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Highlights from RHIC Spin Program

Ming Xiong Liu
Los Alamos National Lab

- Longitudinal spin program
- Transverse spin program
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R-HI
New state of matter
QGP

De-confinement

polarized proton
Nucleon Spin Structure
Spin Fragmentation

pQCD

RHIC is a QCD lab




Highest Energy Polarized Proton
Collider @RHIC

Siberian Snakes

PHOBOS

e N

Spin Rotators

| Polarized Source |

Absolute Polarimeter (H jet)

STAR & pp2pp

RHIC pC Polarimeters

BRAHMS

~

Siberian Snakes

|Spin Flipper | @

200 MeV Polarimeter
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Partial Snake \

Helical Partial
Snake

Strong Snake \
—
LINAC >+
BOOSTER ™ AGS

.

~

Energy: up to 500GeV
Pol: 70%

| Rf Dipole |/ I \

|AGS Internal Polarimeter

AGS pC Polarimeter
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Experimental Observables

Asymmetries

— PHENIX and STAR: all k{ t/

— BRAHMS: transverse beams only

__ 0(++)-0(+-) — o(1H-o(1))
ALL T O(++)+0(+-) ATT o(TM+o(T])
= -
=8 S
_o(+)-0(-) _ o(M-o(l)
AL ~ o(+)+o(-) A a(MH+o(|)
= e
S8 2 & < - B
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TN
PH-<ENIX

The PHENIX Detectors

2008 PHENIX Detector
Philosophy: PG Cemml e

Magnet

PC2
High rate capability to measure rare probes,

limited acceptance.

* 2 central spectrometers

— Track charged particles and detect
electromagnetic processes

e 2 forward muon spectrometers Beam View
— ldentify and track muons

Central Magnet

2 forward calorimeters (as of 2007!)
ZDCNort-h
e Relative Luminosity

— Measure forward pions
E)CSouth
— Beam-Beam Counter (BBC) |||

— Zero-Degree Calorimeter (ZDC)

South Side View North
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The STAR Detectors

STAR Detector

Coils

Magnet

Silicon DVertex

E-M
Calorimeter

Time Projection
Chamber

Time Of

T Barrel

Electromagnetic

(EMC)
Forward n°
—— Detector
WA ¢ i o P | E
Platforms jl I o
Forward Time Projection Chamber i Bl
e Time Projection Chamber  |n|<1.6 Moty
e Forward TPC 2.5<|n|<4.0 Detesior
e Silicon Vertex Tracker Inl<1
e Barrel EMC Inl<1
e Endcap EMC 1.0< n <2.0
» Forward Pion Detector 3.3<|n|<4.1
e Forward Meson Spectr. 2.5<n <4

» Los Alamos

NATIONAL LABORATORY

Calorimeter

]:D Solenoid Magnet
Inn RN x

Time
Projection
Chamber

T |

Mendcap EMC

F]DDDDD DDDDD[E

STAR Run—8 d+Au Configuration
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RHIC Spin Run History

Pol L(pb”-1) Results
2002 15% 0.15 first pol. pp collisions!
2003 30% 1.6 pi*0, photon cross section,
. Run9 500 GeV
A_LL(pi"0) F E— ~
2004 40% 3.0 absolute beam polarization _»| = -
g 0 Physics //
with polarized H jet -
N =
2005 50% 13 large gluon pol. ruled out - e
(PAM x L=0.8) . e
2006 60% 46 first long spin run - '2’327’”,'
N1 PO / ......
(PM4 xL=6) K /
L A
2007 --- --- no spin running ;7 //
= /.
2008 50% 20 (short) run CIELN R— i — a—
g / [N
2009 500GeV/200GeV  first W measurements 3 ). /ot
< Los Alamos Ming X. Liu 5/31/2010 MENU2010 W&M 0-0 123456 7 8 9101112131415
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Part I: Longitudinal Spin Physics Program

The proton is viewed as being a "bag"” of
bound quarks and gluons interacting via QCD

Spins + orbital angular momentum need
to give the observed spin 1/2 of proton

1 1
—=—Ag+L +Ag+L
2 2T q \ 8

Fairly well measured
only ~30% of spin
Beginning to be measured
at RHIC A future challenge

s Los Alamos Ming X. Liu 5/31/2010 MENU2010 W&M
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Ag and Polarized p+p Collisions

