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Motivation

> Proton spin structure: Transversity PDF

JAMDIFF (no LQCD) ; w, JAMDIFF (w/ LQCD)
0.4-JAM3D* (no LQCD) :Ch,l JAM3D* (w/ LQCD)
(]_:),iReuli(*i. Bacchetta (2018) 1

1980s

» Parton Distribution Functions (PDFs):
At leading twist three collinear PDFs, integrated over parton transverse momenta, kr

. . . d,
Quark Polarization —0.15} - Soffer bound v zchl T 2=4cev?
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C. Cocuzza et. al., arXiv:2306.12998 [hep-ph]

Unpolarized Longitudinally Polarized Transversely Polarized

(V) (L) (T) » Less known from experiments than f; (x) and g4 (x)
o ( Be 6 » Chiral-odd quantity
» Extraction requires coupling to another chiral-odd

; C} f1(x)@ distribution, such as Collins or Interference

Fragmentation Functions (FFs)

For estimating tensor charge (gr), a precise
determination of transversity is necessary
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Transversity (h{(x)) in p'p Collisions

> Interference Fragmentation Function(H;") channel :
pT +p > hth™ + X

* Collinear framework preserved
* No jet reconstruction required
» Better access to d-quark than SIDIS

......... dAGyeamerarar,
doyr < j dxadxbfl(xb].hl(xa)EW;Hl (z, M)

A. Bacchetta and M. Radici v D 11 = quark polarization

Phys. Rev. D 70 (2004) 094032 /7
» Di-hadron correlation asymmetry
- do' —do' hi(x)H{(z, M)
= x
UI'™ do'+dat — fi(x)Dy(z, M)

a, b, c = quark flavors

ﬁ = proton polarization

> Independent measurement of H; is required from e*e™ experiments (e.g. BELLE)
» D, is least known, specifically for gluon fragmentation
(New constrain from STAR at 1/s =200 GeV, Refer to B. Pokhrel’s talk 09/25, SPIN2023)
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Relativistic Heavy lon Collider(RHIC)
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World’s only collider capable of colliding longitudinally and transversely polarized protons ;’ =

Center-of-mass energy (v/s) up to 510 GeV
STAR : Collision point at 6 o’clock
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Solenoidal Tracker At RHIC (STAR)

Magnet :

Uniform magnetic field of 0.5 T

(

\_

Barrel Electromagnetic
Calorimeter(BEMC) :

- Inl<1,0<¢<2m
* Event triggering )

1)

Time Projection Chamber(TPC):\

| - Inl<1,0<¢<2m
7 [EH\R * Charge determination and

\\\\\&“iﬂ\\‘ E'\\I —rft 74 @ A - particle momentum
i ’ | VR, reconstruction
of O H * PID via measuring ionization

\ energy loss

The “Solenoidal "racker At ©HIC (STAR)

Gime Of Flight(TOF) : )

e In|<1,0<5¢ <2m
» Stopwatch for particles
* Helps to improve PID
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STAR Kinematics

& 104 =
NQ - STAR values span broad
% — | % STAR Vs =500 GeV and overlapping regions
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> STAR covers much higher Q2 than HERMES and COMPASS.

> Results from p'p at 510 GeV will provide valuable information about evolution and allow to access lower x compared to 200 GeV.
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AUT at STAR

» A non-zero Ayr signal has been observed against different kinematic observables
(Mpairs PTpqir» Miny) Of the pion pairs (m*m™) in final state.

Ayr with p'p at STAR

Published

* STAR, Phys. Rev. Lett. 115, 242501 (2015)

Preliminary

This

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

analysis

Refer to B. Pokhrel’s Talk
09/25, SPIN2023

> STAR completed taking another large pp dataset at 508 GeV ( Lj,;(pb~1)~400) in 2022 and is
planning to take another pp 200 GeV dataset in 2024.

Navagyan, SPIN2023

M. Radici and A. Bacchetta

Phys. Rev. Lett. 120 (2018) 192001
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STAR results play a crucial role in
constraining the global fit of

transversity. ’




Analysis details for Ay measurement

» Ayr is measured using a transversely polarized beam colliding with
another unpolarized beam (integrating over all spin states).

