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End-of-Year 
Seminar

Which implications could the 

presence of strong P-violation cause 

to inclusive DIS?



J. Collins, “Foundation of Perturbative QCD”

Leptonic tensor - QED
(completely 
calculable)

Hadronic tensor - QCD
(NOT completely 

calculable)
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i�5, �µ�5, i�5�µ⌫

<latexit sha1_base64="ajR9ENGqHh9bfyPNMhmUuhYNujw="></latexit>

QCD in the Standard ModelPartonic Correlator (unpolarized)
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�ij(xB) =

Z
d⇠�

2⇡
eik·⇠hP | ̄j(0) i(⇠)|P i⇠+=⇠T=0

<latexit sha1_base64="qZTY/buv2IUT8WJX5Cbb5/wxim0="></latexit>

Lorenz scalar
Hermiticity
Parity invariance

Lorenz scalar
Hermiticity
Parity invariance

1, �µ, �µ⌫

<latexit sha1_base64="1yDfipabQiXp3KuqoX08RgTycBU=">AAACKHicbVDLSgMxFM3UV62vUZdugkVwUcqMVHRZdOOygn1AZyxJJm1Dk8yQZIQy9Cf8DL/ArX6BO+lW8D9M21lo64HAOefey809OOFMG8+bOoW19Y3NreJ2aWd3b//APTxq6ThVhDZJzGPVwUhTziRtGmY47SSKIoE5bePR7azefqJKs1g+mHFCQ4EGkvUZQcZaPbcSCGSGGGf+pAIDGAyQEOgxEOlcaTawKrMSBjKd9NyyV/XmgKvEz0kZ5Gj03O8gikkqqDSEI627vpeYMEPKMMLppBSkmiaIjNCAdi2VSFAdZvOrJvDMOhHsx8o+aeDc/T2RIaH1WGDbObtBL9dm5r81jGMeLS03/eswYzJJDZVksbufcmhiOEsNRkxRYvjYEkQUs9+HZIgUIsZmW7K5+MsprJLWRdWvVS/va+X6TZ5QEZyAU3AOfHAF6uAONEATEPAMXsEbeHdenA/n05kuWgtOPnMM/sD5+gHTD6Y1</latexit>

Leading twist contributions

�PE(x) '
1

2
f1(x)�

�

<latexit sha1_base64="E3NPbcNYFmsV3vBAjdvipPFoBfA=">AAACIXicbZDLSsNAFIYn3q23qks3g0XQhSUpii5FEVxWsFVoaphMT9rBmSTOnIgl5FXc+CpuXCjiTnwZp5eFtwMDH/9/DmfOH6ZSGHTdD2dicmp6ZnZuvrSwuLS8Ul5da5ok0xwaPJGJvgqZASliaKBACVepBqZCCZfhzcnAv7wDbUQSX2A/hbZi3VhEgjO0UlA+9Os9EeQ+wj3m9dOi2L7fob4RCm6pH2nGc6/IawWNAgtDr8uUYte7QbniVt1h0b/gjaFCxlUPyu9+J+GZghi5ZMa0PDfFds40Ci6hKPmZgZTxG9aFlsWYKTDtfHhhQbes0qFRou2LkQ7V7xM5U8b0VWg7FcOe+e0NxP+8VobRYTsXcZohxHy0KMokxYQO4qIdoYGj7FtgXAv7V8p7zOaCNtSSDcH7ffJfaNaq3l51/3yvcnQ8jmOObJBNsk08ckCOyBmpkwbh5IE8kRfy6jw6z86b8z5qnXDGM+vkRzmfX4RGoxU=</latexit>

�PV(x) '
1

2
gPV
1 (x)�5��

<latexit sha1_base64="t2lhITqKDtWkRhLO1PQpGrRaRng="></latexit>

i�5, �µ�5, i�5�µ⌫

<latexit sha1_base64="ajR9ENGqHh9bfyPNMhmUuhYNujw="></latexit>

QCD in the Standard ModelPartonic Correlator (unpolarized)
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�ij(xB) =
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<latexit sha1_base64="qZTY/buv2IUT8WJX5Cbb5/wxim0="></latexit>

