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Theoretical foundation I

O How do we probe the structure and dynamics of matter in ep vs. pp scattering?

Universality

Momentum
contribution
_AL
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iL Theoretical foundation

O Proton spin structure using high-energy polarized p+p collisions - W production

O Observable: Quark/Anti-quark
polarization (W production)
O Longitudinal single-spin

asymmetry AL

O4 — O
Ay = &
G- 9 G

O Parity violation for W production!

O Features of W boson production
probing parton distributions:

O Direct sensitivity to quark (u/d) / anti-
quark (ubar/dbar) distributions

O Large scale defined by W mass (~806GeV)

O Simple final state of charged leptons: No

dependency on fragmentation functions
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O Polarized and unpolarized partonic cross-sections
known at NLO / Resummation framework - W A_
asymmetry results powerful input for global analyses

such as DSSV and NNPDF at NLO level!
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T
iL Theoretical foundation

O Probing the quark flavor structure: W boson production (1)
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O Key signature: High p; lepton 3 g
(e/e*)(Max. M,,/2) - Selection @ 7
= 6
of W+/W-: Charge sign §- 5
discrimination of high p; S ¢
lepton 2
O Required: Lepton/Hadron (1)

discrimination P. M. Nadolsky and C.P. Yuan,

Nucl.Phys. B666 (2003) 31.
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iL Theoretical foundation

O Probing the quark flavor structure: W boson production (1)
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iL Theoretical foundation

O Probing the quark flavor structure: W boson production (2)

W+ W-

I Vs=510 GeV

e*/- pseudo-rapidity
O Approximate kinematic range at RHIC:
0.06<x<04 for-2<n<2

O Measurement at LHC in high-x range would require

very forward measurements
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L Experimental aspects - RHIC

O The world's first polarized proton+proton collider
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L Experimental aspects - RHIC

O Polarized p-p collisions

O Production runs at
J/s=500/5106eV (long.
polarization) in 2009, 2011,
2012 and 2013: W
production (Quark
polarization) / Jet and

Hadron production (Gluon

polarization)
Run L (pbt) | P (%) FOM (P2L) (pbY)
Run 9 12 0.38 17
Run 11 9.4 0.49 2.3
Run 12 72 0.56 24
Run 13 250 0.54 73
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L Experimental aspects - STAR

O OQverview

0
0
00 \\Emb\,\
O Calorimetry system with [

2m coverage: BEMC ’,

(-1<n<1) and EEMC (1<n<2) \\‘ | _ !
’l - ‘\\_m,‘\

O TPC: Tracking and
particle ID

/

O ZDC: Relative
luminosity and local
polarimetry (500GeV)

O BBC: Relative
luminosity and
Minimum bias trigger

0
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Results / Status - W reconstruction I

0O W boson reconstruction at STAR vs. pseudo-rapidity n

n=-1 n=1
@
§ Y

B = Jet 1

Jet 2

Transverse
plane view

E)
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AL Results / Status - W reconstruction I

10

0O W boson reconstruction at STAR vs. pseudo-rapidity n

STAR di-jet event
p+p'§00 GeV
April 2

STAR W-event candidate
p+p 500 GeV
April 2009

n=-1 n=1

Transverse
plane view

E)
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Results / Status - W reconstruction I

Mid-rapidity STAR selection criteria

O Match pt> 10 GeV track to BEMC cluster
O Isolation ratio 1/ Isolation ratio 2

O pr-balance cut

p}bal :p}e 4+ Z p}]ets
AR>0.7
e =~ bal
Pr-balance cos(¢) = w
P

Transverse plane view
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| Barrel electron candidate, cut=max 2x2 |

11

Run 13

10° Track / Cluster matching

- Isolation cut 1 (ET 2X2 /4X4

- Isolation >0.95 and ET>14GeV)
10° = cut 2 (I

- 2X2/

|~ Near cone
10° >(.88)

