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e |n heavy-ion collisions,

participants

before collision after collision [1]

v, . directed flow
&N 1 &N

E—— =
d’p 27 pdpdy

I+2 Z Vi COS [” (# - TRP)] v, : elliptic flow

n=1
V3 © triangular flow
Vi (pt’y) = (cos[n(p — Prp)])
v, : quadrapole flow

[1] Snellings, Raimond. "Elliptic flow: a brief review." New Journal of Physics 13.5 (2011): 055008.
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e Back-to-back electron-jet production from ep collision,

e(l) + p(P) — e(l') + ] (p)) + X

do do _1+2i (Pr» yp)cos(n(d ¢))_
_ v (pr, yr)cos(n(gp  —
Lprdyydyday  2ndprdyygrday | &IPS P T 00

X




e Back-to-back electron-jet production from ep collision,

e(l) + p(P) — e(l') + ] (p)) + X

L +2 ) vppyp)cos(n(g, — ¢,))
n=1

do B do
d’prdy,d¢,;d*qy  2rd’prdy;qrdqy

X

qr - transverse momentum imbalance
I J
ar =lr +pyr

pr - Jet transverse momentum

Yy . jet rapidity




e Back-to-back electron-jet production from ep collision,

e(l) + p(P) — e(l') + ] (p)) + X

L +2 ) vppyp)cos(n(g, — ¢,))
n=1

do B do
d’prdy,d¢,;d*qy  2rd’prdy;qrdqy

X

¢, : azimuthal angle of transverse
momentum imbalance

¢; : azimuthal angle of jet
transverse momentum

v, . anisotropic Fourier
coefficients

~ (cos(n(¢, — $,))) ’ g




Theoretical framework

e Atsmall |g;| limit, TMD factorization gives

dae+p—>e+jet+X , d2b N
d2pdy,dq; = ©0 ;eqH(Q’”)‘A 27)2 exp(—ib - qr) xf,(x, b, u)
X Sglobal (b’ //t) Ses(b, R, M)Jq(pTRa 1) X

[2] Arratia, Miguel, et al. "Jet-based measurements of Sivers and Collins
asymmetries at the future electron-ion collider." Physical Review D 102.7
(2020): 074015. 6



Jet anisotropy

o Atsmall |g;| limit, TMD factorization gives

dae+p—>e+jet+X , d2b _
=6 H(O, exp(—ib - . b,
yrwmermadl! zq‘,eq © u)[ o SXPib ) b
X Sglobal (b’ //t) Scs(b9 R’ /’t)Jq(pTR’ /’t) X

The unpolarized TMDPDF f; in b-space:

fl(xaba,u)

= ZankT krdo (krb) f (x, k. )



Jet anisotropy

o Atsmall |g;| limit, TMD factorization gives

d66+p—>e+jet+X , dzb ]
=% 2 e exp(=ib - g7) (. b.
d’prdy,dqr X ; e H(Q )[ (27)2 xp(—ib - qr) xf|(x, b, n)
X Sglobal (b’ //t) Scs(ba Ra M)Jq(pTRa //t) X

The global soft function:

Sglobal (bv :u)

e Depends on the magnitude b and
azimuthal angle @, of the vector b




Jet anisotropy

o Atsmall |g;| limit, TMD factorization gives

d66+p—>e+jet+X , dzb ]
=% 2 e exp(=ib - g7) (. b.
d’prdy,dqr X ; e H(Q )[ (27)2 xp(—ib - qr) xf|(x, b, n)
X Sglobal (b’ //t) Scs(b9 R, M)Jq(PTR, ,M) X

The collinear-soft function:

Ses (b,R,,u)

e Depends on the magnitude b and

azimuthal angle @, of the vector b
* Sensitive to the jet direction.




Jet anisotropy

o Atsmall |g;| limit, TMD factorization gives

d66+p—>e+jet+X Z i d2b : ] b
P H(Q’M exp(—ib - g7) 17, (x, b 1)
d*prdy;dqr ’ p 1 (27)> )4 1
X S b,u) S.(b,R, )] (prR,
sorn (5-14) SlB. R4 (orke 1 Gpy = Pp— ¢
¢qJ — ¢q _ ¢]
(27)° P -dr) = Z_ﬂ{Jo(qu) 2;;] 2 Z (—0)"J,(bgr)cos(ng,;)cos(ngpy,) 2;;] }

