Recent Results on W Boson Production
In Polarized Proton Collisions at STAR




Proton Spin Puzzle

DSSV Global Analysis
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Integral of quark polarization is well measured
in DIS to be ~30%, some info on decomposition
from SIDIS but sea not well constrained
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Flavor Asymmetry of the Sea

20 ‘Fermilab E866 - Drell-Yan
Unpolarized Flavor Asymmetry: 2 G,
1-8; MRS(R2)
* Quantitative calculation of Pauli blocking 16|
does not explain d/u ratio S 14r
* Non-perturbative processes may be 12}
needed in generating the sea 1f ) B
% EB866 results are qualitatively consistent 08
with pion cloud models, chiral quark 0
soliton models, instanton models, etc. P L SRR I T P S
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X

PRD 64, 052002 (2001)

® COMPASS

Polarized Flavor Asymmetry:

% Valence u and d distributions are well
determined from DIS _
% Polarized flavor asymmetry x(Au - Ad)

L IR T could help differentiate models

1072 10" 1

X % SIDIS results depend on FFs

PLB 693, 227 (2010)
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ut+d—=WT et +v

d+u— W —e +v

* Ws couple directly to the quarks and
antiquarks of interest

* Detect Ws through e+/e- decay
v channels

* V-A coupling of the weak interaction
leads to perfect spin separation

O'_|_—O'_

Measure parity-violating single-spin asymmetry: A; —
(Helicity flip in one beam while averaging over the other) O'_|_ —|— 0O_

W_
AL X
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Expectations for W AL
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0.03 — - _ A
N 4 x Au(x,Q) _ L1 Bip — W — e* +v * Large parity-violating
AN - i (5=510 GeV 25 < E? <50 GeV asymmetries expected
0.01 .,L \ . .
/ " ‘ * Simplified interpretation
“o | at forward and
oot - backward rapidity
I Q= 80 GeV ]
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theore“cal uncerta”t]ty '1__ —— DSSV08 L0 with Ay?=1 pdf error E_ //, _____ RS et _ o003
(and Lagrange muiltiplier L pssv |
estimates for a Ax2/x? = P — AT B
20/, ' -2 -1 0 1 2 00 01 02 03 04
o error are in progress) lepton .
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Previous STAR Measurements

PRL 106, 062002 (201 1) 10* £ Theory: FEWZ and MSTW08 NLO PDFs
A PAp-oWELX et 4+ X (s g -
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* 2009 was a very successful . R —
. . - —e— STAR 2009 Data |
first 500 GeV physics run t S rewzowsTos
5 1f_ FEWZ NLO CTEQ 6.6
* 2012 increase in FOM=P-L ¢ .
0 0.2 0.4 0.6 0.8 1

|

- |
of an order of magnitude! PRD 85, 92010 (2012)
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“STAR Detector Overview

0.5 T Solenoidal Magnet

Triggering Barrel EM
Calorimeter (BEMC): Inl<«1

Time Projection
Chamber (TPC):
Charged particle >~ N )
tracking Ini<1.4 | ‘ AN Y A J

=7 " 'L.‘ '
SVy/au

L

il .
Triggering Endcap EM
Calorimeter (EEMC):
f 1.1<n<2
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What do W decays look like™?

W — e + v Gandidate Event
e |solated track pointed to isolated EM
cluster in calorimeter
e Large “missing energy” opposite the
electron candidate

Di-jet Background Event
e Several tracks pointing to EM energy
deposit in several towers
e Vector pr sum is balanced by opposite
jet, “missing energy” is small
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Mid-rapidity Background Estimation

E —+ STAR 2012 Data
N - W—evMC
E: 600— - [ ] Data-driven QCD
g ay W Signal

400—

o | W+ % “Jacobian Peak”
200—
S Background Estimation
0 10 20 30 4I0 _?O 6|0 7|0
E° (GeV) % Electroweak

% [ ] Second EEMC * Z—eeMC
g ! - W —=1tv MC
g 300 Bz ceMC ¥ W - 1tvMC
o
T 200 W % Second EEMC

100 & = % Data-driven QCD

ES (GeV)
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STAR 2012 W AL(n)

> + .
p+p - W —e“ +v
Is=510 GeV 25 <E; <50 GeV

—— DSSV08 RHICBOS
—— DSSV08 CHE NLO
-1— —— Dssvos Lowith Ax*=1 pdf error

APS 2013
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STAR 2012 W A.(n)

STAR Preliminary Run 2012

> + .
p+p—W" —e“ +v
Is=510 GeV 25 <E; <50 GeV

* AL(W+) is consistent with
theoretical predictions using
i __ the DSSV polarized PDFs

