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About 50 years ago, it was discovered that Λ0 hyperons are produced polarized in collisions
of unpolarized protons on beryllium. Despite enormous experimental and theoretical efforts,
the origin of this polarization remains inconclusive to date. The Λ0 polarization has also been
observed in various collision systems, from 𝑒++𝑒− to heavy-ion collisions. A recently proposed
technique for the investigation of the Λ0 hyperon polarization is a measurement of Λ0Λ̄0, Λ0Λ0,
and Λ̄0Λ̄0 spin-spin correlations. This technique is expected to help understand if the polarization
is generated at early stages of the collisions, e.g. from initial state parton spin correlation, or if it
is a final state effect originating from hadronization.
In these proceedings, we present a status of the first measurement utilizing this new experimental
method in 𝑝+𝑝 collisions at

√
𝑠 = 200 GeV by the STAR experiment. TheΛ0 and Λ̄0 candidates are

reconstructed at mid-rapidity (|𝑦 | < 1) and in two transverse momentum (𝑝T) bins which allows
us to extract the Λ0-hyperon spin-spin correlations for various 𝑝T combinations of hyperons in
Λ0Λ̄0, Λ0Λ0, and Λ̄0Λ̄0 pairs. This measurement will provide new insight into Λ0 hyperon spin
polarization in 𝑝+𝑝 collisions at RHIC energies.
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1. Introduction8

The Λ0 hyperons have an interesting property that they can be produced polarized in collisions9

of unpolarized particles. This phenomenon was first observed in Fermilab in collisions of 300 GeV10

proton beam with a Be target, where neither the beam or target was polarized. Since then, many11

more experimental measurements of the Λ polarization were performed and theoretical models12

attempted to explain the origin of the polarization were developed, but no definitive answer has13

been found yet.14

Figure 1: Cartoon illustrating definition of production plane used in single Λ0 hyperon polarization analyses.
Taken from Ref. [1].

In the standard experimental method, the Λ0 hyperon polarization is measured with respect to15

the production plane. As shown in Fig. 1, the production plane is defined by the momentum of the16

beam (𝑝e) and the momentum of the Λ0 hyperon (𝑝Λ0). Only events where the Λ0 (Λ̄0) hyperon17

decays via the hadronic decay channel Λ0 → 𝑝𝜋− (Λ̄0 → 𝑝𝜋+) are selected. The polarization18

is then quantified by measurement of the angle 𝜃p between the momentum of the decay proton19

boosted into the rest frame of the mother (𝑝) and the normal vector to the production plane (�̂�). The20

polarization 𝑃Λ can be then determined from the angular distribution of the decay protons given by:21

d𝑁
d cos(𝜃★) = 1 + 𝛼𝑃Λ cos(𝜃p), (1)

where 𝛼 is the weak decay parameter of the Λ0 hyperons: Λ0: 𝛼+ = 0.732 ± 0.014, Λ̄0: 𝛼− =22

−0.758 ± 0.012 [2].23

Figure 2: Single Λ0 polarization as a function of 𝑝T measured in 𝑝+Be collisions with 300 GeV proton
beam on a Be target measured in Fermilab. Taken from Ref. [3].

An example of a measurement using this method is shown in Fig. 2, which shows the Λ024

hyperon polarization as a function of Λ0 hyperon transverse momentum (𝑝T) in 𝑝+Be collisions25
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with 300 GeV proton beam on a Be target. As mentioned earlier, this is the first ever experimental26

observation of the Λ0 hyperon polarization.27

Over the last 50 years, various experimental methods were developed in order to understand the28

Λ0 hyperon polarization. In general, one common modification of the standard method described29

in the previous section is an alternative selection of the reference direction for the polarization30

measurement. An example of a few such measurements can be found in Ref. [4–6].31

Overall, the main experimental observations in Λ0 hyperon polarization measurements can be32

summarized in a few points. Firstly, the Λ0 hyperon polarization depends mainly on 𝑥F = 𝑝z/𝑝beam,33

where 𝑝z is the component of the Λ0 momentum along the beam axis and 𝑝beam is the beam34

momentum. The polarization is larger for larger values of 𝑥F [4]. The second important observation35

is that the polarization is observed also in 𝑒++𝑒− collisions [5]. This indicates importance of final36

