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The transversity distribution function, ℎ𝑞1 (𝑥), encapsulates the transverse spin structure of the
proton at the leading twist, where 𝑥 represents the longitudinal momentum fraction carried by the
quark 𝑞. The extraction of ℎ𝑞1 (𝑥) poses a formidable challenge due to its chiral-odd nature. Mea-
surements of final-state di-hadron pairs in transversely polarized proton-proton (𝑝↑𝑝) collisions
directly probe the collinear quark transversity via coupling with a chiral-odd interference fragmen-
tation function, IFF. This coupling results in an experimentally measurable azimuthal correlation
asymmetry, 𝐴𝑈𝑇 . The asymmetry originates from the interplay between the spin orientation of
the fragmenting quark and the resulting di-hadron in the final state. Thus, precise knowledge of
unpolarized di-hadron fragmentation functions (FFs) is necessary to achieve a model-independent
extraction of the transversity from these measurements. These FFs can be constrained by mea-
suring the unpolarized di-hadron cross-section in 𝑝𝑝 collisions. We report the preliminary results
on the 𝐴𝑈𝑇 for 𝜋+𝜋− pairs using 𝑝↑𝑝 data collected by the STAR experiment at a center-of-mass
energy (

√
𝑠) of 200 GeV in 2015. Additionally, we report preliminary results of the unpolarized

𝜋+𝜋− cross section using 𝑝𝑝 data at
√
𝑠 = 200 GeV collected in 2012. These datasets probe the

valance quark region (0.1 < 𝑥 < 0.3) at 𝑄2 of the order of ∼ 100 GeV2.
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1. Introduction9

At the leading twist, the spin structure of the nucleon can be described by the three collinear10

parton distribution functions (PDFs): unpolarized PDF ( 𝑓1(𝑥)), helicity PDF (𝑔1(𝑥)), and transver-11

sity PDF (ℎ𝑞1 (𝑥)), where 𝑥 is the fractional momentum of nucleon carried by the parton. While12

𝑓1(𝑥) and 𝑔1(𝑥) are reasonably well-constrained by the global data [1, 2], our understanding of13

the ℎ
𝑞

1 (𝑥) [3–6], is limited to measurements obtained from semi-inclusive deep inelastic scattering14

(SIDIS) experiments [7–12], 𝑒+𝑒− collisions [13, 14], and 𝑝↑𝑝 interactions [15, 16]. This limitation15

arises because ℎ
𝑞

1 (𝑥) is a chiral-odd object, requiring coupling with another chiral-odd partner to16

form a chiral-even observable.17

Transversity can be accessed through single-hadron production, such as Collins effect [17] in18

SIDIS or collinear factorization in hadronic collisions [18, 19]. Alternatively, transversity appears19

coupled with the interference fragmentation function (IFF) in unpolarized di-hadron production in20

hadronic collisions at leading twist [20–23]. This approach allows for the study of transversity with-21

out the need for jet reconstruction, eliminating associated systematic uncertainties and preserving22

collinear factorization.23

The unpolarized di-hadron production channel in polarized proton-proton collisions (𝑝↑𝑝)24

provides convenient access to transversity coupled with the IFF. This coupling gives rise to an ex-25

perimentally measurable azimuthal correlation asymmetry, denoted as 𝐴𝑈𝑇 , which originates from26

the interplay between the spin of the polarized quark and the final state di-hadron. However, isolat-27

ing ℎ
𝑞

1 (𝑥) from the 𝐴𝑈𝑇 requires experimental constraints on the IFF and unpolarized FF, 𝐷ℎ1ℎ2
1 ,28

especially for gluons. Consequently, the global extraction of transversity relies on simulations,29

introducing substantial model-dependent uncertainties. The unpolarized di-hadron cross-section30

(𝑑𝜎ℎ1ℎ2
𝑈𝑈

) in 𝑝𝑝 collisions offers a means to access 𝐷ℎ1ℎ2
1 , crucial for constraining transversity.31

STAR initially observed a significant 𝐴𝑈𝑇 for 𝜋+𝜋− based on 2006 𝑝↑𝑝 data at a center-of-mass32

energy (
√
𝑠) of 200 GeV [15]. Subsequently, further insights were gained by analyzing the 201133

dataset at
√
𝑠 = 500 GeV [16]. These measurements served as a proof-of-principle in 𝑝↑𝑝, although34

the statistical uncertainties were substantial due to limited available statistics. This article reports35

preliminary results on the precision of the 𝐴𝑈𝑇 measurement based on 2015 𝑝↑𝑝 data and the36