—— DSSV08 RHICBOS
—— DSSV08 CHE NLO
-1~ —— Dssvos Lo with Ay?=1 pdf error ——

3.4% beam pol scale uncertainty not shown
- Remaining syst <10% of stat errors

-2 -1 0 1 2
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STAR 2012 W AL(n)

STAR Preliminary Run 2012

A - * AL(W-) is systematically
p+tp = W" —e* +v larger than the DSSV
s=510 GeV 25 < E; <50 GeV . x
' predictions

* The enhancement at ne<O,
In particular, is sensitive to
the Au polarized antiquark
distribution

* AL(W+) is consistent with
theoretical predictions using
the DSSV polarized PDFs

n
T T T | T T T T | T T T T

—— DSSV08 RHICBOS
—— DSSV08 CHE NLO
-1 —— DSSV08 L0 with Ay?=1 pdf error ——
3.4% beam pol scale uncertainty not shown
Remaining syst <10% of stat errors
| | | | | | | | | | | | | | | | | | |
lepton 1
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STAR 2012 W AL(n)

STAR Preliminary Run 2012

A - * AL(W-) is systematically
p+p = W" — e +v larger than the DSSV
s=510 GeV 25 <E; <50 GeV predictions

* The enhancement at ne<O,
In particular, is sensitive to
the Au polarized antiquark
distribution

* AL(W+) is consistent with
theoretical predictions using
the DSSV polarized PDFs

n
T T T | T T T T | T T T T

— DSSV08 RHICBOS
—— DSSV08 CHE NLO
-1 = Dssv0s L0 with a2t paf error . % The systematic uncertainties
Remaining Syt <10% of sat ators. __ for AL are well under control
] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ]
- p 0 1 ” for [ne| < 1.4
lepton 7
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DSSV++ Global Analysis

¥ DSSV++ is a new preliminary global
analysis from the DSSV group that

includes RHIC 2009 A.L data and STAR

2012 W AL data

% Significant shift in Au due to AL W-
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STAR 2012 Z AL

Z — e*e Candidate

Reconstruct initial state
kinematics at leading order:

1‘466
:l:

NE
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STAR 2012 Z AL

Z — e*e” Candidate

E > %0 + %Tﬁ\R DataM .
8 g i .Inj<_1>ee
2 0.4~ @ 20
o o
2 o 10
3 8o, :
003 - L. 20 60 80 100 120
o “,:... M, (GeV)
§ .o“':“..
0.2 . ;;,-,.‘.- Reconstruct initial state
AT kinematics at leading order:
0.1 e
eblue beam pol
eyellow beam pol Mee +
| | | | 331(2) = e—9z
01 02 03 04 VS

reco x, (pol beam)
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reco X, (unpol beam)
o o
W »

o
N

o
-

APS 2013

STAR 2012 Z AL

STAR Preliminary Run 2012

Rel lumi
syst
]

[ L———— DSSV08 CHE NLO

p+p — Z* — e*+e
Vs=510 GeV 70 <M., < 110 GeV

3.4% beam pol scale uncertainty not shown
] ] ] ]

> + STAR Data
8 30 B Z/iy*—-eeMC
° < Inel <1
[ ~
o 220
® [
° o
o 10
8o,
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‘.':'0- M,. (GeV)
11 I
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‘et °
’ o. .oe.. ® 0
..'~ ...
L eeda,
o‘.' s ..o‘
eblue beam pol * * e,

eyellow beam pol

I I
0.1 0.2 0.3 04
reco x, (pol beam)

Z — e*e” Candidate

Reconstruct initial state
kinematics at leading order:
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Summary

STAR Preliminary Run 2012

B+p — W — e* 4v * The production of W bosons in
(5=510 GeV 25 < E° < 50 GeV polarized p+p collisions provides
a new means of studying the spin
and flavor asymmetries of the
proton sea quark distributions

% STAR has measured the parity-
violating single-spin asymmetry
AL for [ne| < 1.4 from 2012 data,
providing the first detailed look at
the asymmetry’s ne dependence

n
T T T | T T T T | T T T T

T pesvos CHENLO % AL for Z/y" production was also
=1/~ =~ Dssvos Lo with a’=1 pat error — measured, and is consistent with
3.4% beam pol scale uncertainty not shown . . .
Remaining Eyst<10% ofst;t e:lyorst | the theoret|ca| predICtIOnS
| | | | | | | | | | | | | | | | | | |
-2 -1 0 1 2
lepton 1
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Backup
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Parity-Violating Asymmetry: AL

A =

Proton /l\lelicity ="