= pr balance

| cut
102 > 14GeV

§ 1 1 1 1 I 1
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4X4
E°;
TPC track extrapolated

to Barrel calorimeter tower grid
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Results / Status - W reconstruction

12

O  Mid-rapidity W+ / W- signal distributions / Background determination

w
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a
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: Background which satisfy et candidate isolation cuts

Run 13

STAR Er distributions
for W-/W+ candidate
events well described by
W — e + v (W-e decay)
signal events and data-
driven QCD background
estimation plus electro-
weak background events
in four mid-rapidity n
bins

O Second EEMC QCD background estimate: Background ("Jet") at non-existing calorimetric coverage for -2 < n< 1.1 based on
instrumented calorimetric coverage with STAR EEMC for 1.1<n< 2

O Electro-Weak background: Z — e* + e- (Z decay) and W — 1 + v (W-Tau decay) / PYTHIA-MC estimation!
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I Results / Status: Cross-section W+/W- |

13

O W/Z cross-section measurements at collider experiments
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O Measured and theory evaluated
cross-sections agree within
uncertainties

O  Theory calculations: Full NNLO

framework
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GT:L
I Results / Status: Cross-section ratio W*/W-

O STAR: Probing dbar / ubar ratio: QCD sea
30 B. Kerns et al. (SeaQuest Collaboration), APS April Meeting, 2016.

@@a\ # NASI
W s W E-866 NLO

p ] il Ve (56) 2.5 @ SeaQuest Preliminary LO

B oW B 0.5 E-866 sys. I T S |
u(x1)d(xe) + d(z1)u(ze) SeaQuest sys.
u(xq)d(z2) + d(zq)u(zs) 0.0 x x 1

O STAR coverage at mid-rapidity: 0.1<x<0.3 for -1<n<1
O Constraints on global fitting for dbar/ubar through W production at higher Q% compared E906

O Independent cross-check of Drell-Yan data
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I Results / Status: Cross-section ratio W*/W-

O STAR: Probing dbar / ubar ratio: QCD sea

14
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O STAR coverage at mid-rapidity: 0.1<x<0.3 for -1<n<1
O Constraints on global fitting for dbar/ubar through W production at higher Q% compared E906

O Independent cross-check of Drell-Yan data
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GTil
I Results / Status: Cross-section ratio W*/W-

0O STAR: W cross-section ratio measurements (Run 11 / 5006eV) (Run 12 / 510GeV)

8

p+p—oW+X—et+X
7

STAR Preliminary

Ow+
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O Run 11 + Run 12 preliminary result: ~100pb-!

O Run 13 data sample with ~250pb-1will provide important improvement on precision

O Large Run 17 data sample of ~350pb-! M. Posik et al. (STAR Collaboration), DIS 2015.
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I Results / Status: Cross-section ratio W*/W-
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0O STAR: W cross-section ratio measurements at (Run 11 / 5006eV) (Run 12 / 510GeV)

O W boson kinematics can be determined by reconstructing the W kinematics via its recoil

8
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O Combination of data/MC simulations allows W boson rapidity reconstruction

O Critical for transverse single-spin asymmetry result of W production probing Sivers sign change

XXVI International Workshop on DIS and Related Subjects - DIS2018
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S. Fazio et al. (STAR Collaboration), DIS 2015.
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Mol
Results / Status: Cross-section ratio W*/W- I

0O STAR: Run 11 / 12 uncertainties in comparison to projections for Run 13

Charged W Cross Section Ratio Projected Uncertainty

25

20

15

2011+2012 (~100 pb™)

Projected 2013 (~250 pb™)
| Projected 2017 (~350 pb™)
| Projected Combined (700 pb™)

Relative Statistical Uncertainty [%)]

O Improved precision with Run 13 compared to Run 11+12 preliminary results

O Further improvement from Run 17 p+p data sample expected at 5106eV with 350pb-!
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Results / Status: AL asymmetry W+/W-

O RHIC Probing the quark flavor structure using W boson production
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8 Results / Status: AL asymmetry W+/W-

0 STAR: Published W AL measurements (Run 11 / 5006eV) (Run 12 / 510GeV)

L. Adamczyk et al. (STAR Collaboration), Phys. Rev. Lett. 113, (2014) 072301.

O Measured asymmetries constrain anti-quark

A

polarizations: Larger asymmetry for W- suggest

large anti-u quark polarization!

