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The transverse polarization of Λ and Λ̄ hyperons is measured in pPb collisions collected by the LHCb
experiment at a nucleon-nucleon center-of-mass energy of 5.02 TeV. The polarization is averaged over
hyperon transverse momentum in the range 0.15 < pT < 6.00 GeV=c, and Feynman-x in the ranges
0.005 < xF < 0.040 (forward region) and −0.10 < xF < −0.01 (backward region) defined relative to the
proton beam direction. The transverse polarization is found to be compatible with zero for both Λ and Λ̄
hyperons. The results are also measured as a function of pT and xF with no significant dependence on these
variables observed. The results are compared with previous experimental measurements at different center-
of-mass energies and collision environments.

DOI: 10.1103/rc6r-zt9q

I. INTRODUCTION

Spontaneous transverse polarization in the production of
Λ baryons, with values up to 30%, was first measured
nearly 50 years ago in unpolarized proton-proton (pp) and
proton-nucleus collisions [1,2], which contradicted early
leading-order perturbative QCD calculations [3], implying
that the polarization must be due to nonperturbative aspects
of QCD interactions. Since the first observation of trans-
verse Λ polarization in hadron-hadron collisions, numerous
experiments have explored this polarization using various
beams and targets at different energies [4–12]. The
observed polarization is negative, shows little dependence
on the beam energy, and increases with Feynman-x,
xF ¼ 2p�

z=
ffiffiffiffiffiffiffiffi

sNN
p

, where p�
z is the longitudinal momentum

of the hyperon in the center-of-mass frame, and transverse
momentum, pT, up to a few GeV=c. Transverse polariza-
tion of the Λ baryon has also been observed with beams
other than protons, such as γ, K�, π�, Σ−, νμ, and neutrons
on a target, as well as in semi-inclusive deep inelastic
scattering [13–23]. For reviews of experiments and results,
see for example Refs. [24–27]. The observation of Λ
polarization has motivated theoretical investigations over
several decades to understand transverse spin effects in
hadron physics [3,27–33]. More recently, transverse polari-
zation of both Λ and Λ̄ baryons has been observed in eþe−

collisions by the Belle and BESIII collaborations [34,35].
Belle observes that the polarization increases with the
momentum fraction of the outgoing (anti)quark carried by
the (anti)hyperon. Since there is no initial-state hadron in
eþe− collisions, a hadronization effect must be present.
Spontaneous polarization of different hyperons has been

measured in unpolarized hadronic collisions, as reviewed in
Ref. [26]. A similar polarization trend as that for the Λ
baryon has been observed for the Ξ0 and Ξ− states [6,36],
and with opposite sign for the Σþ, Σ−, and Σ0 baryons
[37–39]. The polarization has also been studied when the
detected hyperons do not have valence quarks in common
with the proton beam in unpolarized hadronic collisions,
and while zero polarization was observed for the Λ̄ and Ω−

hyperons [2,40], nonzero polarization was found for the Ξ̄þ

and Σ̄− antibaryons [41,42].
In phenomenological frameworks describing transverse

Λ polarization in unpolarized collisions, the polarization
originates from the nonperturbative elements in the fac-
torization expansion of the cross section. One well-estab-
lished approach involves the polarizing transverse-
momentum-dependent (TMD) fragmentation function
(FF) [29–31,43,44], which describes the probability that
an unpolarized quark fragments into a transversely polar-
ized hadron. In unpolarized hadronic collisions, transverse
polarization can arise from the convolution of TMD parton
distribution functions and TMD FFs. The polarizing TMD
FF has recently been extracted through fits to the meas-
urement by the Belle experiment [34,45–47]. In hadron-
hadron collisions, measurements of Λ polarization within
jets offer a promising avenue to access the corresponding
polarizing TMD jet FF [48–52].
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An alternative, complementary formalism is provided in
the collinear approach at higher orders in the factorization
expansion, which allows for the description of spin
asymmetries without the need for transverse momentum
or jet reconstruction. In this framework, transverse polari-
zation arises from quark-gluon-quark and three-gluon
correlators [53,54], which encode spin-momentum corre-
lations that can lead to a net transverse polarization of
hyperons in unpolarized hadron-hadron collisions. This
formalism has been used to compute contributions to the
polarized hyperon cross section in unpolarized pp colli-
sions, offering insight into the mechanisms responsible for
the observed Λ polarization [54–58].
Hyperons decay via the weak interaction with non-

