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Event at Colliders

Thrust 
N-jettiness 
Transverse Thrust … 

Event shape observables, which 
measure the flow of radiation in a 
scattering event. 

each radiation along with the QCD 
coupling at different scales

I will talk about TEEC which can be 
studied in  

   lepton+lepton collisions 
   lepton+proton collisions 
   proton+proton collisions
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TEEC at hadronic colliders 

arXiv:1508.01579
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electron-positron collider: Basham et al 1978 
hadronic collider: Ali et al 1984 

4

TEEC at hadronic colliders 
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TEEC =
X

a,b

Z
d�pp!a+b+X

2ET,aET,b

|
P

i ET,i|2
�(cos�ab � cos�)
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sum over all the jets 
for each event
sum over all the particles 
for each event

weighted cross section 
the soft radiation does not contribute 
directly to the observable at leading 
power 
soft gluon contributes only via recoil 

TEEC at hadronic colliders 

weighted by Energy 

weighted by ET 
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sum over all the jets 
for each event
sum over all the particles 
for each event

weighted cross section 
the soft radiation does not contribute 
directly to the observable at leading 
power 
soft gluon contributes only via recoil 

observable

The particle level TEEC exhibits a remarkable perturbative simplicity 
in the back-to-back  limit 

TEEC at hadronic colliders 

weighted by Energy 

weighted by ET 
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TEEC in DIS

TEEC =
X

a

Z
d�lp!l+a+X

ET,a

PT,l
� (cos�la � cos�)

<latexit sha1_base64="0MhAKEkyJyTtQSr8PMK19HTxPUk="></latexit>x-
di

re
ct

io
n

y-direction

Define scattering plane: x-z 

back-to-back

azimuthal angle between final state 
hadrons and lepton
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TEEC in DIS

TEEC =
X

a

Z
d�lp!l+a+X

ET,a

PT,l
� (cos�la � cos�)

<latexit sha1_base64="0MhAKEkyJyTtQSr8PMK19HTxPUk="></latexit>x-
di

re
ct

io
n

y-direction

Define scattering plane: x-z 

back-to-back

Collinear&Soft radiation

�
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lepton

�
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· · ·

<latexit sha1_base64="e9rKvMatj8Vt5xhvan3I5qOIMmg=">AAACJ3icbZDLSsNAFIYn9V5vVZduBougCCVRQVei7cZlBXuBJpTJZNIOnUzCzIlQQt7Gja/iRlARXfomTtssvP0w8POdczhzfj8RXINtf1ilufmFxaXllfLq2vrGZmVru63jVFHWorGIVdcnmgkuWQs4CNZNFCORL1jHHzUm9c4dU5rH8hbGCfMiMpA85JSAQf3KxRV2AyaAHLhA0sOjOnZDRWjm5NkE5EeNArhC4imZcezSIAbdr1Ttmj0V/mucwlRRoWa/8uwGMU0jJoEKonXPsRPwMqKAU8HysptqlhA6IgPWM1aSiGkvm96Z431DAhzGyjwJeEq/T2Qk0noc+aYzIjDUv2sT+F+tl0J47mVcJikwSWeLwlRgiPEkNBxwxSiIsTGEKm7+iumQmFjARFs2ITi/T/5r2sc156Rm35xWL+tFHMtoF+2hA+SgM3SJrlETtRBF9+gRvaBX68F6st6s91lrySpmdtAPWZ9fk6al1A==</latexit>

Non-zero momentum along 
y-direction 

TMD Physics 

⌧ =
1 + cos�

2
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azimuthal angle between final state 
hadrons and lepton
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TEEC Definition

TEEC =
X

a,b

Z
d�pp!a+b+X

2ET,aET,b

|
P
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Collinear and soft singularity 

fixed order QCD

cos�ab ! 0
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Collinear singularity 
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� ⇠ 0
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proton+proton

TEEC =
X

a

Z
d�lp!l+a+X

ET,a

PT,l
� (cos�la � cos�)
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proton+lepton

NO Collinear singularity when  ϕ → 0
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Back-to-back limit

A

Select events with a large hard scale Define scattering plane: x-z 

1 + cos�

2
=

⇣
k3,y

⇠3
+ k4,y

⇠4
+ k1,y + k2,y � ks,y

⌘2

4P 2
T

+ . . .
<latexit sha1_base64="q0Uh30GGwzeAky3iA8omlu/t3V0="></latexit><latexit sha1_base64="q0Uh30GGwzeAky3iA8omlu/t3V0="></latexit><latexit sha1_base64="q0Uh30GGwzeAky3iA8omlu/t3V0="></latexit><latexit sha1_base64="q0Uh30GGwzeAky3iA8omlu/t3V0="></latexit>
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4. Conclusion
We study the TEEC in the framework of SCET. 


We present pQCD predictions for TEEC in proton+lepton collisions


Resummation of this event shape is possible at N3LL


Open the avenue of precision event shape calculation and 
measurement at different types of colliders 

TEEC can be used to study the unpolarized and polarized TMD 
physics

To-do list 
compare resummed distribution with PYTHIA 
study non-perturbative effects, such as nuclear modifications
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4. Conclusion
We study the TEEC in the framework of SCET. 


We present pQCD predictions for TEEC in proton+lepton collisions


Resummation of this event shape is possible at N3LL


Open the avenue of precision event shape calculation and 
measurement at different types of colliders 

TEEC can be used to study the unpolarized and polarized TMD 
physics

Thank you!

To-do list 
compare resummed distribution with PYTHIA 
study non-perturbative effects, such as nuclear modifications


