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1. Introduction
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Jet

Jets

The study of jets has been used to test perturbative QCD, to probe proton 
structure and to search for New Physics


Jet can also interact with QGP in heavy-ion collisions

Jet properties:

Where do jets come from, quark, gluon or decaying product of other particles?

Infrared-safe

described by Perturbative QCD  

see Z.B. Kang and F. Petriello talks 
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is characterized by large cross sections and has been 
measured with unprecedented precision in comparison 
to other high energy processes 

reveals the fundamental thermodynamic and transport 
properties of the QGP in A+A collisions

Jet production

Heavy flavor jet

A b-jet is a jet containing one or more b-hadrons

not necessary to be initiated by a heavy quark

but it is dominated by the quark initialed process 
compared to light jet

experiences the full evolution of the hot and dense 
medium 

seems to lose less energy; used to study the energy loss 
mechanisms in QCD medium

!5

Motivation of jet studies
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b-jet in heavy ion collisions

Senzel, Uphoff,. Xu, Greiner, 2016 modifying the vacuum shower (BAMPS)

enhance the prompt b-jets via photon or 
b hadron taggingHuang, Kang, Vitev, Xing, 2016

transverse momentum balance and angular 
distribution Dai, Zhang, Zhang, Wang, 2018

Inclusive b-jet

b-jet + photon (b hadron) production

back-to-back b-jets production 

dijet invariant mass for light and heavy flavorsKang, Reiten, Vitev, Yoon, 2018

Huang, Kang, Vitev 2013 energy loss approach
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b-jet in heavy ion collisions

Senzel, Uphoff,. Xu, Greiner, 2016 modifying the vacuum shower (BAMPS)

enhance the prompt b-jets via photon or 
b hadron taggingHuang, Kang, Vitev, Xing, 2016

transverse momentum balance and angular 
distribution Dai, Zhang, Zhang, Wang, 2018

Inclusive b-jet

b-jet + photon (b hadron) production

back-to-back b-jets production 

dijet invariant mass for light and heavy flavorsKang, Reiten, Vitev, Yoon, 2018

Based on Monte Carlo Event Generators

b-jet substructure
HTL, Vitev, 2018

soft-drop groomed momentum sharing 
distribution 

HTL, Vitev, 2018 the inclusive b-jet production

SCETG

Huang, Kang, Vitev 2013 energy loss approach
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2. inclusive b jet production

HTL, Vitev arXiv: 1811.03348
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Inclusive jet Production

H
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<latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit><latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit><latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit><latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit>

µj ⇠ pTR
<latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit><latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit><latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit><latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit>

mQ
<latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit><latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit><latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit><latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit>

⇤QCD
<latexit sha1_base64="h7Hzf0YYwrPp+cTbVq07wR/YpxM=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7XncNb1/UGtdFHWVwDE7AGXDBJWiAW9ACHYDBI3gGr+DNerJerHfrYxEtWcXMEfgD6/MHfcSTfA==</latexit><latexit sha1_base64="h7Hzf0YYwrPp+cTbVq07wR/YpxM=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7XncNb1/UGtdFHWVwDE7AGXDBJWiAW9ACHYDBI3gGr+DNerJerHfrYxEtWcXMEfgD6/MHfcSTfA==</latexit><latexit sha1_base64="h7Hzf0YYwrPp+cTbVq07wR/YpxM=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7XncNb1/UGtdFHWVwDE7AGXDBJWiAW9ACHYDBI3gGr+DNerJerHfrYxEtWcXMEfgD6/MHfcSTfA==</latexit><latexit sha1_base64="h7Hzf0YYwrPp+cTbVq07wR/YpxM=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7XncNb1/UGtdFHWVwDE7AGXDBJWiAW9ACHYDBI3gGr+DNerJerHfrYxEtWcXMEfgD6/MHfcSTfA==</latexit>

d�pp!J+X

dpT d⌘
=
2pT
s

X

a,b,c

Z 1

xmin
a

dxa

xa
fa(xa, µ)

Z 1

xmin
b

dxb

xb
fb(xb, µ)

⇥
Z 1

zmin

dzc
z2c

d�̂ab!c(ŝ, pT /zc, ⌘̂, µ)

dvdz
JJ/c(zc, wJ tan(R0/2),mQ, µ)

<latexit sha1_base64="TC0qefwge+R4xG+p/cA3lfhNwhs="></latexit><latexit sha1_base64="TC0qefwge+R4xG+p/cA3lfhNwhs="></latexit><latexit sha1_base64="TC0qefwge+R4xG+p/cA3lfhNwhs="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="bM04AOjSwYpG/qQ4kvLGgzZ+Ejw="></latexit><latexit sha1_base64="bM04AOjSwYpG/qQ4kvLGgzZ+Ejw="></latexit><latexit sha1_base64="PnXQuan9kVU8aNPZsMrojLDHtAc="></latexit><latexit sha1_base64="TC0qefwge+R4xG+p/cA3lfhNwhs="></latexit><latexit sha1_base64="TC0qefwge+R4xG+p/cA3lfhNwhs="></latexit><latexit sha1_base64="TC0qefwge+R4xG+p/cA3lfhNwhs="></latexit><latexit sha1_base64="TC0qefwge+R4xG+p/cA3lfhNwhs="></latexit><latexit sha1_base64="TC0qefwge+R4xG+p/cA3lfhNwhs="></latexit><latexit sha1_base64="TC0qefwge+R4xG+p/cA3lfhNwhs="></latexit>

light jet: Kang et al 2016, Dai et al 2016

heavy flavor jet: Dai et al 2018

Semi-inclusive jet function 
Aversa et al 1989, Jager et al 2002

Hard scattering kernel 

Aversa et al 1990

Jager et al 2004

Mukherjee et al 2012 

Kaufmann et al 2016 

….

In p+p collisions 
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SiJFs

Dai, Kim, Leibovich 2018

Q ! JQ
<latexit sha1_base64="GyjqReNOzByi0H+hKkCUEeeV+hk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG3HVgn1IO5RMmmlD8xiSjFCGfoUbF4q49XPc+Tem7Sy09UDgcM695J4TJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ302EA9q9B9v9EvV/yqPwdaJUFOKpCj3i9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKl3ZMWzdXfGxkWxkxE5CYFtiOz7M3E/7xuauPrMGMySS2VZPFRnHLkQs7SowHTlFg+cQQTzdytiIywxsS6jkquhGA58ippXVQDxxuXldpNXkcRTuAUziGAK6jBHdShCQQEPMMrvHnae/HevY/FaMHLd47hD7zPH50Jj54=</latexit><latexit sha1_base64="GyjqReNOzByi0H+hKkCUEeeV+hk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG3HVgn1IO5RMmmlD8xiSjFCGfoUbF4q49XPc+Tem7Sy09UDgcM695J4TJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ302EA9q9B9v9EvV/yqPwdaJUFOKpCj3i9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKl3ZMWzdXfGxkWxkxE5CYFtiOz7M3E/7xuauPrMGMySS2VZPFRnHLkQs7SowHTlFg+cQQTzdytiIywxsS6jkquhGA58ippXVQDxxuXldpNXkcRTuAUziGAK6jBHdShCQQEPMMrvHnae/HevY/FaMHLd47hD7zPH50Jj54=</latexit><latexit sha1_base64="GyjqReNOzByi0H+hKkCUEeeV+hk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG3HVgn1IO5RMmmlD8xiSjFCGfoUbF4q49XPc+Tem7Sy09UDgcM695J4TJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ302EA9q9B9v9EvV/yqPwdaJUFOKpCj3i9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKl3ZMWzdXfGxkWxkxE5CYFtiOz7M3E/7xuauPrMGMySS2VZPFRnHLkQs7SowHTlFg+cQQTzdytiIywxsS6jkquhGA58ippXVQDxxuXldpNXkcRTuAUziGAK6jBHdShCQQEPMMrvHnae/HevY/FaMHLd47hD7zPH50Jj54=</latexit><latexit sha1_base64="GyjqReNOzByi0H+hKkCUEeeV+hk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG3HVgn1IO5RMmmlD8xiSjFCGfoUbF4q49XPc+Tem7Sy09UDgcM695J4TJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ302EA9q9B9v9EvV/yqPwdaJUFOKpCj3i9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKl3ZMWzdXfGxkWxkxE5CYFtiOz7M3E/7xuauPrMGMySS2VZPFRnHLkQs7SowHTlFg+cQQTzdytiIywxsS6jkquhGA58ippXVQDxxuXldpNXkcRTuAUziGAK6jBHdShCQQEPMMrvHnae/HevY/FaMHLd47hD7zPH50Jj54=</latexit>

