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Motivations

TEEC measures the flow of radiation in 
a scattering event.

TEEC can be studied theoretically with 
high precision

 TEEC  can be measured with high 
precision

 TEEC can be used to determinate 
strong coupling 

 TEEC  can be used to study TMD 
physics in various colliders 

As other event shape observables 

TEEC serve as aprecision test of QCD and new probes to 
reveal the proton or nuclear structure
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Introduction to TEEC

hadronic collider: Ali et al 1984 
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Hadronic initial state

electron-positron collider: Basham et al 1978



/12

  Collisionse+e−

3

Introduction to TEEC

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

hadronic collider: Ali et al 1984 

TEEC =
X

a,b

Z
d�pp!a+b+X

2ET,aET,b

|
P

i ET,i|2
�(cos�ab � cos�)

<latexit sha1_base64="QXLQ7aEYOnISciTVtiqYDOdbhmA="></latexit><latexit sha1_base64="QXLQ7aEYOnISciTVtiqYDOdbhmA="></latexit><latexit sha1_base64="QXLQ7aEYOnISciTVtiqYDOdbhmA="></latexit><latexit sha1_base64="QXLQ7aEYOnISciTVtiqYDOdbhmA="></latexit>

Hadronic initial state

electron-positron collider: Basham et al 1978



/12

  Collisionse+e−

3

Introduction to TEEC

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

hadronic collider: Ali et al 1984 

weighted cross section 
the soft radiation does not contribute directly 

to the observable at leading power 
soft gluon contributes only via recoil 
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electron-positron collider: Basham et al 1978
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Introduction to TEEC

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

observable

hadronic collider: Ali et al 1984 

weighted cross section 
the soft radiation does not contribute directly 

to the observable at leading power 
soft gluon contributes only via recoil 
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electron-positron collider: Basham et al 1978



/124

������ �����	 
�� ���

������ �����	 
�� �	

������ ����	 
�� ���

������ ����	 
�� �	

� �� ��� ���

�����
�����

�����
�����

�����
�

�

� �
�� ��

Introduction to TEEC
For both of leptonic and hadronic collisions 
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Introduction to TEEC

cos�ab ! 0
<latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit><latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit><latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit><latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit>

Collinear singularity 

� ⇠ 0
<latexit sha1_base64="WY/OnThs8FgfYY10FUEeut1QNp0=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFSZtY82u6MZlBfuAJJTJdNoOnUzCzEQooZ/hxoUibv0ad/6N04egogcuHM65l3vviVLOlEbowyqsrW9sbhW3Szu7e/sH5cOjjkoySWibJDyRvQgrypmgbc00p71UUhxHnHajyfXc795TqVgi7vQ0pWGMR4INGcHaSH6QjhkMFIsh6pcryK66Xq2KILIbrovqniGe4144HnRstEAFrNDql9+DQUKymApNOFbKd1CqwxxLzQins1KQKZpiMsEj6hsqcExVmC9OnsEzowzgMJGmhIYL9ftEjmOlpnFkOmOsx+q3Nxf/8vxMDy/DnIk001SQ5aJhxqFO4Px/OGCSEs2nhmAimbkVkjGWmGiTUsmE8PUp/J90qrZTs9FtvdK8WsVRBCfgFJwDBzRAE9yAFmgDAhLwAJ7As6WtR+vFel22FqzVzDH4AevtE8cIkO4=</latexit>

Dixon, Moult, Zhu, 2019 
Kologlu, Kravchuk, et al2019 
Korchemsky 2019

J ⊗ H

For both of leptonic and hadronic collisions 
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Introduction to TEEC

cos�ab ! 0
<latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit><latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit><latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit><latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit>

