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Jet anisotropy

e |n heavy-ion collisions,

participants

before collision after collision [1]

v, . directed flow
&N 1 &N

E = 1+2 vncos[n - ¥ ] . allint
&p  2r ptdptdy( Z; (% — Pre) V, : elliptic flow

Vv, ¢ trianqular flow
Vi (pta )7) — (COS[n((p — lPRP)]> 3 g

v, : quadrapole flow

[1] Snellings, Raimond. "Elliptic flow: a brief review." New Journal of Physics 13.5 (2011): 055008.
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Jet anisotropy

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

e(l) + p(P) — e(l) + ] (p)) + X

L +2 ) v (pp. yp)cos(n(d, — $)))
n=1

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

X
A




Jet anisotropy

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

e() + p(P) — e(l) + J (p)) + X

L +2 ) vppyp)cos(n(g, — ¢,))
n=1

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

X
A

qr - transverse momentum imbalance

qr =lr +pr

pr - Jet transverse momentum

Yy . jet rapidity



Jet anisotropy

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

e(l) + p(P) — e(l') +J (p)) + X

L +2 ) v (pp. yp)cos(n(d, — $)))
n=1

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

X
A

¢, : azimuthal angle of transverse
momentum imbalance

¢; : azimuthal angle of jet
transverse momentum

Vv, . anisotropic Fourier o ey
coefficients

~ (cos(n(g, — ¢,)))



Jet anisotropy

e At small |g;| limit, TMD factorization gives

d 6e+p—>e+jet+X

A d*b . g
— 0p ;equ(Qa ,Lt)[ (271_)2 exp(—lb ) qT) xfl(xa b, /’l)

d’prdy,;dqr

X Sq(b’ R9 :u)Jq(pTRa /’t)

X
A

v ey .

[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. S



Jet anisotropy

e At small |g;| limit, TMD factorization gives

d 6e+p—>e+jet+X

b ~
— A 2 _p
dprdy,dgr OZ e [ @y PP A bR

X
A

Soft function: :,

* Depends on the magnitude
b and azimuthal angle @y, of

the vector b

Ay

(cos(ng,,)) b
A D, R, 1) = |5, (b R ,u os(nqbbj) y ‘7
[2] Arratia, Miguel, et al. "Jet-based measurements of Sivers and Collins — Q
asymmetries at the future electron-ion collider." Physical Review D 102.7 n = O $ S q(b ” R ’ IM )

(2020): 074015. 9



Jet anisotropy

 Azimuthal anisotropy of particle spectrum

f'{MD(x, b,ﬂ) ® Jn(qu)(_l)nSq<COS(n¢qJ)>(b,R,M)

v = =
f’fMD(x9 ba M) ® JO(bQT)Sq(ba Ra ,l/t)

n

- (cos(¢,p)) v, : directed flow
= Can be measured in experiments as the /707

expectation of the n-th order harmonics (cos(2¢,y)) Vv, elliptic flow

v, = {cos(ng,)) (cos(3¢,))) V3 : triangular flow

(cos(4¢,,)) V4 quadrapole flow

o, bdb -
= Oy Z eqH(Qaﬂ)Jz_ xfl(xa b9 M)Jq(pTR’ ,Ll)
q

T

d Ge+p—>e+jet+X

d’prdy,dqr

X {Joqu)Sq(b, Rp)+2Y J,(bay) [COS(ncqu)(—i)”Scfcos("¢qJ)>(b, R, m] }

n=1
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Jet anisotropy

EIC kinematics
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Spin asymmetry

- Studies of jets have been used as an important probe to test
the fundamental properties of hadrons.

Electron lon Collider:
The Next QCD Frontier

Understanding the glue
that binds us all
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Spin asymmetry

- Studies of jets have been used as an important probe to test
the fundamental properties of hadrons.

- The advent of the Electron-Ion Collider (EIC) with polarized
beams unlock the full potential of jets for probing 3D
structure of the nucleon and nuclei (encoded in
TMDPDFSs).

Electron lon Collider:
The Next QCD Frontier

Understanding the glue
that binds us all
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Spin asymmetry

- All the possible spin asymmetries in back-to-back electron-jet
production, ep — e + jet + X, at the EIC

ep > e+jet+ X
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Spin asymmetry

incoming incoming
proton electron

dO-P(SA)+e()\e)—>e+jet+X \ /
=FUU + )‘p)\eFLL

dp2dy jd?qr
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Spin asymmetry

ep —> e+jet+ X

do.p(SA)-I-e()\e)—m-i-jet-i-X

=Fuu + MAFrr
dp2dy jd?qr P

Sin(¢q—¢SA )

-+ ST{ sin(qbq — ¢SA)FTU

_I_ Ae COS(¢q . ¢SA)F;(f(¢q—¢SA)}

F;zs(¢q_¢SA) X
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TL

7\
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Spin asymmetry

18 |
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F;zs«/)q—d)s )

A0S ~s) _
TL FUU

e+p—e+jet+X

EIC kinematics
V/8$=89 GeV, R=0.6
01<y<0.9

10 < pr < 15 GeV
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Spin asymmetry

