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Motivation uud — uud + g+ sea

Proton Structure

1980s

* Proton structure studied 1n terms of parton distribution functions (PDFs).

* Leading order PDFs:
Unpolarized: f(x) = @ » —> 7
P

Helicity: g(x) =~ - @>—>Z
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Transversity: /,(x)

P = Nucleon polarization
p = Nucleon momentum
s = Quark polarization

z = Proton’s momentum axis
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z = Proton’s momentum axis

Eur. Phys. J. C (2015) 75:580

H1 and ZEUS
-
2 =10 GeV’
—— HERAPDF2.0 NNLO
0.8 - - =
uncertainties:
I experimental
' | model
[ parameterisation
0.6 ., HERAPDF2.0AG NNLO i

0.2 -

xS (x 0. 05) TS /

Babu Pokhrel, DIS2023 - Michigan State University

1 » Well constrained by the

SIDIS data.



Motivation uud — uud + g+ sea

Proton Structure

NNPDF, Nucl. Phys. B§87(2014)276-308
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S = Quark polarization Daniel de Florian et. al. Phys. Rev. D 100, 114027 (2019)

z = Proton’s momentum axis
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https://arxiv.org/search/hep-ph?searchtype=author&query=de+Florian%2C+D

Motivation

Proton Structure

* Proton structure studied 1n terms of parton distribution functions (PDFs).

* Leading order PDFs:
Unpolarized: f(x)

Helicity: 2(x)

Transversity: /,(x)

1980s
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uud + g + sea
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 hi(x) 1s least known, as it 1s not easily accessible 1n

the physical process.

* h;(x) has gained a lot of attention lately, as it provides

access to the nucleon tensor charge - an important

nucleon property.

P = Nucleon polarization

p = Nucleon momentum
s = Quark polarization

z = Proton’s momentum axis
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Motivation
Transversity (hlq (%))

* Helicity flipped amplitude.
 Chiral-odd; conservation of chirality requires another chiral-odd counterpart

to be appeared in the physical process.
* Measurement 1s not possible in inclusive DIS.
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Motivation
Transversity (hlq (%))

* Helicity flipped amplitude.
 Chiral-odd; conservation of chirality requires another chiral-odd counterpart

to be appeared in the physical process.
* Measurement 1s not possible in inclusive DIS.

Proton-proton (pp) collisions provide multiple opportunities for the hlq (x) measurement.

* Identified hadron inside jet (Collins Channel) e Exclusively produced dihadron (Dihadron Channel)
pl4+p—ojet+h+X ~ hl‘f(x)Hll(Z,jT) pl+p—>hth +X ~ h!(xX)H(z, M)

_ hlq (x) coupled with the Collins FF, Hll. - hlq (x) coupled with the interference FF (IFF), H.

- jr = pion momentum transverse to the jet axis. -z = BN /Eavark N = 4~ invariant mass

Observed azimuthal asymmetry due to

the quark transverse polarization:

A(»}i;(¢s_¢H) ~ hlq(X)Hll(z, )

Aiv]i;(qbs—f/m) ~ hlq(x)Hf‘(z, M)

Prs = s — P

» Identified hadron-in-jet * No jet reconstruction required

e« TMD formalism * Collinear approach
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Observables for /17(x) via Dihadron Channel in pp

Reaction Channel: p'+p — 7777+ X

scattering
- - N — 1 N R ] . N N .
Ph = Pn1 T Pnps R = E(ph’l _Ph,z)a Spin transfer via ~ s, - (R X p;) plane
Quark polarization favors z*z~ production to one direction in azimuth (Prsg) (7)

. . . . Sin(¢RS)
resulting in azimuthal correlation asymmetry, A, """

Babu Pokhrel, DIS2023 - Michigan State University



Observables for /17(x) via Dihadron Channel in pp

Reaction Channel: pT poar+X scattering
h = Ph1 T Phos 5 Pna — Ppp), Spm transicr via ~ §, Ph
Quark polarization favors z7z~ production to one direction in azimuth (¢x) (z7)

. . . . Sin(¢RS)
resulting in azimuthal correlation asymmetry, A, """