Collinear singularity 

� ⇠ 0
<latexit sha1_base64="WY/OnThs8FgfYY10FUEeut1QNp0=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFSZtY82u6MZlBfuAJJTJdNoOnUzCzEQooZ/hxoUibv0ad/6N04egogcuHM65l3vviVLOlEbowyqsrW9sbhW3Szu7e/sH5cOjjkoySWibJDyRvQgrypmgbc00p71UUhxHnHajyfXc795TqVgi7vQ0pWGMR4INGcHaSH6QjhkMFIsh6pcryK66Xq2KILIbrovqniGe4144HnRstEAFrNDql9+DQUKymApNOFbKd1CqwxxLzQins1KQKZpiMsEj6hsqcExVmC9OnsEzowzgMJGmhIYL9ftEjmOlpnFkOmOsx+q3Nxf/8vxMDy/DnIk001SQ5aJhxqFO4Px/OGCSEs2nhmAimbkVkjGWmGiTUsmE8PUp/J90qrZTs9FtvdK8WsVRBCfgFJwDBzRAE9yAFmgDAhLwAJ7As6WtR+vFel22FqzVzDH4AevtE8cIkO4=</latexit>

Dixon, Moult, Zhu, 2019 
Kologlu, Kravchuk, et al2019 
Korchemsky 2019

J ⊗ H

fixed order QCD

Ali, Barreiro, Llorente, Wang, 2012  
Dixon, Luo, Shtabovenko, Yang, Zhu, 2018 
Luo, Shtabovenko, Yang, Zhu, 2019 
and many studied in  super-Yang-Mills theory𝒩 = 4

For both of leptonic and hadronic collisions 
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Introduction to TEEC

cos�ab ! 0
<latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit><latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit><latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit><latexit sha1_base64="RJ0TGKlFtdn6VHx8pqo3IkZRlL8=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchUmstd0V3bisYB/QhDCZTtqhkwczE7GE/IobF4q49Ufc+TdOH4KKHrhwOOde7r0nSDmTCqEPY2V1bX1js7RV3t7Z3ds3DypdmWSC0A5JeCL6AZaUs5h2FFOc9lNBcRRw2gsmVzO/d0eFZEl8q6Yp9SI8ilnICFZa8s2KSxLppmPm5zgoXJVA5JtVZKF646xWh8iqOXXbQZo0z5vIcaBtoTmqYIm2b767w4RkEY0V4VjKgY1S5eVYKEY4LcpuJmmKyQSP6EDTGEdUevn89gKeaGUIw0ToihWcq98nchxJOY0C3RlhNZa/vZn4lzfIVNjwchanmaIxWSwKMw71i7Mg4JAJShSfaoKJYPpWSMZYYKJ0XGUdwten8H/SdSxb85tatXW5jKMEjsAxOAU2uAAtcA3aoAMIuAcP4Ak8G4XxaLwYr4vWFWM5cwh+wHj7BDV7lIs=</latexit>

Collinear singularity 

� ⇠ 0
<latexit sha1_base64="WY/OnThs8FgfYY10FUEeut1QNp0=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFSZtY82u6MZlBfuAJJTJdNoOnUzCzEQooZ/hxoUibv0ad/6N04egogcuHM65l3vviVLOlEbowyqsrW9sbhW3Szu7e/sH5cOjjkoySWibJDyRvQgrypmgbc00p71UUhxHnHajyfXc795TqVgi7vQ0pWGMR4INGcHaSH6QjhkMFIsh6pcryK66Xq2KILIbrovqniGe4144HnRstEAFrNDql9+DQUKymApNOFbKd1CqwxxLzQins1KQKZpiMsEj6hsqcExVmC9OnsEzowzgMJGmhIYL9ftEjmOlpnFkOmOsx+q3Nxf/8vxMDy/DnIk001SQ5aJhxqFO4Px/OGCSEs2nhmAimbkVkjGWmGiTUsmE8PUp/J90qrZTs9FtvdK8WsVRBCfgFJwDBzRAE9yAFmgDAhLwAJ7As6WtR+vFel22FqzVzDH4AevtE8cIkO4=</latexit>