Lorenz scalar
Hermiticity
Parity invariance

Lorenz scalar
Hermiticity
Parity invariance

1, �µ, �µ⌫

<latexit sha1_base64="1yDfipabQiXp3KuqoX08RgTycBU=">AAACKHicbVDLSgMxFM3UV62vUZdugkVwUcqMVHRZdOOygn1AZyxJJm1Dk8yQZIQy9Cf8DL/ArX6BO+lW8D9M21lo64HAOefey809OOFMG8+bOoW19Y3NreJ2aWd3b//APTxq6ThVhDZJzGPVwUhTziRtGmY47SSKIoE5bePR7azefqJKs1g+mHFCQ4EGkvUZQcZaPbcSCGSGGGf+pAIDGAyQEOgxEOlcaTawKrMSBjKd9NyyV/XmgKvEz0kZ5Gj03O8gikkqqDSEI627vpeYMEPKMMLppBSkmiaIjNCAdi2VSFAdZvOrJvDMOhHsx8o+aeDc/T2RIaH1WGDbObtBL9dm5r81jGMeLS03/eswYzJJDZVksbufcmhiOEsNRkxRYvjYEkQUs9+HZIgUIsZmW7K5+MsprJLWRdWvVS/va+X6TZ5QEZyAU3AOfHAF6uAONEATEPAMXsEbeHdenA/n05kuWgtOPnMM/sD5+gHTD6Y1</latexit>

Leading twist contributions

�PE(x) '
1

2
f1(x)�

�

<latexit sha1_base64="E3NPbcNYFmsV3vBAjdvipPFoBfA=">AAACIXicbZDLSsNAFIYn3q23qks3g0XQhSUpii5FEVxWsFVoaphMT9rBmSTOnIgl5FXc+CpuXCjiTnwZp5eFtwMDH/9/DmfOH6ZSGHTdD2dicmp6ZnZuvrSwuLS8Ul5da5ok0xwaPJGJvgqZASliaKBACVepBqZCCZfhzcnAv7wDbUQSX2A/hbZi3VhEgjO0UlA+9Os9EeQ+wj3m9dOi2L7fob4RCm6pH2nGc6/IawWNAgtDr8uUYte7QbniVt1h0b/gjaFCxlUPyu9+J+GZghi5ZMa0PDfFds40Ci6hKPmZgZTxG9aFlsWYKTDtfHhhQbes0qFRou2LkQ7V7xM5U8b0VWg7FcOe+e0NxP+8VobRYTsXcZohxHy0KMokxYQO4qIdoYGj7FtgXAv7V8p7zOaCNtSSDcH7ffJfaNaq3l51/3yvcnQ8jmOObJBNsk08ckCOyBmpkwbh5IE8kRfy6jw6z86b8z5qnXDGM+vkRzmfX4RGoxU=</latexit>

�PV(x) '
1

2
gPV
1 (x)�5��

<latexit sha1_base64="t2lhITqKDtWkRhLO1PQpGrRaRng="></latexit>

�(x) = �PE(x) + �PV(x)

<latexit sha1_base64="EaPPWg4w9zvT1rtO4uv3zhBeo6c=">AAACKXicbVDLSgNBEJz1GeMr6tHLYBAiQtiViF6EoAgeI5gHZEOYnXTM4OyDmV5JWPZ3vPgrXhQU9eqPOJvkoMaCgaKqmu4pL5JCo21/WHPzC4tLy7mV/Ora+sZmYWu7ocNYcajzUIaq5TENUgRQR4ESWpEC5nsSmt7dReY370FpEQY3OIqg47PbQPQFZ2ikbqHq1gaiNDygZzRj3cRFGGJSu0zTTD2k7nhH4skY0l+JxiTRLRTtsj0GnSXOlBTJFLVu4cXthTz2IUAumdZtx46wkzCFgktI826sIWL8jt1C29CA+aA7yfiKlO4bpUf7oTIvQDpWf04kzNd65Hsm6TMc6L9eJv7ntWPsn3YSEUQxQsAni/qxpBjSrDbaEwo4ypEhjCthbqV8wBTjaMrNmxKcv1+eJY2jslMpH19XitXzaR05skv2SIk45IRUyRWpkTrh5IE8kVfyZj1az9a79TmJzlnTmR3yC9bXN4xnpkM=</latexit>

