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Extraction of neutron  structure functionF2

DIS on deuteron target

CJ global data set:

high-  and low-x Q2
 1000+ data points

 > 3 Ge ,  > 1.69 GeW2 V2 Q2 V2
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Extraction of neutron  structure functionF2

DIS on deuteron target

CJ global data set:

high-  and low-x Q2
 1000+ data points

 > 3 Ge ,  > 1.69 GeW2 V2 Q2 V2

Full treatment of nuclear corrections
Binding effects, Fermi motion, off-shell 
corrections, Higher Twist (HT), Target Mass 
Corrections (TMC)

F2,D(xD, Q2) =

Z yDmax

yDmin

dyDdp2T fN/D(yD, p2T ; �)F2,N

✓
xD

yD
, Q2, p2

◆

<latexit sha1_base64="EeKwHZQNpyuDnP88ZIxMx+rUrPU="></latexit>

Smearing function Structure function of a bound, 
off-shell nucleon 
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Deuterium: off-shell corrections

Structure functions are deformed at large x

p2 < m2
N

<latexit sha1_base64="YkPrkU6IopCs5+yD6Xj3OfM0vVo=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5CRAuLoI2VRDAfcLmEvc1esmR379idE0LIz7CxUMTWX2Pnv3GTXKGJDwYe780wMy9MBDfgut9Obm19Y3Mrv13Y2d3bPygeHjVNnGrKGjQWsW6HxDDBFWsAB8HaiWZEhoK1wtHtzG89MW14rB5hnLBAkoHiEacErOQn3Qq+xrJ33630iiW37M6BV4mXkRLKUO8Vvzr9mKaSKaCCGON7bgLBhGjgVLBpoZMalhA6IgPmW6qIZCaYzE+e4jOr9HEUa1sK8Fz9PTEh0pixDG2nJDA0y95M/M/zU4iugglXSQpM0cWiKBUYYjz7H/e5ZhTE2BJCNbe3YjokmlCwKRVsCN7yy6ukWSl71fLFQ7VUu8niyKMTdIrOkYcuUQ3doTpqIIpi9Ixe0ZsDzovz7nwsWnNONnOM/sD5/AF6FpAW</latexit>

Bound, off-shell nucleon inside the deuteron 
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Off-shell expansion (in nucleon virtuality )p2

F

<latexit sha1_base64="1UQp5a4skZ6a/dhO0gJSLZbxGuA=">AAAB6HicdVDLSsNAFJ34rPVVdelmsAiuQlL60F1REJct2Ae0oUymN+3YySTMTIQS+gVuXCji1k9y5984bSOo6IELh3Pu5d57/JgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHbRUlkkKLRjySXZ8o4ExASzPNoRtLIKHPoeNPruZ+5x6kYpG41dMYvJCMBAsYJdpIzetBoejY1UqpVqtix3YWmBPXdcsX2M2UIsrQGBTe+8OIJiEITTlRquc6sfZSIjWjHGb5fqIgJnRCRtAzVJAQlJcuDp3hU6MMcRBJU0Ljhfp9IiWhUtPQN50h0WP125uLf3m9RAfnXspEnGgQdLkoSDjWEZ5/jYdMAtV8agihkplbMR0TSag22eRNCF+f4v9Ju2S7ZbvSLBfrl1kcOXSMTtAZclEN1dENaqAWogjQA3pCz9ad9Wi9WK/L1hUrmzlCP2C9fQLkbI0D</latexit>

Bound, off-shell nucleon inside the deuteron 

Kulagin, Piller, Weise, PRC 50 (1994)
Kulagin, Melnitchouk, et al., PRC 52 (1995)
Kulagin and Petti, NPA 765 (2006)

parton level

struct. func level
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Off-shell expansion (in nucleon virtuality )p2

Free nucleon pdfs/SFs
p2 = m2

N
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(To be fitted)
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<latexit sha1_base64="1UQp5a4skZ6a/dhO0gJSLZbxGuA=">AAAB6HicdVDLSsNAFJ34rPVVdelmsAiuQlL60F1REJct2Ae0oUymN+3YySTMTIQS+gVuXCji1k9y5984bSOo6IELh3Pu5d57/JgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHbRUlkkKLRjySXZ8o4ExASzPNoRtLIKHPoeNPruZ+5x6kYpG41dMYvJCMBAsYJdpIzetBoejY1UqpVqtix3YWmBPXdcsX2M2UIsrQGBTe+8OIJiEITTlRquc6sfZSIjWjHGb5fqIgJnRCRtAzVJAQlJcuDp3hU6MMcRBJU0Ljhfp9IiWhUtPQN50h0WP125uLf3m9RAfnXspEnGgQdLkoSDjWEZ5/jYdMAtV8agihkplbMR0TSag22eRNCF+f4v9Ju2S7ZbvSLBfrl1kcOXSMTtAZclEN1dENaqAWogjQA3pCz9ad9Wi9WK/L1hUrmzlCP2C9fQLkbI0D</latexit>
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�f(x) = C(x� x0)(x� x1)(1 + x0 � x)
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Z 1

0
dx�f(x)[q(x)� q̄(x)] = 0

<latexit sha1_base64="La7y3ElWWynLqp2QDie+4e2YDBA=">AAACGHicbVC7TsMwFHXKu7wKjCwWFVIZKAkqggUJwcIIEqVITYgcx2mtOk5q3yCqqJ/Bwq+wMIAQKxt/g1syQOFIto7PuVfX9wSp4Bps+9MqTU3PzM7NL5QXl5ZXVitr69c6yRRlTZqIRN0ERDPBJWsCB8FuUsVIHAjWCnpnI791x5TmibyCQcq8mHQkjzglYCS/sudyCb596+DwHrshE0BwVLvfwe3+6N7FbkBU3h+ah4ePse1XqnbdHgP/JU5BqqjAhV/5cMOEZjGTQAXRuu3YKXg5UcCpYMOym2mWEtojHdY2VJKYaS8fLzbE20YJcZQocyTgsfqzIyex1oM4MJUxga6e9Ebif147g+jIy7lMM2CSfg+KMoEhwaOUcMgVoyAGhhCquPkrpl2iCAWTZdmE4Eyu/Jdc79edRv3gslE9OS3imEebaAvVkIMO0Qk6RxeoiSh6QE/oBb1aj9az9Wa9f5eWrKJnA/2C9fEFuGqdDg==</latexit>

KP-like model
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Higher-Twist function

Higher Twist correction

Multiplicative

F2(x,Q
2) = FLT

2 (x,Q2)

✓
1 +

C(x)

Q2

◆

<latexit sha1_base64="uXAPM/NQCem7IK0kwKzOtJf4k0I="></latexit>

Additive

F2 = FLT
2 (x,Q2) +

H(x)

Q2

<latexit sha1_base64="CN9bQw2MK4isGzoidPVJro/rnrQ="></latexit>
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<latexit sha1_base64="uXAPM/NQCem7IK0kwKzOtJf4k0I="></latexit>

Additive

F2 = FLT
2 (x,Q2) +

H(x)

Q2

<latexit sha1_base64="CN9bQw2MK4isGzoidPVJro/rnrQ="></latexit>

= FLT
2 (x,Q2) + FLT

2 (x,Q2)
C(x)

Q2

<latexit sha1_base64="UsW4tRCvc7rQzfmGN5E8k3kY/cg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARWpQyUyp1IxQL4sJFC71BOy2ZNNOGZi4kGWkZ5lHc+CpuXCiiO30a08tCW38I/HznHE7ObweMCmkYX1pibX1jcyu5ndrZ3ds/0A+PGsIPOSZ17DOft2wkCKMeqUsqGWkFnCDXZqRpj8rTevOBcEF9ryYnAbFcNPCoQzGSCvX04jW87eW70X0thpnxRbWbz8JzuMo6Dkc4KmfG2ThSIO7paSNnzARXjbkwabBQpad/dvo+Dl3iScyQEG3TCKQVIS4pZiROdUJBAoRHaEDaynrIJcKKZgfG8EyRPnR8rp4n4Yz+noiQK8TEtVWni+RQLNem8L9aO5TOlRVRLwgl8fB8kRMyKH04TQv2KSdYsokyCHOq/grxEKkopMo0pUIwl09eNY18zizkLquFdOlmEUcSnIBTkAEmKIISuAMVUAcYPIJn8AretCftRXvXPuatCW0xcwz+SPv+AfzLnzw=</latexit>

= FLT
2 (x,Q2) +

H̃(x,Q2)

Q2

<latexit sha1_base64="7tBGGl9c+Gl4DY+ccXjG13pYtHU="></latexit>

they are related

F2(x,Q
2) = FLT

2 (x,Q2)

✓
1 +

C(x)

