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Parton distribution functions

Factorisation theorem: DIS, HH →Jets, etc…

Parton distributions at a low renormalisation point 
 ~ initial conditions of the QCD evolution: 
    model calculation, lattice simulation?

Momentum distribution of the partons inside hadron 
~probability interpretation



Quasi-parton distribution functions

Xiangdong Ji, Phys. Rev. Lett. 110, 262002 (2013). 
Quasi-parton distribution functions(qPDFs): 
Nucleon is (slightly) off the light-cone 
PDFs can be obtained in the limit P→∞ 

Lattice simulation of QCD:  
Direct calculation of the parton distribution 
functions(PDFs) is difficult, but the moments.  



Nucleon PDFs from Chiral quark soliton model

Quasi-parton distribution function 
Nucleon matrix element in Euclidean separation 
                        Lorentz boost → PDFs

At low energy,  a successful description of the PDFs 
was made: Positivity, sum rules, … 

[D. Diakonov, V. Y. Petrov, P. V. Pobylitsa, M. Polyakov, and C. Weiss, Nuclear 
Physics B 480, 341 (1996)]

Properties of qPDFs: 
Sum-rules, positivity 
evolution in P



Outline

Nucleon qPDFs in the model: isoscalar unpolarised

Properties of the qPDF

Numerical result & discussions

Chiral quark-soliton model



Chiral quark-soliton model

From QCD by the instanton approach, Λ = 1/ρ ~ 600 MeV


Fully field-theoretic: Static & dynamic observables of the baryons                                                  

~ mass splitting, couplings, form factors, and  

 parton distribution functions


Bridges the quark model and solitonic pictures

[D. Diakonov, V. Petrov, and P. Pobylitsa, Nucl. Phys. B 306, 809 (1988)]
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Hedgehog Ansatz:

G = J + τ 
P = (-1)G,G+1

Chiral quark-soliton model

Discrete level

Negative continuum

Quantum Numbers:

Quarks are bound by 
the pion mean-field



Quasi parton distribution function

Quasi-parton distribution
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[Xiangdong Ji, Phys. Rev. Lett. 110, 262002 (2013).]

Large Momentum Effective Theory


Spacelike separation→ Lattice simulation can calculate this!

Approaches to PDFs in the limit v → 1
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In the large Nc limit, 

Isosinglet unpolarised 

Isovector polarised  

 

Isosinglet polarised 

Isovector unpolarised

Nucleon qPDF in the χQSM

u(x) + d(x)
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<latexit sha1_base64="BwMo39zz+4NcuxRTxQfRjsaUpFc=">AAACAHicbZBPS8MwGMZT/875r+pF8BIcwryMVgQVL0MvnmSCdYO1lDRLt7CkKUkqjjIvfhUvHlS8+jG8+W3Mth5084WEH8/zviTvE6WMKu0439bc/MLi0nJppby6tr6xaW9t3ymRSUw8LJiQrQgpwmhCPE01I61UEsQjRppR/3LkN++JVFQkt3qQkoCjbkJjipE2Umjv+opy6J9fh9jcvuyJ6ggfDkO74tScccFZcAuogKIaof3ldwTOOEk0ZkiptuukOsiR1BQzMiz7mSIpwn3UJW2DCeJEBfl4gyE8MEoHxkKak2g4Vn9P5IgrNeCR6eRI99S0NxL/89qZjk+DnCZppkmCJw/FGYNawFEcsEMlwZoNDCAsqfkrxD0kEdYmtLIJwZ1eeRa8o9pZzb05rtQvijRKYA/sgypwwQmogyvQAB7A4BE8g1fwZj1ZL9a79TFpnbOKmR3wp6zPH3/7lTA=</latexit><latexit sha1_base64="BwMo39zz+4NcuxRTxQfRjsaUpFc=">AAACAHicbZBPS8MwGMZT/875r+pF8BIcwryMVgQVL0MvnmSCdYO1lDRLt7CkKUkqjjIvfhUvHlS8+jG8+W3Mth5084WEH8/zviTvE6WMKu0439bc/MLi0nJppby6tr6xaW9t3ymRSUw8LJiQrQgpwmhCPE01I61UEsQjRppR/3LkN++JVFQkt3qQkoCjbkJjipE2Umjv+opy6J9fh9jcvuyJ6ggfDkO74tScccFZcAuogKIaof3ldwTOOEk0ZkiptuukOsiR1BQzMiz7mSIpwn3UJW2DCeJEBfl4gyE8MEoHxkKak2g4Vn9P5IgrNeCR6eRI99S0NxL/89qZjk+DnCZppkmCJw/FGYNawFEcsEMlwZoNDCAsqfkrxD0kEdYmtLIJwZ1eeRa8o9pZzb05rtQvijRKYA/sgypwwQmogyvQAB7A4BE8g1fwZj1ZL9a79TFpnbOKmR3wp6zPH3/7lTA=</latexit><latexit sha1_base64="BwMo39zz+4NcuxRTxQfRjsaUpFc=">AAACAHicbZBPS8MwGMZT/875r+pF8BIcwryMVgQVL0MvnmSCdYO1lDRLt7CkKUkqjjIvfhUvHlS8+jG8+W3Mth5084WEH8/zviTvE6WMKu0439bc/MLi0nJppby6tr6xaW9t3ymRSUw8LJiQrQgpwmhCPE01I61UEsQjRppR/3LkN++JVFQkt3qQkoCjbkJjipE2Umjv+opy6J9fh9jcvuyJ6ggfDkO74tScccFZcAuogKIaof3ldwTOOEk0ZkiptuukOsiR1BQzMiz7mSIpwn3UJW2DCeJEBfl4gyE8MEoHxkKak2g4Vn9P5IgrNeCR6eRI99S0NxL/89qZjk+DnCZppkmCJw/FGYNawFEcsEMlwZoNDCAsqfkrxD0kEdYmtLIJwZ1eeRa8o9pZzb05rtQvijRKYA/sgypwwQmogyvQAB7A4BE8g1fwZj1ZL9a79TFpnbOKmR3wp6zPH3/7lTA=</latexit><latexit sha1_base64="BwMo39zz+4NcuxRTxQfRjsaUpFc=">AAACAHicbZBPS8MwGMZT/875r+pF8BIcwryMVgQVL0MvnmSCdYO1lDRLt7CkKUkqjjIvfhUvHlS8+jG8+W3Mth5084WEH8/zviTvE6WMKu0439bc/MLi0nJppby6tr6xaW9t3ymRSUw8LJiQrQgpwmhCPE01I61UEsQjRppR/3LkN++JVFQkt3qQkoCjbkJjipE2Umjv+opy6J9fh9jcvuyJ6ggfDkO74tScccFZcAuogKIaof3ldwTOOEk0ZkiptuukOsiR1BQzMiz7mSIpwn3UJW2DCeJEBfl4gyE8MEoHxkKak2g4Vn9P5IgrNeCR6eRI99S0NxL/89qZjk+DnCZppkmCJw/FGYNawFEcsEMlwZoNDCAsqfkrxD0kEdYmtLIJwZ1eeRa8o9pZzb05rtQvijRKYA/sgypwwQmogyvQAB7A4BE8g1fwZj1ZL9a79TFpnbOKmR3wp6zPH3/7lTA=</latexit>

u(x)� d(x)
<latexit sha1_base64="F1Ztdx4pIJFuphATB8YednVrSyY=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHqwjIjgrorunFZwbGF6VAymUwbmkmGJCOWoZ/hxoWKW//GnX9j+lho64GQwzn3cu89UcaZNq777Swtr6yurZc2yptb2zu7lb39By1zRahPJJeqHWFNORPUN8xw2s4UxWnEaSsa3Iz91iNVmklxb4YZDVPcEyxhBBsrBXnt6QSdoth+3UrVrbsToEXizUgVZmh2K1+dWJI8pcIQjrUOPDczYYGVYYTTUbmTa5phMsA9GlgqcEp1WExWHqFjq8Qokco+YdBE/d1R4FTrYRrZyhSbvp73xuJ/XpCb5DIsmMhyQwWZDkpyjoxE4/tRzBQlhg8twUQxuysifawwMTalsg3Bmz95kfhn9au6d3debVzP0ijBIRxBDTy4gAbcQhN8ICDhGV7hzTHOi/PufExLl5xZzwH8gfP5A2wwj5Q=</latexit><latexit sha1_base64="F1Ztdx4pIJFuphATB8YednVrSyY=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHqwjIjgrorunFZwbGF6VAymUwbmkmGJCOWoZ/hxoWKW//GnX9j+lho64GQwzn3cu89UcaZNq777Swtr6yurZc2yptb2zu7lb39By1zRahPJJeqHWFNORPUN8xw2s4UxWnEaSsa3Iz91iNVmklxb4YZDVPcEyxhBBsrBXnt6QSdoth+3UrVrbsToEXizUgVZmh2K1+dWJI8pcIQjrUOPDczYYGVYYTTUbmTa5phMsA9GlgqcEp1WExWHqFjq8Qokco+YdBE/d1R4FTrYRrZyhSbvp73xuJ/XpCb5DIsmMhyQwWZDkpyjoxE4/tRzBQlhg8twUQxuysifawwMTalsg3Bmz95kfhn9au6d3debVzP0ijBIRxBDTy4gAbcQhN8ICDhGV7hzTHOi/PufExLl5xZzwH8gfP5A2wwj5Q=</latexit><latexit sha1_base64="F1Ztdx4pIJFuphATB8YednVrSyY=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHqwjIjgrorunFZwbGF6VAymUwbmkmGJCOWoZ/hxoWKW//GnX9j+lho64GQwzn3cu89UcaZNq777Swtr6yurZc2yptb2zu7lb39By1zRahPJJeqHWFNORPUN8xw2s4UxWnEaSsa3Iz91iNVmklxb4YZDVPcEyxhBBsrBXnt6QSdoth+3UrVrbsToEXizUgVZmh2K1+dWJI8pcIQjrUOPDczYYGVYYTTUbmTa5phMsA9GlgqcEp1WExWHqFjq8Qokco+YdBE/d1R4FTrYRrZyhSbvp73xuJ/XpCb5DIsmMhyQwWZDkpyjoxE4/tRzBQlhg8twUQxuysifawwMTalsg3Bmz95kfhn9au6d3debVzP0ijBIRxBDTy4gAbcQhN8ICDhGV7hzTHOi/PufExLl5xZzwH8gfP5A2wwj5Q=</latexit><latexit sha1_base64="F1Ztdx4pIJFuphATB8YednVrSyY=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHqwjIjgrorunFZwbGF6VAymUwbmkmGJCOWoZ/hxoWKW//GnX9j+lho64GQwzn3cu89UcaZNq777Swtr6yurZc2yptb2zu7lb39By1zRahPJJeqHWFNORPUN8xw2s4UxWnEaSsa3Iz91iNVmklxb4YZDVPcEyxhBBsrBXnt6QSdoth+3UrVrbsToEXizUgVZmh2K1+dWJI8pcIQjrUOPDczYYGVYYTTUbmTa5phMsA9GlgqcEp1WExWHqFjq8Qokco+YdBE/d1R4FTrYRrZyhSbvp73xuJ/XpCb5DIsmMhyQwWZDkpyjoxE4/tRzBQlhg8twUQxuysifawwMTalsg3Bmz95kfhn9au6d3debVzP0ijBIRxBDTy4gAbcQhN8ICDhGV7hzTHOi/PufExLl5xZzwH8gfP5A2wwj5Q=</latexit>