g ! JQ
<latexit sha1_base64="VfNzS2q2tol4fv92sDYPBRmD5sk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG3HVgn1IO5RMmmlD8xiSjFCGfoUbF4q49XPc+Tem7Sy09UDgcM695J4TJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30OEQ9q9B9v9EvV/yqPwdaJUFOKpCj3i9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKl3ZMWzdXfGxkWxkxE5CYFtiOz7M3E/7xuauPrMGMySS2VZPFRnHLkQs7SowHTlFg+cQQTzdytiIywxsS6jkquhGA58ippXVQDxxuXldpNXkcRTuAUziGAK6jBHdShCQQEPMMrvHnae/HevY/FaMHLd47hD7zPH78Rj7Q=</latexit><latexit sha1_base64="VfNzS2q2tol4fv92sDYPBRmD5sk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG3HVgn1IO5RMmmlD8xiSjFCGfoUbF4q49XPc+Tem7Sy09UDgcM695J4TJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30OEQ9q9B9v9EvV/yqPwdaJUFOKpCj3i9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKl3ZMWzdXfGxkWxkxE5CYFtiOz7M3E/7xuauPrMGMySS2VZPFRnHLkQs7SowHTlFg+cQQTzdytiIywxsS6jkquhGA58ippXVQDxxuXldpNXkcRTuAUziGAK6jBHdShCQQEPMMrvHnae/HevY/FaMHLd47hD7zPH78Rj7Q=</latexit><latexit sha1_base64="VfNzS2q2tol4fv92sDYPBRmD5sk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG3HVgn1IO5RMmmlD8xiSjFCGfoUbF4q49XPc+Tem7Sy09UDgcM695J4TJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30OEQ9q9B9v9EvV/yqPwdaJUFOKpCj3i9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKl3ZMWzdXfGxkWxkxE5CYFtiOz7M3E/7xuauPrMGMySS2VZPFRnHLkQs7SowHTlFg+cQQTzdytiIywxsS6jkquhGA58ippXVQDxxuXldpNXkcRTuAUziGAK6jBHdShCQQEPMMrvHnae/HevY/FaMHLd47hD7zPH78Rj7Q=</latexit><latexit sha1_base64="VfNzS2q2tol4fv92sDYPBRmD5sk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG3HVgn1IO5RMmmlD8xiSjFCGfoUbF4q49XPc+Tem7Sy09UDgcM695J4TJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30OEQ9q9B9v9EvV/yqPwdaJUFOKpCj3i9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKl3ZMWzdXfGxkWxkxE5CYFtiOz7M3E/7xuauPrMGMySS2VZPFRnHLkQs7SowHTlFg+cQQTzdytiIywxsS6jkquhGA58ippXVQDxxuXldpNXkcRTuAUziGAK6jBHdShCQQEPMMrvHnae/HevY/FaMHLd47hD7zPH78Rj7Q=</latexit>
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<latexit sha1_base64="ICnzQ48hGXAQP0HpWi5z0pfnIsQ="></latexit><latexit sha1_base64="ICnzQ48hGXAQP0HpWi5z0pfnIsQ="></latexit><latexit sha1_base64="ICnzQ48hGXAQP0HpWi5z0pfnIsQ="></latexit><latexit sha1_base64="ICnzQ48hGXAQP0HpWi5z0pfnIsQ="></latexit>

JJs/g(z, pTR,m, µ) =�(1� z)Min�jet
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<latexit sha1_base64="INVUGrUXM6+OXw6Xy0YybIgcf68="></latexit><latexit sha1_base64="INVUGrUXM6+OXw6Xy0YybIgcf68="></latexit><latexit sha1_base64="INVUGrUXM6+OXw6Xy0YybIgcf68="></latexit><latexit sha1_base64="INVUGrUXM6+OXw6Xy0YybIgcf68="></latexit>

finite when m~0

include          ln
m2

p2TR
2

<latexit sha1_base64="yo+jLfUuVw/4hO/tY22WJsdzgG8=">AAACAnicdZDLSsNAFIYn9VbrrepK3AwWwVVJYmrrrujGZZXeoEnLZDpph04mYWYilFDc+CpuXCji1qdw59s4vQgq+sPAx3/O4cz5/ZhRqUzzw8gsLa+srmXXcxubW9s7+d29powSgUkDRywSbR9JwignDUUVI+1YEBT6jLT80eW03rolQtKI19U4Jl6IBpwGFCOlrV7+wGUcuoFAOA279iSNe/WuDW809vIFs1g5L5VLZ9As2iXz1LE1WE7Jth1oFc2ZCmChWi//7vYjnISEK8yQlB3LjJWXIqEoZmSScxNJYoRHaEA6GjkKifTS2QkTeKydPgwioR9XcOZ+n0hRKOU49HVniNRQ/q5Nzb9qnUQFFS+lPE4U4Xi+KEgYVBGc5gH7VBCs2FgDwoLqv0I8RDoPpVPL6RC+LoX/Q9MuWpqvnUL1YhFHFhyCI3ACLFAGVXAFaqABMLgDD+AJPBv3xqPxYrzOWzPGYmYf/JDx9gmIjZbf</latexit><latexit sha1_base64="yo+jLfUuVw/4hO/tY22WJsdzgG8=">AAACAnicdZDLSsNAFIYn9VbrrepK3AwWwVVJYmrrrujGZZXeoEnLZDpph04mYWYilFDc+CpuXCji1qdw59s4vQgq+sPAx3/O4cz5/ZhRqUzzw8gsLa+srmXXcxubW9s7+d29powSgUkDRywSbR9JwignDUUVI+1YEBT6jLT80eW03rolQtKI19U4Jl6IBpwGFCOlrV7+wGUcuoFAOA279iSNe/WuDW809vIFs1g5L5VLZ9As2iXz1LE1WE7Jth1oFc2ZCmChWi//7vYjnISEK8yQlB3LjJWXIqEoZmSScxNJYoRHaEA6GjkKifTS2QkTeKydPgwioR9XcOZ+n0hRKOU49HVniNRQ/q5Nzb9qnUQFFS+lPE4U4Xi+KEgYVBGc5gH7VBCs2FgDwoLqv0I8RDoPpVPL6RC+LoX/Q9MuWpqvnUL1YhFHFhyCI3ACLFAGVXAFaqABMLgDD+AJPBv3xqPxYrzOWzPGYmYf/JDx9gmIjZbf</latexit><latexit sha1_base64="yo+jLfUuVw/4hO/tY22WJsdzgG8=">AAACAnicdZDLSsNAFIYn9VbrrepK3AwWwVVJYmrrrujGZZXeoEnLZDpph04mYWYilFDc+CpuXCji1qdw59s4vQgq+sPAx3/O4cz5/ZhRqUzzw8gsLa+srmXXcxubW9s7+d29powSgUkDRywSbR9JwignDUUVI+1YEBT6jLT80eW03rolQtKI19U4Jl6IBpwGFCOlrV7+wGUcuoFAOA279iSNe/WuDW809vIFs1g5L5VLZ9As2iXz1LE1WE7Jth1oFc2ZCmChWi//7vYjnISEK8yQlB3LjJWXIqEoZmSScxNJYoRHaEA6GjkKifTS2QkTeKydPgwioR9XcOZ+n0hRKOU49HVniNRQ/q5Nzb9qnUQFFS+lPE4U4Xi+KEgYVBGc5gH7VBCs2FgDwoLqv0I8RDoPpVPL6RC+LoX/Q9MuWpqvnUL1YhFHFhyCI3ACLFAGVXAFaqABMLgDD+AJPBv3xqPxYrzOWzPGYmYf/JDx9gmIjZbf</latexit><latexit sha1_base64="yo+jLfUuVw/4hO/tY22WJsdzgG8=">AAACAnicdZDLSsNAFIYn9VbrrepK3AwWwVVJYmrrrujGZZXeoEnLZDpph04mYWYilFDc+CpuXCji1qdw59s4vQgq+sPAx3/O4cz5/ZhRqUzzw8gsLa+srmXXcxubW9s7+d29powSgUkDRywSbR9JwignDUUVI+1YEBT6jLT80eW03rolQtKI19U4Jl6IBpwGFCOlrV7+wGUcuoFAOA279iSNe/WuDW809vIFs1g5L5VLZ9As2iXz1LE1WE7Jth1oFc2ZCmChWi//7vYjnISEK8yQlB3LjJWXIqEoZmSScxNJYoRHaEA6GjkKifTS2QkTeKydPgwioR9XcOZ+n0hRKOU49HVniNRQ/q5Nzb9qnUQFFS+lPE4U4Xi+KEgYVBGc5gH7VBCs2FgDwoLqv0I8RDoPpVPL6RC+LoX/Q9MuWpqvnUL1YhFHFhyCI3ACLFAGVXAFaqABMLgDD+AJPBv3xqPxYrzOWzPGYmYf/JDx9gmIjZbf</latexit>