't~ Correlation Asymmetry:

do' — do? Zi, jk i PO ) PO HE M (2, M)
1 e iIDag + \filP hyhalk
dU + dG Zi,j,k 1 a(xa)fl b(xb)Dl e (Za Mh)

Sin(Prs) _
AUT RS/ —

<5 i Radlcl, et al. Vs =500 GeV
B e STAR Vs =500 GeV
O STAR Vs =200 GeV
~ [ ] particle ID ] . .« .
== trigger blas o A;]l;(quS) is sensitive to the product h,(x)H(z, M).
i (p,) =13 GeV/c for VS =500 GeV .
0.05— (P G GeVietor (3200 Gev « STAR observed significant Ag;(qb“) signal, enhanced
B 4.5% scale uncertalnty .
i | duetobeam polarization around the p—mass (Minv ~ 0.8 GeV/c?) - expected due
- % % to the interference of hadrons produced via different
o . STAR,Phys. Lett. B780(2018)332 . channel
STAR Phys. Rev. Lett. 115 (2015) 242501
_l | | | | | | | | | | | | | | | | | | | | | |
0.5 1 1.5 2
M., (GeV/c?)
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Observables for /17(x) via Dihadron Channel in pp
X

Reaction Channel: pT p—>

scattering
- - N — 1 N R ] . N N .
Ph = Pn1 T Pnps R = 5(ph’1 _Ph,z)» Spin transfer via ~ s, - (R X p;) plane
Quark polarization favors z*z~ production to one direction in azimuth (Prsg) (7)

resulting in azimuthal correlation asymmetry,

't~ Correlation Asymmetry:

do' —do* i jok Iy P AP H M (2, M)

sin(ahys)
AUT -

Prs = Py — Pp

(-spin averaged FF, D;.

- dominant uncertainty in /2/(x), specifically from D, for gluon.

Sin(Prs) _
AUT RS/ —

AUT
T

[ ] particle ID
[ | trigger blas

0.05—
n>0

4.5% scale uncertainty
due to beam polarization

;

STAR, Phys. Lett. B 780 (2018) 332

T Radicl, et al. Vs =500 GeV
@ STAR Vs =500 GeV
o STAR Vs =200 GeV

(pT) =13 GeV/c for ys =500 GeV
(p,) = 6 GeV/c for \s =200 GeV

ol STAR. Phys Lett. B780 (2018)332 .

STAR Phys. Rev. Lett. 115 (2015) 242501
_l | | | | | | | | | | ] | I | | | | | | | | ]
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X
/ / hyholk , _ , . _
do! + do' Zi,j,k P AP (,)D "™ (2, M),) ——)- Unpolarized 7+ 7~ cross section, 6™ * , give access to D*™ in pp.

x hy" ’
s ——— |
0.2
. Alsjl;(qb“) is sensitive to the product 4,(x)H(z, M). 2;
-0.1

-0.2

-0.3
1072

« STAR observed significant Ag;(qb“) signal, enhanced

around the p—mass (Minv ~ 0.8 GeV/c?) - expected due
to the interference of hadrons produced via different

channel.
0.05

0.00

« Significant impact on the /2;(x) from STAR data at  -°%
200 GeV in the valence region (0.1 < x < 0.3). o

Radici et. al. Phys. Rev. Lett. 120 (2018), 19 192001
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Relativistic Heavy Ion Collider (RHIC)
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First polarized proton-proton collider.
Center-of-mass energy up to /s =510 GeV.

Transverse and longitudinal beam polarization. Y
STAR 1s at one of the collision points at 6 o’clock position. A=
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Relativistic Heavy Ion Collider (RHIC)
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F1rst polar1zed proton proton collider.

Center-of-mass energy up to /s =510 GeV.

Transverse and longitudinal beam polarization. e
STAR is at one of the collision points at 6 o’clock position. X5
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Relativistic Heavy Ion Collider (RHIC)

Integrated polarized proton luminosity L [pb]

Polarized protons
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Event triggering

Center-of-mass energy up to

s =510 GeV.

Transverse and longitudinal beam polarization.