state effects on the polarization, as there are no hadrons in the initial state which could induce37

the polarization. Similar conclusion can be done from spin transfer measurement which attempts38

to evaluate if polarization of the beam has any influence on the polarization of the produced Λ039

hyperons. Current results from the STAR experiment with polarized 𝑝+𝑝 collisions indicate that40

the Λ0 hyperon polarization does not depend on the beam polarization [6].41

2. Λ0 hyperon spin-spin correlations42

A new, alternative, method is the measurement of Λ0Λ̄0, Λ0Λ0, and Λ̄0Λ̄0 pair spin-spin43

correlations. Compared to the standard method, this new method is similar, but the reference44

direction to measure the polarization of one Λ0 (Λ̄0) is the polarization of the second Λ0, or Λ̄045

hyperon in the same event, rather than the normal vector to the production plane. Both of the46

hyperons in the pair are required to decay via the 𝑝𝜋− (𝑝𝜋+) decay channel. The momenta of47

the decay protons are subsequently boosted into the rest frame of their mother and the angle (𝜃★)48

between the boosted momenta is measured.49

The angular distribution of the proton pairs then follows:50

d𝑁
d cos(𝜃★) ∝ 1 + 𝛼1𝛼2𝑃Λ1Λ2 cos(𝜃★), (2)

where 𝛼1 and 𝛼2 are the weak decay constants of the hyperons in the pair and 𝑃Λ1Λ2 is the level of51

spin-spin correlation of the pair.52

Most of the previous Λ0 hyperon polarization measurements indicate the importance of the53

final state effects, such as fragmentation and hadronization. The main advantage of this new method54

is that it should be sensitive to initial state correlations between 𝑠 (anti-)quark pairs produced in55

hard partonic scattering [7, 8].56

3. Results57

The dataset used in this analysis are 𝑝+𝑝 collisions at
√
𝑠 = 200 GeV collected by the STAR58

experiment in 2012. A total of 400M minimum bias events was accepted for the analysis. A pure59

samples of protons and pions were selected from those events using the Time Projection Chamber60

detector which are then paired to form unlike-sign (US) 𝑝𝜋 pairs (𝑝𝜋− and 𝑝𝜋+) and like-sign (LS)61

𝑝𝜋 pairs (𝑝𝜋+ and 𝑝𝜋−).62
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Figure 3: 2D invariant mass distribution for US-US 𝑝𝜋 pairs for Λ0Λ̄0 pair candidates. Both Λ0 and Λ̄0

have 0.5 < 𝑝T < 1.5 GeV/𝑐.

The signal region is determined from 2D invariant mass (𝑀inv) distributions of the 𝑝𝜋 pairs.63

The distribution containing both signal and combinatorial background is formed by pairing an US64

𝑝𝜋 pair with a different US 𝑝𝜋 pair from the same event and is denoted (US-US). An example of65

such 2D distribution for Λ0Λ̄0 pair candidates is shown in Fig. 3. The large peak in the middle66

corresponds to true Λ0Λ̄0 pairs, the combinatorial background is then visible as the two ridges and67

the continuum outside of the true Λ0Λ̄0 pair peak.68

The combinatorial background is estimated using an US 𝑝𝜋 pair with a LS 𝑝𝜋 pair from the69

same event which is further denoted (US-LS). This selection ensures that the background contains70

both components described above. The two ridges originate from true Λ0 or Λ̄0 hyperons paired71

with combinatorial background 𝑝𝜋 pair and the continuum which is a background 𝑝𝜋 pair combined72

with another background 𝑝𝜋 pair.73

In the next step, the background (US-LS) is subtracted from the (US-US) distribution and the74

resulting distribution is fitted with a 2D Gaussian function. The signal region is then defined as75

𝜇1,2±3𝜎1,2, where 𝜇1,2 are the two means of the 2D Gaussian and 𝜎1,2 are the two Gaussian widths.76

All of aforementioned parameters are taken from the fit.77

The angle 𝜃★ is then calculated for the (US-US) and the background (US-LS) pairs which are78

within the signal 𝑀inv window for all three possible charge combinations, corresponding to Λ0Λ̄0,79

Λ0Λ0, and Λ̄0Λ̄0 pairs. The measured1 d𝑁/d cos(𝜃★), as defined in Eq. (2), for the Λ0Λ̄0 pairs is80

shown in Fig. 4. The (US-US) pairs are shown as red full circles and the combinatorial background81