�u(x) +�d(x)
<latexit sha1_base64="pZV0m2v+45ljgGzP+g/YYkeQq0I=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRKkJJRFBvRT14rGBsoQ1ls5m2SzebsLsRSyhe/CtePKh49V9489+4bXPQ6oOFN+/NMDsvSDhT2nG+rMLc/MLiUnG5tLK6tr5hb27dqjiVFDwa81g2A6KAMwGeZppDM5FAooBDIxhcjP3GHUjFYnGjhwn4EekJ1mWUaCN17J32JXBNcFq5P8CHOK9CU3XsslN1JsB/iZuTMspR79if7TCmaQRCU06UarlOov2MSM0oh1GpnSpICB2QHrQMFSQC5WeTE0Z43ygh7sbSPKHxRP05kZFIqWEUmM6I6L6a9cbif14r1d1TP2MiSTUIOl3UTTnWMR7ngUMmgWo+NIRQycxfMe0TSag2qZVMCO7syX+Jd1Q9q7rXx+XaeZ5GEe2iPVRBLjpBNXSF6shDFD2gJ/SCXq1H69l6s96nrQUrn9lGv2B9fAN4u5Ub</latexit><latexit sha1_base64="pZV0m2v+45ljgGzP+g/YYkeQq0I=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRKkJJRFBvRT14rGBsoQ1ls5m2SzebsLsRSyhe/CtePKh49V9489+4bXPQ6oOFN+/NMDsvSDhT2nG+rMLc/MLiUnG5tLK6tr5hb27dqjiVFDwa81g2A6KAMwGeZppDM5FAooBDIxhcjP3GHUjFYnGjhwn4EekJ1mWUaCN17J32JXBNcFq5P8CHOK9CU3XsslN1JsB/iZuTMspR79if7TCmaQRCU06UarlOov2MSM0oh1GpnSpICB2QHrQMFSQC5WeTE0Z43ygh7sbSPKHxRP05kZFIqWEUmM6I6L6a9cbif14r1d1TP2MiSTUIOl3UTTnWMR7ngUMmgWo+NIRQycxfMe0TSag2qZVMCO7syX+Jd1Q9q7rXx+XaeZ5GEe2iPVRBLjpBNXSF6shDFD2gJ/SCXq1H69l6s96nrQUrn9lGv2B9fAN4u5Ub</latexit><latexit sha1_base64="pZV0m2v+45ljgGzP+g/YYkeQq0I=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRKkJJRFBvRT14rGBsoQ1ls5m2SzebsLsRSyhe/CtePKh49V9489+4bXPQ6oOFN+/NMDsvSDhT2nG+rMLc/MLiUnG5tLK6tr5hb27dqjiVFDwa81g2A6KAMwGeZppDM5FAooBDIxhcjP3GHUjFYnGjhwn4EekJ1mWUaCN17J32JXBNcFq5P8CHOK9CU3XsslN1JsB/iZuTMspR79if7TCmaQRCU06UarlOov2MSM0oh1GpnSpICB2QHrQMFSQC5WeTE0Z43ygh7sbSPKHxRP05kZFIqWEUmM6I6L6a9cbif14r1d1TP2MiSTUIOl3UTTnWMR7ngUMmgWo+NIRQycxfMe0TSag2qZVMCO7syX+Jd1Q9q7rXx+XaeZ5GEe2iPVRBLjpBNXSF6shDFD2gJ/SCXq1H69l6s96nrQUrn9lGv2B9fAN4u5Ub</latexit><latexit sha1_base64="pZV0m2v+45ljgGzP+g/YYkeQq0I=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRKkJJRFBvRT14rGBsoQ1ls5m2SzebsLsRSyhe/CtePKh49V9489+4bXPQ6oOFN+/NMDsvSDhT2nG+rMLc/MLiUnG5tLK6tr5hb27dqjiVFDwa81g2A6KAMwGeZppDM5FAooBDIxhcjP3GHUjFYnGjhwn4EekJ1mWUaCN17J32JXBNcFq5P8CHOK9CU3XsslN1JsB/iZuTMspR79if7TCmaQRCU06UarlOov2MSM0oh1GpnSpICB2QHrQMFSQC5WeTE0Z43ygh7sbSPKHxRP05kZFIqWEUmM6I6L6a9cbif14r1d1TP2MiSTUIOl3UTTnWMR7ngUMmgWo+NIRQycxfMe0TSag2qZVMCO7syX+Jd1Q9q7rXx+XaeZ5GEe2iPVRBLjpBNXSF6shDFD2gJ/SCXq1H69l6s96nrQUrn9lGv2B9fAN4u5Ub</latexit>



�(U ! 1)
<latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit>

Low-energy effective  Λ ~ 600 MeV 

Constituent quarks as effective degrees of freedom 

Recovers the PDF as v →1

qPDF (isosinglet unpolarised) in χQSM

Nucleon qPDF in the χQSM

H|ni = En|ni
<latexit sha1_base64="sL65B+A9+wIilY3PZjOvvBYyT/I=">AAACBXicbVBNS8NAEJ34WetX1KMIi0XwVBIR1INQFKHHCsYW2hA22227dLMJuxuhpD158a948aDi1f/gzX/jts1BWx8MPN6bYWZemHCmtON8WwuLS8srq4W14vrG5ta2vbN7r+JUEuqRmMeyEWJFORPU00xz2kgkxVHIaT3sX4/9+gOVisXiTg8S6ke4K1iHEayNFNgHVTQULYlFl1N0iW4CgYZIoFwJ7JJTdiZA88TNSQly1AL7q9WOSRpRoQnHSjVdJ9F+hqVmhNNRsZUqmmDSx13aNFTgiCo/m7wxQkdGaaNOLE0JjSbq74kMR0oNotB0Rlj31Kw3Fv/zmqnunPsZE0mqqSDTRZ2UIx2jcSaozSQlmg8MwUQycysiPSwx0Sa5ognBnX15nngn5Yuye3taqlzlaRRgHw7hGFw4gwpUoQYeEHiEZ3iFN+vJerHerY9p64KVz+zBH1ifP4oAl3Y=</latexit><latexit sha1_base64="sL65B+A9+wIilY3PZjOvvBYyT/I=">AAACBXicbVBNS8NAEJ34WetX1KMIi0XwVBIR1INQFKHHCsYW2hA22227dLMJuxuhpD158a948aDi1f/gzX/jts1BWx8MPN6bYWZemHCmtON8WwuLS8srq4W14vrG5ta2vbN7r+JUEuqRmMeyEWJFORPU00xz2kgkxVHIaT3sX4/9+gOVisXiTg8S6ke4K1iHEayNFNgHVTQULYlFl1N0iW4CgYZIoFwJ7JJTdiZA88TNSQly1AL7q9WOSRpRoQnHSjVdJ9F+hqVmhNNRsZUqmmDSx13aNFTgiCo/m7wxQkdGaaNOLE0JjSbq74kMR0oNotB0Rlj31Kw3Fv/zmqnunPsZE0mqqSDTRZ2UIx2jcSaozSQlmg8MwUQycysiPSwx0Sa5ognBnX15nngn5Yuye3taqlzlaRRgHw7hGFw4gwpUoQYeEHiEZ3iFN+vJerHerY9p64KVz+zBH1ifP4oAl3Y=</latexit><latexit sha1_base64="sL65B+A9+wIilY3PZjOvvBYyT/I=">AAACBXicbVBNS8NAEJ34WetX1KMIi0XwVBIR1INQFKHHCsYW2hA22227dLMJuxuhpD158a948aDi1f/gzX/jts1BWx8MPN6bYWZemHCmtON8WwuLS8srq4W14vrG5ta2vbN7r+JUEuqRmMeyEWJFORPU00xz2kgkxVHIaT3sX4/9+gOVisXiTg8S6ke4K1iHEayNFNgHVTQULYlFl1N0iW4CgYZIoFwJ7JJTdiZA88TNSQly1AL7q9WOSRpRoQnHSjVdJ9F+hqVmhNNRsZUqmmDSx13aNFTgiCo/m7wxQkdGaaNOLE0JjSbq74kMR0oNotB0Rlj31Kw3Fv/zmqnunPsZE0mqqSDTRZ2UIx2jcSaozSQlmg8MwUQycysiPSwx0Sa5ognBnX15nngn5Yuye3taqlzlaRRgHw7hGFw4gwpUoQYeEHiEZ3iFN+vJerHerY9p64KVz+zBH1ifP4oAl3Y=</latexit><latexit sha1_base64="sL65B+A9+wIilY3PZjOvvBYyT/I=">AAACBXicbVBNS8NAEJ34WetX1KMIi0XwVBIR1INQFKHHCsYW2hA22227dLMJuxuhpD158a948aDi1f/gzX/jts1BWx8MPN6bYWZemHCmtON8WwuLS8srq4W14vrG5ta2vbN7r+JUEuqRmMeyEWJFORPU00xz2kgkxVHIaT3sX4/9+gOVisXiTg8S6ke4K1iHEayNFNgHVTQULYlFl1N0iW4CgYZIoFwJ7JJTdiZA88TNSQly1AL7q9WOSRpRoQnHSjVdJ9F+hqVmhNNRsZUqmmDSx13aNFTgiCo/m7wxQkdGaaNOLE0JjSbq74kMR0oNotB0Rlj31Kw3Fv/zmqnunPsZE0mqqSDTRZ2UIx2jcSaozSQlmg8MwUQycysiPSwx0Sa5ognBnX15nngn5Yuye3taqlzlaRRgHw7hGFw4gwpUoQYeEHiEZ3iFN+vJerHerY9p64KVz+zBH1ifP4oAl3Y=</latexit>