Y

h
Scattering Plane Sa 1

Polarized beam "

l Di-hadron Plane

» Two hadrons in final state allow to relate spin with di-hadron momentum. ’
Sa ° (RXph )

> Two oppositely charged pions(m*7 ™) in the final state are paired. & \
> Direction of R should point from 7~ to ¥ (or the other away) through Ph,2 )
out the analysis. (™)

¢. = Angle between scattering plane and polarization of incident beam(s;) b :
¢r = Angle between scattering plane and Unpolarized beam
Pn = Dn, + D,
R = 5h1 _ ﬁhz STAR, Phys. Lett. B 780 (2018) 332
brs = Pr — bs
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Analysis details for Ayr measurement

» For a symmetric detector like STAR (in azimuthal space),
» Ayt can be extracted from cross-ratio formula for different kinematic
variables (ME ™ pi* ™ pm*n” ), n
» Free from effects related to detector efficiencies and spin-dependent s

luminosities.

Ayr - sin(dgs) = 1 JNT (PN L (Prs+ 1) — NI (Prs)N T (Pps + )
ur RS P \/N T (¢RS)N ¢ (¢RS + Tl') + \/N 2 (¢RS)N T (¢RS + 71')

» Two oppositely charged pions in the final state are paired if they are close (<0.7) inn — ¢ space. :> |
> The angle ¢RS modulates the AUT by Sin(¢RS)' [ pT bin 4, Minv bin 6, YELLOW, 1 >0 |/ndf 226/7
» ¢prs is divided into 16 bins of uniform bin-width in the range [—m, +m] and N T (1) in each ¢gs bin is o —T
0.06|- -~
r — li
counted. o fftffTit Amplitude % 1

» For each kinematic bin, the cross-ratio is calculated for each ¢ and fitted with a sinusoidal function.

C \ ACHA Y
» The amplitude of this sin fit gives the Ay 02 \H“//%/
2 Ay is extracted for Blue and Yellow beams separately and the final result is weighted average. et | ANPIE EIT
ur oo AWVIPLE FI1
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Particle Identification (PID) at STAR

» At STAR PID is done by measuring average specific ionization energy loss

dE\ .
<a> in TPC.

» When the Z—i vs p bands for two different particle types are close

together or cross, TOF is extremely useful for PID.
» TOF detector is capable of separating proton from kaon and
pion for momenta up to 3 GeV/c.
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Ayt Results

(3 + -
Ay as a function of n™ ™

0.03
: : +—
> AUT increases with 77” " ~ STAR Preliminary
. . + = . B i — *o- = = -1
> Forward direction (™ ™ > 0) probes higher x, valence i p'+p — x'w+Xat Vs=510GeV, L, =350pb
region, where h{(x) is sizable, hence Ay is large. i 9<p. " (GeV/c)<25,02 <M “(GeV/c')< 4
i i +. - . T T _ 2
> Backward direction (n™ ™ < 0) probes lower x resulting 0.02— <p, >=13GeVie, <M, '>=1.02 GeV/c
lower Ay signal. — Tot Sys.
~ _
: _ . : : < -
» Systematic uncertainties arising from the impurity of &
the sample and trigger biasing effect against quark-jets have been £ &5 B @
investigated. < 0.01—
O
— + 1.4% scale uncertanity from beam polarization (not shown)
_l | | | | | | | | | | | | | | | | | | | |
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Ayt Results

Ay as a function of p’f”_ in different M’i’,:v"_ bins

0.04 - . +T>0
I I 41" <0 i
o= | <M* "> =0.39 GeV/c> | <M* "> =057 Gevic2 [ITotSys. | (M™75 =0.75 GeV/c?
> Strong pF ™ dependence of Ayr has been i
T N UT I I
found in the +ve n™ ™ direction in all g 002f . . g
+— 5 i
T T g EE
M;,,,,” bins. e | i 8 g B -
» Stronger rise in 4 ignal around p meson . . g il S 1 I
onger rise in Ayt signal around p meso H“Hg : Sééi v @S 5 ; 3
mass (~0.8 GeV/c?) region. O ¥F=g8—-g----"F---mmmooes B A % ity LAt N FLI L R
: . : +o— I [ -
> Signal is stronger in forward (n™ ™ > 0) T | | I
+ —

. . . T 5 10 15
d!rect!on and small in backward (7 <0) 0.04 |- - DTGV
direction. | <MIT>=099Gevid ] | <M = 1.61 GeVic®