Js = JQ + JQ̄
<latexit sha1_base64="z0EQLD13osikQTbrXgNwR//t3Ec=">AAAB/HicdVDLSsNAFJ3UV62vaJduBosgCCGJia0LoehGumrBPqANYTKdtkMnD2YmQgn1V9y4UMStH+LOv3H6EFT0wIXDOfdy7z1BwqiQpvmh5VZW19Y38puFre2d3T19/6Al4pRj0sQxi3knQIIwGpGmpJKRTsIJCgNG2sH4eua37wgXNI5u5SQhXoiGER1QjKSSfL1Y88VlzW+c1vysFyCeNaZTXy+ZRuXCLbvn0DRs1zxzbEUsx7VtB1qGOUcJLFH39fdeP8ZpSCKJGRKia5mJ9DLEJcWMTAu9VJAE4TEakq6iEQqJ8LL58VN4rJQ+HMRcVSThXP0+kaFQiEkYqM4QyZH47c3Ev7xuKgcVL6NRkkoS4cWiQcqgjOEsCdinnGDJJoogzKm6FeIR4ghLlVdBhfD1KfyftGzDUrzhlKpXyzjy4BAcgRNggTKoghtQB02AwQQ8gCfwrN1rj9qL9rpozWnLmSL4Ae3tE3nMlKw=</latexit><latexit sha1_base64="z0EQLD13osikQTbrXgNwR//t3Ec=">AAAB/HicdVDLSsNAFJ3UV62vaJduBosgCCGJia0LoehGumrBPqANYTKdtkMnD2YmQgn1V9y4UMStH+LOv3H6EFT0wIXDOfdy7z1BwqiQpvmh5VZW19Y38puFre2d3T19/6Al4pRj0sQxi3knQIIwGpGmpJKRTsIJCgNG2sH4eua37wgXNI5u5SQhXoiGER1QjKSSfL1Y88VlzW+c1vysFyCeNaZTXy+ZRuXCLbvn0DRs1zxzbEUsx7VtB1qGOUcJLFH39fdeP8ZpSCKJGRKia5mJ9DLEJcWMTAu9VJAE4TEakq6iEQqJ8LL58VN4rJQ+HMRcVSThXP0+kaFQiEkYqM4QyZH47c3Ev7xuKgcVL6NRkkoS4cWiQcqgjOEsCdinnGDJJoogzKm6FeIR4ghLlVdBhfD1KfyftGzDUrzhlKpXyzjy4BAcgRNggTKoghtQB02AwQQ8gCfwrN1rj9qL9rpozWnLmSL4Ae3tE3nMlKw=</latexit><latexit sha1_base64="z0EQLD13osikQTbrXgNwR//t3Ec=">AAAB/HicdVDLSsNAFJ3UV62vaJduBosgCCGJia0LoehGumrBPqANYTKdtkMnD2YmQgn1V9y4UMStH+LOv3H6EFT0wIXDOfdy7z1BwqiQpvmh5VZW19Y38puFre2d3T19/6Al4pRj0sQxi3knQIIwGpGmpJKRTsIJCgNG2sH4eua37wgXNI5u5SQhXoiGER1QjKSSfL1Y88VlzW+c1vysFyCeNaZTXy+ZRuXCLbvn0DRs1zxzbEUsx7VtB1qGOUcJLFH39fdeP8ZpSCKJGRKia5mJ9DLEJcWMTAu9VJAE4TEakq6iEQqJ8LL58VN4rJQ+HMRcVSThXP0+kaFQiEkYqM4QyZH47c3Ev7xuKgcVL6NRkkoS4cWiQcqgjOEsCdinnGDJJoogzKm6FeIR4ghLlVdBhfD1KfyftGzDUrzhlKpXyzjy4BAcgRNggTKoghtQB02AwQQ8gCfwrN1rj9qL9rpozWnLmSL4Ae3tE3nMlKw=</latexit><latexit sha1_base64="z0EQLD13osikQTbrXgNwR//t3Ec=">AAAB/HicdVDLSsNAFJ3UV62vaJduBosgCCGJia0LoehGumrBPqANYTKdtkMnD2YmQgn1V9y4UMStH+LOv3H6EFT0wIXDOfdy7z1BwqiQpvmh5VZW19Y38puFre2d3T19/6Al4pRj0sQxi3knQIIwGpGmpJKRTsIJCgNG2sH4eua37wgXNI5u5SQhXoiGER1QjKSSfL1Y88VlzW+c1vysFyCeNaZTXy+ZRuXCLbvn0DRs1zxzbEUsx7VtB1qGOUcJLFH39fdeP8ZpSCKJGRKia5mJ9DLEJcWMTAu9VJAE4TEakq6iEQqJ8LL58VN4rJQ+HMRcVSThXP0+kaFQiEkYqM4QyZH47c3Ev7xuKgcVL6NRkkoS4cWiQcqgjOEsCdinnGDJJoogzKm6FeIR4ghLlVdBhfD1KfyftGzDUrzhlKpXyzjy4BAcgRNggTKoghtQB02AwQQ8gCfwrN1rj9qL9rpozWnLmSL4Ae3tE3nMlKw=</latexit>
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<latexit sha1_base64="Wi2tdx88LVIqal6CUDT9UpSWmXw="></latexit><latexit sha1_base64="Wi2tdx88LVIqal6CUDT9UpSWmXw="></latexit><latexit sha1_base64="Wi2tdx88LVIqal6CUDT9UpSWmXw="></latexit><latexit sha1_base64="Wi2tdx88LVIqal6CUDT9UpSWmXw="></latexit>

Using SCET with finite quark mass Leibovich, Ligeti, Wise 2003
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Resummation

The SiJFs Evolve according to DGLAP-like equations
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<latexit sha1_base64="/0m7g1+bbX7wySSNf6dV8TUicRc="></latexit><latexit sha1_base64="/0m7g1+bbX7wySSNf6dV8TUicRc="></latexit><latexit sha1_base64="/0m7g1+bbX7wySSNf6dV8TUicRc="></latexit><latexit sha1_base64="/0m7g1+bbX7wySSNf6dV8TUicRc="></latexit>

We use the Mellin moment space approach to solve 
this equation.

Min�jet
g!QQ̄

(pTR,m) = 2
X

l=g,Q

K̄l/g(pTR,m, µF )D̄Q/l(m,µF )

<latexit sha1_base64="gfnzK9AC0pFK8EEum5PqPQLRAvE="></latexit><latexit sha1_base64="+NIpZwJ15G29+7PIDPA6nJoQpJw="></latexit><latexit sha1_base64="+NIpZwJ15G29+7PIDPA6nJoQpJw="></latexit><latexit sha1_base64="GjTuYh5XlDR5hs53XOiYdVAPPR0="></latexit>

the integrated perturbative 
kernel at the jet typical scale

the integrated parton fragmentation 
function from parton l to parton Q

Bauer, Mereghetti 2013, Dai, Kim, Leibovich 2016, 2018

scales
<latexit sha1_base64="k3FinSPXMh3EEycNFpWAkhB51s8=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJptM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7sTUoOAKW5ZbgZ1UI5WxwMd4fDurPz6hNjxRD3aSYiTpUPEBZ9Q6K8xDLYlhVKCZ9qo1v+7PRVYhKKAGhZq96lfYT1gmUVkmqDHdwE9tlFNtORM4rYSZwZSyMR1i16GiEk2Uz2+ekjPn9Mkg0e4pS+bu74mcSmMmMnadktqRWa7NzP9q3cwOrqOcqzSzqNhi0SATxCZkFgDpc43MiokDyjR3txI2opoy62KquBCC5S+vQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyR9/kDKSWRwA==</latexit><latexit sha1_base64="k3FinSPXMh3EEycNFpWAkhB51s8=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJptM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7sTUoOAKW5ZbgZ1UI5WxwMd4fDurPz6hNjxRD3aSYiTpUPEBZ9Q6K8xDLYlhVKCZ9qo1v+7PRVYhKKAGhZq96lfYT1gmUVkmqDHdwE9tlFNtORM4rYSZwZSyMR1i16GiEk2Uz2+ekjPn9Mkg0e4pS+bu74mcSmMmMnadktqRWa7NzP9q3cwOrqOcqzSzqNhi0SATxCZkFgDpc43MiokDyjR3txI2opoy62KquBCC5S+vQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyR9/kDKSWRwA==</latexit><latexit sha1_base64="k3FinSPXMh3EEycNFpWAkhB51s8=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJptM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7sTUoOAKW5ZbgZ1UI5WxwMd4fDurPz6hNjxRD3aSYiTpUPEBZ9Q6K8xDLYlhVKCZ9qo1v+7PRVYhKKAGhZq96lfYT1gmUVkmqDHdwE9tlFNtORM4rYSZwZSyMR1i16GiEk2Uz2+ekjPn9Mkg0e4pS+bu74mcSmMmMnadktqRWa7NzP9q3cwOrqOcqzSzqNhi0SATxCZkFgDpc43MiokDyjR3txI2opoy62KquBCC5S+vQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyR9/kDKSWRwA==</latexit><latexit sha1_base64="k3FinSPXMh3EEycNFpWAkhB51s8=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJptM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7sTUoOAKW5ZbgZ1UI5WxwMd4fDurPz6hNjxRD3aSYiTpUPEBZ9Q6K8xDLYlhVKCZ9qo1v+7PRVYhKKAGhZq96lfYT1gmUVkmqDHdwE9tlFNtORM4rYSZwZSyMR1i16GiEk2Uz2+ekjPn9Mkg0e4pS+bu74mcSmMmMnadktqRWa7NzP9q3cwOrqOcqzSzqNhi0SATxCZkFgDpc43MiokDyjR3txI2opoy62KquBCC5S+vQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyR9/kDKSWRwA==</latexit>

µh ⇠ pT
<latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit><latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit><latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit><latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit>

µj ⇠ pTR
<latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit><latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit><latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit><latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit>

mQ
<latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit><latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit><latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit><latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit>

⇤QCD
<latexit sha1_base64="h7Hzf0YYwrPp+cTbVq07wR/YpxM=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7XncNb1/UGtdFHWVwDE7AGXDBJWiAW9ACHYDBI3gGr+DNerJerHfrYxEtWcXMEfgD6/MHfcSTfA==</latexit><latexit sha1_base64="h7Hzf0YYwrPp+cTbVq07wR/YpxM=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7XncNb1/UGtdFHWVwDE7AGXDBJWiAW9ACHYDBI3gGr+DNerJerHfrYxEtWcXMEfgD6/MHfcSTfA==</latexit><latexit sha1_base64="h7Hzf0YYwrPp+cTbVq07wR/YpxM=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7XncNb1/UGtdFHWVwDE7AGXDBJWiAW9ACHYDBI3gGr+DNerJerHfrYxEtWcXMEfgD6/MHfcSTfA==</latexit><latexit sha1_base64="h7Hzf0YYwrPp+cTbVq07wR/YpxM=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcaKMjAwtBJ9SE0UOY7TWrWdyHZAVeinsDCAECtfwsbf4LYZoOVIlo7OOVf3+oQpo0o7zrdVWlvf2Nwqb1d2dvf2D+zqYVclmcSkgxOWyH6IFGFUkI6mmpF+KgniISO9cNyc+b0HIhVNxL2epMTnaChoTDHSRgrsqndnwhEKck9y2G7eTAO75tSdOeAqcQtSAwVagf3lRQnOOBEaM6TUwHVS7edIaooZmVa8TJEU4TEakoGhAnGi/Hx++hSeGiWCcSLNExrO1d8TOeJKTXhokhzpkVr2ZuJ/3iDT8ZWfU5Fmmgi8WBRnDOoEznqAEZUEazYxBGFJza0Qj5BEWJu2KqYEd/nLq6R7XncNb1/UGtdFHWVwDE7AGXDBJWiAW9ACHYDBI3gGr+DNerJerHfrYxEtWcXMEfgD6/MHfcSTfA==</latexit>

