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The polarization of the Λ and Λ̄ hyperons along the beam direction has been measured in proton-lead
(p-Pb) collisions at a center-of-mass energy per nucleon pair of 8.16 TeV. The data were obtained with the
CMS detector at the LHC and correspond to an integrated luminosity of 186.0� 6.5 nb−1. A significant
azimuthal dependence of the hyperon polarization, characterized by the second-order Fourier sine
coefficient Pz;s2, is observed. The Pz;s2 values decrease as a function of charged particle multiplicity,
but increase with transverse momentum. A hydrodynamic model that describes the observed Pz;s2 values in
nucleus-nucleus collisions by introducing vorticity effects does not reproduce either the sign or the
magnitude of the p-Pb results. These observations pose a challenge to the current theoretical
implementation of spin polarization in heavy ion collisions and offer new insights into the origin of
spin polarization in hadronic collisions at LHC energies.

DOI: 10.1103/6ywq-gm61

Quantum chromodynamics (QCD) predicts that nuclear
matter will undergo a phase transition to a deconfined
partonic phase, the so-called quark-gluon plasma (QGP), at
very high density and temperature [1,2]. This state of matter
is generated in ultrarelativistic collisions of heavy nuclei and
behaves like an almost ideal fluid [3]. The nontrivial
velocity and vorticity fields developed in the evolution of
the QGP are predicted to induce polarization of produced
particles via spin-orbit coupling [4,5], analogous to the
Barnett effect [6], which is the magnetization of a material
induced by mechanical rotation. In particular, the nonzero
vorticity component resulting from the shear in the initial
velocity distributions of the participants in off-center
nucleus-nucleus (A-A) collisions can generate a net particle
polarization perpendicular to the plane spanned by the beam
direction (z) and the impact parameter. This polarization,
referred to as the global polarization, has a direction along
the orbital angular momentum of the initial system. The
observations and studies of the Λ hyperon global polariza-
tion in heavy ion collisions at the Brookhaven National
Laboratory Relativistic Heavy Ion Collider (RHIC) [7,8]
and the CERN LHC [9] have opened new directions for the
study of the QGP fluid and its spin dynamics.
Polarization is also possible along the beam direction. In

A-A collisions, pressure gradients within the initially asym-
metric geometry of the created QGP lead to azimuthally

anisotropic particle emission relative to a global event-plane
direction [10–12]. This anisotropic collective flow is pre-
dicted to generate nonzero vorticity along the beam axis
that, in turn, results in particle polarization along the beam
direction (Pz) [13,14]. This “local” polarization [15,16] has
a sinusoidal dependence on the azimuth of the hyperon with
respect to the nth-order event-plane angleΨn determined by
the direction of maximum particle density for each corre-
sponding order. No net polarization along the beam axis is
expected after averaging over the full azimuth, because
of the geometrical symmetry. The sinusoidal dependence
of Pz can be characterized by the Fourier harmonic
Pz;sn ¼ hPz sin½nðϕ − ΨnÞ�i, where ϕ is the hyperon azi-
muthal emission angle. The angular brackets indicate an
average over all hyperons in all selected events. The Λ
hyperon Pz;s2 value was first measured in gold-gold
collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV [8] and later in lead-lead
(Pb-Pb) collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV [17]. Recently,
similar polarization has been observed with respect to
the third-order event plane in ruthenium-ruthenium and
zirconium-zirconium collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV [18].
Within the framework of hydrodynamic and transport
models, it has been found that the inclusion of shear-
induced polarization is required to capture the sign and
magnitude of the experimental results [14,16,19–22].
However, the calculations are very sensitive to the imple-
mentation details of the shear contributions [21,22].
The observation of collective flow signals in events with

high final-state particle multiplicity in proton-proton (pp)
[23–27] and proton-lead (p-Pb) [28–35] collisions at the
LHC, as well as at RHIC in proton-gold, deuteron-gold, and
3He-gold collisions [36–44], has raised the question of
whether a fluidlike QGP is created in these lighter hadronic
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collision systems [45,46]. If that is the case, the azimuthal-
dependent pressure gradients will lead to vorticity structures
similar to those in large A-A collisions. It is therefore of
great interest to investigate whether such a vorticity is
created in a system like the one formed in high-multiplicity
p-Pb collisions. Measuring Λ hyperon polarization along
the beam direction in p-Pb interactions can also provide
new constraints on the interpretation of the observed
hyperon polarization in A-A collisions.
This Letter presents the first measurement of Λ and Λ̄

