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Flavor Separation of Proton Spin

DSSV Global Analysis

Polarized PDFs:

T T
x(Au + Au) x(Ad + Ad)

Af(z) =
S &
[H@) = ()

<S>=3=3AX+AG+L
(Jaffe-Manohar, 1990)

AY = [(Au+ Ad + As
+Ai + Ad + AS)dx

e AY ~ 30% from DIS data

e Flavor separated contributions

8K AyP=1 (Lagr. multiplier) ||

ol G L Q210G Jas are not well constrained yet
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PRD 80, 034030 (2009) e RHIC W program ?
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Why Ws ? — Unique Probe to Sea Quark Polarization

polarized unpolarized
beam beam

o Ws couple directly to the quarks
and anti-quarks of interest

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

e W charges allow flavor separation

u+d—-Wtoet4+v

d+u—W~ —e +7v

Measure parity-violating

single-spin asymmetry:

e Detect W' /W~ through e" /e~ A = 0+—0—
decay channels o++0—
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Expectation for W A;

o Large parity-violating

asymmetries expected.

o Simplified interpretation at

forward and backward

rapidity.
AW‘ —Ad(x1)u(x2)+AT(x)d(x2
d(x1)a(x2)+0(x)d(x )
e ~_ -
> — backward e~ U
> \
bﬁq <<Xy Parallel to W~ u
AW —Au(x)d(x)+Ad(x)u(x2)
u(x1)d(x2)+d(x1)u(x2)
N
S £ forward e* ATC_]'
s~ u Anti-parallel to W* d
X <<Xy
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DSSV08 RHICBOS

DSSV08 CHE NLO

+ LS510 CHE NLO

DSSV08 L0 ay®/y?= 2% error

I {s=510GeV  25<E%<50GeV

-2 -1 0

1 2
lepton n

*Charged lepton tends to be emitted
parallel (anti-parallel ) to W~ (W) due to
the handedness of produced neutrino.

SPIN2014, October 21st, 2014

4/17



AR Detector Overview

Triggering Barrel EM
Calorimeter: |n|<1

Triggering Endcap EM
Calorimeter: 1.1< |n|<2

Time Projection Chamber:
Charged particle tracking

East | - - In|<1.3
_~

s
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Sample W Candidates

W — e 4+ v Candidate Event:

® |solated track pointing to isolated -
EM cluster in calorimeter ——

® |arge "missing energy” opposite | / \ \ [\
the electron candidate

QCD Background Event:

® Several tracks pointing to EM
energy deposit in several towers

® \ector pr sum is balanced by
opposite jet, no large "missing
energy”
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Isolation Cuts

4j L e Match p7 > 10 GeV track to EMC
L (22) :I%._ cluster
D 2 e Require the energy deposited in the
U_,‘ next ring to be <5% of the 2x2
aomt sum
o Require the ratio £S/ERR<0T to
be > 88%

&
S near-cone
AR:DJ

— STAR 2012 Data
W W—evMC

Events

15000

Transverse 10000(-

Plane views
5000

AR = /A2 + An? B
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Topological Cuts

60|

Pr-balance: 3© o
3
- bal _ e — jets 2 20 300
pT" = pPT° + X AR>0.7 PT H
W 0 200
i p—' e'p—» bal .%
signed P-balance = % 2. "L - .
® _l' :':STAH 2012 Dat-a W - ev MC

40 60 2‘0 4‘0 56
E; (GeV) E; (GeV)
* Signed pr-balance vs. EZ ( data on the left and W
MC embedded simulation on the right)

required to be > 14GeV 05

Candidate track and BEMC
cluster reconstructed

E7 > 14 GeV and E/E;* > 0.95

B 5575088
\_‘ﬁ—_ - P;- balance cos(¢) > 14 GeV/c

-

3

Events /2 GeV
3
T u% T

Sum Only
Jets 1

Transverse
Plane views

gt

10 20 30 40 50 60

N 70
ES (GeV)

AR = /AP + AP
* E-7- distribution as background cut away
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Mid-rapidity Background Estimation

W signal
PRL 113, 072301(2014), arXiv: 1404.6880 ° ”Jacobian Peak”
g Electron n,|<0.5 Electron 0.5<n |<1.1
L — STAR Data L [ second EEMC 1 .
% 150 - W ev MC B W tvMC anary BaCk_ground'
£ 100 [ Data-criven CD Bz ceNC Satisfy W selection cuts but
d " contain jets escaping detection at
sor ‘ _ X n<—1landn>2.
- . i .
3 Positron [n <0.5 [ ® Sec_ond EEMC . . .,
o r Estimate non-existent “east
:2) EEMC background based on
i real west EEMC
e Data-driven QCD

