
                  

Intro Λ polarization in 𝑝𝑝 process Λ polarization in AA process Summary

Λ Polarization in Weak-Boson-Tagged Jets as a Probe
of Polarized Hadronization and Jet Quenching

Wen-Hao Yao (Shandong University) Λ Polarization in Weak-Boson-Tagged Jets as a Probe of Polarized Hadronization and Jet Quenching 1 / 16

Wen-Hao Yao (姚文浩)

Shandong University

May 18, 2026, in Hefei, Anhui

International Conference on Symmetry Breaking Phenomena in Quantum Field Theory

⋅ W. H. Yao, X. Li, H. Dong, S. Y. Wei, Phys. Rev. D 113, 074014 (2026)



Intro Λ polarization in 𝑝𝑝 process Λ polarization in AA process Summary

Contents

Introduction

Λ polarization in 𝑝 + 𝑝 → 𝑍0/𝑊 ± + jet(→ Λ) process

Λ polarization in A + A → 𝑍0/𝑊 ± + jet(→ Λ) process

Summary

Wen-Hao Yao (Shandong University) Λ Polarization in Weak-Boson-Tagged Jets as a Probe of Polarized Hadronization and Jet Quenching 2 / 16



Intro Λ polarization in 𝑝𝑝 process Λ polarization in AA process Summary

Introduction: Polarized Fragmentation Functions

QCD Factorization
• Cross Section = Short Distance (p-QCD calculable) ⊗ Long Distance (non-perturbative)

𝜎̂𝑝𝑝→ℎ𝑋 = PDF ⊗ PDF ⊗ 𝜎̂ ⊗ FF

• Non-perturbative inputs: Parton Distribution Functions and Fragmentation Functions.

Leading Twist Collinear FFs: quark example

Quark
Hadronization−−−−−−−→ Hadron

𝐷𝑞→ℎ = 𝐷𝑞→ℎ
1 + 𝜆𝑞𝜆ℎ𝐺𝑞→ℎ

1𝐿 + ⃗𝑆𝑞⟂ ⋅ ⃗𝑆𝑇 ℎ𝐻𝑞→ℎ
1𝑇

Longitudinal Spin Transfer 𝐺1𝐿

Polarized 𝑞/𝑔(𝜆)
fragmentation
−−−−−−−→ Polarized Λ(𝜆Λ)
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Introduction: Current constraints on 𝐺1𝐿 and the motivation for hadron-collider measurements

Current Knowledge: DSV ParameterizationWe have numerically tested that above prescription can describe the LEP data as shown in

Fig. 6.
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Figure 6: Numerical results based on the DSV parameterization compared with the LEP data.

We have modified the first paragraph below Fig. 3 in our manuscript to clarify this. The

revised version now reads

“We employ the DSV parameterization [deFlorian:1997zj] to provide the unpolarized and

polarized fragmentation function. For the unpolarized one, the DSV parameterization only

provides the sum of u → Λ and ū → Λ fragmentation functions. To separate these two con-

tributions, we have to employ a phenomenological prescription, e.g., Refs. [DAlesio:2020wjq,

Callos:2020qtu, Chen:2021hdn]. The prescription is laid out as follows

Du→Λ
1 (z) =

1 + z

2
D
u/ū→Λ
1 (z), (15)

Dū→Λ
1 (z) =

1− z
2

D
u/ū→Λ
1 (z). (16)

For the polarized fragmentation function, Ref. [deFlorian:1997zj] does provide the separation

of u and ū. Besides, it also provides three scenarios. The first scenario establishes on the naive

quark model and therefore assumes that only s quark contributes to the Λ polarization at the

initial scale. The second scenario on the other hand assumes that polarized fragmentation

function of u/d is negative. The third scenario is an “extreme” one assuming that u, d and

s contribute equally. Notice that all three scenarios have assumed the isospin symmetry in

the parametrization of G1L. The isospin symmetry of Lambda fragmentation functions has

been discussed in details in Ref. [Chen:2021hdn] and Ref. [Chen:2021zrr] also demonstrated

that EIC experiment has a great potential in testing this symmetry. Their conclusion was

confirmed by Ref. [DAlesio:2022brl, DAlesio:2023ozw]. In this work, we skip the discussion

of isospin symmetry and make predictions with all three isospin symmetric scenarios and

show the potential of dihadron helicity correlation in distinguishing which scenario describes

hadronization process the best.”