hyperon polarization along the beam direction in p-Pb
collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 TeV. The Pz;s2 values for Λ and
Λ̄ particles with jηj < 2.4 and transverse momentum 0.8 <
pT < 6.0 GeV=c are reported as a function of pT and the
event charged particle multiplicity. Tabulated results are
provided in the HEPData record for this analysis [47].
The central feature of the CMS apparatus is a super-

conducting solenoid of 6 m internal diameter, providing a
magnetic field of 3.8 T. Within the solenoid volume, there
are four subdetectors, including a silicon pixel and strip
tracker detector, a lead tungstate crystal electromagnetic
calorimeter (ECAL) with around 4000 towers, and a
brass and scintillator hadron calorimeter (HCAL) with
around 4300 towers, each composed of a barrel and two
endcap sections. Iron and quartz-fiber Cherenkov hadron
forward (HF) calorimeters cover the pseudorapidity range
2.9 < jηj < 5.2. The silicon tracker measures charged
particles within the range jηj < 2.5. For charged particles
with 1 < pT < 10 GeV=c and jηj < 1.4, the track reso-
lutions are typically 1.5% in pT and 25–90 ð45–150Þ μm
in the transverse (longitudinal) impact parameter [48]. A
detailed description of the Compact Muon Solenoid
(CMS) detector, together with a definition of the coor-
dinate system used and the relevant kinematic variables,
can be found in Ref. [49].
The p-Pb data at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 TeV used in this
analysis were collected by the CMS experiment in 2016
and correspond to an integrated luminosity of 186.0�
6.5 nb−1 [50]. The beam energies are 6.5 TeV for the
protons and 2.56 TeV per nucleon for the lead nuclei. The
event reconstruction, event selections, and triggers are
identical to those described in Refs. [26,51,52]. The mini-
mum bias (MB) events are triggered by requiring energy
deposits above 1 GeV in at least one of the two hadronic
forward (HF) calorimeters and the presence of at least one
track with pT > 0.4 GeV=c reconstructed using hits from
only the pixel tracker. Dedicated high-multiplicity (HM)
triggers are implemented to collect a large event sample
featuring a high number of final-state particles. The total
number of combined ECAL and HCAL towers having
deposited energy above a threshold of 0.5 GeV in transverse
energy is required to be greater than 120 and 150 for the two
HM triggers. The number of reconstructed tracks by the
high-level triggers [53,54] with jηj < 2.4, pT > 0.4 GeV=c
is required to be greater than or equal to 120, 150, or 185.

The events are required to contain a primary vertex, defined
as the reconstructed vertex with the highest number of
associated tracks, within 15 cm of the nominal interaction
point along the beam axis and 0.2 cm in the transverse
direction.
The p-Pb data are analyzed in several charged particle

multiplicity classes defined according to the number of
selected tracks (Noff-line

trk ) with jηj < 2.4 and pT >
0.4 GeV=c that originate from the primary vertex, and
that satisfy the high-purity criteria of Ref. [48]. For each
Noff-line

trk range with at least one reconstructed Λ or Λ̄
candidate (described later), Table I presents the fraction of
MB triggered events found in this range, the average
Noff-line

trk value for this range hNoff-line
trk i, and the average

number of tracks after correcting for track reconstruction
inefficiencies and misidentification rates hNcorrected

trk i. With
negligible statistical uncertainties, the common systematic
uncertainty for the hNcorrected

trk i values is 2.4%, independent
of track multiplicity, resulting from the uncertainty in the
tracking efficiency estimate based on simulated events
[55]. Events with Noff-line

trk < 3 are not included because of
low trigger efficiency, while events in the multiplicity
region of Noff-line

trk > 250 are not included to avoid effects of
multiple interactions in a single event.
The reconstruction and selection procedures for strange

hadron candidates in p-Pb collisions are identical to those
in Refs. [26,32,56,57]. Pairs of oppositely charged particle
tracks with both transverse and longitudinal impact param-
eter significances (magnitude normalized by its uncer-
tainty) greater than 1 with respect to the primary vertex
are selected to determine if they point to a common
secondary vertex resulting from the decay of a Λ candidate.
The reconstruction efficiency for tracks with low momenta
and large impact parameters is increased by using all tracks
that pass the loose selection criteria [48]. When recon-
structing the Λ (Λ̄), the two tracks are assumed to be
π−pðπþpÞ. To remove K0

