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Jets produced in association with a Z0 or W� boson in hadronic collisions are automatically polarized
due to the parity violation of weak interaction, making these processes ideal for understanding the spin
transfer from polarized partons to polarized hadrons. Furthermore, leveraging this feature, we can also
employ the weak-boson-tagged process to study the quenching phenomenon of polarized jets, an aspect
that has rarely been discussed in the literature. In this work, we compute the polarization of Λ hyperons in
pp collisions and investigate the nuclear modification due to the jet-medium interaction in AA collisions.
Our results highlight this process as a valuable probe of polarized parton hadronization, particularly the
circularly polarized gluon hadronization, and of spin-dependent medium effects in the QGP.

DOI: 10.1103/rnfb-w6gn

I. INTRODUCTION

The factorization theorem [1–4] allows one to separate
perturbatively calculable partonic hard scatterings from the
nonperturbative components of hadron production. Among
these, fragmentation functions (FFs) play a central role: they
describe how energetic partons hadronize into observable
final-state hadrons [5–8]. Since a first-principles computa-
tion of FFs remains out of reach, their quantitative deter-
mination relies primarily on global analyses [9–16] of
available experimental data. Such analyses constrain the
parametrization of FFs and enable predictive power in
phenomenological and theoretical studies.
To incorporate the spin degree of freedom into hadron

production, polarized fragmentation functions have been
introduced [17–35], providing access to the spin dynamics
in the hadronization process [6–8]. In this work we focus
on the longitudinal spin–transfer G1L, which characterizes
the number density of longitudinally polarized hadrons
produced from longitudinally polarized partons. Although
several measurements have probed G1L in eþe− annihila-
tion and polarized SIDIS [36–49], the quantitative knowl-
edge of this function remains limited [26–28,50–53].
Recent proposals using dihadron helicity correlations in
unpolarized reactions [54–58] open a new avenue to

determine polarized fragmentation functions in unpolarized
colliders.
Furthermore, relativistic heavy-ion collisions produce the

strongly coupled quark gluon plasma (QGP), characterized
by extremely high temperature and density [59–61]. The
interaction between high energy jets produced from hard
collisions and the QGP medium results in the energy loss
and the transverse momentum broadening, known as the jet
quenching phenomena [62–96]. Extensive theoretical and
experimental efforts over the past decades have significantly
advanced our understanding of QGP properties and the
mechanisms of parton–medium interactions.
While most studies have focused on momentum-space

observables, the role of the spin degree of freedom in jet
quenching remains largely unexplored. Only recently have
investigations in this direction started to emerge. For
example, Refs. [97,98] examined the polarization acquired
by a jet traversing an anisotropic medium. In parallel,
Ref. [99] investigated the quenching of polarized jets
utilizing the helicity correlation of back-to-back dihadron.
Moreover, in the transverse-momentum-dependent factori-
zation framework, Λ hyperons produced within unpolarized
jets also exhibit transverse polarization [100–128] thanks to
the D⊥

1T fragmentation function [22,129]. Benefiting from
these progress, Ref. [130] investigated the medium-induced
transverse-momentum-broadening effect on the pT differ-
ential polarization.
An alternative and complementary method of studying

the hadronization of polarized partons arises in weak-
boson–associated production. In unpolarized hadronic col-
lisions, events with a reconstructed Z0=W� automatically
select weak-interaction processes, where parity violation
produces a polarized final-state parton. This parton polari-
zation, calculable in perturbative QCD, can be transferred to
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Λ hyperons through G1L, providing a clean probe of
polarized-parton hadronization in a fully unpolarized col-
lider environment.
The production of the high energy jet in association with

a W�=Z0 boson has been extensively studied in both pp
and PbPb collisions at the LHC [131–139] as well as pp̄
collisions at Tevatron [140–144]. In weak interactions, the
couplings of massive vector bosons with left-handed and
right-handed particles are different [145]. For instance, in
the W associated quark production, it couples exclusively
with left-handed quark (with helicity λq ¼ −1) and right
handed antiquark (with λq̄ ¼ þ1). This distinct helicity
structure arises from the parity violation in the weak
interaction, a characteristic feature of the Standard
Model. As a result, the jet produced in such interactions
naturally exhibits polarization. Moreover, recent studies
suggest that measuring the angular distribution coefficients
of the final-state dileptons in Z þ jet events can help
distinguish between quark and gluon jet [146,147], which
could potentially aid in extracting the flavor dependence of
fragmentation functions through this process.
In this work, we compute the polarization of Λ hyperons

produced in the weak-boson tagged process in hadronic
collisions and demonstrate that this observable serves as a
sensitive probe to the hadronization of polarized parton.
Moreover, this process also opens a novel gateway to
investigate the quenching of polarized jets in heavy-ion

collisions. The rest of this paper is organized as follows. In
Sec. II, we formulate the cross section within collinear
factorization to describeΛ hyperon polarization and analyze
corresponding partonic helicity amplitudes. In Sec. III, we
detail the incorporation of energy-loss effects into the
framework for AA collisions. Finally, a brief summary is
given in Sec. IV.

II. Λ HYPERON POLARIZATION
IN pp COLLISIONS

In this paper, we consider the following process in
unpolarized pp collisions to obtain a polarized parton jet

pþ p → Z0=W�ðyV; p⃗T;VÞ þ Λðλh; yh; p⃗T;hÞ þ X; ð1Þ

where λh denotes the helicity ofΛ hyperon, yV=h and p⃗T;V=h

are the rapidities and transverse momenta of the vector
boson and the Λ hyperon respectively. After the hard
scattering, the vector boson and the parton are produced
nearly back-to-back in the transverse plane, with the Λ
hyperon being produced from the fragmentation of the
parton.

A. Differential cross section and Λ polarization

The differential cross section in the collinear factoriza-
tion can be expressed as [148]

dσλh
dyVdyhd2p⃗T;Vd2p⃗T;h

¼
Z

dzd
z2d

X
ab→Vd

X
λd

xafaðxaÞxbfbðxbÞ
1

π

dσ̂ab→Vd
λd

dt̂
δ2
�
p⃗T;h

zd
þ p⃗T;V

�
DΛ

d ðzd; λd; λhÞ; ð2Þ

where zd denotes the momentum fraction of parton d carried by the Λ hyperon and σ̂ is the partonic cross section, with the
subscript λd denoting the helicity of the final-state parton and t̂ the Mandelstam variable. faðxaÞ and fbðxbÞ are the collinear
parton distribution functions with xa;b representing the momentum fractions carried by partons a and b. DΛ

d ðzd; λd; λhÞ
represents the helicity-dependent fragmentation function, which can be decomposed as [55]

DΛ
d ðzd; λd; λhÞ ¼ DΛ

1;dðzdÞ þ λdλhGΛ
1L;dðzdÞ; ð3Þ

with DΛ
1;dðzdÞ being the unpolarized fragmentation function and GΛ

1L;dðzdÞ quantifying the longitudinal spin transfer.
The polarization of the Λ hyperon is defined as the ratio of the difference to the sum of the cross sections with different

helicities. Integrating over the transverse momenta, we arrive at

PΛðyV; yhÞ ¼
R dzd

z2d

R
d2p⃗T;h

P
ab→VdxafaðxaÞxbfbðxbÞλd 1

π
dσab→Vd

U
dt̂ GΛ

1L;dðzdÞR dzd
z2d

R
d2p⃗T;h

P
ab→VdxafaðxaÞxbfbðxbÞ 1

π
dσab→Vd

U
dt̂ DΛ

1;dðzdÞ
; ð4Þ

where the unpolarized partonic cross section is obtained by summing over the helicity of final state parton
dσU ¼ dσþ þ dσ−, and λd is the helicity of final state parton which can be evaluated by λd ¼ ðdσþ − dσ−Þ=dσU.
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B. Partonic cross section