Q2

◆

<latexit sha1_base64="uXAPM/NQCem7IK0kwKzOtJf4k0I=">AAACNnicbVDLSgMxFM3UV6 2vqks3wSK0KGWmVHQjFAviQqGFvqDTlkyamYZmHiQZaRnmq9z4He66caGIWz/B9CFo9UDIybnnknuPFTAqpK5PtMTK6tr6RnIztbW9s7uX3j9oCD/kmNSxz3zespAgjHqkLqlkpBVwglyLkaY1LE/rzQfCBfW9mhwHpOMix6M2xUgqqZe+v+kVsqOzareQg1dQPbrRXS2G35JpUceBWQOeQtPmCEem5bO+GLvqispxdpSLI2WM575cL53R8/oM8C8xFiQDFqj00s9m38ehSzyJGRKibeiB7ESIS4oZiVNmKEiA8BA5pK2oh1wiOtFs7RieKKUPbZ+r40k4U392RMgV01GV00VyIJZrU/G/WjuU9mUnol4QSuLh+Ud2yKD04TRD2KecYMnGiiDMqZoV4gFS8UiVdEqFYCyv/Jc0CnmjmD+vFjOl60UcSXAEjkEWGOAClMAtqIA6wOARTMAreNOetBftXfuYWxPaoucQ/IL2+QVKuKg5</latexit>
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C(x) = a(0)ht x
a(1)
ht (1 + a(2)ht x)
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<latexit sha1_base64="uXAPM/NQCem7IK0kwKzOtJf4k0I=">AAACNnicbVDLSgMxFM3UV6 2vqks3wSK0KGWmVHQjFAviQqGFvqDTlkyamYZmHiQZaRnmq9z4He66caGIWz/B9CFo9UDIybnnknuPFTAqpK5PtMTK6tr6RnIztbW9s7uX3j9oCD/kmNSxz3zespAgjHqkLqlkpBVwglyLkaY1LE/rzQfCBfW9mhwHpOMix6M2xUgqqZe+v+kVsqOzareQg1dQPbrRXS2G35JpUceBWQOeQtPmCEem5bO+GLvqispxdpSLI2WM575cL53R8/oM8C8xFiQDFqj00s9m38ehSzyJGRKibeiB7ESIS4oZiVNmKEiA8BA5pK2oh1wiOtFs7RieKKUPbZ+r40k4U392RMgV01GV00VyIJZrU/G/WjuU9mUnol4QSuLh+Ud2yKD04TRD2KecYMnGiiDMqZoV4gFS8UiVdEqFYCyv/Jc0CnmjmD+vFjOl60UcSXAEjkEWGOAClMAtqIA6wOARTMAreNOetBftXfuYWxPaoucQ/IL2+QVKuKg5</latexit>

CJ fits

BIAS in isospin-symmetric case
MC, Accardi, Fernando, Li, arXiv:2407.03589
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Extraction of neutron  structure functionF2

Basic idea

data cross normalization

p, d data matching

results based on CJ15 analysis

extracted experimental bins 
centered for applications

bFn(0)
2 (x,Q2) =

2 bF d(0)
2 (x,Q2)exp
RCJ

d/N (x,Q2)
� bF p(0)

2 (x,Q2)exp

<latexit sha1_base64="PPQO7v3l7D/bf3ag2sgWLK8+qKo="></latexit>

F2,n
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Extraction of neutron  structure functionF2

Basic idea

data cross normalization

p, d data matching

results based on CJ15 analysis

extracted experimental bins 
centered for applications

Neutron F2 data sets and grids available!!! 
https://github.com/JeffersonLab/CJ-database/

bFn(0)
2 (x,Q2) =

2 bF d(0)
2 (x,Q2)exp
RCJ

d/N (x,Q2)
� bF p(0)

2 (x,Q2)exp

<latexit sha1_base64="PPQO7v3l7D/bf3ag2sgWLK8+qKo="></latexit>

F2,n
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Extraction of neutron  structure functionF2

Experimental data sets extension of CJ15 DIS included data set
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Extraction of neutron  structure functionF2

Matching conditions

Same beam energy

|xp − xd | < 0.01

|Q2
p − Q2

d | < 1 %

Experimental data sets extension of CJ15 DIS included data set
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Extraction of neutron  structure functionF2

Matching conditions

Same beam energy

|xp − xd | < 0.01

|Q2
p − Q2

d | < 1 %

Experimental data sets extension of CJ15 DIS included data set

1192 matched data points
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Extraction of neutron  structure functionF2

Experimental data sets extension of CJ15 DIS included data set

1192 matched data points
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Q2 [GeV2]
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Extraction of neutron  structure functionF2

Cross normalization

bFn(0)
2 (x,Q2) =

2 bF d(0)
2 (x,Q2)exp
RCJ

d/N (x,Q2)
� bF p(0)

2 (x,Q2)exp

<latexit sha1_base64="PPQO7v3l7D/bf3ag2sgWLK8+qKo="></latexit>

Avoid large fluctuations 
due to their relative 

systematic uncertainties
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Extraction of neutron  structure functionF2

Cross normalization

Through CJ framework

bFn(0)
2 (x,Q2) =

2 bF d(0)
2 (x,Q2)exp
RCJ

d/N (x,Q2)
� bF p(0)

2 (x,Q2)exp

<latexit sha1_base64="PPQO7v3l7D/bf3ag2sgWLK8+qKo="></latexit>

Avoid large fluctuations 
due to their relative 

systematic uncertainties

�2 =
X

exp

2

4
NdataX

i=1

 
Di +�i � Ti/n

�Di

!2

+
�
�norm

�2
+

KX

k=1

�2
k

3

5

exp

<latexit sha1_base64="7CwyCoa+bxP1DhFs25twIgDtJHM="></latexit>

Correlated error

Normalization error

Uncorrelated error

n = 1 + �norm�n

<latexit sha1_base64="hetYdb9yCxhjnQU4hDrwseCP6Ss=">AAACEHicbVBNS8NAFNzU7/pV9ehlsYiCUBKp6EUoevGoYLXQ1LLZvOjSzSbsvogl9Cd48a948aCIV4/e/Dduaw5aHVgYZt7w9k2QSmHQdT+d0sTk1PTM7Fx5fmFxabmysnphkkxzaPJEJroVMANSKGiiQAmtVAOLAwmXQe946F/egjYiUefYT6ETs2slIsEZWqlb2VL0kHp0h/rShkJ2lfsId5irRMeDAfVDkMioKncrVbfmjkD/Eq8gVVLgtFv58MOEZzEo5JIZ0/bcFDs50yi4hEHZzwykjPfYNbQtVSwG08lHBw3oplVCGiXaPoV0pP5M5Cw2ph8HdjJmeGPGvaH4n9fOMDro5EKlGYLi34uiTFJM6LAdGgoNHGXfEsa1sH+l/IZpxtF2OCzBGz/5L7nYrXn12t5Zvdo4KuqYJetkg2wTj+yTBjkhp6RJOLknj+SZvDgPzpPz6rx9j5acIrNGfsF5/wKrW5vG</latexit>

�i =
X

k

�k�k,i

<latexit sha1_base64="0F5zbXjW8CRvcrTsndqSLTd0+CQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdSEmkohuhqAuXFewDmhAmk9t26OTBzEQoob/gxl9x40IRt+7c+TdO2iy09cDA4Zx7uHOPn3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqKLRozGPR9YkEziJoKaY4dBMBJPQ5dPzRde53HkBIFkf3apyAG5JBxPqMEqUlz6w6N8AV8Ri+xI5MQ2+EHa7jAcmZD9rKRidsUvbMilWzpsCLxC5IBRVoeuaXE8Q0DSFSlBMpe7aVKDcjQjHKYVJ2UgkJoSMygJ6mEQlButn0ogk+1kqA+7HQL1J4qv5OZCSUchz6ejIkaijnvVz8z+ulqn/hZixKUgURnS3qpxyrGOf14IAJoIqPNSFUMP1XTIdEEKp0iXkJ9vzJi6R9WrPrtbO7eqVxVdRRQofoCFWRjc5RA92iJmohih7RM3pFb8aT8WK8Gx+z0SWjyBygPzA+fwDZO5xp</latexit>
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Extraction of neutron  structure functionF2

Cross normalization

Through CJ framework

bFn(0)
2 (x,Q2) =

2 bF d(0)
2 (x,Q2)exp
RCJ

d/N (x,Q2)
� bF p(0)