/ \\‘u:(xl) /\/;
>q N q/\
fd(xz) 1+

_
_,._4' ‘I—
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—'/'_ S S

'. 1
ﬂ)ﬂ) /4/\/
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Proton helicity ="—"

* V-A coupling of the weak interaction
leads to perfect spin separation

* Only LH quarks and RH anti-quarks

gw+ o Ug(@)d(e) —uZ(@)d(@s) _ Au(w)
L uy (z1)d(x2) +u_(x1)d(x2) u(xy)
+
AWH di(z1)u(ze) — dX (z1)u(z2)  Ad(x1)
P d(m)u(ms) + dE (p)u(z)  d(@)
AWH o —Au(x )J(a;’ ) + Ad(xq)u(zs)
I _
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2012 STAR Dataset
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Mid-Rapidity Ws at STAR
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How do we find Ws?

e Match pr> 10 GeV
track to BEMC cluster

D —
AI’] =0.1

APS 2013

Events /2 GeV

10°

10°

10

Candidate track and BEMC
cluster reconstructed

€ € /—4x4
ET > 14 GeV and ET/ET >0.95

B EE7 > 088

- P~ balance cos(¢) > 14 GeV/c

s
o
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How do we find Ws"?

e Match pr> 10 GeV
track to BEMC cluster

® |solation R

atios

Al] =0.1

> : Candidate track and BEMC
o 10° cluster reconstructed
O = - Ee e -4x4
N = +>14 GeV and ET/ET >0.95
~ _
D100 B e >0.88
c =
4 - - P.- balance cos(¢) > 14 GeV/c
T —

1035—

10? =

10 =
e
ES (GeV)
[72] .
)
o
u>J 15000~ STAR 2012 Data 1500
B wW-—evMC
10000+ ~1000
5000 — 500

E-T- / E-4I-x4

| :

0.5 1
e AR<0.7

E;/E;
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How do we find Ws"?

e Match pr> 10 GeV
track to BEMC cluster

® |solation Ratios

Transverse

Plane View
ptBalance

4pi - nearCone

sum only
jets

Events / 2 GeV

Y
Q,
IIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| [

Candidate track and BEMC
cluster reconstructed

| E}>14GeVand EYEY >0.95

B B> 088

- P~ balance cos(¢) > 14 GeV/c

Events

10000

5000~

15000~

— STAR 2012 Data
B w-evMC

ES (GeV)

~1500
~1000

— 500

0.5
E-T- / E-4I-x4

| :

0.5 1
e AR<0.7

E;/E;
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How do we find Ws"?

e Match pr> 10 GeV

track to BEMC cluster

® |solation Ratios

® Prt-balance

'’ =prc+ Y pp’

AR>0.7
—e .~ bal
Pr-balance cos(¢) = ) _,]ZT
P ]

Transverse

Plane View

ptBalance
4pi - nearCon

APS 2013

Events /2 GeV

10°

10?

P;- balance cos(¢) (GeV)

10

60

-40

40

o
T T T T

Candidate track and BEMC
cluster reconstructed

C € —4x4
ET > 14 GeV and ET/ET > 0.95

B B> 088

- P~ balance cos(¢) > 14 GeV/c

|
|
LA -_':STAR 2012 D

-
ata :

W —ev MC

20 .40
E; (GeV)

|
60

| |
20 40 60
ES (GeV)
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Forward Rapidity Ws at STAR




Forward Rapidity Analysis

* Similar concept as mid-rapidity:

* Utilize TPC which extends to n~1.4
to reconstruct high pt TPC track

* Use isolation ratios and vector pr

imbalance to reduced QCD —eeeRe R R R

background

* Improve background rejection by
using the Endcap Shower Maximum
Detector

1.086

depth —————»

., SS hub

Endcap EM Calorimeter (EEMC)

APS 2013
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Forward Rapidity Analysis

2012 data events which satisfy all previous cuts

* Similar concept as mid-rapidity: Signal Example Background Example
* Utilize TPC which extends to n~1.4 -2t Ee =37 GeV ';S?"D Cross Point | R >\

to reconstruct high pr TPC track

* Use isolation ratios and vector pr
imbalance to reduced QCD

background

* Improve background rejection by
using the Endcap Shower Maximum

Eollanollanall oy nfla ool oag
-180 -160 -140 \-120\-100 -80 -60
X (cm)

Detector
& ° projEcted > :
- é’ trac 5 :
Endcap EM Calorimeter (EEMC) ::
s 1.086 0° — % j é :%:

ESMD_V Shower Shape

ESMD
V Plane

ESMD Strip Energy
ESMD Strip Energy

plastic  shower
subsectors scintillator

Justin Stevens, Mir 29
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2012 STAR W Candidate Yields vs n