X

occ
<latexit sha1_base64="tabxFd1TUnGMf6qGUpsWbNvdKv4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcE0wWcLsZDYZMo9lZlYIS/7CiwcVr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w8ejMo0oSFRXOl2jA3lTNLQMstpO9UUi5jTVjy6mfqtJ6oNU/LejlMaCTyQLGEEWyc9dk0merkiZNKr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2phP4qY1yrC0jnE4q3czQFJMRHtCOoxILaqJ8dvEEnTiljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lllDOZZpZKMl+UZBxZhabvoz7TlFg+dgQTzdytiAyxxsS6kCouhGDx5WUSntWv6sHdea1xXaRRhiM4hlMI4AIacAtNCIGAhGd4hTfPeC/eu/cxby15xcwh/IH3+QNm7JDv</latexit><latexit sha1_base64="tabxFd1TUnGMf6qGUpsWbNvdKv4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcE0wWcLsZDYZMo9lZlYIS/7CiwcVr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w8ejMo0oSFRXOl2jA3lTNLQMstpO9UUi5jTVjy6mfqtJ6oNU/LejlMaCTyQLGEEWyc9dk0merkiZNKr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2phP4qY1yrC0jnE4q3czQFJMRHtCOoxILaqJ8dvEEnTiljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lllDOZZpZKMl+UZBxZhabvoz7TlFg+dgQTzdytiAyxxsS6kCouhGDx5WUSntWv6sHdea1xXaRRhiM4hlMI4AIacAtNCIGAhGd4hTfPeC/eu/cxby15xcwh/IH3+QNm7JDv</latexit><latexit sha1_base64="tabxFd1TUnGMf6qGUpsWbNvdKv4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcE0wWcLsZDYZMo9lZlYIS/7CiwcVr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w8ejMo0oSFRXOl2jA3lTNLQMstpO9UUi5jTVjy6mfqtJ6oNU/LejlMaCTyQLGEEWyc9dk0merkiZNKr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2phP4qY1yrC0jnE4q3czQFJMRHtCOoxILaqJ8dvEEnTiljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lllDOZZpZKMl+UZBxZhabvoz7TlFg+dgQTzdytiAyxxsS6kCouhGDx5WUSntWv6sHdea1xXaRRhiM4hlMI4AIacAtNCIGAhGd4hTfPeC/eu/cxby15xcwh/IH3+QNm7JDv</latexit><latexit sha1_base64="tabxFd1TUnGMf6qGUpsWbNvdKv4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcE0wWcLsZDYZMo9lZlYIS/7CiwcVr36ON//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w8ejMo0oSFRXOl2jA3lTNLQMstpO9UUi5jTVjy6mfqtJ6oNU/LejlMaCTyQLGEEWyc9dk0merkiZNKr1vy6PwNaJkFBalCg2at+dfuKZIJKSzg2phP4qY1yrC0jnE4q3czQFJMRHtCOoxILaqJ8dvEEnTiljxKlXUmLZurviRwLY8Yidp0C26FZ9Kbif14ns8lllDOZZpZKMl+UZBxZhabvoz7TlFg+dgQTzdytiAyxxsS6kCouhGDx5WUSntWv6sHdea1xXaRRhiM4hlMI4AIacAtNCIGAhGd4hTfPeC/eu/cxby15xcwh/IH3+QNm7JDv</latexit>

: sum over the occupied levels 
   valence + negative continuum
:vacuum subtraction (U ! 1)

<latexit sha1_base64="tprDkFW5fGjlhoISLUexSVtXKqI=">AAAB73icbVBNSwMxFHxbv2r9WvXoJViEeim7Iqi3ohePFVxbaZeSTbNtaJJdkqxQlv4KLx5UvPp3vPlvTNs9aOtAYJh5j7yZKOVMG8/7dkorq2vrG+XNytb2zu6eu3/woJNMERqQhCeqHWFNOZM0MMxw2k4VxSLitBWNbqZ+64kqzRJ5b8YpDQUeSBYzgo2VHmsB6poE+ac9t+rVvRnQMvELUoUCzZ771e0nJBNUGsKx1h3fS02YY2UY4XRS6WaappiM8IB2LJVYUB3ms4Mn6MQqfRQnyj5p0Ez9vZFjofVYRHZSYDPUi95U/M/rZCa+DHMm08xQSeYfxRlHNuM0PeozRYnhY0swUczeisgQK0yM7ahiS/AXIy+T4Kx+VffvzquN66KNMhzBMdTAhwtowC00IQACAp7hFd4c5bw4787HfLTkFDuH8AfO5w9Yco7+</latexit><latexit sha1_base64="tprDkFW5fGjlhoISLUexSVtXKqI=">AAAB73icbVBNSwMxFHxbv2r9WvXoJViEeim7Iqi3ohePFVxbaZeSTbNtaJJdkqxQlv4KLx5UvPp3vPlvTNs9aOtAYJh5j7yZKOVMG8/7dkorq2vrG+XNytb2zu6eu3/woJNMERqQhCeqHWFNOZM0MMxw2k4VxSLitBWNbqZ+64kqzRJ5b8YpDQUeSBYzgo2VHmsB6poE+ac9t+rVvRnQMvELUoUCzZ771e0nJBNUGsKx1h3fS02YY2UY4XRS6WaappiM8IB2LJVYUB3ms4Mn6MQqfRQnyj5p0Ez9vZFjofVYRHZSYDPUi95U/M/rZCa+DHMm08xQSeYfxRlHNuM0PeozRYnhY0swUczeisgQK0yM7ahiS/AXIy+T4Kx+VffvzquN66KNMhzBMdTAhwtowC00IQACAp7hFd4c5bw4787HfLTkFDuH8AfO5w9Yco7+</latexit><latexit sha1_base64="tprDkFW5fGjlhoISLUexSVtXKqI=">AAAB73icbVBNSwMxFHxbv2r9WvXoJViEeim7Iqi3ohePFVxbaZeSTbNtaJJdkqxQlv4KLx5UvPp3vPlvTNs9aOtAYJh5j7yZKOVMG8/7dkorq2vrG+XNytb2zu6eu3/woJNMERqQhCeqHWFNOZM0MMxw2k4VxSLitBWNbqZ+64kqzRJ5b8YpDQUeSBYzgo2VHmsB6poE+ac9t+rVvRnQMvELUoUCzZ771e0nJBNUGsKx1h3fS02YY2UY4XRS6WaappiM8IB2LJVYUB3ms4Mn6MQqfRQnyj5p0Ez9vZFjofVYRHZSYDPUi95U/M/rZCa+DHMm08xQSeYfxRlHNuM0PeozRYnhY0swUczeisgQK0yM7ahiS/AXIy+T4Kx+VffvzquN66KNMhzBMdTAhwtowC00IQACAp7hFd4c5bw4787HfLTkFDuH8AfO5w9Yco7+</latexit><latexit sha1_base64="tprDkFW5fGjlhoISLUexSVtXKqI=">AAAB73icbVBNSwMxFHxbv2r9WvXoJViEeim7Iqi3ohePFVxbaZeSTbNtaJJdkqxQlv4KLx5UvPp3vPlvTNs9aOtAYJh5j7yZKOVMG8/7dkorq2vrG+XNytb2zu6eu3/woJNMERqQhCeqHWFNOZM0MMxw2k4VxSLitBWNbqZ+64kqzRJ5b8YpDQUeSBYzgo2VHmsB6poE+ac9t+rVvRnQMvELUoUCzZ771e0nJBNUGsKx1h3fS02YY2UY4XRS6WaappiM8IB2LJVYUB3ms4Mn6MQqfRQnyj5p0Ez9vZFjofVYRHZSYDPUi95U/M/rZCa+DHMm08xQSeYfxRlHNuM0PeozRYnhY0swUczeisgQK0yM7ahiS/AXIy+T4Kx+VffvzquN66KNMhzBMdTAhwtowC00IQACAp7hFd4c5bw4787HfLTkFDuH8AfO5w9Yco7+</latexit>

X

f

qf (x, v)occ = NcMNv
X

occ

hn|�(P 3 + vEn � vMNx)(1 + v�0�
3)|ni

<latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit><latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit><latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit><latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit>

v         : boost velocity

Γ         : γ0



Baryon number 

 

Momentum


Positivity: Probability interpretation of the PDFs 

                  What we know: continuum contribution is essential!

