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eTe™ Collisions
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EEC :./ dgV—>a+b+X.(COS(9ab) _-

sum over all the jets for each event
sum over all the particles for each event

Basham et al 1978

Introduction

Hadronic initial state

. observable
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~'weighted cross section
Othe soft radiation does not contribute
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Introduction

TEEC in pp
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Introduction

In the back to back Iimit
hi+ho — J1 +Jo+x

n1 = (1,0,0,1),n = (1,0,0,—1) nz = (1,sin6,0,cos6),ny = (1,—sinb,0, — cosH)

The factorization formula in the back-to-back limit is

dg(O)

1 dygdy4de > db —2ib\/TpT Jife—f3fa
Z —e tr [H (
dr 1671‘82(1 —|— 5f3f4 \/— L Ninit §162 0o 2T

Bfl/Nl (b, &1, 1, V) BfQ/NQ(b §25 14 V)Jfg (b, p,v) J ¥, (b, ,v) .

pr, Yy, 1)SO,y", 1, v)

The azimuthal angle distribution

1 + cos(¢) ~ 27




Introduction

IN pp collisions

[ Such as violation in collinear factorization
L] Whether rapidity factorization is still valid

[ RG invariance of the cross section
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Introduction
TEEC in DIS
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Introduction
EEC in DIS

In Breit Frame. R ——

proton

proton + y* — jet/hadron + X

We proposed a new definition of EEC in DIS;
correlation between initial proton and final state hadron

In the back to back limit ~ EEc=%" / A1y 1 +atx (f.f. “p_) 5(cos X — cos )

doj, dédQ* db ., . n, - ny
dzpl — ;J ng QfH(Q,ﬂ)J'Z_ﬂe 1'P1 ]?/N (ba 59/49 I/)S b, 2 s MU, U JdZFh#<Z, b/Z,E4,//l, I/)

HTL, Makris, Vitev, PRD, 2021



Introduction

EEC in DIS

In Breit Frame.

proton + y* — jet/hadron + X

We proposed a new definition of EEC
correlation L

In the back to back limit EEC = Z/

d’p, EQ?

HTL, Makris, Vitev, PRD, 2021

d dédQ? db .
e Zj -0 QfH(Q,ﬂ)Jz—ﬂelbf“ j
/

1/0 do/dEEC
NaN

W

b
O,

Pred./Ref.
5

RAPGAP

- ] DJANGOH

| ¢ Data Unfolded (inc. stat uncertainty)
Z71 Systematic Uncertainty

- L

H1Preliminary

Unfolded single particle dataset

Breit Frame

Q2> 150 GeV2,0.2<y<0.7 |

Hlprelim-25-031, DIS 2025

March 25, 2025

—

—

—

LA I YI 1 1 T I

O
&)

o o '

—_—t

B e

L T L T 1§ ' I T L ]'

o . L | -

| ; \
-1.00 -0.76 -0.50 -0.25 0.00

025 050 075 1.00
EEC

> proton
Py



Introduction

NEEC in DIS " Liu, Zhu, arXiv:2209.02080
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Introduction
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Introduction

EEC/TEEC is a class of obsverables which can be studied for
various processes

EriET,
In DIS TEEC :;/dalp—)l—i—a—l—X ET,l Zz ET,i 5(COS ¢la — COS ¢)
From the definition, for TEEC
‘s - 2B o BT b contribution from soft radiations is
IT'EEC = /da va 0(Cos Pgp — COS @)
For Dijef ; PN Bral? ’ suppressed by construction
do L . . .
For Drell-Yan y — '[ddppél++l+X5 (COS ¢+~ — COS ¢) TEEC is simply defined in comparison
cos ¢ with other event shape observables
©__ Zjda T 5 (coshy—cos) Ot is caloulable at high ord
For V+Jets dcosd pp—>V+a+XEVZiET,i Va IS calculable at high orders

a

Universality of QCD in the infrared regime
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Introduction

2ET,CLET,b

TEEC ::Z /dO-pp >a|b=X‘Z.ET.‘25(C08¢ab_COS¢)

a,b -’

Jets as input

] The jets are usually defined through an angular
resolution parameter R and a transverse
momentum cutoff

[JLess contamination from underlying events
[JIntroduce new cutoff scale

[J Problem of globalness, i.e. non-global logs
[JMeasurable at LHC and EIC

Particles as input

[d Simpler defined observable

] relative larger effects from underlying events
[ NO new cutoff scale introduced

[ Global event shapes

[ Measurable at LHC and EIC

12
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EEC with jets

2FE,Ey
EEC = 3 / oy x g2 8(c058 () — cos(x))
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EEC with jets

EEC in the back to back region has a similar factorization formula
6 — 0 is the back to back limit
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EEC with jets

EEC in the back to back region has a similar factorization formula
6 — 0 is the back to back limit

ummation
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WTA jet axis in ee and DIS

EEC with jets

Jets are defined by the anti-kT clustering algorithm and the winner-take-all recombination scheme.
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EEC with Groomed Jets
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Pythia simulation in back to back region
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EEC with Groomed Jets
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EEC with Groomed Jets

Groomed Jet

In jet, soft and collinear radiations with small energy
will change the opening angle of the jets

Outside of jet, soft radiation would shift the angle
away from back to back region
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EEC with Groomed Jets

Groomed jets in back to back limits
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EEC with Groomed Jets
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Summary

EEC/TEEC in the back to back limits as TMD probe
Particle level EEC/TEEC has been discussed

EEC with jets and groomed jets shows interesting perturbative and
non perturbative properties

It is promising to apply EEC with jets to heavy ion collisions
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