EAfa ® Afb ® dGladr =1X aiaLfb —IX Dhc

++ +-

O -0 ab,c L/~
AL - et P ~ SfX 3 =
O +0 Ef ® f, ® Ao’ 71X @ D F A gg-gg D qg~qg
“ b ¢ 025F B qq»qq E gg-qq
ab.c r C qq'»qq’ qq-ge
0s5F  99-qd qQq-gy
[ qg-qg q9-97’
075F  qg-qy qq-l1
A Ag> +a  AgA AgAq Iy
LL ~ agg g + aqg q g + aqq q q ..2)1;‘.,1..1'1?‘. 1‘..(1)“.1“(.)1';“1. l"la“
cosV

The LO result for q
) Ming X. Liu 5/31/2010 MENU2010 W&M is nonzero forﬁ;
n . LIU
- Los Alamos ) all subprocesses
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E*d’c/dp’ (mb GeV?2c?)

(Data-pQCD)/pQCD

» Los Alamos

Pion production and NLO pQCD

10° T10E
« [ 0
105 E 10F “.- " T
1" I SRR
10" g9
B 2L \‘\ .I
»-10 e
102 = =
10°F u
-3 F n
10 10_4;_ -
10_4 E ' u
10° Bl bbb bbb L
5 0051152253 354 45
10 p_(GeVic)
10°
-7
10 NLO pQCD
10-8 (by W.Vogelsang)
CTEQ6M PDF; KKP FF
10-9 n= plea pT! 2p-|-
?IllllllllllllllllII|III|III|III|III|II\I\
1 2 AN 9.7% normalization uncertainty|
E ’,’ Y is not included
0.5 . el . N .-
07— T —
e
0 2 4 6 8 10 12 14 16 18 20

p, (GeVic)

NATIONAL LABORATORY
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0.8 T T T T T T T T T T T T T T

0.6 — —

04 -

02 —

* NLO QCD Calculation Cross-sections consistent with
Data

--- CTEQ6M pdf

--- KKP and Kretzer Fragmentation Fcns
* Necessary Confirmation that pQCD can be used
successfully at RHIC to extract spin dependent pdf’s

Ming X. Liu 5/31/2010 MENU2010 W&M 10



STAR, PRL 100 232003 (2008)

RHIC data and Ag

¢ STARData pp—jet+X

0.5  — GRSV-std
A. — GRSV Ag=g
. L r - - GRSV Ag=0
* PHENIX pi0O P —oRsvagmg I e
- --asc g
0.05— ‘
» STAR inclusive j :
Inclusive jets 3
-0.05  +9.4% scale uncertainty from
r polarization not shown
PHENIX, PRL 103 012003 (2009) T
P; (GeVic)
_10'06 | = GRSV std (AG=0.24) 0.005 R 20 i '} — Stat Only
< [ --- GRsVaG=0 T . Eﬁ_ o i F - - +AR
[ e GRSV AG=-1.05 . B - AR
0-04 [ D R 5 -0.005} e | - !f' .- +AP
i e 115 2 25 3 | i AP
¥ ® Run-6 p, (GeVc) 15 3
0.02[- e i -._.
T i e il O e eic . A 10~
0 e Av A4 T R R A R A R A B .
: = IR .:".. Resones
I L "AG=-1.05" "AG=0" "std"
-0.02— b
- L ' l ' L ' l 1 L L l L L L [ ' ' L l 1 ' l(al) 5 _l 1 1 1 I IWI 1 1 I 1 1 1 1 I IWI IWI I L 1 1 1 I 1 1 I( I)

N
o
-t
N

4 6 10 -1.5 -1 -0.5 0 0.5 1 1.5
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Impact of RHIC-Spin Program on Ag

* Prior to RHIC-Spin Program, Ag = 1~2 expected at scale of 1GeV
— Restored consistency between data and quark model predictions
* Major impact of program
— such large values of Ag seem to be excluded

%2 distribution as Ag is varied w/in x-range constrained by

the RHIC data.

B T I T T T I T T T I T 1L
4210 — all data sets ar
X b \ x-range: 0.05-0.2 ir
405 [ 1F
400 | 3k
395 | qF
: 1 1 1 (al) : —_
-0.2 0 0.2
Agh[00502]

DSSV 08
'; l/l T IIIIII T LI IIIIII' I I': T Ill: 0.3
5/ ’xAg RHIC constraints \ E
: ey F 02
¥ T Nt ]
- ./': _________ "~ \. | -
- et Y - 0.1
Y N S ) BN B B Y I B B :-""'-'Ld- ]
—+—+~ PHENIX - 15 ¥ 1 0
---- STAR 1 Ay’ - .
410 2 S d 01
) - — — GRSV max. Ag R
15 [ -+ GRSV min Ag s d.o2
] -2 -1
] 10 10
— 0 X
It is interesting to note that the best fit has
a zero-crossing at x = 0.1.