Dixon, Moult, Zhu, 2019 
Kologlu, Kravchuk, et al2019 
Korchemsky 2019

J ⊗ H

cos�ab ! �1
<latexit sha1_base64="xtRbvsXynlQSLlIIuf5ZfNdwadI=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBHcWCapfbgrunFZwT6gCWEynbZDJw9mJkII9VfcuFDErR/izr9x0lZQ0QMXDufcy733+DFnUiH0Yaysrq1vbBa2its7u3v75sFhV0aJILRDIh6Jvo8l5SykHcUUp/1YUBz4nPb86VXu9+6okCwKb1UaUzfA45CNGMFKS55ZckgknXjCvAz7M0dF8MzyzDKqNGs2sm2IKugC1atWTmr1RrUKrQqaowyWaHvmuzOMSBLQUBGOpRxYKFZuhoVihNNZ0UkkjTGZ4jEdaBrigEo3mx8/gydaGcJRJHSFCs7V7xMZDqRMA193BlhN5G8vF//yBokaNd2MhXGiaEgWi0YJh/rHPAk4ZIISxVNNMBFM3wrJBAtMlM6rqEP4+hT+T7p2xdL85rzculzGUQBH4BicAgs0QAtcgzboAAJS8ACewLNxbzwaL8bronXFWM6UwA8Yb5+c45S8</latexit><latexit sha1_base64="xtRbvsXynlQSLlIIuf5ZfNdwadI=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBHcWCapfbgrunFZwT6gCWEynbZDJw9mJkII9VfcuFDErR/izr9x0lZQ0QMXDufcy733+DFnUiH0Yaysrq1vbBa2its7u3v75sFhV0aJILRDIh6Jvo8l5SykHcUUp/1YUBz4nPb86VXu9+6okCwKb1UaUzfA45CNGMFKS55ZckgknXjCvAz7M0dF8MzyzDKqNGs2sm2IKugC1atWTmr1RrUKrQqaowyWaHvmuzOMSBLQUBGOpRxYKFZuhoVihNNZ0UkkjTGZ4jEdaBrigEo3mx8/gydaGcJRJHSFCs7V7xMZDqRMA193BlhN5G8vF//yBokaNd2MhXGiaEgWi0YJh/rHPAk4ZIISxVNNMBFM3wrJBAtMlM6rqEP4+hT+T7p2xdL85rzculzGUQBH4BicAgs0QAtcgzboAAJS8ACewLNxbzwaL8bronXFWM6UwA8Yb5+c45S8</latexit><latexit sha1_base64="xtRbvsXynlQSLlIIuf5ZfNdwadI=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBHcWCapfbgrunFZwT6gCWEynbZDJw9mJkII9VfcuFDErR/izr9x0lZQ0QMXDufcy733+DFnUiH0Yaysrq1vbBa2its7u3v75sFhV0aJILRDIh6Jvo8l5SykHcUUp/1YUBz4nPb86VXu9+6okCwKb1UaUzfA45CNGMFKS55ZckgknXjCvAz7M0dF8MzyzDKqNGs2sm2IKugC1atWTmr1RrUKrQqaowyWaHvmuzOMSBLQUBGOpRxYKFZuhoVihNNZ0UkkjTGZ4jEdaBrigEo3mx8/gydaGcJRJHSFCs7V7xMZDqRMA193BlhN5G8vF//yBokaNd2MhXGiaEgWi0YJh/rHPAk4ZIISxVNNMBFM3wrJBAtMlM6rqEP4+hT+T7p2xdL85rzculzGUQBH4BicAgs0QAtcgzboAAJS8ACewLNxbzwaL8bronXFWM6UwA8Yb5+c45S8</latexit><latexit sha1_base64="xtRbvsXynlQSLlIIuf5ZfNdwadI=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBHcWCapfbgrunFZwT6gCWEynbZDJw9mJkII9VfcuFDErR/izr9x0lZQ0QMXDufcy733+DFnUiH0Yaysrq1vbBa2its7u3v75sFhV0aJILRDIh6Jvo8l5SykHcUUp/1YUBz4nPb86VXu9+6okCwKb1UaUzfA45CNGMFKS55ZckgknXjCvAz7M0dF8MzyzDKqNGs2sm2IKugC1atWTmr1RrUKrQqaowyWaHvmuzOMSBLQUBGOpRxYKFZuhoVihNNZ0UkkjTGZ4jEdaBrigEo3mx8/gydaGcJRJHSFCs7V7xMZDqRMA193BlhN5G8vF//yBokaNd2MhXGiaEgWi0YJh/rHPAk4ZIISxVNNMBFM3wrJBAtMlM6rqEP4+hT+T7p2xdL85rzculzGUQBH4BicAgs0QAtcgzboAAJS8ACewLNxbzwaL8bronXFWM6UwA8Yb5+c45S8</latexit>

