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Abstract

At the leading twist, the transversity distribution function, h? (x), where x is the longitu-
dinal momentum fraction of the proton carried by quark g, encodes the transverse spin
structure of the nucleon. Extraction of it is difficult because of its chiral-odd nature.
In transversely polarized proton-proton collisions (p'p), h‘i(x) can be coupled with an-
other chiral-odd partner, a spin-dependent fragmentation function (FF). The resulting
asymmetries in hadron(s) azimuthal correlations directly probe h‘%(x). We report the
measurement of correlation asymmetries for charged pion(s) in p'p, through the Collins
and the Interference FF channel.

1 Introduction

At the leading twist, the nucleon structure is fully described by three Parton Distribution Func-
tions (PDFs): the unpolarized PDE, f;(x), the helicity PDE g,(x), and the transversity PDE
hg (x), where x is the nucleon momentum fraction carried by partons. Although, f;(x) and
g1(x) are reasonably well constrained by experimental data [1,2], the knowledge of h‘{ (x)is
limited to the semi inclusive deep inelastic scattering (SIDIS) and ete™ data [3]. This is be-
cause h(i (x) is a chiral-odd object and it needs to be coupled with another chiral-odd partner
to form a chiral-even cross section that is experimentally observable.

In polarized proton-proton collisions (p'p), h?(x) can be coupled with chiral-odd spin-
dependent fragmentation functions (FFs). Selecting inclusive charged hadrons within jets,
collimated sprays of particles produced by fragmentation and hadronization of partons in high
energy collisions, involves the Collins FE, whereas selecting oppositely charged di-hadron pairs
in the final state involves the interference FF (IFF). In both channels, the coupling of h‘i (x)
with the respective FF results in experimentally measurable azimuthal correlation asymmetry,
Ayr, which is sensitive to hi(x).

2 Experiment and Dataset

The Relativistic Heavy-Ion Collider (RHIC) at Brookhaven National Laboratory (BNL) is ca-
pable of colliding bunched beams of polarized protons up to a center-of-mass energy (4/s)
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3 RESULTS

of 510 GeV. The Solenoidal Tracker At RHIC (STAR) is one of the major experiments, where
the Time Projection Chamber (TPC) is the main detector that provides particle tracking and
identification in the mid-pseudorapidity region (—1 < 1 < 1) and over the whole 27 range in
azimuthal angle [4]. The time-of-flight detector (TOF) [5], with a similar coverage as the TPC,
improves the STAR’s PID capability. The barrel electromagnetic calorimeter (BEMC) provides
event triggering based on the energy deposited in its towers.

STAR firstly observed the IFF asymmetry based on 2006 p'p data at 4/s = 200 GeV [6],
followed by the 2011 data at /s = 500 GeV [7], and the Collins asymmetry based on 2011
data at +/s = 500 GeV [8]. STAR collected additional p'p data at +/s = 200 GeV in 2012
and 2015. These datasets correspond to the integrated luminosities, L, of ~ 14 pb~! and
~ 52 pb™!, respectively, with the average beam polarization of ~ 58%. They provide the most
precise measurements of the Collins and the IFF asymmetries in p'p at 4/s = 200 GeV to date,
especially at quark momentum fractions 0.1 < x < 0.4. The combined 2012 and 2015 dataset
is used for the Collins analysis and only 2015 dataset is used for the IFF analysis.

3 Results

The Collins and the IFF asymmetries for charged pion(s) are extracted using the cross-ratio
formula [9],

T Azl —
) 1 \/Nl,aN1,/5 - \/Nl,aNl,ﬂ
Ayr -sin(@) = —- ey

p T ard Lot
\/AG,aPJLﬂ +-\/pJLapJLﬂ

where, N W) is the number of 7* within jets (Collins channel) or exclusive "7~ pairs (IFF
channel) when the beam polarization is T (), in the respective detector halves, @ and 3. P
is the average beam polarization. The azimuthal angle definitions and asymmetry extraction
approach for the IFF and the Collins channels are based on the STAR publications [6] and [8],
respectively. The mechanism of producing azimuthal correlations and its extraction from a
theoretical point of view can be found in [10].