Now, we need to evaluate the partonic cross section for
the aðpaÞ þ bðpbÞ → VðpcÞ þ dðpd; λdÞ process at the
leading order level with the helicity amplitudes method
[149]. Since we are interested in the polarized final state
hadron in unpolarized collisions, we average over the spin
degree of freedom of both initial-state partons, and sum
over the spin index of the final-state massive vector boson.
The Feynman diagram of gluon production associated

with a Z0=W� boson is presented in Fig. 1. For the Z0 þ g
production, the partonic cross sections are given by

dσqq̄→Z0g
þ
dt̂

¼ 4παsαem
9ŝ2sin22θW

�
cq1

�
2M2

Zŝ
t̂ û

þ t̂
û
þ û

t̂

�
þ cq3

�
2M2

Zðt̂ − ûÞ
t̂ û

−
t̂
û
þ û

t̂

��
; ð5Þ

dσqq̄→Z0g
−

dt̂
¼ 4παsαem

9ŝ2sin22θW

�
cq1

�
2M2

Zŝ
t̂ û

þ t̂
û
þ û

t̂

�
− cq3

�
2M2

Zðt̂ − ûÞ
t̂ û

−
t̂
û
þ û

t̂

��
; ð6Þ

where MZ is the mass of Z0 boson, θW is the Weinberg
angle, and cq1 ¼ ðcqVÞ2 þ ðcqAÞ2 and cq3 ¼ 2cqV c

q
A with cqV

and cqA being quark-flavor dependent coupling constants.
For the gluon production in association with a W�

boson, the partonic cross sections read

dσ
qiq̄j→W�g
þ
dt̂

¼ V2
ij

2παsαem
9ŝ2 sin2 θW

ðM2
W − ûÞ2
t̂ û

; ð7Þ

dσ
qiq̄j→W�g
−

dt̂
¼ V2

ij
2παsαem

9ŝ2 sin2 θW

ðM2
W − t̂Þ2
t̂ û

; ð8Þ

where Vij is the Cabibbo-Kobayashi-Maskawa matrix
element and MW is the W boson mass.
It is interesting to note that the gluon helicity reverses

sign under the û ↔ t̂ exchange. As shown in Fig. 2, at
û ¼ t̂ ¼ −ðŝ −M2

ZÞ=2, the gluon polarization vanishes. The

physical reason for this behavior is the following. At the
t̂ → 0 limit, the gluon momentum is almost parallel to that
of the antiquark. Therefore, the dominant contribution for
the gluon production is the collinear splitting from anti-
quark. In this case, the gluon helicity inherits from that of
the antiquark, which is positive in weak interaction. On the
other hand, if the gluon is produced in the û → 0 region, its
helicity takes the same sign with the quark helicity which is
negative. Taking into account this feature, we should avoid
the mid-rapidity region with yV ∼ yh to probe the hadro-
nization of circularly polarized gluons. Furthermore, at very
small ŝ ∼M2

Z ∼M2
W , the gluon becomes soft and carries

negligible polarization. Conversely, in the high-energy
limit where the Z0=W� boson mass can be neglected,
the gluon polarization approaches its maximum value,
λmax
g ¼ �cq3=c

q
1 for Z0 boson associated process and unity

for W�, occurring at either t̂ ∼ 0 or û ∼ 0. The gluon
polarization increases monotonically with increasing

ffiffiffî
s

p
.

FIG. 1. Feynman diagrams of the qþ q̄ → V þ g channel with
V representing a Z0 or W� boson.

FIG. 2. The gluon helicity λg as a function of t̂=ðŝ −M2
Z=WÞ in Z0=W� associated production processes.
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The quark/antiquark production process is shown in
Fig. 3, while the partonic cross sections for the Z0 boson
associated process are given as

dσqg→Z0q
þ
dt̂

¼ dσq̄g→Z0q̄
−

dt̂

¼ −
παsαem

6ŝ2 sin2 2θW
ðcq1 − cq3Þ

�
2M2

Zû
t̂ ŝ

þ ŝ
t̂
þ t̂
ŝ

�
; ð9Þ

dσqg→Z0q
−

dt̂
¼ dσq̄g→Z0q̄

þ
dt̂

¼−
παsαem

6ŝ2 sin2 2θW
ðcq1 þ cq3Þ

�
2M2

Zû
t̂ ŝ

þ ŝ
t̂
þ t̂
ŝ

�
: ð10Þ

For the quark production associated with a W� boson,
the helicity structure is unique. Only left-handed quarks
and right-handed antiquarks participate in the interaction.
As a result, the helicity of the final state quark/antiquark is
determined, and only one helicity dependent cross section
contributes which reads

dσ
qig→W�qj
−

dt̂
¼ dσ

q̄ig→W�q̄j
þ
dt̂

¼ −V2
ij

παsαem
12ŝ2 sin2 θW

�
2M2

Wûþ ŝ2 þ t̂2

t̂ ŝ

�
: ð11Þ

Unlike the gluon case, the polarization of a quark or
antiquark produced in association with a Z0 orW� boson is
kinematics invariant. In particular, for W� associated
production, the polarization is always unity, with quarks
carrying negative helicity and antiquarks positive. For the
Z0 associated production, the quark helicity is λq ¼ −cq3=c

q
1

while the antiquark helicity reads λq̄ ¼ cq3=c
q
1 .

Summing over the helicities of final state particles, we
arrive at the unpolarized cross sections, which coincide
with those given in Refs. [127,150,151].

C. Numerical results

The polarized fragmentation function G1L is mainly
extracted by analyzing the experimental data from eþe−
annihilation and polarized SIDIS process, where the gluon
production is suppressed by αs. Therefore, our under-
standing on the gluon contribution remains rather limited,
calling for more experimental input from hadronic
colliders.
As shown in Fig. 4, the gluon contribution plays a

significant role in the jet production associated with a
Z0-boson, particularly in pp̄ collisions. A similar conclu-
sion also applies to the W� associated production process,
which is not explicitly shown. Therefore, future measure-
ments at the Tevatron and LHC can shed more light on the
hadronization of circularly polarized gluons.
To further quantify the gluon polarization in hadronic

collisions, we compute it utilizing Eqs. (5) and (6). The
numerical results are shown in Fig. 5, where the transverse
momenta of both the Z0-boson and the gluon jet are
integrated over to enhance the statistical reach of potential
measurements. Furthermore, we also integrate over the
Z0-boson rapidity and show the gluon polarization simply
as a function of the gluon rapidity.
In pp̄ collisions, the gluons produced in the forward

rapidity are most likely to be aligned with the quark,
resulting in the negative polarization. On the other hand, the
gluons in the backward rapidity are positively polarized.

FIG. 4. Production ratio of different jet flavors in association with Z0 boson in pp̄ (left) and pp (right) collisions.

FIG. 3. Feynman diagrams of the qþ g → V þ q channel.
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The magnitude of the polarization increases with the
rapidity gap between the gluon and the Z0-boson
jyg − yZ0 j. In pp collisions, the gluons produced in the
middle rapidity also exhibit nonvanishing polarization,
simply because the quark and antiquark distributions in
the proton are not symmetric. In light of the sizable
polarization in the forward/backward regions, hadronic
colliders can indeed provide valuable insight in under-
standing the hadronization of circularly polarized gluons.
Employing the DSV parametrization of polarized and

unpolarized fragmentation functions of Λ hyperons, we
make numerical predictions for the Λ hyperon polarization
in pp collisions for the LHC experiment. The numerical
results are shown in Fig. 6. DSV parametrization offers
three flavor scenarios for the polarized fragmentation
function, while all of them seem to describe the LEP data.
However, in the pp collisions, these three scenarios, labeled
as Sce. 1–3 in Fig. 6, show distinct difference, demonstrat-
ing the potential of studying spin physics at the LHC
experiment. In Sce. 1 and 2, the s quark plays a dominant
role in producing polarized Λ hyperons. The contributions
from the u, d quarks and the gluon are relatively small,
resulting in a very small magnitude of polarization. On the

other hand, in the third scenario, u, d and s quarks are
assumed to contribute equally to the Λ polarization.
Therefore, the magnitude of the Λ hyperon polarization
becomes the largest among all three scenarios. Furthermore,
in Sce. 2, u and d quarks contribute to a small negative
polarization. Therefore, The polarization in this scenario
could even become positive at some kinematic region where
the relative contribution from u and d quarks becomes more
significant. Nonetheless, the significant difference among
different scenarios shows that this observable is indeed
sensitive to the flavor component of polarized fragmentation
function. More importantly, the pp=pp̄ experiments offer
direct access to the hadronization of circularly polarized
gluons, which remains poorly known. Therefore, it would
be interesting to compare with the experimental data in
different kinematic regions and learn more of the hadroni-
zation of polarized partons.

III. Λ HYPERON POLARIZATION IN AA
COLLISIONS

In contrast to pp collisions, heavy-ion collisions exhibit
two key distinguishing features. First, the initial-state

FIG. 5. The gluon polarization as a function of the rapidity in pp̄ (left) and pp (right) collisions.