i�5, �µ�5, i�5�µ⌫

<latexit sha1_base64="ajR9ENGqHh9bfyPNMhmUuhYNujw="></latexit>

Kang, Kharzeev, PRL 106 (2011)
Yang, Int. J. Mod. Phys. A 34 (2019)

QCD in the Standard ModelPartonic Correlator (unpolarized)
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QCD in the Standard Model5— DIS in collinear framework
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f1(x)

<latexit sha1_base64="HKhE8BBkKMBGhETt+67g8CYiDMk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Ar7XvnpvF8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0LipetVK7q5bq11kceTiBUyiDB5dQh1toQBMIPMAzvMKbI50X5935WLTmnGzmGP7A+fwBlfeOfQ==</latexit>

g1(x)

<latexit sha1_base64="z6OPaYnqZ9fjDEZiH4Eldz4w+6k=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br2vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDl4COfg==</latexit>

Quark Polarization 

N
uc

le
on

 P
ol

. 

h1(x)

<latexit sha1_base64="75CnuonrMWqKgMfRaWlXU5bgKjE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br1vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDmQmOfw==</latexit>



11

QCD in the Standard Model5— DIS in collinear framework
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f1(x)

<latexit sha1_base64="HKhE8BBkKMBGhETt+67g8CYiDMk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Ar7XvnpvF8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0LipetVK7q5bq11kceTiBUyiDB5dQh1toQBMIPMAzvMKbI50X5935WLTmnGzmGP7A+fwBlfeOfQ==</latexit>

g1(x)

<latexit sha1_base64="z6OPaYnqZ9fjDEZiH4Eldz4w+6k=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br2vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDl4COfg==</latexit>

Quark Polarization 

N
uc

le
on

 P
ol

. 

h1(x)

<latexit sha1_base64="75CnuonrMWqKgMfRaWlXU5bgKjE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br1vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDmQmOfw==</latexit>

PDFs occurring in DIS processes
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QCD in the Standard Model5— DIS in collinear framework

U L T
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f1(x)

<latexit sha1_base64="HKhE8BBkKMBGhETt+67g8CYiDMk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Ar7XvnpvF8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0LipetVK7q5bq11kceTiBUyiDB5dQh1toQBMIPMAzvMKbI50X5935WLTmnGzmGP7A+fwBlfeOfQ==</latexit>

g1(x)

<latexit sha1_base64="z6OPaYnqZ9fjDEZiH4Eldz4w+6k=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br2vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDl4COfg==</latexit>

Quark Polarization 

N
uc

le
on
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Electric charge

h1(x)

<latexit sha1_base64="75CnuonrMWqKgMfRaWlXU5bgKjE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br1vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDmQmOfw==</latexit>

PDFs occurring in DIS processes
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QCD in the Standard Model5— DIS in collinear framework
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f1(x)

<latexit sha1_base64="HKhE8BBkKMBGhETt+67g8CYiDMk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Ar7XvnpvF8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0LipetVK7q5bq11kceTiBUyiDB5dQh1toQBMIPMAzvMKbI50X5935WLTmnGzmGP7A+fwBlfeOfQ==</latexit>

g1(x)

<latexit sha1_base64="z6OPaYnqZ9fjDEZiH4Eldz4w+6k=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br2vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDl4COfg==</latexit>

Quark Polarization 
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Electric charge

Axial charge

h1(x)

<latexit sha1_base64="75CnuonrMWqKgMfRaWlXU5bgKjE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Br1vfLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDmQmOfw==</latexit>

