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End-of-Year 
Seminar

Which implications could the 

presence of strong P-violation cause 

to inclusive DIS?
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N of points χ2/Ndata  (SM) χ2/Ndata (Fit)
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Predictions of the size of the PV contributions can be made in the 
kinematic domains of JLab12, JLab20+(?) and EIC 
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Further investigations on a new P-odd, CP-odd distribution function 
arising when considering the polarisation of the target
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The strong P- violation can give origin to a new structure function in 
DIS cross section for one-photon exchange

A fit of present experimental data is compatible with a non-zero 
contribution from a new strong PV parton density with p-value = 0.063

To better investigate its behaviour, new data are needed especially 
at small (medium) values of Q

The integral of  (   ) is related to the nucleon anapole (dipole) 
moment and there is room for comparisons with lattice calculations
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J. Collins, “Foundation of Perturbative QCD”

Cross Section

Leptonic tensor - QED

(completely 
calculable)

Hadronic tensor - QCD

(NOT completely 

calculable)

27



Experimental data: energy range

28

HERA dataset



Experimental data: energy range

28

HERA dataset Q2 2 (200, 30000) GeV2

<latexit sha1_base64="Can5MxffhoRGYTrpCH6YsFMDyRE=">AAACD3icbVC7SgNBFJ2N7/hatbQZDEoECbtR0VK00DIBkwjZGGYnN2ZwdnaZuSuGJX9g46/YWChia2vn3ziJKXwdGDiccy537gkTKQx63oeTm5icmp6ZncvPLywuLbsrq3UTp5pDjccy1hchMyCFghoKlHCRaGBRKKERXp8M/cYNaCNidY79BFoRu1KiKzhDK7XdreplmQZC0SIte94O3fUs6DYNaIBwi9kp1Ac20XYLXskbgf4l/pgUyBiVtvsedGKeRqCQS2ZM0/cSbGVMo+ASBvkgNZAwfs2uoGmpYhGYVja6Z0A3rdKh3Vjbp5CO1O8TGYuM6UehTUYMe+a3NxT/85opdg9bmVBJiqD416JuKinGdFgO7QgNHGXfEsa1sH+lvMc042grzNsS/N8n/yX1csnfK+1X9wpHx+M6Zsk62SBF4pMDckTOSIXUCCd35IE8kWfn3nl0XpzXr2jOGc+skR9w3j4BCNGYTA==</latexit>



Experimental data: energy range

28

HERA dataset Q2 2 (200, 30000) GeV2

<latexit sha1_base64="Can5MxffhoRGYTrpCH6YsFMDyRE=">AAACD3icbVC7SgNBFJ2N7/hatbQZDEoECbtR0VK00DIBkwjZGGYnN2ZwdnaZuSuGJX9g46/YWChia2vn3ziJKXwdGDiccy537gkTKQx63oeTm5icmp6ZncvPLywuLbsrq3UTp5pDjccy1hchMyCFghoKlHCRaGBRKKERXp8M/cYNaCNidY79BFoRu1KiKzhDK7XdreplmQZC0SIte94O3fUs6DYNaIBwi9kp1Ac20XYLXskbgf4l/pgUyBiVtvsedGKeRqCQS2ZM0/cSbGVMo+ASBvkgNZAwfs2uoGmpYhGYVja6Z0A3rdKh3Vjbp5CO1O8TGYuM6UehTUYMe+a3NxT/85opdg9bmVBJiqD416JuKinGdFgO7QgNHGXfEsa1sH+lvMc042grzNsS/N8n/yX1csnfK+1X9wpHx+M6Zsk62SBF4pMDckTOSIXUCCd35IE8kWfn3nl0XpzXr2jOGc+skR9w3j4BCNGYTA==</latexit>