High-quality tracks are selected by applying several quality cuts and charged pions are
identified by measuring their ionization energy loss, (dE/dx). For both channels, pions are
selected by requiring a cut on the number of standard deviations of measured (dE/dx) from
the expected pion energy loss, —1 < no,, < 2. Furthermore, we find that the TOF enhances the
particle identification (PID) in the momentum region where the TPC dE/d x between particle
species overlaps. The Collins analysis utilizes both TPC and TOF information for PID in those
regions, whereas the IFF analysis only makes use of the TPC. For both analyses, the average *
purity reaches ~90% in different kinematic regions. However, IFF analysis uses "~ pairs,
whose combined purity is ~ 80%.

To estimate the trigger bias on the measurements, PYTHIA 6 [11] events are run through
the STAR detector simulation implemented in GEANT 3 [12] and embedded into zero-bias
events. The magnitude of the bias is determined by calculating the fraction of quark events
at the detector level (GEANT) and at the particle level (PYTHIA) and taking a ratio between
them. The effect of particle impurity and the trigger bias correction are the two main sources
of systematic uncertainties.

Figure 1a depicts preliminary results for the IFF asymmetry, AP r)

uT
, in forward n* 7~ pseudorapidity (7

, as a function of

ntn~ ntn~

nv
. . — . to . .
is integrated over the transverse momentum of the n* 7~ pair, pf ™ , in the interval 2.5 to

15 GeV/c. The Asg}(%_d)’*) signal is enhanced around Ml.f:,”f ~ 0.8 GeV/c?, which is consis-
tent with the previous STAR measurements [6,7] and the theoretical calculation at 4/s = 200

invariant mass of ttm™ pair, M > () region. It
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GeV [13] incorporating SIDIS, ete™, and STAR 2006 p'p results. This enhancement, close to

p—meson mass (M, ~ 0.775 GeV/ c?), is expected and consistent with a IFF model calcula-

ASIn(s—¢r)
UT

tion [14]. The corresponding in the backward pseudorapidity region (n“+”_ < 0)

. : sin(¢ps—¢r) : ntn nta~ nta
is small. Figure 1b shows A, as a function of n , integrated over M ™ and p7
5 [ STAR Preliminary 2015 [ Radici et. al. - 003iSTAR Preiiminary 2015
g [ pr+p - mw+Xat {s=200GeV —e— Run 15, Cone< 0.7 gm O3 p+p . T+ Xat V5=200GeV
‘7’<5 0.08— [p, (=525Gevic ;c; 5 [ [] Syst.Error ‘
[ —e— Run 06, Cone< 0.3 < 0.02—
= EpT [(E6GeVic C .
0'06? [] syst.Error -
- >0 001 -
L F
0.04— - @ 5 ¢
r O "2a% “scale uncertainty from beam polarization (not shown) |
002; } E H Oel\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
i g% I L
L ] 04—
07 4 * = m<Z> e<X> .
L [ ‘ ‘i3% scaJeu‘ncalamlyfr‘om beampo‘\a:iza\on(n‘mmown) ‘ ‘ 0'2? \. ‘. ‘. \. .\ -‘ 0‘ " |
I 0 ds s s e b e e e
M (GeVic) N
sin(¢s—¢r) ntn~ sin(¢ps—¢r) ntn”
(a) Ayy vs M (b) Ayr Vs 1

Figure 1: STAR IFF asymmetries: 1a) A‘E’}(%_%) as a function of invarinat mass of two

. . to . . . .
oppositely-charged pions, M7 ™ ,inn > (O region, compared with the theoretical
calculation from [13]. The cone cut (+/ (9™ —n7™ )2+ (¢™ — ™ )2 < 0.7 ) ensures

that the 7" and 7~ are close enough in 1 — ¢ space. 1b) ASJHT(%_‘#R)

ntn~

as a function of
n™ ™, integrated over M" ™ and p} ™ (top panel). The quark (z) and (x), in the

my
. to 1. .
corresponding n™ ™ bins, are shown in the bottom panel.