8

D. de Florian, M. Stratmann, W. Vogelsang,
Phys. Rev. D 57, (1998)5811–5824
K. B. Chen, W. H. Yang, Y. J. Zhou and Z. T. Liang,
Phys. Rev. D 95 (2017)3, 034009

DSV Scenarios

·Sce. I: only 𝑠 quark contributes to Λ polarization.
·Sce. II: 𝑠 positive, 𝑢, 𝑑 slightly negative.
·Sce. III: 𝑢, 𝑑 and 𝑠 quarks contribute equally.
·Gluon contribution is set to zero at the initial scale.

Why Hadron Colliders?
• Three significantly different scenarios all could
describe LEP data indicates that the flavor
dependence of 𝐺1𝐿 is still poorly constrained.

• Existing 𝑒+𝑒− annihilation and polarized SIDIS
data provide only very limited information on
the gluon contribution to 𝐺1𝐿 .

• Hadron colliders can provide broad kinematic
coverage and abundant gluon jets.
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Weak-Boson-Tagged Processes as the Source of Polarized Partons

Polarized Parton

Unpolarized
collisions

+
Parity-violating
weak interaction

⇓
Polarized parton

⇓
Λ polarization

𝑃Λ ∼ 𝜆𝐺1𝐿
𝐷1

Jet Associated with a Vector Boson Production

𝑝 + 𝑝 → 𝑍0/𝑊 ± + jet(→ Λ) + 𝑋

Partonic Cross Section with the
Helicity Amplitude Method

Parton polarization ∶ 𝜆 = 𝜎̂+ − 𝜎̂−
𝜎̂+ + 𝜎̂−

d𝜎̂𝑎𝑏→𝑉 𝑑
+
d ̂𝑡 ∶ probability for |𝑑, ↑⟩

d𝜎̂𝑎𝑏→𝑉 𝑑
−
d ̂𝑡 ∶ probability for |𝑑, ↓⟩

Illustration
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Quark Polarization in Weak-Boson-Tagged Processes

𝑞/ ̄𝑞+𝑔 → 𝑉 +𝑞/ ̄𝑞
q(pa)

g(pb)

V (pc)

q(pd)

q(pa)

g(pb) q(pd)

V (pc)

q(pa)

g(pb)

V (pc)

q(pd)

q(pa)

g(pb) q(pd)

V (pc)

𝑞/ ̄𝑞 + 𝑔 → 𝑍0 + 𝑞/ ̄𝑞

d𝜎̂𝑞𝑔→𝑍0𝑞
+
d ̂𝑡 = d𝜎̂ ̄𝑞𝑔→𝑍0 ̄𝑞

−
d ̂𝑡 = − 𝜋𝛼𝑠𝛼em

6 ̂𝑠2 sin2 2𝜃𝑊
(𝑐𝑞

1 − 𝑐𝑞
3) [2𝑀2

𝑍𝑢̂
̂𝑡 ̂𝑠 + ̂𝑠

̂𝑡 +
̂𝑡
̂𝑠]

d𝜎̂𝑞𝑔→𝑍0𝑞
−
d ̂𝑡 = d𝜎̂ ̄𝑞𝑔→𝑍0 ̄𝑞

+
d ̂𝑡 = − 𝜋𝛼𝑠𝛼em

6 ̂𝑠2 sin2 2𝜃𝑊
(𝑐𝑞

1 + 𝑐𝑞
3) [2𝑀2

𝑍𝑢̂
̂𝑡 ̂𝑠 + ̂𝑠

̂𝑡 +
̂𝑡
̂𝑠]