high-energy
Q2 ≫ M2

N

no need of modification of the theory 



Experimental data: energy range

28

HERA dataset Q2 2 (200, 30000) GeV2

<latexit sha1_base64="Can5MxffhoRGYTrpCH6YsFMDyRE=">AAACD3icbVC7SgNBFJ2N7/hatbQZDEoECbtR0VK00DIBkwjZGGYnN2ZwdnaZuSuGJX9g46/YWChia2vn3ziJKXwdGDiccy537gkTKQx63oeTm5icmp6ZncvPLywuLbsrq3UTp5pDjccy1hchMyCFghoKlHCRaGBRKKERXp8M/cYNaCNidY79BFoRu1KiKzhDK7XdreplmQZC0SIte94O3fUs6DYNaIBwi9kp1Ac20XYLXskbgf4l/pgUyBiVtvsedGKeRqCQS2ZM0/cSbGVMo+ASBvkgNZAwfs2uoGmpYhGYVja6Z0A3rdKh3Vjbp5CO1O8TGYuM6UehTUYMe+a3NxT/85opdg9bmVBJiqD416JuKinGdFgO7QgNHGXfEsa1sH+lvMc042grzNsS/N8n/yX1csnfK+1X9wpHx+M6Zsk62SBF4pMDckTOSIXUCCd35IE8kWfn3nl0XpzXr2jOGc+skR9w3j4BCNGYTA==</latexit>

high-energy
Q2 ≫ M2

N

no need of modification of the theory 

JLab6 + SLAC-E122 datasets



Experimental data: energy range

28

HERA dataset Q2 2 (200, 30000) GeV2

<latexit sha1_base64="Can5MxffhoRGYTrpCH6YsFMDyRE=">AAACD3icbVC7SgNBFJ2N7/hatbQZDEoECbtR0VK00DIBkwjZGGYnN2ZwdnaZuSuGJX9g46/YWChia2vn3ziJKXwdGDiccy537gkTKQx63oeTm5icmp6ZncvPLywuLbsrq3UTp5pDjccy1hchMyCFghoKlHCRaGBRKKERXp8M/cYNaCNidY79BFoRu1KiKzhDK7XdreplmQZC0SIte94O3fUs6DYNaIBwi9kp1Ac20XYLXskbgf4l/pgUyBiVtvsedGKeRqCQS2ZM0/cSbGVMo+ASBvkgNZAwfs2uoGmpYhGYVja6Z0A3rdKh3Vjbp5CO1O8TGYuM6UehTUYMe+a3NxT/85opdg9bmVBJiqD416JuKinGdFgO7QgNHGXfEsa1sH+lvMc042grzNsS/N8n/yX1csnfK+1X9wpHx+M6Zsk62SBF4pMDckTOSIXUCCd35IE8kWfn3nl0XpzXr2jOGc+skR9w3j4BCNGYTA==</latexit>

high-energy
Q2 ≫ M2

N

no need of modification of the theory 

JLab6 + SLAC-E122 datasets

low-energy
Q2 ≃ M2

N

Q2 2 (0.9, 1.9) GeV2

<latexit sha1_base64="SaRlanSgZ3CrONhCyAuQyxfyTxg=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIKCHHchonZBCy0jmETIxbC3meiSvb1jd04MR/6AjX/FxkIRW3s7/42bmEKjDwYe780wMy9MpDDoeZ/OxOTU9Mzs3HxuYXFpeSW/ulYzcao5VHksY30ZMgNSKKiiQAmXiQYWhRLqYfdk4NdvQRsRqwvsJdCM2LUSHcEZWqmV3zq/KtJAKLpDPfdoj/ruEd2lAQ0Q7jA7hVrf+q18wXO9Iehf4o9IgYxQaeU/gnbM0wgUcsmMafhegs2MaRRcQj8XpAYSxrvsGhqWKhaBaWbDb/p02ypt2om1LYV0qP6cyFhkTC8KbWfE8MaMewPxP6+RYuewmQmVpAiKfy/qpJJiTAfR0LbQwFH2LGFcC3sr5TdMM442wJwNwR9/+S+pFV2/5O6flwrl41Ecc2SDbJId4pMDUiZnpEKqhJN78kieyYvz4Dw5r87bd+uEM5pZJ7/gvH8BLY2X4g==</latexit>