Z 1

0
dx q(x)� q̄(x) = NCB

<latexit sha1_base64="CGpZVuPZK0asn+O0Ue7WnT2vBws=">AAACD3icbVDLSgMxFM3UV62vUZdugkWsC8uMCCoilHbjSio4ttAZh0yatqGZzDTJSMvQT3Djr7hxoeLWrTv/xvSx0OqBCyfn3EvuPUHMqFSW9WVk5uYXFpeyy7mV1bX1DXNz61ZGicDEwRGLRD1AkjDKiaOoYqQeC4LCgJFa0K2M/No9EZJG/EYNYuKFqM1pi2KktOSb+y7l6s72LdjsQ/e8V+gfwEPoBkikveHocQGv/Aos+2beKlpjwL/EnpI8mKLqm59uM8JJSLjCDEnZsK1YeSkSimJGhjk3kSRGuIvapKEpRyGRXjo+aAj3tNKErUjo4gqO1Z8TKQqlHISB7gyR6shZbyT+5zUS1Tr1UsrjRBGOJx+1EgZVBEfpwCYVBCs20ARhQfWuEHeQQFjpDHM6BHv25L/EOSqeFe3r43ypPE0jC3bALigAG5yAErgEVeAADB7AE3gBr8aj8Wy8Ge+T1owxndkGv2B8fAMwM5m2</latexit><latexit sha1_base64="CGpZVuPZK0asn+O0Ue7WnT2vBws=">AAACD3icbVDLSgMxFM3UV62vUZdugkWsC8uMCCoilHbjSio4ttAZh0yatqGZzDTJSMvQT3Djr7hxoeLWrTv/xvSx0OqBCyfn3EvuPUHMqFSW9WVk5uYXFpeyy7mV1bX1DXNz61ZGicDEwRGLRD1AkjDKiaOoYqQeC4LCgJFa0K2M/No9EZJG/EYNYuKFqM1pi2KktOSb+y7l6s72LdjsQ/e8V+gfwEPoBkikveHocQGv/Aos+2beKlpjwL/EnpI8mKLqm59uM8JJSLjCDEnZsK1YeSkSimJGhjk3kSRGuIvapKEpRyGRXjo+aAj3tNKErUjo4gqO1Z8TKQqlHISB7gyR6shZbyT+5zUS1Tr1UsrjRBGOJx+1EgZVBEfpwCYVBCs20ARhQfWuEHeQQFjpDHM6BHv25L/EOSqeFe3r43ypPE0jC3bALigAG5yAErgEVeAADB7AE3gBr8aj8Wy8Ge+T1owxndkGv2B8fAMwM5m2</latexit><latexit sha1_base64="CGpZVuPZK0asn+O0Ue7WnT2vBws=">AAACD3icbVDLSgMxFM3UV62vUZdugkWsC8uMCCoilHbjSio4ttAZh0yatqGZzDTJSMvQT3Djr7hxoeLWrTv/xvSx0OqBCyfn3EvuPUHMqFSW9WVk5uYXFpeyy7mV1bX1DXNz61ZGicDEwRGLRD1AkjDKiaOoYqQeC4LCgJFa0K2M/No9EZJG/EYNYuKFqM1pi2KktOSb+y7l6s72LdjsQ/e8V+gfwEPoBkikveHocQGv/Aos+2beKlpjwL/EnpI8mKLqm59uM8JJSLjCDEnZsK1YeSkSimJGhjk3kSRGuIvapKEpRyGRXjo+aAj3tNKErUjo4gqO1Z8TKQqlHISB7gyR6shZbyT+5zUS1Tr1UsrjRBGOJx+1EgZVBEfpwCYVBCs20ARhQfWuEHeQQFjpDHM6BHv25L/EOSqeFe3r43ypPE0jC3bALigAG5yAErgEVeAADB7AE3gBr8aj8Wy8Ge+T1owxndkGv2B8fAMwM5m2</latexit><latexit sha1_base64="CGpZVuPZK0asn+O0Ue7WnT2vBws=">AAACD3icbVDLSgMxFM3UV62vUZdugkWsC8uMCCoilHbjSio4ttAZh0yatqGZzDTJSMvQT3Djr7hxoeLWrTv/xvSx0OqBCyfn3EvuPUHMqFSW9WVk5uYXFpeyy7mV1bX1DXNz61ZGicDEwRGLRD1AkjDKiaOoYqQeC4LCgJFa0K2M/No9EZJG/EYNYuKFqM1pi2KktOSb+y7l6s72LdjsQ/e8V+gfwEPoBkikveHocQGv/Aos+2beKlpjwL/EnpI8mKLqm59uM8JJSLjCDEnZsK1YeSkSimJGhjk3kSRGuIvapKEpRyGRXjo+aAj3tNKErUjo4gqO1Z8TKQqlHISB7gyR6shZbyT+5zUS1Tr1UsrjRBGOJx+1EgZVBEfpwCYVBCs20ARhQfWuEHeQQFjpDHM6BHv25L/EOSqeFe3r43ypPE0jC3bALigAG5yAErgEVeAADB7AE3gBr8aj8Wy8Ge+T1owxndkGv2B8fAMwM5m2</latexit>

Z 1

0
dx x(q(x) + q̄(x)) = 1

<latexit sha1_base64="eshwcDrG2VJYw/eeCH5c+yYKL98=">AAACEHicbVDLSsNAFJ3UV62vqks3g0VoEUoigooIRTcuKxhbaGKZTCft0MkknZlIS+gvuPFX3LhQcevSnX/jpM1CWw9cOHPOvcy9x4sYlco0v43cwuLS8kp+tbC2vrG5VdzeuZNhLDCxcchC0fSQJIxyYiuqGGlGgqDAY6Th9a9Sv/FAhKQhv1WjiLgB6nLqU4yUltrFskO5urfaJuwMnXM4LMNBeViBh9DxkEgG4/RRgRfQahdLZtWcAM4TKyMlkKHeLn45nRDHAeEKMyRlyzIj5SZIKIoZGRecWJII4T7qkpamHAVEusnkojE80EoH+qHQxRWcqL8nEhRIOQo83Rkg1ZOzXir+57Vi5Z+6CeVRrAjH04/8mEEVwjQe2KGCYMVGmiAsqN4V4h4SCCsdYkGHYM2ePE/so+pZ1bo5LtUuszTyYA/sgzKwwAmogWtQBzbA4BE8g1fwZjwZL8a78TFtzRnZzC74A+PzBza5maY=</latexit><latexit sha1_base64="eshwcDrG2VJYw/eeCH5c+yYKL98=">AAACEHicbVDLSsNAFJ3UV62vqks3g0VoEUoigooIRTcuKxhbaGKZTCft0MkknZlIS+gvuPFX3LhQcevSnX/jpM1CWw9cOHPOvcy9x4sYlco0v43cwuLS8kp+tbC2vrG5VdzeuZNhLDCxcchC0fSQJIxyYiuqGGlGgqDAY6Th9a9Sv/FAhKQhv1WjiLgB6nLqU4yUltrFskO5urfaJuwMnXM4LMNBeViBh9DxkEgG4/RRgRfQahdLZtWcAM4TKyMlkKHeLn45nRDHAeEKMyRlyzIj5SZIKIoZGRecWJII4T7qkpamHAVEusnkojE80EoH+qHQxRWcqL8nEhRIOQo83Rkg1ZOzXir+57Vi5Z+6CeVRrAjH04/8mEEVwjQe2KGCYMVGmiAsqN4V4h4SCCsdYkGHYM2ePE/so+pZ1bo5LtUuszTyYA/sgzKwwAmogWtQBzbA4BE8g1fwZjwZL8a78TFtzRnZzC74A+PzBza5maY=</latexit><latexit sha1_base64="eshwcDrG2VJYw/eeCH5c+yYKL98=">AAACEHicbVDLSsNAFJ3UV62vqks3g0VoEUoigooIRTcuKxhbaGKZTCft0MkknZlIS+gvuPFX3LhQcevSnX/jpM1CWw9cOHPOvcy9x4sYlco0v43cwuLS8kp+tbC2vrG5VdzeuZNhLDCxcchC0fSQJIxyYiuqGGlGgqDAY6Th9a9Sv/FAhKQhv1WjiLgB6nLqU4yUltrFskO5urfaJuwMnXM4LMNBeViBh9DxkEgG4/RRgRfQahdLZtWcAM4TKyMlkKHeLn45nRDHAeEKMyRlyzIj5SZIKIoZGRecWJII4T7qkpamHAVEusnkojE80EoH+qHQxRWcqL8nEhRIOQo83Rkg1ZOzXir+57Vi5Z+6CeVRrAjH04/8mEEVwjQe2KGCYMVGmiAsqN4V4h4SCCsdYkGHYM2ePE/so+pZ1bo5LtUuszTyYA/sgzKwwAmogWtQBzbA4BE8g1fwZjwZL8a78TFtzRnZzC74A+PzBza5maY=</latexit><latexit sha1_base64="eshwcDrG2VJYw/eeCH5c+yYKL98=">AAACEHicbVDLSsNAFJ3UV62vqks3g0VoEUoigooIRTcuKxhbaGKZTCft0MkknZlIS+gvuPFX3LhQcevSnX/jpM1CWw9cOHPOvcy9x4sYlco0v43cwuLS8kp+tbC2vrG5VdzeuZNhLDCxcchC0fSQJIxyYiuqGGlGgqDAY6Th9a9Sv/FAhKQhv1WjiLgB6nLqU4yUltrFskO5urfaJuwMnXM4LMNBeViBh9DxkEgG4/RRgRfQahdLZtWcAM4TKyMlkKHeLn45nRDHAeEKMyRlyzIj5SZIKIoZGRecWJII4T7qkpamHAVEusnkojE80EoH+qHQxRWcqL8nEhRIOQo83Rkg1ZOzXir+57Vi5Z+6CeVRrAjH04/8mEEVwjQe2KGCYMVGmiAsqN4V4h4SCCsdYkGHYM2ePE/so+pZ1bo5LtUuszTyYA/sgzKwwAmogWtQBzbA4BE8g1fwZjwZL8a78TFtzRnZzC74A+PzBza5maY=</latexit>