(US-LS) pairs are shown as full blue squares.82

These distributions have to be corrected for detector acceptance. This can be done using83

1Measured means before any detector and acceptance corrections.
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Figure 4: d𝑁/d cos (𝜃★) distributions for Λ0Λ̄0 before acceptance correction and background subtraction.
The red full circles are (US-US) 𝑝𝜋 pairs, containing signal and background, the blue full squares are the
combinatorial background. The open markers are the corresponding mixed event distributions.

mixed-event (ME) (US-US) and (US-LS) 𝑝𝜋 pairs, where each of the 𝑝𝜋 pairs come from a84

different event. The correction itself is done by dividing the same event d𝑁/d cos(𝜃★) distribution85

by the corresponding ME distribution normalized to unity. The ME distributions, scaled so that86

they match the same event distributions, are shown in Fig. 4 as open markers. Both the same87

event and the ME background (US-LS) distribution do not have any strong cos(𝜃★) dependence,88

or acceptance effect. In case of the (US-US) distribution, on the other hand, the ME has clear89

dependence on cos(𝜃★) indicating importance of the acceptance effect correction.90

After the ME correction and the combinatorial background subtraction, the d𝑁/d cos(𝜃★), is91

fitted with Eq. (2) and the spin-spin correlation 𝑃Λ1Λ2 is then extracted. An example of the ME92

corrected and background subtracted distribution for Λ0Λ̄0 pairs is shown in Fig. 5.93

The same procedure as was shown in the examples for Λ0Λ̄0 pairs was performed also for94

Λ0Λ0 and Λ̄0Λ̄0 pairs. The extracted spin-spin correlations for all three hyperon pairs are shown95

in Fig. 6. The solid error-bar is the statistical uncertainty and the shaded box is the systematic96

uncertainty. The two main contributions to the systematic uncertainty are from the uncertainty of97

the weak decay constant 𝛼+ and 𝛼−, and from the mixed-event acceptance correction method.98

All three values are consistent with zero with the current statistical and systematic precision99

which suggests no spin-spin correlation ofΛ0Λ̄0,Λ0Λ0, and Λ̄0Λ̄0 hyperon pairs in 𝑝+𝑝 collisions at100 √
𝑠 = 200 GeV. Due to the large uncertainties, it is not possible to completely rule out the presence101

of the spin-spin correlations in 𝑝+𝑝 collisions at RHIC, but the result gives first experimental limit102

on the correlations.103
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Figure 5: d𝑁/d cos (𝜃★) distributions for Λ0Λ̄0 after acceptance correction and background subtraction.
The fit is used to extract the Λ0Λ̄0 pair spin-spin correlation 𝑃Λ1Λ2 according to Eq. (2).
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Figure 6: Λ0Λ̄0, Λ0Λ0, and Λ̄0Λ̄0 hyperon pair spin-spin correlation 𝑃Λ1Λ2 measured in 𝑝+𝑝 collisions at√
𝑠 = 200 GeV.
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4. Summary and conclusions104

The Λ0 polarization puzzle has been experimentally and theoretically explored since its discov-105

ery in 1976 in Fermilab. Majority of the current results indicate the importance of final state effects,106

such as fragmentation and hadronization, on the polarization. Despite this extensive efforts, there107

is no conclusive explanation of the origin of the polarization. It is therefore important to develop108

alternative experimental and theoretical techniques in order to resolve the polarization puzzle. One109

possible way is to investigate if initial stage effects play any role in the Λ0 hyperon polarization.110

This can be done by measurement of Λ0Λ̄0, Λ0Λ0, and Λ̄0Λ̄0 hyperon pair spin-spin correlations.111

We conducted the first ever experimental measurement of such spin-spin correlations using 𝑝+𝑝112

collisions at
√
𝑠 = 200 GeV measured by the STAR experiment in 2012. The spin-spin correlations113

for all three pair combinations are consistent with zero with the current statistical and systematic114

precision, which indicates no significant spin-spin correlations of the initial stage 𝑠 (anti-)quark115

pairs produced in 𝑝+𝑝 collisions at
√
𝑠 = 200 GeV at RHIC.116
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