Experimental data: energy range

28

HERA dataset Q2 2 (200, 30000) GeV2

<latexit sha1_base64="Can5MxffhoRGYTrpCH6YsFMDyRE=">AAACD3icbVC7SgNBFJ2N7/hatbQZDEoECbtR0VK00DIBkwjZGGYnN2ZwdnaZuSuGJX9g46/YWChia2vn3ziJKXwdGDiccy537gkTKQx63oeTm5icmp6ZncvPLywuLbsrq3UTp5pDjccy1hchMyCFghoKlHCRaGBRKKERXp8M/cYNaCNidY79BFoRu1KiKzhDK7XdreplmQZC0SIte94O3fUs6DYNaIBwi9kp1Ac20XYLXskbgf4l/pgUyBiVtvsedGKeRqCQS2ZM0/cSbGVMo+ASBvkgNZAwfs2uoGmpYhGYVja6Z0A3rdKh3Vjbp5CO1O8TGYuM6UehTUYMe+a3NxT/85opdg9bmVBJiqD416JuKinGdFgO7QgNHGXfEsa1sH+lvMc042grzNsS/N8n/yX1csnfK+1X9wpHx+M6Zsk62SBF4pMDckTOSIXUCCd35IE8kWfn3nl0XpzXr2jOGc+skR9w3j4BCNGYTA==</latexit>

high-energy
Q2 ≫ M2

N

no need of modification of the theory 

JLab6 + SLAC-E122 datasets

low-energy
Q2 ≃ M2

N

applicability of the theory? 

Q2 2 (0.9, 1.9) GeV2

<latexit sha1_base64="SaRlanSgZ3CrONhCyAuQyxfyTxg=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIKCHHchonZBCy0jmETIxbC3meiSvb1jd04MR/6AjX/FxkIRW3s7/42bmEKjDwYe780wMy9MpDDoeZ/OxOTU9Mzs3HxuYXFpeSW/ulYzcao5VHksY30ZMgNSKKiiQAmXiQYWhRLqYfdk4NdvQRsRqwvsJdCM2LUSHcEZWqmV3zq/KtJAKLpDPfdoj/ruEd2lAQ0Q7jA7hVrf+q18wXO9Iehf4o9IgYxQaeU/gnbM0wgUcsmMafhegs2MaRRcQj8XpAYSxrvsGhqWKhaBaWbDb/p02ypt2om1LYV0qP6cyFhkTC8KbWfE8MaMewPxP6+RYuewmQmVpAiKfy/qpJJiTAfR0LbQwFH2LGFcC3sr5TdMM442wJwNwR9/+S+pFV2/5O6flwrl41Ecc2SDbJId4pMDUiZnpEKqhJN78kieyYvz4Dw5r87bd+uEM5pZJ7/gvH8BLY2X4g==</latexit>



Experimental data: energy range

28

HERA dataset Q2 2 (200, 30000) GeV2

<latexit sha1_base64="Can5MxffhoRGYTrpCH6YsFMDyRE=">AAACD3icbVC7SgNBFJ2N7/hatbQZDEoECbtR0VK00DIBkwjZGGYnN2ZwdnaZuSuGJX9g46/YWChia2vn3ziJKXwdGDiccy537gkTKQx63oeTm5icmp6ZncvPLywuLbsrq3UTp5pDjccy1hchMyCFghoKlHCRaGBRKKERXp8M/cYNaCNidY79BFoRu1KiKzhDK7XdreplmQZC0SIte94O3fUs6DYNaIBwi9kp1Ac20XYLXskbgf4l/pgUyBiVtvsedGKeRqCQS2ZM0/cSbGVMo+ASBvkgNZAwfs2uoGmpYhGYVja6Z0A3rdKh3Vjbp5CO1O8TGYuM6UehTUYMe+a3NxT/85opdg9bmVBJiqD416JuKinGdFgO7QgNHGXfEsa1sH+lvMc042grzNsS/N8n/yX1csnfK+1X9wpHx+M6Zsk62SBF4pMDckTOSIXUCCd35IE8kWfn3nl0XpzXr2jOGc+skR9w3j4BCNGYTA==</latexit>

high-energy
Q2 ≫ M2

N

no need of modification of the theory 

JLab6 + SLAC-E122 datasets

low-energy
Q2 ≃ M2

N

applicability of the theory? 

