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Since the first surprising results on the spin structure of the proton by the EMC experiment in the

late 1980s, much progress has been made in understanding the origin of the proton spin. However,

the sea quark contribution to the proton spin, for example, the helicity distributions of the strange

quark (anti-quark), s(s̄), is still not well constrained by experimental data. Since the s(s̄) is expected

to carry a substantial fraction of the spin of the Λ(Λ̄) hyperon, measurements of the longitudinal spin

transfer, DLL, of the Λ(Λ̄) hyperon can thus shed light on the helicity distribution of the s(s̄) and the

longitudinally polarized fragmentation functions. In these proceedings, we will present the status of

the Λ(Λ̄) DLL analysis using data collected at RHIC-STAR in 2015, for the pseudo-rapidity |η| < 1.2

and transverse momenta up to 8.0 GeV/c. The DLL as a function of the longitudinal momentum

fraction of the Λ(Λ̄) hyperon in the jet is also investigated. This data set is about twice as large as the

2009 data used for the previously published DLL results.
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1. Introduction8

Understanding the spin structure of the proton is one of the most challenging and fundamental9

questions in QCD. In 1988, the European Muon Collaboration published the puzzling result showing10

that the quark and anti-quark spin only contribute little to the spin of the proton [1]. This result then11

inspired global experimental and theoretical studies in the last 30 years. For the helicity structure12

of the proton, the contribution from valence quarks is well constrained [2]. However, the sea quark13

contributions, especially for the strange quark (anti-quark), s(s̄), still have large uncertainties. Since14

the spin of the Λ(Λ̄) hyperon is expected to be carried mostly by its valence s(s̄), several theoretical15

studies [3–7] suggest that the DLL can provide constraints on the helicity distribution of s(s̄) and16

the polarized fragmentation functions of Λ(Λ̄). In particular, Ref. [5] shows that measuring DLL as17

a function of the jet momentum fraction (z) carried by the Λ(Λ̄) hyperon can directly probe the18

polarized jet fragmentation functions of Λ and Λ̄.19

In polarized p+p collisions, the longitudinal spin transfer of Λ is defined as:20

DLL ≡
σp+p→Λ+X − σp+p→Λ−X

σp+p→Λ+X + σp+p→Λ−X

=
∆σ

σ
, (1)

where “+” or “−” denotes the helicity of the proton or Λ(Λ̄). In the factorization framework, the21

polarized cross section ∆σ can be expressed as the convolution of the helicity distributions, partonic22

cross sections and polarized fragmentation functions.23

The Relativistic Heavy Ion Collider (RHIC) is the world’s first and only polarized p+p collider24

which is capable of colliding the polarized proton beams at center of mass energies equal to 20025
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GeV and 510 GeV, making it an ideal facility for probing the spin structure of the proton. Previously,26

STAR has published the DLL results [8] using the data taken in 2009 with an integrated luminosity27

of 19 pb−1. In 2015, STAR recorded a larger data sample corresponding to an integrated luminosity28

of 52 pb−1 with an average beam polarization of about 54%. With this data set, we performed more29

precise measurements on the DLL vs hyperon pT and the first measurements on the DLL vs hyperon30

momentum fraction (z) within jets.31
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Fig. 1. Invariant mass distributions of Λ and Λ̄ at 2 < pT < 3 GeV/c. The hyperon yields under the mass

peak (blue filled area) are used for the Draw
LL

calculation and the yields under the side-band region (red filled

area) are used for estimating the background fraction under the hyperon mass peak.

2. Hyperon Reconstruction and DLL Extraction32

In this measurement, theΛ(Λ̄) hyperons are reconstructed via the weak decay channelΛ→ p+π−33

(Λ̄ → p̄ + π+). The proton and pion candidate tracks measured by the Time Projection Chamber34

(TPC) [9] are paired first, and then a set of topological selection criteria are applied to reduce the35

background fraction to the level about 10% under the hyperon mass peak, as presented in Fig. 1. To36

reconstruct the hyperon from the fragments of the outgoing parton, jets are first reconstructed using37

anti-kT algorithm [10] with R = 0.6 using the tracks measured by the TPC and the energy deposits in38

the Barrel and Endcap Electromagnetic Calorimeter (BEMC/EEMC) [11, 12]. Then each hyperon is39

associated with a reconstructed jet by requiring ∆R =

√

(ηΛ(Λ̄) − η jet)2 + (φΛ(Λ̄) − φ jet)2 < 0.6.40

The extraction of DLL follows the same method as in [8,13]. The polarization of the Λ(Λ̄) can be41

obtained via the angular distribution of the Λ(Λ̄) decay products in the hyperon rest frame:42

dN

dcosθ∗
=
σLA

2
(1 + αΛ(Λ̄)PΛ(Λ̄)cosθ∗), (2)

where the θ∗ is the angle between the Λ(Λ̄) momentum direction, i.e. longitudinal polarization direc-43

tion, and the momentum of its daughter p( p̄) at the Λ(Λ̄) rest frame, and A is the detector acceptance.44