lnR
<latexit sha1_base64="Rn3UFeig6uADIshNYa+TWQg83q8=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiSp2nZXdOOyin1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//G6UNQ0QMXDufcy733BAlnSjvOh5VbWV1b38hvFra2d3b3ivsHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H46uZ376nUrFY3OlJQv0IDwULGcHaSM0eF+i2Xyw59kW5WvNqyLHdmnfuVg1xKl654iHXduYowRKNfvG9N4hJGlGhCcdKdV0n0X6GpWaE02mhlyqaYDLGQ9o1VOCIKj+bHztFJ0YZoDCWpoRGc/X7RIYjpSZRYDojrEfqtzcT//K6qQ6rfsZEkmoqyGJRmHKkYzT7HA2YpETziSGYSGZuRWSEJSba5FMwIXx9iv4nLc92Db85K9Uvl3Hk4QiO4RRcqEAdrqEBTSDA4AGe4NkS1qP1Yr0uWnPWcuYQfsB6+wTEg46o</latexit><latexit sha1_base64="Rn3UFeig6uADIshNYa+TWQg83q8=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiSp2nZXdOOyin1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//G6UNQ0QMXDufcy733BAlnSjvOh5VbWV1b38hvFra2d3b3ivsHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H46uZ376nUrFY3OlJQv0IDwULGcHaSM0eF+i2Xyw59kW5WvNqyLHdmnfuVg1xKl654iHXduYowRKNfvG9N4hJGlGhCcdKdV0n0X6GpWaE02mhlyqaYDLGQ9o1VOCIKj+bHztFJ0YZoDCWpoRGc/X7RIYjpSZRYDojrEfqtzcT//K6qQ6rfsZEkmoqyGJRmHKkYzT7HA2YpETziSGYSGZuRWSEJSba5FMwIXx9iv4nLc92Db85K9Uvl3Hk4QiO4RRcqEAdrqEBTSDA4AGe4NkS1qP1Yr0uWnPWcuYQfsB6+wTEg46o</latexit><latexit sha1_base64="Rn3UFeig6uADIshNYa+TWQg83q8=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiSp2nZXdOOyin1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//G6UNQ0QMXDufcy733BAlnSjvOh5VbWV1b38hvFra2d3b3ivsHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H46uZ376nUrFY3OlJQv0IDwULGcHaSM0eF+i2Xyw59kW5WvNqyLHdmnfuVg1xKl654iHXduYowRKNfvG9N4hJGlGhCcdKdV0n0X6GpWaE02mhlyqaYDLGQ9o1VOCIKj+bHztFJ0YZoDCWpoRGc/X7RIYjpSZRYDojrEfqtzcT//K6qQ6rfsZEkmoqyGJRmHKkYzT7HA2YpETziSGYSGZuRWSEJSba5FMwIXx9iv4nLc92Db85K9Uvl3Hk4QiO4RRcqEAdrqEBTSDA4AGe4NkS1qP1Yr0uWnPWcuYQfsB6+wTEg46o</latexit><latexit sha1_base64="Rn3UFeig6uADIshNYa+TWQg83q8=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiSp2nZXdOOyin1AG8pkOmmHTiZhZiKU0G9w40IRt36QO//G6UNQ0QMXDufcy733BAlnSjvOh5VbWV1b38hvFra2d3b3ivsHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H46uZ376nUrFY3OlJQv0IDwULGcHaSM0eF+i2Xyw59kW5WvNqyLHdmnfuVg1xKl654iHXduYowRKNfvG9N4hJGlGhCcdKdV0n0X6GpWaE02mhlyqaYDLGQ9o1VOCIKj+bHztFJ0YZoDCWpoRGc/X7RIYjpSZRYDojrEfqtzcT//K6qQ6rfsZEkmoqyGJRmHKkYzT7HA2YpETziSGYSGZuRWSEJSba5FMwIXx9iv4nLc92Db85K9Uvl3Hk4QiO4RRcqEAdrqEBTSDA4AGe4NkS1qP1Yr0uWnPWcuYQfsB6+wTEg46o</latexit>

ln
m

pTR
<latexit sha1_base64="q3KK9SRS2GrslLkG0+G4/U0v46I=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgasi0WrssunFZpbWFTimZNNOGZjJDkhGGYfwVNy4UceuHuPNvTB+Cih643MM595Kb48ecKY3Qh1VYWV1b3yhulra2d3b37P2DWxUlktAOiXgkez5WlDNBO5ppTnuxpDj0Oe3608uZ372jUrFItHUa00GIx4IFjGBtpKFd9riAXiAxycI8i4dteJMP7QpyUKOG3AZETq2G6vWqIa7p9TPoOmiOCliiNbTfvVFEkpAKTThWqu+iWA8yLDUjnOYlL1E0xmSKx7RvqMAhVYNsfnwOj40ygkEkTQkN5+r3jQyHSqWhbyZDrCfqtzcT//L6iQ4ag4yJONFUkMVDQcKhjuAsCThikhLNU0MwkczcCskEmyS0yatkQvj6Kfyf3FYd1/Dr00rzYhlHERyCI3ACXHAOmuAKtEAHEJCCB/AEnq1769F6sV4XowVruVMGP2C9fQLdMZTp</latexit><latexit sha1_base64="q3KK9SRS2GrslLkG0+G4/U0v46I=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgasi0WrssunFZpbWFTimZNNOGZjJDkhGGYfwVNy4UceuHuPNvTB+Cih643MM595Kb48ecKY3Qh1VYWV1b3yhulra2d3b37P2DWxUlktAOiXgkez5WlDNBO5ppTnuxpDj0Oe3608uZ372jUrFItHUa00GIx4IFjGBtpKFd9riAXiAxycI8i4dteJMP7QpyUKOG3AZETq2G6vWqIa7p9TPoOmiOCliiNbTfvVFEkpAKTThWqu+iWA8yLDUjnOYlL1E0xmSKx7RvqMAhVYNsfnwOj40ygkEkTQkN5+r3jQyHSqWhbyZDrCfqtzcT//L6iQ4ag4yJONFUkMVDQcKhjuAsCThikhLNU0MwkczcCskEmyS0yatkQvj6Kfyf3FYd1/Dr00rzYhlHERyCI3ACXHAOmuAKtEAHEJCCB/AEnq1769F6sV4XowVruVMGP2C9fQLdMZTp</latexit><latexit sha1_base64="q3KK9SRS2GrslLkG0+G4/U0v46I=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgasi0WrssunFZpbWFTimZNNOGZjJDkhGGYfwVNy4UceuHuPNvTB+Cih643MM595Kb48ecKY3Qh1VYWV1b3yhulra2d3b37P2DWxUlktAOiXgkez5WlDNBO5ppTnuxpDj0Oe3608uZ372jUrFItHUa00GIx4IFjGBtpKFd9riAXiAxycI8i4dteJMP7QpyUKOG3AZETq2G6vWqIa7p9TPoOmiOCliiNbTfvVFEkpAKTThWqu+iWA8yLDUjnOYlL1E0xmSKx7RvqMAhVYNsfnwOj40ygkEkTQkN5+r3jQyHSqWhbyZDrCfqtzcT//L6iQ4ag4yJONFUkMVDQcKhjuAsCThikhLNU0MwkczcCskEmyS0yatkQvj6Kfyf3FYd1/Dr00rzYhlHERyCI3ACXHAOmuAKtEAHEJCCB/AEnq1769F6sV4XowVruVMGP2C9fQLdMZTp</latexit><latexit sha1_base64="q3KK9SRS2GrslLkG0+G4/U0v46I=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgasi0WrssunFZpbWFTimZNNOGZjJDkhGGYfwVNy4UceuHuPNvTB+Cih643MM595Kb48ecKY3Qh1VYWV1b3yhulra2d3b37P2DWxUlktAOiXgkez5WlDNBO5ppTnuxpDj0Oe3608uZ372jUrFItHUa00GIx4IFjGBtpKFd9riAXiAxycI8i4dteJMP7QpyUKOG3AZETq2G6vWqIa7p9TPoOmiOCliiNbTfvVFEkpAKTThWqu+iWA8yLDUjnOYlL1E0xmSKx7RvqMAhVYNsfnwOj40ygkEkTQkN5+r3jQyHSqWhbyZDrCfqtzcT//L6iQ4ag4yJONFUkMVDQcKhjuAsCThikhLNU0MwkczcCskEmyS0yatkQvj6Kfyf3FYd1/Dr00rzYhlHERyCI3ACXHAOmuAKtEAHEJCCB/AEnq1769F6sV4XowVruVMGP2C9fQLdMZTp</latexit>

JJQ/Q(z = !J/!,!J ,m, µ) =
z

2Nc
Tr


/̄n

2
h0|� (! � n̄ · P)�Q

n (0)|JQXihJQX|�̄Q
n (0)|0i

�

JJQ/g(z = !J/!,!J ,m, µ) = � z !

2(N2
c � 1)

h0|� (! � n̄ · P)Bn?µ(0)|JQXihJQX|Bµ
n?(0)|0i

<latexit sha1_base64="Wi2tdx88LVIqal6CUDT9UpSWmXw="></latexit><latexit sha1_base64="Wi2tdx88LVIqal6CUDT9UpSWmXw="></latexit><latexit sha1_base64="Wi2tdx88LVIqal6CUDT9UpSWmXw="></latexit><latexit sha1_base64="Wi2tdx88LVIqal6CUDT9UpSWmXw="></latexit>

Using SCET with finite quark mass Leibovich, Ligeti, Wise 2003
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Resummation

The SiJFs Evolve according to DGLAP-like equations

d

d lnµ2

✓
JJQ/s(x, µ)
JJs/g(x, µ)

◆
=

↵s

2⇡

Z 1

x

dz

z

✓
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◆
.

