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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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In general
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<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 ModelDIS in collinear framework

U L T

U

L

T

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>
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QCD in the Standard ModelDIS in collinear framework

U L T
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<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 ModelDIS in collinear framework

U L T

U

L
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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

. gPV
1 (x)

<latexit sha1_base64="RGjwjQdVGuSEhVU9mgSHf4TDX1M=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5DE2NZd0Y3LCvYBbQyT6aQdOnkwMymW0D9x40IRt/6JO//GSVtBRQ9cOJxzL/fe4yeMCmmaH1phZXVtfaO4Wdra3tnd0/cP2iJOOSYtHLOYd30kCKMRaUkqGekmnKDQZ6Tjj69yvzMhXNA4upXThLghGkY0oBhJJXm6PvSsu6zPQ9hsz2Dl/tTTy6ZxUa/aThWahmnWLNvKiV1zzhxoKSVHGSzR9PT3/iDGaUgiiRkSomeZiXQzxCXFjMxK/VSQBOExGpKeohEKiXCz+eUzeKKUAQxiriqScK5+n8hQKMQ09FVniORI/PZy8S+vl8qg7mY0SlJJIrxYFKQMyhjmMcAB5QRLNlUEYU7VrRCPEEdYqrBKKoSvT+H/pG0blmOc3zjlxuUyjiI4AsegAixQAw1wDZqgBTCYgAfwBJ61THvUXrTXRWtBW84cgh/Q3j4BRviSzA==</latexit>

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 with P violation
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d�±

dxdy
=

2⇡↵2

xyQ2

"⇣
Y+ + �2y2/2

⌘�
F2UU + �F±

2LU

�

� y2
�
FL,UU + �F±
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�

� Y�p
1 + �2

�
xF±

3UU + �xF3LU

�
#
,

<latexit sha1_base64="KO1gJfI5dHfXqZT0fMPjaWDs+9o="></latexit>

d�±

dxdy
=

2⇡↵2

xyQ2

h
Y+F

±
2 � y2F±

L ⌥ Y�xF
±
3

i

<latexit sha1_base64="tl09AICQD+do8wBKz7A+R8aMTkU="></latexit>

Particle Data Group, Tanabashi, et al., PRD 98 (2018)

QCD in the Standard ModelNeutral-Current DIS
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xF3LU (x,Q
2) = xF (�)

3 � geV ⌘�ZxF
(�Z)
3 +

�
geV

2 + geA
2�⌘ZxF (Z)

3

<latexit sha1_base64="3fX4+v4SMNPyLWWafKIDqKugFU4="></latexit>

QCD in the Standard ModelFocus: structure function  xF3(x, Q2)
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<latexit sha1_base64="3fX4+v4SMNPyLWWafKIDqKugFU4="></latexit>
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1

<latexit sha1_base64="N2gvWOAQcO4A/EF7CioyJuXcTrY="></latexit>

QCD in the Standard ModelFocus: structure function  xF3(x, Q2)
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<latexit sha1_base64="3fX4+v4SMNPyLWWafKIDqKugFU4="></latexit>
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<latexit sha1_base64="N2gvWOAQcO4A/EF7CioyJuXcTrY="></latexit>
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1

<latexit sha1_base64="cCnZH6r6A4y8LeUTGd5VODfLHwo="></latexit>

Additional contributions 
due to the new PV parton 

distribution

QCD in the Standard ModelFocus: structure function  xF3(x, Q2)
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<latexit sha1_base64="N2gvWOAQcO4A/EF7CioyJuXcTrY="></latexit>
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distribution

QCD in the Standard ModelFocus: structure function  xF3(x, Q2)
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<latexit sha1_base64="cCnZH6r6A4y8LeUTGd5VODfLHwo="></latexit>

Additional contributions 
due to the new PV parton 

distribution

MAIN INNOVATION 
OF PV-HYPOTESIS

QCD in the Standard ModelFocus: structure function  xF3(x, Q2)
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PVDIS Asymmetry

APV ⌘ d�(� = 1)� d�(� = �1)

d�(� = 1) + d�(� = �1)

=
Y+F2LU � y2FL,LU � Y�xF3LU

Y+F2UU � y2FL,UU � Y�xF3UU

<latexit sha1_base64="4fJRd0JzpywIICrK6n8uGs+w6ro="></latexit>

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

QCD in the Standard ModelExperimental information
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=
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<latexit sha1_base64="4fJRd0JzpywIICrK6n8uGs+w6ro="></latexit>