Collinear and soft singularity 

� ⇠ ⇡
<latexit sha1_base64="av6mqDpzkzURA8yAd/Fwd8uRI3Y=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ2asbd0V3bisYB/QGUomzbShyUxMMoVS+h1uXCji1o9x59+YPgQVPXDhcM693HtPJDnTBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZopQhsk5alqR1hTzhLaMMxw2paKYhFx2oqG1zO/NaJKszS5M2NJQ4H7CYsZwcZKYSAHDAaaCRhI1i0UkVsu+eVKCSLX8y68S98SVPF9VIWei+YogiXq3cJ70EtJJmhiCMdadzwkTTjByjDC6TQfZJpKTIa4TzuWJlhQHU7mR0/hqVV6ME6VrcTAufp9YoKF1mMR2U6BzUD/9mbiX14nM3E1nLBEZoYmZLEozjg0KZwlAHtMUWL42BJMFLO3QjLAChNjc8rbEL4+hf+Tpu965y66LRVrV8s4cuAYnIAz4IEKqIEbUAcNQMA9eABP4NkZOY/Oi/O6aF1xljNH4Aect0+PtJH4</latexit>

B ⊗ H ⊗ J ⊗ S

Moult, Zhu, 2018 
Gao, HTL, Moult, Zhu, 2019&2020

fixed order QCD

Ali, Barreiro, Llorente, Wang, 2012  
Dixon, Luo, Shtabovenko, Yang, Zhu, 2018 
Luo, Shtabovenko, Yang, Zhu, 2019 
and many studied in  super-Yang-Mills theory𝒩 = 4

For both of leptonic and hadronic collisions 
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TEEC in DIS

TEEC = ∑
a

∫ dσlp→l+a+X
ET,lET,a

ET,l ∑i ET,i
δ (cos ϕla − cos ϕ)

TEEC = ∑
a

∫ dσlp→l+a+X
ET,a

∑i ET,i
δ (cos ϕla − cos ϕ)

Defined as the correlations between the lepton and hadrons in the final state

Easier to be measured in DIS 

NO Collinear singularity when   
Hadronization effects are suppressed 

ϕ → 0

It is a fantastic new observable which was first studied by HTL, Vitev and Zhu
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Small hadronization effects

Soft and Collinear radiations dominate  

Hadronization effects is less than 20%

Easier to be measured in DIS 

NO Collinear singularity when   
Hadronization effects are suppressed 

ϕ → 0

It is a fantastic new observable which was first studied by HTL, Vitev and Zhu
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TEEC in DIS

TEEC = ∑
a

∫ dσlp→l+a+X
ET,lET,a

ET,l ∑i ET,i
δ (cos ϕla − cos ϕ)

TEEC = ∑
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∫ dσlp→l+a+X
ET,a

∑i ET,i
δ (cos ϕla − cos ϕ)

Defined as the correlations between the lepton and hadrons in the final state
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Small hadronization effects

Soft and Collinear radiations dominate  

Hadronization effects is less than 20%
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Easier to be measured in DIS 

NO Collinear singularity when   
Hadronization effects are suppressed 

ϕ → 0

It is a fantastic new observable which was first studied by HTL, Vitev and Zhu
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Simulations of TEEC in DIS
e(18GeV) + p(275GeV) Select events with pT,l > 20GeV, − 1 < ηh < 3
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It is possible to study this observable in percent level

The precision with 10   and 100 will be unprecedented 
It does not depend on uncertainties related to the jet radius and 

jet finding algorithm 

fb−1 fb−1
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TEEC =
X

a

Z
d�lp!l+a+X

ET,a

PT,l
� (cos�la � cos�)

<latexit sha1_base64="0MhAKEkyJyTtQSr8PMK19HTxPUk="></latexit>

Define scattering plane: x-z 

Collinear&Soft radiation

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

�(⌧)
<latexit sha1_base64="RiDESjc9yCF8VJd4gfhkJWC/kmk=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXkqigh6LXjxWsB/QhLLZbNqlm03YnRVK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkxwDa777ZTW1jc2t8rblZ3dvf2D6uFRR6dGUdamqUhVLySaCS5ZGzgI1ssUI0koWDcc38387hNTmqfyESYZCxIylDzmlICVfD9iAkjdB2LOB9Wa23DnwKvEK0gNFWgNql9+lFKTMAlUEK37nptBkBMFnAo2rfhGs4zQMRmyvqWSJEwH+fzmKT6zSoTjVNmSgOfq74mcJFpPktB2JgRGetmbif95fQPxTZBzmRlgki4WxUZgSPEsABxxxSiIiSWEKm5vxXREFKFgY6rYELzll1dJ56LhXTbch6ta87aIo4xO0CmqIw9doya6Ry3URhRl6Bm9ojfHOC/Ou/OxaC05xcwx+gPn8wd9r5FR</latexit>

