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CTEQ-JLab Collaboration

Main focus: Investigate the internal structure of nucleons in 
their valence region

Collinear factorization

Universality

DIS

pp collisions

p/d targets

Drell—Yan 
W/Z production 
jets
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CJ: PDFs at large x
Understand the behaviour of PDFs in the large-x region

Main focus:
d

u

<latexit sha1_base64="q61hh8rrAWG8NHYMBf4ZAAhboPk=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFSZ9aLorunFZwT4gDWUymbRDJ5kwMxFK6Ge4caGIW7/GnX/j9CGo6IELh3Pu5d57gpQzpRH6sApr6xubW8Xt0s7u3v5B+fCoq0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+YXM/93j2VionkTk9T6sd4lLCIEayN5A0iiUkezvJsNixXkO1WL1zXgchGTcdxkSFO063VGtCx0QIVsEJ7WH4fhIJkMU004Vgpz0Gp9nMsNSOczkqDTNEUkwkeUc/QBMdU+fni5Bk8M0oIIyFNJRou1O8TOY6VmsaB6YyxHqvf3lz8y/MyHbl+zpI00zQhy0VRxqEWcP4/DJmkRPOpIZhIZm6FZIxNCtqkVDIhfH0K/yfdqu3U7cZtvdK6WsVRBCfgFJwDB1yCFrgBbdABBAjwAJ7As6WtR+vFel22FqzVzDH4AevtE2U3kgI=</latexit>

A. Accardi, et al., PRD 93 (2016)
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CJ: PDFs at large x
Understand the behaviour of PDFs in the large-x region

Main focus:
d

u
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A. Accardi, et al., PRD 93 (2016)
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Which datasets do impose constraints on this region? Main focus:
d

u

<latexit sha1_base64="q61hh8rrAWG8NHYMBf4ZAAhboPk=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFSZ9aLorunFZwT4gDWUymbRDJ5kwMxFK6Ge4caGIW7/GnX/j9CGo6IELh3Pu5d57gpQzpRH6sApr6xubW8Xt0s7u3v5B+fCoq0QmCe0QwYXsB1hRzhLa0Uxz2k8lxXHAaS+YXM/93j2VionkTk9T6sd4lLCIEayN5A0iiUkezvJsNixXkO1WL1zXgchGTcdxkSFO063VGtCx0QIVsEJ7WH4fhIJkMU004Vgpz0Gp9nMsNSOczkqDTNEUkwkeUc/QBMdU+fni5Bk8M0oIIyFNJRou1O8TOY6VmsaB6YyxHqvf3lz8y/MyHbl+zpI00zQhy0VRxqEWcP4/DJmkRPOpIZhIZm6FZIxNCtqkVDIhfH0K/yfdqu3U7cZtvdK6WsVRBCfgFJwDB1yCFrgBbdABBAjwAJ7As6WtR+vFel22FqzVzDH4AevtE2U3kgI=</latexit>

u-quark

DIS on proton target
Drell—Yan data

…

W-boson asymmetry
DIS on Deuterium targets

Proton-Tagged DIS (BONuS)
…

d-quark

We have to deal with Deuterium target at large-x

J. Owens, et al., PRD 87 (2013)

CJ: PDFs at large x
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CTEQ-JLab Collaboration
DIS on deuteron target

CJ global data set:

high-  and low-x Q2
 1000+ data points

 > 3 Ge ,  > 1.69 GeW2 V2 Q2 V2

Nuclear corrections
TMC

Higher Twists

✔

Precision
Accuracy

✘

The choice of their 
implementation may be a 
source of systematic error?

