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Relativistic Heavy lon Collider

RHIC energies, species combinations and luminosities (Run-1 to 22)
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Center-of-mass energy \/sNN [GeV] (scale not linear)

e RHIC continues to serve as the * At RHIC, protons can be polarized either:

world’s first and only polarized pp  Longitudinally (along the direction of the beam)
collider. — Proton spin composition

* Features pp collisions at * Transversely (perpendicular to the beam)

v/s = 500/508/510 GeV and — 3D image of the proton
Vs =200 GeV. * Or can be unpolarized (if we choose not to look at

- pA./Syy = 200 GeV and the polarization)
NN —

.. — Parton distribution functions
AA \/syy = 3~200 GeVcollisions _
DN — Non-linear gluon effects ,
ae D. Nam




Physics case: d/u asymmetry
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While the valence quark (d, u) structure of
the proton is well determined, the anti-
quark counterpart (d, &) is much less
constrained.

Non-diminishing asymmetry between the
anti-quarks in the protonsead, i is a
purely non-perturbative phenomenon.

The anti-quark ratio d /i is typically
measured in Drell-Yan type experiments
with deuterons.

Inconsistencies among these measurements
have been found, especially in the proton
momentum fraction range x > 0.2.

W measurements at RHIC may provide
ingight around the same x region at higher
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W production in pp collisions

e W cross sections at LO
o do"™t ocu(x)d(x,) + ulxy)d(x;)
b dO_W_ (08 a(xl)d(xz) + a(xz)d(xl)

* At LO, momentum scale set by the W mass, Q*~Mg;.

- Ry =

ot u(xy)d(xy) + ulxy)d(xy)

"= " Al d(xp) + u(x)d(xy)

Leptonic decay via W — ev
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— Charge discrimination as a function of y,.

Key feat

ures in experiment

* High pr electron.

* Electron/hadron discrimination needed.

* Large imbalance in pr due to missing v.
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Solenoid Tracker At RHIC (STAR)

* For measurements of W bosons,
it is important to achieve near
41 detector acceptance.

 Time Projection Chamber(TPC)
* Acceptance of [n]| < 1.3.
e Provides tracking & PID.

* Electro-Magnetic Calorimenter
« Barrel (BEMC): |n] < 1.
* Endcap (EEMC): 1 <7n < 2.

e Assists in electron/hadron
discrimination.

* Assists in electron charge
discrimination.

o o * The W bosons detected in the TPC + BEMC (barrel
* Luminosity monitoring & region) arise from a kinematic region of

Vertexing 0.1 <x<0.3.

* Beam-B Counter (BBC : i ' ' idi
eam-Beam Counter (BBC) e EEMC provides coverage in the intermediate rapidity

* Zero Degree Counter (2DC) region 1 < n < 2, extending the kinematic reach to
* Vertex Position Detector (VPD) 0.06 < x < 0.4.
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RHIC pp Run Overview

Integrated polarized proton luminosity L [pb-]
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Run Vs (GeV) L (pb™1)
2009 500 10

2011 500 25

2012 510 75

2013 510 250
2017 510 350
2022 508 450 (estimate)

Time [weeks in physics]
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L ~ 700+ 450 pb~1 of pp
collisions with 4/s = 500 GeV has
been collected at STAR.

Initial measurement based on Run 2009
with L ~ 10 pb‘l.

(STAR, PRD 85 092010)

Follow up study with Run 2011-2013

with L ~ 350 pb~1 has been published.
(STAR, PRD 103,012001)

Preliminary study based on Run 2017
with L ~ 350 pb~1.

New dataset with L ~ 450 pb~1.
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W tagging method

Events

50

150

100

TPC track extrapolated to
BEMC tower grid

| STAR, PRD 103 (2021) 1, 012001 |

0.0<1,<0.25

g
+ STAR (2013) h

W bosons that undergo the leptonic decay
process, W — ev, are tagged.

Imbalance in pr due to the missing neutrino.