ES (GeV) EX (GeV) Electroweak Background:
Determined from Monte-Carlo
W* B: ~0.95 W~ B: ~0.9 simulation.
e Z— ee MC

where 8 = Signal /(Signal + Background) o W MC
TV
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AL p)+p~>W++X~>e’+X R
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0.3} e R
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--- — DSSV(8
—02F CHE
0.2 DSSV08
=0.3F w+  E—
e
—04b oo b
Syst. uncertainty due to background, L
Wlo pol. norm. uncertainty of 9.2 ‘
-2 -1 0 1 2

Ne

PRL 106, 062002 (2011)

e 2009 was a very successful
first 500 GeV physics run

Jinlong Zhang(SDU)

Statistics increase by an order of
magnitude from 2009 to 2012:

STAR pp500 Longitudinal

Run L(pb~Y) | PPL(pb™Y) | WT(W™)
2009 12 1.7 462 (192)
2011 9 2.3 342 (103)
2012 77 24 2417 (734)

v With larger statistics, we can look

into lepton pseudo-rapidity, 7e,

dependence of spin asymmetry

v' To accommodate the low statistics
of 2011 dataset, Profile Likelihood
method was used in combination of

2011 and 2012
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W A; Result of 201142012

A

Jinlong Zhang(SDU)

o.5; | {%- {%— I _E%_'

S5 wrw

W AL(ne) 201142012

L => +
p+p > W —e‘+v
r Vs=510 GeV 25 < E7 < 50 GeV

Rel lumi
syst

-~ -+ STAR Data CL=68%
—— -.-.- DSSV08 RHICBOS b
- DSSV08 CHE NLO
[T LSS10 CHE NLO
DSSV08 LO Ay?/x%= 2% error
[T 3.4% beam pol scale uncertainty not shown
P T S N I S BTSN S EY

2 - 0

1 2
lepton 1

PRL 113, 072301 (2014)
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STAR measured the
parity-violating single-spin
asymmetry A; for |ne| < 1.4
from 2011 and 2012 data
Provide the first detailed
look at the asymmetry's 7,
dependence

A (W) is consistent with
theoretical prediction

A (W™) is larger than the
predictions for 1. < 0, which
is particularly sensitive to A
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Impact of STAR Result

DSSV++ NNPDFpol1.1
T T T T T . .
sk / 4 ool XAT(X,Q%=10 GeV?)
2 A _
Ay? J—
% 002 o
10 4
DSSV DS$V
Myt=2% 7 Ay’=2%
i -0.02]
5+ 5 \ B
”t?\lf\*‘\: / 0041~ [ NNPDFpol.1
~ A Q’=10 GeV* [ pssvos ax*=1
o R o d| 0+ - 4 — positivity bound
006 3
I I I I I L L L L L ! | L
-0.06 -004 -002 0 002 004 006 2008 006 004 -002 0 002 10° 107 10" 1
2 FopS x
Au(x,Q") d Ad(x.Q") dx
f Q) dx f Nucl.Phys.B 887(2014) 276-308

arXiv: 1304.0079

® STAR 2012 results included in global fits by DSSV and

e STAR run 2012 W results provide significant new constraints on & and d
polarization.

e Shift in best fit values for AT and Ad after including STAR new results
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Z A; Result of 2011+2012

Z — ete~ Candidate

= © 20 4+ sTARData
2 15 Z/y* - e*e’ MC
S Il <1.1
N qof ]l
S |
2 L
[
2 smbalts ikl fhy
40 60 80 100 120
m,.. (GeV/c?)
PRL 113, 072301 (2014)
AEIY*O g/us\‘wm
L] FU"y reconstructed ete™ - DSSV08 CHE NLO
final state. '
0.2 . » .
e ee p+p — Z/y* — e'+e”
e Reconstruct initial state Pl R ey
kinematics at leading order: 4% beam pol sale uncetantynot hown ‘
0.1 0.2 03 0.4 0.5
_ %eﬂ:yz X,

X12) = s
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Run 2013 Dataset

STAR pp500 Longitudinal
Run || L (pb7!) P FOM

2009 12 0.38 1.7
2011 9.4 0.49 2.3
2012 " 0.56 24

2013 | ~300 |~ 0.53| ~84

* where FOM stands for figure of merit, P>L (pb™*)

e In 2013, STAR collected an integrated luminosity of ~300
pb~! at /s = 510 GeV with an average beam polarization of
~53%, which is 3 times greater than total of previous years in
FOM.
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Analysis Status of W A; for Run 2013