conserved parity, permitting the measurement of their
polarization by analyzing the angular distribution of their
decay products. In the case of the Λ → pπ− decay, the
transverse polarization is measured normal to the produc-
tion plane, n̂ ¼ p̂beam × p̂Λ, where p̂beam is aligned with the
beam in the direction of the LHCb detector z-axis [59], and
p̂Λ is the direction of the Λ momentum in the laboratory
frame. The observed angular distribution for the Λ → pπ−

decay is given by

1

N
dN

d cos θ�
¼ ð1þ αΛPΛ cos θ�Þεtotðcos θ�Þ; ð1Þ

where N is the signal yield; θ� is the angle between n̂ and
the decay proton momentum in the Λ rest frame; αΛ ¼
0.746� 0.009 (αΛ̄ ¼ −0.757� 0.004) [60] is the parity-
violating decay asymmetry; PΛ is the polarization magni-
tude of the Λ; and εtotðcos θ�Þ is the total efficiency,
including reconstruction, selection, and acceptance effects
that are determined from an unpolarized simulation a
simulation without polarization effects through the detec-
tor. Polarization is determined through a binned linear fit of
the efficiency-corrected cos θ� distribution. Similarly, for
the Λ̄ antibaryon, the angle between n̂ and the decay
antiproton momentum is determined.
In this paper, the transverse polarization of Λ and Λ̄

baryons is measured as a function of xF and pT in
pPb collisions at the center-of-mass energy in the
nucleon-nucleon system

ffiffiffiffiffiffiffiffi

sNN
p ¼ 5.02 TeV. The pPb

measurement covers the backward rapidity range
−5.0 < y� < −2.5, in which the lead beam enters the
LHCb detector at the interaction point, and the forward
rapidity range 1.5 < y� < 4.0, where the proton beam
enters the LHCb detector at the interaction point. Here, y�
is defined in the nucleon-nucleon center-of-mass system
and is related to the rapidity in the laboratory frame by
y� ¼ ylab − 0.465 in the forward configuration, and y� ¼
−ðylab þ 0.465Þ in the backward configuration. This
measurement covers a poorly explored kinematic range
and a much higher center-of-mass energy per nucleon
than previous results, probing the Λ and Λ̄ transverse

polarization for 0.15 < pT < 6.00 GeV=c, as well as
0.005 < xF < 0.040 in the forward configuration and
−0.10 < xF < −0.01 in the backward configuration. In
symmetric collisions, such as pp, the polarization must be
zero at xF ¼ 0 and an antisymmetric function of xF,
Pð−xFÞ ¼ −PðxFÞ. In measurements using pPb collisions,
the polarization is expected to be consistent with zero at
xF ≈ 0, as observed in previous experiments [11,12,61],
and any nonzero polarization is likely to arise from
nuclear effects.

II. DETECTOR, DATA, AND SIMULATION

The LHCb detector [62,63] is a single-arm forward
spectrometer covering the pseudorapidity range 2 <
η < 5. The detector elements that are particularly relevant
to this analysis are a silicon-strip vertex detector sur-
rounding the pPb interaction region; a tracking system
that provides a measurement of the momentum, p, of
charged particles; and two ring-imaging Cherenkov
(RICH) detectors that can discriminate between different
species of charged hadrons. The polarity of the detector
dipole magnet is reversed periodically during data taking,
and the corresponding datasets are added together for this
measurement. The corresponding integrated luminosity
for the forward (backward) pPb data sample used for
these results is 1.14� 0.02 nb−1 ð0.45� 0.01 nb−1Þ.
Events are selected by a minimum-bias trigger that
requires at least one reconstructed track in the vertex
detector. A further requirement of at least one recon-
structed primary vertex (PV) is imposed. Simulated
events are used to model the effects of the detector
acceptance and the selection requirements. In the simu-
lation, pPb collisions are generated using EPOS-LHC
event generator with a specific LHCb configuration [64],
with 15 × 106 events generated for both the forward and
backward rapidity. Decays of unstable particles are
described by EVTGEN [65], and the interaction of the
generated particles with the detector, and its response, are
implemented using the GEANT4 toolkit [66,67] as
described in Ref. [68]. A simulation sample is used
for each collision configuration.