PDFs occurring in DIS processes
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QCD in the Standard Model5— DIS in collinear framework
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<latexit sha1_base64="HKhE8BBkKMBGhETt+67g8CYiDMk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Ar7XvnpvF8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0LipetVK7q5bq11kceTiBUyiDB5dQh1toQBMIPMAzvMKbI50X5935WLTmnGzmGP7A+fwBlfeOfQ==</latexit>
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 asymmetry: 136 datae+

 asymmetry: 138 datae−

 asymmetry: 2 datae−

 asymmetry: 11 datae−SLAC-E122 dataset
C.Y. Prescott et al., Phys. Lett. B (1979)

JLab6 PVDIS dataset
PVDIS Collaboration, Nature 506 (2014)
D. Wang et al., Phys.Rev.C 91 (2015)

QCD in the Standard ModelAvailable experimental data sets
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HERA dataset
(Run I + II combined)

H1 Collaboration, Eur. Phys. J. C 78 (2018)

 asymmetry: 136 datae+

 asymmetry: 138 datae−

 asymmetry: 2 datae−

 asymmetry: 11 datae−SLAC-E122 dataset
C.Y. Prescott et al., Phys. Lett. B (1979)

JLab6 PVDIS dataset
PVDIS Collaboration, Nature 506 (2014)
D. Wang et al., Phys.Rev.C 91 (2015)

QCD in the Standard ModelAvailable experimental data sets
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HERA dataset
(Run I + II combined)

H1 Collaboration, Eur. Phys. J. C 78 (2018)

 asymmetry: 136 datae+

 asymmetry: 138 datae−

 asymmetry: 2 datae−

 asymmetry: 11 datae−SLAC-E122 dataset
C.Y. Prescott et al., Phys. Lett. B (1979)

JLab6 PVDIS dataset
PVDIS Collaboration, Nature 506 (2014)
D. Wang et al., Phys.Rev.C 91 (2015)

Imbalance between 
information from electron and 

positron beams

QCD in the Standard ModelAvailable experimental data sets
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HERA dataset

QCD in the Standard ModelExperimental data: energy range
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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>

QCD in the Standard ModelExperimental data: energy range
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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 

QCD in the Standard ModelExperimental data: energy range
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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

QCD in the Standard ModelExperimental data: energy range
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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>

QCD in the Standard ModelExperimental data: energy range
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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>

QCD in the Standard ModelExperimental data: energy range
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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)

QCD in the Standard ModelExperimental data: energy range
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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)

QCD in the Standard ModelExperimental data: energy range
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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)

QCD in the Standard ModelExperimental data: energy range
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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)

QCD in the Standard ModelExperimental data: energy range
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QCD in the Standard ModelParameterization of gPV
1 (x, Q2)



19

PV parton density comes from the structure

�5�µ

<latexit sha1_base64="gI9Qbn1WwcJAoVk4b0qPuWmrL0I=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcFUSseiy6MZlBXuBJpbJdNIOnUnCzEQIob6KGxeKuPVB3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDo46KU0lom8Q8lr0AK8pZRNuaaU57iaRYBJx2g8nNrN59pFKxOLrXWUJ9gUcRCxnB2lgDu+qNsBD4oYEK8EQ6sGtO3ZkLrYJbQA0KtQb2lzeMSSpopAnHSvVdJ9F+jqVmhNNpxUsVTTCZ4BHtG4ywoMrP58dP0alxhiiMpXmRRnP390SOhVKZCEynwHqslmsz879aP9XhlZ+zKEk1jchiUZhypGM0SwINmaRE88wAJpKZWxEZY4mJNnlVTAju8pdXoXNedy/qjbuLWvO6iKMMx3ACZ+DCJTThFlrQBgIZPMMrvFlP1ov1bn0sWktWMVOFP7I+fwAzA5R+</latexit>

QCD in the Standard ModelParameterization of gPV
1 (x, Q2)



