Yiyu Zhou

University of California, Los Angeles

January 28, 2023

UCLA



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

Back-to-back electron-jet production in ep! collision

@ py, pr and y;: jet momentum,
transverse momentum and rapidity, x

e S and St: polarization and transverse
polarization of the incoming proton,

Sr

@ ¢r: transver momentum imbalance,
!
qr =Ir +pr,

® ¢y, ¢; and ¢g,: azimuthal angle of
qr, jet and St.

[Liu, Ringer, Vogelsang and Yuan, 2018; Arratia, Kang, Prokudin plot by Fanyi ZhaO

and Ringer, 2020; Kang, Lee, Shao and Zhao, 2021]
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TMD factorization

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

do_e+pT%e+jet+X
d*prdy; désdqr
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distribution of unpolarized quark in
a transversely polarized proton.

Sivers effect: transverse momentum ST T kT

plot from Feng Yuan
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https://arxiv.org/abs/2106.15624

Angular dependence in soft function

The angular dependence in Sgiohal and S.s are both even [Buffing, Kang, Lee and Liu
2018]:

Qg 2
Sglobal = 1+ %CF <2 In(—22cos(¢pr)) 1n<5127) +-- .),

2
Ses =1— %CF (2 In(—22cos(¢py)) ln<MH ) 4 21n? (=21 cos(ppy)) + - - .)7
where ¢p; = ¢y — ¢

The presence of jet breaks the azimuthal
symmetry [plot from Arratia, Kang,
Prokudin and Ringer, 2020].
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In 1mpensST b3, we can project the vector b onto qr:

zmpea[gS%b’B = zmpea/gSﬁ_,“wb(?]g cos(¢gpp) + ‘Algu_ sin(quTb)),
the cosine term will give us the Sivers structure function:

2

. d“b
Fyr ~ myStsin(dg, — ¢gr) / Wzbcos(%Tb)SglobalSsc X oo



The angular dependence is non-trivial, espicially with the extra factor of

1bcos(@grp):
—1bqr cos( ¢pq
o (gug e~ e(or) )
d(JT
= b<J1 Z( "(Jn-1— n+1)COS(n¢qu)>
where we used the derivative of Bessel functions: d{;‘z(z) (Jn=1(2) = Jng1(2)).



We would like to relate ¢4q, to ¢g,7, which is measured in the experiment. Thus
we write:

Dgrb = Ggrg — Gv,

where ¢4,.; = ¢4, — ¢;. Hence

cos(ngq,p) = cos(ndgpg — ndpy)
= cos(ngq,.s) cos(ngpyy) + sin(ngq,.s) sin(ndpy).

and the sine terms vanish as they are odd.



Putting pieces together, we get:

do = mpStsin(gg, — ¢q,)00 Z egH(Q, n)
q

X / % (le - bz (=)"(Jn—1 = Jnt1) cos(nep) COS(nd)qTJ))

x af ) (@b, 1, )Ty (pr R, 1) Sgoba(b, 1) Ses(b, R, p).

n=1



Angular average of the soft function

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

1
q = % / SglobalScs d¢bJ7

n 1
Sécos( Pvs)) _ %/Sglobalscs cos(ngpy) dowy

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

bdb
do = mpSrsin(¢s, — ¢qT)5foZ egH(Q,u)/xfqu/p(sc b, 1, Q) T4(p1 R, 1)

(bJpS — bz n 1 — Jn-l—l)SéCOS(nd)bJ)) COS(”¢QTJ)>'
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Jet anisotropy

We can define the azimuthal anisotropy:

flT q/p ® jq ® S Cos(n¢bJ)>
fqu/p ® jq & S

Alcos(ndnr))

where the angular average of soft function are:

= asCr 2 9 u? _ln2(R2)
Sg=1+ o <2yJ1n<#b>+ln(R)ln 2 5 )

s _ %(_mn(}f) + 4(In(4) - 1)),

(g L;ffF (—lnuz?) ),

(—0)>GieosBonn — ‘g?( 5 In(R%) + (ln(64) —7)>7---
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Thank you for attention!

In collaboration with Zhongbo Kang and Fanyi Zhao.
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