Properties of the PDF



⇒
Z 1

�1

X

f

q(x, v)dx =

Z 1

�1
dxNcMNv

Z Elevel

�1
dwTr[�(w �H)

�(wv � xvMN + P
3)(1 + v�

0
�
3)]� (U ! 1) = NcB

<latexit sha1_base64="dZIRNdX/r/YIq8clfnmQU9I2A7k="></latexit><latexit sha1_base64="dZIRNdX/r/YIq8clfnmQU9I2A7k="></latexit><latexit sha1_base64="dZIRNdX/r/YIq8clfnmQU9I2A7k="></latexit><latexit sha1_base64="dZIRNdX/r/YIq8clfnmQU9I2A7k="></latexit>

Baryon Number Sum rule

�(U ! 1)
<latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit>

Equivalent representation

Nucleon mass

X

f

qf (x, v) = NcMNv

Z Elevel

�1
dw Tr

⇥
�(w �H)�(wv � xvMN + P

3)(1 + v�
0
�
3)
⇤

<latexit sha1_base64="5VEDywBMzMd8+f8j4owDz3+Fr3U="></latexit><latexit sha1_base64="5VEDywBMzMd8+f8j4owDz3+Fr3U="></latexit><latexit sha1_base64="5VEDywBMzMd8+f8j4owDz3+Fr3U="></latexit><latexit sha1_base64="5VEDywBMzMd8+f8j4owDz3+Fr3U="></latexit> �(U ! 1)
<latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit>

�(U ! 1)
<latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit>
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<latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit><latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit><latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit><latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit>

MN = NcTr[H⇥(Elevel �H)]
<latexit sha1_base64="QFjW10xeMBtIY30pMMuHpfTIcHo=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoMQD4ZdEYwHIShCLoYIiQkkyzI76SRDZh/MzAbCsr/ixV/x4kFFb/o1Th6CJhY0FFXddHe5IWdSmeankVpaXlldS69nNja3tneyu3v3MogEhToNeCCaLpHAmQ91xRSHZiiAeC6Hhju4HvuNIQjJAr+mRiHYHun5rMsoUVpyssVbp4IvccWhuO0R1RdeXBMJbpVxu9YHRfL4xol/HA5D4ElyUj7GtpPNmQVzArxIrBnJoRmqTvaj3Qlo5IGvKCdStiwzVHZMhGKUQ5JpRxJCQgekBy1NfeKBtOPJhwk+0koHdwOhy1d4ov6eiIkn5chzdef4VjnvjcX/vFakukU7Zn4YKfDpdFE34lgFeBwX7jABVPGRJoQKpm/FtE8EoUqHmtEhWPMvL5L6aeGiYN2d5UpXszTS6AAdojyy0DkqoTKqojqi6AE9oRf0ajwaz8ab8T5tTRmzmX30B8bXN4TOoiI=</latexit><latexit sha1_base64="QFjW10xeMBtIY30pMMuHpfTIcHo=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoMQD4ZdEYwHIShCLoYIiQkkyzI76SRDZh/MzAbCsr/ixV/x4kFFb/o1Th6CJhY0FFXddHe5IWdSmeankVpaXlldS69nNja3tneyu3v3MogEhToNeCCaLpHAmQ91xRSHZiiAeC6Hhju4HvuNIQjJAr+mRiHYHun5rMsoUVpyssVbp4IvccWhuO0R1RdeXBMJbpVxu9YHRfL4xol/HA5D4ElyUj7GtpPNmQVzArxIrBnJoRmqTvaj3Qlo5IGvKCdStiwzVHZMhGKUQ5JpRxJCQgekBy1NfeKBtOPJhwk+0koHdwOhy1d4ov6eiIkn5chzdef4VjnvjcX/vFakukU7Zn4YKfDpdFE34lgFeBwX7jABVPGRJoQKpm/FtE8EoUqHmtEhWPMvL5L6aeGiYN2d5UpXszTS6AAdojyy0DkqoTKqojqi6AE9oRf0ajwaz8ab8T5tTRmzmX30B8bXN4TOoiI=</latexit><latexit sha1_base64="QFjW10xeMBtIY30pMMuHpfTIcHo=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoMQD4ZdEYwHIShCLoYIiQkkyzI76SRDZh/MzAbCsr/ixV/x4kFFb/o1Th6CJhY0FFXddHe5IWdSmeankVpaXlldS69nNja3tneyu3v3MogEhToNeCCaLpHAmQ91xRSHZiiAeC6Hhju4HvuNIQjJAr+mRiHYHun5rMsoUVpyssVbp4IvccWhuO0R1RdeXBMJbpVxu9YHRfL4xol/HA5D4ElyUj7GtpPNmQVzArxIrBnJoRmqTvaj3Qlo5IGvKCdStiwzVHZMhGKUQ5JpRxJCQgekBy1NfeKBtOPJhwk+0koHdwOhy1d4ov6eiIkn5chzdef4VjnvjcX/vFakukU7Zn4YKfDpdFE34lgFeBwX7jABVPGRJoQKpm/FtE8EoUqHmtEhWPMvL5L6aeGiYN2d5UpXszTS6AAdojyy0DkqoTKqojqi6AE9oRf0ajwaz8ab8T5tTRmzmX30B8bXN4TOoiI=</latexit><latexit sha1_base64="QFjW10xeMBtIY30pMMuHpfTIcHo=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoMQD4ZdEYwHIShCLoYIiQkkyzI76SRDZh/MzAbCsr/ixV/x4kFFb/o1Th6CJhY0FFXddHe5IWdSmeankVpaXlldS69nNja3tneyu3v3MogEhToNeCCaLpHAmQ91xRSHZiiAeC6Hhju4HvuNIQjJAr+mRiHYHun5rMsoUVpyssVbp4IvccWhuO0R1RdeXBMJbpVxu9YHRfL4xol/HA5D4ElyUj7GtpPNmQVzArxIrBnJoRmqTvaj3Qlo5IGvKCdStiwzVHZMhGKUQ5JpRxJCQgekBy1NfeKBtOPJhwk+0koHdwOhy1d4ov6eiIkn5chzdef4VjnvjcX/vFakukU7Zn4YKfDpdFE34lgFeBwX7jABVPGRJoQKpm/FtE8EoUqHmtEhWPMvL5L6aeGiYN2d5UpXszTS6AAdojyy0DkqoTKqojqi6AE9oRf0ajwaz8ab8T5tTRmzmX30B8bXN4TOoiI=</latexit>



Momentum Sum rule

�(U ! 1)
<latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit><latexit sha1_base64="N6b2ysntgBAvFAET9+Qq4YCuJ+U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiwbArgnoLevEYwTWRJITZyWwyZB7LzKwQlnyFFw8qXv0db/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2tt/MCrVhIZEcaWbETaUM0lDyyynzURTLCJOG9HwZuI3nqg2TMl7O0poR+C+ZDEj2Drp8RRVwrZVwUm3VPar/hRokQQ5KUOOerf01e4pkgoqLeHYmFbgJ7aTYW0Z4XRcbKeGJpgMcZ+2HJVYUNPJpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UhtfdjImk9RSSWaL4pQjq9Dke9RjmhLLR45gopm7FZEB1phYl1HRhRDMv7xIwrPqVTW4Oy/XrvM0CnAIR1CBAC6gBrdQhxAICHiGV3jztPfivXsfs9YlL585gD/wPn8AayiPCw==</latexit>
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<latexit sha1_base64="5DSWx9Lc8UDDZyhjHo7PBq0J0/U="></latexit><latexit sha1_base64="5DSWx9Lc8UDDZyhjHo7PBq0J0/U="></latexit><latexit sha1_base64="5DSWx9Lc8UDDZyhjHo7PBq0J0/U="></latexit><latexit sha1_base64="5DSWx9Lc8UDDZyhjHo7PBq0J0/U="></latexit>