III. POLARIZATION MEASUREMENT

A. Signal selection and yields extraction

To reconstruct the Λ and Λ̄ candidates, pairs of
oppositely charged proton and pion candidates are
selected and required to traverse all tracking detectors,
have a good quality track fit, momentum greater than
5 GeV=c, and a common good-quality vertex. The
particles must have a combined invariant mass
1100<mðpπ−Þ<1135MeV=c2. Candidates are required
to have a longitudinal position of the associated PV in the
range −180 < zPV < 180 mm. A particle identification
(PID) requirement based on a neural network trained to
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separate particle types using information from several
detectors, including the RICH system, is applied to select
protons. A discriminant, ν, is used to increase the signal-
to-background ratio, following previous Λ production
studies in LHCb [69]. The discriminant is based on
the logarithm of the χ2IP, defined as the difference in the
vertex-fit χ2 of a given PV reconstructed with and
without the particle under consideration. The variable
is defined as ν ¼ logðIþI−=I0Þ, where I� is the χ2IP of the
proton or pion particle, and I0 is the χ2IP of the Λ or Λ̄
candidate. This requirement selects prompt contributions
of Λ or Λ̄ candidates produced directly in the collision as
well as those from short-lived (cτ < 1 nm) decays. With
this selection and definition, the signal candidates are
98% prompt, which includes a 22% feed-down contri-
bution from Σ0 → Λγ decays estimated from the EPOS-
LHC simulation. According to the SU(6) quark model,
the Σ0 and Λ baryons are produced with opposite
polarization orientations and differing polarization mag-
nitudes following the relation PΣ0 ¼ − 1

3
PΛ [70–72], a

relation that had also been predicted earlier in Ref. [73].
If the polarization of prompt Λ and Σ0 baryons originate
from the strange-quark spin, the feed-down contributions

from Σ0 → Λ γ decays are expected to reduce the
magnitude of the observed Λ polarization.
The invariant-mass distributions for the selected Λ and Λ̄

candidates are shown in Fig. 1. There are 231 358 (205
590) Λ (Λ̄) and 396 045 (307 853) Λ (Λ̄) candidates in the
signal region, 1111 < mpπ < 1121 MeV=c2, at positive
and negative y�, respectively. The distributions are fitted
using a binned, extended maximum-likelihood fit, where
the signal component is modeled by a Voigtian function, a
convolution of a Breit-Wigner with a Gaussian function.
The mean, Breit-Wigner width, and Gaussian resolution are
treated as free parameters, initialized to values estimated
from simulation and constrained within bounds to ensure fit
stability. Similarly, the background is modeled using a first-
order Bernstein polynomial with two free parameters.
Altogether, the fit includes seven free parameters: three
for signal shape, two for background shape, and two for
signal and background yields, all optimized simultaneously
during the fit. The signal purity is about 97% and 85% in
the signal region at positive and negative y�, respectively,
with the higher background at negative y� due to the higher-
multiplicity events when the lead beam enters the LHCb
detector at the interaction point.
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FIG. 1. Invariant-mass distribution for Λ (top) and Λ̄ (bottom) candidates and fit results in data after all selection requirements for
0.15 < pT < 6.00 GeV=c in two intervals of y� and xF.
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B. Efficiency determination