2 (x,Q2)exp

<latexit sha1_base64="PPQO7v3l7D/bf3ag2sgWLK8+qKo="></latexit>

Avoid large fluctuations 
due to their relative 

systematic uncertainties

�2 =
X

exp

2

4
NdataX

i=1

 
Di +�i � Ti/n

�Di

!2

+
�
�norm

�2
+

KX

k=1

�2
k

3

5

exp

<latexit sha1_base64="7CwyCoa+bxP1DhFs25twIgDtJHM="></latexit>

Correlated error

Normalization error

Uncorrelated error

Fix theoretical prediction

Fit simultaneously the nuisance parameters �

<latexit sha1_base64="NcIEPhlbOIsQMJQyVpGRlUsaS7E=">AAAB73icbVDLSgMxFL2pr1pfVZdugkVwVWakosuiG5cV7APaoWQymTY0kxmTjFCG/oQbF4q49Xfc+Tdm2llo64HA4Zxzyb3HTwTXxnG+UWltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHq+UQzwSVrG24E6yWKkcgXrOtPbnO/+8SU5rF8MNOEeREZSR5ySoyVegNhowGpDKs1p+7MgVeJW5AaFGgNq1+DIKZpxKShgmjdd53EeBlRhlPBZpVBqllC6ISMWN9SSSKmvWy+7wyfWSXAYazskwbP1d8TGYm0nka+TUbEjPWyl4v/ef3UhNdexmWSGibp4qMwFdjEOD8eB1wxasTUEkIVt7tiOiaKUGMryktwl09eJZ2LutuoX943as2boo4ynMApnIMLV9CEO2hBGygIeIZXeEOP6AW9o49FtISKmWP4A/T5A3Yyj5k=</latexit>

n = 1 + �norm�n

<latexit sha1_base64="hetYdb9yCxhjnQU4hDrwseCP6Ss=">AAACEHicbVBNS8NAFNzU7/pV9ehlsYiCUBKp6EUoevGoYLXQ1LLZvOjSzSbsvogl9Cd48a948aCIV4/e/Dduaw5aHVgYZt7w9k2QSmHQdT+d0sTk1PTM7Fx5fmFxabmysnphkkxzaPJEJroVMANSKGiiQAmtVAOLAwmXQe946F/egjYiUefYT6ETs2slIsEZWqlb2VL0kHp0h/rShkJ2lfsId5irRMeDAfVDkMioKncrVbfmjkD/Eq8gVVLgtFv58MOEZzEo5JIZ0/bcFDs50yi4hEHZzwykjPfYNbQtVSwG08lHBw3oplVCGiXaPoV0pP5M5Cw2ph8HdjJmeGPGvaH4n9fOMDro5EKlGYLi34uiTFJM6LAdGgoNHGXfEsa1sH+l/IZpxtF2OCzBGz/5L7nYrXn12t5Zvdo4KuqYJetkg2wTj+yTBjkhp6RJOLknj+SZvDgPzpPz6rx9j5acIrNGfsF5/wKrW5vG</latexit>

�i =
X

k

�k�k,i

<latexit sha1_base64="0F5zbXjW8CRvcrTsndqSLTd0+CQ=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdSEmkohuhqAuXFewDmhAmk9t26OTBzEQoob/gxl9x40IRt+7c+TdO2iy09cDA4Zx7uHOPn3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqKLRozGPR9YkEziJoKaY4dBMBJPQ5dPzRde53HkBIFkf3apyAG5JBxPqMEqUlz6w6N8AV8Ri+xI5MQ2+EHa7jAcmZD9rKRidsUvbMilWzpsCLxC5IBRVoeuaXE8Q0DSFSlBMpe7aVKDcjQjHKYVJ2UgkJoSMygJ6mEQlButn0ogk+1kqA+7HQL1J4qv5OZCSUchz6ejIkaijnvVz8z+ulqn/hZixKUgURnS3qpxyrGOf14IAJoIqPNSFUMP1XTIdEEKp0iXkJ9vzJi6R9WrPrtbO7eqVxVdRRQofoCFWRjc5RA92iJmohih7RM3pFb8aT8WK8Gx+z0SWjyBygPzA+fwDZO5xp</latexit>

bD(0)
i = n(0)

�
Di +�(0)

i )

<latexit sha1_base64="xRJMcEyEjP8o47AeNk6kp14OG7s=">AAACIXicbVDLSgMxFM34rPVVdekmWISKUGZE0Y0g2oVLBfuATi2Z9LYNZjJDckcpQ3/Fjb/ixoUi7sSfMW1H8HUgcDjnXG7uCWIpDLruuzM1PTM7N59byC8uLa+sFtbWayZKNIcqj2SkGwEzIIWCKgqU0Ig1sDCQUA9uzkZ+/Ra0EZG6wkEMrZD1lOgKztBK7cKRfyc60GdIK21xnZbcnSE9pipjfiB6pZFDd6lfAYnsK7TTLhTdsjsG/Uu8jBRJhot24c3vRDwJQSGXzJim58bYSplGwSUM835iIGb8hvWgaaliIZhWOr5wSLet0qHdSNunkI7V7xMpC40ZhIFNhgz75rc3Ev/zmgl2j1qpUHGCoPhkUTeRFCM6qot2hAaOcmAJ41rYv1LeZ5pxtKXmbQne75P/ktpe2dsvH1zuF09OszpyZJNskRLxyCE5IefkglQJJ/fkkTyTF+fBeXJenbdJdMrJZjbIDzgfnyMsoGU=</latexit>
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Extraction of neutron  structure functionF2

Uncertainties

bFn(0)
2 (x,Q2) =

2 bF d(0)
2 (x,Q2)exp
RCJ

d/N (x,Q2)
� bF p(0)

2 (x,Q2)exp

<latexit sha1_base64="PPQO7v3l7D/bf3ag2sgWLK8+qKo="></latexit>

bFn
2 = bFn(0)

2 ± � bFn
2 ± �CJ bFn

2

<latexit sha1_base64="/C3vNhuozgAE8+Ilfgfw0hnaDss=">AAACSHicbVBNSwMxFMzW7/pV9eglWAS9lF1R9CIUCyKeFGwVunXJZl9tMJtdkrdKWfrzvHj05m/w4kERb6a1B9s6EJjMzOMlE6ZSGHTdV6cwNT0zOze/UFxcWl5ZLa2tN0ySaQ51nshE34TMgBQK6ihQwk2qgcWhhOvwvtb3rx9AG5GoK+ym0IrZnRJtwRlaKSgF/qOIoMOQngZ7t+p45JqrHXe3R/00pn4EEhkds/96t3ntvDcRCEplt+IOQCeJNyRlMsRFUHrxo4RnMSjkkhnT9NwUWznTKLiEXtHPDKSM37M7aFqqWAymlQ+K6NFtq0S0nWh7FNKB+nciZ7Ex3Ti0yZhhx4x7ffE/r5lh+6iVC5VmCIr/LmpnkmJC+63SSGjgKLuWMK6FfSvlHaYZR9t90ZbgjX95kjT2Kt5+5eByv1w9GdYxTzbJFtkhHjkkVXJGLkidcPJE3sgH+XSenXfny/n+jRac4cwGGUGh8ANwQrEF</latexit>
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Extraction of neutron  structure functionF2

Uncertainties

Uncorrelated uncertainties

bFn(0)
2 (x,Q2) =

2 bF d(0)
2 (x,Q2)exp
RCJ

d/N (x,Q2)
� bF p(0)

2 (x,Q2)exp

<latexit sha1_base64="PPQO7v3l7D/bf3ag2sgWLK8+qKo="></latexit>

bFn
2 = bFn(0)

2 ± � bFn
2 ± �CJ bFn

2

<latexit sha1_base64="/C3vNhuozgAE8+Ilfgfw0hnaDss=">AAACSHicbVBNSwMxFMzW7/pV9eglWAS9lF1R9CIUCyKeFGwVunXJZl9tMJtdkrdKWfrzvHj05m/w4kERb6a1B9s6EJjMzOMlE6ZSGHTdV6cwNT0zOze/UFxcWl5ZLa2tN0ySaQ51nshE34TMgBQK6ihQwk2qgcWhhOvwvtb3rx9AG5GoK+ym0IrZnRJtwRlaKSgF/qOIoMOQngZ7t+p45JqrHXe3R/00pn4EEhkds/96t3ntvDcRCEplt+IOQCeJNyRlMsRFUHrxo4RnMSjkkhnT9NwUWznTKLiEXtHPDKSM37M7aFqqWAymlQ+K6NFtq0S0nWh7FNKB+nciZ7Ex3Ti0yZhhx4x7ffE/r5lh+6iVC5VmCIr/LmpnkmJC+63SSGjgKLuWMK6FfSvlHaYZR9t90ZbgjX95kjT2Kt5+5eByv1w9GdYxTzbJFtkhHjkkVXJGLkidcPJE3sgH+XSenXfny/n+jRac4cwGGUGh8ANwQrEF</latexit>

standard propagation from d, p data=)

<latexit sha1_base64="yuJGccif+nJ405oSoSSU2xvM6y4=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOFC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb9s+r53VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9CsJN+</latexit>
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Extraction of neutron  structure functionF2

Uncertainties

Uncorrelated uncertainties

bFn(0)
2 (x,Q2) =

2 bF d(0)
2 (x,Q2)exp
RCJ

d/N (x,Q2)
� bF p(0)