FIG. 6. Polarization of Λ hyperon associated with Z0 (left) and W� (right) in pp collisions at the LHC energy.
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parton distributions [152] are modified by cold nuclear
matter effects, which can be straightforwardly incorporated
using available global parametrizations such as nCTEQ
[153] and EPPS [154]. In the numerical evaluation, we
employ the CTEQ parametrization [152] for the proton
PDF and the EPPS parametrization [154] for the nuclear
modified one. Second, the formation of the strongly
coupled QGP medium induces jet quenching phenomena,
characterized by parton energy loss and transverse momen-
tum broadening. While momentum quenching has been
extensively studied over the past decades, the correspond-
ing effect on the spin degree of freedom has rarely been
addressed in the literature.
For quark jets, helicity is conserved in gluon radiation,

and therefore quarks do not suffer spin quenching. The
gluon case, however, is more involved. We propose two
phenomenological prescriptions to account for gluon spin
quenching. In the first prescription, the lost energy is
carried away dominantly by a single semihard splitting.
In this case, the helicity of the surviving hard gluon is also
quenched, and the quenching magnitude can be quantified
by the polarized splitting function ΔLPgg, which has been
computed up to two-loop accuracy [155,156]. In the second
prescription, the lost energy is carried away by multiple soft
gluons, which have negligible impact on the helicity of the
leading gluon. Thus, the polarization of the leading gluon
remains the same while traversing the QGP medium. A
detailed discussion is presented in Appendix A.

A. Scheme 1: Energy loss due to a
single-hard-branching

In this picture, we assume that a parton loses a small
fraction of its energy through a single-hard-branching
(referred to as SHB in equations and figures) and the
average parton transverse energy loss ΔET is evaluated
within the linear Boltzmann transport (LBT) model
[157–159]. Under this prescription, where heavier quarks
experience less energy loss and gluons lose more energy
than all quarks, we can replace the unpolarized fragmen-
tation function in pp collisions by

Dmed
1;d ðzdÞ

				
SHB

¼
Z

dξ
ξ2
ξδ

�
ξ−

kT
kT þΔET

�
Dvac

1;d

�
zd
ξ

�
; ð12Þ

with kT ¼ pT;h=zd the final transverse momentum of the
gluon and ΔET the average transverse energy loss. In the
numerical evaluation, we focus on the central (0–10%)
PbPb collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV. The average trans-
verse energy loss calculated with a realistic QGP medium
as a function of jet transverse momentum is shown in
Appendix B. The normalization is determined according to
the momentum conservation, which reads

X
h

Z
dzdzdDmed

1;d ðzdÞ ≈
kT

kT þ ΔET

X
h

Z
dzdzdDvac

1;dðzdÞ:

ð13Þ

For quarks, helicity conservation ensures that they do not
experience spin quenching while radiating gluons. For
gluons, however, helicity is quenched. The suppression
factor is given by the ratio of polarized to unpolarized
splitting functions, ΔLPggðξÞ=PggðξÞ. At the leading order
accuracy, we obtain

Gmed
1L;q=q̄ðzdÞ

				
SHB

¼
Z

dξ
ξ2

ξδ

�
ξ −

kT
kT þ ΔET

�
Gvac

1L;qq̄

�
zd
ξ

�
;

ð14Þ

Gmed
1L;gðzdÞ

				
SHB

¼
Z

dξ
ξ2

ξδ

�
ξ −

kT
kT þ ΔET

�

×
ξ½1 − ξð1 − ξÞ þ ð1 − ξÞ2�

½1 − ξð1 − ξÞ�2 Gvac
1L;g

�
zd
ξ

�
:

ð15Þ

B. Scheme 2: Energy loss due
to multiple-soft-branching

In this scenario, the energy loss is computed within the
cascade picture [94–96]. In this model, the in-medium
parton undergoes multiple-soft-branching (referred to as
MSB in equations and figures) to lose a fraction of its
energy. In contrast to the first scenario, since soft gluon
emission does not modify the helicity of the hard gluon, it is
sufficient to replace the unpolarized and polarized frag-
mentation functions with the nuclear modified one given by

Dmed
1;d ðzdÞ

				
MSB

¼
Z

dξ
ξ2

Cddðξ; τmaxÞDvac
1;d

�
zd
ξ

�
; ð16Þ

Gmed
1L;dðzdÞ

				
MSB

¼
Z

dξ
ξ2

Cddðξ; τmaxÞGvac
1L;d

�
zd
ξ

�
; ð17Þ

where Cdd is the momentum fraction density of parton d
carrying the momentum fraction ξ inside the cascade
initialized by parton d and τmax is a dimensionless time
quantifying the magnitude of jet quenching. It can be
obtained by solving the in-medium parton evolution
equation derived in Refs. [160–162].

C. Numerical results

As illustrated in Fig. 7, parton energy loss in heavy-ion
collisions leads to a noticeable modification of the
Λ-hyperon polarization compared with that in pp colli-
sions. This behavior can be understood as follows. Due to
energy loss, the average momentum fraction hzΛi in the

YAO, LI, DONG, and WEI PHYS. REV. D 113, 074014 (2026)

074014-6



hadronization process shifts to a larger value. On top of
that, the spin transfer from polarized partons to polarized
hadrons is more significant at a larger momentum fraction,
a feature confirmed by LEP. Therefore, the energy loss
effect results in an increase of the polarization rather than a
suppression. Moreover, because of the gluon spin quench-
ing effect is very small, these two energy loss mechanisms
do not result in a significant difference. Nonetheless, this
observable is sensitive to the jet quenching and it would be
interesting to perform a sophisticated Monte-Carlo simu-
lation of interaction between the polarized jet and the QGP
medium.

IV. SUMMARY

In this work, we focus on the weak-boson-associated jet
production in hadronic collisions, and explore its potential
for studying the hadronization of polarized partons. We
demonstrate that the gluon polarization becomes sizable
when there is a rapidity gap with the Z0=W�-boson,
therefore paving the way for studying the circularly
polarized gluons in unpolarized hadron colliders. The
unpolarized colliders such as Tevatron and LHC have
accumulated enormous experimental data, whose analysis
could substantially reduce the ambiguities in the hadroni-
zation models and reveal vital information on the spin
transfers. It is important to note that the single inclusive jet
production are dominated by the strong interaction, where
parity symmetry is conserved. The weak-boson-tagged jet
production process thus offers a unique opportunity to
select parity-violating weak interaction events. Moreover,
this observable is also sensitive to the jet quenching in
relativistic heavy-ion collisions. We investigate two repre-
sentative schemes of the parton energy loss, namely the
single-hard-branching scheme and multiple-soft-branching
scheme. In the SHB case, the gluon loses a small portion of
its polarization, while its polarization remains unquenched
in the MSB. Since the total fractional energy loss is modest,
the spin quenching effect in the SHB is also negligible,

leading both schemes to produce similar nuclear modifi-
cations to the final-state hadron polarization.
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APPENDIX A: SPIN QUENCHING
OF GLUON JETS

While traversing the QGPmedium, a circularly polarized
gluon loses a fraction of its energy through medium-
induced gluon radiation. At the same time, its polarization
is also quenched, with the magnitude of this suppression
depending on the specific parton energy-loss mechanism.
To make this connection more transparent, we first recall
the polarized and unpolarized gluon splitting functions
which read

PggðξÞ ¼ 2Nc

�
1 − ξ

ξ
þ ξð1 − ξÞ þ ξ

ð1 − ξÞþ

�

þ 11Nc − 2nf
6

δð1 − ξÞ; ðA1Þ

ΔLPggðξÞ ¼ Nc

�
1þ ξ4 − ð1 − ξÞ3

ξ
þ 1þ ξ4

ð1 − ξÞþ

�

þ 11Nc − 2nf
6

δð1 − ξÞ: ðA2Þ

FIG. 7. Polarization of Λ associated with Z0 and W� in pp and AA collisions with two different schemes.
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The ratio ΔLPggðξÞ=PggðξÞ characterizes the survival prob-
ability of the gluon’s polarization after one splitting that
loses energy fraction 1 − ξ.
As an illustration, consider a gluon of initial energy E

with helicity λg ¼ 1. It loses a total energy ΔE through n
successive splittings with each branching carrying away a
small fraction of its energy. Assuming that after each
branching the retained momentum fractions are approxi-
mately the same, we then obtain the per-branching retained
fraction as x ¼ ð1 − ΔE=EÞ1=n. After n splittings, the
remaining polarization is then given by λafterg =λbeforeg ¼
½ΔLPggðxÞ=PggðxÞ�n.
The numerical results are shown in Fig. 8 which exhibits

two intricate features. First, the suppression is more pro-
nounced with large total energy loss, reflecting the general

property of polarized splitting function. However, the
polarization loss is in general small. Even a 40% energy
loss only results in a 4% polarization loss. Second, the
surviving gluon polarization increases monotonically with
the number of medium-induced branchings. This behavior
arises because the energy loss per splitting becomes smaller
when the total energy loss ΔE is distributed over more
branchings, so each individual splitting has a weaker
depolarizing effect. Consequently, the overall polarization
quenching is reduced for large number of branchings n, and
the gluon polarization is nearly preserved in the MSB limit.
To summarize, the polarization loss of the gluon

while traversing the QGP medium depends on energy
loss mechanisms. In the single-hard-branching energy
loss picture, the polarization loss is quantified by
ΔLPggð1 − ΔE=EÞ=Pggð1 − ΔE=EÞ. On the other hand,
in the multiple-soft-branching picture, the polarization loss
becomes negligible.