lepton

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

A�(⌧) +B
1

⌧
+ C

ln ⌧

⌧
· · ·

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

⌧ =
1 + cos�

2
<latexit sha1_base64="FAYY1NotJl1GNYy3LIlbo5CcFU8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEpSBd0IRTcuK9gHNKFMppN26GQmzEyEErJx46+4caGIW//BnX/jpM1CWw9cOJxzL/feE8SMKu0431ZpaXllda28XtnY3NresXf32kokEpMWFkzIboAUYZSTlqaakW4sCYoCRjrB+Cb3Ow9EKir4vZ7ExI/QkNOQYqSN1LcPPY0SeAW9UCKcuqceFsqLRzRL61mlb1edmjMFXCRuQaqgQLNvf3kDgZOIcI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZyhHEVF+Ov0ig8dGGcBQSFNcw6n6eyJFkVKTKDCdEdIjNe/l4n9eL9HhpZ9SHieacDxbFCYMagHzSOCASoI1mxiCsKTmVohHyOShTXB5CO78y4ukXa+5ZzXn7rzauC7iKIMDcAROgAsuQAPcgiZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+wPn8ADw6Xpg==</latexit>

Factorization in back-to-back limit
x-

di
re

ct
io

n

y-direction



/127

TEEC =
X

a

Z
d�lp!l+a+X

ET,a

PT,l
� (cos�la � cos�)

<latexit sha1_base64="0MhAKEkyJyTtQSr8PMK19HTxPUk="></latexit>

Define scattering plane: x-z 

Collinear&Soft radiation

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

�(⌧)
<latexit sha1_base64="RiDESjc9yCF8VJd4gfhkJWC/kmk=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXkqigh6LXjxWsB/QhLLZbNqlm03YnRVK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkxwDa777ZTW1jc2t8rblZ3dvf2D6uFRR6dGUdamqUhVLySaCS5ZGzgI1ssUI0koWDcc38387hNTmqfyESYZCxIylDzmlICVfD9iAkjdB2LOB9Wa23DnwKvEK0gNFWgNql9+lFKTMAlUEK37nptBkBMFnAo2rfhGs4zQMRmyvqWSJEwH+fzmKT6zSoTjVNmSgOfq74mcJFpPktB2JgRGetmbif95fQPxTZBzmRlgki4WxUZgSPEsABxxxSiIiSWEKm5vxXREFKFgY6rYELzll1dJ56LhXTbch6ta87aIo4xO0CmqIw9doya6Ry3URhRl6Bm9ojfHOC/Ou/OxaC05xcwx+gPn8wd9r5FR</latexit>

lepton

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

A�(⌧) +B
1

⌧
+ C

ln ⌧

⌧
· · ·

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

⌧ =
1 + cos�

2
<latexit sha1_base64="FAYY1NotJl1GNYy3LIlbo5CcFU8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEpSBd0IRTcuK9gHNKFMppN26GQmzEyEErJx46+4caGIW//BnX/jpM1CWw9cOJxzL/feE8SMKu0431ZpaXllda28XtnY3NresXf32kokEpMWFkzIboAUYZSTlqaakW4sCYoCRjrB+Cb3Ow9EKir4vZ7ExI/QkNOQYqSN1LcPPY0SeAW9UCKcuqceFsqLRzRL61mlb1edmjMFXCRuQaqgQLNvf3kDgZOIcI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZyhHEVF+Ov0ig8dGGcBQSFNcw6n6eyJFkVKTKDCdEdIjNe/l4n9eL9HhpZ9SHieacDxbFCYMagHzSOCASoI1mxiCsKTmVohHyOShTXB5CO78y4ukXa+5ZzXn7rzauC7iKIMDcAROgAsuQAPcgiZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+wPn8ADw6Xpg==</latexit>