S candidates misidentified as Λ=Λ̄
particles, the two particles are assumed to be pions, and the
decaying particle is rejected if its invariant mass is less than

TABLE I. For each Noff-line
trk range where at least one recon-

structed Λ or Λ̄ candidate is found, the fraction of MB triggered
events found in this range, the averageNoff-line

trk value for this range
hNoff-line

trk i, and the average number of tracks after correcting for
track reconstruction inefficiencies and misidentification rates
hNcorrected

trk i are reported.

Noff-line
trk Fraction hNoff-line

trk i hNcorrected
trk i

[3, 60) 0.66 40.0 48.5� 1.2
[60, 120) 0.28 86.7 105.3� 2.5
[120, 150) 0.04 132.7 161.2� 3.9
[150, 185) 0.01 163.6 198.7� 4.8
[185, 250) 3 × 10−3 203.3 246.9� 5.9
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20 MeVaway from the Particle Data Group value of the K0
S

mass [58].
Several topological selections are applied to reduce the

combinatorial background. The selection is optimized in
order to maximize the expected statistical significance of
the signal. Strange hadron candidates are selected with the
requirements that the normalized χ2 of the Kalman Vertex
Fitter [48] for their decay vertex is less than 7. The three-
dimensional distance (normalized by its uncertainty)
between the primary and secondary vertices is required
to exceed 5. The pointing angle (θpoint), defined as the
angle between the line segment connecting the primary
and secondary decay vertices and the momentum vector
of the reconstructed particle candidates in the plane
transverse to the beam direction, is required to satisfy
cos θpoint > 0.999. These selection criteria reduce the
fraction of secondary Λ particles originating from the
weak decays of Ξ− and Ω− particles to 10% and 1%,
respectively. The limited number of detected Ξ− and Ω−

particles does not allow for their corresponding polar-
izations to be determined, preventing a direct correction
due to these secondary Λ particles.
As the spin of a particle is difficult to measure directly in

heavy ion collisions, the parity-violating weak decays of
Λ → pþ π− and Λ̄ → pþ πþ, in which the momentum
direction of the daughter proton is correlated with the spin
of the hyperon, are used to measure the polarization [59].
The angular distribution of the proton in the hyperon rest
frame is given by

dN
dΩ

∝ 1þ αΛPΛ cos θ�; ð1Þ

where αΛ is the hyperon decay parameter (αΛ ¼ 0.750�
0.009, αΛ̄ ¼ −0.758� 0.010 [60]), PΛ is the hyperon
polarization, and θ� is the angle between the polarization
vector and the direction of the daughter baryon momentum
in the hyperon rest frame. To measure the polarization
along the beam direction, the positive z direction is used as
the local polarization vector to determine θ�. The polari-
zation Pz can be estimated by averaging θ� over all
hyperons detected in all events [8],

Pz ¼
hcos θ�i

αΛhcos2θ�i
: ð2Þ

The factor hcos2 θ�i, which equals 1=3 in the case of an
ideal detector, is calculated directly from the data and found
to range from 0.303 to 0.351 from low- to high-multiplicity
events.
The event-plane angle Ψn is determined by the flow

vector constructed from tracks within the range of
0.3 < pT < 3.0 GeV=c and jηj < 2.4. The decay daugh-
ters of the reconstructed Λ (Λ̄) candidates are excluded in

the event-plane determination to avoid autocorrelations.
The two components of the flow vector are given by

Qn;x ¼ Qn cosðnΨnÞ ¼
X
i

ωi cosðnϕiÞ;

Qn;y ¼ Qn sinðnΨnÞ ¼
X
i

ωi sinðnϕiÞ; ð3Þ

where ϕi are the azimuthal angles of the tracks and the
corresponding weights ωi are their transverse momentum
values. To compensate for the imperfect detector accep-
tance, the flow vectors are recentered, with