𝑑𝜎
ℎ1ℎ2
𝑈𝑈

results from 2012 𝑝𝑝 data for 𝜋+𝜋− at
√
𝑠 = 200 GeV.37

2. STAR Experiment and Datasets38

The Relativistic Heavy-Ion Collider (RHIC) at Brookhaven National Laboratory can collide39

bunched beams of polarized protons up to
√
𝑠 = 510 GeV. The Solenoidal Tracker At RHIC (STAR)40

[24] is one of the major experiments, where the Time Projection Chamber (TPC) [25] is the core41

detector that provides particle tracking and particle identification (PID) in the mid-pseudorapidity42

region (−1 < 𝜂 < 1) and over the whole 2𝜋 range in azimuthal angle. The time-of-flight detector43

(TOF) [26], with similar coverage as the TPC, improves the STAR’s PID capability. The barrel44

electromagnetic calorimeter [27] provides event triggering based on the transverse energy (𝐸𝑇 )45

depositions in its towers cluster.46

At RHIC, both beams exhibit stable polarization in the transverse direction to the collider plane.47

The polarization direction alternates in subsequent bunches, and the polarization pattern is modified48
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from fill to fill to minimize systematic uncertainty. Although both beams maintain transverse49

polarization, integrating over all polarization states allows each beam to be treated as unpolarized,50

effectively reducing the net beam polarization to nearly zero. This enables measurements that51

require either or both beams to be unpolarized, such as single-spin asymmetry and unpolarized52

cross-section. The term “unpolarized cross-section” refers to the measurement from the unpolarized53

beams, and the “di-hadron” refers to the unpolarized 𝜋+𝜋− in the final state hereafter.54

This measurement utilizes datasets collected by the STAR experiment at
√
𝑠 = 200 GeV from55

the years 2012 and 2015. The 2015 dataset is employed for the IFF asymmetry measurement and56

features an integrated luminosity (L𝑖𝑛𝑡 ) of 52 pb−1. The selected physics events are triggered57

by jet-patch (JP) triggers JP1 and JP2 with 𝐸𝑇 thresholds of 5.4 and 7.3 GeV, respectively. The58

2012 dataset, a relatively smaller data sample corresponding to L𝑖𝑛𝑡 = 14 pb−1, is utilized for the59

unpolarized cross-section measurement for the 𝜋+𝜋−. This dataset includes additional JP-triggered60

events, JP0, with a 𝐸𝑇 = 3.5 GeV threshold. Including all three JP-triggered events, this dataset61

provides better gluon sensitivity, making it the optimal choice for the cross-section measurement.62

Simulated events are required to estimate various systematic uncertainties and correct the63

detector effects in these measurements. For particle-level collision events, the PYTHIA 6 Monte64

Carlo event generator [28] is employed, utilizing the Perugia 12 tune [29] with a modified parameter65

(PARP(90)=0.213) [30]. This setup incorporates the CTEQ6 PDF sets [31]. Subsequently, the66

STAR detector response to the PYTHIA events is simulated using GEANT3 [32], considering the67

corresponding STAR detector configurations. Before reconstruction, the raw simulated detector68

responses are combined event-by-event with actual detector responses from the zero bias trigger69

samples, which represent random detector states, to simulate the beam backgrounds (embedding70

process). The produced simulation sample provides a very good description of the datasets.71

3. 𝜋+𝜋− Azimuthal Correlation Asymmetry72

3.1 Analysis73

The 𝐴𝑈𝑇 for the 𝜋+𝜋− pairs is extracted using the cross-ratio formula [33],74

𝐴𝑈𝑇 · sin(𝜙𝑅𝑆) =
1
𝑃
·
√︁
𝑁↑ (𝜙𝑅𝑆)𝑁↓ (𝜙𝑅𝑆 + 𝜋) −

√︁
𝑁↓ (𝜙𝑅𝑆)𝑁↑ (𝜙𝑅𝑆 + 𝜋)√︁

𝑁↑ (𝜙𝑅𝑆)𝑁↓ (𝜙𝑅𝑆 + 𝜋) +
√︁
𝑁↓ (𝜙𝑅𝑆)𝑁↑ (𝜙𝑅𝑆 + 𝜋)