APPENDIX B: NUMERICAL RESULTS
FOR THE AVERAGED ENERGY LOSS

IN DIFFERENT SCHEMES

In this work, we employ two distinct models to describe
the parton energy loss, corresponding to SHB and MSB
schemes. We focus on central (0–10%) Pbþ Pb collisions
at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV.
For the SHB scheme, we perform a Monte-Carlo sim-

ulation utilize the LBT model [159] to simulate the
propagation of hard partons through the QGP medium.
The spacetime evolution profiles of the QGP are generated
by the (3þ 1)-D viscous hydrodynamic model CLVisc
[164–166]. The simulation calculates the parton energy
loss averaged over the hydrodynamic fluctuations and jet
path lengths within the selected centrality class. The

FIG. 8. The surviving gluon polarization after successive
medium-induced branchings as a function of the number of
parton branchings.

FIG. 9. The averaged transverse energy loss ΔET as a function of the initial parton transverse momentum pT . The SHB results (in the
left panel) are obtained using the LBT model coupled with (3þ 1)-dimensional CLVisc hydrodynamic profiles for 0–10% central
Pbþ Pb collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV [164–166]. The MSB results (in the right panel) are calculated using the evolution equation
approach with effective transport parameters hq̂L2i ¼ 11.7 GeV and ᾱs ¼ 0.3.
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numerical results as a function of jet transverse momentum
is shown in the left panel of Fig. 9.
For the MSB scheme, we describe the medium-induced

parton cascade using an evolution equation approach based
on the BDMPS formalism [94–96]. In this framework, the
evolution is governed by a dimensionless time variable τ,

which quantifies the accumulated interaction with the
medium.
Let Cjiðξ; τÞ denote the inclusive momentum fraction

distribution of a parton j carrying a momentum fraction ξ
relative to the parent parton i at evolution time τ. The
evolution equation is given by [130]

∂Cjiðξ; τÞ
∂τ

¼
X

k¼g;q;q̄

Z
1

ξ
dzKjkðzÞ

ffiffiffi
z
ξ

r
Cki

�
ξ

z
; τ
�
−
Z

1

0

dzfKqqðzÞδqj þ z½KggðzÞ þ 2nfKqgðzÞ�δgjg
1ffiffiffi
ξ

p Cjiðξ; τÞ; ðB1Þ

where the splitting kernel functions KabðzÞ are defined as

KggðzÞ ¼ Nc
ð1 − zþ z2Þ2
zð1 − zÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Ncð1 − zþ z2Þ

zð1 − zÞ

s
; ðB2Þ

KqqðzÞ ¼
CF

2

1þ z2

1 − z

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Nczþ CFð1 − zÞ2

zð1 − zÞ

s
; ðB3Þ

KqgðzÞ ¼
TF

2
½z2 þ ð1 − zÞ2�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CF − Nczð1 − zÞ

zð1 − zÞ

s
; ðB4Þ

KgqðzÞ ¼
CF

2

1þ ð1 − zÞ2
z

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Ncð1 − zÞ þ CFz2

zð1 − zÞ

s
; ðB5Þ

with Nc ¼ 3, CF ¼ 4=3, and TF ¼ 1=2. The evolution
equation is solved recursively from the onset of the medium
interaction at τ0 ¼ 0 with the initial condition Cjiðξ; τ0Þ ¼
δjiξδðξ − 1Þ up to the decoupling time τmax. The parameter
τmax characterizes the total magnitude of the jet-medium
interaction. For a static medium of length L and transport

parameter q̂, it scales as τmax ¼ ᾱs

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
q̂L2=pT;jet

q
.

The average energy loss fraction in the MSB scheme is
determined by the momentum carried away by medium-
induced radiation, calculated from the diagonal element of

the distribution at τmax

ΔE
E

¼ 1 −
Z

1

0

dξCddðξ; τmaxÞ: ðB6Þ

In our numerical calculations for the MSB scheme, we set
the effective transport parameter hq̂L2i ¼ 11.7 GeV and
the coupling strength ᾱs ¼ 0.3. As shown in the right panel
of Fig. 9, with these parameters, the magnitude of light
quark energy loss in the MSB scheme is comparable to that
obtained from the LBT simulations in the SHB scheme,
although the MSB scheme predicts a larger energy loss for
gluons.
Currently, our knowledge of the gluon fragmentation

function is still limited, for both unpolarized and polarized
cases. The DSV parametrization assumes negligible con-
tributions from the gluon sector at the initial scale. It only
accumulates through DGLAP evolution. As a result, our
numerical calculation is not sensitive to different energy
loss schemes. However, this situation, and the ability to
discriminate different quenching mechanisms, could be
significantly improved once the experimental data from pp
or pp̄ collisions are included in the global analyses.
Therefore, weak-boson-tagged measurements are crucial
not only for constraining the hadronization of polarized
gluons, but also for revealing the nature of their interaction
with the QGP.

[1] J. C. Collins and D. E. Soper, Nucl. Phys. B193, 381
(1981); B213, 545(E) (1983).

[2] J. C. Collins, D. E. Soper, and G. F. Sterman, Phys. Lett.
134B, 263 (1984).

[3] J. C. Collins, D. E. Soper, and G. F. Sterman, Adv. Ser. Dir.
High Energy Phys. 5, 1 (1989).

[4] J. Collins, Cambridge Monogr. Part. Phys., Nucl. Phys.,
Cosmol. 32, 1 (2011).

[5] S. M. Berman, J. D. Bjorken, and J. B. Kogut, Phys. Rev. D
4, 3388 (1971).

[6] A. Metz and A. Vossen, Prog. Part. Nucl. Phys. 91, 136
(2016).

QUENCHING OF POLARIZED JETS PHYS. REV. D 113, 074014 (2026)

074014-9

https://doi.org/10.1016/0550-3213(81)90339-4
https://doi.org/10.1016/0550-3213(81)90339-4
https://doi.org/10.1016/0550-3213(83)90235-3
https://doi.org/10.1016/0370-2693(84)90684-1
https://doi.org/10.1016/0370-2693(84)90684-1
https://doi.org/10.1142/9789814503266 0001
https://doi.org/10.1142/9789814503266 0001
https://doi.org/10.1017/9781009401845
https://doi.org/10.1017/9781009401845
https://doi.org/10.1103/PhysRevD.4.3388
https://doi.org/10.1103/PhysRevD.4.3388
https://doi.org/10.1016/j.ppnp.2016.08.003
https://doi.org/10.1016/j.ppnp.2016.08.003


[7] K. B. Chen, T. Liu, Y. K. Song, and S. Y. Wei, Particles 6,
515 (2023).

[8] R. Boussarie, M. Burkardt, M. Constantinou, W. Detmold,
M. Ebert, M. Engelhardt, S. Fleming, L. Gamberg, X. Ji,
Z. B. Kang et al., arXiv:2304.03302.

[9] D. de Florian, R. Sassot, and M. Stratmann, Phys. Rev. D
75, 114010 (2007).

[10] S. Albino, B. A. Kniehl, and G. Kramer, Nucl. Phys. B803,
42 (2008).

[11] C. A. Aidala, F. Ellinghaus, R. Sassot, J. P. Seele, and M.
Stratmann, Phys. Rev. D 83, 034002 (2011).

[12] D. de Florian, M. Epele, R. J. Hernandez-Pinto, R. Sassot,
and M. Stratmann, Phys. Rev. D 95, 094019 (2017).

[13] V. Bertone, S. Carrazza, N. P. Hartland, E. R. Nocera, and
J. Rojo (NNPDF Collaboration), Eur. Phys. J. C 77, 516
(2017).

[14] J. Gao, C. Liu, X. Shen, H. Xing, and Y. Zhao, Phys. Rev.
D 110, 114019 (2024).

[15] J. Gao, X. Shen, H. Xing, Y. Zhao, and B. Zhou, Phys. Rev.
Lett. 135, 041902 (2025).

[16] J. Gao, C. Liu, M. Li, X. Shen, H. Xing, Y. Zhao, and Y.
Zhou, Phys. Rev. D 112, 054045 (2025).

[17] J. E. Augustin and F. M. Renard, Nucl. Phys. B162, 341
(1980).

[18] J. C. Collins and D. E. Soper, Nucl. Phys. B194, 445
(1982).

[19] J. C. Collins, Nucl. Phys. B396, 161 (1993).
[20] G. Gustafson and J. Hakkinen, Phys. Lett. B 303, 350

(1993).
[21] J. Levelt and P. J. Mulders, Phys. Lett. B 338, 357 (1994).
[22] P. J. Mulders and R. D. Tangerman, Nucl. Phys. B461, 197

(1996); B484, 538(E) (1997).
[23] D. Boer, R. Jakob, and P. J. Mulders, Nucl. Phys. B504,

345 (1997).
[24] Z. t. Liang and C. Boros, Phys. Rev. Lett. 79, 3608 (1997).
[25] A. Kotzinian, A. Bravar, and D. von Harrach, Eur. Phys. J.

