p; (GeVic)

4/18/2006

4.00

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

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 Y2 3S

............
““““
o g

m Upsilon 1S
O Upsilon 25+3S

_ a
o,=0,4

X

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

AL B B Ny J/y for different Vs collisions
dAU/pp J/\P i T o | ) % § % K & i v ife o
1.2F Low x, ~ 0.003 | . @o,=0y4 ¥ ) open charm: ﬁ%‘!&-dep'
1 - (shadowing region) AN 2 %WC__;__O;\_/_____—— e * ¥ at mid-rapidity_______
< 0.8} ' 09} somethingl Ii : A m - |
o K ' more, V- .. Oy
oC o | dEdx? ox . 1 -
0.6 & v e
N ™ 1 B Ix more? 1 oy J
04l o i o
[ =+ Kopeliovich i I —‘ T o Ese6(39Gev) ]
— EKS 3mb (Vogt) N 0.7k 1 19GeV | o NA3(19Gev) e i i
0.2} —- EKS 1mb (Vogt) ‘-\___ — | @ PHENIX u'u (200 GeV)
| -+ FGS 3mb (Vogt) T i 39 GeV + H PHENIX e'e (200 GeV) 4
L T U TR T A E789D° (39 GeV)
O 0-6 | 1 | 1 | L | 1 1 1 1
3 2 - 0 1 2 3 2 g 00 02 04 06 0.8

| Rapidity 5 Xe = X; =X,
Klein,Vogt, PRL 91:142301,2003
Kopeliovich, NP A696:669,2001

Data favors weak shadowing & absorption Not universal vs X2 0s 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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» Los Alamos

B, o)/ 6(DY),5 59

Debye screening predicted to destroy J/w's ina 3 ‘
QGP with different states "melting” at different o | e -
temperatures due to different binding energies. 05 | W 058 m) E
350 T e e x ho Debye length from lottice QCD E
] o ] 04 é,/ ]
e E e® © : J /Wio29my ]
250 G, =43+ 0.3 mb 1 NA5O ® P : 0.3 F .
204 T .1 anomalous O @ © 02 | o g
150 3 ) ® ® o @ - o, T (013 tm)
e * 1 suppression ST 01| o .
100 L 4 ]
E & Pb-Pb 2000 1 0 T | Lo | L |- | PR
50 * Pb-Pb 1998 A 1 1.5 2 2.5 3 335 4 4.5
] ] Y,
0 20 40 60 S0 100 250; \'140
- R Survival probabilit
. : urvival propabpilii y
T 1.0 e s TR L o .
15 PH?NlX 200 Ge\.‘: J.-‘.]J--llt]ll]ll:].ll’} bUT r‘ecer\.'l' r‘eggner'a.hon 4 ‘+ (_h +* : corrected for norm
; Grandchamp, Rapp, Brown g E:g::ﬂ mOdels mlghT glve l 7 l) GbSOI"pTiOh
| el ¢ samesr 1 enhancement that s | 0
N 1 Cimesys S @ | compensates for ¢ * +
e e s e _ N 1,
1.0 | | screening? o A
0.50
Karsch, Kharzeev, Satz +
L J @ In—In, SPS
R T S E— ] on the other hand, recent oasp  OFFsm
SET P T, Fion - . ) w Au-Au, RHIC, |y| < 0.35
L eiTegenerd [} lattice calculations suggest A Aw-ALRHIC M=(1222] | Gev/im)
| screening J/y not screened after all. L
0oLt i L o A 1 Suppression only via feed-down | 2 3 4 5
o from screened y,. & v energy density
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AuAU J/W's - Quark Gluon Plasma (QGP) signature?
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» Los Alamos

J/y suppression in AA collisions & CNM baseline

200 GeV d+Au -> J/Psi

Vogt expanding octet absorption

1.9

Iquu

EKS98 0 mb
EKS98 3 mb

Low x, ~ 0.003

(shadowing region)

0.5+ PHENIX PRL 96, 012304 (2006)

|

|
-2

0

Rapidity

* CNM calculations with shadowing &

absorption

- present dAu data probably only
constrains absorption to: 6,54~ 1-3 mb

4/18/2006

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

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

LA IR IS B N e
1}}

| AuAu #| CuCu |
cC CcC
0 I 1 I ] I | I 1 I 1 I | I 1 ] 1 | 1 I 1 I 1 I
0 50 100 150 200 250 300 0 20 40 60 80
Npart Npart

- AA suppression is somewhat stronger
than CNM calculations predict

- but really need more precise dAu
constraint!
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» Los Alamos

And finally - the cold nuclear
matter effects you all know:
hadrons

But I'll stop here

4/18/2006 PHENIX Focus - Mike Leitch
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» Los Alamos