2 (x,Q2)exp

<latexit sha1_base64="PPQO7v3l7D/bf3ag2sgWLK8+qKo="></latexit>

bFn
2 = bFn(0)

2 ± � bFn
2 ± �CJ bFn

2

<latexit sha1_base64="/C3vNhuozgAE8+Ilfgfw0hnaDss=">AAACSHicbVBNSwMxFMzW7/pV9eglWAS9lF1R9CIUCyKeFGwVunXJZl9tMJtdkrdKWfrzvHj05m/w4kERb6a1B9s6EJjMzOMlE6ZSGHTdV6cwNT0zOze/UFxcWl5ZLa2tN0ySaQ51nshE34TMgBQK6ihQwk2qgcWhhOvwvtb3rx9AG5GoK+ym0IrZnRJtwRlaKSgF/qOIoMOQngZ7t+p45JqrHXe3R/00pn4EEhkds/96t3ntvDcRCEplt+IOQCeJNyRlMsRFUHrxo4RnMSjkkhnT9NwUWznTKLiEXtHPDKSM37M7aFqqWAymlQ+K6NFtq0S0nWh7FNKB+nciZ7Ex3Ti0yZhhx4x7ffE/r5lh+6iVC5VmCIr/LmpnkmJC+63SSGjgKLuWMK6FfSvlHaYZR9t90ZbgjX95kjT2Kt5+5eByv1w9GdYxTzbJFtkhHjkkVXJGLkidcPJE3sgH+XSenXfny/n+jRac4cwGGUGh8ANwQrEF</latexit>

Procedural uncertainties: 

Cross normalization

Calculation of CJ ratio

standard propagation from d, p data=)

<latexit sha1_base64="yuJGccif+nJ405oSoSSU2xvM6y4=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOFC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb9s+r53VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9CsJN+</latexit>

=)

<latexit sha1_base64="yuJGccif+nJ405oSoSSU2xvM6y4=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOFC2DNhYWEcwHJEfY2+xdluztHrtzSgz5JTYWitj6U+z8N26SKzTxwcDjvRlm5oWp4AY879sprKyurW8UN0tb2zu7ZXdvv2lUpilrUCWUbofEMMElawAHwdqpZiQJBWuFw+up33pg2nAl72GUsiAhseQRpwSs1HPL3VslY83jARCt1WPPrXhVbwa8TPycVFCOes/96vYVzRImgQpiTMf3UgjGRAOngk1K3cywlNAhiVnHUkkSZoLx7PAJPrZKH0dK25KAZ+rviTFJjBkloe1MCAzMojcV//M6GUSXwZjLNAMm6XxRlAkMCk9TwH2uGQUxsoRQze2tmA6IJhRsViUbgr/48jJpnlb9s+r53VmldpXHUUSH6AidIB9doBq6QXXUQBRl6Bm9ojfnyXlx3p2PeWvByWcO0B84nz9CsJN+</latexit>

Hessian method with “error PDF sets”

CJ15nlo mod

<latexit sha1_base64="8ZufkKrutjGjuED3fO0tXw3g2Lk=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBU0mkRY/FXsRTBfsBTSib7aZdutkNuxOxhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsTzjS47re1srq2vrFZ2Cpu7+zu7dsHhy0tU0Vok0guVSfEmnImaBMYcNpJFMVxyGk7HNWnfvuBKs2kuIdxQoMYDwSLGMFgpJ597AN9BICsfutVBZd+L5b9Sc8uuWV3BmeZeDkpoRyNnv3l9yVJYyqAcKx113MTCDKsgBFOJ0U/1TTBZIQHtGuowDHVQTY7f+KcGaXvRFKZEuDM1N8TGY61Hseh6YwxDPWiNxX/87opRFdBxkSSAhVkvihKuQPSmWbh9JmiBPjYEEwUM7c6ZIgVJmASK5oQvMWXl0nrouxVytW7Sql2ncdRQCfoFJ0jD12iGrpBDdREBGXoGb2iN+vJerHerY9564qVzxyhP7A+fwBW5ZW9</latexit>

2*  + 1 = 49Nparameters

�CJ� =
1

2

vuut
24X

j=1

h
�(2j�1) � �(2j)

i2

<latexit sha1_base64="KQv21vt3ZuN58zrkP8Y5CAdGx8E="></latexit>

�CJ bDi =
1

2

vuut
24X

j=1

h
bD(2j�1) � bD(2j)

i2

<latexit sha1_base64="IMra5PjxF+ptJ47mucuiQAOTlas="></latexit>

(negligible)
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Extraction of neutron  structure functionF2

Bin centering

Better visualization of data points 

Better evaluation of structure function moments - applications
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Extraction of neutron  structure functionF2

Bin centering

Use CJ framework

Better visualization of data points 

Better evaluation of structure function moments - applications

Rbc(Q
2
0, Q

2) ⌘ F2(x,Q2
0)

F2(x,Q2)

�����
CJ

<latexit sha1_base64="X2hkGnzEbXbjO8o2vhzuZuQiaLE="></latexit>

eF2(x,Q
2
0) ⌘ Rbc(Q

2
0, Q

2) bF2(x,Q
2)

<latexit sha1_base64="AbAGg80TFCTGQPTNJfkKOWBPxBk="></latexit>

Procedural uncertainty: negligible
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Extraction of neutron  structure functionF2

Comparison to BONuS data set

F2,n/F2d

This extraction

Experimental data
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Q2 = 1.7 GeV2 (i=5)

CJ15

BONuS

this work

GOOD 
AGREEMENT!

CLAS Collab., PRC 89 (2014)



bR(0)
n/p =

bRexp,(0)
n/d RCJ

d/N

2� bRexp,(0)
n/d RCJ

d/N

<latexit sha1_base64="xHVDlDebD4fTWIDgaqU7eMnlzx0="></latexit>

bR(0)
n/p =

2 bRexp,(0)
d/p

RCJ
d/N

� 1

<latexit sha1_base64="QZz8zgF6Cy4NyaIxUW0DwrJ72/c="></latexit>

14

Extraction of neutron  structure functionF2

Basic idea

Using n/d data (BoNUS)

Using d/p data

F2,n/F2p
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Extraction of neutron  structure functionF2

What about MARATHON data set??

F2,n/F2p

Jefferson Lab Hall A Collab., PRL 128 (2022) 13
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Extraction of neutron  structure functionF2

What about MARATHON data set??

F2,n/F2p

Jefferson Lab Hall A Collab., PRL 128 (2022) 13

Experimental analysis based on 
AKP framework

A=3 not available in CJ framework
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Extraction of neutron  structure functionF2

What about MARATHON data set??

F2,n/F2p

Jefferson Lab Hall A Collab., PRL 128 (2022) 13

Experimental analysis based on 
AKP framework

A=3 not available in CJ framework

Systematic uncertainties 
in treatment of HT and 
off-shell corrections
MC, Accardi, Fernando, Li, arXiv:2407.03589

Be careful!
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Application: GSR

Gottfried sum rule

SG(Q
2) =

Z 1

0

dx

x

⇥
F p
2 (x,Q

2)� Fn
2 (x,Q

2)
⇤

<latexit sha1_base64="OYPYwU42ddcq1EmHLb/PLEdo/uA="></latexit>

x<0.01: Regge theory

0.01<x<0.6: Exp. data

x>0.6: CJ15 model
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Application: GSR

Gottfried sum rule

0.1 0.2 0.3 0.4 0.5
IG (Q2 = 4 GeV2)

NNPDF4.0

MSHT20

CT18

CJ15

Q
C

D
an

al
ys

is
da

ta
ex

tr
ac

ti
on

NMC

Abbate and Forte

TMM

this work

SG(Q
2) =

Z 1

0

dx

x

⇥
F p
2 (x,Q

2)� Fn
2 (x,Q

2)
⇤

<latexit sha1_base64="OYPYwU42ddcq1EmHLb/PLEdo/uA="></latexit>

x<0.01: Regge theory

0.01<x<0.6: Exp. data

x>0.6: CJ15 model
GOOD AGREEMENT!
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Application: non-singlet moments

Mp�n
2 (Q2) =

Z 1

0
dx

⇠3

x3


3 + 9r + 8r2

20

�
F p�n
2 (x,Q2)

<latexit sha1_base64="IK4buOuoOV6rroO8CkSzFJPb3w8="></latexit>

Nachtmann moment

 = Nachtmann variableξ

r = 1 + 4x2 M2
N

Q2

Isoscalar  from exp. dataF2

Accounts for TMC

Relation to the non-singlet moment

3

C2
Mp�n

2 = hxiu+�d+ + HT

<latexit sha1_base64="fPlIhIiuKCr2MvYaQ2BMIl8FnGM="></latexit>
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Application: non-singlet moments