C 2, 329 (1998).
[26] C. Boros and Z. t. Liang, Phys. Rev. D 57, 4491 (1998).
[27] B. Q. Ma and J. Soffer, Phys. Rev. Lett. 82, 2250 (1999).
[28] B. Q. Ma, I. Schmidt, J. Soffer, and J. J. Yang, Phys. Rev. D

62, 114009 (2000).
[29] B. Q. Ma, I. Schmidt, and J. J. Yang, Phys. Lett. B 477, 107

(2000).
[30] A. Bacchetta and P. J. Mulders, Phys. Rev. D 62, 114004

(2000).
[31] C. x. Liu and Z. t. Liang, Phys. Rev. D 62, 094001 (2000).
[32] A. Bacchetta, M. Diehl, K. Goeke, A. Metz, P. J. Mulders,

and M. Schlegel, J. High Energy Phys. 02 (2007) 093.
[33] J. Collins and J. W. Qiu, Phys. Rev. D 75, 114014 (2007).
[34] S. Y. Wei, Y. K. Song, and Z. T. Liang, Phys. Rev. D 89,

014024 (2014).
[35] S. Y. Wei, K. b. Chen, Y. k. Song, and Z. t. Liang, Phys.

Rev. D 91, 034015 (2015).
[36] D. Buskulic et al. (ALEPH Collaboration), Phys. Lett. B

374, 319 (1996).
[37] K. Ackerstaff et al. (OPAL Collaboration), Eur. Phys. J. C

2, 49 (1998).
[38] R. L. Jaffe, Phys. Rev. D 54, R6581 (1996).
[39] D. de Florian, M. Stratmann, and W. Vogelsang, arXiv:

hep-ph/9710410.

[40] D. de Florian, M. Stratmann, andW. Vogelsang, Phys. Rev.
Lett. 81, 530 (1998).

[41] M. R. Adams et al. (E665 Collaboration), Eur. Phys. J. C
17, 263 (2000).

[42] P. Astier et al. (NOMAD Collaboration), Nucl. Phys.
B588, 3 (2000).

[43] P. Astier et al. (NOMAD Collaboration), Nucl. Phys.
B605, 3 (2001).

[44] A. Airapetian et al. (HERMES Collaboration), Phys. Rev.
D 64, 112005 (2001).

[45] A. Airapetian et al. (HERMES Collaboration), Phys. Rev.
D 74, 072004 (2006).

[46] M. Alekseev et al. (COMPASS Collaboration), Eur. Phys.
J. C 64, 171 (2009).

[47] B. I. Abelev et al. (STAR Collaboration), Phys. Rev. D 80,
111102 (2009).

[48] J. Adam et al. (STAR Collaboration), Phys. Rev. D 98,
112009 (2018).

[49] M. Abdulhamid et al. (STAR Collaboration), Phys. Rev. D
109, 012004 (2024).

[50] D. de Florian, M. Stratmann, andW. Vogelsang, Phys. Rev.
D 57, 5811 (1998).

[51] B. Q. Ma, I. Schmidt, and J. J. Yang, Phys. Rev. D 61,
034017 (2000).

[52] K. b. Chen, W. h. Yang, Y. j. Zhou, and Z. t. Liang, Phys.
Rev. D 95, 034009 (2017).

[53] Y. L. Pan, K. B. Chen, Y. K. Song, and S. Y. Wei, Phys.
Lett. B 850, 138509 (2024).

[54] K. Chen, G. R. Goldstein, R. L. Jaffe, and X. D. Ji, Nucl.
Phys. B445, 380 (1995).

[55] H. C. Zhang and S. Y. Wei, Phys. Lett. B 839, 137821
(2023).

[56] Z. X. Chen, H. Dong, and S. Y. Wei, Phys. Rev. D 110,
056040 (2024).

[57] L. Yang, Y. K. Song, and S. Y. Wei, Phys. Rev. D 111,
054035 (2025).

[58] F. Huang, T. Liu, Y. K. Song, and S. Y. Wei, Phys. Lett. B
862, 139346 (2025).

[59] T. D. Lee, Rev. Mod. Phys. 47, 267 (1975).
[60] M. Gyulassy and L. McLerran, Nucl. Phys. A750, 30

(2005).
[61] B. Muller, J. Schukraft, and B. Wyslouch, Annu. Rev.

Nucl. Part. Sci. 62, 361 (2012).
[62] M. Gyulassy and M. Plumer, Phys. Lett. B 243, 432

(1990).
[63] X. N. Wang and M. Gyulassy, Phys. Rev. Lett. 68, 1480

(1992).
[64] M. Gyulassy and X. N. Wang, Nucl. Phys. B420, 583

(1994).
[65] R. Baier, Y. L. Dokshitzer, S. Peigne, and D. Schiff, Phys.

Lett. B 345, 277 (1995).
[66] M. Gyulassy, P. Levai, and I. Vitev, Nucl. Phys. B571, 197

(2000).
[67] M. Gyulassy, P. Levai, and I. Vitev, Phys. Rev. Lett. 85,

5535 (2000).
[68] M. Gyulassy, P. Levai, and I. Vitev, Nucl. Phys. B594, 371

(2001).
[69] U. A. Wiedemann, Nucl. Phys. B690, 731 (2001).
[70] X. f. Guo and X. N. Wang, Phys. Rev. Lett. 85, 3591

(2000).

YAO, LI, DONG, and WEI PHYS. REV. D 113, 074014 (2026)