The total efficiency εtot in Eq. (1) includes the effects
of geometric acceptance, the reconstruction and selec-
tion, and the PID criteria. The (anti)baryons generated in
the EPOS-LHC simulated sample are unpolarized and,
therefore, correspond to a uniform cos θ� distribution,
which is affected by the detector acceptance and
selection criteria. The signal yields in the simulated
sample are derived from reconstructed candidates that
are matched to generated (truth-level) particles following
a standard matching algorithm. The simulation is
adjusted using weights to improve agreement with data.
The weight is calculated as the ratio of the normalized
distributions of background-subtracted data and simu-
lated signal in two-dimensional bins of pT and η for the
Λ and Λ̄ baryons, and the independent variable zPV. The
weighting procedure has no impact on the cos θ�
distribution. The PID efficiency is estimated in both
simulation and data and computed as a function of pT

and η of the Λ and Λ̄. The ratio of the efficiencies is
applied as a weight to the simulation. The track-
reconstruction efficiency from the simulation is cor-
rected with a tag-and-probe method applied to data in
two-dimensional intervals of η and pT using a calibra-
tion sample of J=ψ → μþμ− decays in the range 5 <
p < 200 GeVc [74]. Figure 2 (left) shows the decay
angle distribution for protons from Λ baryons measured
in data, along with the respective total efficiencies for
1.5<y�<4.0 and 0.15<pT<6.00GeV=c. Each point is
obtained by extracting the signal yield in the given bin
using an independent fit to the invariant-mass distribu-
tion. The efficiency-corrected angular distribution and
the fit to a linear function, p0ð1þ p1 cos θ�Þ, where p0

and p1 are free parameters, and PΛ ¼ p1=αΛ, are shown
on the right.

C. Systematic uncertainties

Several sources of systematic uncertainty are consid-
ered, and evaluated as the difference in the extracted
polarization between the baseline and various alternative
approaches. The systematic uncertainties related to signal
modeling are estimated by performing an alternative fit
represented by a Voigtian combined with an additional
Gaussian distribution which introduces another resolution
term as a free parameter in the fit. The uncertainty from
the background modeling is evaluated by replacing the
Bernstein polynomial with a first-degree polynomial with
two free parameters in the fit. The uncertainty from the
calculation of the simulation weights is estimated by
calculating the weights using all particle candidates after
selection requirements, without subtracting the back-
ground. Additionally, the effect of detector occupancy
is taken into account by applying a weight to the
simulation according to the track multiplicity. The uncer-
tainty associated with the estimation of PID efficiencies is
evaluated using an alternative method, in which the PID
efficiency is calculated as the single-track proton effi-
ciency in bins of proton momentum and η. Since the
angular efficiency is derived from truth-matched yields
and is sensitive to reduced matching performance for
lower-quality tracks, a correction is applied to account for
reconstructed candidates in simulation that fail to match a
generated particle. The truth-matching efficiency is
defined as the ratio of matched to total signal yields in
simulation, where the latter also includes a fitted
unmatched component determined from the invariant-
mass distribution.
The correction is applied in two-dimensional bins of the

angular distribution with pT and xF, and the associated
systematic uncertainty is taken as the difference in the
polarization result with and without this correction. The
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FIG. 2. Left: decay angle distribution measured in data and the total efficiency for Λ production in 1.5 < y� < 4.0 and
0.15 < pT < 6.00 GeV=c, where both have a common normalization. Right: corrected-data cos θ� distribution, along with the linear
fit to extract the polarization. The fit reduced χ2 is 4.2=6 and the error bars represent the sum in quadrature of the statistical uncertainties
of data and simulation.
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impact of the binning choice for the angular distribution
used in the fit is also considered by repeating the polari-
zation measurement using five bins instead of eight. The
impact of the selection of ν is studied by varying the
selection criteria above and below the baseline value. An
additional uncertainty on the efficiency determination
arises from the size of the simulation sample and is
calculated by varying the simulated distribution by its
statistical uncertainty. Other sources of uncertainty, such
as the uncertainty on αΛ or αΛ̄ and the precession of the Λ
or Λ̄ spin as it traverses the magnetic field, are also
considered but found to be negligible. The track
reconstruction efficiency has an uncertainty due to the size
of the calibration samples and the modeling of hadron
material interactions, and is also found to be negligible.
The total bin-dependent systematic uncertainty is computed
in quadrature in bins of xF and pT. The systematic
uncertainties for the integrated polarization values are
shown in Table I.
Cross-checks are performed to investigate potential

biases in the measurement. The polarization of the K0
S

meson, a pseudoscalar with null polarization, is measured
using the same method and found to be consistent with zero
(0.000� 0.003 and 0.000� 0.002 for the forward
[1.5 < y� < 4.0] and backward [−5.0 < y� < −2.5� colli-
sion configurations, where the uncertainties are statistical
only). The polarization is additionally calculated sepa-
rately for each magnet polarity before combining, and the
results are found to be consistent. A potential nonlinearity
of the angular distribution is also considered by adding a
quadratic term to the fitting model, which would be
sensitive to residual imperfections in the modeling of
the efficiency. No significant bias is observed in these
cross-checks.

