
Polarized jet anisotropy

Yiyu Zhou

University of California, Los Angeles

January 28, 2023

Polarized jet anisotropy Yiyu Zhou 1/15

mailto:zyiyu@m.scnu.edu.cn
https://kang-research-group.physics.ucla.edu/content/people


Back-to-back electron-jet production in ep↑ collision
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pJ , pT and yJ : jet momentum,
transverse momentum and rapidity,

S and ST : polarization and transverse
polarization of the incoming proton,

qT : transver momentum imbalance,
qT = l′T + pT ,

φqT , φJ and φST : azimuthal angle of
qT , jet and ST .

[Liu, Ringer, Vogelsang and Yuan, 2018; Arratia, Kang, Prokudin

and Ringer, 2020; Kang, Lee, Shao and Zhao, 2021]
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plot by Fanyi Zhao

https://arxiv.org/abs/1812.08077
https://arxiv.org/abs/2007.07281
https://arxiv.org/abs/2007.07281
https://arxiv.org/abs/2106.15624


TMD factorization
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In small qT limit, TMD factorization [Kang, Lee, Shao and Zhao, 2021] gives:

dσe+p↑→e+jet+X

d2pT dyJ dφJ d2qT
= σ̂0

∑
q

e2
qH (Q, µ)

ˆ
d2b
(2π)2 e−ıb·qT xf̃ ⊥(1)

1T ,q/p(x,b, µ, ζ)

× ımpεαβSα
TbβJq(pTR, µ)Sglobal(b, µ)Scs(b,R, µ),

Sivers effect: transverse momentum
distribution of unpolarized quark in
a transversely polarized proton.

plot from Feng Yuan

https://arxiv.org/abs/2106.15624


Angular dependence in soft function
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The angular dependence in Sglobal and Scs are both even [Buffing, Kang, Lee and Liu
2018]:

Sglobal = 1 +
αs
2π

CF

(
2 ln(−2ı cos(φbJ )) ln

(
µ2

µ2
b

)
+ · · ·

)
,

Scs = 1 − αs
2π

CF

(
2 ln(−2ı cos(φbJ )) ln

(
µ2

µ2
bR2

)
+ 2 ln2(−2ı cos(φbJ )) + · · ·

)
,

where φbJ = φb − φJ .

The presence of jet breaks the azimuthal
symmetry [plot from Arratia, Kang,
Prokudin and Ringer, 2020]. p
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http://arxiv.org/abs/1812.07549
http://arxiv.org/abs/1812.07549
https://arxiv.org/abs/2007.07281
https://arxiv.org/abs/2007.07281


Angular dependence from spin

In ımpεαβSα
Tbβ, we can project the vector b onto qT :

ımpεαβSα
Tbβ = ımpεαβSα

Tb
(

q̂βT cos(φqT b) + q̂βT⊥ sin(φqT b)
)
,

the cosine term will give us the Sivers structure function:

FUT ∼ mpST sin(φST − φqT )

ˆ
d2b
(2π)2 ıb cos(φqT b)SglobalSsc × · · ·
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Jacobi-Anger expansion

The angular dependence is non-trivial, espicially with the extra factor of
ıb cos(φqT b):

ıb cos(φbqT )e
−ıbqT cos

(
φbqT

)
= −de−ıbqT cos

(
φbqT

)
dqT

= b

(
J1 −

∞∑
n=1

(−ı)n(Jn−1 − Jn+1) cos(nφbqT )

)
,

where we used the derivative of Bessel functions: dJn(z)
dz = 1

2(Jn−1(z)− Jn+1(z)).
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Change of variable

We would like to relate φbqT to φqT J , which is measured in the experiment. Thus
we write:

φqT b = φqT J − φbJ ,

where φqT J = φqT − φJ . Hence

cos(nφqT b) = cos(nφqT J − nφbJ )

= cos(nφqT J ) cos(nφbJ ) + sin(nφqT J ) sin(nφbJ ).

and the sine terms vanish as they are odd.
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dσ with angular expansion

Putting pieces together, we get:

dσ = mpST sin(φST − φqT )σ̂0
∑

q
e2

qH (Q, µ)

×
ˆ

b db dφbJ

(2π)2

(
bJ1 − b

∞∑
n=1

(−ı)n(Jn−1 − Jn+1) cos(nφbJ ) cos(nφqT J )

)
× xf̃ ⊥(1)

1T ,q/p(x,b, µ, ζ)Jq(pTR, µ)Sglobal(b, µ)Scs(b,R, µ).
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Angular average of the soft function

We can now define the angular average of soft function as in the unpolarized case:

Sq =
1

2π

ˆ
SglobalScs dφbJ ,

S〈cos(nφbJ )〉
q =

1
2π

ˆ
SglobalScs cos(nφbJ )dφbJ ,

and dσ can be written as (non-trivial angular dependence):

dσ = mpST sin(φST − φqT )σ̂0
∑

q
e2

qH (Q, µ)

ˆ
b db
2π

xf̃ ⊥(1)
1T ,q/p(x, b, µ, ζ)Jq(pTR, µ)

×

(
bJ1Sq − b

∞∑
n=1

(−ı)n(Jn−1 − Jn+1)S〈cos(nφbJ )〉
q cos(nφqT J )

)
.
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Jet anisotropy

We can define the azimuthal anisotropy:

A〈cos(nφbJ )〉 ∼
f̃ ⊥(1)
1T ,q/p ⊗ Jq ⊗ S〈cos(nφbJ )〉

q

f̃ ⊥(1)
1T ,q/p ⊗ Jq ⊗ Sq

.

where the angular average of soft function are:

Sq = 1 +
αsCF

2π

(
2yJ ln

(
µ2

µ2
b

)
+ ln

(
R2) ln(µ2

µ2
b

)
−

ln2(R2)
2

)
,

−ıS〈cos(φbJ )〉
q =

αsCF
2π

(
−2 ln

(
R2)+ 4(ln(4)− 1)

)
,

(−ı)2S〈cos(2φbJ )〉
q =

αsCF
2π

(
− ln

(
R2)− 1

)
,

(−ı)3S〈cos(3φbJ )〉
q =

αsCF
2π

(
−2
3

ln
(
R2)+ 4

9
(ln(64)− 7)

)
, · · ·
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A〈cos(nφbJ)〉
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Thank you for attention!

In collaboration with Zhongbo Kang and Fanyi Zhao.
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Bessel functions
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