High ﬁT,bal (= ﬁT,e + z:ﬁT,recoil) events are
selected.

Unlike hadrons, electrons deposit their energy in
a highly concentrated region in the EMC. This
isolated electron energy deposit is selected with
E%XZ/E$X4.

Charge separation from TPC + EMC (Q.X Et/pT).

Although not in this measurement, full W
kinematics can be reconstructed.
* Used for measurements of Sivers effect.
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Signal/background description
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* Electroweak (N;_ e, Ny —¢y) background
» Z decays with one unidentified electron
* Leptonic decay of T
* Estimated with MC (Pythia)

QCD background

Due to the limited acceptance and kinematic
coverage, imbalance in pr may appear in QCD
events.

 Two methods employed to estimate their
contributions:

 Second EEMC (Ngguc)

* Accounts for missing backward coverage
(—2<n<-1)

* Estimated by mirroring the effect of existing
EEMC in the forward direction.

* Data-driven QCD (NQCD)

* Remaining background contribution that passes
the selection process.

* Distribution obtained by using events that do not
pass the pr 4 cut.
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Efficiencies
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* Inthe W cross-section ratio measurement, the
expression of the ratio reduces to:

o +/0_ = Nc;l-bs / No_bs
wreEw et[Ldt’ e[ Ldt
€ 'NSJEg — Ny,
e* Ns_ig - Nb_g

where € represents the product of the efficiencies
of our selection process.

* Lower efficiency in Run 2012 and 2013 (compared to
Run 2011) due to higher material budget and event
pile-up caused by higher instantaneous luminosity.

* Higher tracking efficiency in 2013 than in 2012 due to
improvements in tracking algorithm.

« MC study suggests that the efficiency ratio e " /e ™ is
consistent with unity and the deviation from unity is
taken as a source of systematic uncertainty.
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Results
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* Measurement with STAR 2011-2013 data set has been published
(PRD 103 (2021) 1, 012001).

* Additional data set taken in 2017 has been analyzed and is in preliminary release.

* These measurements are consistent with each other within their uncertainties.
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Results (continued)
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* Shown here is the result from the combined STAR 2011-2013 + 2017 data set.
* Represents combined statistics of L ~ 700 pb~1.
e Overall good agreement with the PDF distributions.
* Latest PDF sets will be included in the final paper.




Results (projection)
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* Projection for STAR 2022 data set
 Combined statistics ~1 fb~?!
* Pushes the measurement to the systematic limit.
* Concludes 500/510 GeV pp program at STAR
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Measurement of the total cross

sections.
O_fid _ Nsig _ Nbg
w/z e[ Ldt
tot _ _fid
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* Acceptance correction on 2011 sample
(/s = 500 GeV) to match 2012 and 2013
samples (v/s = 510 GeV) by using FEWZ
[PRD 86 (2012) 094034].

Z reconstruction

* The leptonically decaying Z —» e*te™ bosons
are tagged by looking for electron-positron
pairs.

* Additional selection process based on the
reconstructed mass M, to rejecty* - ete~
processes.

Results with 2017 data set in progress.
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PDF impacts

JAM, PRD 104 (2021) 7, 074031 S.Park, DIS2021
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* Recent publication (STAR 2011+2012+2013) has been included in global fits.

* STAR data have a moderate impact on the sea quark distributions around x ~ 0.2.
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Summary & Outlook

« W* /W™ cross-section ratio has been measured with STAR pp /s =
500,510 GeV datasets.

* Probe d/u asymmetry in the proton sea, complementary to Drell-Yan
measurements.

* Results based on STAR 2011+2012+2013 (L =~ 350 pb~1) have been
published.

 STAR 2017 (adds additional L =~ 350 pb~1) dataset in preliminary state.
e Combined results consistent with the current PDF distributions.
* Global fit analyses confirm constraining power in the valence region.

 Qutlook

e STAR 2017 results nearing publication.

* Measurement will reach systematic limit upon inclusion of new STAR 2022
dataset.
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