Hadron Rapidity Density

30
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» Los Alamos

Forward Rapidity Suppression

2 A 2 A d+Au ve=200 GeV
R ( ) d°N* /dedn d o’ /dedn g - x BRAHMSh'u ; | - ‘
A\Pr) = — "% BRAHMS x |
P T dZGNN/d d N dZGNN/d d Di.l-- Prelimnary STAR n* ! R
AA T coll T i |
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B T T T e PTHat backward | - )'(IiBL
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2l J o HDOM at backward L x
O HDM at forward X % ﬂ
1.5 + + 04 QK;K *i
el T ] <hp>=4,00
& LK
2l tat L 4 it
Tpimmmemiasonsy % """ IEé" .S&.. """%' ""'Ih""i'"%" S | 0.2 N BRAHMS h™ from:
qﬂ [k e 3 o @0 % g | Arsene, et cl., PRL 93(2004)242303
05 -mﬂ_zg[? - 20-40 E}j T 40-60 ] UUGIE‘;1I552I5$3|5
., 8088 6088 1 6088 pr{GeV/c)
1 2 3 4 2 1 2 4
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dence Probability (radi

incl

-

Co

lamos

Forward Correlations

7 + h

I<n,>1 =40, <0.75

= 1.13x0.07

p+p d + Au

- S5S=11%+17% - S =2+1.17%

. B=50.411% I =88.11£1.6 7%
s

- g = .534£0.27

- S =10.44+1.17%

— 05 =0.91x0.08

E=505x+1.27%

til

- =17.5£9.
= 72.1x9.
— o0s=12+£04

Q

correlations, vs = 200 GeVY

AR

< DT,TW
< Xp >

1.06 GeV/c

v

1,37 GeV/c

v

hi

- At p;=1.25 GeV hard

scattering is

similar in p+p and p+A

* There isn’t mono
jettiness or g-fusion

* | think that the p+A
analysis has under and
over estimated th
away-side area

Statistical errors only

slide from Ivan Vitev
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» Los Alamos

Jets: AuAu vs. dAu (PHENIX)

Au + Au Experiment d + Au Control Experiment
d 2_ | T | T | T | T ‘ T | T | ] = 2_ | T | T | T ‘ T | T | T ]
o ot Au+Au 200GeV E m% ek E
(6L W h'+h 040%/N+N [ m0040%/N+N |, cF B
- ] - * ]
1.4 - 14 “: .- —
1.2 | — 1.2 E .
1F . 1r .
2 1 F -'.f.'- z
0.8~ - os| o 3
C _ C ':.. ]
0.6_— - 0.6_— . -
0.4 ﬁ;’ '... [? 0.4F -
- - - d+Au 200GeV " h*+h 0-20%/N+N -
0.2F Do Dﬂ'g‘ R 02f -
ol L b PN S I R R N BRI BT B
o 1 2 3 4 5 6 T 8 o 1 2 3 4 5 6 T 8
Final Data p; [GeVic] Preliminary Data p;[GeV/c]
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» Los Alamos

Nuclear modification factor

1N g IN/G(40)

Jet Quenching

25— pH T ENIX
B PHENIX high p, 0
2 L nGUtral d+Au @ 200 GeV [min. bias]
E plOﬂS L ] AutAu @ 200 GeV [0-10%]
15 [
: = i T I I W T -[ J X
Tpammmmennenn oM dmapamdanaaas -L--{---L--_{---J- ---------- l SEEPPEN PPERS
- - I |
- A
05— 4
B L N )
B @
- Ce0ev%e 0 _ 4 ¢ LR
U_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0 2 4 6 8 10
pr (GeVic)
1 T T L L L) L [
E e d+Au FTPC-Au 0-20% -
0.2— —
— — p+p min. bias is\j&n .
B *x Au+Au Central .
01— —
01; """""" 3
1 | | | | | ]
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PuysicaL
REVIEW
LETTERS

e i et

» d+Au @ RHIC shows “Cronin”
p+ broadening as seen in lower
Vs p+A

- Suppression in central Au+Au
due to final-state effects ->
15x normal nuclear density

- back-to-back di-hadron
correlations are very similar in
p+p and d+Au

- but strongly suppressed in
central Au+Au collisions at 200

A ¢ (radians) GeV
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» Los Alamos

Single Muon Analysis of dAu data
dAu vs pp @ forward and backward

* Ry, With muons from
light meson decays

 Some theoretical models

—  Gluon saturation/CGC (Fwd)
— Coherent scatterings (Fwd)

— Parton recombination (Fwd &
Bwd)

— Breakdown of QCD factorization

* Open charm

— Work in progress

d*c™ | dp,dy

R, (pr.y)=
s Pro V)= R [

coll

4/18/2006

PHENIX Focus -

3.5
- PHENIX Preliminary
3:_ 1':*,Ki—)pi
C PY>1.5GeVic
2.5~ Sys Err
2
1.5F- [B H
IS
i I
0.5 q fu il
0:| | ‘ | | Lol | |
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» Los Alamos

|RdAu(Pr°mpt l-l_)|
5 3 4 n
£ n:% F
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1.5< |n| <2.0
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I
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1
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1
I
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W ©K->u (p>1.5GeV)

0O stopped hadrons (p,>1.5 GeV)
@ Jiy->py (RdAw)

@ Jhy=e'e (RdAw)

