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Motivation : Transversity (h7(x))

> hf (x) 1s the leading-twist parton distribution
function (PDF) which describes the transversely
polarized quarks inside a transversely polarized
nucleon.

> hi’ (x) 1s the least known leading-twist PDF due
to 1ts chiral-odd nature and 1s accessible only
when coupled with another chiral-odd function,
such as interference fragmentation function(IFF),
H(z,M?), in p'p collisions.

=== JAM20
== JAM20 + EIC(ep)

= JAM20 + EIC(ep+e’He)

» Coupling of transversity with IFF gives rise to 0.00 025 050 075 1.00
experimentally observable azimuthally correlated x
asymmetry (Ayr) of di-pion (r*m7) in the final §
state of pr collisions. o S > g
» A precise measurement of h; (x) is necessary to . ’?l'_: .
measure the nuclecl)n tensor charge (gr) . ~0-151% 75 0.85 0.95 1.05 Gupta et al (2018)
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gr = dx [hl (x) — h1 (x)] Alexandrou et al (2019)
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»The study of Ayr using the new STAR 2017 _ 30} +EIC(ep)
(L, =350pb~1) provides a more precise G (ephiere)

measurement than the previous STAR 2011 0.55 0.65 075 085 §

_ -1
(Lint = 25 pb™") results. JAM Collab. ( Phys.Lett.B 816 (2021) 136255 )

STAR Detector :

The —olenoidal "racker At “HIC (STAR)

» Relativistic Heavy Ion Collider (RHIC) 1s capable of
colliding polarized proton beams up to a center-of-mass
energy, v/s = 510 GeV.

» The STAR (Solenoidal Tracker At RHIC) experiment,

located within the RHIC ring, consists of various

subsystems, including TPC, BEMC, TOF.
» Particle identification in STAR primarily relies on the

Precise Measurement of Di-Pion (1T+Tl'_) Azimuthal

Correlation Asymmetry (4;7) Using »'p Data At
Vs = 510 GeV At STAR

RHIC/AGS User Meeting August 1-4, 2023, BNL, NY

combination of TPC and TOF.

» STAR has a long-standing history measuring Ay .

» This analysis is based on the STAR 2017 dataset,

which enhances the statistical precision by a factor of 4.

Ayr Extraction :

, Scattering Plane Sat
> Reaction channel: p' +p - h*h™ + X . 1
» Di-hadron azimuthal correlation asymmetry:

do' — do? q . ,
AUT — dO-T + do-l« X h’]_(x)Hl (Z,M )

Di-hadron Plane

Ph,1

» For a symmetric detector like STAR Ay can be
extracted using cross-ratio formula,

1N (pgrs)NY(prs + 1) — VN (Prs)N' (Prs
PN (prs)NY(drs + ) + N (Prs)N' (Prs

where, N'®) is the number of =+ 7~ in respective @< (angle
between scattering and di-hadron plane) bin when the beam
polarizationis T ({).

Ayt - sin(¢gs) =

> This method is free from effects related to detector T
efficiencies and spin-dependent luminosity.

Summary and Outlook :

» STAR’s new result from the 2017 data set precisely measures the 77~ azimuthal correlation

asymmetry Ayt at+/s =510 GeV.

» Ayt 18 larger for 77”+”_> 0 due to higher x (where h{(x) is sizable) whereas Ay is smaller in
n™ T < 0 due to low-x.

> Interference between the different ™7~ production channels causes a strong A7 signal around
p meson mass (~ 0.8 GeV/c?).

» Ay signal increases linearly with p7 Ea

> This result, together with precise unpolarized w7~ cross-section measurement, will help
improve our current understanding of transversity.

> Results of this analysis will help in probing transversity at much higher Q# than SIDIS and test
the universality of the mechanism which produces azimuthal correlations amongst SIDIS,e"e ™,

and p'p collisions.