For Γ = γ0, 

For Γ = γ3 ,
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X

f

qf (x, v)occ x dx = v

<latexit sha1_base64="PF3iznuDo6TVyWl9TKl3k3RSYzg="></latexit><latexit sha1_base64="PF3iznuDo6TVyWl9TKl3k3RSYzg="></latexit><latexit sha1_base64="PF3iznuDo6TVyWl9TKl3k3RSYzg="></latexit><latexit sha1_base64="PF3iznuDo6TVyWl9TKl3k3RSYzg="></latexit>
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X

occ

hn|�(P 3 + vEn � vMNx)(1 + v�0�
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<latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit><latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit><latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit><latexit sha1_base64="xOBKU98qqwuviSWhT4L/Al46JcE="></latexit>

Momentum sum rule is satisfied only with the self-consistent 
pion field



Divergences & derivative expansion

Expansion in small pion-momentum

X

f

qf (x, v) =
1X

n=0

X

f

q(n)f (x, v)

<latexit sha1_base64="nynEn1Z6g/kh4WLbCfEI64xGON0=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VoQUoigg8oFN24rGBsoWnDZDpph04mcWZSLKH/4sZfcePC10rwY0zSgtp6YOBwzrncuccNGZXKMD613MLi0vJKfrWwtr6xuaVv79zKIBKYWDhggWi6SBJGObEUVYw0Q0GQ7zLScAeXqd8YEiFpwG/UKCRtH/U49ShGKpEc/dyWke948M7xSveHwzKswlTp2JR7auTEvGqMfyKduMTLY5glC45eNCpGBjhPzCkpginqjv5udwMc+YQrzJCULdMIVTtGQlHMyLhgR5KECA9Qj7QSypFPZDvObhzDg0TpQi8QyeMKZurviRj5Uo58N0n6SPXlrJeK/3mtSHmn7ZjyMFKE48kiL2JQBTAtDHapIFixUUIQFjT5K8R9JBBWSa1pCebsyfPEOqqcVczr42LtYtpGHuyBfVACJjgBNXAF6sACGDyAJ/ACXrVH7Vl70z4m0Zw2ndkFf6B9fQPR06K0</latexit><latexit sha1_base64="nynEn1Z6g/kh4WLbCfEI64xGON0=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VoQUoigg8oFN24rGBsoWnDZDpph04mcWZSLKH/4sZfcePC10rwY0zSgtp6YOBwzrncuccNGZXKMD613MLi0vJKfrWwtr6xuaVv79zKIBKYWDhggWi6SBJGObEUVYw0Q0GQ7zLScAeXqd8YEiFpwG/UKCRtH/U49ShGKpEc/dyWke948M7xSveHwzKswlTp2JR7auTEvGqMfyKduMTLY5glC45eNCpGBjhPzCkpginqjv5udwMc+YQrzJCULdMIVTtGQlHMyLhgR5KECA9Qj7QSypFPZDvObhzDg0TpQi8QyeMKZurviRj5Uo58N0n6SPXlrJeK/3mtSHmn7ZjyMFKE48kiL2JQBTAtDHapIFixUUIQFjT5K8R9JBBWSa1pCebsyfPEOqqcVczr42LtYtpGHuyBfVACJjgBNXAF6sACGDyAJ/ACXrVH7Vl70z4m0Zw2ndkFf6B9fQPR06K0</latexit><latexit sha1_base64="nynEn1Z6g/kh4WLbCfEI64xGON0=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VoQUoigg8oFN24rGBsoWnDZDpph04mcWZSLKH/4sZfcePC10rwY0zSgtp6YOBwzrncuccNGZXKMD613MLi0vJKfrWwtr6xuaVv79zKIBKYWDhggWi6SBJGObEUVYw0Q0GQ7zLScAeXqd8YEiFpwG/UKCRtH/U49ShGKpEc/dyWke948M7xSveHwzKswlTp2JR7auTEvGqMfyKduMTLY5glC45eNCpGBjhPzCkpginqjv5udwMc+YQrzJCULdMIVTtGQlHMyLhgR5KECA9Qj7QSypFPZDvObhzDg0TpQi8QyeMKZurviRj5Uo58N0n6SPXlrJeK/3mtSHmn7ZjyMFKE48kiL2JQBTAtDHapIFixUUIQFjT5K8R9JBBWSa1pCebsyfPEOqqcVczr42LtYtpGHuyBfVACJjgBNXAF6sACGDyAJ/ACXrVH7Vl70z4m0Zw2ndkFf6B9fQPR06K0</latexit><latexit sha1_base64="nynEn1Z6g/kh4WLbCfEI64xGON0=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VoQUoigg8oFN24rGBsoWnDZDpph04mcWZSLKH/4sZfcePC10rwY0zSgtp6YOBwzrncuccNGZXKMD613MLi0vJKfrWwtr6xuaVv79zKIBKYWDhggWi6SBJGObEUVYw0Q0GQ7zLScAeXqd8YEiFpwG/UKCRtH/U49ShGKpEc/dyWke948M7xSveHwzKswlTp2JR7auTEvGqMfyKduMTLY5glC45eNCpGBjhPzCkpginqjv5udwMc+YQrzJCULdMIVTtGQlHMyLhgR5KECA9Qj7QSypFPZDvObhzDg0TpQi8QyeMKZurviRj5Uo58N0n6SPXlrJeK/3mtSHmn7ZjyMFKE48kiL2JQBTAtDHapIFixUUIQFjT5K8R9JBBWSa1pCebsyfPEOqqcVczr42LtYtpGHuyBfVACJjgBNXAF6sACGDyAJ/ACXrVH7Vl70z4m0Zw2ndkFf6B9fQPR06K0</latexit>

n0 = 1, n3 = �1

v
, n? = 0

<latexit sha1_base64="ZhPFx+CUzqTS2bTfYstVXwwaCTs=">AAACFnicbZDNSsNAFIUn9a/Wv6pLN4NFcFFLooKKCEU3LitYW2jSMJlO2qGTSZiZFErIW7jxVdy4UHEr7nwbJ20W2nph4OOce7lzjxcxKpVpfhuFhcWl5ZXiamltfWNzq7y98yDDWGDSxCELRdtDkjDKSVNRxUg7EgQFHiMtb3iT+a0REZKG/F6NI+IEqM+pTzFSWnLLNd414RW0qtC+hLx7ovkI2r5AOLHSZJRWM9m1IyIibZluuWLWzEnBebByqIC8Gm75y+6FOA4IV5ghKTuWGSknQUJRzEhasmNJIoSHqE86GjkKiHSSyV0pPNBKD/qh0I8rOFF/TyQokHIceLozQGogZ71M/M/rxMo/dxLKo1gRjqeL/JhBFcIsJNijgmDFxhoQFlT/FeIB0qEoHWVJh2DNnjwPzePaRc26O63Ur/M0imAP7INDYIEzUAe3oAGaAINH8AxewZvxZLwY78bHtLVg5DO74E8Znz8TrZvA</latexit><latexit sha1_base64="ZhPFx+CUzqTS2bTfYstVXwwaCTs=">AAACFnicbZDNSsNAFIUn9a/Wv6pLN4NFcFFLooKKCEU3LitYW2jSMJlO2qGTSZiZFErIW7jxVdy4UHEr7nwbJ20W2nph4OOce7lzjxcxKpVpfhuFhcWl5ZXiamltfWNzq7y98yDDWGDSxCELRdtDkjDKSVNRxUg7EgQFHiMtb3iT+a0REZKG/F6NI+IEqM+pTzFSWnLLNd414RW0qtC+hLx7ovkI2r5AOLHSZJRWM9m1IyIibZluuWLWzEnBebByqIC8Gm75y+6FOA4IV5ghKTuWGSknQUJRzEhasmNJIoSHqE86GjkKiHSSyV0pPNBKD/qh0I8rOFF/TyQokHIceLozQGogZ71M/M/rxMo/dxLKo1gRjqeL/JhBFcIsJNijgmDFxhoQFlT/FeIB0qEoHWVJh2DNnjwPzePaRc26O63Ur/M0imAP7INDYIEzUAe3oAGaAINH8AxewZvxZLwY78bHtLVg5DO74E8Znz8TrZvA</latexit><latexit sha1_base64="ZhPFx+CUzqTS2bTfYstVXwwaCTs=">AAACFnicbZDNSsNAFIUn9a/Wv6pLN4NFcFFLooKKCEU3LitYW2jSMJlO2qGTSZiZFErIW7jxVdy4UHEr7nwbJ20W2nph4OOce7lzjxcxKpVpfhuFhcWl5ZXiamltfWNzq7y98yDDWGDSxCELRdtDkjDKSVNRxUg7EgQFHiMtb3iT+a0REZKG/F6NI+IEqM+pTzFSWnLLNd414RW0qtC+hLx7ovkI2r5AOLHSZJRWM9m1IyIibZluuWLWzEnBebByqIC8Gm75y+6FOA4IV5ghKTuWGSknQUJRzEhasmNJIoSHqE86GjkKiHSSyV0pPNBKD/qh0I8rOFF/TyQokHIceLozQGogZ71M/M/rxMo/dxLKo1gRjqeL/JhBFcIsJNijgmDFxhoQFlT/FeIB0qEoHWVJh2DNnjwPzePaRc26O63Ur/M0imAP7INDYIEzUAe3oAGaAINH8AxewZvxZLwY78bHtLVg5DO74E8Znz8TrZvA</latexit><latexit sha1_base64="ZhPFx+CUzqTS2bTfYstVXwwaCTs=">AAACFnicbZDNSsNAFIUn9a/Wv6pLN4NFcFFLooKKCEU3LitYW2jSMJlO2qGTSZiZFErIW7jxVdy4UHEr7nwbJ20W2nph4OOce7lzjxcxKpVpfhuFhcWl5ZXiamltfWNzq7y98yDDWGDSxCELRdtDkjDKSVNRxUg7EgQFHiMtb3iT+a0REZKG/F6NI+IEqM+pTzFSWnLLNd414RW0qtC+hLx7ovkI2r5AOLHSZJRWM9m1IyIibZluuWLWzEnBebByqIC8Gm75y+6FOA4IV5ghKTuWGSknQUJRzEhasmNJIoSHqE86GjkKiHSSyV0pPNBKD/qh0I8rOFF/TyQokHIceLozQGogZ71M/M/rxMo/dxLKo1gRjqeL/JhBFcIsJNijgmDFxhoQFlT/FeIB0qEoHWVJh2DNnjwPzePaRc26O63Ur/M0imAP7INDYIEzUAe3oAGaAINH8AxewZvxZLwY78bHtLVg5DO74E8Znz8TrZvA</latexit>