Factorization in back-to-back limit
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TEEC =
X

a

Z
d�lp!l+a+X

ET,a

PT,l
� (cos�la � cos�)

<latexit sha1_base64="0MhAKEkyJyTtQSr8PMK19HTxPUk="></latexit>

Define scattering plane: x-z 

Collinear&Soft radiation

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

�(⌧)
<latexit sha1_base64="RiDESjc9yCF8VJd4gfhkJWC/kmk=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXkqigh6LXjxWsB/QhLLZbNqlm03YnRVK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkxwDa777ZTW1jc2t8rblZ3dvf2D6uFRR6dGUdamqUhVLySaCS5ZGzgI1ssUI0koWDcc38387hNTmqfyESYZCxIylDzmlICVfD9iAkjdB2LOB9Wa23DnwKvEK0gNFWgNql9+lFKTMAlUEK37nptBkBMFnAo2rfhGs4zQMRmyvqWSJEwH+fzmKT6zSoTjVNmSgOfq74mcJFpPktB2JgRGetmbif95fQPxTZBzmRlgki4WxUZgSPEsABxxxSiIiSWEKm5vxXREFKFgY6rYELzll1dJ56LhXTbch6ta87aIo4xO0CmqIw9doya6Ry3URhRl6Bm9ojfHOC/Ou/OxaC05xcwx+gPn8wd9r5FR</latexit>

lepton

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

A�(⌧) +B
1

⌧
+ C

ln ⌧

⌧
· · ·

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

⌧ =
1 + cos�

2
<latexit sha1_base64="FAYY1NotJl1GNYy3LIlbo5CcFU8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEpSBd0IRTcuK9gHNKFMppN26GQmzEyEErJx46+4caGIW//BnX/jpM1CWw9cOJxzL/feE8SMKu0431ZpaXllda28XtnY3NresXf32kokEpMWFkzIboAUYZSTlqaakW4sCYoCRjrB+Cb3Ow9EKir4vZ7ExI/QkNOQYqSN1LcPPY0SeAW9UCKcuqceFsqLRzRL61mlb1edmjMFXCRuQaqgQLNvf3kDgZOIcI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZyhHEVF+Ov0ig8dGGcBQSFNcw6n6eyJFkVKTKDCdEdIjNe/l4n9eL9HhpZ9SHieacDxbFCYMagHzSOCASoI1mxiCsKTmVohHyOShTXB5CO78y4ukXa+5ZzXn7rzauC7iKIMDcAROgAsuQAPcgiZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+wPn8ADw6Xpg==</latexit>

Factorization in back-to-back limit

d�
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X

f
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d⇠dQ

2
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f�0
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db
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p
⌧pTH(pT , Q, µ)S(b,Q, µ, ⌫)Bf/N (b, ⇠, µ, ⌫)Jf (b, µ, ⌫)

<latexit sha1_base64="MdCbFUfKjqylE7wm/TJrQ0SM/ic="></latexit>
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TEEC =
X

a

Z
d�lp!l+a+X

ET,a

PT,l
� (cos�la � cos�)

<latexit sha1_base64="0MhAKEkyJyTtQSr8PMK19HTxPUk="></latexit>

Define scattering plane: x-z 

Collinear&Soft radiation

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

�(⌧)
<latexit sha1_base64="RiDESjc9yCF8VJd4gfhkJWC/kmk=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXkqigh6LXjxWsB/QhLLZbNqlm03YnRVK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkxwDa777ZTW1jc2t8rblZ3dvf2D6uFRR6dGUdamqUhVLySaCS5ZGzgI1ssUI0koWDcc38387hNTmqfyESYZCxIylDzmlICVfD9iAkjdB2LOB9Wa23DnwKvEK0gNFWgNql9+lFKTMAlUEK37nptBkBMFnAo2rfhGs4zQMRmyvqWSJEwH+fzmKT6zSoTjVNmSgOfq74mcJFpPktB2JgRGetmbif95fQPxTZBzmRlgki4WxUZgSPEsABxxxSiIiSWEKm5vxXREFKFgY6rYELzll1dJ56LhXTbch6ta87aIo4xO0CmqIw9doya6Ry3URhRl6Bm9ojfHOC/Ou/OxaC05xcwx+gPn8wd9r5FR</latexit>