where 𝑐𝑞
1 = (𝑐𝑞

𝑉 )2 + (𝑐𝑞
𝐴)2 𝑐𝑞

3 = 2𝑐𝑞
𝑉 𝑐𝑞

𝐴 𝜆𝑞/ ̄𝑞 = ∓𝑐𝑞
3/𝑐𝑞

1

𝑞/ ̄𝑞 + 𝑔 → 𝑊 ± + 𝑞/ ̄𝑞
d𝜎̂𝑞𝑖𝑔→𝑊±𝑞𝑗−

d ̂𝑡 = d𝜎̂ ̄𝑞𝑖𝑔→𝑊± ̄𝑞𝑗
+

d ̂𝑡 = − V2
𝑖𝑗

𝜋𝛼𝑠𝛼em

12 ̂𝑠2 sin2 𝜃𝑊
[2𝑀2

𝑊 𝑢̂ + ̂𝑠2 + ̂𝑡2

̂𝑡 ̂𝑠 ]

𝜆𝑞/ ̄𝑞 = ∓1
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Gluon Polarization in Weak-Boson-Tagged Processes

𝑞 + ̄𝑞 → 𝑉 + 𝑔

q(pa)

q̄(pb)

V (pc)

g(pd)

q(pa)
V (pc)

q̄(pb) g(pd)

𝑞 + ̄𝑞 → 𝑊 ± + 𝑔
d𝜎̂𝑞𝑖 ̄𝑞𝑗→𝑊±𝑔

+
d ̂𝑡 = V2

𝑖𝑗
2𝜋𝛼𝑠𝛼em

9 ̂𝑠2 sin2 𝜃𝑊

(𝑀2
𝑊 − 𝑢̂)2

̂𝑡𝑢̂
d𝜎̂𝑞𝑖 ̄𝑞𝑗→𝑊±𝑔

−
d ̂𝑡 = V2

𝑖𝑗
2𝜋𝛼𝑠𝛼em

9 ̂𝑠2 sin2 𝜃𝑊

(𝑀2
𝑊 − ̂𝑡)2

̂𝑡𝑢̂

𝑞 + ̄𝑞 → 𝑍0 + 𝑔
d𝜎̂𝑞 ̄𝑞→𝑍0𝑔

+
d ̂𝑡 = 4𝜋𝛼𝑠𝛼em

9 ̂𝑠2 sin2 2𝜃𝑊
{𝑐𝑞

1 [2𝑀2
𝑍 ̂𝑠
̂𝑡𝑢̂ +

̂𝑡
𝑢̂ + 𝑢̂

̂𝑡 ] + 𝑐𝑞
3 [2𝑀2

𝑍( ̂𝑡 − 𝑢̂)
̂𝑡𝑢̂ −

̂𝑡
𝑢̂ + 𝑢̂

̂𝑡 ]}

d𝜎̂𝑞 ̄𝑞→𝑍0𝑔
−
d ̂𝑡 = 4𝜋𝛼𝑠𝛼em

9 ̂𝑠2 sin2 2𝜃𝑊
{𝑐𝑞

1 [2𝑀2
𝑍 ̂𝑠
̂𝑡𝑢̂ +

̂𝑡
𝑢̂ + 𝑢̂

̂𝑡 ] − 𝑐𝑞
3 [2𝑀2

𝑍( ̂𝑡 − 𝑢̂)
̂𝑡𝑢̂ −

̂𝑡
𝑢̂ + 𝑢̂

̂𝑡 ]}

⋅ Direct probe of circularly polarized gluon fragmentation.
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Kinematic Dependence of Gluon Polarization

Gluon Polarization

u + ū→ Z0 + g d + d̄→ Z0 + g qi + q̄j →W± + g

−0.9 −0.7 −0.5 −0.3 −0.1
−1

−0.5

0

0.5

1

t̂/(ŝ−M2
Z)

λ
g

√
ŝ = 150 GeV

√
ŝ = 200 GeV

√
ŝ = 500 GeV

−0.9 −0.7 −0.5 −0.3 −0.1
t̂/(ŝ−M2

Z)