A. Accardi, et al., PRD 93 (2016)
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CTEQ-JLab Collaboration
DIS on deuteron target

CJ global data set:

high-  and low-x Q2
 1000+ data points

 > 3 Ge ,  > 1.69 GeW2 V2 Q2 V2

A. Accardi, et al., PRD 93 (2016)
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CTEQ-JLab Collaboration
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)

A. Accardi, et al., PRD 93 (2016)
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CTEQ-JLab Collaboration
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 J. Owens, et al., PRD 87 (2013)

A. Accardi, et al., PRD 93 (2016)
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Nuclear impulse approximation

F2,D(xD, Q2) =

Z yDmax

yDmin

dyDdp2T fN/D(yD, p2T ; �)F2,N

✓
xD

yD
, Q2, p2

◆

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

Structure function
of a bound, off-shell nucleon

Melnitchouk, Schreiber, Thomas, PRD 49 (1994)
Kulagin, Piller, Weise, PRC 50 (1994)
Kulagin and Petti, NPA 765 (2006)

Off-shell expansion (in nucleon virtuality )p2

Free nucleon pdfs/SFs
p2 = m2

N

<latexit sha1_base64="aQ6Mw8P9xGsi27fSrJAXZ9ShzQM=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyWil6EohdPUsF+wHZbsmm2DU2ySzIrlNKf4cWDIl79Nd78N6btHrT1wcDjvRlm5oWJ4AZc99vJra1vbG7ltws7u3v7B8XDo6aJU01Zg8Yi1u2QGCa4Yg3gIFg70YzIULBWOLqd+a0npg2P1SOMExZIMlA84pSAlfykW8HXWPbuu5VeseSW3TnwKvEyUkIZ6r3iV6cf01QyBVQQY3zPTSCYEA2cCjYtdFLDEkJHZMB8SxWRzAST+clTfGaVPo5ibUsBnqu/JyZEGjOWoe2UBIZm2ZuJ/3l+CtFVMOEqSYEpulgUpQJDjGf/4z7XjIIYW0Ko5vZWTIdEEwo2pYINwVt+eZU0K2WvWr54qJZqN1kceXSCTtE58tAlqqE7VEcNRFGMntErenPAeXHenY9Fa87JZo7RHzifP3ugkBc=</latexit>

Off-shell function
(To be fitted)

F

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

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

CJ: treatment of deuteron targets
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KP-like model

+ valence sum rule

Constrain power of CJ dataset 
only up to x = 0.6

Kulagin and Petti, NPA 765 (2006)

Polynomial model

⇒

�f(x) =
X

n

a(n)offx
n

<latexit sha1_base64="UhDEbtrFqe5a85KmNlgtaP2sF1w=">AAACEHicbVC7TsMwFHXKq5RXgZHFokK0S5WgIliQKlgYi0QfUpNGjuO0Vh0nsh3UKuonsPArLAwgxMrIxt/gthmg5UiWjs45V9f3eDGjUpnmt5FbWV1b38hvFra2d3b3ivsHLRklApMmjlgkOh6ShFFOmooqRjqxICj0GGl7w5up334gQtKI36txTJwQ9TkNKEZKS27x1PYJUwgGsDyqwCtoyyR0OURuGgXBpJeWeWUCRz2dLJlVcwa4TKyMlECGhlv8sv0IJyHhCjMkZdcyY+WkSCiKGZkU7ESSGOEh6pOuphyFRDrp7KAJPNGKD4NI6McVnKm/J1IUSjkOPZ0MkRrIRW8q/ud1ExVcOinlcaIIx/NFQcKgiuC0HehTQbBiY00QFlT/FeIBEggr3WFBl2AtnrxMWmdVq1Y9v6uV6tdZHXlwBI5BGVjgAtTBLWiAJsDgETyDV/BmPBkvxrvxMY/mjGzmEPyB8fkDY6eblQ==</latexit>

Alekhin, Kulagin, Petti, PRD 96 (2017)

Off-shell corrections

Accardi, et al., PRD 93 (2016)
Accardi, et al., PRD 107 (2023)

Alekhin, Kulagin, Petti, PRD 105 (2022)
Alekhin, Kulagin, Petti, PRD 107 (2023)

CJ: treatment of deuteron targets
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Higher Twist corrections

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>

H(x) = a
(0)
ht x

a(1)
ht (1� x)a

(2)
ht (1 + a

(3)
ht x)

<latexit sha1_base64="VtyA+EBZ+DNDvkgnsv/dO90vgl0="></latexit>

C(x) = a(0)ht x
a(1)
ht (1 + a(2)ht x)

<latexit sha1_base64="kD45xbuvCsZSBswC35x4vh9mxVg="></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>

(CJ fits)

CJ: power corrections
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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>

mHT
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>

aHT
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>

Bias identified!!