<latexit sha1_base64="/0m7g1+bbX7wySSNf6dV8TUicRc="></latexit><latexit sha1_base64="/0m7g1+bbX7wySSNf6dV8TUicRc="></latexit><latexit sha1_base64="/0m7g1+bbX7wySSNf6dV8TUicRc="></latexit><latexit sha1_base64="/0m7g1+bbX7wySSNf6dV8TUicRc="></latexit>

We use the Mellin moment space approach to solve 
this equation.

Min�jet
g!QQ̄

(pTR,m) = 2
X

l=g,Q

K̄l/g(pTR,m, µF )D̄Q/l(m,µF )

<latexit sha1_base64="gfnzK9AC0pFK8EEum5PqPQLRAvE="></latexit><latexit sha1_base64="+NIpZwJ15G29+7PIDPA6nJoQpJw="></latexit><latexit sha1_base64="+NIpZwJ15G29+7PIDPA6nJoQpJw="></latexit><latexit sha1_base64="GjTuYh5XlDR5hs53XOiYdVAPPR0="></latexit>

the integrated perturbative 
kernel at the jet typical scale

the integrated parton fragmentation 
function from parton l to parton Q

Bauer, Mereghetti 2013, Dai, Kim, Leibovich 2016, 2018

scales
<latexit sha1_base64="k3FinSPXMh3EEycNFpWAkhB51s8=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJptM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7sTUoOAKW5ZbgZ1UI5WxwMd4fDurPz6hNjxRD3aSYiTpUPEBZ9Q6K8xDLYlhVKCZ9qo1v+7PRVYhKKAGhZq96lfYT1gmUVkmqDHdwE9tlFNtORM4rYSZwZSyMR1i16GiEk2Uz2+ekjPn9Mkg0e4pS+bu74mcSmMmMnadktqRWa7NzP9q3cwOrqOcqzSzqNhi0SATxCZkFgDpc43MiokDyjR3txI2opoy62KquBCC5S+vQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyR9/kDKSWRwA==</latexit><latexit sha1_base64="k3FinSPXMh3EEycNFpWAkhB51s8=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJptM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7sTUoOAKW5ZbgZ1UI5WxwMd4fDurPz6hNjxRD3aSYiTpUPEBZ9Q6K8xDLYlhVKCZ9qo1v+7PRVYhKKAGhZq96lfYT1gmUVkmqDHdwE9tlFNtORM4rYSZwZSyMR1i16GiEk2Uz2+ekjPn9Mkg0e4pS+bu74mcSmMmMnadktqRWa7NzP9q3cwOrqOcqzSzqNhi0SATxCZkFgDpc43MiokDyjR3txI2opoy62KquBCC5S+vQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyR9/kDKSWRwA==</latexit><latexit sha1_base64="k3FinSPXMh3EEycNFpWAkhB51s8=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJptM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7sTUoOAKW5ZbgZ1UI5WxwMd4fDurPz6hNjxRD3aSYiTpUPEBZ9Q6K8xDLYlhVKCZ9qo1v+7PRVYhKKAGhZq96lfYT1gmUVkmqDHdwE9tlFNtORM4rYSZwZSyMR1i16GiEk2Uz2+ekjPn9Mkg0e4pS+bu74mcSmMmMnadktqRWa7NzP9q3cwOrqOcqzSzqNhi0SATxCZkFgDpc43MiokDyjR3txI2opoy62KquBCC5S+vQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyR9/kDKSWRwA==</latexit><latexit sha1_base64="k3FinSPXMh3EEycNFpWAkhB51s8=">AAAB83icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYWukvJptM2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYXAg/vzDCTN04FN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7sTUoOAKW5ZbgZ1UI5WxwMd4fDurPz6hNjxRD3aSYiTpUPEBZ9Q6K8xDLYlhVKCZ9qo1v+7PRVYhKKAGhZq96lfYT1gmUVkmqDHdwE9tlFNtORM4rYSZwZSyMR1i16GiEk2Uz2+ekjPn9Mkg0e4pS+bu74mcSmMmMnadktqRWa7NzP9q3cwOrqOcqzSzqNhi0SATxCZkFgDpc43MiokDyjR3txI2opoy62KquBCC5S+vQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gkMIzvMKbl3kv3rv3sWgtecXMMfyR9/kDKSWRwA==</latexit>

µh ⇠ pT
<latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit><latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit><latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit><latexit sha1_base64="xT7kW8E60XGq7wYfchzmzfi4+VY=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZK20HRXdOOyQl/QhDCZTtqhM0mYmQg19EvcuFDErZ/izr9x0lZQ0QMXDufcy733hCmjUtn2h7GxubW9s1vaK+8fHB5VzOOTvkwygUkPJywRwxBJwmhMeooqRoapIIiHjAzC2XXhD+6IkDSJu2qeEp+jSUwjipHSUmBWPJ4FU+hJymEadGFgVm3LsR3XrUPbajZqDacgrXrLtWvQsewlqmCNTmC+e+MEZ5zECjMk5cixU+XnSCiKGVmUvUySFOEZmpCRpjHiRPr58vAFvNDKGEaJ0BUruFS/T+SISznnoe7kSE3lb68Q//JGmYpcP6dxmikS49WiKGNQJbBIAY6pIFixuSYIC6pvhXiKBMJKZ1XWIXx9Cv8n/ZrlaH7bqLav1nGUwBk4B5fAAU3QBjegA3oAgww8gCfwbNwbj8aL8bpq3TDWM6fgB4y3TxZDkrc=</latexit>

µj ⇠ pTR
<latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit><latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit><latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit><latexit sha1_base64="nnF5fcfKLWfk/kvnNZzIirRMpuk=">AAAB+nicdVDLTgIxFO3gC/E16NJNIzFxRcqAgDuiG5doeCUMmXRKByrtzKTtaAjyKW5caIxbv8Sdf2N5mKjRk9zk5Jx7c+89fsyZ0gh9WKmV1bX1jfRmZmt7Z3fPzu63VJRIQpsk4pHs+FhRzkLa1Exz2oklxcLntO2PLmZ++5ZKxaKwoccx7Qk8CFnACNZG8uysKxLvBrqKCRh7DXgNPTuH8pVSpYiKEOWLyKk6jiGoXD47LcJCHs2RA0vUPfvd7UckETTUhGOlugUU694ES80Ip9OMmygaYzLCA9o1NMSCqt5kfvoUHhulD4NImgo1nKvfJyZYKDUWvukUWA/Vb28m/uV1Ex1UexMWxommIVksChIOdQRnOcA+k5RoPjYEE8nMrZAMscREm7QyJoSvT+H/pOXkC4ZflXK182UcaXAIjsAJKIAKqIFLUAdNQMAdeABP4Nm6tx6tF+t10ZqyljMH4Aest08W85M8</latexit>

mQ
<latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit><latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit><latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit><latexit sha1_base64="PWpP8sje7rkH2JS/xm5XWtcwQAs=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuwiSpbd0V3bhswbSFNpTJdNIOnUzCzEQood/gxoUibv0gd/6N04egogcuHM65l3vvCVPOlEbow1pb39jc2i7sFHf39g8OS0fHbZVkklCfJDyR3RArypmgvmaa024qKY5DTjvh5Gbud+6pVCwRd3qa0iDGI8EiRrA2kh8P8tZsUCoju1apeciDyPaQW3ddQ1C1enXpQcdGC5TBCs1B6b0/TEgWU6EJx0r1HJTqIMdSM8LprNjPFE0xmeAR7RkqcExVkC+OncFzowxhlEhTQsOF+n0ix7FS0zg0nTHWY/Xbm4t/eb1MR/UgZyLNNBVkuSjKONQJnH8Oh0xSovnUEEwkM7dCMsYSE23yKZoQvj6F/5O2azuGtyrlxvUqjgI4BWfgAjigBhrgFjSBDwhg4AE8gWdLWI/Wi/W6bF2zVjMn4Aest09VSI8H</latexit>
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Using SCET with finite quark mass Leibovich, Ligeti, Wise 2003
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b-jet in pp collisions
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data are consistent with the predictions 

for the ratio the difference between NLO+LL and NLO 
can be traced also to the differences in the inclusive jet 
cross section 
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!12

Corrections in P-A collisions

Assume the factorization works in heavy ion collisions: 

p-A collisions can be used to study the nuclear modifications at the 
initial state of the collisions, which is crucial for the interpretation of 
the A+A results

In p+A collisions 
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!12

Corrections in P-A collisions

modified for nuclear

Assume the factorization works in heavy ion collisions: 

p-A collisions can be used to study the nuclear modifications at the 
initial state of the collisions, which is crucial for the interpretation of 
the A+A results

In p+A collisions 
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!12

Corrections in P-A collisions

modified for nuclear

the short-distance hard 
part remains the same 


Assume the factorization works in heavy ion collisions: 

p-A collisions can be used to study the nuclear modifications at the 
initial state of the collisions, which is crucial for the interpretation of 
the A+A results

In p+A collisions 
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Corrections in P-A collisions

modified for nuclear

the short-distance hard 
part remains the same 


Assume the factorization works in heavy ion collisions: 

p-A collisions can be used to study the nuclear modifications at the 
initial state of the collisions, which is crucial for the interpretation of 
the A+A results

Not changed

In p+A collisions 
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Nuclear Effects from initial state 
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nPDFs for a nucleus with atomic mass A and Z protons: 

fq/A(x, µ) ! fq/A
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x
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, µ