√
ŝ = 150 GeV

√
ŝ = 200 GeV

√
ŝ = 500 GeV

−0.9 −0.7 −0.5 −0.3 −0.1
t̂/(ŝ−M2

W )

√
ŝ = 150 GeV

√
ŝ = 200 GeV

√
ŝ = 500 GeV

• In the high-energy limit, |𝜆𝑔| becomes sizable near ̂𝑡 ∼ 0 or 𝑢̂ ∼ 0.
• At the symmetric point 𝑢̂ = ̂𝑡 = −( ̂𝑠 − 𝑀2

𝑉 )/2, the gluon polarization vanishes.

• A large rapidity gap between the vector boson and the jet is preferred.
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Analysis of Gluon Jets at Hadron Colliders

Gluon Production and Polarization at Hadron Colliders
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g

Production ratio of different flavor jets
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−3 −2 −1 0 1 2 3
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√
s = 5.02 TeV

yZ0 ∈ (−4, 4)

yg

pT,Z0 > 30 GeV

pT,Z0 > 40 GeV

pT,Z0 > 50 GeV

Rapidity dependence of gluon polarization

• Abundant gluon jets at hadron colliders, especially in 𝑝 ̄𝑝 collisions.
• Sizable 𝑃𝑔 in forward/backward rapidity regions with clear kinematic dependence.
• Nonzero mid-rapidity 𝑃𝑔 comes from the asymmetry of 𝑞 & ̄𝑞 PDF in the proton.

⋄ Hadron colliders could provide a probe of circularly polarized gluon fragmentation.
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Numerical Results

Λ Polarization in 𝑝𝑝 Collisions
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yW± ∈ (−4, 4)
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Sce.1
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⋄ 𝑃Λ is sensitive to the flavor structure of 𝐺1𝐿.
⋄ Measuring 𝑃Λ can provide information about the hadronization of polarized partons.
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From pp to AA: Polarized Jet Quenching

Keywords of Jet Quenching

⋄ The impact of jet quenching on polarization has received little attention.

⋄ Λ polarization could provide a new spin-sensitive probe of jet–medium interactions.
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What happens to the polarization of a polarized parton during splittings?

Spin Quenching for Quark and Gluon Splitting

• Polarized quark ⟶ helicity is conserved in gluon radiation ⟶ no spin quenching
• Polarized gluon ⟶ possible spin quenching

kT

kT

∆E

∆E

kT

kT

∆E

∆E

⋄ A single hard splitting for gluon:
Larger energy loss (Δ𝐸), stronger quenching.

𝜆after
𝑔

𝜆initial𝑔
= Δ𝐿𝑃𝑔𝑔(𝜉)

𝑃𝑔𝑔(𝜉) = 𝜉[1 − 𝜉(1 − 𝜉) + (1 − 𝜉)2]
[1 − 𝜉(1 − 𝜉)]2

⋄ Multiple soft emissions carry away energy
but almost preserve the leading-gluon helicity.
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Medium-induced Modification of Fragmentation Functions

Scheme I: Single-Hard-Branching

𝐷med
1,𝑑(𝑧𝑑)∣

SHB
= ∫ d𝜉

𝜉2 𝜉𝛿 (𝜉 − 𝑘𝑇
𝑘𝑇 + Δ𝐸𝑇

) 𝐷 vac
1,𝑑 (𝑧𝑑

𝜉 )

𝐺med
1𝐿,𝑞/ ̄𝑞(𝑧𝑑)∣

SHB
= ∫ d𝜉

𝜉2 𝜉𝛿 (𝜉 − 𝑘𝑇
𝑘𝑇 + Δ𝐸𝑇

) 𝐺 vac
1𝐿,𝑞/ ̄𝑞 (𝑧𝑑

𝜉 )

𝐺med
1𝐿,𝑔(𝑧𝑑)∣

SHB
= ∫ d𝜉

𝜉2 𝜉𝛿(𝜉 − 𝑘𝑇
𝑘𝑇 + Δ𝐸𝑇

) 𝜉[1−𝜉(1−𝜉)+(1−𝜉)2]
[1−𝜉(1−𝜉)]2 𝐺 vac

1𝐿,𝑔(𝑧𝑑
𝜉 )

• Medium effects are absorbed into modified fragmentation functions.
• The parton loses energy through one relatively hard splitting.
• The average transverse energy loss Δ𝐸𝑇 is taken from the LBT model.

