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d /u asymmetry
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While the valence quark (d, u) structure of
the proton is well determined, the anti-
quark counter part (d, 1) 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 /1 is typically
measured in Drell-Yan type experiments.

Inconsistencies among these measurements
have been found, especially in the proton
momentum fraction range x > 0.3.

Independent investigations with different
physics processes are desired.




W boson production in pp collisions

e * At leading order, the cross-section ratio
between W and W™ productions, Ry, is
sensitive to the d /u asymmetry as follows:

o - u(xy) d(xz) + ulxy) dxy)
oW~ ulxy) d(xy) + u(xy) d(xq)

RW:

* The large mass of the W boson sets the
momentum scale of the process, Q% = Mﬁ,.

do(W - ev) 2(1 + cos 9) e At STAR, the leptonic decay of the W boson,
> . W — ev, can be observed.
de,e §cos6 * Large imbalance in energy deposited in the
calorimeter due to the neutrino.
° — sin O * The momentum spectrum of the electron
Pre Pe has a resonance peak around half mass of
e & =E,+E, = My W boson, often referred to as the Jacobian
peak.
4PF e

e cosf = |1——
S




Relativistic Heavy lon Collider (RHIC)

* RHIC is the world’s first polarized pp

collider.
}PHEN | - — : « L =700+ 400 pb~! of pp collision data
- with sufficiently high Q2 for W
production.

« Measurement with ~350 pb~? of data
has been published.

* The remaining ~350 pb~1! has been
granted preliminary release.

* Another dataset with ~400 pb~1 has
been taken in 2022.

Run Vs (GeV) L (pb™)

2009 500 10 —_— STAR, PRD 85, 092010

2011 500 25

2012 510 75 — STAR, PRD 103, 012001
2013 510 250

2017 510 350 mm==p | STAR preliminary (this talk)
2022 510 400 (estimate) 4




Solenoid Tracker At RHIC (STAR)

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

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

e Electro-Magnetic Calorimenter
* Barrel (BEMC): |n| < 1
* Endcap (EEMC):1<n <2

* Luminosity monitoring & e The W bosons detected in the combined TPC +

Vertexing BEMC (barrel region) arise from a kinematic region
* Beam-Beam Counter (BBC) of 0.1 < x < 0.3.

» Zero Degree Counter (ZDC)

 EEMC provides coverage in the intermediate region
* Vertex Position Detector (VPD)

1 < n < 2, extending the kinematic reach to
0.06 < x < 0.4.
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W tagging in the barrel region

Events

50

150

100

TPC track extrapolated to
BEMC tower grid

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

0.0<1,<0.25

~+ STAR (2013)

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 quantified
with E2%2 /E£%%,

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

Indirect, but smaller systematic uncertainty than
full W kinematic reconstruction.

LA




Analysis strategy
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In the W cross-section ratio measurement, the
expression of the ratio reduces to:

o +/O' _ N(j_bs No_bs
wriEw et Ldt" e[ Ldt
€ Ns-lltg - Nl;l-g

+ —_ _ —_
€ Nsig Nbg

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

€ = Etrigger X €pertex X E1:racking X Etagging

« MC study suggests that the efficiency ratio € " /e* is
consistent with unity and the deviation from unity is
taken as a source of systematic uncertainty.

* Np4 represents the sum of all remaining background
contributions.

Npg = Ny _zy + Nzee + Noecp + Negmc

Jae D. Nam




Signal/background in the barrel region

£ — 017 | Snp fe=si0Gay * Electroweak (Nz_ e, Nyw—orv)

S 2017 prel. . . . p-

Ssoo-| ¢ SV |TT W ety MG » Z decays with one unidentified electron
2500 e * Leptonic decay of T
2000 O W oy e * Estimated with MC (Pythia)

Bl Z > eeMC

QCD background

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

15 20 25 30 35 40 45 5°ET"ZZGV‘;° * Two methods employed to estimate their
contributions:

« Second EEMC (Ngguc)

1000

500

°IIIIIIIIIIIIII|IIII|IIII|IIII[I|II

-t

1200

pass the pr pa;-
200

R STARp+p f8=510 GeV * Accounts for missing backward coverage
S [| e 2017 |~ STAR2017 prel. ccou g 8
“g00l— 7" . W —e vMC (=2<n<-1)
. (] Data-driven QCD * Estimated by mirroring the effect of existing
so h Bl Second EEMC EEMC in the forward direction.
L t1 B wW-1tvMC .
i Bl Z - eeMC * Data-driven QCD (NQCD)
800 1 | * Remaining background contribution that passes
i the selection process.
door- * Distribution obtained by using events that do not

10 15 20 25 30 35 40 45 50 55 60 Jae D. Nam
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Endcap measurement

‘% - STAR p+p Vs =510 GeV +
i 0 —— STAR 2017 prel. e" 2017 (endcap)
80E- - ;Wt*devagCD * W tagging method in the endcap
E ata-driven . . . .
“ mwocowme | region is similar to that for the
60— .
- Ezoeewe barrel region.
o 1<n,<15 . :
s0— ¢ * Relaxed tracking requirements.
NE"  Employ EEMC and its
20 subcomponents instead of
oE - BEMC.
°3 =20 -10 0 10 20 30 40 50 60
signed Pt-Balance (GeV)
£ 100 staRpo Gos0ey | o= 5 y * Background description also
90— AR 2017 prel. e’ 2017 (endcap) follows a similar procedure.
8o~ W e vMC . . .
0 [ Data-driven QCD * Simulations are used to estimate
o Bl W-ovme - electroweak background.
B z->eceMC

* Description of QCD background
purely relies on data-driven
method.