Mid-rapidity (Barrel) Ws
Forward rapidity (Endcap) Ws

N 7
e el
c c
S S
(i 120 [ 120 W_
100 100
80— 80—
60— 60—
40— 401
1 1 u_
0 oL—!
2 15 -1 05 0 05 1 15 2 2 15 -1 05 0 05 1 15 2
lepton n leptonn
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Mid-rapidity Charge Separation

. Entries 4610 50— ﬂjff_(f)ii:,xgég Entries 2826
S = [~ sim orbon 25<Ef£<50 GeV
Q+ _)I-‘IJ 1: o — | 200:—
(e S — | OI
_15 - 100;
- =
R T I B S (M ST e B
E:¢ (GeV) Q*Ex/Pr
* E1/Pt (EMC/TPCQC) distribution for / \
each charge sign BEMC
* Estimate wrong sign 0- 0+
contamination with a Gaussian fit @ B Field
* 8+ f\gsl Q- peaks are separated ~200 cm of tracking
y in 0.5T magnetic field
% Exclude tails (hatched region) to
remove possible contamination
Vertex
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W Production at Forward Rapidity

Mw
L1 —
NE

eIw To =

e—yw

Use lepton rapidity as a surrogate for W rapidity

based on W decay kinematics

_— >
sSE. 32
d~(xz) @*(z2) a*(z;)
=
= > w- —
== ==
Ve 6*=0 e e ==

e ™) are emitted along (opposite) the W-*) direction

Probability that polarized
proton provides the antiquark

\ /

\
e N7z o

polarized unpolarized

N Ao
Iy,
I

AL = =2 + +
p+tp—=W" —e*+v
{s=510 GeV 25 < E; <50 GeV
0.5
0 =
L
- wt
-0.5
—— DSSV08 RHICBOS = |
T —— DSSV08 CHE NLO d
=1~ —— Dssvo8 Lowith Ax2=1 pdf error
C_ 1 | 1 |
-2 -1 0 1 2
lepton 1
2 e 1
1 ~o-
. w+ -
C 08 i 0.8 -
= -
S - .
-
Q. o6 - 0.6 -
—.—++
- _._++
0.4 0.4 .
-
W- - y
- -
0.2 - 0.2
-
+—.—
0 l | g g o 0 | | |
-2 K 0 1 2 . 1 0 1

leptonn

“~
leptonn
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Forward Rapidity W Selection

* Similar to mid-rapidity analysis:

* Use high-pt TPC track as candidate seed
* |solation ratios "
‘E’ — STAR 2012 Data
| 2000 gy ey mc
' =
— 1500
0 (=
o\a\e‘\\ R I = 1000
A0 et 9 4
KO e WO |
A\ e \ | 500
A\t c.a\°“ N )
E“‘\c.av N
> 0 0.5 ' 1
A¢p=0.2 ES/EX
@8
o 400
T
Transverse 3001
Plane View
ptBalance 200—

4pi - nearCone

100—

sum only
jets

0.5

1
e AR<0.7
ES/E>
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Forward Rapidity W Selection

* Jacobian peak less pronounced than at mid-rapidity

* Different background estimation than mid-rapidity, based on Pr-Balance

% Select candidates with 25 < ET < 50 GeV

Run 12 Data

B 2}
o o
I

Pt-Bal cos(¢) (GeV)
S
[

o
I

)
(=1
T

STAR 2012 Data

-40 | | | | | | |
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iy
o
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[2]
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=2}
o

H
o

N
o

| | | | |
10 20 30 40 50 60 70
ES (GeV)

W+ MC

B o2}
o o

N
o

Pt-Bal cos(¢) (GeV)

o

)
(=]

-40

W+ — e+v MC

10

Events / 4 GeV

| | | |
30 50 60 70
E; (GeV)

4|0 50 6I0 7I0
ES (GeV)

| |
10 20 30

Pt-Bal cos(¢) (GeV)

Events / 4 GeV

W- MC

5 o2}
(=) o

N
7

(=)

)
(=1

W-—e-v MC

-40

10

| | | |
40 50 60 70
E; (GeV)

| | | |
20 30 40 50 60 70
ES (GeV)

I -
10

pr " =pr° + Z pr’

AR>0.7
ﬁ e . ﬁ bal
Pr-balance cos(¢) = L1
|y

Transverse

Plane View
ptBalance

4pi - nearCon
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Forward Rapidity Algorithm Extension