Raw W signal Charge Separation
E atries gauss fil: X0, ©
1200F !E fries 013 a00|— 0.9, 031 ln
1000F 5261 eve >thres - 1‘0:1 . ?'!31 I m
s00f 300 f Lﬁk
600 F 200 -
400F w- L w‘%
AN
%~ 20 30 40 50 60 Qo= 5 3 3=
2x2 cluster ET (GeV) O*ET/PT
60 Run 2013 Data Embeded Monte Carlo
?.'J, " -r": i E > Sl . 1500
:‘3- 40 " N 500 g 40 o Ly —[1e00
E E E 1400
T 20 400 S 20 " 1200
E c 500 E - s l. - 1000
o
T 0 - s00
dg: 200 = LI = 600
= = ® 'L
@ .20 00 -20 - 00
- im - 200
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* roughly half of the total statistics of run 2013
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Projection of W A; for Run 2013

STAR Run 2013 Projection

AL
- Pep oW Sefav
- 5=510GeV 25 < E° < 50 GeV W’
0.5 -_ L etiverea =460pb K
~l <P> = 53%

FGT was fully installed for Runi3

e Extension of backward and forward
e acceptance enhances sensitivity to
| - Dssves RHICBOS wW* o and d quark polarization

---+ -----DSSV08 CHE NLO
(I -~ LSS10 CHE NLO

2[y2= DO H et H
r 3.4% bearasp%\r?ssc::-lg L?r’fcgﬁ't_aii{;i';?rshown ‘ ° ngher prGCISIc)n reSU|t IS expeCted
o from much larger statistics of
-2 -1 0 1 2 .
lepton 1 runl3 database (being analyzed).
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o STAR has measured the parity-violating A; of W
bosons as a function of decayed lepton
pseudo-rapidity, e, which provides significant
constraints on AT and Ad

o New constraints on light sea quark polarization
from W data, preferring a positive At

 Higher precision data being analyzed now from

Run 13.

New results are coming!
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Second EEMC Background

near-cone
jet veto
works well

near-cone
jet veto

IMPAIRED
due to missing
East Endcap

back-to-back
di-jet veto on
back-to-back ~ East Endcay
di-jet veto in FAILS £
West Endcap

works well

forward-forward
di-jet veto on 4%
East Endcap
FAILS

forward-forward
di-jet veto in
West Endcap
works well

The background events rejected by the real EEMC which are measured in
the positive detector 1 bins correspond to the background event that would be
removed from the signal yield in the negative detector 1 bins by a fictitious
EEMC on the east side of STAR.
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Systematic Uncertainties

e Beam polarization uncertainty: correlated scale 3.4%
e Relative luminosity uncertainty: correlated offset AA; = 0.007

e Background estimation: less than 10% of statistical error
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W A;; Result of 201142012

Measure double spin asymmetry:

o™t +om " )—(0T"+o™ T
ALL - EU++IU__§+EU+_IO'_+;

® Probes different combination of quark polarizations

wt Au Ad w— Ad A
ALL ~ g ALL ~ ===

d d u
® Proposed to test positivity constraints using a combination of A, and A;

® First measurement is consistent with predictions from DSSV

A > >
LL - PP > W set+v
051 (s=510 Gev 25 < ES < 50 GeV
o= 1 N L3 I

L —_———
r ww
[ +@+ O« STAR Data CL=68%

05— — ---- DSSV08 CHE NLO
[ ﬁ.s%‘beam pol scale uncerlain?y not shown
0 0.5 1

lepton In|
arXiv: 1404.6880
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Extract Spin Asymmetry with Profile Likelihood Method

V' Profile Likelihood Define a likelihood function for 8 spin-dependent

method was used in yields from pair of symmetric 1 region of STAR :

combination of 2011 and
2012

v" Accommodate the low
® P(M;|u;) is Poisson probability, for measured spin

statistics of 2011 dataset sorted yield M; in the expected value i; given by :
piy =l N(L+ PLBALTS + P2BAL e + P1PaBALL)
ni_ =1 _N(L+ P1BAL"S — PaBA; " — PiPaBAL))
B =1_ N1 — PLBAT" + P2BA; " — PiPaBAL )
1 =I1__N(1— P1BAf"® — P2BA[ TS + P1P2BALL)

*where Py(P2) beam polarization, At"e (Azne) single-spin
asymmetry, A double-spin asymmetry, N, spin averaged
yield, |4 4 the relative luminosity

® g(p) is Gaussian probability for estimated dilution
background, B = S/(S + B).

Extract asymmetries from likelihood function
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