◆
, fg/A(x, µ) ! fg/A

✓
x

1� ✏g
, µ

◆
.
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As the parton from the proton undergoes multiple scattering in the nucleus 
before the hard collisions. They are implemented as shifts in the lightcone 
momentum fraction of the incident parton in the PDFs Kang, Vitev, Xing 2014, 2015

for light jet: Kang, Ringer, Vitev 2017 

At the high transverse momenta, only cold nuclear matter energy loss effects 
might play a role 

There are many studies about the global fits of nuclear parton distributions (nPDFs) , 
such as nCTEQ collaboration
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RAA in p-A collisions
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Fitting a constant to this measurements

RpA = 0.92± 0.07(stat)± 0.11(syst)
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Predictions:
vary little with jet transverse momentum and scale variation 

there is not an obvious difference between c-jet and b-jet

in Pb+Pb collisions the effects will be amplified  

Measurements:
large uncertainty 

not enough to exclude the cold 
nuclear matter effects

In p-A collisions, there is only initial-state cold nuclear matter energy loss  
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Predictions:
vary little with jet transverse momentum and scale variation 

there is not an obvious difference between c-jet and b-jet

in Pb+Pb collisions the effects will be amplified  

Measurements:
large uncertainty 

not enough to exclude the cold 
nuclear matter effects

In p-A collisions, there is only initial-state cold nuclear matter energy loss  

Pb + Pb : (1± ✏)| {z }
Pb

(1± ✏)| {z }
Pb

Naively speaking:



Haitao Li   LANL 05/15/2019b-jet /25!15

Corrections in A-A collisions

modified for nuclear 

the short-distance hard 
part remains the same 


encode the effects when the jet 
evolving in the QCD medium 


for light jet see the work

 Kang, Ringer and Vitev 2017

d�AA!J+X

dpT d⌘
=
2pT
s

X

a,b,c

Z 1

xmin
a

dxa

xa
fa(xa, µ)

Z 1

xmin
b

dxb

xb
fb(xb, µ)

⇥
Z 1

zmin

dzc
z2c

d�̂ab!c(ŝ, pT /zc, ⌘̂, µ)

dvdz
JJ/c(zc, wJ tan(R0/2),mQ, µ)

<latexit sha1_base64="W6xb38snUiPJT/nXzOwV5jJx6e0="></latexit><latexit sha1_base64="W6xb38snUiPJT/nXzOwV5jJx6e0="></latexit><latexit sha1_base64="W6xb38snUiPJT/nXzOwV5jJx6e0="></latexit><latexit sha1_base64="W6xb38snUiPJT/nXzOwV5jJx6e0="></latexit>

In A+A collisions 
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Jet functions in QCD medium

Jmed
Jb/b

=

JvacJb/b
=

O(α0
s) O(αs)

O(α0
s ×

L
λ)

O(αs ×
L
λ)

Vacuum jet function:

Medium corrections:
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Jet functions in QCD medium

Jmed
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JvacJb/b
=
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s) O(αs)
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s ×
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O(αs ×
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Vacuum jet function:

Medium corrections:

Medium induced corrections to the 
LO jet function. 

Only in-medium jet energy dissipation 
due collisional interactions is allowed. 

refers to the higher-twist corrections which 
generate a direct transfer of energy between 

the jet and the medium
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Jet functions in QCD medium
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=
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Medium induced corrections to 
the NLO jet function 
Vacuum radiation along with 
corrections from the medium-
induced parton shower 

Vacuum jet function:

Medium corrections:

Medium induced corrections to the 
LO jet function. 

Only in-medium jet energy dissipation 
due collisional interactions is allowed. 

refers to the higher-twist corrections which 
generate a direct transfer of energy between 

the jet and the medium

Jmed
JQ/i = Jmed,(0)

JQ/i + Jmed,(1)
JQ/i
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Collisional + radiational  energy loss
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The medium induced splitting functions  were derived from the framework of SCET 
with Glauber gluons up to the first order of opacity. 

Kang, Ringer, Vitev 2016Idilbi and Majumder  2008, Ovanesyan and Vitev 2011

SCETG
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Using background field method,

Then Feynman Rules with Glauber interaction can be derived 

Medium induced splitting
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The medium induced splitting functions  were derived from the framework of SCET 
with Glauber gluons up to the first order of opacity. 

Kang, Ringer, Vitev 2016Idilbi and Majumder  2008, Ovanesyan and Vitev 2011
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Using background field method,

Then Feynman Rules with Glauber interaction can be derived 

Massless partons: Ovanesyan and Vitev 2011

Massive partons: Kang, Ringer, Vitev 2016

The splitting function are obtained by calculating the diagram: 

Medium induced splitting
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The medium induced splitting functions  were derived from the framework of SCET 
with Glauber gluons up to the first order of opacity. 

Kang, Ringer, Vitev 2016Idilbi and Majumder  2008, Ovanesyan and Vitev 2011
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Using background field method,

Then Feynman Rules with Glauber interaction can be derived 

Massless partons: Ovanesyan and Vitev 2011

Massive partons: Kang, Ringer, Vitev 2016

The splitting function are obtained by calculating the diagram: 

Medium induced splitting
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b-jet in A-A collisions
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less dependence on the centrality when compared to the well-
known light jet modification. 

the predictions agree very well with the data for both the inclusive 
cross sections and the nuclear modification factors. 
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3. b-jet substructure  
HTL, Vitev arXiv: 1801.00008
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Defined as a two-prong substructure 

1 ! 2 splitting processOne way to do this is to use Soft-Drop decluttering 

 An early hard splitting will result in two partons 
with high transverse momentum.

Subjet 1

Subjet 2

Original jet with radius R0

Undo last stage of C/A clustering

zg =
min(pT1, pT2)

pT1 + pT2
Define

If                         redefine j to be the harder 
one,  else we have the two-prong subjets 

zg < zcut

✓
�R12

R0

◆�

Soft-drop
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Larkoski et al 2015

MLL includes running coupling effects and subleading terms in the splitting functions 
compared to LL resummation.

dNFO

j

dzgd✓g
is divergent when ✓g ! 0 Collinear singularities

is not well-defined at any fixed perturbative orderdNF
j

dzg but is well defined if we resum logs to all order

p(✓g, zg)
��
g!QQ̄

=

⇣
dNvac

dzgd✓g

⌘

g!QQ̄
⌃g(✓g)

R 1
0 d✓

R 1/2
zcut

dz
�
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dzd✓

�
g!QQ̄

⌃g(✓)
,

g ! bb̄
g ! cc̄For the resumed distribution is 

Exponentiate all the possible contributions for gluon evolution  

dNvac,MLL
j

dzgd✓g
=
X

i

✓
dNvac

dzgd✓g

◆

j!īi

exp

"
�
Z 1

✓g

d✓

Z 1/2

zcut

dz
X

i

✓
dNvac

dzd✓

◆

j!īi

#

| {z }
Sudakov Factor

The MLL resummation for light jet to  modified leading-logarithmic (MLL) accuracy, 

Resummed splitting kernels in the vacuum
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Results for light jet
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In pp collisions uncertainties are generated by varying scales

 In heavy-ion collisions uncertainties are generated by varying scales and coupling 
(between medium and jet) independently.

MLL is slightly less steep than Pythia with hadronization

Our results are consistent with the ones from literature
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LO and MLL predictions for b-tagged subjets

Huge Sudakov suppression in the small angle region

Dominated by wide-angle gluon splittings

Results for heavy flavor tagged jet
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LO and MLL predictions for b-tagged subjets
Non-perturbative corrections

Huge Sudakov suppression in the small angle region

Dominated by wide-angle gluon splittings

Results for heavy flavor tagged jet
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Results for heavy flavor tagged jet
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Results for heavy flavor tagged jet

Inverting the mass hierarchy in 
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Results for heavy flavor tagged jet

Inverting the mass hierarchy in 
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Results for heavy flavor tagged jet