’?\’ 0.04— STAR 2012+2015 Preliminary
g 0.03 pT+pajet+1ti+X
5" Vs = 200 GeV +
< 0.02 Xg>0 +
0.01 + t+

o

-0.01=
-0.02= AR, >0.05 LI o
-0.03= 0.1<z<0.8 +
“0.0a% I < Trma

Ev v L
°'°4§ X <0 = DMP+2013: 7*
0.03= 7¢ = DMP+2013: ©
0.025-
0.01= _{_

oe 3t 237 1 i ’L
-0.01= T T
002k * ™
00 " T
_0.045- 3-2% Scale Uncertainty Not Shown

= L L

L 1
10 15 20 25
Particle jet p_ [GeV/c]

Figure 2: STAR Collins asymmetry: A‘Z'}((ﬁs_(ﬁ” ) as a function of the particle-jet pr in
forward (xf > 0) (top panel) and backward (x § < 0) jet scattering directions (bottom
panel), for the m* within jets, compared with the theoretical calculation from [15].

(upper panel). The average x, fractional proton momentum carried by a quark, and z, frac-
tional quark energy carried by the n* 7~ pair, are estimated from GEANT simulation in the

corresponding n“+”_ bins and shown in the bottom panel. Asl;'r}(%—dm) increases linearly with
T)“+”_ in the forward region. The small asymmetry signal in the backward T)”+"_ region is

mainly due to scattering from a quark at lower x, which is typically associated with the un-
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polarized beam. A strong correlation between the observed asymmetry and x can be seen,
where x ranges from ~ 0.1 to 0.22 from backward to forward n“+"7. However, z shows no
clear dependence, the average of which is ~ 0.46. The 2015 IFF results corroborate previous
2006 [6] and 2011 [7] results. 4

Preliminary results for the Collins asymmetry, AS;}(%_(#” ), as a function of particle jet p;
are shown in figure 2. A significant positive asymmetry for n* and negative asymmetry for
n~ is observed in the x; > 0 region (upper panel). Though small, ASJ}WS_‘PH ) follows a similar
charge dependence in the x; < 0 region as well (lower panel). This charge-dependence is
consistent with a theoretical calculation [15] and the Collins asymmetry in SIDIS [16]. Al-
though the theoretical calculation undershoots data, they both follow a similar trend. This
result shows a large asymmetry signal with higher statistical precision than previous STAR
Collins analysis [8]. The Collins analysis is also performed for the identified kaon (K) and
proton (p). It is found that the Collins asymmetry for K is about the size of 7" within the
statistical uncertainties, while K~ and p(p) asymmetries are consistent to zero.

4 Conclusion

STAR has measured charged pion(s) correlation asymmetries through the IFF channel based on
2015 and the Collins channel based on 201242015 p'p data at 4/s = 200 GeV. These datasets
cover the Q? at the order of ~ 100 GeV? at intermediate x, which is well within the valance
quark region. The measured IFF asymmetry signal is enhanced around Ml.’f;“f ~ 0.8 GeV/c?,
which is consistent with the theoretical calculation and the previous STAR measurements. A
large asymmetry in the forward 777r+ ™ region corresponds to higher x, where quark transver-
sity is expected to be sizeable, whereas the backward asymmetries are small since the probed
low-x quarks are mainly from the unpolarized proton. The large Collins asymmetry, as a func-
tion of particle jet pr, is larger than the theory prediction in the x; > 0 region, but exhibits a
similar trend, whereas the asymmetry in the x; < 0 region is small. The charge-dependence
of 77 (n~) asymmetry is consistent with the Collins asymmetry found in SIDIS. The statisti-
cal precision of these results is largely improved with respect to previous STAR results. The
systematic uncertainty includes the effect from the PID and trigger bias, which is well under-
stood in the Collins analysis. However, the large systematic uncertainty in the IFF analysis is
dominated by the PID effect, which will be reduced in the near future. These high percision
IFF and Collins asymmetriey measurements will help to constrain the valance-quark transver-
sity distributions and test the universality of the mechanism producing such asymmetries in
different collision processes: SIDIS, e*e~, and p'p.
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