O Critical: Measurement of W+ and W-
asymmetries as a function ne
O Extension of backward / forward ne

acceptance enhances sensitivity to anti-u /

0.5

20 + STARData

15 W2y seeme
mel <11

10—

5

anti-d quark polarization

Events / 2 (GeV/c?)

O AL (Z/y") result: AL=-0.07+014 514
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Results / Status: AL asymmetry W+/W-

O Impact of STAR 2012 W AL measurements (DSSV)

Anti-u quark polarization Anti-d quark polarization
I-,I L I T lz‘lll T T I T T l T ld T I'.I T ﬁ. T ‘l T I ¥ T T I T T T I i! T I T T I'
1'_" "' A 15_“‘\ ’! ' -
Jd ! — — 3 —
[ ! Do [ : il
2 L ° t i L 2 L7 N i r
Ay~ [ A | i Ay~ [ i s ' b
B | H P ! T \ \\ Il ’
- * "‘ i ! . - \\ ‘ ; , .
10 \ ? T 10 - % \\ ; -
L ‘\ | . i L 1 I /' i
\ i J DSSV N N i s DSSV
------- R e ey 2 K <_n0
1 i / i Ay =2% i 4 \ ! [] | A =2%
B | \‘ ’ il 7 1 \‘ i ’
B ! 4 7 B 2 ] ' i
s A A U - -
B ' \ ’ . / . - CCRRRLLLTN \‘ \\ . 7 ’ DSSV+ -
= \\ . ". ,/ : 1’:“ ........ o .: DSSV++!\‘“ ‘: [.I: '/ i
X 4 . A H " N
i ‘\\ = !U LA ,.’5 D/igygdt 1: | w/ STAR data}'\. :g ;o 4 .
L+ 30- R — ¢ N o ; ‘.}: 4 52:, - st N \\ . ’I Q =10 GeV
O — - \\ﬁ /. DT TR 1 O | \~\.’0, ‘.‘ —
1 | 1 1 | 111 ' 111 | [ |'k [ | L1l | 1 l I — l | _ul | | —| I | — | |
-006 -004 002 0 002 004 0.06 -008 -006 -004 -0.02 | 0 0.02
|
- 2 I 2
[Aux,Q%) dx JAd(x,Q%) dx
0.05 0.05

. g . E. Aschenauer, arXiv: 1304.0079.
O Significant constraint for ubar and dbar.

O Significant shift of ubar central value from STAR 2012 W A prelim. data.
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Results / Status: AL asymmetry W+/W-

O Impact of STAR 2012 W AL measurements (NNPDF) (1)

Anti-u quark polarization Anti-d quark polarization
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X X
. ) R. Ball et al. (NNPDF Collaboration),
O Significant constraint for ubar and dbar. Nucl. Phys. B887, (2014) 276.
O Significant shift of ubar central value from STAR 2012 W A prelim. data. E. Nocera. PoS DIS2014 (2014) 204,
arXiv: 1406:7122.
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8 Results / Status: AL asymmetry W+/W-

O TImbact of STAR 2012 W Al measurements (NNPDF) (2)
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O Flavor asymmetry of ubar and dbar is positive
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R. Ball et al. (NNPDF Collaboration),
Nucl. Phys. B887, (2014) 276.

O Flavor asymmetry of ubar and dbar of similar magnitude as respective

unpolarized differencel!
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E. Nocera. PoS DIS2014 (2014) 204,

arXiv: 1406:7122.
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I Results / Status: AL asymmetry W+/W-

23

O STAR: W AL measurements (Run 13 / 510GeV)

O The most precise
measurement of W A_ up
to date from Run 13 W-
measured over 4 bins in

mid-rapidity for

O Expect to further

constrain ubar / dbar.