Mp�n
2 (Q2) =

Z 1

0
dx

⇠3

x3


3 + 9r + 8r2

20

�
F p�n
2 (x,Q2)

<latexit sha1_base64="IK4buOuoOV6rroO8CkSzFJPb3w8="></latexit>

3

C2
Mp�n

2 = hxiu+�d+ + HT

<latexit sha1_base64="fPlIhIiuKCr2MvYaQ2BMIl8FnGM="></latexit>

hxiu+�d+ =

Z 1

0
dxx[u(x) + ū(x)� d(x)� d̄(x)]

<latexit sha1_base64="tFvY6VprWl0zDmnzeqXULIQnyNw="></latexit>

x<0.01: Regge theory

0.01<x<0.6: Exp. data

x>0.6: CJ15 model
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Application: isoscalar corrections

f iso
A (x,Q2) '

✓
A

2

◆
1 + Fn

2 /F
p
2

Z +NFn
2 /F

p
2

<latexit sha1_base64="aiE6qC7W3CTdJ3xhvGjnjJgQyek="></latexit>

EMC effect

CJ15nlo mod

<latexit sha1_base64="8ZufkKrutjGjuED3fO0tXw3g2Lk=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBU0mkRY/FXsRTBfsBTSib7aZdutkNuxOxhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsTzjS47re1srq2vrFZ2Cpu7+zu7dsHhy0tU0Vok0guVSfEmnImaBMYcNpJFMVxyGk7HNWnfvuBKs2kuIdxQoMYDwSLGMFgpJ597AN9BICsfutVBZd+L5b9Sc8uuWV3BmeZeDkpoRyNnv3l9yVJYyqAcKx113MTCDKsgBFOJ0U/1TTBZIQHtGuowDHVQTY7f+KcGaXvRFKZEuDM1N8TGY61Hseh6YwxDPWiNxX/87opRFdBxkSSAhVkvihKuQPSmWbh9JmiBPjYEEwUM7c6ZIgVJmASK5oQvMWXl0nrouxVytW7Sql2ncdRQCfoFJ0jD12iGrpBDdREBGXoGb2iN+vJerHerY9564qVzxyhP7A+fwBW5ZW9</latexit>
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Open database on GitHub

https://github.com/JeffersonLab/CJ-database/

LHAPDF grids
F2, FL, F3

<latexit sha1_base64="5Xxbe3EprYCKGyaDBQONvLVfXeQ=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFcSJmpFV0WheLCRQX7gHYYMmmmDc1kxiRTKKXf4caFIm79GHf+jZl2Ftp64F4O59xLbo4fc6a0bX9bK6tr6xubua389s7u3n7h4LCpokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX94m/qtEZWKReJRj2PqhrgvWMAI1kZya175HNW8+7RdeIWiXbJnQMvEyUgRMtS9wle3F5EkpEITjpXqOHas3QmWmhFOp/luomiMyRD3acdQgUOq3Mns6Ck6NUoPBZE0JTSaqb83JjhUahz6ZjLEeqAWvVT8z+skOrh2J0zEiaaCzB8KEo50hNIEUI9JSjQfG4KJZOZWRAZYYqJNTnkTgrP45WXSLJecSunyoVKs3mRx5OAYTuAMHLiCKtxBHRpA4Ame4RXerJH1Yr1bH/PRFSvbOYI/sD5/AOLXkDw=</latexit>

�, �Z,Z

<latexit sha1_base64="lTiEAUnj30F1DbVndkIL6uZYbnI=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KCWRii6LblxWsA/ahjKZTtqhM0mYmQgh1F9x40IRt36IO//GaZuFth643MM59zJ3jh9zprTjfFtr6xubW9uFneLu3v7BoX103FJRIgltkohHsuNjRTkLaVMzzWknlhQLn9O2P7md+e1HKhWLwgedxtQTeBSygBGsjTSwS/0RFgJX0KKjbgV1B3bZqTpzoFXi5qQMORoD+6s/jEgiaKgJx0r1XCfWXoalZoTTabGfKBpjMsEj2jM0xIIqL5sfP0VnRhmiIJKmQo3m6u+NDAulUuGbSYH1WC17M/E/r5fo4NrLWBgnmoZk8VCQcKQjNEsCDZmkRPPUEEwkM7ciMsYSE23yKpoQ3OUvr5LWRdWtVS/va+X6TR5HAU7gFM7BhSuowx00oAkEUniGV3iznqwX6936WIyuWflOCf7A+vwB2ICTmw==</latexit>

w/, w/o HT
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Conclusions and Outlook

We provided a data-driven extraction of F2n from  and  data, with our 
best knowledge of HT and nuclear effects 

d p
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Conclusions and Outlook

We provided a data-driven extraction of F2n from  and  data, with our 
best knowledge of HT and nuclear effects 

d p

World data on F2p, F2d and the extracted F2n are sorted into a database 
with clear documentation on uncertainties 

F2n grids are available also in LHAPDF format

We treated with modern techniques the procedural uncertainties

The F2n data set has been used for different applications

21
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Impact of HT on n/p ratio

Are experimental observables independent of the choice of the HT?

F2,n

F2,p
=

n
p

x ! 1

<latexit sha1_base64="WMnuZLP6jczW+pOiE/B/lnGV5ws=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwNcyrVndFNy4r2Ae0Q8mkmTY0MxmSjFqHfokbF4q49VPc+TemD0FFD1w4nHMv994TpoxKZdsfxtLyyuraemGjuLm1vVMyd/eakmcCkwbmjIt2iCRhNCENRRUj7VQQFIeMtMLRxdRv3RAhKU+u1TglQYwGCY0oRkpLPbN0B7uCDoYKCcFvodMzy7bleZ7r+9C2/ErVPXM1OfFsz61Cx7JnKIMF6j3zvdvnOItJojBDUnYcO1VBjoSimJFJsZtJkiI8QgPS0TRBMZFBPjt8Ao+00ocRF7oSBWfq94kcxVKO41B3xkgN5W9vKv7ldTIVnQY5TdJMkQTPF0UZg4rDaQqwTwXBio01QVhQfSvEQyQQVjqrog7h61P4P2m6luNblSu/XDtfxFEAB+AQHAMHVEENXII6aAAMMvAAnsCzcW88Gi/G67x1yVjM7IMfMN4+Aaelkxw=</latexit>

4d+ u

4u+ d
' 1

4

<latexit sha1_base64="iiDUN95bU2ivhYKsE7DBK9Ppzss=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoCCWRiC6LblxWsA9oQ5lMJu3QmSTOQyghv+DGX3HjQhG37tz5N07bLLT1wOUezrmXmXuClFGpHOfbKq2srq1vlDcrW9s7u3v2/kFbJlpg0sIJS0Q3QJIwGpOWooqRbioI4gEjnWB8PfU7D0RImsR3apISn6NhTCOKkTLSwK71I4Fw5oXwFOo887TpYQ77knJyD+ema/R8YFedujMDXCZuQaqgQHNgf/XDBGtOYoUZkrLnOqnyMyQUxYzklb6WJEV4jIakZ2iMOJF+NrsohydGCWGUCFOxgjP190aGuJQTHphJjtRILnpT8T+vp1V06Wc0TrUiMZ4/FGkGVQKn8cCQCoIVmxiCsKDmrxCPkElBmRArJgR38eRl0j6ru179/NarNq6KOMrgCByDGnDBBWiAG9AELYDBI3gGr+DNerJerHfrYz5asoqdQ/AH1ucPYgGcIw==</latexit>

expansion in 
H

uQ2

Mult HT
Cp(x) = Cn(x) = C(x)

<latexit sha1_base64="lhTfKrbtjgrQYQb7Va4zIfChsJM=">AAAB/nicdVDLSsNAFJ34rPUVFVduBotQNyFpG9qNUOzGZQX7gDaEyXTSDp1MwsxELKHgr7hxoYhbv8Odf+P0IajogeEezrmXe+cECaNS2faHsbK6tr6xmdvKb+/s7u2bB4dtGacCkxaOWSy6AZKEUU5aiipGuokgKAoY6QTjxszv3BIhacxv1CQhXoSGnIYUI6Ul3zxu+Enx7vwCNnyuK9REF98s2Jbj2mW3Cm2r5FTLtZomZcctuQ50LHuOAlii6Zvv/UGM04hwhRmSsufYifIyJBTFjEzz/VSSBOExGpKephxFRHrZ/PwpPNPKAIax0I8rOFe/T2QoknISBbozQmokf3sz8S+vl6qw5mWUJ6kiHC8WhSmDKoazLOCACoIVm2iCsKD6VohHSCCsdGJ5HcLXT+H/pF2ynIrlXlcK9ctlHDlwAk5BETigCurgCjRBC2CQgQfwBJ6Ne+PReDFeF60rxnLmCPyA8fYJqTiTYg==</latexit>