n̄0 = 1, n̄3 = �v, n̄? = 0
<latexit sha1_base64="O2V35dkC6afqf8xu1Q2XWQhMNfs=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARXNSSqHhBhKIblxWMLTQxTKaTduhkEmYmhRL6Jm58FTcuVARX+jZOL6K2/jDw851zOHP+IGFUKsv6NHIzs3PzC/nFwtLyyuqaub5xK+NUYOLgmMWiHiBJGOXEUVQxUk8EQVHASC3oXA7qtS4Rksb8RvUS4kWoxWlIMVIa+eaRGyCR8f6dBc+hXYLuGfwmB5rAvW7pB/luQkSiseWbRatsDQWnjT02RTBW1Tff3WaM04hwhRmSsmFbifIyJBTFjPQLbipJgnAHtUhDW44iIr1seF8f7mjShGEs9OMKDunviQxFUvaiQHdGSLXlZG0A/6s1UhWeeBnlSaoIx6NFYcqgiuEgLNikgmDFetogLKj+K8RtJBBWOtKCDsGePHnaOPvl07J9fVisXIzTyIMtsA12gQ2OQQVcgSpwAAb34BE8gxfjwXgyXo23UWvOGM9sgj8yPr4AMq2fkg==</latexit><latexit sha1_base64="O2V35dkC6afqf8xu1Q2XWQhMNfs=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARXNSSqHhBhKIblxWMLTQxTKaTduhkEmYmhRL6Jm58FTcuVARX+jZOL6K2/jDw851zOHP+IGFUKsv6NHIzs3PzC/nFwtLyyuqaub5xK+NUYOLgmMWiHiBJGOXEUVQxUk8EQVHASC3oXA7qtS4Rksb8RvUS4kWoxWlIMVIa+eaRGyCR8f6dBc+hXYLuGfwmB5rAvW7pB/luQkSiseWbRatsDQWnjT02RTBW1Tff3WaM04hwhRmSsmFbifIyJBTFjPQLbipJgnAHtUhDW44iIr1seF8f7mjShGEs9OMKDunviQxFUvaiQHdGSLXlZG0A/6s1UhWeeBnlSaoIx6NFYcqgiuEgLNikgmDFetogLKj+K8RtJBBWOtKCDsGePHnaOPvl07J9fVisXIzTyIMtsA12gQ2OQQVcgSpwAAb34BE8gxfjwXgyXo23UWvOGM9sgj8yPr4AMq2fkg==</latexit><latexit sha1_base64="O2V35dkC6afqf8xu1Q2XWQhMNfs=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARXNSSqHhBhKIblxWMLTQxTKaTduhkEmYmhRL6Jm58FTcuVARX+jZOL6K2/jDw851zOHP+IGFUKsv6NHIzs3PzC/nFwtLyyuqaub5xK+NUYOLgmMWiHiBJGOXEUVQxUk8EQVHASC3oXA7qtS4Rksb8RvUS4kWoxWlIMVIa+eaRGyCR8f6dBc+hXYLuGfwmB5rAvW7pB/luQkSiseWbRatsDQWnjT02RTBW1Tff3WaM04hwhRmSsmFbifIyJBTFjPQLbipJgnAHtUhDW44iIr1seF8f7mjShGEs9OMKDunviQxFUvaiQHdGSLXlZG0A/6s1UhWeeBnlSaoIx6NFYcqgiuEgLNikgmDFetogLKj+K8RtJBBWOtKCDsGePHnaOPvl07J9fVisXIzTyIMtsA12gQ2OQQVcgSpwAAb34BE8gxfjwXgyXo23UWvOGM9sgj8yPr4AMq2fkg==</latexit><latexit sha1_base64="O2V35dkC6afqf8xu1Q2XWQhMNfs=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARXNSSqHhBhKIblxWMLTQxTKaTduhkEmYmhRL6Jm58FTcuVARX+jZOL6K2/jDw851zOHP+IGFUKsv6NHIzs3PzC/nFwtLyyuqaub5xK+NUYOLgmMWiHiBJGOXEUVQxUk8EQVHASC3oXA7qtS4Rksb8RvUS4kWoxWlIMVIa+eaRGyCR8f6dBc+hXYLuGfwmB5rAvW7pB/luQkSiseWbRatsDQWnjT02RTBW1Tff3WaM04hwhRmSsmFbifIyJBTFjPQLbipJgnAHtUhDW44iIr1seF8f7mjShGEs9OMKDunviQxFUvaiQHdGSLXlZG0A/6s1UhWeeBnlSaoIx6NFYcqgiuEgLNikgmDFetogLKj+K8RtJBBWOtKCDsGePHnaOPvl07J9fVisXIzTyIMtsA12gQ2OQQVcgSpwAAb34BE8gxfjwXgyXo23UWvOGM9sgj8yPr4AMq2fkg==</latexit>

1. To understand divergence

2. Simple calculation for the sea contribution

X

f

q(n)f (x, v) =
NcMN

T
ImTr

⇥
(i�µ@µ +MU��5)(�1)n((�@2 �M2 + i✏)�1iM(@U��5))n

(�@2 �M2 + i✏)�1�(inµ@µ � xMN )(n̄ · @)
⇤
� (U ! 1)

<latexit sha1_base64="ycZ0esxV5vt8j/rBqxH2J76aPaY="></latexit><latexit sha1_base64="ycZ0esxV5vt8j/rBqxH2J76aPaY="></latexit><latexit sha1_base64="ycZ0esxV5vt8j/rBqxH2J76aPaY="></latexit><latexit sha1_base64="ycZ0esxV5vt8j/rBqxH2J76aPaY="></latexit>



Divergences & derivative expansion

Expansion in small pion-momentum
X

f

q(0)f (x, v) = 0

<latexit sha1_base64="5RUQWp6s5qiJ0cYfOMJ9f34uW/I=">AAACAnicbVBNS8NAEN34WeNX1JteFovQgpREBPUgFL14rGBsoY1hs920S3eTuLspllDw4l/x4kHFq7/Cm//GbZuDtj4YeLw3w8y8IGFUKtv+NubmFxaXlgsr5ura+samtbV9K+NUYOLimMWiESBJGI2Iq6hipJEIgnjASD3oXY78ep8ISePoRg0S4nHUiWhIMVJa8q3dlky5H8J7P7zLSnZ5CEsPh/2yeQ5t3yraFXsMOEucnBRBjppvfbXaMU45iRRmSMqmYyfKy5BQFDMyNFupJAnCPdQhTU0jxIn0svEPQ3iglTYMY6ErUnCs/p7IEJdywAPdyZHqymlvJP7nNVMVnnoZjZJUkQhPFoUpgyqGo0BgmwqCFRtogrCg+laIu0ggrHRspg7BmX55lrhHlbOKc31crF7kaRTAHtgHJeCAE1AFV6AGXIDBI3gGr+DNeDJejHfjY9I6Z+QzO+APjM8f5EGVSA==</latexit><latexit sha1_base64="5RUQWp6s5qiJ0cYfOMJ9f34uW/I=">AAACAnicbVBNS8NAEN34WeNX1JteFovQgpREBPUgFL14rGBsoY1hs920S3eTuLspllDw4l/x4kHFq7/Cm//GbZuDtj4YeLw3w8y8IGFUKtv+NubmFxaXlgsr5ura+samtbV9K+NUYOLimMWiESBJGI2Iq6hipJEIgnjASD3oXY78ep8ISePoRg0S4nHUiWhIMVJa8q3dlky5H8J7P7zLSnZ5CEsPh/2yeQ5t3yraFXsMOEucnBRBjppvfbXaMU45iRRmSMqmYyfKy5BQFDMyNFupJAnCPdQhTU0jxIn0svEPQ3iglTYMY6ErUnCs/p7IEJdywAPdyZHqymlvJP7nNVMVnnoZjZJUkQhPFoUpgyqGo0BgmwqCFRtogrCg+laIu0ggrHRspg7BmX55lrhHlbOKc31crF7kaRTAHtgHJeCAE1AFV6AGXIDBI3gGr+DNeDJejHfjY9I6Z+QzO+APjM8f5EGVSA==</latexit><latexit sha1_base64="5RUQWp6s5qiJ0cYfOMJ9f34uW/I=">AAACAnicbVBNS8NAEN34WeNX1JteFovQgpREBPUgFL14rGBsoY1hs920S3eTuLspllDw4l/x4kHFq7/Cm//GbZuDtj4YeLw3w8y8IGFUKtv+NubmFxaXlgsr5ura+samtbV9K+NUYOLimMWiESBJGI2Iq6hipJEIgnjASD3oXY78ep8ISePoRg0S4nHUiWhIMVJa8q3dlky5H8J7P7zLSnZ5CEsPh/2yeQ5t3yraFXsMOEucnBRBjppvfbXaMU45iRRmSMqmYyfKy5BQFDMyNFupJAnCPdQhTU0jxIn0svEPQ3iglTYMY6ErUnCs/p7IEJdywAPdyZHqymlvJP7nNVMVnnoZjZJUkQhPFoUpgyqGo0BgmwqCFRtogrCg+laIu0ggrHRspg7BmX55lrhHlbOKc31crF7kaRTAHtgHJeCAE1AFV6AGXIDBI3gGr+DNeDJejHfjY9I6Z+QzO+APjM8f5EGVSA==</latexit><latexit sha1_base64="5RUQWp6s5qiJ0cYfOMJ9f34uW/I=">AAACAnicbVBNS8NAEN34WeNX1JteFovQgpREBPUgFL14rGBsoY1hs920S3eTuLspllDw4l/x4kHFq7/Cm//GbZuDtj4YeLw3w8y8IGFUKtv+NubmFxaXlgsr5ura+samtbV9K+NUYOLimMWiESBJGI2Iq6hipJEIgnjASD3oXY78ep8ISePoRg0S4nHUiWhIMVJa8q3dlky5H8J7P7zLSnZ5CEsPh/2yeQ5t3yraFXsMOEucnBRBjppvfbXaMU45iRRmSMqmYyfKy5BQFDMyNFupJAnCPdQhTU0jxIn0svEPQ3iglTYMY6ErUnCs/p7IEJdywAPdyZHqymlvJP7nNVMVnnoZjZJUkQhPFoUpgyqGo0BgmwqCFRtogrCg+laIu0ggrHRspg7BmX55lrhHlbOKc31crF7kaRTAHtgHJeCAE1AFV6AGXIDBI3gGr+DNeDJejHfjY9I6Z+QzO+APjM8f5EGVSA==</latexit>