IV. RESULTS

The transverse polarization is determined by fitting the
efficiency-corrected decay angle distribution based on
Eq. (1). The polarization is measured for 0.15 < pT <
6.00 GeV=c, as well as for 0.005 < xF < 0.040 in the
forward (1.5 < y� < 4.0) configuration and −0.10 < xF <
−0.01 in the backward (−5.0 < y� < −2.5) configuration.
Figure 2 (right) shows the cos θ� distribution after

TABLE I. Systematic uncertainty contributions for the forward
(1.5 < y� < 4.0) and backward (−5.0 < y� < −2.5) collision
configurations. The numbers represent the absolute systematic
uncertainties of the integrated polarization values.

Systematic uncertainty

Forward Backward
Source Λ Λ̄ Λ Λ̄

Signal model 0.000 0.000 0.001 0.000
Background model 0.003 0.001 0.003 0.001
Kinematic weights 0.000 0.000 0.005 0.002
Simulation size 0.005 0.005 0.004 0.005
PID efficiencies 0.002 0.002 0.005 0.001
Truth matching efficiency 0.002 0.002 0.001 0.001
Binning of cos θ� distribution 0.003 0.002 0.003 0.000
Selection requirement on ν 0.002 0.002 0.001 0.002
Multiplicity dependence 0.000 0.000 0.000 0.001

Total 0.007 0.006 0.009 0.006

TABLE II. Polarization measured in the integrated kinematic
range and in xF and pT bins for Λ in the forward (1.5 < y� < 4.0)
configuration.

Forward Λ hxFi hpTi Polarization
ð10−2Þ (GeV=c)

Integrated 1.1 1.6 0.005� 0.008� 0.007

xF (×10−2)
[0.5, 0.8] 0.7 1.3 −0.010� 0.016� 0.013
[0.8, 1.0] 0.9 1.5 0.012� 0.016� 0.011
[1.0, 2.0] 1.3 1.8 0.012� 0.012� 0.008
[2.0, 4.0] 2.4 2.8 −0.018� 0.040� 0.036

pT (GeV=c)
[0.15, 1.00] 0.8 0.8 0.036� 0.019� 0.021
[1.00, 1.50] 0.9 1.2 −0.016� 0.015� 0.020
[1.50, 2.00] 1.1 1.7 −0.007� 0.017� 0.018
[2.00, 2.50] 1.3 2.2 0.028� 0.022� 0.017
[2.50, 3.00] 1.4 2.7 0.027� 0.034� 0.020
[3.00, 4.00] 1.5 3.4 −0.006� 0.036� 0.030
[4.00, 6.00] 1.6 4.6 0.049� 0.066� 0.049

TABLE III. Polarization measured in the integrated kinematic
range and in xF and pT bins for Λ̄ in the forward (1.5 < y� < 4.0)
configuration.

Forward Λ̄ hxFi hpTi Polarization
ð10−2Þ (GeV=c)

Integrated 1.0 1.6 0.007� 0.009� 0.006

xF (×10−2)
[0.5, 0.8] 0.7 1.3 −0.035� 0.019� 0.014
[0.8, 1.0] 0.9 1.5 0.028� 0.019� 0.012
[1.0, 2.0] 1.3 1.8 0.018� 0.013� 0.013
[2.0, 4.0] 2.4 2.8 −0.016� 0.049� 0.038

pT (GeV=c)
[0.15, 1.00] 0.8 0.8 −0.024� 0.021� 0.020
[1.00, 1.50] 0.9 1.2 0.013� 0.015� 0.018
[1.50, 2.00] 1.1 1.7 0.011� 0.017� 0.019
[2.00, 2.50] 1.2 2.2 0.008� 0.024� 0.017
[2.50, 3.00] 1.4 2.7 0.010� 0.034� 0.025
[3.00, 4.00] 1.5 3.4 0.031� 0.040� 0.030
[4.00, 6.00] 1.6 4.6 −0.006� 0.068� 0.039
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acceptance corrections integrated over the entire kinematic
range for Λ baryons in the forward configuration. The
linear fit and the corresponding extracted polarization value
are shown, where the error bars represent the sum in
quadrature of the data and simulation statistical uncertain-
ties. The integrated polarization measurements for 1.5 <
y� < 4.0 are