Inverting the mass hierarchy in 
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k? ⇠ 2z(1� z)�R12pT
<latexit sha1_base64="2INLcipxz0C8DV5Hm1mq+4q007I=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAIVbDMFEGXRV24rNIbdMqQSU/b0MxMSDJCO/Qd3Pgqblwo4taNO9/GtJ2FVn8IfPznHE7O7wvOlLbtLyuztLyyupZdz21sbm3v5Hf3GiqKJYU6jXgkWz5RwFkIdc00h5aQQAKfQ9MfXk3rzXuQikVhTY8EdALSD1mPUaKN5eVPhp4rQArsKhbgMh4XndPxMXavgWuC77zEKU+w8Go5jL18wS7ZM+G/4KRQQKmqXv7T7UY0DiDUlBOl2o4tdCchUjPKYZJzYwWC0CHpQ9tgSAJQnWR20wQfGaeLe5E0L9R45v6cSEig1CjwTWdA9EAt1qbmf7V2rHsXnYSFItYQ0vmiXsyxjvA0INxlEqjmIwOESmb+iumASEK1iTFnQnAWT/4LjXLJMXx7VqhcpnFk0QE6REXkoHNUQTeoiuqIogf0hF7Qq/VoPVtv1vu8NWOlM/vol6yPbypNmyU=</latexit><latexit sha1_base64="2INLcipxz0C8DV5Hm1mq+4q007I=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAIVbDMFEGXRV24rNIbdMqQSU/b0MxMSDJCO/Qd3Pgqblwo4taNO9/GtJ2FVn8IfPznHE7O7wvOlLbtLyuztLyyupZdz21sbm3v5Hf3GiqKJYU6jXgkWz5RwFkIdc00h5aQQAKfQ9MfXk3rzXuQikVhTY8EdALSD1mPUaKN5eVPhp4rQArsKhbgMh4XndPxMXavgWuC77zEKU+w8Go5jL18wS7ZM+G/4KRQQKmqXv7T7UY0DiDUlBOl2o4tdCchUjPKYZJzYwWC0CHpQ9tgSAJQnWR20wQfGaeLe5E0L9R45v6cSEig1CjwTWdA9EAt1qbmf7V2rHsXnYSFItYQ0vmiXsyxjvA0INxlEqjmIwOESmb+iumASEK1iTFnQnAWT/4LjXLJMXx7VqhcpnFk0QE6REXkoHNUQTeoiuqIogf0hF7Qq/VoPVtv1vu8NWOlM/vol6yPbypNmyU=</latexit><latexit sha1_base64="2INLcipxz0C8DV5Hm1mq+4q007I=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAIVbDMFEGXRV24rNIbdMqQSU/b0MxMSDJCO/Qd3Pgqblwo4taNO9/GtJ2FVn8IfPznHE7O7wvOlLbtLyuztLyyupZdz21sbm3v5Hf3GiqKJYU6jXgkWz5RwFkIdc00h5aQQAKfQ9MfXk3rzXuQikVhTY8EdALSD1mPUaKN5eVPhp4rQArsKhbgMh4XndPxMXavgWuC77zEKU+w8Go5jL18wS7ZM+G/4KRQQKmqXv7T7UY0DiDUlBOl2o4tdCchUjPKYZJzYwWC0CHpQ9tgSAJQnWR20wQfGaeLe5E0L9R45v6cSEig1CjwTWdA9EAt1qbmf7V2rHsXnYSFItYQ0vmiXsyxjvA0INxlEqjmIwOESmb+iumASEK1iTFnQnAWT/4LjXLJMXx7VqhcpnFk0QE6REXkoHNUQTeoiuqIogf0hF7Qq/VoPVtv1vu8NWOlM/vol6yPbypNmyU=</latexit><latexit sha1_base64="2INLcipxz0C8DV5Hm1mq+4q007I=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAIVbDMFEGXRV24rNIbdMqQSU/b0MxMSDJCO/Qd3Pgqblwo4taNO9/GtJ2FVn8IfPznHE7O7wvOlLbtLyuztLyyupZdz21sbm3v5Hf3GiqKJYU6jXgkWz5RwFkIdc00h5aQQAKfQ9MfXk3rzXuQikVhTY8EdALSD1mPUaKN5eVPhp4rQArsKhbgMh4XndPxMXavgWuC77zEKU+w8Go5jL18wS7ZM+G/4KRQQKmqXv7T7UY0DiDUlBOl2o4tdCchUjPKYZJzYwWC0CHpQ9tgSAJQnWR20wQfGaeLe5E0L9R45v6cSEig1CjwTWdA9EAt1qbmf7V2rHsXnYSFItYQ0vmiXsyxjvA0INxlEqjmIwOESmb+iumASEK1iTFnQnAWT/4LjXLJMXx7VqhcpnFk0QE6REXkoHNUQTeoiuqIogf0hF7Qq/VoPVtv1vu8NWOlM/vol6yPbypNmyU=</latexit>
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Results for heavy flavor tagged jet

Inverting the mass hierarchy in 
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Splitting function in the vacuum

Predict stronger jet momentum sharing

distribution modification than light jets
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<latexit sha1_base64="gOb7VQfjjkFvd7ljkGVMacrMbgA="></latexit><latexit sha1_base64="gOb7VQfjjkFvd7ljkGVMacrMbgA="></latexit><latexit sha1_base64="gOb7VQfjjkFvd7ljkGVMacrMbgA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="oahgT+ceOicTdxAPc9fUFIFnfWs="></latexit><latexit sha1_base64="oahgT+ceOicTdxAPc9fUFIFnfWs="></latexit><latexit sha1_base64="pj1hOAr3yY727xcVEvMYb+UGCB8="></latexit><latexit sha1_base64="gOb7VQfjjkFvd7ljkGVMacrMbgA="></latexit><latexit sha1_base64="gOb7VQfjjkFvd7ljkGVMacrMbgA="></latexit><latexit sha1_base64="gOb7VQfjjkFvd7ljkGVMacrMbgA="></latexit><latexit sha1_base64="gOb7VQfjjkFvd7ljkGVMacrMbgA="></latexit><latexit sha1_base64="gOb7VQfjjkFvd7ljkGVMacrMbgA="></latexit><latexit sha1_base64="gOb7VQfjjkFvd7ljkGVMacrMbgA="></latexit>

b ! bg
<latexit sha1_base64="KAkLkMjqJ8gjyFhgt/tUtC1YICs=">AAAB/HicbVDLSsNAFL3xWeMr2qWbwSK4KokIuiy6cVnBPqAJZTKdtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOde5twTppwp7brf1tr6xubWdm3H3t3bPzh0jo67KskkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gunt6Xfe6RSsUQ86DylQYzHgkWMYG2koVP3Y6wnYVSEvk5QOJ7ZCA2dhtt050CrxKtIAyq0h86XP0pIFlOhCcdKDTw31UGBpWaE05ntZ4qmmEzxmA4MFTimKijm4WfozCgjFCXSPKHRXP29UeBYqTwOzWQZVS17pfifN8h0dB0UTKSZpoIsPooyjsydZRNoxCQlmueGYCKZyYrIBEtMtOnLNiV4yyevku5F0zP8/rLRuqnqqMEJnMI5eHAFLbiDNnSAQA7P8Apv1pP1Yr1bH4vRNavaqcMfWJ8/hueUAw==</latexit><latexit sha1_base64="KAkLkMjqJ8gjyFhgt/tUtC1YICs=">AAAB/HicbVDLSsNAFL3xWeMr2qWbwSK4KokIuiy6cVnBPqAJZTKdtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOde5twTppwp7brf1tr6xubWdm3H3t3bPzh0jo67KskkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gunt6Xfe6RSsUQ86DylQYzHgkWMYG2koVP3Y6wnYVSEvk5QOJ7ZCA2dhtt050CrxKtIAyq0h86XP0pIFlOhCcdKDTw31UGBpWaE05ntZ4qmmEzxmA4MFTimKijm4WfozCgjFCXSPKHRXP29UeBYqTwOzWQZVS17pfifN8h0dB0UTKSZpoIsPooyjsydZRNoxCQlmueGYCKZyYrIBEtMtOnLNiV4yyevku5F0zP8/rLRuqnqqMEJnMI5eHAFLbiDNnSAQA7P8Apv1pP1Yr1bH4vRNavaqcMfWJ8/hueUAw==</latexit><latexit sha1_base64="KAkLkMjqJ8gjyFhgt/tUtC1YICs=">AAAB/HicbVDLSsNAFL3xWeMr2qWbwSK4KokIuiy6cVnBPqAJZTKdtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOde5twTppwp7brf1tr6xubWdm3H3t3bPzh0jo67KskkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gunt6Xfe6RSsUQ86DylQYzHgkWMYG2koVP3Y6wnYVSEvk5QOJ7ZCA2dhtt050CrxKtIAyq0h86XP0pIFlOhCcdKDTw31UGBpWaE05ntZ4qmmEzxmA4MFTimKijm4WfozCgjFCXSPKHRXP29UeBYqTwOzWQZVS17pfifN8h0dB0UTKSZpoIsPooyjsydZRNoxCQlmueGYCKZyYrIBEtMtOnLNiV4yyevku5F0zP8/rLRuqnqqMEJnMI5eHAFLbiDNnSAQA7P8Apv1pP1Yr1bH4vRNavaqcMfWJ8/hueUAw==</latexit><latexit sha1_base64="KAkLkMjqJ8gjyFhgt/tUtC1YICs=">AAAB/HicbVDLSsNAFL3xWeMr2qWbwSK4KokIuiy6cVnBPqAJZTKdtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOde5twTppwp7brf1tr6xubWdm3H3t3bPzh0jo67KskkoR2S8ET2Q6woZ4J2NNOc9lNJcRxy2gunt6Xfe6RSsUQ86DylQYzHgkWMYG2koVP3Y6wnYVSEvk5QOJ7ZCA2dhtt050CrxKtIAyq0h86XP0pIFlOhCcdKDTw31UGBpWaE05ntZ4qmmEzxmA4MFTimKijm4WfozCgjFCXSPKHRXP29UeBYqTwOzWQZVS17pfifN8h0dB0UTKSZpoIsPooyjsydZRNoxCQlmueGYCKZyYrIBEtMtOnLNiV4yyevku5F0zP8/rLRuqnqqMEJnMI5eHAFLbiDNnSAQA7P8Apv1pP1Yr1bH4vRNavaqcMfWJ8/hueUAw==</latexit>