lepton

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

A�(⌧) +B
1

⌧
+ C

ln ⌧

⌧
· · ·

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

⌧ =
1 + cos�

2
<latexit sha1_base64="FAYY1NotJl1GNYy3LIlbo5CcFU8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEpSBd0IRTcuK9gHNKFMppN26GQmzEyEErJx46+4caGIW//BnX/jpM1CWw9cOJxzL/feE8SMKu0431ZpaXllda28XtnY3NresXf32kokEpMWFkzIboAUYZSTlqaakW4sCYoCRjrB+Cb3Ow9EKir4vZ7ExI/QkNOQYqSN1LcPPY0SeAW9UCKcuqceFsqLRzRL61mlb1edmjMFXCRuQaqgQLNvf3kDgZOIcI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZyhHEVF+Ov0ig8dGGcBQSFNcw6n6eyJFkVKTKDCdEdIjNe/l4n9eL9HhpZ9SHieacDxbFCYMagHzSOCASoI1mxiCsKTmVohHyOShTXB5CO78y4ukXa+5ZzXn7rzauC7iKIMDcAROgAsuQAPcgiZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+wPn8ADw6Xpg==</latexit>

Factorization in back-to-back limit

d�
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X
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2
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⌧pTH(pT , Q, µ)S(b,Q, µ, ⌫)Bf/N (b, ⇠, µ, ⌫)Jf (b, µ, ⌫)

<latexit sha1_base64="MdCbFUfKjqylE7wm/TJrQ0SM/ic="></latexit>

The jet function is the second Mellin-moment 
of the matching coefficients 

Jq (b⊥, μ, ν) = ∑
i
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Hard function know up to 3 loops
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TMD PDFs {

TMD FFs
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TEEC =
X

a

Z
d�lp!l+a+X

ET,a

PT,l
� (cos�la � cos�)

<latexit sha1_base64="0MhAKEkyJyTtQSr8PMK19HTxPUk="></latexit>

Define scattering plane: x-z 

Collinear&Soft radiation

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

�(⌧)
<latexit sha1_base64="RiDESjc9yCF8VJd4gfhkJWC/kmk=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXkqigh6LXjxWsB/QhLLZbNqlm03YnRVK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwkxwDa777ZTW1jc2t8rblZ3dvf2D6uFRR6dGUdamqUhVLySaCS5ZGzgI1ssUI0koWDcc38387hNTmqfyESYZCxIylDzmlICVfD9iAkjdB2LOB9Wa23DnwKvEK0gNFWgNql9+lFKTMAlUEK37nptBkBMFnAo2rfhGs4zQMRmyvqWSJEwH+fzmKT6zSoTjVNmSgOfq74mcJFpPktB2JgRGetmbif95fQPxTZBzmRlgki4WxUZgSPEsABxxxSiIiSWEKm5vxXREFKFgY6rYELzll1dJ56LhXTbch6ta87aIo4xO0CmqIw9doya6Ry3URhRl6Bm9ojfHOC/Ou/OxaC05xcwx+gPn8wd9r5FR</latexit>

lepton

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

�
<latexit sha1_base64="D+9LErqAz5y0SBo4+W5omZaIg+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+y/32EyrNE/loJikGMR1KHnFGjZX8XjrilX615tbdOcgq8QpSgwLNfvWrN0hYFqM0TFCtu56bmmBKleFM4KzSyzSmlI3pELuWShqjDqbzY2fkzCoDEiXKljRkrv6emNJY60kc2s6YmpFe9nLxP6+bmegmmHKZZgYlWyyKMkFMQvLPyYArZEZMLKFMcXsrYSOqKDM2nzwEb/nlVdK6qHuXdffhqta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AFJ4Y5V</latexit>

lepton

A�(⌧) +B
1

⌧
+ C

ln ⌧

⌧
· · ·

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

⌧ =
1 + cos�

2
<latexit sha1_base64="FAYY1NotJl1GNYy3LIlbo5CcFU8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEpSBd0IRTcuK9gHNKFMppN26GQmzEyEErJx46+4caGIW//BnX/jpM1CWw9cOJxzL/feE8SMKu0431ZpaXllda28XtnY3NresXf32kokEpMWFkzIboAUYZSTlqaakW4sCYoCRjrB+Cb3Ow9EKir4vZ7ExI/QkNOQYqSN1LcPPY0SeAW9UCKcuqceFsqLRzRL61mlb1edmjMFXCRuQaqgQLNvf3kDgZOIcI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZyhHEVF+Ov0ig8dGGcBQSFNcw6n6eyJFkVKTKDCdEdIjNe/l4n9eL9HhpZ9SHieacDxbFCYMagHzSOCASoI1mxiCsKTmVohHyOShTXB5CO78y4ukXa+5ZzXn7rzauC7iKIMDcAROgAsuQAPcgiZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+wPn8ADw6Xpg==</latexit>