n=1
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Jet anisotropy

o Atsmall |g;| limit, TMD factorization gives

d66+p—>e+jet+X , d2b )
— 0 H . b . , b,
d’prdy,dqy 0 ;e‘] Q. p )[ (27)2 exp(=1b - qp) xf(x, b, u)
XS b’ Scs b9 Ra J R,
gova (b:12) Su®- R prRo) | g
¢QJ — ¢q _ ¢]

d’b ity = P
CXp\—10 - e
(27)* P =

: ,‘ 22( D)"J,(bgr)cos(ng, cos(ng, J) Pvs }

Average of the soft
function:
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Jet anisotropy

o Atsmall |g;| limit, TMD factorization gives

d Ge+p—>e+jet+X , d2 b N
=6 HO, —ib - ,b,
Ppodydg, Zq‘,% (0 //t)[ 2y exp(—ib - g7) xf(x, b, p)
X Seiobal (D> 1) S.o(b, R, 1)J R,
stobat (Bs 1) Ses(B. R ) (PR, p) B =@— o)
quJ — €bq — ij

Ay,

ex ib =—2< J,(b + 2 "J (bgr)cos(n ' os(n

(27)2 p(—=ib - qy) = D { o(bgr) oy ’;( 1)"J,(bgr)cos(ng,, 75‘ | "
Average of the soft qu(b, R, ﬂ) — J Sglobal(baﬂ) (b R. ) ¢bJ
function: 27

Average of the soft function S(Cos(m,bq])) b.R J S b b.R ’ os(7i ¢bJ
weighted by cos(n¢y,): (0 R 1) = | Betonal (D 1355, R, p ( ¢bf)
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Jet anisotropy

o Atsmall |g;| limit, TMD factorization gives

d Ge+p—>e+jet+X

d’b ~
~ Gy 3 Q10| 5 explib - ) b

d’prdy;dqr (27)?

X Sglobal (b’ /’t) Scs(b’ Ra /’t)Jq(pTR’ /’t)

Gpy = Dp— &y
¢q] — ¢q R ¢J
do.e+p—>e+jet+X X Z 2H(Q )[ bdb f ( b W (prR. 1)
— e ’ — X -xa 9 ’
dsz dyJ qu O-O q U 271_ 1 H q P T H

q

X {Jo(qu)S q(b, R,u)+2 Z J.(bqy) [cos(ngbq J)(—i)nSéCOS(l’ld)qJ»(b, R. M)] }

n=1
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Jet anisotropy

 Azimuthal anisotropy of particle spectrum

]’F{MD(X,b,//t) ® Jn(qu)(_i)nS;COS(nﬁqu))(b,R, //t)

Vv = —
FiMP, b, ) & Jo(bar)Sy(b, R, )

n

= Can be measured in experiments as the expectation of
the n-th order harmonics v, = (cos(n¢,;))

d O.e+p—>e+jet+X

= 0y Z e H(Q. M)[@ xf,(x, b, ) (prR, )
d*prdy;dqr ; ! 27 !

X {Jo(qu)S q(b, R,u)+2 Z J.(bqy) [cos(ngbq J)(—i)nSéCOS(l’ld)qJ»(b, R. M)] }

n=1
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Jet anisotropy

I+2 Z Vu(Dr, yr)cos(m(d, — ¢;)
n=1

do B do
d’prdy,;dg,d*qr  2nd’prdy;qrdqy

e Azimuthal anisotropy of particle spectrum

f?MD(X,b,ﬂ) ® Jn(qu)(_i)nS;COS(nd)QJ»(b,R, ,Lt)
FIMPx, b, 1) ® Jo(bgr)S,(b, R, )

Vn

(cos(¢p,;)) Vi : directed flow
(cos(2¢,;)) Vv, : elliptic flow

(cos(3¢,;)) Vv3: triangular flow

(cos(4¢p,;)) V4 quadrapole flow
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Jet anisotropy

G a 1 2 1 2 In® R? 2
27 € Y7 € U7 2 3

a, 1
Directed flow vy~ (=SB, R, ) = —Cr lln —7 +2(nd - 1)] Positive

g o 2q(cos,)) O
Elliptic flow Vs (—i)°S, bl (b,R,,u)—Zﬁ_CF-hl 3 1]

1 23In4-7)
+
R2 3

. a |
Triangular flow vy~  (=i)3SS@C% @, R, p) = 3—SCF In
ﬂ L

= (_iyhlcosty,) o I
Quadrapole flow v~ (=S, ™D, R, u) = 47,CF _ln R2 2]

