Measurement of Transverse Spin-Dependent Azimuthal Correlation of

Charged Pion Pairs in p'p Collisions at v/s = 510 GeV using
STAR 2017 Data
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* At leading-twist, the parton structure of hadrons is described by three parton distribution functions:
unpolarized PDFs (f{(x)), helicity PDFs (g1 (x)) and transversity PDFs (h‘ll(x)).
. h‘ll (x) is the least known of the three PDFs.

. h‘ll(x) is a chiral odd PDF and it needs to couple with a chiral-odd partner.
* For estimating tensor charge (gr), a precise determination of transversity is necessary.

1 _
gr = fo dx[hI(x) — K1(x)]
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In p'p collision, h? 1 (x) couples with chiral odd spin-dependent di-

hadron fragmentation function thth/q (z, M), Interference
Fragmentation Function (IFF).

Transverse polarization of the fragmenting quark influences the
azimuthal distribution of the hadron pair in the final state, thus
producing di-hadron correlation asymmetry, AUT

Ayr < hih k
Zl]kfl/pa(xa)f]/Pb(x )D< 1 2/ (z Mh)

Previously, the STAR experiment at RHIC measured non-zero AUT using
p'p data from 2006 at /s = 200 GeV with L;,,, = 1.8 pb~! and from
2011 at /s = 500 GeV with L;,,, = 25 pb‘

In 2017, STAR collected 350 pb~1of p'p data at /s = 510 GeV which
will significantly improve the statistical precision of Ayr measurement
and thus further constrain global fits of h‘ll (x).
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Solenoidal Tracker At RHIC : -1< N<1,0<¢<2n
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[ Relativistic Heavy lon Collider ] [ Solenoidal Tracker At RHIC ]

* RHIC is the world’s only collider of longitudinally and * STAR s the only experiment currently running at

transversely polarized protons with /s up to 510 GeV RHIC.
e TPC (tracking, PID)

* BEMC (electromagnetic calorimeter, event triggering)
 TOF (PID)
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* STAR covers much higher Q% than HERMES and COMPASS.
* Results from p'p 510 GeV will provide valuable information about evolution and allow to access lower x.
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* A non-zero Ayr singal is expected to be observed vs. different kinematic observables of pion pairs in
final state.

For 11>0, where partonic x is greater, For IFF channel, model calculation shows Ayt increases as pair pr increases.
a larger Ayt is expected. enhancement of Ay around p mass
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B do' — do
UT™ do' + da®

* For a symmetric detector like STAR (in azimuthal space),
* Ayt can be extracted from cross-ratio formula.

* Free from detector efficiencies and spin-dependent luminosities.
* No jet reconstruction required.

1 /N1 (grs)N { (@rs + 1) —/N 1 (@rs)N T (@ps + ) T
P . Lett.
P~ /N1 (@rs)N | (@rs + ) + /N | (9rs)N T (@gs + ) ys. L€ (2018)

Ayr - sin(@pgs) =

6h = Ph, + Pn, )

R = pp, — Dh,

@s = Angle between scatiering plane and polarization of incident beam

@r = Angle between scatiering plane and

Prs = Pr — Ps

N T (1) = # of pion pairs when beam polarization up(down)

\ B;«r Average beam polarization j
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Two oppositely charged pions in the final state are paired if they are close inn — ¢
space.

¢rs is divided into 16 bins of uniform bin-width in the range [—m,+m]and N T (1) in
each ¢y, bin is counted.

The angle ¢pp¢ modulates the Ay by sin(¢gs).

For each kinematic bin, the cross-ratio is calculated for each ¢ and fitted with a
““sin” function.

The amplitude of this sin fit gives the Ay.

Ayr - sin(@gs) = l\/N T (@rs)N ! (@rs + ) — /N | (@rs)N T (@gs + )
ur 7P N (@rs)N L (@rs + ) + YN L (@ps)N 1 (s + 1)
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IFF Ay, of final state pion pairs, as functions of various kinematic observables (n, pr, M;,,,,) is expected to be
sensitive to transversity.

The IFF study of STAR 2017 data is now underway; a larger pr data sample from 2017 will increase the
statistical precision compared to prior measurements using 2011 data.

Results of this analysis will help to probe transversity at much higher Q% and test the universality of the
mechanism which produces azimuthal correlations amongst SIDIS, e* e, and pr collisions.

Planning for unpolarized di-hadron cross-section measurement, which could reduce uncertainties in transversity

extraction.
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