(4d+ u)(1 + C/Q2)

(4u+ d)(1 + C/Q2)
' 1

4

<latexit sha1_base64="nOW65NOPxT1hKbdDh8N5gkocv3U="></latexit>

Add HT
Hp(x) = Hn(x) = H(x)

<latexit sha1_base64="xhJoQyd1B9K4vuIVeCeJ+nU7MK4=">AAAB/nicdVDLSsNAFJ34rPUVFVduBotQNyFpG9qNUHTTZQX7gDaEyXTSDp1MwsxELKHgr7hxoYhbv8Odf+P0IajogeEezrmXe+cECaNS2faHsbK6tr6xmdvKb+/s7u2bB4dtGacCkxaOWSy6AZKEUU5aiipGuokgKAoY6QTjq5nfuSVC0pjfqElCvAgNOQ0pRkpLvnnc8JPi3fkFbPhcV6iJLr5ZsC3HtctuFdpWyamWazVNyo5bch3oWPYcBbBE0zff+4MYpxHhCjMkZc+xE+VlSCiKGZnm+6kkCcJjNCQ9TTmKiPSy+flTeKaVAQxjoR9XcK5+n8hQJOUkCnRnhNRI/vZm4l9eL1VhzcsoT1JFOF4sClMGVQxnWcABFQQrNtEEYUH1rRCPkEBY6cTyOoSvn8L/SbtkORXLva4U6pfLOHLgBJyCInBAFdRBAzRBC2CQgQfwBJ6Ne+PReDFeF60rxnLmCPyA8fYJwKOTcQ==</latexit>

4d+ u+H/Q
2

4u+ d+H/Q2
' u+H/Q

2

4u+H/Q2

<latexit sha1_base64="Fkdg/THzU54i4R10vlmIUEaEK7s=">AAACOnicbVDLSsNAFJ3UV62vqEs3g0UQhJqUiC6LbrpswT6giWUymbRDJw9nJkIJ/S43foU7F25cKOLWD3DSRqitBy6ce+49zNzjxowKaRgvWmFldW19o7hZ2tre2d3T9w/aIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOOObrJ554FwQaPwVo5j4gRoEFKfYiSV1Nebts8RTi0PnsFEVR2ew+ZddZJaWefNKdAWNCD3cGZY3v3t+nrZqBhTwGVi5qQMcjT6+rPtRTgJSCgxQ0L0TCOWToq4pJiRSclOBIkRHqEB6SkaooAIJ52ePoEnSvGgH3FVoYRTdd6RokCIceCqzQDJoVicZeJ/s14i/SsnpWGcSBLi2UN+wqCMYJYj9CgnWLKxIghzqv4K8RCpaKRKu6RCMBdPXibtasW0KhdNq1y7zuMogiNwDE6BCS5BDdRBA7QABo/gFbyDD+1Je9M+ta/ZakHLPYfgD7TvHzZ6poI=</latexit>

' 1

4
+ 3

H

16uQ2
+ p.s

<latexit sha1_base64="LR6GndY7lU04meoGWTm6cH7SiQ4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQhJjU+lgW3XTZgn1AE8tkOmmHTh7OTIQS8hlu/BU3LhRx251/46TNQlsPXDhzzr3MvceNGBXSNL+1wsrq2vpGcbO0tb2zu6fvH7RFGHNMWjhkIe+6SBBGA9KSVDLSjThBvstIxx3fZX7niXBBw+BeTiLi+GgYUI9iJJXU189tQX3yCG2PI5xYaVJN4Rm8yN/1NLGuYAybD5VMjgzR18umYc4Al4mVkzLI0ejrU3sQ4tgngcQMCdGzzEg6CeKSYkbSkh0LEiE8RkPSUzRAPhFOMjsshSdKGUAv5KoCCWfq74kE+UJMfFd1+kiOxKKXif95vVh6N05CgyiWJMDzj7yYQRnCLCU4oJxgySaKIMyp2hXiEVKRSJVlSYVgLZ68TNoVw6oal81quXabx1EER+AYnAILXIMaqIMGaAEMnsEreAcf2ov2pn1qX/PWgpbPHII/0KY/Azmd2A==</latexit>

Bias in n/p function



Impact of HT on n/p ratio

Are experimental observables independent of the choice of the HT?

n
p

x ! 1

<latexit sha1_base64="WMnuZLP6jczW+pOiE/B/lnGV5ws=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVwNcyrVndFNy4r2Ae0Q8mkmTY0MxmSjFqHfokbF4q49VPc+TemD0FFD1w4nHMv994TpoxKZdsfxtLyyuraemGjuLm1vVMyd/eakmcCkwbmjIt2iCRhNCENRRUj7VQQFIeMtMLRxdRv3RAhKU+u1TglQYwGCY0oRkpLPbN0B7uCDoYKCcFvodMzy7bleZ7r+9C2/ErVPXM1OfFsz61Cx7JnKIMF6j3zvdvnOItJojBDUnYcO1VBjoSimJFJsZtJkiI8QgPS0TRBMZFBPjt8Ao+00ocRF7oSBWfq94kcxVKO41B3xkgN5W9vKv7ldTIVnQY5TdJMkQTPF0UZg4rDaQqwTwXBio01QVhQfSvEQyQQVjqrog7h61P4P2m6luNblSu/XDtfxFEAB+AQHAMHVEENXII6aAAMMvAAnsCzcW88Gi/G67x1yVjM7IMfMN4+Aaelkxw=</latexit>

4d+ u

4u+ d
' 1

4

<latexit sha1_base64="iiDUN95bU2ivhYKsE7DBK9Ppzss=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoCCWRiC6LblxWsA9oQ5lMJu3QmSTOQyghv+DGX3HjQhG37tz5N07bLLT1wOUezrmXmXuClFGpHOfbKq2srq1vlDcrW9s7u3v2/kFbJlpg0sIJS0Q3QJIwGpOWooqRbioI4gEjnWB8PfU7D0RImsR3apISn6NhTCOKkTLSwK71I4Fw5oXwFOo887TpYQ77knJyD+ema/R8YFedujMDXCZuQaqgQHNgf/XDBGtOYoUZkrLnOqnyMyQUxYzklb6WJEV4jIakZ2iMOJF+NrsohydGCWGUCFOxgjP190aGuJQTHphJjtRILnpT8T+vp1V06Wc0TrUiMZ4/FGkGVQKn8cCQCoIVmxiCsKDmrxCPkElBmRArJgR38eRl0j6ru179/NarNq6KOMrgCByDGnDBBWiAG9AELYDBI3gGr+DNerJerHfrYz5asoqdQ/AH1ucPYgGcIw==</latexit>

Mult HT Cp(x) = Cn(x) = C(x)

<latexit sha1_base64="lhTfKrbtjgrQYQb7Va4zIfChsJM=">AAAB/nicdVDLSsNAFJ34rPUVFVduBotQNyFpG9qNUOzGZQX7gDaEyXTSDp1MwsxELKHgr7hxoYhbv8Odf+P0IajogeEezrmXe+cECaNS2faHsbK6tr6xmdvKb+/s7u2bB4dtGacCkxaOWSy6AZKEUU5aiipGuokgKAoY6QTjxszv3BIhacxv1CQhXoSGnIYUI6Ul3zxu+Enx7vwCNnyuK9REF98s2Jbj2mW3Cm2r5FTLtZomZcctuQ50LHuOAlii6Zvv/UGM04hwhRmSsufYifIyJBTFjEzz/VSSBOExGpKephxFRHrZ/PwpPNPKAIax0I8rOFe/T2QoknISBbozQmokf3sz8S+vl6qw5mWUJ6kiHC8WhSmDKoazLOCACoIVm2iCsKD6VohHSCCsdGJ5HcLXT+H/pF2ynIrlXlcK9ctlHDlwAk5BETigCurgCjRBC2CQgQfwBJ6Ne+PReDFeF60rxnLmCPyA8fYJqTiTYg==</latexit>

Bias not present!