Q2 2 (0.9, 1.9) GeV2

<latexit sha1_base64="SaRlanSgZ3CrONhCyAuQyxfyTxg=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIKCHHchonZBCy0jmETIxbC3meiSvb1jd04MR/6AjX/FxkIRW3s7/42bmEKjDwYe780wMy9MpDDoeZ/OxOTU9Mzs3HxuYXFpeSW/ulYzcao5VHksY30ZMgNSKKiiQAmXiQYWhRLqYfdk4NdvQRsRqwvsJdCM2LUSHcEZWqmV3zq/KtJAKLpDPfdoj/ruEd2lAQ0Q7jA7hVrf+q18wXO9Iehf4o9IgYxQaeU/gnbM0wgUcsmMafhegs2MaRRcQj8XpAYSxrvsGhqWKhaBaWbDb/p02ypt2om1LYV0qP6cyFhkTC8KbWfE8MaMewPxP6+RYuewmQmVpAiKfy/qpJJiTAfR0LbQwFH2LGFcC3sr5TdMM442wJwNwR9/+S+pFV2/5O6flwrl41Ecc2SDbJId4pMDUiZnpEKqhJN78kieyYvz4Dw5r87bd+uEM5pZJ7/gvH8BLY2X4g==</latexit>

Target-Mass Corrections
e.g., A. Bacchetta et al., JHEP 02 (2007)



Experimental data: energy range

28

HERA dataset Q2 2 (200, 30000) GeV2

<latexit sha1_base64="Can5MxffhoRGYTrpCH6YsFMDyRE=">AAACD3icbVC7SgNBFJ2N7/hatbQZDEoECbtR0VK00DIBkwjZGGYnN2ZwdnaZuSuGJX9g46/YWChia2vn3ziJKXwdGDiccy537gkTKQx63oeTm5icmp6ZncvPLywuLbsrq3UTp5pDjccy1hchMyCFghoKlHCRaGBRKKERXp8M/cYNaCNidY79BFoRu1KiKzhDK7XdreplmQZC0SIte94O3fUs6DYNaIBwi9kp1Ac20XYLXskbgf4l/pgUyBiVtvsedGKeRqCQS2ZM0/cSbGVMo+ASBvkgNZAwfs2uoGmpYhGYVja6Z0A3rdKh3Vjbp5CO1O8TGYuM6UehTUYMe+a3NxT/85opdg9bmVBJiqD416JuKinGdFgO7QgNHGXfEsa1sH+lvMc042grzNsS/N8n/yX1csnfK+1X9wpHx+M6Zsk62SBF4pMDckTOSIXUCCd35IE8kWfn3nl0XpzXr2jOGc+skR9w3j4BCNGYTA==</latexit>

high-energy
Q2 ≫ M2

N

no need of modification of the theory 

JLab6 + SLAC-E122 datasets

low-energy
Q2 ≃ M2

N

applicability of the theory? 

Q2 2 (0.9, 1.9) GeV2

<latexit sha1_base64="SaRlanSgZ3CrONhCyAuQyxfyTxg=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIKCHHchonZBCy0jmETIxbC3meiSvb1jd04MR/6AjX/FxkIRW3s7/42bmEKjDwYe780wMy9MpDDoeZ/OxOTU9Mzs3HxuYXFpeSW/ulYzcao5VHksY30ZMgNSKKiiQAmXiQYWhRLqYfdk4NdvQRsRqwvsJdCM2LUSHcEZWqmV3zq/KtJAKLpDPfdoj/ruEd2lAQ0Q7jA7hVrf+q18wXO9Iehf4o9IgYxQaeU/gnbM0wgUcsmMafhegs2MaRRcQj8XpAYSxrvsGhqWKhaBaWbDb/p02ypt2om1LYV0qP6cyFhkTC8KbWfE8MaMewPxP6+RYuewmQmVpAiKfy/qpJJiTAfR0LbQwFH2LGFcC3sr5TdMM442wJwNwR9/+S+pFV2/5O6flwrl41Ecc2SDbJId4pMDUiZnpEKqhJN78kieyYvz4Dw5r87bd+uEM5pZJ7/gvH8BLY2X4g==</latexit>