19

PV parton density comes from the structure

�5�µ

<latexit sha1_base64="gI9Qbn1WwcJAoVk4b0qPuWmrL0I=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcFUSseiy6MZlBXuBJpbJdNIOnUnCzEQIob6KGxeKuPVB3Pk2TtsstPWHgY//nMM58wcJZ0o7zrdVWlvf2Nwqb1d2dvf2D+zDo46KU0lom8Q8lr0AK8pZRNuaaU57iaRYBJx2g8nNrN59pFKxOLrXWUJ9gUcRCxnB2lgDu+qNsBD4oYEK8EQ6sGtO3ZkLrYJbQA0KtQb2lzeMSSpopAnHSvVdJ9F+jqVmhNNpxUsVTTCZ4BHtG4ywoMrP58dP0alxhiiMpXmRRnP390SOhVKZCEynwHqslmsz879aP9XhlZ+zKEk1jchiUZhypGM0SwINmaRE88wAJpKZWxEZY4mJNnlVTAju8pdXoXNedy/qjbuLWvO6iKMMx3ACZ+DCJTThFlrQBgIZPMMrvFlP1ov1bn0sWktWMVOFP7I+fwAzA5R+</latexit>
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N of points χ2/Ndata  (SM) χ2/Ndata (Fit)

HERA 136 1.12 1.12

HERA 138 0.98 0.98

JLab6 2 0.67 0.42

SLAC-E122 11 0.97 0.94

TOTAL 287 1.042 1.037
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QCD in the Standard ModelResults of the fit: data vs theory
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Very small uncertainties in the 
predictions because the fit is dominated 

by data with smaller errors

QCD in the Standard ModelResults of the fit: data vs theory
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Very small uncertainties in the 
predictions because the fit is dominated 

by data with smaller errors

There’s room for a better description for 
positron asymmetry at low-Q

QCD in the Standard ModelResults of the fit: data vs theory
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Very small uncertainties in the 
predictions because the fit is dominated 

by data with smaller errors

There’s room for a better description for 
positron asymmetry at low-Q

Agreement for electron asymmetry, but 
too large errors at low-Q

QCD in the Standard ModelResults of the fit: data vs theory
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QCD in the Standard ModelResults of the fit: data vs theory
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Sizeable improvement of the fit 
w.r.t. SM predictions

QCD in the Standard ModelResults of the fit: data vs theory
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Sizeable improvement of the fit 
w.r.t. SM predictions

Old dataset with still quite large 
experimental errors ( )> 20 %

QCD in the Standard ModelResults of the fit: data vs theory
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Sizeable improvement of the fit 
w.r.t. SM predictions

Old dataset with still quite large 
experimental errors ( )> 20 %

Data points which actually 
drive the fit due to very small 

experimental errors ( ~ % )

QCD in the Standard ModelResults of the fit: data vs theory
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gPV
1 (x) = ↵ g1(x)
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QCD in the Standard ModelFuture facilities
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QCD in the Standard ModelImpact of future data
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QCD in the Standard ModelImpact of future data

Wood, Bennet, Cho, et al., Science 275 (1997)
Souder, Reimer, Zheng, JLab Experiment E12-10-007 (2022 update)

JLab 12 GeV — SoLID detector
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QCD in the Standard ModelImpact of future data

Abdul Khalek, et al., Nucl. Phys. A  1026 (2022)
Boughezal, Emmert, Kutz, et al., PRD 106 (2022)

Electron-Ion Collider (EIC)
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QCD in the Standard ModelImpact of future data
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New model of the PV parton distribution

QCD in the Standard ModelStep forward:  dependence on x
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QCD in the Standard ModelStep forward:  dependence on x
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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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QCD in the Standard ModelStep forward: a new CP-odd PDF
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QCD in the Standard ModelPDFs in DIS processes
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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

To better assess the presence (or not) of this PV effect we need 
very precise experimental data

Improvements in the theoretical framework of our analysis are surely 
needed to obtain more and more accurate results
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