(1)

where, 𝑁↑(↓) is the number of 𝜋+𝜋− pairs, when the beam polarization is up(down). 𝑃 is the average75

beam polarization, which is ∼ 57% for a beam traveling clockwise (blue) and ∼ 58% for the beam76

traveling counterclockwise (yellow). The definition of azimuthal angle 𝜙𝑅𝑆 (= 𝜙𝑆−𝜙𝑅) is illustrated77

in Fig. 1 [15], where 𝜙𝑆 is an angle between the polarization vector, ®𝑆𝑎, and the scattering plane,78

formed by the beam momentum vector, ®𝑝𝑏𝑒𝑎𝑚, and the di-hadron momentum sum vector, ®𝑝ℎ (=79

®𝑝ℎ,1 + ®𝑝ℎ,2). 𝜙𝑅 is an angle between the scattering plane and the di-hadron plane, formed by two80

hadrons’ momenta, ®𝑝ℎ,1, and ®𝑝ℎ,2. ®𝑅(= 1
2 ( ®𝑝ℎ,1 − ®𝑝ℎ,2)) is the relative momentum vector of the di-81

hadron system. Here, ®𝑝ℎ,1 is reserved for 𝜋+ and ®𝑝ℎ,2 for 𝜋−. This charge ordering is important; oth-82

erwise, the direction of ®𝑅 is randomized, resulting in a diluted asymmetry. The mechanism of pro-83

ducing azimuthal correlations and its extraction from a theoretical point of view can be found in Ref.84

[23].85
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Figure 1: Azimuthal angles in the di-
hadron system.

86

Particle tracks are selected by finding high-quality87

tracks associated with the event vertices within 60 cm88

along the beam direction from the nominal TPC cen-89

ter. Each track is required to have transverse momentum90

𝑝𝑇 > 1.5 GeV/𝑐 and the distance of closest approach dca91

< 1 cm from the event vertex. Charged pions are identi-92

fied by measuring their ionization energy loss, 𝑑𝐸/𝑑𝑥. Pi-93

ons are selected by requiring a cut on the number of stan-94

dard deviations of observed 𝑑𝐸/𝑑𝑥 (𝑑𝐸/𝑑𝑥obs) from the95

expected pion energy loss (𝑑𝐸/𝑑𝑥𝜋,calc), −1 < 𝑛𝜎𝜋 < 2,96

where 𝑛𝜎𝜋 = 1
𝜎exp

ln
(

𝑑𝐸/𝑑𝑥obs
𝑑𝐸/𝑑𝑥𝜋,calc

)
with 𝜎exp being 𝑑𝐸/𝑑𝑥 resolution of the TPC.97

The 𝜋+𝜋− pairs are formed by selecting oppositely charged pion tracks, and associated azimuthal98

angles 𝜙𝑆 and 𝜙𝑅 are constructed from di-pion kinematics as shown in Fig. 1. The 𝜋+ and 𝜋− tracks99

should be close enough in 𝜂 − 𝜙 space (cone ≡
√︁
(𝜂𝜋+ − 𝜂𝜋− )2 + (𝜙𝜋+ − 𝜙𝜋− )2 < 0.7) to achieve a100

higher sensitivity to both pions originating from the same parton. The 𝜋+𝜋− yields are sorted based101

on the beam polarization direction (↑/↓) in 16 𝜙𝑅𝑆 bins. 𝐴𝑈𝑇 is then extracted from Eq. 1 as an102

amplitude of the sinusoidal fit over the range [−𝜋, 0]. The analysis is performed for both polarized103

beams independently, considering the other as unpolarized. The final result is the weighted average104

of both.105

3.2 Results106

𝐴𝑈𝑇 is measured as a function of 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

, 𝑝𝜋+𝜋−
𝑇

, and 𝜂𝜋+𝜋− . The 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

dependence arises107

from the IFF, 𝑝𝜋+𝜋−
𝑇

sets the hard scale, and 𝜂𝜋+𝜋− is a surrogate for 𝑥, where higher 𝑥 partons can be108

probed in the forward 𝜂𝜋+𝜋− region and vice-versa. Detailed results, including multi-dimensional109

binning, can be found in Ref. [34].110

Figure 2 depicts 𝐴𝑈𝑇 as a function of 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

