Probing Sea Quark and Gluon
Polarization 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

Helicity PDF |
i Af() = ’

AG = [Bg)) do

Indirectly constrained by DIS
and a primary focus of the
RHIC spin program
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Flavor Asymmetry of the Sea

29 ;Fermilab E866 - Drell-Yan
Unpolarized Flavor Asymmetry: 20 nast| T
- MRS(R2)
1.8
* Quantitative calculation of Pauli blocking 1.6
does not explain d/u ratio S 14r
* Non-perturbative processes may be 12
needed in generating the sea e
* E866 results are qualitatively consistent 08
with pion cloud models, chiral quark 06 =0.032 Systematic error not shown
soliton models, instanton models, etc. | S D P D D

G O@s 0l s 02 028 08 035
X

PRD 64, 052002 (2001)
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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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® 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)

DIS 2014 Justin Stevens, Mir 4




“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
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Triggering Endcap EM
Calorimeter (EEMC):
f 1.1<n<2
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Gluon polarization at RHIC

STAR  Preliminary
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* For most of the RHIC kinematics, qg and gg dominate, making A.L for
inclusive probes (jets, n’s, etc) sensitive to gluon polarization

* Jet cross sections at RHIC well described by NLO pQCD calculations
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STAR Inclusive Jet AL
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* Statistics from 2009 sufficient to bin in n

* Inclusive jet AL falls between DSSV and GRSV-STD

* What have we learned about Ag(x)?
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Gluon polarization in global fits New DSSV Fit

arXiv:1404.4293
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¥ DSSV has a new, global analysis which includes 2009
PHENIX and STAR AL. data

* First experimental evidence of non-zero gluon polarization in
the RHIC range (0.05 < x < 0.2)

% (Consistent with results from NNPDF group (see talk by E.
Nocera this afternoon)
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Inclusive jet projections

:'f:_\AR Inclusive Jet Projections

4 Run 9 Preliminary
B Run 12 Proj Stat
=== =GRSV-Std (500)
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e GRSV-Std (200)
DSSV (200)
¢ Runs 9+15 (200)

I
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% Significant improvement in statistical precision with

% EXxpect to reduce uncertainties on Ag by a factor of ~2

data collected in 2011-2013 and expected in 2015
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Gluon polarization: low-Xq

* Higher\/g and forward rapidities probe the low-xg region

% Correlated probes are sensitive to the x dependence of Ag

* 2011-2013 collected large dataset at \/g = 500 GeV

_USTAR Di-jet Projection

STAR: east barrel - east barrel and west barrel - west barrel
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Talk by B. Surrow Thursday
in WG6+WG7 joint session
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Probing sea quark polarization
through W production

W BOSON

The WBOSON is a
messenger particle which
communicates the weak
force. Unlike the plln(()n
and gluon bosons, it has a
mass. Like the Z boson, it is
one of the most short-lived
particles known, with a
mere 10727 second hifetime,
It can be negatively charged
(W-) or positively charged
(W+). Luckily you can have
both, as the toy is
double-sided.

2-SIDED )
W+ side

0000000000000
LIGHT HEAVY
W BOSON

sPARTICLLEZ0
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u+d—WT set +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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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
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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

DIS 2014 Justin Stevens, IMir 14




150

100

Events / 2 GeV

50

300

200

Events / 2 GeV

100

Mid-rapidity background estimation
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Electron Inel<0.5
— STAR Data

---- W—=ev MC

[ ] Data-driven QCD

Positron Inel<0.5

Electron O.5<hqel<1 1

[ ] Second EEMC
B W—-tvMC
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b Positron O.5<Inel<1 N
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@ arXiv:1404.6880

DIS 2014

|
20 30 40 60

50
E; (GeV)

W Signal
%* “dacobian Peak”
Electroweak

* Z — eeMC

* W - 1vMC

QCD Background
% Second EEMC
% Data-driven QCD
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STAR W AL(n)

~\USTAR  Preliminary Run 2012

Bap — W — e +v * AL(W+) is consistent
(5=510 GeV 25 < E7 <50 GeV with the theoretical
05 o predictions constrained
W %} %} *%} j%,, by polarized SIDIS data
o~+ """""" '3 T | % ALW-) is larger than the

| __ predictions for ne<0,
0.5- we m which is particularly

sensitive to Au

g TS onEne L * What have we learned
Gemaiing oyet <305 o o evre, 10 about sea quark
SRR E R R S N SRR N E T : : N
- p 0 1 ” polarization”
lepton n
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STAR W AL(n)
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@ arXiv:1404.6880

DIS 2014

* AL(W+) is consistent
with the theoretical
predictions constrained
by polarized SIDIS data

%* AL(W-) is larger than the
predictions for ne<0,
which is particularly
sensitive to Au

* What have we learned
about sea quark
polarization?
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Sea quark polarization

arXiv:1007.4061
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* DSSV+ (arXiv:1108.3955) includes higher precision DIS
and SIDIS data from COMPASS compared to DSSV08
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Sea quark polarization

~USTAR  Preliminary Run 2012
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DSSV++ is a new, preliminary global analysis from the
DSSV group which includes 2012 STAR W AL
Higher precision data already collected in 2013 will further

Improve the constraints on the sea quark polarization
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Sea quark polarization
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DSSV++ is a new, preliminary global analysis from the

DSSV group which includes 2012 STAR W AL

Higher precision data already collected in 2013 will further
Improve the constraints on the sea quark polarization
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Sea quark polarization
DSSV++ (prelim.)
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280 JAM
. . . ! 1 SO0
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flavor asymmetry in lattice QCD ) arXiv:1402.1462
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STAR W AL

ALL

@ arXiv:1404.6880
o5 PP — W° —e*+v

\s=510 GeV 25 < E2 <50 GeV
T

W' w
~@-+ -0~ STAR Data CL=68%

— ---- DSSV08 CHE NLO
6.5%Ibeam pol scale uncertainlty not shown

0 05 1

-0.5

lepton Il

* Probes different combination of quark polarizations

ottt —ot™ we AuAd w_  AdAu
ALL:U+++U+— ALy~ u d ALp ~ d u

* Asymmetries expected to be smaller, and first
measurement consistent with predictions from DSSV
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X,

Z — e*e” Candidate

Reconstruct initial state
kinematics at leading order:

eyz

L1(2) = NG
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Parity-Violating Asymmetry: AL

A =

Proton /l\lelicity ="
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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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Expectations for W AL

o —Ad@)a(@s) +Aa@)d(ms)  we  —Aule)d(r:) HAd Ju(z)
L _ _ L 7 7
d(z1)u(x2) + u(r1)d(2s w(z1)d(z2) + d(@1)u(z2)
0.03 T - _ A
- 4 x Au(x,Q) _ L Bip > W™ — € 4 * Large parity-violating
AN - (5=510 GeV 25 < E? <50 GeV asymmetries expected
0.01 | N .
/ " ‘ * Simplified interpretation
“o | _ at forward and
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X i +
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underestimates the v HEnLe d e 4 —002
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(and Lagrange muiltiplier : pssv |
estimates for a Ax?/x? = . '1 — (') 1' ' o o
2% error are in progress) lepton 1 PO o bR om0
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Previous STAR Measurements

PRL 106, 062002 (2011)
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* 2009 was a very successful
first 500 GeV physics run
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How do we find Ws"?

e Match pr> 10 GeV

track to BEMC cluster
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Forward rapidity
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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
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