Predict almost no jet momentum sharing

distribution modification


g ! bb̄
<latexit sha1_base64="dPuV/jT0spLvnh34ivgVP0aD93Y=">AAACAnicbVDLSgMxFL1TX3V8jboSN8EiuCozIuiy6MZlBfuAzlCSNNOGZh4kGaEMxY2/4saFIm79Cnf+jZl2Ftp6IHA4515yzyGp4Eq77rdVWVldW9+obtpb2zu7e87+QVslmaSsRRORyC7Bigkes5bmWrBuKhmOiGAdMr4p/M4Dk4on8b2epCyI8DDmIadYG6nvHPkR1iMS5kNfJ4j4BMucTKc2Qn2n5tbdGdAy8UpSgxLNvvPlDxKaRSzWVGClep6b6iDHUnMq2NT2M8VSTMd4yHqGxjhiKshnEabo1CgDFCbSvFijmfp7I8eRUpOImMniYLXoFeJ/Xi/T4VWQ8zjNNIvp/KMwE8ikLfpAAy4Z1WJiCKaSm1sRHWGJqTat2aYEbzHyMmmf1z3D7y5qjeuyjiocwwmcgQeX0IBbaEILKDzCM7zCm/VkvVjv1sd8tGKVO4fwB9bnD3EKlsg=</latexit><latexit sha1_base64="dPuV/jT0spLvnh34ivgVP0aD93Y=">AAACAnicbVDLSgMxFL1TX3V8jboSN8EiuCozIuiy6MZlBfuAzlCSNNOGZh4kGaEMxY2/4saFIm79Cnf+jZl2Ftp6IHA4515yzyGp4Eq77rdVWVldW9+obtpb2zu7e87+QVslmaSsRRORyC7Bigkes5bmWrBuKhmOiGAdMr4p/M4Dk4on8b2epCyI8DDmIadYG6nvHPkR1iMS5kNfJ4j4BMucTKc2Qn2n5tbdGdAy8UpSgxLNvvPlDxKaRSzWVGClep6b6iDHUnMq2NT2M8VSTMd4yHqGxjhiKshnEabo1CgDFCbSvFijmfp7I8eRUpOImMniYLXoFeJ/Xi/T4VWQ8zjNNIvp/KMwE8ikLfpAAy4Z1WJiCKaSm1sRHWGJqTat2aYEbzHyMmmf1z3D7y5qjeuyjiocwwmcgQeX0IBbaEILKDzCM7zCm/VkvVjv1sd8tGKVO4fwB9bnD3EKlsg=</latexit><latexit sha1_base64="dPuV/jT0spLvnh34ivgVP0aD93Y=">AAACAnicbVDLSgMxFL1TX3V8jboSN8EiuCozIuiy6MZlBfuAzlCSNNOGZh4kGaEMxY2/4saFIm79Cnf+jZl2Ftp6IHA4515yzyGp4Eq77rdVWVldW9+obtpb2zu7e87+QVslmaSsRRORyC7Bigkes5bmWrBuKhmOiGAdMr4p/M4Dk4on8b2epCyI8DDmIadYG6nvHPkR1iMS5kNfJ4j4BMucTKc2Qn2n5tbdGdAy8UpSgxLNvvPlDxKaRSzWVGClep6b6iDHUnMq2NT2M8VSTMd4yHqGxjhiKshnEabo1CgDFCbSvFijmfp7I8eRUpOImMniYLXoFeJ/Xi/T4VWQ8zjNNIvp/KMwE8ikLfpAAy4Z1WJiCKaSm1sRHWGJqTat2aYEbzHyMmmf1z3D7y5qjeuyjiocwwmcgQeX0IBbaEILKDzCM7zCm/VkvVjv1sd8tGKVO4fwB9bnD3EKlsg=</latexit><latexit sha1_base64="dPuV/jT0spLvnh34ivgVP0aD93Y=">AAACAnicbVDLSgMxFL1TX3V8jboSN8EiuCozIuiy6MZlBfuAzlCSNNOGZh4kGaEMxY2/4saFIm79Cnf+jZl2Ftp6IHA4515yzyGp4Eq77rdVWVldW9+obtpb2zu7e87+QVslmaSsRRORyC7Bigkes5bmWrBuKhmOiGAdMr4p/M4Dk4on8b2epCyI8DDmIadYG6nvHPkR1iMS5kNfJ4j4BMucTKc2Qn2n5tbdGdAy8UpSgxLNvvPlDxKaRSzWVGClep6b6iDHUnMq2NT2M8VSTMd4yHqGxjhiKshnEabo1CgDFCbSvFijmfp7I8eRUpOImMniYLXoFeJ/Xi/T4VWQ8zjNNIvp/KMwE8ikLfpAAy4Z1WJiCKaSm1sRHWGJqTat2aYEbzHyMmmf1z3D7y5qjeuyjiocwwmcgQeX0IBbaEILKDzCM7zCm/VkvVjv1sd8tGKVO4fwB9bnD3EKlsg=</latexit>
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1
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◆
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1
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◆
⇥ c k? ! 0�����!

1
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<latexit sha1_base64="xhP7L5xS0boCifARKmod6bURZGY="></latexit><latexit sha1_base64="xhP7L5xS0boCifARKmod6bURZGY="></latexit><latexit sha1_base64="xhP7L5xS0boCifARKmod6bURZGY="></latexit><latexit sha1_base64="xhP7L5xS0boCifARKmod6bURZGY="></latexit>

k? ⇠ 2z(1� z)�R12pT
<latexit sha1_base64="2INLcipxz0C8DV5Hm1mq+4q007I=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAIVbDMFEGXRV24rNIbdMqQSU/b0MxMSDJCO/Qd3Pgqblwo4taNO9/GtJ2FVn8IfPznHE7O7wvOlLbtLyuztLyyupZdz21sbm3v5Hf3GiqKJYU6jXgkWz5RwFkIdc00h5aQQAKfQ9MfXk3rzXuQikVhTY8EdALSD1mPUaKN5eVPhp4rQArsKhbgMh4XndPxMXavgWuC77zEKU+w8Go5jL18wS7ZM+G/4KRQQKmqXv7T7UY0DiDUlBOl2o4tdCchUjPKYZJzYwWC0CHpQ9tgSAJQnWR20wQfGaeLe5E0L9R45v6cSEig1CjwTWdA9EAt1qbmf7V2rHsXnYSFItYQ0vmiXsyxjvA0INxlEqjmIwOESmb+iumASEK1iTFnQnAWT/4LjXLJMXx7VqhcpnFk0QE6REXkoHNUQTeoiuqIogf0hF7Qq/VoPVtv1vu8NWOlM/vol6yPbypNmyU=</latexit><latexit sha1_base64="2INLcipxz0C8DV5Hm1mq+4q007I=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAIVbDMFEGXRV24rNIbdMqQSU/b0MxMSDJCO/Qd3Pgqblwo4taNO9/GtJ2FVn8IfPznHE7O7wvOlLbtLyuztLyyupZdz21sbm3v5Hf3GiqKJYU6jXgkWz5RwFkIdc00h5aQQAKfQ9MfXk3rzXuQikVhTY8EdALSD1mPUaKN5eVPhp4rQArsKhbgMh4XndPxMXavgWuC77zEKU+w8Go5jL18wS7ZM+G/4KRQQKmqXv7T7UY0DiDUlBOl2o4tdCchUjPKYZJzYwWC0CHpQ9tgSAJQnWR20wQfGaeLe5E0L9R45v6cSEig1CjwTWdA9EAt1qbmf7V2rHsXnYSFItYQ0vmiXsyxjvA0INxlEqjmIwOESmb+iumASEK1iTFnQnAWT/4LjXLJMXx7VqhcpnFk0QE6REXkoHNUQTeoiuqIogf0hF7Qq/VoPVtv1vu8NWOlM/vol6yPbypNmyU=</latexit><latexit sha1_base64="2INLcipxz0C8DV5Hm1mq+4q007I=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAIVbDMFEGXRV24rNIbdMqQSU/b0MxMSDJCO/Qd3Pgqblwo4taNO9/GtJ2FVn8IfPznHE7O7wvOlLbtLyuztLyyupZdz21sbm3v5Hf3GiqKJYU6jXgkWz5RwFkIdc00h5aQQAKfQ9MfXk3rzXuQikVhTY8EdALSD1mPUaKN5eVPhp4rQArsKhbgMh4XndPxMXavgWuC77zEKU+w8Go5jL18wS7ZM+G/4KRQQKmqXv7T7UY0DiDUlBOl2o4tdCchUjPKYZJzYwWC0CHpQ9tgSAJQnWR20wQfGaeLe5E0L9R45v6cSEig1CjwTWdA9EAt1qbmf7V2rHsXnYSFItYQ0vmiXsyxjvA0INxlEqjmIwOESmb+iumASEK1iTFnQnAWT/4LjXLJMXx7VqhcpnFk0QE6REXkoHNUQTeoiuqIogf0hF7Qq/VoPVtv1vu8NWOlM/vol6yPbypNmyU=</latexit><latexit sha1_base64="2INLcipxz0C8DV5Hm1mq+4q007I=">AAACE3icbZDLSgMxFIYz9VbrrerSTbAIVbDMFEGXRV24rNIbdMqQSU/b0MxMSDJCO/Qd3Pgqblwo4taNO9/GtJ2FVn8IfPznHE7O7wvOlLbtLyuztLyyupZdz21sbm3v5Hf3GiqKJYU6jXgkWz5RwFkIdc00h5aQQAKfQ9MfXk3rzXuQikVhTY8EdALSD1mPUaKN5eVPhp4rQArsKhbgMh4XndPxMXavgWuC77zEKU+w8Go5jL18wS7ZM+G/4KRQQKmqXv7T7UY0DiDUlBOl2o4tdCchUjPKYZJzYwWC0CHpQ9tgSAJQnWR20wQfGaeLe5E0L9R45v6cSEig1CjwTWdA9EAt1qbmf7V2rHsXnYSFItYQ0vmiXsyxjvA0INxlEqjmIwOESmb+iumASEK1iTFnQnAWT/4LjXLJMXx7VqhcpnFk0QE6REXkoHNUQTeoiuqIogf0hF7Qq/VoPVtv1vu8NWOlM/vol6yPbypNmyU=</latexit>
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4. Conclusion
jet is a QCD observable, calculable in perturbative 
QCD 


heavy quarks have fundamentally different 
radiation patterns from light quarks 


present inclusive b-jet production from pp to AA 
collisions 


present soft drop groomed  b-jet zg substructure  
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4. Conclusion
jet is a QCD observable, calculable in perturbative 
QCD 


heavy quarks have fundamentally different 
radiation patterns from light quarks 


present inclusive b-jet production from pp to AA 
collisions 


present soft drop groomed  b-jet zg substructure  

Thank you !

Jet production can be related to TMD physics 