Q0
n;x ¼ Qn;x − hQn;xi; Q0

n;y ¼ Qn;y − hQn;yi: ð4Þ

Then, Ψn is estimated from the recentered flow vector
components,

Ψn ¼
1

n
arctan

�
Q0

n;y

Q0
n;x

�
: ð5Þ

A standard flattening technique is then used to remove the
residual nonuniformities in the event-plane angular dis-
tribution [61]. The second-order Fourier sine coefficient,
Pz;s2, can be measured directly, with

hPz sin½2ðϕ − Ψ2Þ�i ¼
hcos θ� sin½2ðϕ −Ψ2Þ�i
αΛResðΨ2Þhcos2θ�i

; ð6Þ

where ResðΨ2Þ is the event-plane resolution due to the
finite number of final-state particles. This correction is
estimated using a three-subevent method [62],

ResðΨ2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
hcos½2ðΨ2 −ΨHFþ

2 Þ�ihcos½2ðΨ2 − ΨHF−
2 Þ�i

hcos½2ðΨHFþ
2 −ΨHF−

2 Þ�i

s
:

ð7Þ

The positive η side HF and negative η side HF are used to
determine ΨHFþ

2 and ΨHF−
2 , where ϕi and ωi in Eq. (3) are

the azimuthal angles of the calorimeter towers and the
transverse energy deposited, respectively. The ResðΨ2Þ
values range from 0.415 (low multiplicity) to 0.684 (high
multiplicity).
To extract the polarization of the hyperon signal, a

simultaneous fit to the invariant mass (minv) spectrum
of hyperon candidates and their hPz sin½2ðϕ −Ψ2Þ�i values
as a function of minv is performed. The mass spectrum
fit function is composed of the sum of two Gaussian
functions with the same mean but different widths for the
hyperon signal SðminvÞ and a function A1q1=2 þ A2q3=2,
where A1 and A2 are the fitted parameters and
q ¼ minv − ðmπ þmpÞ, with mπ (mp) the pion (proton)
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mass, to model the combinatorial background BðminvÞ.
The hPz sin½2ðϕ −Ψ2Þ�i distribution is fitted with

hcos θ� sin½2ðϕ −Ψ2Þ�iSþB

¼ αðminvÞhcos θ� sin½2ðϕ −Ψ2Þ�iS
þ ½1 − αðminvÞ�hcos θ� sin½2ðϕ −Ψ2Þ�iB: ð8Þ

Here hcos θ� sin½2ðϕ −Ψ2Þ�iB for the background
candidates is modeled as a linear function of the invariant
mass and αðminvÞ is the hyperon signal fraction. Figure 1

shows an example of a simultaneous fit to the mass
spectrum and hcos θ� sin½2ðϕ −Ψ2Þ�iSþB for the multiplicity
range 185 ≤ Noff-line

trk < 250.
The sources of systematic uncertainty in the Pz;s2

measurement include the variation of the background
probability density function (PDF) for the invariant mass
and, for the hcos θ� sin½2ðϕ − Ψ2Þ�i value of background Λ
candidates, the vertex position, variation of the results
when the proton and Pb beam directions are switched,
and the uncertainty on the hyperon decay parameter [60].
Systematic effects related to background invariant
mass PDF are investigated by changing the PDF to a
third-order polynomial, an exponential, and a second- or
third-order Chebyshev polynomial functions. Based on
these studies, a 3% uncertainty for the Pz;s2 results is
assigned. The systematic uncertainties from the background
hcos θ� sin½2ðϕ − Ψ2Þ�iB functional form are evaluated by
changing from a linear function to a constant background,
including the possibility of this background being negli-
gible. For Noff-line

trk < 120, the resulting uncertainty is 3%
(7%) forΛ (Λ̄) and 5% forΛþ Λ̄ results. This uncertainty is
found to be negligible for the higher-multiplicity ranges. To
evaluate the uncertainties from the vertex-dependent detec-
tor acceptance, the Pz;s2 are extracted from events with
jvzj < 3 cm and 3 < jvzj < 15 cm. A variation of 8% (3%)
is found for the Λ=Λ̄ (Λþ Λ̄) results, which is quoted as a
systematic uncertainty. The beam directions were reversed
during the 2016 p-Pb collision data taking, and a systematic
uncertainty of 10% is found by comparing results from the
two beam directions. The hyperon decay parameter mea-
surements have their own uncertainties, which lead to global
systematic uncertainties of 1.2% (1.3%) for Λ (Λ̄) results
and 1.3% for the Λþ Λ̄ results. To verify the procedure for
extracting the signal Pz;s2 value, a study using EPOS LHC