Y± = 1± (1� y)2

<latexit sha1_base64="aaD1EHt1T2otjPn9fSXiZrVY4XM=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQF5aZUtGNUHTjsoJ9SDsOmTTThiaZIckIQ6m/4saFIm79EHf+jWk7C209cLmHc+4lNyeIGVXacb6t3Mrq2vpGfrOwtb2zu2fvH7RUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkbXU7/9SKSikbjTaUw8jgaChhQjbSTfLt77vZjDS+iaVnZP05OHqm+XnIozA1wmbkZKIEPDt796/QgnnAiNGVKq6zqx9sZIaooZmRR6iSIxwiM0IF1DBeJEeePZ8RN4bJQ+DCNpSmg4U39vjBFXKuWBmeRID9WiNxX/87qJDi+8MRVxoonA84fChEEdwWkSsE8lwZqlhiAsqbkV4iGSCGuTV8GE4C5+eZm0qhW3Vjm7rZXqV1kceXAIjkAZuOAc1MENaIAmwCAFz+AVvFlP1ov1bn3MR3NWtlMEf2B9/gDoSZMB</latexit>

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

QCD in the Standard ModelExperimental information
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JLab6 2 0.67 0.42

SLAC-E122 11 0.97 0.94

TOTAL 287 1.042 1.037

QCD in the Standard ModelResults of the fit
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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 ModelResults: size of the strong PV effect
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↵ = (�1.01± 0.66) · 10�4
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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 ModelStep forward: dependence on x
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QCD in the Standard ModelStep forward: dependence on x

+ bunch of SMEFT operators

Question to F. Petriello

See talk by Y-S Yoo @SPIN23

Grzadkowski, et al., JHEP 10 (2010)
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Spectator model for PV parton distributions

QCD in the Standard ModelStep forward: dependence on x

Fit model parameters to phenomenological extraction

Next steps:

Compare the result for  ratiogPV
1 /g1

Fit model parameters to experimental data
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Further investigations on a new P-odd, CP-odd distribution function 
arising when considering the polarisation of the target

�q(x,Q2) =

⇢
fq
1 (x,Q

2) + gPVq
1 (x,Q2)�5

+ SL

⇣
gq1(x,Q

2)�5 + fPVq
1L (x,Q2)

⌘

� S/T

⇣
hq
1(x,Q

2)�5 � ePVq
1T (x,Q2)

⌘�n/+
2

<latexit sha1_base64="h1MxfyubZSr6czE5tGF/kInxV80="></latexit>

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

U L T
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L

T

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>
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. 

h1(x)

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



29

QCD in the Standard ModelPDFs in DIS processes

U L T

U

L

T

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>
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<latexit sha1_base64="RGjwjQdVGuSEhVU9mgSHf4TDX1M=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5DE2NZd0Y3LCvYBbQyT6aQdOnkwMymW0D9x40IRt/6JO//GSVtBRQ9cOJxzL/fe4yeMCmmaH1phZXVtfaO4Wdra3tnd0/cP2iJOOSYtHLOYd30kCKMRaUkqGekmnKDQZ6Tjj69yvzMhXNA4upXThLghGkY0oBhJJXm6PvSsu6zPQ9hsz2Dl/tTTy6ZxUa/aThWahmnWLNvKiV1zzhxoKSVHGSzR9PT3/iDGaUgiiRkSomeZiXQzxCXFjMxK/VSQBOExGpKeohEKiXCz+eUzeKKUAQxiriqScK5+n8hQKMQ09FVniORI/PZy8S+vl8qg7mY0SlJJIrxYFKQMyhjmMcAB5QRLNlUEYU7VrRCPEEdYqrBKKoSvT+H/pG0blmOc3zjlxuUyjiI4AsegAixQAw1wDZqgBTCYgAfwBJ61THvUXrTXRWtBW84cgh/Q3j4BRviSzA==</latexit>
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1L (x)
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with P violation
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If we accept strong P- violation in the decomposition of the partonic 
correlator, we obtain new PV PDFs

In this assumption, a new structure function in DIS cross section for 
one-photon exchange is generated

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

Improvements in the theoretical framework of our analysis are surely 
needed to obtain more and more accurate results
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2MWµ⌫(q, P, S) =
X

q

e2q
1

2
Tr

⇥
�(q, P, S)�µ�+�⌫

⇤

<latexit sha1_base64="uAXFQzHN2Jt0dpaf2TqQLn6L2mQ="></latexit>

QCD in the Standard ModelHadronic Tensor (unpolarized)