, integrated over 𝑝𝜋+𝜋−
𝑇

, in the 𝜂𝜋+𝜋−
> 0 region,111

compared with the STAR 2006 result [15] and a theory curve (gray band) [35], which is fit to112

the SIDIS, 𝑒+𝑒−, and STAR 2006 data. Both STAR measurements are in good agreement with113

the theory, showing a significant resonance peak at 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

∼ 𝑀𝜌, as expected in the IFF model114

calculation [23, 36].115

Figure 3 shows 𝐴𝑈𝑇 as a function of 𝜂𝜋+𝜋− , integrated over 𝑀 𝜋+𝜋−

inv and 𝑝𝜋+𝜋−
𝑇

(upper panel).116

⟨𝑥⟩ and ⟨𝑧⟩, the average fractional quark energy carried by the 𝜋+𝜋− pair, estimated from simulation,117

in the corresponding 𝜂𝜋+𝜋− bins are shown in the bottom panel. 𝐴𝑈𝑇 increases linearly with 𝜂𝜋+𝜋−
118

in the forward 𝜂𝜋+𝜋− region, while the backward asymmetry signal is small, as expected. A strong119

correlation between the observed asymmetry and ⟨𝑥⟩ can be seen, where ⟨𝑥⟩ ranges from ∼ 0.1 to120

0.22 from backward to forward 𝜂𝜋+𝜋− . However, ⟨𝑧⟩ shows no clear dependence in 𝜂𝜋+𝜋− , with an121

average of ∼ 0.46.122

The systematic uncertainty includes the effect of the bias in the event triggering (trigger bias)123

and particle identification (PID). The magnitude of the trigger bias is determined by calculating124

the fraction of quark events at the detector level (GEANT) and the particle level (PYTHIA) and125

taking a ratio between them. The size of the systematic effect related to the PID is estimated using126
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Figure 2: 𝐴𝑈𝑇 𝑣𝑠. 𝑀 𝜋+ 𝜋−
𝑖𝑛𝑣

, in 𝜂𝜋+ 𝜋−
> 0 region,

compared with the theoretical calculation from
Ref. [35].
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Figure 3: 𝐴𝑈𝑇 𝑣𝑠. 𝜂𝜋+ 𝜋− , integrated over 𝑀 𝜋+ 𝜋−
𝑖𝑛𝑣

and 𝑝𝜋+ 𝜋−
𝑇

(top panel). The quark ⟨𝑧⟩ and ⟨𝑥⟩, in
the corresponding 𝜂𝜋+ 𝜋− bins, are shown in the
bottom panel.

𝜋+𝜋− impurity (∼ 20%− 33%) in the respective asymmetry bins, which is the dominant systematic127

uncertainty at this stage of the analysis.128

4. Unpolarized 𝜋+𝜋− Cross-Section129

4.1 Event Selection, and Binning130

All the event and track selection cuts and 𝜋+𝜋− construction procedure are similar to the one131

outlined in Sec. 3.1, except for the minimum track 𝑝𝑇 cut, which is lowered to 𝑝𝑇 > 0.5 GeV/𝑐.132

Additionally, 𝜋+𝜋− events with cone falling below 0.02 are excluded. This minimum cone cut is133

intended to eliminate 𝜋+𝜋− events composed of tracks too close for separate identification by the134

detector. Furthermore, hard cuts are enforced on the pair 𝑝𝑇 (1 < 𝑝𝜋+𝜋−
𝑇

< 15 GeV/𝑐) and pair135

mass (0.27 <𝑀 𝜋+𝜋−
𝑖𝑛𝑣

< 4 GeV/𝑐2) to further refine the 𝜋+𝜋− event selection.136

The measurement of the differential unpolarized cross-section is performed in the 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

bins.137

The minimum bin width is chosen based on a dedicated reconstruction performance study, and138

variable-width binning is considered to account for falling statistics with increasing mass. The total139

of thirteen bins are considered over the mass range of 0.27 < 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

< 4.0 GeV/𝑐2. Unpolarized140

𝜋+𝜋− cross-section is independently measured for JP0, JP1, and JP2 triggered events, and the final141

cross-section is the weighted average of all three triggered cross-sections.142

4.2 Background Events143

The potential sources of background are the beam backgrounds and pile-up events. The144

pions from the background events are identified by finding an association between the GEANT145

reconstructed and PYTHIA-generated true tracks. If any reconstructed pions in 𝜋+𝜋− are not146

associated with the truth level tracks, such pairs are considered backgrounds. Figure 4 (left panel)147

shows the data (red), background from simulation (blue), and background subtracted data (green)148

for the JP2 triggered events. The fraction of background is similar for the JP0 and JP1 triggered149

events as well. The background-subtracted data serves as an input for the unfolding.150
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Figure 5: 𝜋+𝜋− triggering efficiency.
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Figure 6: 𝜋+𝜋− tracking efficiency.