TMDJFFs

P(pa,Sy) + e(pp) = (jety, pyrs R) Az, j1,8,) + e(pp) + X

Zp = -~ (Phy Sh)
J ﬂ h : hadron
q : quark jet
(p,Sq) \ M pJ
Leading TMDFFs Leading TMDIJFFs
h/q| U L T h\ q U L T

U | D, HE U | DM My M
L G, | HE L G 7,
T | Dix | Gir | Hi, Hig T | DM | 640 | HY'L Hyp e

Transverse momentum dependent FFs/JFFs for quarks. Here U, L, and T represent
unpolarized, longitudinally, and transversely polarized state
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Spin asymmetry

- All the possible spin asymmetries in back-to-back electron-jet
production with jet fragmentation process, ep — e + jet(h) + X,
at the future electron ion collider (EIC)

X
A

v oy .

ep — e+ jetth) + X

22



Spin asymmetry

- All the possible spin asymmetries in back-to-back electron-jet
production with jet fragmentation process, ep — e + jet(h) + X,
at the future electron ion collider (EIC)

ep — e+ jet(h) + X

Pcr—Ppr
Pr =

.
.,
.
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Spin asymmetry

- All the possible spin asymmetries in back-to-back electron-jet
production with jet fragmentation process, ep — e + jet(h) + X,
at the future electron ion collider (EIC)

ep — e+ jet(h) + X

dr =Pcr tPpT

24



Spin asymmetry

- All the possible spin asymmetries in back-to-back electron-jet
production with jet fragmentation process, ep — e + jet(h) + X,
at the future electron ion collider (EIC)

ep — e+ jet(h) + X

Pq dr =DPcr tPpT

P, = Pcr—Pprr
2
PS4 S
.
Py
5 i y‘__,.'-' S ,

b3, Shi
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Spin asymmetry

- All the possible spin asymmetries in back-to-back electron-jet
production with jet fragmentation process, ep — e + jet(h) + X,
at the future electron ion collider (EIC)

ep — e+ jet(h) + X

Pq dr =Pcr tPpT

P, = Pcr—Pprr
2
PS4 St
.
Py
5 i y‘__,.'-' S ,

Ps, Shi
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Spin asymmetry

- All the possible spin asymmetries in back-to-back electron-jet
production with jet fragmentation process, ep — e + jet(h) + X,
at the future electron ion collider (EIC)

ep — e+ jet(h) + X

TMDPDEFs
Pq 9r =Pcr+Ppr

b = Pcr—Ppr
! 2
QSS'A ST
o b
Py
n ) TMDJFFs o~ o,

bs, Shi
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do
dp%dyjdzq rdz,d%j |

.o sin(dy—ds)
= Fygy + - + Sp1y sy, — ¢ )F UU’Th R SR

A sin(¢,—ds,)
Asin(¢h—¢5h) - FUU,T !
uu, T o

RN fovw

incoming incoming  Final
proton electron hadron X

ep — e +jet(h) + X

TN =
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Spin asymmetry

do (o f sin(gh,— by, )
dpzdy,d*qrdz;,d% | =Ffovyt et Shl{ SIn(¢b), — ¢Sh)F UU,T e
A sin(¢,—gbs, ) hg
ASin(¢h_¢Sh) _ FUU,T " FUU,U Nﬂ X Dl
UU, T o e 1 h/g
, / match
to
: Unpolarized Polarizing
TMDPDF TMDFF

arXiv: [2003.04828]

ep — e+jet(AN) + X

h\ q U L T
U | Dy HE P
L gill/,q 7'[1};,/61
T DS G| 1T L P

TMDIJFFs for quarks.
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Spin asymmetry

do (o f sin(gh,— by, )
dpzdy,d*qrdz;,d% | =Ffovyt et Shl{ SIn(¢b), — ¢Sh)F UU,T e
A sin(¢,—gs, ) hg
ASin(¢h_¢Sh) _ FUU,T " FUU,U Nﬂ X Dl
UU, T o e 1 h/g
, / match
to
: Unpolarized Polarizing
TMDPDF TMDFF

arXiv: [2003.04828]

ep — e+jet(AN) + X

h\ q U L T
U | Dy HE P
L gill/,q 7'[1};,/61
T DS G| 1T L P

TMDIJFFs for quarks.
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Spin asymmetry

do A~ sin(d—d) -
— +”.+ShJ_ Sln(¢h_¢S)F £ Sh -|— coe . :
dprdy,d*qrdz,d?j, Fovw { W UOT hg
Food ~ f, @D
i fl ' 1 :
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0 _ ' l | | |
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Summary & Outlook

- In summary, we study the azimuthal anisotropy for the azimuthal

angle difference ¢ ; = ¢, — ¢, tor EIC in the back-to-back lepton-

jet production in ep collisions.

- Also we have developed the theoretical framework for all spin

asymmetries in back-to-back e + jet and e + jet(h) productions.
Sizable asymmetry can be measured with EIC kinematics.

- These observables can open new and
exciting opportunities for studying
lepton-jet correlations and spin-
dependent hadron structures in future
experiments.
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Thank you
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