LT

Add HT
Hp(x) 6= Hn(x)

<latexit sha1_base64="ID9gEmBhpvr90wDG7MQF5jLaBEw=">AAAB/HicdVDLSgMxFM34rPU12qWbYBHqZpi0Hdpl0U2XFewD2jJk0rQNzWTGJCMOpf6KGxeKuPVD3Pk3pg9BRQ9cOJxzL/feE8ScKe26H9ba+sbm1nZmJ7u7t39waB8dt1SUSEKbJOKR7ARYUc4EbWqmOe3EkuIw4LQdTC7nfvuWSsUica3TmPZDPBJsyAjWRvLtXN2PC3fnsCfoDaz7Ys59O+86yHNLXgW6ThFVStWqISXkFT0EkeMukAcrNHz7vTeISBJSoQnHSnWRG+v+FEvNCKezbC9RNMZkgke0a6jAIVX96eL4GTwzygAOI2lKaLhQv09McahUGgamM8R6rH57c/Evr5voYbU/ZSJONBVkuWiYcKgjOE8CDpikRPPUEEwkM7dCMsYSE23yypoQvj6F/5NW0UFlx7sq52sXqzgy4AScggJAoAJqoA4aoAkISMEDeALP1r31aL1Yr8vWNWs1kwM/YL19Ao/hk3I=</latexit>

4d+ u+Hn/Q
2

4u+ d+Hp/Q
2
' u+Hn/Q

2

4u+Hp/Q
2

<latexit sha1_base64="TDgp+fWBWbxn18Pmqtu7Zrh+Jac="></latexit>

' 1

4
+

4Hn �Hp

16uQ2
+ p.s

<latexit sha1_base64="EPG1+jMI4NwF7C/oNhOD5QHPtg8=">AAACIHicbVDLSgMxFM3UV62vqks3wSIIYpkpo3VZdNNlC/YBnbFk0kwbmsmMSUYow3yKG3/FjQtFdKdfY9rOQlsPJJyccy8393gRo1KZ5peRW1ldW9/Ibxa2tnd294r7B20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeOObqd95IELSkN+qSUTcAA059SlGSkv9YtWRNCD30PEFwomVJnYKz7KXDet9Ds/1HaWJdQlj2LyrTO2oLPvFklk2Z4DLxMpICWRo9IufziDEcUC4wgxJ2bPMSLkJEopiRtKCE0sSITxGQ9LTlKOASDeZLZjCE60MoB8KfbiCM/V3R4ICKSeBpysDpEZy0ZuK/3m9WPlXbkJ5FCvC8XyQHzOoQjhNCw6oIFixiSYIC6r/CvEI6XCUzrSgQ7AWV14m7UrZsssXTbtUu87iyIMjcAxOgQWqoAbqoAFaAINH8AxewZvxZLwY78bHvDRnZD2H4A+M7x84RKB6</latexit>

Hp
(x
) =

Hn
(x
) =

H
(x
)

<latexit sha1_base64="xhJoQyd1B9K4vuIVeCeJ+nU7MK4=">AAAB/nicdVDLSsNAFJ34rPUVFVduBotQNyFpG9qNUHTTZQX7gDaEyXTSDp1MwsxELKHgr7hxoYhbv8Odf+P0IajogeEezrmXe+cECaNS2faHsbK6tr6xmdvKb+/s7u2bB4dtGacCkxaOWSy6AZKEUU5aiipGuokgKAoY6QTjq5nfuSVC0pjfqElCvAgNOQ0pRkpLvnnc8JPi3fkFbPhcV6iJLr5ZsC3HtctuFdpWyamWazVNyo5bch3oWPYcBbBE0zff+4MYpxHhCjMkZc+xE+VlSCiKGZnm+6kkCcJjNCQ9TTmKiPSy+flTeKaVAQxjoR9XcK5+n8hQJOUkCnRnhNRI/vZm4l9eL1VhzcsoT1JFOF4sClMGVQxnWcABFQQrNtEEYUH1rRCPkEBY6cTyOoSvn8L/SbtkORXLva4U6pfLOHLgBJyCInBAFdRBAzRBC2CQgQfwBJ6Ne+PReDFeF60rxnLmCPyA8fYJwKOTcQ==</latexit>

' 1

4
+ 3

H

16uQ2
+ p.s

<latexit sha1_base64="LR6GndY7lU04meoGWTm6cH7SiQ4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQhJjU+lgW3XTZgn1AE8tkOmmHTh7OTIQS8hlu/BU3LhRx251/46TNQlsPXDhzzr3MvceNGBXSNL+1wsrq2vpGcbO0tb2zu6fvH7RFGHNMWjhkIe+6SBBGA9KSVDLSjThBvstIxx3fZX7niXBBw+BeTiLi+GgYUI9iJJXU189tQX3yCG2PI5xYaVJN4Rm8yN/1NLGuYAybD5VMjgzR18umYc4Al4mVkzLI0ejrU3sQ4tgngcQMCdGzzEg6CeKSYkbSkh0LEiE8RkPSUzRAPhFOMjsshSdKGUAv5KoCCWfq74kE+UJMfFd1+kiOxKKXif95vVh6N05CgyiWJMDzj7yYQRnCLCU4oJxgySaKIMyp2hXiEVKRSJVlSYVgLZ68TNoVw6oal81quXabx1EER+AYnAILXIMaqIMGaAEMnsEreAcf2ov2pn1qX/PWgpbPHII/0KY/Azmd2A==</latexit>

Hp(x) = 2Hn(x)

<latexit sha1_base64="9gQmX5KvnD7rBiJGWffppaeYq0o=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5C0De1GKLrpsoJ9QBvCZDpph04mYWZSLKF/4saFIm79E3f+jdOHoKIHLhzOuZd77wkSRqWy7Q8jt7G5tb2T3y3s7R8cHpnHJx0ZpwKTNo5ZLHoBkoRRTtqKKkZ6iSAoChjpBpObhd+dEiFpzO/ULCFehEachhQjpSXfNJt+Urq/vIJl2PS5Zr5ZtC3HtStuDdpW2alV6nVNKo5bdh3oWPYSRbBGyzffB8MYpxHhCjMkZd+xE+VlSCiKGZkXBqkkCcITNCJ9TTmKiPSy5eVzeKGVIQxjoYsruFS/T2QoknIWBbozQmosf3sL8S+vn6qw7mWUJ6kiHK8WhSmDKoaLGOCQCoIVm2mCsKD6VojHSCCsdFgFHcLXp/B/0ilbTtVyb6vFxvU6jjw4A+egBBxQAw3QBC3QBhhMwQN4As9GZjwaL8brqjVnrGdOwQ8Yb58NppID</latexit>

' 1

4
+

H

16uQ2

<latexit sha1_base64="CLARfH7F93IbhG1gMv+uGwJs+ZQ=">AAACEHicbVDLSgMxFM34rPU16tJNsIiCUGZKfSyLbrpswT6gU0smzbShSWZMMkIZ5hPc+CtuXCji1qU7/8a0nYW2Hrhwcs695N7jR4wq7Tjf1tLyyuraem4jv7m1vbNr7+03VRhLTBo4ZKFs+0gRRgVpaKoZaUeSIO4z0vJHNxO/9UCkoqG41eOIdDkaCBpQjLSRevaJpygn99ALJMKJmyblFJ5lr2qauBcwhvW7UtqzC07RmQIuEjcjBZCh1rO/vH6IY06Exgwp1XGdSHcTJDXFjKR5L1YkQniEBqRjqECcqG4yPSiFx0bpwyCUpoSGU/X3RIK4UmPum06O9FDNexPxP68T6+Cqm1ARxZoIPPsoiBnUIZykA/tUEqzZ2BCEJTW7QjxEJgxtMsybENz5kxdJs1R0y8XzerlQuc7iyIFDcAROgQsuQQVUQQ00AAaP4Bm8gjfryXqx3q2PWeuSlc0cgD+wPn8AsCebuQ==</latexit>

Mult HT
Cp(x) 6= Cn(x)

<latexit sha1_base64="gnbFAbsAP7ra1P1V6c+x7Y6nguU=">AAAB/HicdVDLTgIxFO34RHyhLN00EhPcTKbABJZENi4xkUcCZNIpHWjodMa2YyQEf8WNC41x64e482/sACZq9CQ3OTnn3tx7jx9zprTjfFhr6xubW9uZnezu3v7BYe7ouK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf9JI/c4tlYpF4lpPYzoI8UiwgBGsjeTl8g0vLt6dw76gN7DhiZR7uYJjI9cpu1Xo2CVULddqhpSRW3IRRLazQAGs0PRy7/1hRJKQCk04VqqHnFgPZlhqRjidZ/uJojEmEzyiPUMFDqkazBbHz+GZUYYwiKQpoeFC/T4xw6FS09A3nSHWY/XbS8W/vF6ig9pgxkScaCrIclGQcKgjmCYBh0xSovnUEEwkM7dCMsYSE23yypoQvj6F/5N2yUYV272qFOoXqzgy4AScgiJAoArq4BI0QQsQMAUP4Ak8W/fWo/VivS5b16zVTB78gPX2CYBBk2g=</latexit>

u+ H̃n/Q
2

4u+ H̃p/Q
2

<latexit sha1_base64="WcfBisyVPXLhXgG+YlgUESuk92s=">AAACHXicbZDLSsNAFIYn9VbrLerSzWARBKEmJaLLopsuW7AXaGqYTCbt0MkkzEyEEvoibnwVNy4UceFGfBunbRa29YeBn++cw5nz+wmjUlnWj1FYW9/Y3Cpul3Z29/YPzMOjtoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT80d203nkkQtKY36txQvoRGnAaUoyURp7puKFAOEvhBXQVZQHJ6hOPw0vYfKhOMmeRJzn3zLJVsWaCq8bOTRnkanjmlxvEOI0IV5ghKXu2lah+hoSimJFJyU0lSRAeoQHpactRRGQ/m103gWeaBDCMhX5cwRn9O5GhSMpx5OvOCKmhXK5N4X+1XqrCm35GeZIqwvF8UZgyqGI4jQoGVBCs2FgbhAXVf4V4iHRcSgda0iHYyyevmna1YjuVq6ZTrt3mcRTBCTgF58AG16AG6qABWgCDJ/AC3sC78Wy8Gh/G57y1YOQzx2BBxvcvUN2gLw==</latexit>

same as Add

structure function 
is smaller



Results in the CJ fitting framework

Case 1: isospin symmetry

n/p

<latexit sha1_base64="IGPQ6K2g6Gr0/9A20eC0MT+Yulc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02koseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSvTpL+uWKW3XnIH+Jl5MK5Gj0y5+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiUnVhmQMNa2FJK5+nMio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll/+S1rnVa9WvbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnWfnzXlftBacfOYQfsH5+AYVmI2t</latexit>

