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Introduction

X € [Oaﬂ] * Energy-Energy Correlators (EEC): measures the
] correlations of energy deposition in two detectors
with opening angle y

(one of the first infrared safe event-shapes defined in QCD )

e In eTe™ annihilation:

is EE
= Z Jda—Jé (cos 0, — COS)()
dcosy y 02

Basham, Brown, Ellis, Love ~78 ~79

Moult, Zhu " 18
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(one of the first infrared safe event-shapes defined in QCD )

e In eTe™ annihilation:

is EE
= Z Jda—Jé <cos 0, — COS)()
dcosy y 02

— Basham, Brown, Ellis, Love ~78 ~79

Moult, Zhu " 18

1. Collinear limit y — 0: probe jet substructure.

Dixon, Moult, Zhu, " 19

Chen, Dixon, Luo, Moult, Yang, Zhang, Zhu, 19 o
o, RO, T, TIOUE, THRS, £Aans, A0 Factorization of the

two point correlator
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Introduction

X € [097[] * Energy-Energy Correlators (EEC): measures the
L correlations of energy deposition in two detectors
with opening angle y

(one of the first infrared safe event-shapes defined in QCD )

e In eTe™ annihilation:

dZlee‘ EiEj
= 2 do—-0(cos b, —cosy
dcosy “= 02
i,]
Basham, Brown, Ellis, Love “78 “79

Moult, Zhu " 18

1. Collinear limit y — 0: probe jet substructure.

2. Back-to-back limit y — m: dominated by
soft/collinear radiations

Moult, Zhu " 18
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. . Basham, Brown, Ellis, Love 78 *79
EEC at the back-to-back limit T Moult, Zhu 18

Ebert, Mistlberger, Vita ~20

Lepton plane




California EIC Consortium Collaboration Meeting

EEC at the baCk'tO'baCk Iimit Gottfried-Jdackson frame
.
\ Phl
ete” |
0l =
In the back-to-back limit (y — 7z, 7 — 0): e
« Related to the TMD observables. — -
» Unpolarized processes in both e*e™ and ep
collisions have been studied and observed.
1dX,. 1  do q7
Definition: EEC,.,(1) = — = — dqzdz; dz; 2;2— ol 7——
(7= 1% dr ZJ T ' o dqidzdz; ( Q2>
N d¥e+.- 2mN e bdb ;
Factorization: 7 =302 Z /dq7 T — @ /— Jo(bgr)Jy(b, pt, (/) J4(b, pu, (/) S(b2, i, v)
1
. 2y — A 2 2 z-weighted sum over hadrons
Moult, Zhu “18 Jq(b’“’C/V ) _Z./o dZZDl’h’/q(z’b 18IV produced in the final states



California EIC Consortium Collaboration Meeting

EEC at the baCk'tO'baCk Iimit Gottfried-dackson frame

In the back-to-back limit (y — z, 7 — 0):
e Related to the TMD observables.

» Unpolarized processes in both e*e™ and ep
collisions have been studied and observed.

2
Definition:  EEC,.,(7,¢) = ! A% = — Z quT Z; z 1_do o (r — ﬂ) (¢ —¢,)

Lepton plane

1% dqub T dg? 7dz;dz;

L. dY.+,- 271’4’\ et bdb 9
Factorization: irdd 302 Z /dq, T — @ / [lo(bq7)lq(b 1, C /) Jg(b, p, (/) S (b7, p, v)

h2
-+ §L0b205.]2(bq7) ] (b,ll C/V ) ( y Hs C/I/2)b(b2 My V)j )

1 .
. Jo(b, u, C /) = / dz z Dy 102, b2, 1, C /2, z-weighted sum over hadrons
Moult, Zhu "18 a(bs 1, /) Z 0 1’”"( ' M C/v7), produced in the final states
Kang, Lee, Shao, FZ b la 2 2 » . .
(arXiv: 2301 .xxxX) ( ) e C/V Z/ 427 Hl h’{q(z’ /v Hf_: Collins function
in b-space
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EEC at the back-to-back limit

Deep Inelastic
Scattering in Breit frame

In the back-to-back limit (y — =z, 7 — 0): :
 Related to the TMD observables. " e

Lepton plane

» Unpolarized processes in both e*e™ and ep
collisions have been studied and observed.

C . Li, Vitev, Zhu “20
Definition: Li, Marks, Vitev “21

_ 1d¥pis _ 1 1 do 1+ cos Hap
EECpis(7) = g =3 Za: /do"dz“z“;daapdcpapdzad (7‘ — ( 5
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EEC at the back-to-back limit

Deep Inelastic
Scattering in Breit frame

In the back-to-back limit (y — z, T — 0):
 Related to the TMD observables. " e

Lepton plane

» Unpolarized processes in both e*e™ and ep
collisions have been studied and observed.

Li, Vitev, Zhu "20

Definition: Li, Marks, Vitev “21
1 d¥pi1s 1 / 1 do 1+ cos Hap
Cois(7) = 247 2 Za: ot WBapddapdza (T ( 2
Definition:

_1ld¥pis 1 / 1 do 1 + cos Oqp
EECpis(7,¢) = — = 22(; dfadzaza— B dzaa(T ( > 5(p — day).