34

d�±

dxdy
=

2⇡↵2

xyQ2

"⇣
Y+ + �2y2/2

⌘�
F2UU + �F±

2LU

�

� y2
�
FL,UU + �F±

L,LU

�

� Y�p
1 + �2

�
xF±

3UU + �xF3LU

�
#
,

<latexit sha1_base64="KO1gJfI5dHfXqZT0fMPjaWDs+9o="></latexit>

QCD in the Standard ModelNeutral-Current DIS



34

d�±

dxdy
=

2⇡↵2

xyQ2

"⇣
Y+ + �2y2/2

⌘�
F2UU + �F±

2LU

�

� y2
�
FL,UU + �F±

L,LU

�

� Y�p
1 + �2

�
xF±

3UU + �xF3LU

�
#
,

<latexit sha1_base64="KO1gJfI5dHfXqZT0fMPjaWDs+9o="></latexit>

Standard DIS structure functions

QCD in the Standard ModelNeutral-Current DIS



34

d�±

dxdy
=

2⇡↵2

xyQ2

"⇣
Y+ + �2y2/2

⌘�
F2UU + �F±

2LU

�

� y2
�
FL,UU + �F±

L,LU

�

� Y�p
1 + �2

�
xF±

3UU + �xF3LU

�
#
,

<latexit sha1_base64="KO1gJfI5dHfXqZT0fMPjaWDs+9o="></latexit>

F2UU (x,Q
2) = F (�)

2 � geV ⌘�ZF
(�Z)
2 +

�
geV

2 + geA
2�⌘ZF (Z)

2 ,

F±
2LU (x,Q

2) = ⌥geA⌘�ZF
(�Z)
2 ± 2geV g

e
A⌘ZF

(Z)
2 ,

xF±
3UU (x,Q

2) = ⌥geA⌘�ZxF
(�Z)
3 ± 2geV g

e
A⌘ZxF

(Z)
3 ,

xF3LU (x,Q
2) = xF (�)

3 � geV ⌘�ZxF
(�Z)
3 +

�
geV

2 + geA
2�⌘ZxF (Z)

3 ,

<latexit sha1_base64="tOK0pybuJANL9VIVTQpdTnQwXhQ="></latexit>

Standard DIS structure functions

QCD in the Standard ModelNeutral-Current DIS
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HERA dataset

QCD in the Standard ModelExperimental data: energy range
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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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�(exp) ⇠ 0.1%

<latexit sha1_base64="GLvS3ZvVyB8Q5Jqx6FXTbuCWtqs=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyFugmJVHRZ1IXLCvYBTSiT6U07dPJgZiKWUDf+ihsXirj1L9z5N07bLLT1wIXDOfdy7z1+wplUtv1tLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XbJxI4i6ChmOLQTgSQ0OfQ8odXE791D0KyOLpTowS8kPQjFjBKlJa65qF7DVwRXIGH5AS7koXYthzslrtmybbsKfAicXJSQjnqXfPL7cU0DSFSlBMpO46dKC8jQjHKYVx0UwkJoUPSh46mEQlBetn0gzEua6WHg1joihSeqr8nMhJKOQp93RkSNZDz3kT8z+ukKrjwMhYlqYKIzhYFKccqxpM4cI8JoIqPNCFUMH0rpgMiCFU6tKIOwZl/eZE0Ty2nap3dVku1yzyOAjpCx6iCHHSOaugG1VEDUfSIntErejOejBfj3fiYtS4Z+cwB+gPj8wcaz5S8</latexit>

�(exp) ⇠ 50%

<latexit sha1_base64="1qO4QWZs7tVFvgFe+UnbG212hPY=">AAACAHicbVA9SwNBEN3zM8avUwsLm8UQiE24kwQtg1pYRjAfkAthbzOXLNm9O3b3xHCk8a/YWChi68+w89+4Sa7QxAcDj/dmmJnnx5wp7Tjf1srq2vrGZm4rv72zu7dvHxw2VZRICg0a8Ui2faKAsxAammkO7VgCET6Hlj+6nvqtB5CKReG9HsfQFWQQsoBRoo3Us4+9G+Ca4BI8xmfYU0zgqoO9Ys8uOGVnBrxM3IwUUIZ6z/7y+hFNBISacqJUx3Vi3U2J1IxymOS9REFM6IgMoGNoSASobjp7YIKLRunjIJKmQo1n6u+JlAilxsI3nYLooVr0puJ/XifRwWU3ZWGcaAjpfFGQcKwjPE0D95kEqvnYEEIlM7diOiSSUG0yy5sQ3MWXl0nzvOxWytW7SqF2lcWRQyfoFJWQiy5QDd2iOmogiiboGb2iN+vJerHerY9564qVzRyhP7A+fwCvKZSI</latexit>