Factorization in back-to-back limit

d�
(0)

d⌧
=

X

f

Z
d⇠dQ

2

⇠Q2
Q

2
f�0

Z
db

2⇡
e
�2ib

p
⌧pTH(pT , Q, µ)S(b,Q, µ, ⌫)Bf/N (b, ⇠, µ, ⌫)Jf (b, µ, ⌫)

<latexit sha1_base64="MdCbFUfKjqylE7wm/TJrQ0SM/ic="></latexit>

The jet function is the second Mellin-moment 
of the matching coefficients 

Jq (b⊥, μ, ν) = ∑
i

∫
1

0
dxx𝒞iq (x, b⊥/x, μ, ν)

x-
di

re
ct

io
n

y-direction

TMD Physics 

τ =
k2,y − ks,y +

k4,y

ξ4

2

4p2
T

Hard function know up to 3 loops

Beam Function {

TMD PDFs {

TMD FFs

Soft function

Jet Function
It is similar to the 1-dimensional TMD factorization  



/128

proton+lepton

d�
(0)

d⌧
=

X

f

Z
d⇠dQ

2

⇠Q2
Q

2
f�0

Z
db

2⇡
e
�2ib

p
⌧pTH(pT , Q, µ)S(b,Q, µ, ⌫)Bf/N (b, ⇠, µ, ⌫)Jf (b, µ, ⌫)

<latexit sha1_base64="MdCbFUfKjqylE7wm/TJrQ0SM/ic="></latexit>

proton+proton

d�(0)

d⌧
=

1

16⇡s2 (1 + �f5f4)
p
⌧

X

channels

1

Ninit

Z
dy3dy4pT dp2T

⇠1⇠2

Z 1

�1

db

2⇡
e�2ib

p
⌧pT

⇥ tr
�
H

f1f2!f3f4 (pT , y
⇤, µ)S (b, y⇤, µ, ⌫)

⇤
Bf1/N1

(b, ⇠1, µ, ⌫)Bf2/N2
(b, ⇠2, µ, ⌫) Jf3(b, µ, ⌫)Jf4(b, µ, ⌫)

<latexit sha1_base64="Qc/yPeFO7IwIcs4Uv1fyQS8PSaQ="></latexit>

d�

d⌧
=

1

2

Z
d
2~k?

Z
d
2~b?

(2⇡)2
e
�i~b?·~k?H(Q,µ)Jq

EEC

⇣
~b?, µ, ⌫

⌘
J
q
EEC

⇣
~b?, µ, ⌫

⌘
SEEC

⇣
~b?, µ, ⌫

⌘
�

 
1� ⌧ �

~k
2
?

Q2

!

<latexit sha1_base64="RX8wcelXwWFhxY8ewKFZd+B4kHI="></latexit>

lepton+lepton
Factorization in back-to-back limit
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lepton+lepton

Check  the universality of QCD in the infrared regime 

Factorization in back-to-back limit
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Convergence in back-to-back limit after resummation  

Resummation works better for higher energy collider due to larger scale hierarchy  

Huge difference from NLL to NNLL and good perturbative convergence from NNLL to NNNLL  

Reduction of scale uncertainties order by order from NLL to NNNLL
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 TEEC in DIS can be measured extremely accurately at the EIC. 

 We study the TEEC in the framework of SCET. 

 We present fixed-order predictions and resummation up to NNNLL 

including  non-perturbative effects which was achieved at highest 
perturbative accuracy. 

 It is a great observable and fully utilizes EIC detector capabilities 

without any downside and uncertainty related to jet radius or jet 
reconstruction algorithm.  

Open the avenue of precision event shape calculation and 

measurement at different types of colliders 

Conclusion
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