(extrapolation region)

Case 1: isospin-independent HT

No effect of HT

Strong effect of HT' 1

4
+ 27

H

16uQ2

<latexit sha1_base64="e8pfYyLJ0inuKX2HqYZ+5uYjzNM=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQhZKUal0W3XTZgn1AE8tkOmmHziRxZiKUkH9w46+4caGIWzfu/BunbRbaeuDC4Zx7ufceL2JUKsv6NnIrq2vrG/nNwtb2zu6euX/QlmEsMGnhkIWi6yFJGA1IS1HFSDcSBHGPkY43vpn6nQciJA2DWzWJiMvRMKA+xUhpqW+eOZJycg8dXyCc2GlSSeE5LFczoZ4m9iWMYfOunPbNolWyZoDLxM5IEWRo9M0vZxDimJNAYYak7NlWpNwECUUxI2nBiSWJEB6jIelpGiBOpJvMfkrhiVYG0A+FrkDBmfp7IkFcygn3dCdHaiQXvan4n9eLlX/lJjSIYkUCPF/kxwyqEE4DggMqCFZsognCgupbIR4hHYbSMRZ0CPbiy8ukXS7ZldJFs1KsXWdx5MEROAanwAZVUAN10AAtgMEjeAav4M14Ml6Md+Nj3pozsplD8AfG5w8QEpxg</latexit>

CJ: power corrections
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CJ fit: results
Case 1: isospin-independent HT

Off-shell compensates n/p
Bias identified
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CJ fit: results
Case 1: isospin-independent HT

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

Off-shell compensates n/p
Bias identified
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Off-shell compensates n/p
Bias identified

Systematic “implementation” uncertainty 
in a region of extrapolation

Case 1: isospin-independent HT

CJ fit: results

12



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 removed!

LT

aHT
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>

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>

Hp(x) = 2Hn(x)

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

mHT
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

n/p ratio is smaller

Case 2: isospin-dependent HT

' 1

4
+ 9

4Hn �Hp

16uQ2

<latexit sha1_base64="dT6t28mJ13gTlbHUYNgxaRfQPuc=">AAACHHicbVDLSgMxFM34rPU16tJNsAiCWGbq+NoV3XTZgn1Ap5ZMmmlDM5kxyQhlmA9x46+4caGIGxeCf2PazkJbDyScnHMvN/d4EaNSWda3sbC4tLyymlvLr29sbm2bO7sNGcYCkzoOWShaHpKEUU7qiipGWpEgKPAYaXrDm7HffCBC0pDfqlFEOgHqc+pTjJSWuuapK2lA7qHrC4QTO02cFB7Dq+ztwEqXwxN9R2lin8MY1u5KadcsWEVrAjhP7IwUQIZq1/x0eyGOA8IVZkjKtm1FqpMgoShmJM27sSQRwkPUJ21NOQqI7CST5VJ4qJUe9EOhD1dwov7uSFAg5SjwdGWA1EDOemPxP68dK/+yk1AexYpwPB3kxwyqEI6Tgj0qCFZspAnCguq/QjxAOhal88zrEOzZledJo1S0neJZzSmUr7M4cmAfHIAjYIMLUAYVUAV1gMEjeAav4M14Ml6Md+NjWrpgZD174A+Mrx+eZp8v</latexit>

' 1

4
+ 27

H

16uQ2

<latexit sha1_base64="e8pfYyLJ0inuKX2HqYZ+5uYjzNM=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQhZKUal0W3XTZgn1AE8tkOmmHziRxZiKUkH9w46+4caGIWzfu/BunbRbaeuDC4Zx7ufceL2JUKsv6NnIrq2vrG/nNwtb2zu6euX/QlmEsMGnhkIWi6yFJGA1IS1HFSDcSBHGPkY43vpn6nQciJA2DWzWJiMvRMKA+xUhpqW+eOZJycg8dXyCc2GlSSeE5LFczoZ4m9iWMYfOunPbNolWyZoDLxM5IEWRo9M0vZxDimJNAYYak7NlWpNwECUUxI2nBiSWJEB6jIelpGiBOpJvMfkrhiVYG0A+FrkDBmfp7IkFcygn3dCdHaiQXvan4n9eLlX/lJjSIYkUCPF/kxwyqEE4DggMqCFZsognCgupbIR4hHYbSMRZ0CPbiy8ukXS7ZldJFs1KsXWdx5MEROAanwAZVUAN10AAtgMEjeAav4M14Ml6Md+Nj3pozsplD8AfG5w8QEpxg</latexit>