- - STAR Preliminary
% 002 - B
%H i 8 p'+p — w'm +Xat E:SlOGeV,Lim=350pb'l
m<ﬂD = @ + 1.4% scale uncertanity from beam
| § @ @ § é polarization (not shown)
%
0—-33.1.?'}-*----1} -------------- ---;53 -Li-i---q. ------- S
L 1 1 1 1 1 | 1 1 L1 | 1 1 1 1 | 1 1 1 1
5 10 15 5 10 15
p; " (GeV/e) P} " (GeV/c)
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Ayt Results

L3 + - L3 L3 + - L3
Ayr as a function of M7 " in different p7 ™ bins
i 0.04 |- . +nT>0 L
» Strong M;;,,, deperldence of Ayr has been - : 4N <0
found in the +ve n™ ™ direction in : B : [ TotSys. 3
3l p’TT+”_bins g 002 - <p] >=4GeV/c i <p >=5GeV/c 1 <p, >=6GeV/c
. @Kf o | 1
» The enhancement of Ayy signal aroundthe p 25 | -
meson mass (~0.8 GCV/CZ) 1s due to the I Bogl @ @@ g @
. . +. - ‘@@?@@ﬁ & B3¢  JF Y @ ___¢M°_f§_§__g ___________
interference between the different ™ R T e I 2 S A A 2
production channel. | | 1 1 1 1 _ 1 1 1 1
+_ PR ST T [T R SR T T (NN TR T SR SN [T T ST S T T T T L1 PR PR L1 IR TR T T NN N NN TN T Y T T N N TN TN T NN Y TN T T A T T N |
. . . n n
> Signal is stronger in forward (77 i O_) 0.04 - I 05 1 15 M“*”'(ZGeV/cZ)
direction and small in backward (n™ ™ <0) i ' g "
direction. i _ .
2 I <p7">=8 GeVie § g <P T>=13GeVic STAR Preliminary
%‘”90'02 _ g i 8 B 8 pl4p — m'w +Xat ¥5 =510 GeV,L_ =350 b’
m<.:z = |§| R [ Rl L g + 1.4% scale uncertanity from beam
| @ |§| @ @ polarization (not shown)
$.sb t & . o%e? $
of--4s-242 T 2 §----F---4 §1-T--- -t :
L PRI (TR T T T [N TR SN T T T TR ST T S N T S [ e oo by by oy b by oy
0.5 1 15 2 05 1 15 2
M. " (GeV/c?) M. " (GeV/c?)
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Ayr Results

Ay as a function of M?,:,,”_ for highest p’f’r binand ™ * >0

= = ] Radici et. al., Vs =500 GeV
S 0.08— —&— STAR 2011, Vs =500 GeV,L_ =25pb’
S B —&— STAR 2017, Vs =510 GeV,L_ =350 pb”
ez<:> i STAR 2011 PID Sys.
> STAR's latest measurement of Ay from 2017 dataset _ STAR 2011 Trig. Bias Sys.
o . .. [ ] STAR 2017 Tot Sys.
exhibits a notably higher level of precision. 0.06—
T . DG DU ? +o
 Statistical and systematic precision is significantly - pi+p — ' +X

. - Tl — o
improved by the new result. <p,">=13GeV/e, "7 >0

» Ayrfrom STAR 2017 dataset is consistent with previous 0.04— o
STAR 2011 measurement and theory prediction from SIDIS, ) STAR Preliminary

e*e™ data, : Eé
0.02— i?ﬂ ¥ i* .

o 4 +*

0 _ +1.4% (STAR 2017), +4.5% (STAR 2011) scale uncertanity from beam polarization (not shown)
| | | | | | | | | | | | | | | | | | | | | | |
0.5 1 1.5 2 2.5
+, -
MZ " (GeV/c?)

STAR 2011 : STAR, Phys. Lett. B 780 (2018) 332 inv
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Summary and Outlook

Di-hadron correlation asymmetry Ay of final state pion pairs, as functions of various kinematic
observables (1, pr, M), is expected to be sensitive to transversity.

New STAR 2017 IFF Ay measurement has higher level of precision and is consistent with
previous STAR 2011 measurement.

Results of this analysis will help to probe transversity at much higher Q2 than SIDIS and test the
universality of the mechanism which produces azimuthal correlations amongst SIDIS, e e,

and pr collisions.

Planning for precision measurement of IFF asymmetries for pions/Kaon from 2017+2022 dataset.

Planning for unpolarized di-hadron cross-section measurement at 500 GeV, which could reduce

uncertainties in transversity extraction.
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