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Introduction

QCD Factorization

- Cross Section = Short Distance (p-QCD calculable) ® Long Distance (non-perturbative)

- Non-perturbative inputs: Parfon Disfribution Functions and

v

Leading Twist Collinear Fragmentation Functions Longitudinal Spin Transfer G,

Hadronization

Quarks —— Hadrons
= (=
D}(z) = DY (2) + A\ MG (2) + Spq - SriHir(2)

Wen-hao Yao (Shandong University) Quenching of polarized jefs SPIN 2025 2/13




Introduction
oe

Introduction
DSV Scenarios - flavor dependence?

DSV Parameterization
Sce. I only s quark contributes to A polarization.

oI ® ALEPH Sce. II: s quark contributes positively, while u and d
0 @ OPAL H . . .

— Sce. 1 quarks contribute slightly negatively.

Sce. III: u, d, and s quarks contribute equally.

_o02l On - ____________________ v
N Keywords of Jet Quenching

=== Sce. II

(2)

—04}
V5 =912 GeV Medium Response
efem > A+ X
—0.6 -
0 02 y

Energy Loss P, Broadening

Energy-Enh Collectivity

Correlator

Polarization?

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
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A polarization in p 4+ p — Z0 /W= + jet(— A) process
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A polarization in p +p — Z°/W*+ jet (— A) process

Jet Associated with a Vector Boson Production

0T+ o i
Polarized Jets p+p— Z°/W=+jet(— A) + X

Unpolarized
collisions

+ Partonic Cross Section with 70 /w+

Helicity-amplitude Method

Weak interaction

————

U' d'o‘_inVd P1 Pz
A -/ probability for |d, 1) %‘_‘—O
Polarized jets dt ():
U dgab—vd
—————: probability for |d, ]) j»
A Hyperons dt A
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A polarization in p + p — Z9 /W= + jet(— A) process
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Helicity-dependent Partonic Cross Sections for Quark Jet

g+g—V+q _m—

/

o997 dgi9 7t w0, e Mga & 1
di dt 652 sin” 20y, e A
dgas—2%a  ggiem?’a T, o § t
it _ + _ s%em
e (= )| Z++
dt dt 652 sin” 20y, t s
where c¢f = (c¥)? + (c%)? cd=2ctcd Ay ci/cd
v
q: +g. ~,
da-gigﬂwiqj' _ da_zzgﬁw qj v T, g ZMEV{I“ + §2 4 t2
dt dt 71252 sin” 0,y t8
Agrq = F1
v
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A polarization in p + p — Z9 /W= + jet(— A) process
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Helicity-dependent Partonic Cross Sections for Gluon Jet

~qiq; o WE N
del' ? 2 2T e, (M3, —u)?
dt 7952sin” 0, tu
d5i9~W*e 2 2T, (M2, — )2
dt 7952sin* 0y,  ta

d&iq—:ZOg _ Amaen [ 21\A4§§ N t N i L 2M§EE—1}) i N i
di 982sin’260y, | | ta a  t| ° ta u i
de9i—+2°g _ AT o o 2M2%s n E . ul| o 2MZ(t — 1) B i n u
dt 982sin’260y, | | ta a  t| ° tu u -}
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A polarization in p 4+ p — Z0 /W= + jet(— A) process
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Partonic Helicity of Gluon

The Gluon Helicity

1 T T T T T 5 T
— V5 =150 GeV 5 =150 GeV — V3 =150 GeV
== V3 =200 GeV 200 GeV/ V5 =200 GeV

0.5 [ V3 =500 GeV V3 =500 GeV == /3 = 500 GeV R

ut+a—2%+g d+d—2+g G+3—>Whtg
09 07 05 03 01 09 07 05 03 01 -09 —07 —05 03 -0l
i/(s— M2) i/(s— M2) i/(s— M2)
. . -~ ~ 2c ¢
At high energy limitand t ~0oru~0: A, o = +—F5——c5and A, = = 1.
9, (Cq )2 + (Cq )2 9,
v A

At the symmetric point, &t =t = —(§ — Mg/w)/z, the gluon polarization vanishes.
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A polarization in p 4+ p — Z0 /W= + jet(— A) process
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Numerical Results

Polarization of Lambda Hyperons

P > 10 GeV

W ALEPH

I —— Sce.1 ——Sce.1
. Prv > 30 GeV --- Sce2 Prv > 30 GeV --- Sce.2

0.2} v See3 (L e Sce.3
I P > 10 GeV

V5 =912 GeV
ctem s A+ X 4
065 02 04 06 08
4 LEP data and DSV global fit results

- A polarization is highly sensitive fo the flavor dependence of the polarized fragmentation function.
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A polarization in A + A— Z9 /W= 4 jet(— A) process
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A polarization in A+ A — Z°/W+* + jet(— A) process

Spin Quenching

- Quark jet — helicity is conserved in gluon radiation — no spin quenching
+ Gluon jet — spin quenching

AE AE
1.0f
kr kr

0.8
- A single splitting for gluon:
3 0.6
Y
Ang<£) _ g[l_é'(l_f)—’_(l_g)ﬂ %g 04
0.2
AFE : total energy loss
& final gluon carried momentum fraction o'oojo YRy v —
AP, (§): polarized gluon splitting functions £

ng(f): unpolarized gluon splitting functions
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A polarization in A + A— Z9 /W= 4 jet(— A) process
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A polarization in A+ A — Z°/W+* + jet(— A) process

Spin Quenching

+ Gluon jet — spin quenching

+ Affer n successive splittings:

AE

=
g .
45—5 0.98f b
kr E /
é é é K] s
2.096) ¢ ]
after n é
Aglter <ALng(f)> = 0941 |
I = 2 :
)\zni ia ng(é') :E 0.02} — AE=03E |]
3 ; <= AE =04E
z N I AE=05E
- The larger the AFE, the stronger the quenching. 0.97 2 3 4
- The overall polarization loss is small and approaches mumber of parton branchings

zero under multiple splitfings.
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A polarization in A + A— Z9 /W= 4 jet(— A) process
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Energy Loss: Single Hard Branching and Multiple Soft Branching

Medium-induced Modification of Fragmentation Functions (Single Hard Branching)

de¢ k (1) 1(1—£)2 z
med _ _ T §1-6(1-§)+(1-8)°] d

GlL,g(2a) = / e &s(¢ kT+AET) S Gan( ¢ )

The average transverse energy loss A E is calculated by the Linear Boltzmann Transport (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)
y

Medium-induced Modification of Fragmentation Functions (Multiple Soft Branching)

GTE(20) = [ & Cual6 oG ()

Cji(g, T) is the momentum fraction density of parton i carrying the momentum fraction £ inside the
cascade initialized by parton 3, and 7 is a dimensionless tfime quantifying the magnitude of jet quenching.
Y. Mehtar-Tani and S. Schlichting, JHEP 09 (2018) 144 )
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A polarization in A + A— Z9 /W= 4 jet(— A) process
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Numerical Results

Polarization of Lambda Hyperons

—-0.1 : :
—pp I —p

70+ jet(— A) --- PbPb-SHB || Pbe—SH‘B

—0.21 7 O T e PbPb-MSB Wt Fiet(—A) L PbPb-MSB

yv =0

[y i
—04f /5 =5.02TeV el T VE=5.02TeV e
y =0 I T
—0.5f Prv >30GeV | Pryv>30GeV
DSV Sce.3 Pra>10GeV | prp >10GeV pgy gee3
—065 1 2 3 1 2 3 4
Yn Yn

« Clear enhancement in AA collisions.
= A sensitive probe to the interaction between polarized-jet and 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 GG, ;, and for studying
the quenching effects of polarized jets.

- A polarization is sensitive fo the flavor dependence of polarized FFs.

- A polarization is strongly enhanced in relativistic heavy-ion
collisions due to jet-quenching energy loss.

THANKS!
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Extra Details Spin quenching

CGluon Splitting Functions

_ 11N, -2
P,,(6) = 2N, (1§§+£<1—§>+ (1_55)) 50— g),
14+&4—(1—¢)3 1+ &4 1IN, —2

The ratio A P, (§)/P,,(§) characterizes the survival probability of the gluon’s
polarization after one splitting that losses energy fraction 1 — &.
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Extra Details on Evolution Equations

Medium-induced Parton Evolution Equation
oC z(gv T) ! z 5

k=g,9,9

_ /01 dz{qu(Z)éqj + 2[K 4 (2) + 2anqg(z)]5gj}\1[C’ﬁ(§, T)

T =0  a=02 L=4fm
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Extra Details on Evolution Equations

Kernels in the Coupled Evolution Equations

_ 2N, (1—242%)?2 [N,(1—z+2?)

e

Kyl =5 [+ (=21 \/ - _z{]lvc_z(zlf :

B 1+(1—2)2% |N,(1—2)+Cpz?
Kq(z)_TF z \/ 2(1—2) -

with N, =3, Cpr=4/3 and T =1/2.
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A Polarization in pp Collisions

The Polarization of A Hyperon

d R do_abavd
/ ZL{ / dsz,h Zab—>Vd Tofa(a) Tpfo(Ty) Mgz . 5 G?L a(2a)

ab—Vd

dz - dog;
f7§fd2pT,h >absvaTala( )xbfb(ﬂfb)lTDfd(Zd)

PA(yVayh) =

da.ab—>Vd da.ab—>Vd d&abeVd
+ —
= +

where U_ = = =
dt dt dt

The Helicity of Parton d
\ (da.iban da.gban) (da.iban N da.gban)
4 di di di di
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Extra Details on Energy Loss

Energy Loss and the Enhancement of A Polarization

— gluon (LBT)
— = quark (LBT)
= gluon (cascade picture)
— - quark (cascade picture)

20 40 60 80 100 120 140 160 180 200
prlGeV]
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Extra Details on Energy Loss

Energy Loss and the Enhancement of A Polarization

Fangmentation
Parton
A average-
* pt=10 Gev
Average-
pt=30 GeV Average-
z=0.33
Energy Fangmentation
Parton Elols.s Parton A average-
pt=10 GeVv
Average- Average- Average-
pt=30 GeV pt=15 GeVv 22066
v
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Extra Details on Fragmentation Functions

DSV Scenario 3
DSV Unpolarized Part i

DM A () = DA (2) + DY (z) Q=10 GeV
y Sk
Decomposition

1 _

Du—A _ 7Du~>A+A
U= (2) T+(—z2t (2)

. 1—2)? A

Du—A — (7Du_)A+A
A (2) T+ (=22t (2)
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Extra Details

Gluon Polarization Vector

_pdpa;’éb(l %) +p,p P, F )
4/ (Dg - ) Pa - Pa) (Db Pa)

¢;E<Pd) =

T.T. Wu and R Gastmans, Int. Ser. Monogr. Phys. 80, 1-648 (1990)

Numerical Results
- nPDF: CTEQ PDFs + EPPS cold nuclear effects
CTEQ-TEA, Phys. Rev. D 93, 3, 033006 (2016)
K. J. Eskola, et al, Eur. Phys. J. C 77, 3, 163 (2017)
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