4.3 Unfolding151

TUnfold algorithm [37] is used for the cross-section unfolding. The migration matrix, a152

two-dimensional matrix of 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

with truth events along 𝑦−axis and reconstructed events along153

𝑥−axis as shown in Fig. 4 (middle), was used as an input to the unfolding algorithm. Truth and154

reconstructed events in the migration matrix come from the PYTHIA and GEANT simulations,155

respectively. The input for the unfolding is a finely binned background subtracted yields (Fig. 4156

(left panel)), and the unfolded output is in thirteen bins of variable width (truth bins). The unfolded157

distribution differs slightly from the input, with yields from the higher mass bins migrating to the158

lower mass region as shown in the right panel of Fig. 4. This final unfolded distribution is devoid159

of the bin migration effect and background. However, it still requires further corrections for the160

trigger and particle tracking efficiency to remove detector effects and corrections associated with161

the PID.162

4.4 Corrections163

All the corrections that are made to the unfolded cross-section are simulation-based. The164

correction factors are calculated in each cross-section bin for each trigger at the 𝜋+𝜋− level.165
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Figure 8: 𝜋+𝜋− loss fraction.

The trigger efficiency (𝜖 𝜋+𝜋−
𝑡𝑟𝑖𝑔

) is calculated as the fraction of triggered 𝜋+𝜋− events to the166

unbiased events, which have no knowledge of event triggering. The estimated values of 𝜖 𝜋+𝜋−
𝑡𝑟𝑖𝑔

for167

JP0, JP1, and JP2 triggered events are shown in Fig. 5, illustrating the trigger threshold conditions.168

The JP0 exhibits higher efficiency than the JP1 and JP2, which require successively higher threshold169

energy compared to JP0.170

The pion tracking efficiency (𝜖 𝜋±

𝑡𝑟 𝑘
) is estimated as the fraction of true tracks successfully171

reconstructed by the detector, whereas the tracking efficiency at the 𝜋+𝜋− level is a product of the172

𝜋+ and 𝜋− tracking efficiencies. Figure 6 illustrates the 𝜖 𝜋+𝜋−

𝑡𝑟 𝑘
as a function of 𝑀 𝜋+𝜋−

𝑖𝑛𝑣
for JP0, JP1,173

and JP2 triggered events, which consistently exceeds 85% throughout the 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

range. 𝜖 𝜋
+𝜋−

𝑡𝑟 𝑘
174

shows slight mass dependence; however, there is no significant trigger dependence.175

At the data level, pions are selected based on a 𝑑𝐸/𝑑𝑥 cut, which non-pion backgrounds may176

contaminate. The purity of 𝜋+𝜋− ( 𝑓𝑡𝑟𝑢𝑒) for the cross-section correction is estimated as the fraction177

of true 𝜋+𝜋− events that fall within the default 𝜋+𝜋− selection cut −1 < 𝑛𝜎𝜋 < 2 cut. Fig. 7 shows178

the 𝑓𝑡𝑟𝑢𝑒 in cross-section bins for all three JP triggers. 𝑓𝑡𝑟𝑢𝑒 exhibits a slight mass dependence,179

increasing as the mass increases. Additionally, the fraction has a trigger dependence, specifically180

around the 𝜌−mass region.181

Some of the true 𝜋+𝜋− may be lost due to the restrictive PID cut, consequently lowering the182

cross-section. The fraction of lost true 𝜋+𝜋− ( 𝑓𝑙𝑜𝑠𝑠), shown in Figure 8, that falls outside the PID183

cut accounts for the inefficiency of the applied PID cut in identifying pion. This fraction is greater184

than one and increases the yields by this factor to account for the loss of 𝜋+𝜋− events. The 𝑓𝑙𝑜𝑠𝑠185

is independent of the triggers, varying from 1.4 at the lower mass region to 1.3 at the higher mass186

regions.187

4.5 Result188

With all the components on hand, the cross-section per trigger can be calculated as 𝑑𝜎𝜋+ 𝜋−
𝑈𝑈