Target-Mass Corrections

EW radiative corrections
e.g., A. Bacchetta et al., JHEP 02 (2007)

J. Erler, S. Su,  Prog.Part.Nucl.Phys. 71 (2013)



Experimental data: energy range

28

HERA dataset Q2 2 (200, 30000) GeV2

<latexit sha1_base64="Can5MxffhoRGYTrpCH6YsFMDyRE=">AAACD3icbVC7SgNBFJ2N7/hatbQZDEoECbtR0VK00DIBkwjZGGYnN2ZwdnaZuSuGJX9g46/YWChia2vn3ziJKXwdGDiccy537gkTKQx63oeTm5icmp6ZncvPLywuLbsrq3UTp5pDjccy1hchMyCFghoKlHCRaGBRKKERXp8M/cYNaCNidY79BFoRu1KiKzhDK7XdreplmQZC0SIte94O3fUs6DYNaIBwi9kp1Ac20XYLXskbgf4l/pgUyBiVtvsedGKeRqCQS2ZM0/cSbGVMo+ASBvkgNZAwfs2uoGmpYhGYVja6Z0A3rdKh3Vjbp5CO1O8TGYuM6UehTUYMe+a3NxT/85opdg9bmVBJiqD416JuKinGdFgO7QgNHGXfEsa1sH+lvMc042grzNsS/N8n/yX1csnfK+1X9wpHx+M6Zsk62SBF4pMDckTOSIXUCCd35IE8kWfn3nl0XpzXr2jOGc+skR9w3j4BCNGYTA==</latexit>

high-energy
Q2 ≫ M2

N

no need of modification of the theory 

JLab6 + SLAC-E122 datasets

low-energy
Q2 ≃ M2

N

applicability of the theory? 

Q2 2 (0.9, 1.9) GeV2

<latexit sha1_base64="SaRlanSgZ3CrONhCyAuQyxfyTxg=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIKCHHchonZBCy0jmETIxbC3meiSvb1jd04MR/6AjX/FxkIRW3s7/42bmEKjDwYe780wMy9MpDDoeZ/OxOTU9Mzs3HxuYXFpeSW/ulYzcao5VHksY30ZMgNSKKiiQAmXiQYWhRLqYfdk4NdvQRsRqwvsJdCM2LUSHcEZWqmV3zq/KtJAKLpDPfdoj/ruEd2lAQ0Q7jA7hVrf+q18wXO9Iehf4o9IgYxQaeU/gnbM0wgUcsmMafhegs2MaRRcQj8XpAYSxrvsGhqWKhaBaWbDb/p02ypt2om1LYV0qP6cyFhkTC8KbWfE8MaMewPxP6+RYuewmQmVpAiKfy/qpJJiTAfR0LbQwFH2LGFcC3sr5TdMM442wJwNwR9/+S+pFV2/5O6flwrl41Ecc2SDbJId4pMDUiZnpEKqhJN78kieyYvz4Dw5r87bd+uEM5pZJ7/gvH8BLY2X4g==</latexit>

Target-Mass Corrections

EW radiative corrections
e.g., A. Bacchetta et al., JHEP 02 (2007)