» Los Alamos

NATIONAL LABORATORY
EST.1943
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Future New Probes @RHIC: Ag

 Polarized hadron collisions

— double longitudinal spin asymmetry

O_++ _O_+— . dAO-Cd
ALL - s +— OCAfA ('xa’Qz)@AfBb(xb’Qz)@—ab
o - dt
— leading-order gluon interactions — }:’<: }}
 direct-photon production Versus

11

 heavy-flavor production y })( }1
) y i

e Other channels (light hadrons etc.)

proton
- or &

- or &
proton beam

» Los Alamos

NATIONAL LABORATORY
EST.1943

L

proton bﬁﬁﬂL%
L 2> or &

(2
gluon 7} ) q @\dg\luon
eavy flavor
= or &
proton beam
Ming X. Liu 5/31/2010 MENU2010 W&M 13



W* Production and A, @500GeV

W+ Production

kl Bunce G. et al, hep-ph/0007218
ha 7 / 1.0 ; —
d A

N - RHIC pp Vs = 500 GeV
— e “a = JL dr = 800 pb! ]
hs v - }:" 3 + Ar (W+) ,>/j
W~ Production 7 Versus 0.5 7]
ha .\:. d / -u _:} R i _
W S 7
Z Y V 0 _________ *“"’“" / ———————
ORONS T I ________ _%%
AW _ o -0 N Ad(x,)u(x,) — Au(x,)d(x,) | / o
o740 ux)d(xy)+d(x)u(x,)  _os| A/ N /"’ _
\
_ Q= My, ]
A AZ Ad AT |- GS95LO(A) .\
u _ u ! BS(Ag=0 N
AV . ZZand =.  AY: ZSand —. _ o %™
u d d u 102 10!
X
Ming X. Liu 5/31/2010 MENU2010 W&M 14

» Los Alamos

NATIONAL LABORATORY
EST.1943



First W* Measurements from Run9 500 pp!

‘g E + Raw counts (Positive Charge)
3 F (EMCal cluster associated with track) . s -
i — Data driven BG estimation AT STAR Preliminary Run9 \s=500 GeV
10° (10-20GeV assumed to be all BG) L -
= — BG+PYTHIA (normalized) p+p EEEN Wi RN ei + v
e PHENIX 04— E7>25GeV I""""""'.J
C Prelimi - RETTELLD
ol reliminary i W .
L t T 02— i
E 11 1 | l 111 | l 111 I_l_l L | | I - - .l
0 10 20 30 40 50 60 70 N
p,[GeVic] G,-0C
- aanaad A._= R T
J. Seele (MIT): DNP 2009 plsess . : + -
2 | W+ RHICBOS
S 120 D+D =
3 120/ STAR p+p \s=500 GeV — DNS.K
© 3 cluster lyl<1 — DNS-KKP
100~ W candidates —— DSSV08
I —+— QCD backg. est. . deFlorian & Vogelsang
80 - —+4— Backg. subtr. Ws —— DSSV08
60/ 3 — [
- —_—
; 1
40 é i —
.......... 20121 B yst. uncertainty due to abs.
- polarization and background
0 : T s, | | |
‘ 2009 STAR Preliminary -2 -1 0 1 2
il 1 |- | | R L1
10 20 30 40 50 60 70 lepton )
EMC cluster E (GeV)
s Los Alamos Ming X. Liu 5/31/2010 MENU2010 W&M
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Part ll: Transverse Spin P

Large Transverse Single Spin Asymmetry (SSA)
in forward meson production persists up to

RHIC energy.
AGS 22 GeV beam
s 60 -
é é g Carbon 21.6 GeV/c
ZGS 12 GeV beam oy Hydmgenm.gz&vi iL
0.50 . T . | 201 oo ‘
A—I? kg
L 3 EE ol €5
e QT a* ] —20f ¢
s % * T cH, 21.92 Gev/*f # %ﬁ
& 0.00 | g HOLET éﬁ+
% ~5040.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85
—-0.25 |- — hd
PRD65, 092008 (2002)
—0.50 . L L '