Run 12 data events which satisfy all previous cuts

Define Endcap

>o . EV+EY
S22 o0 BV +EY

} Resup =

RESMD

: 1 1 1 | 11 1 | Ll 1 | 1 11 | 1 11 | 1 1 1
-%0 40 -20 O 20 40 60
Pt-Bal cos(¢) (GeV)

SMD ratio Resvp:

> (0.6 :"

Signal Example
wer Shape l e

ESMD Strip Energy |3

35 8 5 3 3 3|7

projected
track

8 8 8 8 3 3

ESMD Strip Energy g

20 O |20| |40| |60
Pt-Bal cos(¢) (GeV)

-40

RESMD

ESMD_U Shower Shaj pe

Background Example

projected |
track

-IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

ESMD Strip Energy

ESMD Strip Energy |g

o

20 O |20 |40| I60
Pt-Bal cos()) (GeV)
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Forward Rapidity Background Estimation

= 30

O . .

2B canaon * Final signal selected by
- 1+ Pr-Balance > 20 GeV

1

15— .Z—>eeMC ‘

L * Raw Signal Yields:

. W4 J |

L | by T * W+ : 48

| |
-60 -40 -20 0 20 40 60
Pt-Balance cos(¢) (GeV)

30 * W-:48

>

S

2 a0 —+ STAR 2012 Data . .

2 0l Weevhe % Background Estimation:
Lq>|j —— Data-driven QCD |

151 B z-cenc ‘ /—ee QCD

T W- b W+ [05+0.1]2.0+1.2

I B W- [05+0.1[1.3+0.7

| L
-60 -40 -20 0 20 40 60
Pt-Balance cos(¢) (GeV)
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Forward Rapidity Charge Separation

* Fewer TPC fit points at forward rapidity leads to worsened Pt resolution n=0

|
* Expect factor ~2 worse resolution than mid-rapidity SR Bl ]y
* Similar procedure as mid-rapidity
* E1/Pr (ie. EMC/TPC) distribution for each charge sign

% Estimate wrong sign contamination with Gaussian fit

'Yy F F EF B 8% 9 % 11

* Q+ and Q- peaks are separated by ~30 | |

* After excluding tails, opposite charge sign contamination is less than 1%

[Entries 173 | gaus1s :i1t: x:’G-(: [Entries 125 |
a N W 14 | ——1.27,'0.64 |
= - — T ' L [ sum of both
S| 25<Er*<50 GeV
o 1 = -
Q"' - - - PR Q- S0 Q+ XX
o inod 200 1o o
< HRXRKK. o0 S SR
A ——=F o= 2oses g |
0- : == RE%e% A, A
o AN S 35S
2[ 5% N L
B et e A e s
o 10 20 30 40 50 _ 60 === = 0 1 2
1° (GeV) Q*Er/Pr
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NLO CHE Cross Sections
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Mid-rapidity Backg

-1<n<-05

| Barrel: pos_muclustpTbal_wE: Etal |
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-05<n<0
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Second EEMC Background

bin=1

electrofi a

near-cone
jet veto
IMPAIRED p
due to missing "~
East Endcap

back-to-back
di-jet veto in
West Endcap
works well

back-to-back ¢ .
di-jet veto on 4%,

East Endcap
FAILS

back-to-back
di-jet veto on
East Endcap
FAILS .

bin=7
, electron accepted
Y in the Endcap

near-cone jet veto
IMPAIRED

» by EMC gap at n=1
and
TPC inefficiency n>1.4

C ~1
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Spin Asymmetry:

spin

rotatori
@ @ + helicity
@ - helicity

spin
rotator

\
Y
\/‘/e:)O\ (mostly) longitudinal polarization

STAR sees four helicity configurations

J
tr\\/

n
) ) PS@ 5
o/
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n Dependent Spin Sorting

Symmetric pair of n slices

n=0

Single n slice

+Z STAR
ref. frame

o, —o_ 1 N./L, —N_/L_
or+0_- PN,./Li+N_/L_
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Single Asymmetnc n Shce

Nysrar /LT = Cysrar [ 1 | #1

Niszar/LY™ = Cysrar [ 1 1 #2

N shar/L™F = Cysrar [ 1 || #3

Nystar/L™" = Cysrar [ 1 j] 74
4, ~t=0- 1N, -N /£ Bluebeam Yellow beam Au Inl

o+ +o- PN JLi+N-/L- pol: Al(+n) pol: AL (-n)

Single n slice
A, for both beams measured
from 4 spin dependent yields

-1 B B B & H

! I} +zsmR . 1+2—-3—-4

—_—rrr ref. frame A'zzg(—l—'r]) —
PL-S1...4

| Blue , . 1 _9 3 _ 4
l beam A;’_J"JQ(_,’,I) — _I_

10 F F F = ® & & ¢

L
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Symmetric Pair of n Slices

