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Proton’s Spin Evolution
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W-Bosons Production
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beam beam
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*» Maximal Violation of Parity leads to perfect spin separation
* Direct coupling to the quark and antiquark of interest
< Higher resolution scale (Q2) set by the W mass.

< Easy detection via the leptonic decay channels
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Parity violating longitudinal P i O ¥
single spin asymmetry L

o' +0”

N QS P P (N S N P S (U S o e P P T P T T T T T T




YO TORRE, TGV YOS, YOR, OV TR, TN, TR IO, TS, TV TGRS, TOvEs,
g

4 ; Ie)
- : 1 heoretic SpeEcCts ’

;’-

“9  Higher sensitivity to pPDF if Ay is measured as a function of decay lepton pseudo rapidity (1) o
= 5
- P

| s g
o n= —ln(tan(g)) <Xy y > — e . b
: 2 Js Ap | o
o 04 $

- pe<<0—=x<<x,0—=7 N>>>0—x>>x,0—0 e
= 0.3 : [

; AV o —Ad(x)u(x,)+Au(x,)d(x,) 0.2 P
’: d(x)u(x,)+u(x)d(x,) 0.1F :/7
[y = - -
o (Tt : v >

'-’\,: o ‘o‘ y O'.'-"“""-.-__'______! . >
NG} \ 94 . backward e < g : e W~ W* RHICBOS /__/
—~ P 5 i . - - — DNSK .

7 7 g pwdow —oafn TS Nke | b
A : --- — DSSVO08 &

CHE
we  —Bu(x)d (o) + Ad (x Ju(x,) P

s AT iore o e —023 _ —] / Z
4= : u(x,)d (x,)+d(x)u(x,) I @ .,,/

. —04f " __Au %
S + b 1L - :0
S e - u '
4 forward e+ 1 1 R 4
s ’ \ 23 anti parallel to W+ -
-~ lepton pseudorapidity Ne -
) ;

| /
Y
l.’:: :
o TS IO TR TS /-,-«,::-./*-/' - NS OPRY, RN P R O TR TORES |




=-1.1

Beam - Beam
Counter (BBC)

Magnet

Time Projection
Chamber (TPC)

STAR Detector

7 B

n=0

n=+1.1

= -In (tan(6/2))

Endcap Electro-Magnetic
Calorimeter (EEMC)

Forward Gem
Tracker (FGT)

l
Barrel Electro-Magnetic

Calorimeter (BEMC)

TPC:

BEMC, EEMC:

RGO =13 <y <+1.3
BEMC :-1.0<n<+1.0
EEMC : +1.1 <n <+2.0

T T VSO P O VT S PR VW N RN P U GRS (R [ Y SR g—w e g e p—p ~y

L
!,
z



Mid-rapidity (In
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Mid-rapidity Background Estimation
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Forward rapidity (1<ne<1.4) W selection use similar technique as mid rapidity and Background
Estimation improve using additional Endcap Shower Maximum Detector (ESMD)
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Extracting Asymmetries using Profile Likelihood
Method

& Profile Likelihood method used in extracting Asymmetries from combination of run 2012 and run
2011 data [simple gaussian uncertainties breakdown particularly for small 2011 data sample ]

& Define likelihood function for 8 spin-dependent yields from pair of symmetric 1] region of STAR
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 Ar(W) is larger than the DSSV Predictions.

* The enhancement at ne < (0,

particular is sensitive to the

polarized antiquark distribution.

in

Au

AL (W) is consistent with theoretical

predictions using the DSSV polarized

PDFs.

¢ The Systematic uncertainties for AL are

well under control for Inel <14 .
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Impact on DSSV++ Global Analysis

* Preliminary Global analysis (DSSV++) from DSSV group and recent N[ includes
preliminary STAR 2012 W Ar data.

¢ Shift in central value for @ (negative -> positive) and Ad due to A, W from STAR .

