
Cold Nuclear Matter effect on jet 
production at electron-ion colliders


Hai Tao Li 

(Northwestern U. & Argonne National Lab. )

Base on the works in collaboration with I.Vitev 
arXiv:2010.05912 

EIC opportunities for Snowmass 
2021-01-27



Semi-inclusive Jet Function

2

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>

⇤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>

EJ
d3�lN!jX

d3PJ
=

1

S

X

i,f

Z 1

0

dx

x

Z 1

0

dz

z2
fi/N (x, µ)

⇥ �̂i!f (s, t, u, µ)Jf (z, pTR,µ)

<latexit sha1_base64="EM0qYMAKgzjlpe//b5lVOMKopu8="></latexit>

The inclusive jet cross section can be expressed in a factorized 
form with the help of semi-inclusive jet functions 

Hard part: arXiv:1505.06415

Jet Function: arXiv:1606.06732

Contribution to the semi-inclusive quark jet function



Inclusive jet cross section
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Anti-shadowing

EMC

shadowing

Modifications defined as

Bands are scale uncertainties

Bjorken x in the anti-shadowing and 
EMC region


Final State effects decreasing with  
increasing

pT

The forward proton/nucleus going 
rapidity region 2< η <4 produce the 
largest nuclear effects.

 Fixed  ⟨k2
⊥⟩/λg = 0.12 GeV2/fm



Inclusive jet cross section
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Suppression is more significant  for 
smaller jet radii 

scale uncertainties are larger for 
smaller 


Final State effects decreasing with  
increasing

pT

pT

enhanced  by the steeper pT spectra 
near the phase space boundary



Jet charge in SCET

The perturbative part contains 
the􏰔 dependence on the jet 
algorithm
eJij(E,R,, µ) =

Z 1

0
dzzJij(E,R, z, µ)
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Matching the jet function to 
fragmentation function

The non-perturbative part can be 
related to fragmentation  functions 
from weighted-definition of jet charge 

sum over all the hadrons in the jet

µ
d

dµ
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⇡
P̃qq()D̃

Q
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the evolution equation

Krohn, Schwartz, Waalewijn, arXiv:1209.2421

Waalewijn arXiv:1209.3019 

eDh
q (, µ) =

Z 1

0
dzzDh

q (z, µ)
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At LO, approximately 

In general, final state effects are small


Larger correction for larger  because 
medium induced radiation tends to be 
soft

κ

Cancellation between u and d jet

Precision measurement of the charge will be an excellent way to constrain 
isospin effects and the up/down quark PDFs in the nucleus.


Final State effects

Final+initial State effects

positive charge negative charge

Initial state effects is large



Conclusion

we investigated the nuclear matter effect for 
jet production at EIC


we presented theoretical predictions for the 
inclusive jet cross section and  average jet 
charge at EIC


we discussed how to disentangle the initial 
state effect and final state effect at EIC

Understand the nuclear matter effects

Extract the flavor information and 
constrain the nuclear PDFs.
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