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Motivation

jet-TMDs SIDIS

EECDIS

Perturbative effects dominate 
the final state contribution

gives cleaner access to TMDPDF
Introduces jet-clustering effects 

into the non-perturbative 
corrections (NGLs) 

Strong final state effects from 
fragmentations functions. Couples 
FF and PDF effects in a non-trivial 

way

Every particle in the event is considered but 
with its weight is proportional to 

the “energy fraction”: zi = pi ⋅ P/q ⋅ P

proton



In this talk

Introduction to 
EEC in ee
TEEC in pp
TEEC in DIS

EEC in DIS (new) TMD factorization
and universal TMDPDFs

EEC jet function 
and hadronization 
effects
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EEC in lepton colliders 

EEC =
X

a,b

Z
d�(e+e� ! a+ b+X)

�

2EaEb

s
�(cos ✓ab � cos(�))
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Figure from arXiv:1801.02627 (I. Moult and H.X. Zhu)

PRL. 41 (1978) 1585  (C. L. Basham, L. S. Brown, S. D. Ellis, and S. T. Love)

Soft radiation (direct) contribution 
is suppressed. Recoil from soft radiation 
needs to be included.

https://arxiv.org/abs/1801.02627
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.41.1585#fulltext
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EEC measurements/extractions of αs

Soft radiation (direct) contribution 
is suppressed. Recoil from soft radiation 
needs to be included.

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.41.1585#fulltext


Transverse-EEC for hadronic colliders
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Figure from arXiv:1901.04497 (A. Gao, H.T. Li, I. Moult, and H.X. Zhu)

Phys. Lett. 141B, 447 (1984) (A. Ali, E. Pietarinen, and W. J. Stirling)

TEEC =
X

a,b

Z
d�(pp ! a+ b+X)

�

2ET,aET,b

(Etotal
T )2

�(cos�ab � cos�)
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Soft and Beam (direct) contribution 
is suppressed. Recoil from soft radiation 
and ISR needs to be included.

https://arxiv.org/abs/1901.04497
https://www.sciencedirect.com/science/article/abs/pii/0370269384902831?via=ihub


Transverse-EEC for hadronic colliders
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TEEC =
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(Etotal
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arXiv: 1707.02562 (ATLAS) 

arXiv: 1508.01579 (ATLAS)

https://arxiv.org/pdf/1707.02562.pdf
https://arxiv.org/abs/1508.01579


Adaptations of TEEC in DIS
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Breit Frame (end-point: dijets) Laboratory Frame (single jet)

The definition is the same as before: Defined as lepton-hadron correlation:

TEECLab. =
X

a

Z
d�(ep ! e+ a+X)

�

2ET,lET,a

ET,lEhadr.
T

�(cos�ab � cos�)
<latexit sha1_base64="a712C4FfZl2O8MDSFjHGovMYU14="></latexit>

TEEC =
X

a,b

Z
d�(ep ! a+ b+X)

�

2ET,aET,b

(Etotal
T )2

�(cos�ab � cos�)
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arXiv: 2008.00271 (A. Ali, G. Li, W.  Wang, Z-P. Xing) arXiv: 2006.02437 (H. T. Li, I. Vitev, Y. J. Zhu)

https://arxiv.org/abs/2008.00271
https://arxiv.org/abs/2006.02437


An EEC definition for DIS
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FSR-“jet”:
 θ ∼ π

Soft and anti-collinear radiation is 
suppressed (also true in ) TEECLab.

Geometrical separation of: collinear, soft, and anti-collinear

Soft:
 θ ∼ 1

Anti-collinear:
 θ ∼ 0

za ⌘ P · pa
P · q

���
B.F.

' p+a
Q

<latexit sha1_base64="4voA8zwH0pNdhLT+23tfbB77n9k="></latexit>



Insensitive to (pseudo)rapidity constraints
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EEC as a probe to TMDs

EEC =
X

a,b

Z
d�(e+e� ! a+ b+X)

�

2EaEb

s
�(cos ✓ab � cos(�))

<latexit sha1_base64="6x4MlAuqYaRQXotI9hGONKvVsiU="></latexit>

back-to-back limit: 
TMD observable

EEC(back-to-back)
~

weighted TMD factorization

SLD, Phys. Rev. D 51, 962 (1995)

https://arxiv.org/pdf/hep-ex/9501003.pdf


Connection to universal TMDs (unpolarized case)
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TMD PDF
The universal* TMD
parton distribution 
function, unpolarized 
in this case. 
For Trans. pol. beam
modification:
replace with Sivers.

Ji(b, µ, ⌫) =
X

a

Z 1

0
dz z Di!a(z, b, µ, ⌫)

<latexit sha1_base64="oztBy92Viu52pilgIeYDPvAYmx8="></latexit>

EEC Jet function
The same jet function that appears 
in the original EEC observable. Can 
be written as the weighed integral of 
the universal* TMD fragmentation
functions.  