8 yields from a symmetric “pair of detectors”

N+TAR/E++ = i ALL(I"')PILP2L ] #1

Symmetric pair of n slices Nisrar /LT = - Ap(nl)PEPy ] #2

N stan/L™F = - Arc(Inl)PEPy ] #3

Nostar/L7~ = > I Apr(n)PPPy ] #4

N¥iran/ L = PPV Aus(lnl) PEPE | "
NT srar/LT = Pyt Apr(Inl)PiPy | #
L & | o M Al N:;;;TAR/E_+ _ | L(n P2L —ALL(|77|)PLP2 | #
N srar/L77 = Pgﬁfr Ap(Inl)PLPy ] #

Extract two AL values from 8 spin
dependent yields using 2 polarized beams

l beam

T P F FE ® % 9 %Y 11 sig(_l_n)

(1—|—2—3—4 | 5—6—|—7—8)

PL.x»1...4 = PL.35...8
Note: There is a statistical correlation A'Sig 1—2+4+3—-4 | 54+6—-7—8
between symmetric n points with a

correlation coefficient -5% for |n| < 1
and -10% for |n| > 1

Pf.31...4 PL-35...8

N | = N
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Background Contributions to AL

A79(n) = fw(n)

AY =

AP — (fEEMCAfEMC + fzAZ + fQC’DAgCD>

)+ Y [Brga(n) AL (n)

1 - feemc — fz — focD

—+ STAR 2012 Data
~-- W= ev MC

600— e
— |:| Data-driven QCD

Events /4 GeV

400—

W+

200—

L il I
10 20 30 40 50 60 70

E7 (GeV)

[] Second EEMC
:|: B w-<vMC

300 M z->eeMC

Events /4 GeV

200—

100

60 70

ES (GeV)

% The unpolarized background contribution 3
effectively dilutes the beam polarization

INe| < 1 1<nNe<1.4
W+ B ~0.95 ~0.95
W- B ~0.9 ~0.95

* The polarized background contribution a is
estimated using the CHE NLO prediction for
A% from DSSV

% These are small corrections to the measured
asymmetry with typical values of |&| < 0.005
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Background Details: « and 3

| betaP_2012 | | betaN_2012 |

e T o —+

i

I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II S S N [ S [ N [N N [ [ S N |
0.85 1 2 3 4 5 6 7 8 0.85 1 2 3 4 5 6 7 8

starPhysEta bin starPhysEta bin

0.9—

% Compute AL using upper and lower systematic error bound on 3 and
take largest difference from nominal AL as systematic error due to [3

| alphaP_2012 | | alphaN_2012 |

R s L

0 0
- IZ%: —

-0.002— ‘ -0.002—

-0.004|— -0.004—

-0.006— -0.006 —

-0.008— -0.008—

N B | | | | | | | | | | | - B | | | | | | | | | | |

001011 12 13 14 15 16 17 18 19 20 001011 12 13 14 15 16 17 18 19 20

polBeam etaBin polBeam etaBin
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Events

10000

5000—

Events

80

60

40

20

15000

100

Relative Luminosity for Spin States

Bunch crossing helicity at STAR

Independent sample of QCD
events, which fail E18/Et#4
iIsolation cut with E1® < 20 GeV

Spin dependent luminosity of
four spin states measured to
~1%

Luminosity monitor for |n|<1
used for AL in all n bins
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Systematic Uncertainties

* Beam polarization uncertainty: correlated scale 3.4%

* Relative luminosity uncertainty: correlated offset AAL = 0.007

% Accounts for possible parity-violating asymmetry in QCD
events used for luminosity monitor

% AL is consistent with zero for a sample of high-pt QCD events
(invert isolation ratio and Pr-Balance requirements)

* Systematic uncertainty estimated as half the statistical error on
AL for this high-pt QCD sample

* Background estimation: less than 10% of statistical error

% Uncertainty on unpolarized background contribution (3:
uncorrelated between points less than 10% of statistical error

* Uncertainty on polarized background contribution o: negligible
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Comparison to 2009 Result

STAR Preliminary Run 2012

> + .
p+p = W" —e“ +v
25 < E; <50 GeV

{s=510 GeV

A

STAR Preliminary Run 2012

—> + .
p+p— W™ —e“ +v
25 < E; <50 GeV

Vs=510 GeV

- —— DSSV08 RHICBOS —— DSSV08 RHICBOS
B —— DSSV08 CHE NLO —— DSSV08 CHE NLO
=1— —— Dssvos Lo with Ax2=1 pdf error —— -1 —— DSSV08 L0 with Ay?=1 pdf error ——
B 3.4% beam pol scale uncertainty not shown added 2009 STAR published result
- Remaining syst <10% of stat errors
C ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] | | | | | | ] | ] ] ] ] | | |
lepton n lepton n
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Correlations in AL(n)