J. Erler, S. Su,  Prog.Part.Nucl.Phys. 71 (2013)



Experimental data: energy range

28

HERA dataset Q2 2 (200, 30000) GeV2

<latexit sha1_base64="Can5MxffhoRGYTrpCH6YsFMDyRE=">AAACD3icbVC7SgNBFJ2N7/hatbQZDEoECbtR0VK00DIBkwjZGGYnN2ZwdnaZuSuGJX9g46/YWChia2vn3ziJKXwdGDiccy537gkTKQx63oeTm5icmp6ZncvPLywuLbsrq3UTp5pDjccy1hchMyCFghoKlHCRaGBRKKERXp8M/cYNaCNidY79BFoRu1KiKzhDK7XdreplmQZC0SIte94O3fUs6DYNaIBwi9kp1Ac20XYLXskbgf4l/pgUyBiVtvsedGKeRqCQS2ZM0/cSbGVMo+ASBvkgNZAwfs2uoGmpYhGYVja6Z0A3rdKh3Vjbp5CO1O8TGYuM6UehTUYMe+a3NxT/85opdg9bmVBJiqD416JuKinGdFgO7QgNHGXfEsa1sH+lvMc042grzNsS/N8n/yX1csnfK+1X9wpHx+M6Zsk62SBF4pMDckTOSIXUCCd35IE8kWfn3nl0XpzXr2jOGc+skR9w3j4BCNGYTA==</latexit>

high-energy
Q2 ≫ M2

N

no need of modification of the theory 

JLab6 + SLAC-E122 datasets

low-energy
Q2 ≃ M2

N

applicability of the theory? 

Q2 2 (0.9, 1.9) GeV2

<latexit sha1_base64="SaRlanSgZ3CrONhCyAuQyxfyTxg=">AAACDXicbVA9SwNBEN3z2/gVtbRZjIKCHHchonZBCy0jmETIxbC3meiSvb1jd04MR/6AjX/FxkIRW3s7/42bmEKjDwYe780wMy9MpDDoeZ/OxOTU9Mzs3HxuYXFpeSW/ulYzcao5VHksY30ZMgNSKKiiQAmXiQYWhRLqYfdk4NdvQRsRqwvsJdCM2LUSHcEZWqmV3zq/KtJAKLpDPfdoj/ruEd2lAQ0Q7jA7hVrf+q18wXO9Iehf4o9IgYxQaeU/gnbM0wgUcsmMafhegs2MaRRcQj8XpAYSxrvsGhqWKhaBaWbDb/p02ypt2om1LYV0qP6cyFhkTC8KbWfE8MaMewPxP6+RYuewmQmVpAiKfy/qpJJiTAfR0LbQwFH2LGFcC3sr5TdMM442wJwNwR9/+S+pFV2/5O6flwrl41Ecc2SDbJId4pMDUiZnpEKqhJN78kieyYvz4Dw5r87bd+uEM5pZJ7/gvH8BLY2X4g==</latexit>

Target-Mass Corrections

EW radiative corrections
e.g., A. Bacchetta et al., JHEP 02 (2007)

J. Erler, S. Su,  Prog.Part.Nucl.Phys. 71 (2013)



Error propagation

29

PDF set for 



Error propagation

29

PDF set for f1(x,Q
2)

<latexit sha1_base64="tgONkHtS1LD6klJLV0ybvoMd81g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahgpSkVPRY9OKxBfsBaSyb7aZdusmG3Y1YQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZ58ecKW3b31ZubX1jcyu/XdjZ3ds/KB4etZVIJKEtIriQXR8ryllEW5ppTruxpDj0Oe3449uZ33mkUjER3etJTL0QDyMWMIK1kdyg75SfLlDzoXreL5bsij0HWiVORkqQodEvfvUGgiQhjTThWCnXsWPtpVhqRjidFnqJojEmYzykrqERDqny0vnJU3RmlAEKhDQVaTRXf0+kOFRqEvqmM8R6pJa9mfif5yY6uPZSFsWJphFZLAoSjrRAs//RgElKNJ8Ygolk5lZERlhiok1KBROCs/zyKmlXK06tctmsleo3WRx5OIFTKIMDV1CHO2hACwgIeIZXeLO09WK9Wx+L1pyVzRzDH1ifPyI9j9w=</latexit>
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Nocera et al. (NNPDF), Nucl. Phys. B 887 (2014)
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