* universal = back-to-back 
four Wilson-line soft function 
incorporated into the definition. 

TEEC case: Not back-to-back

Does not involve the variable 
 included TMD studies in SIDIS zh

cos ✓ ⇠ �1
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EECDIS = �0(Q, x, y)Hij(Q, x, µ)

Z
dqT �

⇣
cos ✓ � 2|qT |2

Q2
+ 1

⌘

⇥
Z

db

(2⇡)2
exp(�ib · qT ) f

sub.
1, j P (x, b, µ, ⌫) J

sub.
i (b, µ, ⌫)
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EECDIS = �0(Q, x, y)Hij(Q, x, µ)

Z
dqT �

⇣
cos ✓ � 2|qT |2

Q2
+ 1

⌘

⇥
Z

db

(2⇡)2
exp(�ib · qT ) f

sub.
1, j P (x, b, µ, ⌫) J

sub.
i (b, µ, ⌫)
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EEC jet function: hadronization effects
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Ji(b, µ, ⌫) =
X

a

Z 1

0
dz z Di!a(z, b, µ, ⌫)
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Di!a(z, b, µ, ⌫) =
X

j

Z 1

z

du

u
Iij

⇣
b,

z

u
, µ, ⌫

⌘
dj!a(u, µ) +O

⇣
⇤2
QCDb

2,
⇤2
QCD

Q2

⌘
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perturbative matching 
onto collinear-FFs Sum rules for FF

JOPE

i (b, µ, ⌫) =
X

j

Z
1

0

dz z Iij(b, z, µ, ⌫)
<latexit sha1_base64="earbwUHVRWMQPZc5IQ04VmgvaC0="></latexit>



 predictionsN3LL + 𝒪(α2
s )
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Resummation Fixed Order QCD (collinear factorization)
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NLOJET++

arXiv: hep-ph/0110315 (Z. Nagy)
arXiv: hep-ph/0104315 (Z. Nagy and Z. Trocsanyi)

https://arxiv.org/abs/hep-ph/0110315
https://arxiv.org/abs/hep-ph/0104315


EEC jet function: hadronization effects
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perturbative matching 
onto collinear-FFs Sum rules for FF

Ansatz used in extractions of TMD-FF

JOPE

i (b, µ, ⌫) =
X

j

Z
1

0

dz z Iij(b, z, µ, ⌫)
<latexit sha1_base64="earbwUHVRWMQPZc5IQ04VmgvaC0="></latexit>

Prone to experimental uncertainties due 
to the inclusion of neutral particles

Handle over flavor separation 

Chalenges



EEC jet function: hadronization effects
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arXiv:1406.3073 (P.  Sun, J. Isaacson, C.-P. Yuan, F. Yuan)
arXiv:1505.05588 (A. Prokudin, P.  Sun, F.  Yuan

arXiv:0707.1506 (D. de Florian, R. Sassot, M. Stratmann)
arXiv:hep-ph/0703242 (D. de Florian, R. Sassot, M. Stratmann)

+
LO perturbative 

components

Best Fit:



EEC jet function: hadronization effects
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Effect of total NP 
(TMDPDF + EECjet + Rapidity AD) Decomposition of NP elements

⌧ =
1 + cos ✓

2
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s )

18

-1.0 -0.5 0.0 0.5 1.0

0.05
0.10

0.50
1

5
10

-1.0 -0.5 0.0 0.5 1.0

0.05
0.10

0.50
1

5
10



Charged particles and flavor separation:
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Di!a(z, b, µ, ⌫) =
X

j

Z 1

z

du

u
Iij

⇣
b,

z

u
, µ, ⌫

⌘
dj!a(u, µ) +O

⇣
⇤2
QCDb

2,
⇤2
QCD

Q2

⌘
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perturbative matching 
onto collinear-FFs Sum rules for FF

X

a

!
X

a2S
<latexit sha1_base64="wM5oJYKGzDUp+XQmHrCEpjSNPio="></latexit>

GOPE

i!S (b, µ, ⌫) =
X

j

Pj!S

Z
1

0

dz z Iij(b, z, µ, ⌫)
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Interesting cases

S = all charge hadrons
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Ansatz used in extractions of TMD-FF



Summary and Outlook
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Introduce definition of EEC in DIS

Provide a factorized cross-section in terms of TMD elements 

Obtain  predictions N3LL + 𝒪(α2
s )

Evaluate NP component of EEC jet function from past TMDFF extractions

Expand the definition to charge particles only!

Break flavor degeneracy with FSR particle selection  

Data on EEC in  could be utilized for sim. extraction of 
rapidity AD EEC jet function and strong coupling 

e+e−

Spin effects: Sivers! 