% The same 8 spin dependent yields are used to compute A.(n+) and AL(n-) leading to a
correlation between pairs of n-symmetric points

% Correlation coefficient calculated with toy MC to be for various possible input asymmetries
* Findcorr=-1.3"AL"AL*P*P

% Correlation coefficient ~ -5% for mid-rapidity and -11% for forward rapidity

reco ALs, Input: AF= 0.20 AE= 0.20 Neve=120+150 reco ALs Input: A_= 0.45 A8= 0.45 Neve=50
' CA=0. A
505 u : : : : : : : : .[e ) . recAA
=20 - R S S A A R SR B b S | : : i [Enwies  s000
oAb i CORIE 20,040 L [Men s o007 S0.6—: Fig 6) most relevant: ... e yoan  0.003688 |
= E : : : R : : : : Mean y-0.0001747 #.E : Af-Ab:Iarge, same 8|gn Mean y-0.000448
T, 3 ol RMS x  (.05097 ~ a - RMS x  0.1263 )
?{; E RM.S y 0.0592‘8“‘ <04 -_. ............. ....... corr.-.g 262.. ...... RMSY 0.1275
;.2:— .............................................................................................. g - -.l-l::::-:: o
- o PP I 1R SRR O S
(15| TR SR | © .. NSRRI RR AR [ ' womin _.._.-.. =0
: - JFITHITETIETI TS
o —140 ~ EE momms f B EiEEEN
- 'y | T S—— e e e o
E i "FIRIIS "M@
0.1 L  aEmEEmEsmsmEEnin
- I S——— LM EEEE SR G
02k B T A T 1T T {1 T UL A e i
“r | I.II-II-I-III
- - : -I"I'I‘I-- 20
0.3F Y frossssssssees ssssses T R e
~ [~ : : : - "N : H .
- - . H H . H | |
04f A
- I I I I I I I I I .0.6 _. ............. .............. .. .............. .. .............. ......
035 04 03 02 01 0 01 02 03 04 05 '-ol.el ' '_0"4' ' ',0'.2' = A = '0.'2' ' '0.'4' ' 'o.le' 0

reco AL(+n) - truth reco AL(+n) - truth
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Asymmetries Separated by Beam
W-

W+

beam 1 AL (starEta) , Q=P

beam 1*2 ALL, Q=P

DY) TNESG——————— , P TR

5 6 7 é 1
STAR n bins

beam 2 AL (starEta) , Q=P

(Y| SoRCTCUTUTURDIURURDRL. SRREERRY ST RO e e R PR RTRT IRy '.. LEp

5 6 7
STAR n bins

EpsNull , Q=P

5 6 7 é 1
STAR n bins

5 6 7 8
STAR n bins -~

beam 1 AL (starEta) , Q=N

AL

05

-05

beam 1*2 ALL, Q=N

[ -1.0 polBeam n +1.5

(P PR FRETE PR FEUTE PETTY PETT PTLT F

1 2 3 4 5 6 7
STAR n bins

beam 2 AL (starEta) , Q=N

_0.5 _ernrn I nIIIIIIIOOmnm Y Y .

5 6 7
STAR n bins

EpsNull , Q=N

- W

0_2 ooy
- X >
- .

-05

[ +1.0 polBeam n-1.5 4
-I'II 1 | Liaaal L | l'l.l\

o=

5 7
STAR n bins

01—1_‘L__$__c!37 ............................. '
=

02 e ,,

03 :_..*L,O ............. polBeam..n.-#1.5.......4

-IllllllllllIIlIlllllllllllllllllll&'l'l.l'l

1 2 3 4 5 6 7 .8
STAR n bins
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More Equations

d];fewji,je) =L 00(6.) £(6.,6.) [1 +AL(6,)PE+ AN(s,) (—Pﬂ sin(¢,) + P{‘Z coS(¢e))
+A§:(7‘._98)P2L _ Aév(ﬂ'—ee) (—Pg:; Sin(¢e) -+ PQ’I;, COS(¢€))
+ALL(0)PE Py + o(PT - PT) + o( PT - PT) cos(2¢, )]
AN**