Navagyan Gh1m1re
for the STAR collaboration

Temple University, College of Science and Technology, Philadelphia, PA
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> The enhancement of Ayt signal around the p meson mass (~0.8 GeV/c?) is due to the

interference between the different 777~ production channel.
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» The Ayr signal increases with increasing p7 ™

0.04 |- : +0T>0 |
i I + nrc T < 0
Tot Sys.
= 0.02 '_ <p$+“'> =4 GeV/c i <p$+“'> =5GeV/ie I <pTT“+“'> =6 GeV/c
& '
E = - - I
n =
< |
@ Y1 Y]
. ! Ry B g : ] B &
%8, @ i} ﬁ ¢ ¢ B %4
0_"$;§E%'§"'%"Q """""" _"'?'é"' - - @'" """"""" i‘ff"é',"g""g' """"
N T T B R SR SAr N N AT SR NS TR TN N TN AT S T ST N TN NN NN TN AN NN AN AN U BT AT RN A A B A A A A R R
0.5 1 1.5 2
0041 | M ™ (GeV/c?)
X
= I <p$+“'> =8 GeV/c <p$+”'> =13 GeV/c STAR Preliminary
éf 0.02 - 5 i 8 g p'+p — ntn +Xat ¥s =510 GeV,L_ =350 pb!
E ot ( int
mﬂ? (o ) + 1.4% scale uncertanity from beam
i ] @ . F o) polarization (not shown)
& @ ¢
0___+§_.§.§_§_____! ______ .@.________é_é_é_ _____ é___?_ _________ é
| | | | ' | | ]
0.5 1 1.5 2 0.5 1 1.5 2

M " (GeV/c?) M " (GeV/c?)

Ayr as function of M’l-’,:v”_ for highest p’f”_ binand ™™ >0

g - Radici et. al., Vs =500 GeV
S 0.08— —&— STAR 2011, Vs =500 GeV,L_ =25 pb’
% - i —&— STAR 2017, Vs =510 GeV,L_ =350 pb”
\ = i STAR 2011 PID Sys.
» STAR's latest measuremer.lt.of < I B STAR 2011 Trig. Bias Sys.
Ayt from 2017 dataset exhibits a 0.06 STAR 2017 Tot Sys.
notably higher level of precision L pl+p — n'm +X
and 1s consistent with previous s <p’ > =13 GeV/e, 7" >0
STAR measurement and theory -
prediction from SIDIS, 0.04 B STAR Preliminary
ete™ data. i % i i
0.02} ¢ % 5 %
- |@ 2
| T j j
0 e +1.4% (STAR 2017), +4.5% (STAR 2011) scale uncertanity from beam polarization (not shown)
| -I- | | | | | | | | | | | | | | | | | | | | |
0.5 1 1.5 2 2.5
_ M**(GeV/c?)
Ayr as f fp= ™ in different ME, ™ bi
yt as function of pr in different M; ., bins
+ _—
» Ayr increases linearly with p7 ™ .
» Stronger rise in Ay around p mass region.
0.04 | - +T>0 L
I i N7 <0
<M 7> =039 GeV/c? | <M ">=0.57 GeV/c? [_]TotSys. <Mj‘n3 >=0.75 GeV/c*
2 02l i i
;002 | |
= g @
) b, | atet T ;
Q
0 __ii.“'ﬂ'_g _______ ¢ ____ __Siiié_;_i_} ______ S §§§"§"§ _______________
| | | | | | PR I T T TR T N TN SN NN SN N S NN N
5 10 15
0.04 — B p7 " (GeV/e)
<M ">=10.99 GeV/c g <M; ">=1.61 GeV/c
- - STAR Preliminary
S 002 - ¢ - g
g I _ p'+p — m'm +Xat {5=510GeV,L_=350pb
m<!D 4] + 1.4% scale uncertanity from beam
§ @ @ é 3 @ @ polarization (not shown)
Lagglet T EPTTTL I
M RS T RS S NS S SR S R S S SR S S S S S S R SR T '
5 10 15_ 5 10 15
p$ T(GeV/e) pg T(GeV/e)