The αΛ(Λ̄) = 0.732(−0.732) [14] is the decay parameter and the PΛ(Λ̄) is the polarization of hyperons.45

To cancel the effect of the detector acceptance, the DLL is measured in small cosθ∗ intervals using the46

following equation [13]:47

DLL =
1

αΛ(Λ̄)Pbeam〈cos θ∗〉
N+ − RN−

N+ + RN−
. (3)
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Here, N+(N−) denotes the hyperon yields with positive(negative) beam helicity, Pbeam is the beam48

polarization and R is the relative luminosity measured by the STAR Vertex Position Detector [15].49

The raw spin transfers are extracted using the yields under the hyperon mass peak (blue area in50

Fig. 1) and are averaged over the whole cosθ∗ range. The residual background under the hyperon mass51

peak is mainly from random combinations of pion and proton candidates. This residual background52

is estimated using the side-band method (red area in Fig. 1). Its contribution to the DLL is corrected53

using the following equation:54

DLL =
Draw

LL
− rD

bkg

LL

1 − r
, (4)

where r is the residual background fraction under the hyperon mass peak.55

3. DLL Results56

In this section, we present the new preliminary results of DLL of Λ and Λ̄. Section 3.1 presents57

the results of DLL as a function of hyperon pT , and Sec. 3.2 shows the first measurements on the DLL58

versus hyperon z within jet.59

3.1 DLL vs hyperon pT60
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Fig. 2. Preliminary results of DLL as a function of hyperon pT for Λ and Λ̄ in p+p collisions at
√

s = 200

GeV. The top panel is for positive hyperon η range and bottom one for negative η range with respect to the

polarized proton beam. The theoretical curves are from Ref. [3].

Figure 2 shows the results of DLL as a function of hyperon pT in two different pseudo-rapidity61

ranges with respect to the momentum of the polarized proton. The results show consistency between62
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Λ and Λ̄. The top panel shows the results for 0 < η < 1.2. In this panel, the theoretical predictions [3]63

with different scenarios of the polarized fragmentation functions are compared with the measure-64

ments. The measurements are consistent with the model calculations within uncertainties.65

3.2 DLL vs z66

In this measurement, z is defined as z = ~pΛ · ~p jet/|~p jet|2, i.e. the longitudinal momentum fraction67

of the jet carried by the hyperon. The z value at detector level can be obtained with the reconstructed68

jet, i.e. detector jet. Since the theoretical calculations consider all produced particles in a jet, then the69

detector-level z needs to be corrected to the particle-level z. The correction is obtained with the Monte70

Carlo data based on the PYTHIA [16] and Geant [17] simulation.71

The first results of DLL versus z for Λ and Λ̄ in p+p collisions at
√

s = 200 GeV are presented72

in Fig. 3. The jet pT is required to be larger than 5 GeV/c. The top panel shows the results for the73

hyperon rapidity in the range of 0 < η < 1.2 with respect to the momentum of the polarized beam and74

the bottom panel shows the results for −1.2 < η < 0. The results are compared with the theoretical75

predictions [5] for three scenarios of polarized fragmentation functions [18]. From Fig. 3, we can76

see that the results are consistent between Λ and Λ̄. The data are also consistent with the model77

calculations. However, current measurement precision does not yet allow for a clear discrimination78

of different scenarios.79
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Fig. 3. Preliminary results of DLL as a function of hyperon z for hyperon pT ≥ 1.0 GeV/c and jet pT ≥ 5.0

GeV/c. The top panel is for positive hyperon η range and the bottom one for negative η range with respect to the

polarized proton beam. The theoretical curves are from Ref. [5] for three scenarios of polarized fragmentation

functions.
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4. Summary80

In summary, new preliminary results on Λ/Λ̄ longitudinal spin transfer DLL vs pT , and DLL vs81

hyperon z within a jet are presented for 200 GeV longitudinally polarized p+p collisions at STAR.82

These measurements provide insights into the polarized fragmentation functions for the Λ and Λ̄83

hyperons and also the strange quark and anti-quark helicity distributions in the proton. The first84

measurement of the DLL vs z in polarized p+p collisions directly probes the polarized fragmentation85

functions.86
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