074014-10

https://doi.org/10.3390/particles6020029
https://doi.org/10.3390/particles6020029
https://arXiv.org/abs/2304.03302
https://doi.org/10.1103/PhysRevD.75.114010
https://doi.org/10.1103/PhysRevD.75.114010
https://doi.org/10.1016/j.nuclphysb.2008.05.017
https://doi.org/10.1016/j.nuclphysb.2008.05.017
https://doi.org/10.1103/PhysRevD.83.034002
https://doi.org/10.1103/PhysRevD.95.094019
https://doi.org/10.1140/epjc/s10052-017-5088-y
https://doi.org/10.1140/epjc/s10052-017-5088-y
https://doi.org/10.1103/PhysRevD.110.114019
https://doi.org/10.1103/PhysRevD.110.114019
https://doi.org/10.1103/mcwy-b221
https://doi.org/10.1103/mcwy-b221
https://doi.org/10.1103/t5ds-vvc4
https://doi.org/10.1016/0550-3213(80)90269-2
https://doi.org/10.1016/0550-3213(80)90269-2
https://doi.org/10.1016/0550-3213(82)90021-9
https://doi.org/10.1016/0550-3213(82)90021-9
https://doi.org/10.1016/0550-3213(93)90262-N
https://doi.org/10.1016/0370-2693(93)91444-R
https://doi.org/10.1016/0370-2693(93)91444-R
https://doi.org/10.1016/0370-2693(94)91391-9
https://doi.org/10.1016/0550-3213(95)00632-X
https://doi.org/10.1016/0550-3213(95)00632-X
https://doi.org/10.1016/S0550-3213(96)00648-7
https://doi.org/10.1016/S0550-3213(97)00456-2
https://doi.org/10.1016/S0550-3213(97)00456-2
https://doi.org/10.1103/PhysRevLett.79.3608
https://doi.org/10.1007/s100520050142
https://doi.org/10.1007/s100520050142
https://doi.org/10.1103/PhysRevD.57.4491
https://doi.org/10.1103/PhysRevLett.82.2250
https://doi.org/10.1103/PhysRevD.62.114009
https://doi.org/10.1103/PhysRevD.62.114009
https://doi.org/10.1016/S0370-2693(00)00167-2
https://doi.org/10.1016/S0370-2693(00)00167-2
https://doi.org/10.1103/PhysRevD.62.114004
https://doi.org/10.1103/PhysRevD.62.114004
https://doi.org/10.1103/PhysRevD.62.094001
https://doi.org/10.1088/1126-6708/2007/02/093
https://doi.org/10.1103/PhysRevD.75.114014
https://doi.org/10.1103/PhysRevD.89.014024
https://doi.org/10.1103/PhysRevD.89.014024
https://doi.org/10.1103/PhysRevD.91.034015
https://doi.org/10.1103/PhysRevD.91.034015
https://doi.org/10.1016/0370-2693(96)00300-0
https://doi.org/10.1016/0370-2693(96)00300-0
https://doi.org/10.1007/s100520050123
https://doi.org/10.1007/s100520050123
https://doi.org/10.1103/PhysRevD.54.R6581
https://arXiv.org/abs/hep-ph/9710410
https://arXiv.org/abs/hep-ph/9710410
https://doi.org/10.1103/PhysRevLett.81.530
https://doi.org/10.1103/PhysRevLett.81.530
https://doi.org/10.1007/s100520000493
https://doi.org/10.1007/s100520000493
https://doi.org/10.1016/S0550-3213(00)00503-4
https://doi.org/10.1016/S0550-3213(00)00503-4
https://doi.org/10.1016/S0550-3213(01)00181-X
https://doi.org/10.1016/S0550-3213(01)00181-X
https://doi.org/10.1103/PhysRevD.64.112005
https://doi.org/10.1103/PhysRevD.64.112005
https://doi.org/10.1103/PhysRevD.74.072004
https://doi.org/10.1103/PhysRevD.74.072004
https://doi.org/10.1140/epjc/s10052-009-1143-7
https://doi.org/10.1140/epjc/s10052-009-1143-7
https://doi.org/10.1103/PhysRevD.80.111102
https://doi.org/10.1103/PhysRevD.80.111102
https://doi.org/10.1103/PhysRevD.98.112009
https://doi.org/10.1103/PhysRevD.98.112009
https://doi.org/10.1103/PhysRevD.109.012004
https://doi.org/10.1103/PhysRevD.109.012004
https://doi.org/10.1103/PhysRevD.57.5811
https://doi.org/10.1103/PhysRevD.57.5811
https://doi.org/10.1103/PhysRevD.61.034017
https://doi.org/10.1103/PhysRevD.61.034017
https://doi.org/10.1103/PhysRevD.95.034009
https://doi.org/10.1103/PhysRevD.95.034009
https://doi.org/10.1016/j.physletb.2024.138509
https://doi.org/10.1016/j.physletb.2024.138509
https://doi.org/10.1016/0550-3213(95)00193-V
https://doi.org/10.1016/0550-3213(95)00193-V
https://doi.org/10.1016/j.physletb.2023.137821
https://doi.org/10.1016/j.physletb.2023.137821
https://doi.org/10.1103/PhysRevD.110.056040
https://doi.org/10.1103/PhysRevD.110.056040
https://doi.org/10.1103/PhysRevD.111.054035
https://doi.org/10.1103/PhysRevD.111.054035
https://doi.org/10.1016/j.physletb.2025.139346
https://doi.org/10.1016/j.physletb.2025.139346
https://doi.org/10.1103/RevModPhys.47.267
https://doi.org/10.1016/j.nuclphysa.2004.10.034
https://doi.org/10.1016/j.nuclphysa.2004.10.034
https://doi.org/10.1146/annurev-nucl-102711-094910
https://doi.org/10.1146/annurev-nucl-102711-094910
https://doi.org/10.1016/0370-2693(90)91409-5
https://doi.org/10.1016/0370-2693(90)91409-5
https://doi.org/10.1103/PhysRevLett.68.1480
https://doi.org/10.1103/PhysRevLett.68.1480
https://doi.org/10.1016/0550-3213(94)90079-5
https://doi.org/10.1016/0550-3213(94)90079-5
https://doi.org/10.1016/0370-2693(94)01617-L
https://doi.org/10.1016/0370-2693(94)01617-L
https://doi.org/10.1016/S0550-3213(99)00713-0
https://doi.org/10.1016/S0550-3213(99)00713-0
https://doi.org/10.1103/PhysRevLett.85.5535
https://doi.org/10.1103/PhysRevLett.85.5535
https://doi.org/10.1016/S0550-3213(00)00652-0
https://doi.org/10.1016/S0550-3213(00)00652-0
https://doi.org/10.1016/S0375-9474(01)00362-1
https://doi.org/10.1103/PhysRevLett.85.3591
https://doi.org/10.1103/PhysRevLett.85.3591


[71] X. N. Wang and X. f. Guo, Nucl. Phys. A696, 788
(2001).

[72] R. Baier, Y. L. Dokshitzer, A. H. Mueller, and D. Schiff,
J. High Energy Phys. 09 (2001) 033.

[73] P. B. Arnold, G. D. Moore, and L. G. Yaffe, J. High Energy
Phys. 06 (2002) 030.

[74] M. Gyulassy, I. Vitev, X. N. Wang, and B. W. Zhang,
Quark-Gluon Plasma 3 (World Scientific, Singapore,
2004).

[75] M. Djordjevic and M. Gyulassy, Nucl. Phys. A733, 265
(2004).

[76] S. Wicks, W. Horowitz, M. Djordjevic, and M. Gyulassy,
Nucl. Phys. A784, 426 (2007).

[77] M. Djordjevic and U. Heinz, Phys. Rev. C 77, 024905
(2008).

[78] G. Y. Qin, J. Ruppert, C. Gale, S. Jeon, G. D. Moore, and
M. G. Mustafa, Phys. Rev. Lett. 100, 072301 (2008).

[79] B. Schenke, C. Gale, and G. Y. Qin, Phys. Rev. C 79,
054908 (2009).

[80] S. Jeon, Nucl. Phys. A830, 107c (2009).
[81] W. t. Deng and X. N. Wang, Phys. Rev. C 81, 024902

(2010).
[82] J. P. Blaizot and Y. Mehtar-Tani, Nucl. Phys. A929, 202

(2014).
[83] E. Iancu, J. High Energy Phys. 10 (2014) 095.
[84] G. Y. Qin and X. N. Wang, Int. J. Mod. Phys. E 24,

1530014 (2015).
[85] X. N. Wang, S. Y. Wei, and H. Z. Zhang, Phys. Rev. C 96,

034903 (2017).
[86] J. Barata, Y. Mehtar-Tani, A. Soto-Ontoso, and K.

Tywoniuk, Phys. Rev. D 104, 054047 (2021).
[87] J. Barata, A. V. Sadofyev, and C. A. Salgado, Phys. Rev. D

105, 114010 (2022).
[88] J. Ghiglieri and E. Weitz, J. High Energy Phys. 11 (2022)

068.
[89] P. Caucal and Y. Mehtar-Tani, Phys. Rev. D 108, 014008

(2023).
[90] S. P. Adhya, K. Kutak, W. Płaczek, M. Rohrmoser, and K.

Tywoniuk, Eur. Phys. J. C 83, 512 (2023).
[91] M. Li, T. Lappi, X. Zhao, and C. A. Salgado, Phys. Rev. D

108, 036016 (2023).
[92] Y. Mehtar-Tani, J. High Energy Phys. 04 (2025) 163.
[93] J. Barata, X. Du, and A. V. Sadofyev, Phys. Rev. D 111,

114017 (2025).
[94] R. Baier, Y. L. Dokshitzer, A. H. Mueller, S. Peigne, and D.

Schiff, Nucl. Phys. B483, 291 (1997).
[95] R. Baier, Y. L. Dokshitzer, A. H. Mueller, S. Peigne, and D.

Schiff, Nucl. Phys. B484, 265 (1997).
[96] B. G. Zakharov, JETP Lett. 63, 952 (1996).
[97] S. Hauksson and E. Iancu, J. High Energy Phys. 08 (2023)

027.
[98] J. Barata, C. A. Salgado, and J. M. Silva, J. High Energy

Phys. 12 (2024) 023.
[99] X. Li, Z. X. Chen, S. Cao, and S. Y. Wei, Phys. Rev. D 109,

014035 (2024).
[100] Y. Guan et al. (Belle Collaboration), Phys. Rev. Lett. 122,

042001 (2019).
[101] T. Gao (STAR Collaboration), Proc. Sci. SPIN2023 (2024)

031 [arXiv:2402.01168].
[102] STAR Collaboration, arXiv:2509.17487.

[103] H. H. Matevosyan, A. Kotzinian, and A.W. Thomas,
J. High Energy Phys. 10 (2018) 008.

[104] L. Gamberg, Z. B. Kang, D. Pitonyak, M. Schlegel, and S.
Yoshida, J. High Energy Phys. 01 (2019) 111.

[105] M. Anselmino, R. Kishore, and A. Mukherjee, Phys. Rev.
D 100, 014029 (2019).

[106] M. Anselmino, A. Mukherjee, and A. Vossen, Prog. Part.
Nucl. Phys. 114, 103806 (2020).

[107] U. D’Alesio, F. Murgia, and M. Zaccheddu, Phys. Rev. D
102, 054001 (2020).

[108] D. Callos, Z. B. Kang, and J. Terry, Phys. Rev. D 102,
096007 (2020).

[109] Z. B. Kang, K. Lee, and F. Zhao, Phys. Lett. B 809, 135756
(2020).

[110] M. Boglione and A. Simonelli, Eur. Phys. J. C 81, 96
(2021).

[111] H. Li, X. Wang, Y. Yang, and Z. Lu, Eur. Phys. J. C 81, 289
(2021).