PΛ ¼ 0.005� 0.008� 0.007;

PΛ̄ ¼ 0.007� 0.009� 0.006:

The integrated polarization measurements for −5.0 < y� <
−2.5 are

PΛ ¼ 0.004� 0.008� 0.009;

PΛ̄ ¼ −0.005� 0.008� 0.006:

The polarization is also determined in bins of pT and
xF. The results are summarized in Tables II–V, where the
first uncertainties are statistical from data, and the second
represent the systematic uncertainties added in quadra-
ture. Figures 3 and 4 show the results as a function of xF
and pT, respectively. The statistical and systematic
uncertainties are added in quadrature to obtain the total
uncertainty. All measured polarization values are consis-
tent with zero.
Figure 5 (left) shows the transverse Λ polarization

measured in pPb collisions at
ffiffiffiffiffiffiffiffi

sNN
p ¼ 5.02 TeV for

positive and negative xF, together with earlier results
from fixed-target pNe collision measured by LHCb-
System for Measuring the Overlap with Gas (SMOG)
[61] and from other unpolarized pp and pA experiments,
including the M2 beamline [7] and the E799 experiment
[9] at Fermilab, NA48 [10] and ATLAS experiment at the
CERN Large Hadron Collider [12], and HERA-B experi-
ment at Deutsches Elektronen-Synchrotron (DESY) [11].
The results have been rescaled to the αΛ value used in
this analysis and, where necessary, the xF values were
converted from the laboratory frame to the center-of-
mass. The compared data span a wide range of collision
energies, from fixed-target experiments at 27 GeV up to
LHC measurements of 68 GeV, 5 and 7 TeV, and include
different collision systems (pp, pBe, pC, pNe, and
pPb). The fixed-target experiments cover lower pT ranges
(0.3–2 GeV=c), while ATLAS and LHCb extend to
higher pT. The fixed-target results show negative polari-
zation, reaching PΛ ≈ −0.3 for xF ≳ 0.2 and decreasing in
magnitude as xF approaches zero. A comparison of E799
(0.67 < pT < 2.15 GeV=c) and NA48 (0.28 < pT <
0.86 GeV=c) at overlapping xF indicates a possible pT
dependence of the polarization magnitude. The present
pPb results show polarization consistent with zero
(jPΛj ≤ 0.05) over the measured xF range and pT interval
of 0.15–6.00 GeV=c. Figure 5 (right) shows on a
logarithmic xF scale the same comparison with the
backward-rapidity results transformed to positive xF
values using the relation Pð−xFÞ ¼ −PðxFÞ, which must
hold for symmetric collision systems such as pp, to
include also previous results. In the asymmetric pPb
collisions, possible deviations from zero at low xF could
arise from differences in interactions in the target or other
nuclear effects; however, the present results show no
significant deviation from zero within the uncertainties.
The present LHCb measurements reach an average pT up
to 4.6 GeV=c, entering a perturbative regime where
additional theoretical tools can be applied.

TABLE IV. Polarization measured in the integrated kinematic
range and in xF and pT bins for Λ in the backward
(−5.0 < y� < −2.5) configuration.