XXVI International Workshop on DIS and Related Subjects - DIS2018
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Results / Status: AL asymmetry W+/W-

24

O STAR: W AL measurements (Run 11 / 5006eV) (Run 12 / 510G6eV) and Run 13 (5610GeV)

O STAR 2013 W A_ preliminary results is the

most precise measurement of W AL up to date.

O STAR 2013 preliminary W A_ results

consistent with published 2011+2012 results. 0

O Statistical uncertainties (Dominant
uncertainties) were reduced by 40% / Similar

systematic uncertainties.
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O World data: W AL measurements STAR and PHENIX and mid-rapidity

O STAR 2013 W A_ preliminary results is the

most precise measurement of W AL up to date.

O STAR 2013 preliminary W AL results consist

with published 2011+2012 results.

O Statistical uncertainties (Dominant

uncertainties) were reduced by 40% / Similar

systematic uncertainties.

O Results consistent with published PHENIX

mid-rapidity measurements.

XXVI International Workshop on DIS and Related Subjects - DIS2018
Kobe, Japan, April 16-20, 2018

25

Al

" Vs=510 GeV

> + -
p+tp =W —e*+ v
25 <E; <50 GeV

0.5

______

_____

- w
-0.5— +O~ +~@- STAR 2013 Preliminary
-~ ~#~ STAR 2011+2012 Data
5+ % PHENIX 2013

|+~ &~ PHENIX 2011+2012

_ DSSV08 RHICBOS

. --- -.-..DSSV08 CHE NLO

-.LSS10 CHE NLO

- DSSV08 L0 Ay?/%x2= 2% error

1 3.3% beam pol scale uncertainty not shown

- A R R R AN T TR N SR N T MO S S |

Rel lumi
syst

-2 -1 0 1

2

lepton n

J. Zhang et al. (STAR Collaboration), INPC2016,
D. Gunarathne et al. (STAR Collaboration), SPIN2016.

Bernd Surrow



T

Results / Status: AL asymmetry W+/W-

26

O World data: W AL measurements STAR and PHENIX and mid-rapidity

O STAR 2013 W A_ preliminary results is the

most precise measurement of W AL up to date.

O STAR 2013 preliminary W AL results consist

with published 2011+2012 results.

O Statistical uncertainties (Dominant
uncertainties) were reduced by 40% / Similar

systematic uncertainties.
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O Results consistent with published PHENIX _1 -+ . LSS10 CHE NLO

mid-rapidity measurements.
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Summary / Outlook

O  Summary

O  Mid-rapidity (Run 11/12): Published W asymmetry results suggest large anti-u quark polarization along with broken QCD

sea.

O  New prelim. result of STAR 2013 W AL is the most precise measurement to date: Further constrain anti-quark helicity

distributions / Publication in preparation!

O New STAR 2013 W AL prelim. results consistent with published STAR 2011+2012 results and published PHENIX mid-
rapidity results.

O  Preliminary cross-section ratio measurement (Run 11/12): Strong physics case of unpolarized dbar/ubar ratio using W

production complementary to SeaQuest at FNAL / New Run 13 result in preparation!

2% U.S. DEPARTMENT OF Office of

ENERGY Science
O Outlook DOE NP contract: DE-SC0013405

O  Long 510GeV run in 2017 (Run 17) at transverse spin polarization of about 350pb-1: W An / Unpol. QCD sea
O  Unpolarized program for Run 17: Cross-section ratio measurements of W*/W- Unpolarized dbar / ubar probe
O  Exciting long-term polarized pp/pA program beyond 2020 requiring forward detector upgrade (Cold QCD plan)

E. Aschenauer, Cold QCD plan,
arXiv: 1602.03922.
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