𝑑𝑀
=189

𝑓𝑡𝑟𝑢𝑒 · 𝑓𝑙𝑜𝑠𝑠
L·𝜖 𝜋+ 𝜋−

𝑡𝑟𝑘
·𝜖 𝜋+ 𝜋−

𝑡𝑟𝑖𝑔

· 𝑑𝑁 𝜋+ 𝜋−

𝑑𝑀
, where 𝑑𝑁 𝜋+ 𝜋−

𝑑𝑀
is the unfolded yield normalized by the bin width and L190

is the luminosity per trigger. The calculated luminosity values are 0.16, 7.68, and 18.80 pb−1191

for JP0, JP1, and JP2 trigger, respectively. The measured cross-section is a weighted average of192

JP0, JP1, and JP2 triggered cross-sections, depicted in red in the top panel of Fig. 9. The total193

systematic uncertainty, shown as a green-hatched band, is presented alongside the data points. The194
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Figure 9: Unpolarized 𝜋+𝜋− cross-section compared with the PYTHIA and JAM cross-sections.

absolute PYTHIA (version and tune details as described in Sec. 2) cross-section is represented by195

a dashed black line and theoretical prediction from the JAM collaboration is depicted in purple196

band [6, 38]. The uncertainty band in the JAM cross-section is purely statistical, arising from197

taking the mean and average of (∼ 300) replicas. The agreement between the measured cross-198

section, PYTHIA, and theoretical predictions is excellent and falls within the uncertainty bounds.199

This consistency demonstrates the reliability of the analysis framework and its alignment with200

theoretical expectations. Notably, the measured cross-section encompasses 𝜋+𝜋− production from201

quark and gluon fragmentation. Consequently, this marks a significant step toward constraining the202

gluon fragmentation function, a leading source of uncertainty in the transversity.203

In the bottom panel, the green band represents the total systematic uncertainty comprising204

various effects associated with the PID and efficiencies, which is dominated by the effect related to205

the trigger efficiencies. The red band indicates the statistical uncertainty. Closed black circles depict206

the relative difference between the PYTHIA and measured cross-sections, and the dashed blue lines207

illustrate the relative difference between the JAM DiFF prediction and the final cross-section. The208

10% uncertainty from the luminosity measurement is not included in the final uncertainty.209
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5. Summary and Outlook210

STAR has measured 𝜋+𝜋− correlation asymmetries based on 2015 𝑝↑𝑝 data and the first211

unpolarized 𝜋+𝜋− cross-section using 2012 data at
√
𝑠 = 200 GeV. These datasets cover 𝑄2 at the212

order of ∼ 100 GeV2 at intermediate 𝑥 (0.1 < 𝑥 < 0.3), where the transversity is expected to be213

sizable.214

The measured IFF asymmetry signal is enhanced around 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

∼ 0.8 GeV/𝑐2, which is215

consistent with the theoretical calculation and the previous STAR measurements. A large asymmetry216

in the forward 𝜂𝜋+𝜋− region corresponds to higher 𝑥, where quark transversity is expected to be217

sizable. In contrast, the backward asymmetries are small since they probe polarized low-𝑥 quarks218

and scattered quarks from the unpolarized beam. The statistical precision of these results is largely219

improved compared to the previous STAR results. The systematic uncertainty includes the effect of220

the PID and trigger bias. The large systematic uncertainty is dominated by the PID, which is better221

understood and expected to reduce significantly, including the TOF PID.222

The unpolarized 𝜋+𝜋− cross-section differential in 𝑀 𝜋+𝜋−
𝑖𝑛𝑣

in a proton-proton collision at
√
𝑠223

= 200 GeV has been measured for the first time using STAR Run 2012 data. The measured cross-224

section shows good agreement with the PYTHIA cross-section and the theoretical prediction from225

the JAM collaboration. This unpolarized cross-section result in 𝑝𝑝 is much needed to constrain the226

gluon fragmentation function and, consequently, transversity.227

These high-precision IFF asymmetries, combined with the unpolarized cross-section result228

from STAR in 𝑝𝑝 collisions, complement SIDIS and 𝑒+𝑒− data, providing a foundation for a229

model-independent extraction of transversity with greater precision than previously possible.230
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