Backward Λ
hxFi
ð10−2Þ

hpTi
(GeV=c) Polarization

Integrated −2.7 1.6 0.004� 0.008� 0.009

xF (×10−2)
½−10.0;−5.5� −6.5 2.8 −0.044� 0.042� 0.050
½−5.5;−3.0� −3.8 1.9 0.004� 0.013� 0.018
½−3.0;−2.0� −2.4 1.5 0.000� 0.012� 0.013
½−2.0;−1.0� −1.7 1.3 0.016� 0.018� 0.025

pT (GeV=c)
[0.15, 1.00] −2.1 0.8 0.045� 0.021� 0.020
[1.00, 1.50] −2.5 1.2 0.001� 0.013� 0.016
[1.50, 2.00] −2.9 1.7 −0.012� 0.015� 0.015
[2.00, 2.50] −3.4 2.2 −0.019� 0.020� 0.015
[2.50, 3.00] −3.7 2.7 −0.024� 0.028� 0.019
[3.00, 4.00] −4.0 3.4 0.024� 0.034� 0.033
[4.00, 6.00] −4.3 4.6 −0.021� 0.063� 0.040

TABLE V. Polarization measured in the integrated kinematic
range and in xF and pT bins for Λ̄ in the backward
(−5.0 < y� < −2.5) configuration.

Backward Λ̄
hxFi
ð10−2Þ

hpTi
(GeV=c) Polarization

Integrated −2.7 1.5 −0.005� 0.008� 0.006
xF (×10−2)
½−10.0;−5.5� −6.4 2.8 0.027� 0.050� 0.026
½−5.5;−3.0� −3.8 1.9 0.002� 0.015� 0.017
½−3.0;−2.0� −2.4 1.5 −0.009� 0.013� 0.011
½−2.0;−1.0� −1.7 1.3 −0.009� 0.019� 0.026

pT (GeV=c)
[0.15, 1.00] −2.1 0.8 −0.002� 0.021� 0.023
[1.00, 1.50] −2.4 1.2 −0.023� 0.014� 0.013
[1.50, 2.00] −2.9 1.7 −0.004� 0.016� 0.014
[2.00, 2.50] −3.3 2.2 0.010� 0.022� 0.018
[2.50, 3.00] −3.5 2.7 −0.006� 0.031� 0.018
[3.00, 4.00] −3.8 3.4 0.082� 0.037� 0.019
[4.00, 6.00] −4.0 4.6 −0.002� 0.069� 0.048
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FIG. 4. Transverse polarization for Λ (red, filled) and Λ̄ (blue, empty) as a function of transverse momentum for (left) forward and
(right) backward collision configurations. The error bars represent the total uncertainty.
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FIG. 5. Left: transverse Λ polarization measured in LHCb pPb collisions in the forward (1.5 < y� < 4.0) and backward
(−5.0 < y� < −2.5) configurations and LHCb-SMOG fixed-target pNe collisions [61], compared with other measurements with
different collision systems and different center-of-mass energies [7,9–12]. The values have been scaled to match the αΛ value used in this
paper. Right: transverse Λ polarization comparison with previous measurements, assuming the transformation Pð−xFÞ ¼ −PðxFÞ.
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uncertainty.
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V. CONCLUSIONS

The Λ and Λ̄ transverse polarization has been measured
in pPb collisions at

ffiffiffiffiffiffiffiffi

sNN
p ¼ 5.02 TeV as a function of pT

and xF. The results are consistent with zero for both Λ and
Λ̄ in the forward and backward rapidity regions. This work
expands the kinematic range of previous measurements,
bridging the gap between midrapidity ATLAS measure-
ments at low xF [12] and other fixed-target measurements at
high xF with different collision energies and configurations
[7,9,10,61]. The pPb results from LHCb agree with
previous measurements, adding new data at different
energy and collision configurations within a kinematic
range that was previously underexplored. The pT in this
measurement extends to values higher than fixed-target
experiments that have observed nonzero transverse Λ
polarization. Compared with earlier observations of sig-
nificant transverse Λ polarization in fixed-target data, the
results presented in this paper indicate that the polarization
effects are small towards low xF at both positive and
negative rapidity. These results contribute to ongoing
efforts in understanding transverse spin effects in hadron
collisions, providing constraints on the magnitude and
kinematic dependence of fragmentation functions in a
nuclear environment. In particular, they can offer input
and tests for theoretical frameworks based on polarizing
TMD FFs and multiparton correlators for the low-xF region
and asymmetric nuclear collisions.
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eAlso at Università di Modena e Reggio Emilia, Modena, Italy.
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