: 14 L1l | 1
0—30 -20 -10 0 10 20 30 40 50 60

signed Pt-Balance (GeV)
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Endcap corrections

1.2

0.8
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STAR 2017 (endcap)

1<7’ <15 25 GeV < EZ <50 GeV
e .

—— MCW' > e*v

—®—- MCW —HevVv

4
+3?1;t¢+ ‘
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STAR 2017 (endcap)

—— STAR 2017 Prel.
—— MC Template 4-Gaus fit

Estimated e* candidates

Estimated e candidates

 Efficiency correction

* Evaluates detector acceptance & efficiency of the
selection process.

« Considers eV within 25 GeV < E; < 50 GeV.

* Reduced efficiency in the lower 1 region due to
detector acceptance effect.

 The correction factor (¢~ /€™) is consistent with
unity.

* Remaining deviation is taken as a contribution to
the systematic uncertainty.

* Charge correction

* Uses charge (QXEr/pr) distribution to determine
the correct-charge ratio.

* Two different fit methods used.

* MC template method uses W — ev simulations for
baseline description of the charge fit (nominal).

* Log-likelihood fitting of double-gaussian function to data.

e Difference between the two results are taken as a
contribution to the systematic uncertainty.

L




Results

12 - STAR Preliminary —— STAR2017Prel.
B —— STAR201142012+2013
L - - ‘1 OO CT14 NLO (FEWZ): 90% CL
1 O " p+p, Is =510 GeV, L =350 pb™ NNPDF 3.1 NLO (FEWZ)
L MMHT 2014 NLO (FEWZ)
- 25 GeV < E-?- < 50 GeV CJ15 NLO (FEWZ)
8 - BS15 (CHE)
. —W= JAM19 (FEWZ
o2 WS —>ev IIGENE)
E 6 -
+
22 B
& L
0 B | | 1 | | I 1 | I | | | 1 | | 1 1 | 1 | | | 1 | l 1 1 | 1

-1 =05 0 0.5 1 1.5
n

e

* 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)

1 2 - STAR Preliminary —— STAR 2011+2012+2013+2017
I g 900 CT14 NLO (FEWZ): 90% CL
1 O — P+P, Vs =510 GeV,L=700 pb™" NNPDF 3.1 NLO (FEWZ)
L MMHT 2014 NLO (FEWZ)
- 25 GeV < E-?- < 50 GeV CJ15 NLO (FEWZ)
8 . BS15 (CHE)
_9;, B W+ — ev JAM19 (FEWZ)
GRS
+
=2 -
I
0 B | | 1 | | I 1 | I | | | 1 | I 1 1 | 1 | | 1 | ‘ 1 1 | 1

-1 =05 0 0.5 1 1.5
n

e
* 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 current PDF distributions.
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Results (projection)

20.4
o i
. STAR 2011+2012+2013
5 L
2] -
0.3~ - STAR 2011+2012+2013+2017 (prel.)
0.2 B - STAR 2011+2012+2013+2017+2022 (proj.)
0.1

-0.1

_ | I | | | I | | | I | | | I | | | I |
0'2—1 -0.5 0 0.5 1 1.5
n

* 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

4/15/2021 Jae D. Nam 13




ons

Absolute cross secti

STAR, PRD 103 (2021) 1, 012001
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Measurement of the total cross

sections.

O_fid _ Nsig _ Nbg
wiz e[ Ldt
tot _ _fid

Ow)z = w izl Awyz

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].
e Z reconstruction

* The leptonically decaying Z - ete™
bosons are tagged by looking for
electron-positron pairs.

* Additional selection process based on the
reconstructed mass M, to reject y* —
ete™ processes.

* Results with STAR 2017 in progress.
Nam 14




PDF impacts

C. Coccuza, arXiv:2109.00677 S.Park, DIS2021
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* Recent publication (STAR 2011+2012+2013) has been included in recent global fits.

e STAR data have a decent amount of impact on the sea quark distributions around
x ~0.2.
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Summary/Outlook

* Summary

« W* /W~ cross-section ratio has been measured with STAR pp (\/s =
500/510 GeVl) data sets.

* Probes the d /i sea quark ratio in the proton, complementary to Drell-Yan measurements.
¢ STAR 2011+2012+2013 (L ~ 350 pb~1) results have been published.

« STAR2017 (L =~ 350 pb~1) results in preliminary release.
* The result based on the combined data set is consistent with current PDFs.

* |n addition, W and Z absolute cross sections have been measured.
* Measurement with STAR 2017 data set in progress.

* New global fit analyses since the recent STAR publication.

* Confirms the constraining power in the valence region.

e Qutlook
* The measurement of STAR 2017 data is being finalized for publication.

 Upon inclusion of STAR 2022 data set that adds another L =~ 400 pb~1, the
measurement will be pushed to the systematic limit (85,5 < 5%).
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