Measurements of Transverse Spin Dependent 777~
Azimuthal Correlation Asymmetry and Unpolarized 777~

Cross Section in pp Collisions at Vs =200 GeV at STAR

ERDONP2022

Fall Meeting of the Division of Nuclear Physics

of the American Physical Society

Oct. 27 - 30, 2022 S
Hyatt Regency Hotel, New Orleans, LA physics

! > ‘
- \.I'l
»~ - » | ’
5 -
'I
.

Babu Pokhrel
(For the STAR Collaboration)
10/30/2022
Supported in part by:
Innl 4 \\ U.S. DEPARTMENT OF Office of
TE VME RPSIl_TEY EN ERGY Science




Nucleon Structure and Transversity
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Observables for Transversity /,(x) in pp i D
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7 / hyhylk . .
do’ —dot 2 G ) Xz, M) extraction of transversity, i.
~N UT — X ) : —
3 do' + do Y fPa(x )P, ) DIz, M) » Extracted from the e*e™ data.
32 ikl \radl b_lv’.h.
§ § * Spin averaged FF, needed for the Unpolarized Dihadron Cross
s extraction of spin dependent FF, Section in pp:
s S hh °
§ 3 H "™, and transversity, /. e Channel: gPP—mhm+X
vﬁ < . . . 4 —
$5 Limited knowlegde from the e™e « Much needed measurement,

data. which gi1ves access to the
* pp channel requires the knowledge g. e
of Dlhlhzlq il Dlhlhz/g, for quark and unpolarized gluon FF, Dl1 215

gluon respectively.

Fall 2022 Meeting of the APS DNP, New Orleans, Louisiana 3



STAR 7"z~ Azimuthal Correlation Asymmetry
pT +p - hth— + X Radici et. al. Phys. Rev. Lett. 120 (2018), 19 192001
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Relativistic Heavy Ion Colhder (RHIC)

.o First polarlzed proton-proton collider.

L Center-of-mass energy up to /s =510 GeV. Sy
% e Transverse and longitudinal beam polarization. S
3 e STAR 1s at one of the collision points at 6

&% o’clock position.
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STAR Detector at RHIC
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Babu Pokhrel

EEMC Magnet TPC TOF VPD  BBC

Detector Acceptance ’ Use
TPC -1<n<1, 0<@<2m Tracking, PID
BEMC -1<n<1, 0<¢p<2m Event triggering
TOF -1<n<1, 0<¢<2m PID

Fall 2022 Meeting of the APS DNP, New Orleans, Louisiana

by Maria & Alex Schmah



STAR Proton-Proton Collisions Dataset

Collision proton-proton
Polarization transverse
Year 2006 2011 2012 2015 2017
Vs (GeV) 200 500 200 200 510
Lin (pb™") ~1.8 ~25 ~22 ~52 ~350
<Pbearn> (%) ~60 ~53 ""57 ~57 ~58
— 1
; STAR, Phys. Lett. B 780 (2018) 332 ] cross-section preliminary results IFF A, analysis
| STAR, Phys. Rev. Lett. 115 (2015) 242501 |  mea nt_ | |released -
10° STAR, Phys. Lett. B 780 (2018) 332
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Q
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STAR Preliminary: A s “b %) ys 77

Top Panel: _ _ STAR Preliminary 2015
e Ay as a function of 77 ¢ 003 pl+p — 7w +Xat Vs =200 GeV
o N
with p” * and Mﬁwﬂ integrated. 545 - Syst. Error ¢
Bottom Panel: 0021~ 77T <0 P T >0
e Mean x and z as a function of #* * from simulation. |- ; ¢
¢ | ;7”+”_ | <1, with respect to the polarized beam. 0.01— ;
° 0.1 <<x><0.22, <z>~0.46 - . 5
E D - ® w ’ ________________________________________
7 — JAr X = quark 0 u + 3% scale uncertainty from beam polarization (not shown)
E ’ ? _III|III|III|III|III|III|III|III|III|III
quark proton 0.6—
O 4 :_ L] L] ] O X 0 | ] [] ]
e Systematic uncertainty includes effects related - B<z> 0<X> .
to PID and trigger bias. 0.2 - e ¢ o © © o o O
® i { 1 _III|III|III|III|III|III|III|III|III|III
Dominant systematic uncertainty from the PID. 07 60402 0 0204 06 08 1
T]J'IZ JU
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STAR Preliminary: Ag;(gbs_%) vs M7 ™
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quarks from polarized beam.

* P refers to transverse momentum of

T~ pair relative to the beam direction.
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STAR Preliminary: A s (¢ %) ys pT
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STAR Preliminary: Ag;(gbs_%) vs M7 ™ p’f” - Integrated

Lny

» STAR measurements agree within 3 ~ STAR Preliminary 2015 Radicl et.al, 15 = 200 GeV
uncertainties. < S 0 0 - pl+p — '+ Xat Vs =200 GeV s =200 GeV, (p_ ) =525 GeVie
m< Vo— —&— Run 11, Cone < 0.7
— Is =510 GeV, (p_ ) =13 GeV/c
B ¢ —e— Run 06, Cone < 0.3

* Statistical precision 1s significantly i 200 GeV, (1, =6 GeVe

improved in the new result. 0.06— -- " Run 15 Combined Syst. Exror
Run 11 PID Syst. Error
B Run 11 Trig. Bias Syst. Error
: + - B “7 30
o Asymmetry is enhanced around M " ~ 0.04|— . L
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- e : " '
- o
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Unpolarized Dihadron Cross Section Measurement: Status

p+p— hth™ + X aty/s =200 GeV from run 2012,
P
Polarization integrated ~ Unpolarized

e Lower trigger threshold, better than 2015 dataset for

& — L
: %1 o L —JPO, N'" =3.4e+07, <M> = 0.52 GeV/c’
Cross-section measurement. S — JP1, N = 1.00408, <M> = 0.55 GeV/c’
B B .
10" = — JP2, N'" =9.1e+07, <M> = 0.58 GeV/c’
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Summary

e 777~ azimuthal correlation asymmetries, sensitive to the transversity, have been measured at
STAR.
* The statistical precision of the new 2015 results 1s significantly improved compared to the
previous STAR measurements.
e Expect to significantly improve the systematic uncertainty from the PID using Time-of-Flight
detector.

e Ongoing IFF analysis using the 2017 dataset at Vs = 510 GeV (L., ~ 350 pb~',

nt
~ 14 times larger than 2011 dataset) probes even lower x (> 0.05) region.

e Unpolarized z7z~ cross section measurement is in progress.
: : o . +_— .,
o Differential cross section as a function of M * in |n|<I.

e These results can be used to test the universality between SIDIS, e"e™, and pp, and further
constrain the global fits of transversity, specially at high x (> 0.05) region.
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