Off-shell compensates n/p bias

D/p

<latexit sha1_base64="RVb3rlYp1Ju23Dmil9BUZ2MAtZo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BPXiMaB6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqEccx90M6UKIvGEUrPdyexd1iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/KT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwa52WvUr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwB1Y2Ngw==</latexit>

Bias identified

Unnaturally large n/p
BUT smaller d/u than Mult

Add HT



Results in the CJ fitting framework

Case 2: isospin breaking

Compatible n/p

Hn(x) ≃
1
2

Hp(x)

n/p

<latexit sha1_base64="IGPQ6K2g6Gr0/9A20eC0MT+Yulc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU02koseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSvTpL+uWKW3XnIH+Jl5MK5Gj0y5+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiUnVhmQMNa2FJK5+nMio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll/+S1rnVa9WvbirVerXeRxFOIJjOAUPLqEOt9CAJjAYwhO8wKsjnWfnzXlftBacfOYQfsH5+AYVmI2t</latexit>

Theory calculation confirmed!

Bias removed
No need of compensation by off-shell

D/p

<latexit sha1_base64="RVb3rlYp1Ju23Dmil9BUZ2MAtZo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BPXiMaB6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqEccx90M6UKIvGEUrPdyexd1iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/KT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwa52WvUr64r5Sq11kceTiCYzgFDy6hCndQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwB1Y2Ngw==</latexit>



Results in the CJ fitting framework

Is the nucleon inside the deuterium 
almost on-shell?

After removing the bias �f(x) ' 0

<latexit sha1_base64="8O9RrA7V0RTWx4h+1oyc+tD5nSE=">AAAB/nicdVDLSgNBEJyN7/iKiicvg0HQyzKbRN3cRC8eFUwUkiXMzvaaIbMPZ2bFsAT8FS8eFPHqd3jzb5w8BBUtaCiquunu8lPBlSbkwypMTc/Mzs0vFBeXlldWS2vrTZVkkkGDJSKRVz5VIHgMDc21gKtUAo18AZd+72ToX96CVDyJL3Q/BS+i1zEPOaPaSJ3SZjsAoSkO8e7dHm4rHsENJp1Smdhu5cB1HUxsUncclxji1N1qdR87NhmhjCY465Te20HCsghizQRVquWQVHs5lZozAYNiO1OQUtaj19AyNKYRKC8fnT/AO0YJcJhIU7HGI/X7RE4jpfqRbzojqrvqtzcU//JamQ5dL+dxmmmI2XhRmAmsEzzMAgdcAtOibwhlkptbMetSSZk2iRVNCF+f4v9Js2I7NXv/vFY+Op7EMY+20DbaRQ46REfoFJ2hBmIoRw/oCT1b99aj9WK9jlsL1mRmA/2A9fYJhieUlg==</latexit>

Need A=3 data to assess flavour 
dependence of off-shell function

Adams, et al., PRL 128 (2022)
MARATHON data



JAM

AKP

Other extractions of the off-shell correction

No significant differences seen between HT Add and Mult 

DISCLAIMER: off-shell function parametrized at the structure function level (δF)
and many other differences in the implementation

Fit to A=3 data:  (baseline)δFp(x) ≃ δFn(x)

Only multiplicative HT considered

DISCLAIMER: off-shell function parametrized at the pdf level (δf )
but many differences in the implementation

Fit to A=3 data: δfu(x) ≠ δfd(x)

Alekhin, Kulagin, Petti, PRD 107 (2023)

JAM Collaboration, PRL 127 (2021)



higher-twist
isospin

Multiplicative

Additive

Symmetric Non symmetric

Off-shell table



higher-twist
isospin

Multiplicative

Additive

Symmetric Non symmetric

H̃ = F2,N (x,Q2)HMult(x)

<latexit sha1_base64="Au8ga1Qw1mprbXb/QqneH1ARhrA="></latexit>

�H̃ = F2,N (x,Q2)�HMult(x)

<latexit sha1_base64="S0pJG9zK/krLwpJ/+6qKbvWTlB8="></latexit>

Higher-Twist table



AKP vs CJ

�f

<latexit sha1_base64="yZcUfdlDmzWJu+7wbB9xvCXQAPA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWw2m3bpZhN3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6wHHK/ZgOlIgEo2ilTi/kEimJ+uWKW3XnIKvEy0kFcjT65a9emLAs5gqZpMZ0PTdFf0I1Cib5tNTLDE8pG9EB71qqaMyNP5nfOyVnVglJlGhbCslc/T0xobEx4ziwnTHFoVn2ZuJ/XjfD6NqfCJVmyBVbLIoySTAhs+dJKDRnKMeWUKaFvZWwIdWUoY2oZEPwll9eJa2LqlerXt7XKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AGuFY++</latexit>



AKP results

AKP

Add HT (p=n) as baseline choice

 parametrizedH2, HT

bias is there

Fit to A=3 data δFp δFn

Alekhin, Kulagin, Petti, PRD 107 (2023)



JAM results

Mult HT (p=n) as default choice

JAM Fit including A=3 data δfu δfd

�fd

<latexit sha1_base64="ajyRbhHV4Qe0bkBb6W032UuJBDE=">AAAB8nicdVBNS8NAEN3Urxq/qh69LBbBU0hqxPZW9OKxgrWFNJTNZtMu3XywOxFK6M/w4kERr/4ab/4bt20EFX0w8Hhvhpl5QSa4Atv+MCorq2vrG9VNc2t7Z3evtn9wp9JcUtalqUhlPyCKCZ6wLnAQrJ9JRuJAsF4wuZr7vXsmFU+TW5hmzI/JKOERpwS05JmDkAkgOBqGw1rdtpyG6zRb2LbsBTRptZpnLRc7pVJHJTrD2vsgTGkeswSoIEp5jp2BXxAJnAo2Mwe5YhmhEzJinqYJiZnyi8XJM3yilRBHqdSVAF6o3ycKEis1jQPdGRMYq9/eXPzL83KImn7BkywHltDloigXGFI8/x+HXDIKYqoJoZLrWzEdE0ko6JRMHcLXp/h/ctewHNc6v3Hr7csyjio6QsfoFDnoArXRNeqgLqIoRQ/oCT0bYDwaL8brsrVilDOH6AeMt0+6sJDs</latexit>

�fu

<latexit sha1_base64="GCe+n0LDw9vkRhSwISlC+rrLSbk=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQhJjW3dFNy4r2AekpUwmk3bo5MHMjVBCP8ONC0Xc+jXu/BsnbQUVPXDhcM693HuPnwquwLI+jJXVtfWNzdJWeXtnd2+/cnDYUUkmKWvTRCSy5xPFBI9ZGzgI1kslI5EvWNefXBd+955JxZP4DqYpG0RkFPOQUwJa8sr9gAkgOBxmw0rVMi8bNcetYcu0rLrt2AVx6u65i22tFKiiJVrDyns/SGgWsRioIEp5tpXCICcSOBVsVu5niqWETsiIeZrGJGJqkM9PnuFTrQQ4TKSuGPBc/T6Rk0ipaeTrzojAWP32CvEvz8sgbAxyHqcZsJguFoWZwJDg4n8ccMkoiKkmhEqub8V0TCShoFMq6xC+PsX/k45j2q55cetWm1fLOEroGJ2gM2SjOmqiG9RCbURRgh7QE3o2wHg0XozXReuKsZw5Qj9gvH0C1DGQ/A==</latexit>

JAM Collaboration, PRL 127 (2021)

�f(x)|CJ-like =
u�fu + d�fd

u+ d

<latexit sha1_base64="2NRzhGs66Drl29p43egOCoEGOT0="></latexit>

Courtesy of C. Cocuzza



Some implementation differences