[63] p-Pb events was performed, with the extracted values
found to be consistent with the generator-level values. To
confirm the absence of other unexpected detector effects,
Pz;s2 for K0

S was also measured, using the same analysis
procedure as for Λ (Λ̄). The results are consistent with zero,
as expected for a spin-0 particle, and are shown in the
supplemental material [64].
Figure 2 (upper panel) shows the Noff-line

trk dependence of
Pz;s2 in p-Pb collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 TeV for the Λ and
Λ̄ hyperons, as well as for the combined Λþ Λ̄ results.
Positive Pz;s2 values are observed, with a significance of
nonzero polarization exceeding 5 standard deviations for
three of the five Noff-line

trk bins. The Pz;s2 values for the Λ and
Λ̄ particles are consistent with each other within the
uncertainties and found to decrease as a function of
multiplicity. A similar trend was observed in A-A collisions,
where the Pz;s2 values are found to decrease as collisions
become more central (i.e., with increasing multiplicity)
[8,17,18]. This trend deviates from the usual behavior of
other collective flow observables, which typically diminish

1.08 1.1 1.12 1.14 1.16

)2 (GeV/cinvm

20

40

60

610

)
2

E
nt

rie
s 

/ 0
.2

 (
M

eV
/c

CMS

 (8.16 TeV)-1p-Pb 186 nb

 < 250off-line
trkN185

 < 6.0 GeV/c
T

p0.8 < 

 < 2.4

Data

Fit

 signal

Combinatorial

1.08 1.1 1.12 1.14 1.16

)2 (GeV/cinvm

1

0

1

2

310

S
+

B
)] 2

-
)s

in
[2

(
*

co
s(

Data

Fit

CMS

 (8.16 TeV)-1p-Pb 186 nb

 < 250off-line
trkN185

 < 6.0 GeV/c
T

p0.8 < 

 < 2.4

FIG. 1. Example of a simultaneous fit to the mass spectrum
(left) and hcos θ� sin½2ðϕ −Ψ2Þ�iSþB (right) for the multiplicity
range 185 ≤ Noff-line

trk < 250. The mass spectrum is fitted by a
double Gaussian together with an additional term that is needed
to account for the combinatorial background, A1q1=2 þ A2q3=2,
where q ¼ minv − ðmπ þmpÞ. The vertical bars show the stat-
istical uncertainties.
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at low multiplicities, consistent with hydrodynamic models
predicting a progressively shorter QGP lifetime [45,46]. In
particular, the Pz;s2 values show a different trend than the
elliptic flow, which is decreasing toward low multiplicity
[65]. This discrepancy indicates that, in addition to the
potential polarization induced by hydrodynamical expan-
sion, there might be other mechanisms contributing to the

measured Pz;s2. To ensure that the measured Pz;s2 values are
not affected by autocorrelations, the measurements have
been repeated using the HF calorimeter on the Pb-going side
of the CMS detector, with an acceptance range of
3.0 < jηj < 5.0, to determine the event-plane angle. The
results are found to be consistent with those obtained using
the tracker for the event-plane angle determination. The
comparison is shown in the supplemental material [64]. The
Pz;s2 results for the Λþ Λ̄ particles are further studied as a
function of pT for 3 ≤ Noff-line

trk < 60, 60 ≤ Noff-line
trk < 120,

and 185 ≤ Noff-line
trk < 250, which are shown in Fig. 2 (lower

panel). For pT above ∼1.5 GeV=c, the significance exceeds
5 standard deviations for all of the Noff-line

trk bins. An
increasing trend as a function of pT is observed for all
measured multiplicity ranges.
The Pz;s2 values estimated from a hydrodynamic model