STAR 1s at one of the collision points at 6 o’clock position.
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Relativistic Heavy Ion Collider (RHIC)
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Center-of-mass energy up to

Transverse and longitudinal beam polarization.
STAR 1s at one of the collision points at 6 o’clock position.
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STAR Run 2015 Precision Ai}%@l‘s) Measurement

* Event Selection
- This dataset provides the most precise Aur at Vs = 200 GeV to date.
- Triggers : JP1, JP2 scattering
- Pion selection: || <1, 1.5 <pr <15 GeV/c, —1<no, < ?2 plane

- All possible pion pairs of opposite charge.

- Fix charge ordering in a pair: p, | = 27", P, = 7~

- n7 7~ selection cuts:
cone < 0.7, [n* " | < 1,1 <pE”™ <15 GeV/c, 027 <M,,, < 4 GeV/c?

e Cross-Ratio Method:

| /N GroN! s + 1) = [N (N (s + )

P
\/ NN (pre)NH(pps + ) + \/ N )N (pgs + 7) * Free from detector effects and associated uncertainties.

Ayrsin(Qrg) =

N — Number of 777z~ in respective ¢hp¢ bin when the

polarization 1s Up( T ) (Down ( | )).
P 1s average beam polarization.

Babu Pokhrel, DIS2023 - Michigan State University
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STAR Run 2015 Precision Ai}%((ﬁ“) Measurement

: ST AR Pl' elimin ary 201 5 Radici et. al., Vs =200 GeV
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B Syst. Error s
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B E g
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T
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. + = . .
e Mean x and z as a function of #* * from simulation.

7™ | <L.

0.1 <x<0.22,7~0.46

o Significant Ayr in the forward region, where /1,(x) is expected to be sizeable.

* Significant improvement in the statistical precision than previous STAR measurements.

Babu Pokhrel, DIS2023 - Michigan State University
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STAR Run 2015 Precision Aiﬁ((ﬁ“) Measurement

= I _ ! _ - _ . T e
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o Significant Ayr in the forward region, where /1,(x) is expected to be sizeable.

* Significant improvement in the statistical precision than previous STAR measurements.
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STAR Run 2015 Precision Aiﬁ((ﬁ“) Measurement
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o Significant Ayr in the forward region, where /1,(x) is expected to be sizeable.

* Significant improvement in the statistical precision than previous STAR measurements.
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Unpolarized 777~ Cross Section Measurement

p+p— T+ X at\/g = 200 GeV from run 2012.

-

P

Polarization integrated ~ Unpolarized

* Lower trigger threshold than 2015 dataset, and thus better for cross-

» — b
section measurement. %1 o7 ; —JPO, N =3.4e+07, <M>=0.52 GeV/c?
> E —JP1,N."  =1.9e+08, <M> = 0.55 GeV/c
.
: — : : $10° — JP2,N'™ =9.1e+07, <M> = 0.58 GeV/c’
o Inclusive #t7~ differential cross section: ; = ovents =
. . . T . © B
e As a function of invariant mass, M7 * , in |n|<1 . 10’ &
« Much needed for the Dlhlh2 extraction. 10% =
o Access to D8, 10°
1 =
. - 10° =
* We will release preliminary result very soon, -
10 =
STAY TUNED. = | 2012 p+p @ Vs =200 GeV
1=
:IIII|IIII|IIII|IIII|IIII|IIII|III__|III
0 0.5 1 1.5 2 2.5 3 3.5 4

M ™ GeV/c>

inv
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Summary

 Azimuthal correlation asymmetries, which are sensitive to transversity, have been measured at
STAR.
- The statistical precision of the new 2015 results 1s significantly improved compared to previous STAR
measurements.
- We expect to significantly reduce the systematic uncertainty from the PID by using the Time-of-Flight
detector in the final result.

* Preliminary result on the unpolarized dipion cross-section will be released VERY SOON using the
STAR Run 12 data.

. . . . t— .
- Differential cross section as a function of M * 1n ||<I.

- Constrain unpolarized FF, D;.

* These measurements will provide a basis for the transversity extraction with better precision.

*These results can be used to test the universality between SIDIS, e*e™, and pp , and further
constrain global fits of transversity, especially in the high x (0.1<x<0.3) region.
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