A Brahms ()

-2 -1 0 1 2
Rapidity
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» Los Alamos

RHIC IT Science - Forward & pA Physics
Conveners: Carl Gagliardi, Mike Leitch, Kirill Tuchin

= Small-x and shadowing in nuclei U \/S( 200 Gev
= leading twist, saturation, mass - 11§ L q
renormalization, etc. M 1
= contrast with LHC T L
= forward hadrons - e
= heavy quarks & onia N d S
* Sudakov suppr, limiting fragmentation [, . . . .../
* "mono”- jets S pdeev/o)

= Anti-quarks in the nucleon and nuclei [ I el T

dAu/pp Jy |

= shadowing of sea anti-quarks

= tagged Drell-Yan
= other forward-proton tagged reactions |
= not discussed: direct photons; )

polarized pA (need theor. input), & ..? Wi= Eii?%ﬂgﬂ '\.\_ i
= Accelerator issues for pA j

+++  FGS 3mb (Vogt)

M I RN R T
0-3-2 10 1 2 3

Rapidity
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B84 X 3.8—cm cella, 756X 5.8—cm cella
Include module baundary

» Los Alamos

Upgrades t

STAR TEE o

- Forward Meson Spectrometer  |Fnid 4

- Forward tracker upgrade (GEM) ek e
PHENIX

- Nosecone calorimeter (W-Si) Y. Inner

- forward muon trigger (RPC) . Tracker

Flavor

- Forward Silicon Vertex Tracker
detector (mini-strips)

R3




» Los Alamos

First Explicit Beauty Measurement Requires FVTX

Observable Counts per Counts per
RHIC-I RHIC-I
p+p week Aut+Au week
Luminosity 9.9 pb-! 0.33 nb-!
BoJyX—> uu ~200 ~220

Beauty Decays to J/psi

» Physics Motivation:

* Open beauty measurement needed to
separate charm and beauty 10%
components in single lepton ;
measurements :

* Only explicit measurement of open beauty 1o

* Relatively free of background because
prompt J/yw AND displaced B-decay vertex
J/y can be reconstructed 5 ik

* Additionally, ¢ and b may be separated by 5.20.1 5 0.4 0.0 0.3 0.4 0.5 06 0.7 0.8

different lifetimes of D, B 7 vertex
4/18/2006 PHENIX Focus - Mike Leitch 48

Note: Prompt J/ys scaled down by
100

Reconstructed
Vertex Pasition
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= NCC - What is the Physics?

QCD: Proton Nucleus Physics and the Colored Glass Condensate

|n% A SATURATION
Q ‘Jx) ha q v
X
- b4
o . q
= hs
3 : ‘ PARTON GAS
. . measure gluon
7 & :
T . saturation
’/ via direct photons
@ DGLAP. o XG (x) in forward region
nA, InQ’
More saturation at Lower X X
y~log(1/x) The Colored Glass Condensate:
| ower x = forward rapidity The Initial Condition for Heavy

lon Collisions?
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Contrasting small-x physics at RHIC-II and the LHC

At RHIC/RHIC-IT measurements explore the onset of shadowing or saturation,
while at the LHC most measurements will be deep into the saturation region

- exploring the onset at RHIC-IT will be key to understanding saturation

- studies at RHIC will be complimentary to those at the LHC

From the LHC pA Workshop: (http://wwwth.cern.ch/pAatLHC/pAworkshop2.html)
p+A at the LHC is still officially an upgrade
First year that LHC might run p+Pb: 2010
Possible "target"” luminosity: 102° cm-?s-1 (RHIC-II: 2x103° cm-?s-avg)
Can't use the constant frequency solution that worked well at RHIC
N-N CM not at lab y=0 (Ay=-0.46 for 8.8 TeV p+A)

"Company line": no need for p+p reference. Will come from interpolation
between Tevatron and 14 TeV

- Probably okay for “really hard" processes

- May be problematic for measurements focused on small-x saturation effects

- If the accelerator turn-on goes well, even getting the 14 TeV reference data may
be a challenge
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» Los Alamos

4/18/2006

Backup

PHENIX Focus - Mike Leitch
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» Los Alamos

W/L&{' About A ~depeudence. of Dve/l-Yom. 77

I__D-e.e.p Trelastic ,E/cc.:f::

[SHADOW ING|

X < o.l qwxrks
sSuppressed
in nuclei .

Gluons probably
also suppressed.

Deep Tnelastic Secattert "o,

(470 Gevie )

2. Phys. €63 ,403 (1995)
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1.2

0.4

J/w at fixed target: Absorption at mid-rapidity

E772, p+A—> u'u

Integrated Cross Section Ratios
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Lesalames LERA-B - J/w A dependence

GA = GNAa A. Zoccoli (HERA-B) - talk @ Hard Probes 2004
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*  Previous result of FNAL E866 extended fo x- = -0.35

+ Result from 15% of full u* u~ sample, statistical uncertainties only,
similar results for e*e

*  Work on systematics ongoing. Complete the analysis on the full data
sample.
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