[112] K. B. Chen, Z. T. Liang, Y. L. Pan, Y. K. Song, and S. Y.
Wei, Phys. Lett. B 816, 136217 (2021).

[113] L. Gamberg, Z. B. Kang, D. Y. Shao, J. Terry, and F. Zhao,
Phys. Lett. B 818, 136371 (2021).

[114] Y. Yang, X. Wang, and Z. Lu, Phys. Rev. D 103, 114011
(2021).

[115] H. Li, X. Wang, and Z. Lu, Phys. Rev. D 104, 034020
(2021).

[116] Z. B. Kang, K. Lee, D. Y. Shao, and F. Zhao, J. High
Energy Phys. 11 (2021) 005.

[117] U. D’Alesio, F. Murgia, and M. Zaccheddu, SciPost Phys.
Proc. 8, 131 (2022).

[118] Z. B. Kang, J. Terry, A. Vossen, Q. Xu, and J. Zhang, Phys.
Rev. D 105, 094033 (2022).

[119] U. D’Alesio, F. Murgia, andM. Zaccheddu, J. High Energy
Phys. 10 (2021) 078.

[120] K. B. Chen, Z. T. Liang, Y. K. Song, and S. Y. Wei, Phys.
Rev. D 105, 034027 (2022).

[121] R. Ikarashi, Y. Koike, K. Yabe, and S. Yoshida, Phys. Rev.
D 105, 094027 (2022).

[122] M. Boglione, J. O. Gonzalez-Hernandez, and A. Simonelli,
Phys. Rev. D 106, 074024 (2022).

[123] U. D’Alesio, L. Gamberg, F. Murgia, and M. Zaccheddu,
J. High Energy Phys. 12 (2022) 074.

[124] M. Zaccheddu, U. D’Alesio, L. Gamberg, and F. Murgia,
J. Phys. Soc. Jpn. Conf. Proc. 37, 020111 (2022).

[125] U. D’Alesio, L. Gamberg, F. Murgia, and M. Zaccheddu,
Phys. Rev. D 108, 094004 (2023).

[126] U. D’Alesio, L. Gamberg, F. Murgia, and M. Zaccheddu,
Phys. Lett. B 851, 138552 (2024).

[127] Y. Gao, K. B. Chen, Y. K. Song, and S. Y. Wei, Phys. Lett.
B 858, 139026 (2024).

[128] X. Zhao, Z. t. Liang, T. Liu, and Y. j. Zhou, Phys. Rev. Lett.
134, 231901 (2025).

[129] A. Bacchetta, U. D’Alesio, M. Diehl, and C. A. Miller,
Phys. Rev. D 70, 117504 (2004).

[130] X. Y. Qin, Y. K. Song, and S. Y. Wei, Phys. Rev. D 113,
014007 (2026).

[131] G. Aad et al. (ATLAS Collaboration), Phys. Rev. D 85,
092002 (2012).

[132] S. Chatrchyan et al. (CMS Collaboration), Phys. Lett. B
722, 238 (2013).

QUENCHING OF POLARIZED JETS PHYS. REV. D 113, 074014 (2026)

074014-11

https://doi.org/10.1016/S0375-9474(01)01130-7
https://doi.org/10.1016/S0375-9474(01)01130-7
https://doi.org/10.1088/1126-6708/2001/09/033
https://doi.org/10.1088/1126-6708/2002/06/030
https://doi.org/10.1088/1126-6708/2002/06/030
https://doi.org/10.1016/j.nuclphysa.2003.12.020
https://doi.org/10.1016/j.nuclphysa.2003.12.020
https://doi.org/10.1016/j.nuclphysa.2006.12.048
https://doi.org/10.1103/PhysRevC.77.024905
https://doi.org/10.1103/PhysRevC.77.024905
https://doi.org/10.1103/PhysRevLett.100.072301
https://doi.org/10.1103/PhysRevC.79.054908
https://doi.org/10.1103/PhysRevC.79.054908
https://doi.org/10.1016/j.nuclphysa.2009.10.012
https://doi.org/10.1103/PhysRevC.81.024902
https://doi.org/10.1103/PhysRevC.81.024902
https://doi.org/10.1016/j.nuclphysa.2014.05.018
https://doi.org/10.1016/j.nuclphysa.2014.05.018
https://doi.org/10.1007/JHEP10(2014)095
https://doi.org/10.1142/S0218301315300143
https://doi.org/10.1142/S0218301315300143
https://doi.org/10.1103/PhysRevC.96.034903
https://doi.org/10.1103/PhysRevC.96.034903
https://doi.org/10.1103/PhysRevD.104.054047
https://doi.org/10.1103/PhysRevD.105.114010
https://doi.org/10.1103/PhysRevD.105.114010
https://doi.org/10.1007/JHEP11(2022)068
https://doi.org/10.1007/JHEP11(2022)068
https://doi.org/10.1103/PhysRevD.108.014008
https://doi.org/10.1103/PhysRevD.108.014008
https://doi.org/10.1140/epjc/s10052-023-11555-2
https://doi.org/10.1103/PhysRevD.108.036016
https://doi.org/10.1103/PhysRevD.108.036016
https://doi.org/10.1007/JHEP04(2025)163
https://doi.org/10.1103/25qf-3l1c
https://doi.org/10.1103/25qf-3l1c
https://doi.org/10.1016/S0550 3213(96)00553-6
https://doi.org/10.1016/S0550 3213(96)00581-0
https://doi.org/10.1134/1.567126
https://doi.org/10.1007/JHEP08(2023)027
https://doi.org/10.1007/JHEP08(2023)027
https://doi.org/10.1007/JHEP12(2024)023
https://doi.org/10.1007/JHEP12(2024)023
https://doi.org/10.1103/PhysRevD.109.014035
https://doi.org/10.1103/PhysRevD.109.014035
https://doi.org/10.1103/PhysRevLett.122.042001
https://doi.org/10.1103/PhysRevLett.122.042001
https://doi.org/10.22323/1.456.0031
https://doi.org/10.22323/1.456.0031
https://arXiv.org/abs/2402.01168
https://arXiv.org/abs/2509.17487
https://doi.org/10.1007/JHEP10(2018)008
https://doi.org/10.1007/JHEP01(2019)111
https://doi.org/10.1103/PhysRevD.100.014029
https://doi.org/10.1103/PhysRevD.100.014029
https://doi.org/10.1016/j.ppnp.2020.103806
https://doi.org/10.1016/j.ppnp.2020.103806
https://doi.org/10.1103/PhysRevD.102.054001
https://doi.org/10.1103/PhysRevD.102.054001
https://doi.org/10.1103/PhysRevD.102.096007
https://doi.org/10.1103/PhysRevD.102.096007
https://doi.org/10.1016/j.physletb.2020.135756
https://doi.org/10.1016/j.physletb.2020.135756
https://doi.org/10.1140/epjc/s10052-020-08821-y
https://doi.org/10.1140/epjc/s10052-020-08821-y
https://doi.org/10.1140/epjc/s10052-021-09064-1
https://doi.org/10.1140/epjc/s10052-021-09064-1
https://doi.org/10.1016/j.physletb.2021.136217
https://doi.org/10.1016/j.physletb.2021.136371
https://doi.org/10.1103/PhysRevD.103.114011
https://doi.org/10.1103/PhysRevD.103.114011
https://doi.org/10.1103/PhysRevD.104.034020
https://doi.org/10.1103/PhysRevD.104.034020
https://doi.org/10.1007/JHEP11(2021)005
https://doi.org/10.1007/JHEP11(2021)005
https://doi.org/10.21468/SciPostPhysProc.8.131
https://doi.org/10.21468/SciPostPhysProc.8.131
https://doi.org/10.1103/PhysRevD.105.094033
https://doi.org/10.1103/PhysRevD.105.094033
https://doi.org/10.1007/JHEP10(2021)078
https://doi.org/10.1007/JHEP10(2021)078
https://doi.org/10.1103/PhysRevD.105.034027
https://doi.org/10.1103/PhysRevD.105.034027
https://doi.org/10.1103/PhysRevD.105.094027
https://doi.org/10.1103/PhysRevD.105.094027
https://doi.org/10.1103/PhysRevD.106.074024
https://doi.org/10.1007/JHEP12(2022)074
https://doi.org/10.7566/JPSCP.37.020111
https://doi.org/10.1103/PhysRevD.108.094004
https://doi.org/10.1016/j.physletb.2024.138552
https://doi.org/10.1016/j.physletb.2024.139026
https://doi.org/10.1016/j.physletb.2024.139026
https://doi.org/10.1103/1nd6-9nw9
https://doi.org/10.1103/1nd6-9nw9
https://doi.org/10.1103/PhysRevD.70.117504
https://doi.org/10.1103/vtwj-8vjc
https://doi.org/10.1103/vtwj-8vjc
https://doi.org/10.1103/PhysRevD.85.092002
https://doi.org/10.1103/PhysRevD.85.092002
https://doi.org/10.1016/j.physletb.2013.04.025
https://doi.org/10.1016/j.physletb.2013.04.025


[133] V. Khachatryan et al. (CMS Collaboration), J. High Energy
Phys. 04 (2017) 022.

