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Motivation: Transversity (h;l (x))ﬁ

= At the leading twist, hf (x), describes transverse
polarization of quark 1n a transversely polarized nucleon,
which 1s least known from the experiments.

hy(x) =~

P = Nucleon polarization

p = Nucleon momentum
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= doyy provides access to the gluon FF, allowing model-independent extraction of h (x).

STAR Experiment at RHIC

Relativistic Heavy Ion Collider 1s the first polarized The Solenoidal Tracker At RHIC (STAR)
proton-proton collider in the world. TOF BEMC_TPC VPD  EEMC

It 1s capable of colliding polarized protons and heavy 1ons

beams up to a center of mass energy, Vs, of 510 GeV and
200 GeV.

Time Projection Chamber (TPC) 1s the heart of STAR

detector, which provides charged particle tracking and
particle identification (PID).
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Probing Transversity via h™ h~ Channel

[2] Radici et. al., Phys.Rev.D 70 (2004) 094032

= Reaction channel: plp, - h*h™ + X
=  Polarized cross section:
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Azimuthal angles in h*h™ channel Detailed mechanism for the h*h™ channel

P

t¥ = parton polarization

i, J, k,[ = parton flavors

X

= f,=unpolarized PDF, H; = Interference fragmentation function (IFF), dd = perturbatively
calculable hard scattering cross section.

= No jet reconstruction is required while preserving collinearity.

= Access to quark polarization ~ 3, - R X B, , where R = %(ﬁhl —Pn,), Pn = Pny + Dn,

» The coupling of h;(x) and IFF results in the azimuthal correlation asymmetry,

do! —=dot
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= H7 can be measured independently, for example, ine*e~

Ayr =

1t~ Azimuthal Correlation Asymmetry

STAR run 2015 data at Vs = 200 GeV and = [ STAR Preliminary 50 i el o= 20 GeY
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most precise Ayr 1n the range 0.1 < x < 0.3.
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The observed resonance peak at M, ~ 0.8

GeV/c? inn > 0 is due to the interference
between T~ from relative s and p wave
channels [2], which is consistent with the theory. **

Large A UT Signal in TI > 0 re gion, - + 3% scale uncertainty from beam polarization (not shown)

which 1s a surrogate of x, suggests the x 406 08 1 12 14 16 18 2 22 24
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dependence of hl (X ) . (SCG Ref. [3] for details.) Theory curve is obtained from Radici et. o
[3] B. Pokhrel, SciPostPhys.Proc. 8 (2022) 047 al., (Private communication).

Unpolarized m* T~ Cross Section

u Dataset % oL —— JPO, Ng;“'=3.8e+07, <M> = 0.52 GeV/c?
= STAR Run 12 pp data at Vs =200 GeV with L, , ~14 pb-! - P e 08 Sev
offers higher gluons sensitivity due to lower trigger threshold. Zo|

= Simulation 10° |
= PYTHIA simulated events reconstructed with the GEANT3 10°5
package 1s used, which simulates the STAR detector response.

= The embedding sample has a good description of the data. | ST T

Data and simulation comparison ntm~ signal and background
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= Unfolding
= The TUnfoldDensity algorithm is used to unfold detector level ¥~ yields to the particle
level 1in invariant mass bins subtracting backgrounds prior to the unfolding. The response
matrix facilitates the unfolding connecting the detector to the particle level quantity.

= (Corrections " STAR Preliminary
= Bin-by-bin corrections from the embedding PP = X at 152200 GeV
10° M "l<1,1< p’E " <15 (GeV/c),0.02 < cone < 0.7

sample are applied to the unfolded cross
section, accounting for trigger efficiency, 10°

027 <M. " <40(GeV/c ), L —26(pb)
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Ayt projections for the STAR run 2015 + 2024
= STAR has scheduled for pp collision run at Vs = 200 GeV with promising luminosity of
~100 — 300 pb-! (projected) in 2024, higher than ever before.
= Combining run 2015 and 2024 data will provide the most precise h*h™ azimuthal correlation
asymmetry and CrosSS SeCtlon' g 0'008_ — e m*n-IFF STAR Run 15J.Ldt=52 pb™ (prel.)
. % : — e n*n-IFF STAR Run 15+24det=280 pb™" (proj.)
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= Statistical uncertainty will be improved i
by more than 50%. 0.002~
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= All projections are purely statistical based on the run 2015 data.

Summary and Outlook

The m* 7~ azimuthal correlation asymmetry has been measured. Large forward signal is observed,
with a resonance peak at M, ~ 0.8 GeV/ c?, consistent with the theory and previous STAR

results..

The unpolarized ¥ 7~ cross section has been measured for the first time in pp collisions, showing
good agreement with the PYTHIA cross section and theory prediction.

The cross-section result provides constraints on the D, specifically for the gluon fragmentation,
enabling a model-independent extraction of /:(x).

Precision measurement of Ay 1s planned combining the STAR run 15 and 24 data for the
ntm~ and K¥K~ channel. K*K~ channel probes the (anti-)strange quark transversity.