Kang, Lee, Shao, FZ
(arXiv: 2301 .xxxX)
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EEC at the back-to-back limit

Deep Inelastic
Scattering in Breit frame

In the back-to-back limit (y — =z, 7 — 0): :
 Related to the TMD observables. " e

Lepton plane

» Unpolarized processes in both e*e™ and ep
collisions have been studied and observed.

dXpis 27raun 1+ (1 - y)2 2 % db b .Li,ViteV, Zhu:ZO
drdydrdp ~— Q2 y / qro(r - _2)°(¢ Pqr) Fuu Li, Marks, Vitev *21

2(1 — y) 8(260r) 2(1 —y) _sin(264,)
1+ (1 1/)2]:{L o + (1 - )zf

. in . . . 1 - [ iin . .
+ 1S4 [Sin(%’r - ‘f’.s)fuy'w” < + sin(¢g,. + &) 2( y) 2]_-2_7'(%7 +ds)

1+ (1-y)
2(1 — in \
+ sin(3¢,,. — o) 1-y) Foin(30e,. s )‘

T+ (g2 T

+ cos(2¢q;) + 5 sin(2¢g, )

Factorization:

Incoming p pol.

(2 U) . cos(dg.,. ~d,)
Kang, Lee, Shao, FZ + A [bn Tra_g2 it S 1| cos(pg — bs)Frp ™ ,
(arXiv: 2301 .xxxX)
New probe for all TMDPDFs Incoming e~ pol.

10
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Phenomenology I: Collins asymmetry

2 ( 1 _ y) ‘FSln((ﬁQT +¢S

A2 d¥ps  2mal, 1+ (1 —y)? q db b
PETI+(I-y? v Todydrd~ O (y | /d2q 5(T_Q_€)/ {

]:.sm(¢>qT+¢s ~ hl ®];‘

2 1_ COS in
+ 005(2g) e V) peosttur) | g sin(2d4;) 201 = y) _ pein(2éur)

1+ (1—y)? +(1—y)2 VL
fUU Nf1 0% Jq .
. in(¢gp —s) 2(1-y) (Gar+05)
[ T + IS-Ll [Sln(¢QT )'FS e { (¢q:r + d’s) 1+ (1— )2'FISJITIZI“ .
4 S :S{W ,7r+$
B — I -
i I : 2(1—y) in(3¢q, —¢s)
3 :_ S = jLT‘- -+ Sln(3¢qT ¢S) (1 y)2 ~F.[S]T o
9 _ 2 — cos s
| #0524 184 st — o F |
~ 1+ (1—-y)?
SERN
@E 0 o e ‘/
—1 _ Vs = 105 GeV
(Q) =15 GeV
i 0.1 <y <0.85
—2 B EIC kinematics
: Collins function: Kang, -
—3 a Prokudin, Sun, Yuan 15 )
O 01 02 03 04 05 06 0.7 028

T Lepton plane

Prediction for Collins

asymmetry at EIC kinematics
11
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Phenomenology Ill: Sivers asymmetry

y in(pgp- ¢s)
Agllvsers _ For' " dSpis  2mal, 1+ (1—y)? /d2 5(r q_T)/db b (>
Fuu dedydrdp ~ Q y ot @ v

in(¢gp- ¢s) ~ L 2(1 — cos(2 2(1 in(2
]'—S ™ flT ® Jq + cos(2¢4,.) 1 +((1 _y;)2.7:UU( Par) + 5 sm(2¢qT) ((1 y;)rF(SJL( $ar)

Fou ~h®J, .
: in(¢ 2(1 —y bar+s
1L | sin(der — 6)Fgr T )+ Sin(Ggr + ¢s) +((1 - ))2F33~( e
Sivers function: Echevarria, Kang, Terry “20 Yy
y 1— in(3 — s
. ' + sin(3¢q, — ¢8) ((1 y;)rrlsz( Por =4 )]
- S={r", 77} ——
1.5 - -4 /\e S y(2 y) ]:' + |S_L| COS(¢ ¢S) COS(¢QT ®s)
| T+ (1 -y ” ’
§
@ 1 L Vs =105 GeV
2 : (Q) = 15 GeV
fg? [ 0.1 <y < 0.85
05 . EIC kinematics

0 01 02 03 04 05 06 0.7 08

T Lepton plane

Prediction for Sivers

asymmetry at EIC kinematics
12
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Summary

e EEC in the early literatures: handles only the unpolarized scattering (¢ Te™
annihilation and ep collisions).

* By generalizing the EEC with azimuthal angle dependence, one gets access to spin-
dependent effects (polarized incoming p).

e We introduce a Collins-type EEC jet function = all the TMD PDFs, e.g. Sivers
function, etc.

e Polarized beam at the future EIC: enable studies along this direction

Lepton plane

13
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Lepton plane

Backup

Lepton plane

14
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ete” EEC at the back-to-back limit
_ 1 dze+e—
EECe+6—(T7¢) =; de¢
JrJIF®S
sxs 21 8% N [ dpdedean L O (140805 5o s
Acte- J,®J,85 T2 2; / de”dzdeJZ*zfadoz-jdqs,-jdzidzj‘s(T ( 2 )) o9 = i)
° SxS={rt, 7"} x {7, w n n
SxS’:?? x ’? $ EEC+e- ~ ) [Jq@Jq®S+c032¢Jq ® J; ®S] .
6 - SxS={nr"} x i~ q
4 L /5 = 10.6 GeV
= I Belle kinematics
2;\\/ i Kang et al., 2015
L 2L
a b

Lepton plane
0O 01 02 03 04 05 06 07 0.8 +
- e
Prediction for Collins
asymmetry at Belle kinematics Gottfried-Jackson frame
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