00 02 04 06 08 1.0

XF
PRL36, 929 (1976)

nysics Program

FNAL 200 GeV beam
R e
0.4 — ‘% —
m Iﬁ q“ R .
0.2 — —
] £ 3 ¥ _
olen g
-0.2 o 2 3 ‘ ‘——
-0.4 — oo {) ‘}—'
N P | ] i

0O 0.2 0.40.608

Xy

PLB261, 201 (1991)
PLB264, 462 (1991)

Non-Perturbative cross section

» Los Alamos

NATIONAL LABORATORY
EST.1943
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RHIC 20,000 GeV beam

=0.013)
o
=Y

CNI
N

A, (Assuming A

o
[N
T

o
o

-0.2

e 7”mesons
O Total energy

Collins

-- Sivers

-— Initial state twist-3
— Final state twist-3

{Ppp=101113 15 18 21 24 GeVic

0

1 1
0.2 04

PRL (2004)

1
0.6

> Perturbative cross section
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Theory: K; vs Collinear Factorization

= h
* Tran. Mom. Dep. Funs - @
— Sivers Fun
— Collins Fun @

d'o'(pp = h+X) IPRWLACACL T’ N
dx,dx,dz 7 dx,dx,

e Twist-3 collinear

— Quark-gluon correl.
— Gluon-gluon correl.

current
quark jet

N

final state
interaction

TMDCollinear/Twist-3

\ proton
pT

Ming X. Liu 5/31/2010 MENU2010 W&M 17
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An

A\ P Dependence Remains as a Challenge

VS X

A, (Assuming Aﬁ"'=0.01 3)
o o
N &~

o
o

7’ mesons
Total energy

Collins
Sivers
Initial state twist-3
Final state twist-3

T -

/ Ax

A\ VS Py

p+p — w+X at vs=200 GeV

01

=
¢ 0

{pr=101113 15 18 21 24 GeV/c
1 1

-0.20

AN pt+p— 4% at ve=20u ey
0156
o125F FSTAR FMS
o1 _ Preliminary Run8
oorsl 25<n<4 {
0.05:— E
: }
0.025 L
4 E s i | 1]
Ok Bk =
Tt
—0.025F
008 e

X

0.2 04

» Los Alamos

NATIONAL LABORATORY

EST.194
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0.8
Xg

0.6

0.05

® run3,5,6 (0.4 < x)
A runB FPDeast (0.4 < x;) STAR Preliminary
®m run8 FMS (0.4 < x; < 0.8) STAR Preliminary

L1 PO S (N SRR TR T S N SR PO S N SRR T TR S N S M|

—Q.05
Q

1 2 3 4 9
pT! GeV/C
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Charm SSA to Probe Gluon Sivers Distribution

D meson Single-Spin Asymmetry:

¢ =cort
¢ Production dominated by gluon-gluon fusion h a 7]
-4
e Sensitive to gluon Sivers distribution -
e PHENIX-2006 data ruled out the max. gluon Sivers — .
* Much improved results expected (Run2006+2008) h B . =
Ay(c)= A,(C)
Kang, Qiu, Yuan, Vogelsang, Phys. Rev. D 78,114013(2008)
0.3 T T T T T T T ! . ! ) !
| 5% scale uncertainty not shown M_ i —_ 0
l4<mi<19 /___‘A ook |— D imeson i
0.2r 1< pp<5GeVic s —&0 . DO ingson .
L Anselmino et al. /7 m PD —->p+X
PRD 70, 074025 (2004) 7 (FVTX proj. for 8 pb P =56%)
0.1_pT= 1.5 GeV/c R4
z 01 p.=2GeV 7
<
_ O —==—--B-————-—A4————#——————+
0.1f® pEey
| | —- Max Gluon Contribution
B FVTX projection (8 pb'l P=56%)
02=—=7""5 "0 02 oz O-IC ' L L |
Xk -4 2 g), 2 4
Ming X. Liu 5/31/2010 MENU2010 W&M 19
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Future Transverse Spin Physics: A (Drell-Yan ->p*w)

“Transverse-Spin Drell-Yan Physics at RHIC” (http://spin.riken.bnl.gov/rsc/write-up/dy_final.pdf)

* Important test at RHIC of recent fundamental QCD predictions for the Sivers effect,
demonstrating... attractive vs repulsive color charge forces