' 1

4
+ 9

H

16uQ2

<latexit sha1_base64="vTPieyPtk+WPNq6549pTbLKepz8=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VQhJKU+toV3XTZgn1AE8tkOmmHziRxZiKUkG9w46+4caGIW1fu/BunbRbaeuDCmXPuZe49XsSoVJb1beSWlldW1/LrhY3Nre0dc3evJcNYYNLEIQtFx0OSMBqQpqKKkU4kCOIeI21vdDPx2w9ESBoGt2ocEZejQUB9ipHSUs88cSTl5B46vkA4sdOkksJTeJW9a2lin8MYNu7Kac8sWiVrCrhI7IwUQYZ6z/xy+iGOOQkUZkjKrm1Fyk2QUBQzkhacWJII4REakK6mAeJEusn0pBQeaaUP/VDoChScqr8nEsSlHHNPd3KkhnLem4j/ed1Y+ZduQoMoViTAs4/8mEEVwkk+sE8FwYqNNUFYUL0rxEOkw1A6xYIOwZ4/eZG0yiW7UjprVIrV6yyOPDgAh+AY2OACVEEN1EETYPAInsEreDOejBfj3fiYteaMbGYf/IHx+QOW25wm</latexit>

CJ: possible solution
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Case 2: isospin-dependent HT

Compatible n/p

Theory expectations confirmed!

Bias removed
No need of compensation by off-shell

CJ fit: results

14



More data are needed: present

New experimental data in the large-x region are needed to understand the 
correct interconnection of d/u, n/p ratios and off-shell corrections

CLAS12 (BoNUS12) Hall C
e + d → e′￼+ p + X e + p/D → e′￼+ X

Biswas, et al., 2409.15236
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More data are needed: future

Study of the impact of 22 GeV 
experimental data from 

Jefferson Lab

16



JLab22 pseudodata: kinematics

Pseudodata generated in 
Hall C kinematics

Disclaimer:
We need help for a more 
reliable and precise 
generation of pseudodata

Shujie Li
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JLab22 pseudodata: values and errors

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

x

5

10

15

20

25

30

Q
2

Central value: mHT CJ fit

Errors:

stat —> 1/ ΔtN

 daysΔt = 100

syst —> 2 %

norm —> 1 %

Fp
2 Fd

2
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Impact study: results

Impact on the observables: reduction of ≃ 20 %

PRELIMINARY PRELIMINARY
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Impact study: results

PRELIMINARY PRELIMINARY

Impact on the PDFs: reduction of ≃ 10 − 20 %

20



Impact study: results

PRELIMINARY PRELIMINARY

PRELIMINARY PRELIMINARY

offshell 
function

higher 
twists

 ratio
n
p

21



JLab22 pseudodata: HT model
mHT aHT

Pseudodata generation

New fit
(impact just shown)

Pseudodata generation

New fit
(similar impact)

PRELIMINARY PRELIMINARY
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JLab22 pseudodata: HT model
mHT aHT

Pseudodata generation

New fit

Fp
2

Fd
2

χ2/N < 1

χ2/N ∼ 3

There is disagreement with large-  deuteron datax
Large no compensation of differentQ2 ⇒

pheno assumptions

With new data from JLab22 we may select the model for HT and nuclear corrections

23



Conclusions and Outlook
Case 1: isospin-independent HT

Case 2: isospin-dependent HT

Hp(x) 6= Hn(x)

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

?

?
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Conclusions and Outlook

We need new precise data for DIS at large x

We have the tools to study the impact of JLab22 at large x

Sizable reduction of uncertainties in the fit

Potential of selecting model implementation of HT and nuclear corrections 

JLab6 cross sections

JLab12 new data

d/u HT δf

Extraction of   with data at larger  (smaller correlation to HT)δf Q2
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