S. Cao, T. Luo, G. Y. Qin, X. N. Wang, Phys. Rev. C 94, 014909 (2016)
X. Y. Wu, L. G. Pang, G. Y. Qin, and X. N. Wang, Phys. Rev. C 98, 024913 (2018)

• For polarized gluons, an additional spin-quenching factor is included.
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Medium-induced Modification of Fragmentation Functions

Scheme II: Multiple-Soft-Branching

𝐷med
1,𝑑(𝑧𝑑)∣

MSB
= ∫ d𝜉

𝜉2 𝐶𝑑𝑑(𝜉, 𝜏max)𝐷vac
1,𝑑(𝑧𝑑

𝜉 ) 𝐺med
1𝐿,𝑑(𝑧𝑑)∣

MSB
= ∫ d𝜉

𝜉2 𝐶𝑑𝑑(𝜉, 𝜏max)𝐺vac
1𝐿,𝑑(𝑧𝑑

𝜉 )

• The parton loses energy through many soft emissions.
• The leading-parton helicity is approximately preserved.

𝐶𝑗𝑖(𝜉, 𝜏) describes the probability density of finding parton 𝑖 with momentum fraction 𝜉
in a cascade initiated by parton 𝑗 and 𝜏 quantifies the magnitude of jet quenching.

𝜕𝐶𝑗𝑖(𝜉, 𝜏)
𝜕𝜏 = ∑

𝑘=𝑔,𝑞, ̄𝑞
∫

1

𝜉
𝑑𝑧𝐾𝑗𝑘(𝑧)√𝑧

𝜉 𝐶𝑘𝑖 ( 𝜉
𝑧 , 𝜏) − ∫

1

0
𝑑𝑧 1√𝜉𝐶𝑗𝑖(𝜉, 𝜏)

× {𝐾𝑞𝑞(𝑧)𝛿𝑞𝑗 + 𝑧[𝐾𝑔𝑔(𝑧) + 2𝑛𝑓𝐾𝑞𝑔(𝑧)]𝛿𝑔𝑗}
⋅ Medium effects are incorporated through modified splitting kernels.

Y. Mehtar-Tani and S. Schlichting, JHEP 09 (2018) 144
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Numerical Results: Medium Modification of Λ Polarization

Λ Polarization in AA Collisions
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• AA collisions show an enhanced magnitude of Λ polarization compared with 𝑝𝑝 collisions.
• Parton energy loss shifts the observed Λ sample to a larger effective fragmentation fraction

𝑧Λ . Since LEP data suggest stronger spin transfer at larger 𝑧Λ , 𝑃Λ is enhanced.

⋄ 𝑃Λ provides a spin-sensitive probe of the interaction between the polarized jet and the QGP.
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Summary

• Jets produced with a vector boson in hadronic collisions are polarized
due to the weak interaction, making this process ideal for extracting
information about the longitudinal spin transfer 𝐺1𝐿, and for studying
the quenching effects of polarized jets.

• Unpolarized hadron colliders offer a unique advantage for studying
the hadronization of polarized gluons.

• Λ polarization is sensitive to the flavor dependence of polarized FFs.
• Λ polarization is enhanced in relativistic heavy-ion collisions
due to the jet-quenching energy loss.