including the thermal shear and thermal vorticity contri-
butions [66] are shown in Fig. 2 for comparison. The
3þ 1D CLVisc model [67,68] with the parametrized
TRENTo initial conditions [69] is used for the hyperon
polarization calculation. The model is tuned to describe
the charged hadron multiplicity and the transverse-
momentum-dependent elliptic flow of Λ hyperons in
p-Pb collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 TeV. Three different
scenarios commonly used to model spin polarization in
relativistic A-A collisions [14,16,19–22] are studied. In the
s quark equilibrium scenario, the spin of Λ hyperons is
assumed to be carried by the constituent s quark based on
the coalescence model [4]. In the Λ equilibrium scenario,
the Λ hyperon polarization is calculated at the freeze-out,
where the mass of the spin carrier is the hyperon mass
[70]. In addition to the Λ equilibrium scenario, the
isothermal equilibrium scenario assumes a constant tem-
perature of the system at the freeze-out [71]. The thermal
shear and thermal vorticity contributions to Pz;s2 in these
calculations are found to be positive and negative,
respectively. While the three approaches describe the
positive Pz;s2 values observed in A-A collisions quantita-
tively or qualitatively [17,20,21], the calculations in p-Pb
collisions lead to negative Pz;s2 values which disagree with
the measured results.
The new p-Pb data pose a challenge to the current

theoretical implementation of spin polarization in heavy ion
collisions and underscore the importance of investigating
other physics mechanisms beyond QCD vorticity effects,
which might also explain the observed hyperon polariza-
tion in proton-nucleus (p-A) and A-A collisions. For
example, the general polarization of Λ hyperons produced
in higher-energy collisions of unpolarized hadrons has been
a major challenge for QCD theoretical interpretations for
several decades [72,73]. Recently, the transverse polariza-
tion of Λ hyperons has been measured in unpolarized eþe−
collisions by the Belle Collaboration [74], with the effects
of polarizing fragmentation functions (PFFs) proposed
to describe the measured polarization [75–78]. Further
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FIG. 2. Upper panel: The second-order Fourier sine coefficients
of Λ, Λ̄ and Λþ Λ̄ polarizations along the beam direction as
functions of Noff-line

trk in p-Pb collisions at
ffiffiffiffiffiffiffiffi
sNN

p ¼ 8.16 TeV.
Results from hydrodynamic calculations [66] are shown as
solid and dashed lines. The Noff-line

trk values of Λþ Λ̄ results
are shifted horizontally for better visibility. Lower panel: The
second-order Fourier sine coefficients Λþ Λ̄ polarization along
the beam direction as functions of pT for 3 ≤ Noff-line

trk < 60,
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trk < 120, and 185 ≤ Noff-line
trk < 250 in p-Pb collisions

at
ffiffiffiffiffiffiffiffi
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p ¼ 8.16 TeV. Vertical bars represent statistical uncer-
tainties, while shaded areas show systematic uncertainties.
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investigations are needed to understand how PFFs and their
potential dependence on parton flavor [78] contribute to Λ
hyperon polarization in hadronic collisions at LHC
energies.
In summary, the first measurement of the second-order

sine Fourier coefficients Pz;s2 of hyperon polarization along
the beam direction in proton-lead collisions is presented.
The data were obtained using the CMS detector at a
nucleon-nucleon center of mass energy of 8.16 TeV.
Significant positive Pz;s2 values are observed for Λ and
Λ̄ particles as a function of charged particle multiplicity
and transverse momentum. The observed signal exhibits
behavior similar to that seen in nucleus-nucleus collisions,
with Pz;s2 values increasing with rising transverse momen-
tum and decreasing charged particle multiplicity.
Hydrodynamic calculations with various polarization sce-
narios, which describe the results in nucleus-nucleus
collisions, fail to describe the positive sign of the pro-
ton-lead results. These results pose a challenge to the
current theoretical interpretation of spin polarization in
heavy ion collisions.
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40IRFU, CEA, Université Paris-Saclay, Gif-sur-Yvette, France
41Laboratoire Leprince-Ringuet, CNRS/IN2P3, Ecole Polytechnique, Institut Polytechnique de Paris, Palaiseau, France
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77bUniversità di Genova, Genova, Italy
78aINFN Sezione di Milano-Bicocca, Milano, Italy
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