Large R (R = 1) = Higher order flows are all negative

Small R (R = 0.5) = Higher order flow becomes positive (v, > 0)
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Jet anisotropy

EIC kinematics

R=1 R=0.5
0.6
I (cos @) I
(cos 2¢) i
- (cos 3¢) 0.6
0.4 i (cos4¢)y — [
? 0.4
0.2 :
0.2
Vn 0 '\ vn S —
L 0 —

\
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—0.4 + b ’ [ 10 < pyr < 15 GeV <<COS ¢§ —
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| I (cosd¢p) —
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Jet shape

. . . [3]
e Factorization formalism

d Ge+p—>e+Jet+X “ d2 b

=6 e> exp(—ib - q) xf,(x, b, w)S, (b, R, )G (z,, wp, )
d*prdy,dqrdz, O; ! o ! ’ ’

(2m)°

(b, R, 1) = Sgiopar (B 12) Ses(b, R, 1) w(r)

C 5
N "

[3] Kang, Zhong-Bo, Felix Ringer, and Wouter J. Waalewijn. "The energy distribution of subjets and the jet shape." Journal of High Energy Physics 2017.7 (2017): 1-39.
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Jet shape

. . . [3]
e Factorization formalism

d Ge+p—>e+Jet+X “ d2 b

=6 e> exp(—ib - q) xf,(x, b, w)S, (b, R, )G (z,, wg, )
d*prdy,dqrdz, O; ! o ! ’ ’

(2m)°

(b, R, 1) = Sgiopar (B 12) Ses(b, R, 1) w(r)

C 5
N "

[3] Kang, Zhong-Bo, Felix Ringer, and Wouter J. Waalewijn. "The energy distribution of subjets and the jet shape." Journal of High Energy Physics 2017.7 (2017): 1-39.
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Jet shape

. . . [3]
e Factorization formalism

dae+p—>e+jet+X , dzb ~ o
— A 7 . je
d’prdy,dqrdz, " ;eq[ (2x)? exp(—ib - g7) xf,(x, b, )5, (b, R, 1) G5 (2, g, 1)
(b, R, 1) = Sgiopar (B 12) Ses(b, R, 1) w(r)
Integrated jet sh ‘ II <
ntegrated jet shape: R

- Jd do / do
r) = <y Ly
v Pprdy,diqrdz,| dprdy,diq;

Differential jet shape:

_ dy(r)
dr

p(r)

[3] Kang, Zhong-Bo, Felix Ringer, and Wouter J. Waalewijn. "The energy distribution of subjets and the jet shape." Journal of High Energy Physics 2017.7 (2017): 1-39.
20



EIC kinematics

Integrated jet shape:

d’prdy,dqr

Differential jet shape:

_ dy(@)

p(r) n
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Summary

 We study back-to-back lepton-jet production in ep collisions. In this
work, we study the azimuthal anisotropy for the azimuthal angle

difference ¢,; = ¢, — ¢,

* \We present the numerical results of such azimuthal anisotropy for
EIC kinematics and find that the directed flow component related to

cos(q§q ;) azimuthal asymmetry is dominant.

e (Consistent results for jet shape from theory and pythia simulations

* These are promising observables for studying lepton-jet correlations
In future experiments.
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Theoretical framework

 The global soft function: soft radiation that has no phase
space restriction and does not resolve the jet cone.

T n v

a, ) 1’ , | /1 p?
Setobal(®s s V) = 1 + 2—CF ——+In—+2y;+2In(-2icos(¢) | | —+In—

Hy, = 2e7ElD, @p; = @y, — @; with ¢, and ¢, are the azimuthal angles
of the vector b and jet transverse momentum p;
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Theoretical framework

 The global soft function: soft radiation that has no phase
space restriction and does not resolve the jet cone.

T n v

a, ) 1’ , | /1 p?
Setobal(®s s V) = 1 + 2—CF ——+In—+2y;+2In(-2icos(¢y)) | | —+In—

 The collinear-soft function: soft radiation which is only
sensitive to the jet direction and resolves the jet cone

a 1 2 —2i cos —2icos 2
S B Ru)=1-—Cp|—+=In (Ppp)H oI (Dp)H g
2r €2 € UpR UpR 4

Hy, = 2e7ElD, @p; = @y, — @; with ¢, and ¢, are the azimuthal angles
of the vector b and jet transverse momentum p;
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