% ""/5 ~0.02
L + i
5% oab T :
~ o+ 00 s
S T \
S A [ HERMES N RHIC 11, 250 pb™
< C~—— o 08 :-_ -0.02 - stat. errors onlly Dre I Yon Sivers AN
= £ 008 ¢ f sttty bt
2 0 I 004 e
A e~ 0.06 | + i
: -0.06
- »
0.04 - + + ~0.08 k+* *
0.02 -._+ —-0.1
L i o PHEN
L -0.12
Y S = STAR
r -0.14 -
- 1.*1fnfl,lfnfnfl,nflf1f1,1f1f1f1, L1 | . . | L . ‘ | \
0 1 0 2 0 3 x 0 0.5 1 1.5 2 2.5 3 3.5 4
/Lot Alamos Ming X. Liu 5/31/2010 M photon rapidity y

NATIONAL LABORATORY
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Summary and Outlook

* Spin puzzle

T —T— T A_[ STAR Preliminary Run9 \s=500 GeV

T T oo

02— || deFlorian & Vogelsang

e Larger x-range in the future

[ L— O o3 [ Bp oW settv
. . }/XAg RHIC lI!. 1 0.4} :::zs GeV ° ]J
— Gluon polanzatlon : constraints_ L4 o2 : W | ’[i:'_:'_:i:':'{:'_.:
e Large Agruled out - A o o2 o 4
* New probes, direct-photon, | 1 o Assws
open charm ... ' 2 ] R S e

:— -0.1
. . - — — max. A r
* Sea quark polarization omsvmmae, i sl 4
L v v vl Lo T Ly - r Syst. uncertainty due to abs.
— First W asymmetry 10 10! e . : )
observed
— Much improved results in
the future — =
e Transverse spin physics T a T 1 oolm SRS
i (FVTX proj. for 8 pb" P = 56%) ety
— Large SSAs observed at i P | el HESET
7z 0.1 pp=2GeV i STAR FMS
RHIC < e TR v A
— New study of QCD ) R S S
dynamics 1 - e PHENIX
* Charm SSA 01F T . . 4 " = STAR
* Drell-Yan SSA Ty ’ [ S
photon rapidity y
+ Los Alamos Ming X. Liu 5/31/2010 MENU2010 W&M 21
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BRAHMS Experimental Setup .o

Mid Rapidity Spectrometer R MpACly Ararye

I Beam-Beam Counters
TPW2 ——— & Zero Degree Calorimeters
c4 B Time Projection Chamber
[ Drift Chamber
100 cm |1 Cherenkov Detector

— e

Forward Spectrometer (FS)

Ming X. Liu 5/31/2010 MENU2010 W&M
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..but rising P dependence is not predicted by the same fits Gordon AGS/RHIC 2008

Ay p+p —> o +X at vs=200 GeV
0.15
ool v Admixture of Collins
0.1 Xg<=0.
and Sivers?
T T —— x504 OMABWY
[]
0 f3ec®a o 5 3 Current data can extend
00 e e T 0 3 35 4 P, reach of measurements
pr, GeV/c
B.I. Abelev et al. (STAR) [arXiv:hep-ex/
0801.2990v1], ), submitted to PRL o
Ay p+p — n°+X at vs=200 GeV
0.08 <xe>=0.28 B <xe»=0.32
7| ® FPD data | eeee Sivers (E704 fit)
0.04 | | —‘-‘ tWiSt—:;
- e e b s,
Q.0
Data} broken B.0B
outin X, —*
bins %
0.0 o ------ : -
PN TN NN T T AN T T T N T T T NS T I T W N T T O T [N N T W YWY T T W A TN
0.12F <xe>=0.5 L
0.1 —
C.06 —
0.02_1||||||||||_|1.||||||_|||||1|||1|||:||||1

| |
| 1 2 3 4 1 2 3 4
- Los Alamos Mint pr, GeV/c 2
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Attractive vs Repulsive ‘“Sivers” Effects
Unique Prediction of Gauge Theory !

DIS: attractive Drell-Yan: repulsive

v* N \

Sivers|pig = —Sivers|py

s Los Alamos Ming X. Liu 5/31/2010 MENU2010 W&M
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TN
PH-<ENIX