dnSTAR — LEEC srar| 1+ Ap(n)PE £ AL(—n)Py £ Apr(In)) PPy + BGunpor + BGypol |

Nshar/ LT = Cysran j1+AL(n)PL+AL( nPF + App(n))PEPF ] #1
Nisran/LY™ = Cysran [14+AL(n)Pf — Ap(—n)Py — Ap(In))PEPy ] #2
nSTAR/C T = Cysrar :1—AL(77)P1 +An(=n)Py — Awr(In))PI Py ] #3
N srar/L77 = Cpsrar [ 1= Ap(n) Py — A(=n) Py + App(Inl) PP Py ] #4
N*ran/L5F = Cysrar [ 1+ AL(=n) PP + Ap(n) Py + App(In)) P Py | #5
Nt sran/LT™ = C_ysrar [ 1+ AL(—n) P — Ap(n)Py — Apn(In|) PI Py ] #6
N Jsran/L7F = C_psrar [ 1= Ap(—=n)Pl + AL(n)Py — App(In))PL Py ] #7
Tsrar/LTT = Coysrar [ 1= Ap(—n)Pl — Ap(n)Py + Apr(|nl) PP Py | #8
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o+ 500 vs 510

% Expect negligible difference in AL from change in /s

¥ CHE (NLO) curves with DSSV confirm this expectation

W+ A, pp500 (blue) and pp510 (red)

W-A_ pp500 (blue) and pp510 (red)
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Other Theory Input

. 0.01
STAR Preliminary Run 2012 ;
AL . e S — 0.00
- - + +
p+p — W™ —e“+v ~0.01
e

0.6 -_ ................. DNS kkp 'W_ _- - vg=510 Gev 25 < ET < 50 Gev [ DNS kre —0.02

_ : .......... DNS kre : | : // ————— GRSV std 1
ALe L - - - —. GRSV Std ///”, :_ // ***** GRSV val __ —003

 ---- GRSV val ” ol ‘ ) DSSvV 1
0.4 L) 4 -0.04

v | | | | :

e 00 01 02 03 04
[ T e / ] X

0.2 T - -

0.0 - ——v_ - 0.0 = ]
L pTl>20 GeV A et L DNS kkp 'W'+ .
T t [ DNS kre i

_o.2 | 1 ! 0.1 - GRSV std ]
—2 -1 0 1 2 i ]
. T GRSV val ]
™ - DSSV 1
0.03 [
0.02 B
001k ~  —— DSSV08 RHICBOS
: T —— DSSV08 CHE NLO I i
0.00: _1 — —— DSSV08 LO with AX2=1 pdf error l_._| 21 L1 |1 L1 (l) L1 !- L )
~0.01["" 3.4% beam pol scale uncertainty not shown n
[ L 1
- Remaining syst <10% of stat errors
—0.02 .
E | | | | b C | | | | | | | | | | | | | | | | | | |
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Forward Rapidity: FGT

[72] [2]
e’ et
o o
> >
@ 120 (1 1201 W—
100 100
80 80
60 60

40 STAR Preliminary Run 2012

= +
p+tp =W —e*+v
/s=510 GeV 25 < E; <50 GeV

Ti44

20

* Extend e+/e- track reconstruction ton =2

* This region has enhanced sensitivity to
the antiquark polarized distributions

* Combined FGT+TPC tracks at forward e +
rapidity will enhance reconstruction A A
. : -2 -1 0 1 2
efficiency relative TPC only shown here lepton n
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Forward Rapidity: FGT

<track 1M=1.5

EEIENININNINEENINNIENANINNININNININNINES
06 08 1 12 14 18 18 2 22 24

gen track n
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STAR Run 13 Projections

PAC Recommendation

For Run 13 the PAC recommends the following (in order of priority):

1. Running with polarized proton collisions at 500 GeV to provide an integrated
luminosity of 750 pb™ at an average polarization of 55%.
2. Depending on the amount of running time remaining after priority #1
a. Ifless than 3 weeks remain, a week of 200 GeV Au+Au collisions.
b. Ifat least 3 weeks of running time remain, 3 weeks of 15 GeV AutAu

collisions.
3. 8days of 62 GeV p+p collisions.

4. At the discretion of the ALD, 4 days of low-luminosity running to accomplish the

pp2pp goals.

FGT fully installed for Run 13

0.4

0.2

STAR Run12 + Run 13 Projections /s = 500 GeV

---. —— DSSVO08

PHp—>WTE4+X set+ X W —

25 < E7 < 50GeV
In| < 1.5 L =250pb~ "

1.5 < |n| < 2.0 L =165pb™" M

P =55% s

N

Run 9 sys. error

m 5% sys. error beam pol.

—— DSSV08 LO with Ax? =1 pdf error

RHICBOS S e corem

- — DNS-K e

—— DNS — KKP

wW~— W+ CHE
- - —— DSSVo8 LL T

-1 0 1
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