THANKS!
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Λ Polarization in 𝑝𝑝 Collisions

The Polarization of Λ Hyperon

𝑃Λ(𝑦𝑉 , 𝑦ℎ) =
∫ d𝑧𝑑

𝑧2
𝑑

∫ d2 ⃗𝑝𝑇 ,ℎ ∑𝑎𝑏→𝑉 𝑑 𝑥𝑎𝑓𝑎(𝑥𝑎) 𝑥𝑏𝑓𝑏(𝑥𝑏) 𝜆𝑑
1
𝜋

d𝜎̂𝑎𝑏→𝑉 𝑑
𝑈
d ̂𝑡 𝐺Λ

1𝐿,𝑑(𝑧𝑑)
∫ d𝑧𝑑

𝑧2
𝑑

∫ d2 ⃗𝑝𝑇 ,ℎ ∑𝑎𝑏→𝑉 𝑑 𝑥𝑎𝑓𝑎(𝑥𝑎) 𝑥𝑏𝑓𝑏(𝑥𝑏) 1
𝜋

d𝜎̂𝑎𝑏→𝑉 𝑑
𝑈
d ̂𝑡 𝐷Λ

1,𝑑(𝑧𝑑)

where
d𝜎̂𝑎𝑏→𝑉 𝑑

𝑈
d ̂𝑡 = d𝜎̂𝑎𝑏→𝑉 𝑑

+
d ̂𝑡 + d𝜎̂𝑎𝑏→𝑉 𝑑

−
d ̂𝑡

The Helicity of Parton 𝑑

𝜆𝑑 = (d𝜎̂𝑎𝑏→𝑉 𝑑
+
d ̂𝑡 − d𝜎̂𝑎𝑏→𝑉 𝑑

−
d ̂𝑡 )/ (d𝜎̂𝑎𝑏→𝑉 𝑑

+
d ̂𝑡 + d𝜎̂𝑎𝑏→𝑉 𝑑

−
d ̂𝑡 )
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Extra Details on Energy Loss

Transverse Energy Loss and the Enhancement of Λ Polarization
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We have numerically tested that above prescription can describe the LEP data as shown in

Fig. 6.

e+e− → Λ + X

√
s = 91.2 GeV

0 0.2 0.4 0.6 0.8
−0.6

−0.4

−0.2
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P L
(z
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Sce. II
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Figure 6: Numerical results based on the DSV parameterization compared with the LEP data.

We have modified the first paragraph below Fig. 3 in our manuscript to clarify this. The

revised version now reads

“We employ the DSV parameterization [deFlorian:1997zj] to provide the unpolarized and

polarized fragmentation function. For the unpolarized one, the DSV parameterization only

provides the sum of u → Λ and ū → Λ fragmentation functions. To separate these two con-

tributions, we have to employ a phenomenological prescription, e.g., Refs. [DAlesio:2020wjq,

Callos:2020qtu, Chen:2021hdn]. The prescription is laid out as follows

Du→Λ
1 (z) =

1 + z

2
D
u/ū→Λ
1 (z), (15)

Dū→Λ
1 (z) =

1− z
2

D
u/ū→Λ
1 (z). (16)

For the polarized fragmentation function, Ref. [deFlorian:1997zj] does provide the separation

of u and ū. Besides, it also provides three scenarios. The first scenario establishes on the naive

quark model and therefore assumes that only s quark contributes to the Λ polarization at the

initial scale. The second scenario on the other hand assumes that polarized fragmentation

function of u/d is negative. The third scenario is an “extreme” one assuming that u, d and

s contribute equally. Notice that all three scenarios have assumed the isospin symmetry in

the parametrization of G1L. The isospin symmetry of Lambda fragmentation functions has

been discussed in details in Ref. [Chen:2021hdn] and Ref. [Chen:2021zrr] also demonstrated

that EIC experiment has a great potential in testing this symmetry. Their conclusion was

confirmed by Ref. [DAlesio:2022brl, DAlesio:2023ozw]. In this work, we skip the discussion

of isospin symmetry and make predictions with all three isospin symmetric scenarios and

show the potential of dihadron helicity correlation in distinguishing which scenario describes

hadronization process the best.”
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Transverse Energy Loss
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