“* STAR run 12 W results provide significant constrain on anti u and anti d quark
polarization.
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Barrel EMC triggered Integrated Luminosity

BHT3

350

L [pb7]

300
250
200
150
100

50

od)

Mon Jun 10 10:35:56 2013

" 23/Mar 06/Apr 20/Apr 04/May 18/May 01/Jun 15/Jun
day

L@pbYH( p |PL(pb?
Run 9 12 0.38 1.7
Run 11 9.4 0.49 2.3
Run 12 72 0.56 24
Run 13| ~300 | 0.54 ~

- N T W




S

e*,e Isolation

35000 =
- - I i
E E |
0000 — STAR 2013 Data J 3000} ' R‘\t
- | E 2 'L
20000/ | 2000 \
T [ F :‘I
15000 — - 1500 —
10000 — J 1000
5000 ’ 500 'f ' rrH
- - E . _
o' M PO PEE -‘x"r‘ s 2 1 . . L . . 2 P | S
b 0.2 0.4 0.6 0.8 1 % 0.2 0.4 06 0.8
EeT / ET4X4 EeT / ETAR< 0.7
Sign-Pt balance
S 60F =
@
e | . i
3 } L
§ “of- :
3 [
o L
g2 -
1

20

LN L A LR A L L B

2x2 Cluster ET (GeV)

3

2x2 Cluster ET (GeV)

Erdistribution compare to Selection Cuts

sk » Candidate track and BEMC
107 e cluster reconstructed
Fa— “q B &> 14 Gevand EVE“ 5 005
| ‘- M 7
1 - E‘,/E, >0.88
- |
10* C ' - P,- balance cos(¢) > 14 GeVic
10° =
107 =
| U1
s i i ! 3 4 i 1 :
0 10 20 30 40 50 60

2x2 ET (GeV)

Charge-sign Separation

450
400
350
300

250

n-‘wn_'“nwp“”~"“”_r~“‘— P G— Y . g —



8 WA, #§ Impact on antiquark polarization

U polarization
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Summary / Outlook

® The Production of W Bosons in polarized p+p collisions provides a new means

to study the spin and flavor asymmetries of the proton sea quark distributions

® STAR has measured the parity violating single-spin asymmetry A; forIn | < 1.4

from 2012 data, providing the first detailed look at the asymmetry’s 1, |
dependance.

® STAR run 12 W AL results provide significant constrain on anti u and anti d
quark polarization.

® Half of the data from Larger statistics of run 2013 (more than 4 times larger

than run 2012) is in the final state of analysis and second half is being started
to analyze.
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STAR 2009 W Results
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Forward Rapidity Background Estimation and charge sign separation

signed p_- balance (GeV/c)
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W production: more details

=
- Helicity structure can see in the differential cross section of W
£ : dOW-i- - ) — 9
J —— o< d(xy)u(x2)(1 + cos 0)° + u(xy)d(x2)(1 — cos 6)
" d cos 0
< doyy - _ 2 _ 2
& —— x u(xy)d(x2)(1 — cos0)” + d(x)u(zs)(1 + cos )~
b dcost
8 W tends to boost direction of the valance quark traveling
=
A Helicity structure of the interaction causes lepton to emit parallel (antiparallel) to W-(W+)
o5
= S E =< =< SE
’:_ d=(x;) u"(xy) at(xy) d (x3) d¥(xy) u (x2) u(xy)  dT(x2)
’ > > > >
:/:_/ i};;’- i“'— i“r+ L“w
o _<<=<=) (=>=>? ~—= =2 5 —= =
4 Ve =0 e e P=x Ve Ve =0 et et O =x Ve
=

higher (lower) x parton in the collision is most likely quark (antiquark) . And quark is very likely to come from valance region

W longitudinal momentum e decay kinametics in lab frame related to W boost direction
S lab 1 * lab pz = cosf - MW/2 (pf = sin@ - My /2).
PLw = % (21 — 22) PLe = ;pL,c +BE.", - '




W, di-Jet and Z type

simulated Z-ee event
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Unpolarized BG f3 and systematic 5
* uncertainties 5
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