[134] A. M. Sirunyan et al. (CMS Collaboration), Phys. Rev.
Lett. 119, 082301 (2017).

[135] A. M. Sirunyan et al. (CMS Collaboration), Eur. Phys. J. C
78, 965 (2018).

[136] M. Pellen, R. Poncelet, A. Popescu, and T. Vitos, Eur.
Phys. J. C 82, 693 (2022).

[137] Z. Gao, L. Chen, P. H. Hu, M. Xie, and H. Z. Zhang, Eur.
Phys. J. Plus 140, 61 (2025).

[138] G. Aad et al. (ATLAS Collaboration), Eur. Phys. J. C 84,
1126 (2024).

[139] G. Aad et al. (ATLAS Collaboration), Phys. Rev. Lett. 133,
261803 (2024).

[140] T. Aaltonen et al. (CDF Collaboration), Phys. Rev. D 77,
011108 (2008).

[141] T. Aaltonen et al. (CDF Collaboration), Phys. Rev. D 89,
092001 (2014).

[142] T. A. Aaltonen et al. (CDF Collaboration), Phys. Rev. D
91, 012002 (2015).

[143] V. M. Abazov et al. (D0 Collaboration), Phys. Lett. B 682,
370 (2010).

[144] V. M. Abazov et al. (D0 Collaboration), Phys. Rev. D 88,
092001 (2013).

[145] D. J. Griffiths, Introduction to Elementary Particles (Wi-
ley, New York, 1987).

[146] J. C. Peng, W. C. Chang, R. E. McClellan, and O. Teryaev,
Phys. Lett. B 758, 384 (2016).

[147] J. C. Peng, W. C. Chang, R. E. McClellan, and O. Teryaev,
Phys. Lett. B 797, 134895 (2019).

[148] J. F. Owens, Rev. Mod. Phys. 59, 465 (1987).
[149] T. T. Wu and R. Gastmans, Int. Ser. Monogr. Phys. 80, 1

(1990).

[150] P. Sun, B. Yan, C. P. Yuan, and F. Yuan, Phys. Rev. D 100,
054032 (2019).

[151] R. D. Field, Front. Phys. 77, 1 (1989).
[152] T. J. Hou, J. Gao, T. J. Hobbs, K. Xie, S. Dulat, M. Guzzi,

J. Huston, P. Nadolsky, J. Pumplin, C. Schmidt et al., Phys.
Rev. D 103, 014013 (2021).

[153] K. Kovarik, A. Kusina, T. Jezo, D. B. Clark, C. Keppel, F.
Lyonnet, J. G. Morfin, F. I. Olness, J. F. Owens, I.
Schienbein et al., Phys. Rev. D 93, 085037 (2016).

[154] K. J. Eskola, P. Paakkinen, H. Paukkunen, and C. A.
Salgado, Eur. Phys. J. C 82, 413 (2022).

[155] R.Mertig andW. L. van Neerven, Z. Phys. C 70, 637 (1996).
[156] W. Vogelsang, Phys. Rev. D 54, 2023 (1996).
[157] S. Cao, T. Luo, G. Y. Qin, and X. N. Wang, Phys. Rev. C

94, 014909 (2016).
[158] W. J. Xing, S. Cao, G. Y. Qin, and H. Xing, Phys. Lett. B

805, 135424 (2020).
[159] T. Luo, Y. He, S. Cao, and X. N. Wang, Phys. Rev. C 109,

034919 (2024).
[160] J. P. Blaizot, E. Iancu, and Y. Mehtar-Tani, Phys. Rev. Lett.

111, 052001 (2013).
[161] J. P. Blaizot, F. Dominguez, E. Iancu, and Y. Mehtar-Tani,

J. High Energy Phys. 06 (2014) 075.
[162] Y. Mehtar-Tani and S. Schlichting, J. High Energy Phys.

09 (2018) 144.
[163] W. H. Yao, X. Li, H. Dong, and S. Y. Wei, Quenching of

polarized jets, 10.5281/zenodo.19217754.
[164] L. G. Pang, H. Petersen, and X. N. Wang, Phys. Rev. C 97,

064918 (2018).
[165] X. Y. Wu, L. G. Pang, G. Y. Qin, and X. N. Wang, Phys.

Rev. C 98, 024913 (2018).
[166] X. Y. Wu, G. Y. Qin, L. G. Pang, and X. N. Wang, Phys.

Rev. C 105, 034909 (2022).

YAO, LI, DONG, and WEI PHYS. REV. D 113, 074014 (2026)

074014-12

https://doi.org/10.1007/JHEP04(2017)022
https://doi.org/10.1007/JHEP04(2017)022
https://doi.org/10.1103/PhysRevLett.119.082301
https://doi.org/10.1103/PhysRevLett.119.082301
https://doi.org/10.1140/epjc/s10052-018-6373-0
https://doi.org/10.1140/epjc/s10052-018-6373-0
https://doi.org/10.1140/epjc/s10052-022-10641-1
https://doi.org/10.1140/epjc/s10052-022-10641-1
https://doi.org/10.1140/epjp/s13360-025-05981-2
https://doi.org/10.1140/epjp/s13360-025-05981-2
https://doi.org/10.1140/epjc/s10052-024-13414-0
https://doi.org/10.1140/epjc/s10052-024-13414-0
https://doi.org/10.1103/PhysRevLett.133.261803
https://doi.org/10.1103/PhysRevLett.133.261803
https://doi.org/10.1103/PhysRevD.77.011108
https://doi.org/10.1103/PhysRevD.77.011108
https://doi.org/10.1103/PhysRevD.89.092001
https://doi.org/10.1103/PhysRevD.89.092001
https://doi.org/10.1103/PhysRevD.91.012002
https://doi.org/10.1103/PhysRevD.91.012002
https://doi.org/10.1016/j.physletb.2009.11.012
https://doi.org/10.1016/j.physletb.2009.11.012
https://doi.org/10.1103/PhysRevD.88.092001
https://doi.org/10.1103/PhysRevD.88.092001
https://doi.org/10.1016/j.physletb.2016.05.035
https://doi.org/10.1016/j.physletb.2019.134895
https://doi.org/10.1103/RevModPhys.59.465
https://doi.org/10.1103/PhysRevD.100.054032
https://doi.org/10.1103/PhysRevD.100.054032
https://doi.org/10.1103/PhysRevD.103.014013
https://doi.org/10.1103/PhysRevD.103.014013
https://doi.org/10.1103/PhysRevD.93.085037
https://doi.org/10.1140/epjc/s10052-022-10359-0
https://doi.org/10.1007/s002880050138
https://doi.org/10.1103/PhysRevD.54.2023
https://doi.org/10.1103/PhysRevC.94.014909
https://doi.org/10.1103/PhysRevC.94.014909
https://doi.org/10.1016/j.physletb.2020.135424
https://doi.org/10.1016/j.physletb.2020.135424
https://doi.org/10.1103/PhysRevC.109.034919
https://doi.org/10.1103/PhysRevC.109.034919
https://doi.org/10.1103/PhysRevLett.111.052001
https://doi.org/10.1103/PhysRevLett.111.052001
https://doi.org/10.1007/JHEP06(2014)075
https://doi.org/10.1007/JHEP09(2018)144
https://doi.org/10.1007/JHEP09(2018)144
https://doi.org/10.5281/zenodo.19217754
https://doi.org/10.1103/PhysRevC.97.064918
https://doi.org/10.1103/PhysRevC.97.064918
https://doi.org/10.1103/PhysRevC.98.024913
https://doi.org/10.1103/PhysRevC.98.024913
https://doi.org/10.1103/PhysRevC.105.034909
https://doi.org/10.1103/PhysRevC.105.034909

	Quenching of polarized jets
	I. INTRODUCTION
	II. &Lambda; HYPERON POLARIZATION IN pp COLLISIONS
	A. Differential cross section and &Lambda; polarization
	B. Partonic cross section
	C. Numerical results

	III. &Lambda; HYPERON POLARIZATION IN AA COLLISIONS
	A. Scheme 1: Energy loss due to a single-hard-branching
	B. Scheme 2: Energy loss due to multiple-soft-branching
	C. Numerical results

	IV. SUMMARY
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	APPENDIX A: SPIN QUENCHING OF GLUON JETS
	APPENDIX B: NUMERICAL RESULTS FOR THE AVERAGED ENERGY LOSS IN DIFFERENT SCHEMES
	References