Critical Role of VTX/FVTX for Drell-Yan

to Central arm

prompt
. . Silicon pl
* Tracking muons with MuTr+FVTX \ AR Muonam
— Prompt muons from DY ///;w
— Displaced tracks from /K and heavy |~
quark decays , 40.m
Cowg:g{l ’ \Drlstance -of Closest Approach
SG dimuons
£4 (PE | Efficiency vs mass |
N 3 TE
S1¢ = § 09—
o Drell Ya” £ .5 DCA<1o0cut:
b o7 Increase DY/bb~5
- ' Y-states -
10 ¢ 0.6
- . 056 Drell Yan
10 Q - =
%_ \ 6@/‘ 04
1 \9) 03
E . PR /ST B T I S| Ao S\ N E Charm
0 2 4 6 8 10 12 0.2
Mass (GeV) . E_ beauty —
SDY:4GeV<M<9GeV; B-background: use FVTX = ﬁ Gomblnatgrlal bagibqrqunci|2
mass [GeV]
Ming X. Liu 5/31/2010 MENU2010 W&M 26
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Transverse Physics

W+~ & 70 SSA @500GeV ?

Kang & Qiu PRL 103, 172001 (2009)

* Latest theoretical progress L " X v
n2s| 0:0-<3 GoV
— Test time-reversal universality of Sivers 0 aos
functions with W/Z £ 015 & o
— Expect large asymmetry (from DIS fit) oo haod R
0.
oF
2151050051 15 ; 215105005 115 2
* Flavor-identified Sivers Funs W+ " "
0l oo
. L. 1 0.0 ;L‘::Go\' o0 ;.i.a)acw
* Expected Statistics @1fb* 500GeV - noz
< o < 00; \ ~
— W-Dpt ~20K o2 an |
— ZO -> Il+|1' ~ 1K 0 J 002 |
252151-050051 152256 .00335-?-1 5105005115225
y Y
1 ZO FIG. 3. Ay as a function of lepton rapidity.
W*: 0A, =—; P=0.6, N =6300(6900) Kang & Qiu arX 0912.1319
YoAPraN . 3
~1.5%(1.4%) ase
7 SA,~—— . P-06, N=380 o
z60% 002 ::f::::
10<Q<110 GeV
o— 1
zlo 40 &0 80 I(.W 15 -1 -05 o 0.5 1 15
Q ¥

FIG. 3 Left: SSA of Jeptan pair production as s funciion of the paiz's invariant maes Q. Hight: SSA of lepton pair accumulated

» Los Alamos Ming Xetitd 5 /34:/9 0 fo-NAEN U281 8- WM 27
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—
. . PH-<ENIX
RHIC/PHENIX Spin Run History and Prospect

RHIC-RUN Pol(%) L(pb) Results
2002 15% 0.15 first pol p+p run@RHIC! Transverse Goals
2003 30% 0.35 r° cross section, A, (1) gggggjgggggzx
2004 40% 0.12 Pol H-Jet, absolute beam polarization
2005 50% 3.5 A, () ruled out large Ag, GRSV-Max-Like @
2006 60% 7.5 first dedicated long spin run P ——
pb e
2.7 Transverse run 70pb1@200GeV
2007 -- -- NO spin run
2008 45% 5.2 short run for HI baseline pp physics
2009 35% 14 first 500GeV run!
55% 16 200GeV CAD Delivered Run9@500GeV
CAD(10.2009): From Run9 experience, reduced the “enhanced” design 100 T : 4
goals: P=70%, £=3 x10°* cm?s™* (or ~7.5 pb*/week) at Vs = 200 GeV P et yd
——STAR (not singles corrected)
12-week Run Delivered: 90pb™ = ;z R deeonelied ///
-1 g 50 ssics / Pt
PHENIX(e=1/3) = 30pb 5 o A
. . o -1 é 30 / /
With hardware upgrade, expect to achieve: 18~83 pbl/week@500GeV P P
20 L~ —
12-week Run Delivered: 220~1000pb™ 10 J/
. PHENIX(e=1/2) = 100~500pb T "
o"Los) Alamos Ming X. Liu 5/31/2010 MENU2010 W&M 28
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Aq and Aq through W~ decay

(DOE Milestone HPS, 2013)

we O =0 Ad(xl)u(xz) Au(x,)d(x,)
o o u(x,)d(x,) + d(x, )u(x,) .

ve A A, A \i \s

A :—and7. A — and—

| T T T T T T T7T T LI S S S S | T T T T 1T 17T

0.04 Present limits — Present limits

. -1 .
— with 200 pb-l PHENIX data (incl muons) with 200 pb ~ PHENIX data (incl muons)
0.02

0.02

-0.02

DSSV -0.04 _ DSSV

-0.02} = .
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Effect of uncertainties on antiquark distributions over asymmetries

already pretty tight bands!  (partly from SIDIS)

Daniel de Florian, RSC’09
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