Logarithmic divergence of qf(1)

X

f

q(2)f (x, v) =� 4NCMN Im M2

Z
d3k

(2⇡)3
d4p

(2⇡)4
[(p+ k)2 �M2 + i✏]�1[p2 �M2 + i✏]�2

⇥ �(nµpµ � xMN )(n̄ · p)k2tr
h
Ũ(~k)†Ũ(~k)

i

<latexit sha1_base64="zvy7mljjvl5pVz9afny+M85TYHA="></latexit><latexit sha1_base64="zvy7mljjvl5pVz9afny+M85TYHA="></latexit><latexit sha1_base64="zvy7mljjvl5pVz9afny+M85TYHA="></latexit><latexit sha1_base64="zvy7mljjvl5pVz9afny+M85TYHA="></latexit>

X

f

q(1)f (x, v) =� 4NCMN Im M2

Z
d3k

(2⇡)3
d4p

(2⇡)4
[(p+ k)2 �M2 + i✏]�1[p2 �M2 + i✏]�1

⇥ �(nµpµ � xMN )(n̄ · k)tr
h
Ũ(~k)†Ũ(~k)

i

<latexit sha1_base64="LthU1i6RdmwehBSqiKKwOTI1vME="></latexit><latexit sha1_base64="LthU1i6RdmwehBSqiKKwOTI1vME="></latexit><latexit sha1_base64="LthU1i6RdmwehBSqiKKwOTI1vME="></latexit><latexit sha1_base64="LthU1i6RdmwehBSqiKKwOTI1vME="></latexit>



Regularisation: Pauli-Villars

M = 350 MeV

MPV = 557 MeV
<latexit sha1_base64="ru3DcbNImMFJpNgvrYNSFKSZUlM=">AAACHnicbVDLSsNAFJ3UV62vqks3g8XiqiRqrSKFohs3hQqmLTQhTKbTdujkwcxEKCF/4sZfceNCRXClf+OkzUJbD1w4nHMv997jhowKqevfWm5peWV1Lb9e2Njc2t4p7u61RRBxTEwcsIB3XSQIoz4xJZWMdENOkOcy0nHHN6nfeSBc0MC/l5OQ2B4a+nRAMZJKcornTQjL9dOqDq0ry0NyxL24SdoJtDAvNJ241U7K9Wq1Nmc7xZJe0aeAi8TISAlkaDnFT6sf4MgjvsQMCdEz9FDaMeKSYkaSghUJEiI8RkPSU9RHHhF2PP0vgUdK6cNBwFX5Ek7V3xMx8oSYeK7qTG8U814q/uf1Ijm4sGPqh5EkPp4tGkQMygCmYcE+5QRLNlEEYU7VrRCPEEdYqkgLKgRj/uVFYp5ULivG3VmpcZ2lkQcH4BAcAwPUQAPcghYwAQaP4Bm8gjftSXvR3rWPWWtOy2b2wR9oXz/JOKAE</latexit><latexit sha1_base64="ru3DcbNImMFJpNgvrYNSFKSZUlM=">AAACHnicbVDLSsNAFJ3UV62vqks3g8XiqiRqrSKFohs3hQqmLTQhTKbTdujkwcxEKCF/4sZfceNCRXClf+OkzUJbD1w4nHMv997jhowKqevfWm5peWV1Lb9e2Njc2t4p7u61RRBxTEwcsIB3XSQIoz4xJZWMdENOkOcy0nHHN6nfeSBc0MC/l5OQ2B4a+nRAMZJKcornTQjL9dOqDq0ry0NyxL24SdoJtDAvNJ241U7K9Wq1Nmc7xZJe0aeAi8TISAlkaDnFT6sf4MgjvsQMCdEz9FDaMeKSYkaSghUJEiI8RkPSU9RHHhF2PP0vgUdK6cNBwFX5Ek7V3xMx8oSYeK7qTG8U814q/uf1Ijm4sGPqh5EkPp4tGkQMygCmYcE+5QRLNlEEYU7VrRCPEEdYqkgLKgRj/uVFYp5ULivG3VmpcZ2lkQcH4BAcAwPUQAPcghYwAQaP4Bm8gjftSXvR3rWPWWtOy2b2wR9oXz/JOKAE</latexit><latexit sha1_base64="ru3DcbNImMFJpNgvrYNSFKSZUlM=">AAACHnicbVDLSsNAFJ3UV62vqks3g8XiqiRqrSKFohs3hQqmLTQhTKbTdujkwcxEKCF/4sZfceNCRXClf+OkzUJbD1w4nHMv997jhowKqevfWm5peWV1Lb9e2Njc2t4p7u61RRBxTEwcsIB3XSQIoz4xJZWMdENOkOcy0nHHN6nfeSBc0MC/l5OQ2B4a+nRAMZJKcornTQjL9dOqDq0ry0NyxL24SdoJtDAvNJ241U7K9Wq1Nmc7xZJe0aeAi8TISAlkaDnFT6sf4MgjvsQMCdEz9FDaMeKSYkaSghUJEiI8RkPSU9RHHhF2PP0vgUdK6cNBwFX5Ek7V3xMx8oSYeK7qTG8U814q/uf1Ijm4sGPqh5EkPp4tGkQMygCmYcE+5QRLNlEEYU7VrRCPEEdYqkgLKgRj/uVFYp5ULivG3VmpcZ2lkQcH4BAcAwPUQAPcghYwAQaP4Bm8gjftSXvR3rWPWWtOy2b2wR9oXz/JOKAE</latexit><latexit sha1_base64="ru3DcbNImMFJpNgvrYNSFKSZUlM=">AAACHnicbVDLSsNAFJ3UV62vqks3g8XiqiRqrSKFohs3hQqmLTQhTKbTdujkwcxEKCF/4sZfceNCRXClf+OkzUJbD1w4nHMv997jhowKqevfWm5peWV1Lb9e2Njc2t4p7u61RRBxTEwcsIB3XSQIoz4xJZWMdENOkOcy0nHHN6nfeSBc0MC/l5OQ2B4a+nRAMZJKcornTQjL9dOqDq0ry0NyxL24SdoJtDAvNJ241U7K9Wq1Nmc7xZJe0aeAi8TISAlkaDnFT6sf4MgjvsQMCdEz9FDaMeKSYkaSghUJEiI8RkPSU9RHHhF2PP0vgUdK6cNBwFX5Ek7V3xMx8oSYeK7qTG8U814q/uf1Ijm4sGPqh5EkPp4tGkQMygCmYcE+5QRLNlEEYU7VrRCPEEdYqkgLKgRj/uVFYp5ULivG3VmpcZ2lkQcH4BAcAwPUQAPcghYwAQaP4Bm8gjftSXvR3rWPWWtOy2b2wR9oXz/JOKAE</latexit>

F 2
⇡ =

NcM2

4⇡2
log(M2

PV /M
2)

<latexit sha1_base64="tYvNKSdv2xW3oNXSIgOHmdb2bwc="></latexit><latexit sha1_base64="tYvNKSdv2xW3oNXSIgOHmdb2bwc="></latexit><latexit sha1_base64="tYvNKSdv2xW3oNXSIgOHmdb2bwc="></latexit><latexit sha1_base64="tYvNKSdv2xW3oNXSIgOHmdb2bwc="></latexit>

Pion profile
P (r) = 2 Arctan

✓
r20
r2

◆

<latexit sha1_base64="Nbt7P/k62pLn2QmvDDCkjyTpF2c="></latexit><latexit sha1_base64="Nbt7P/k62pLn2QmvDDCkjyTpF2c="></latexit><latexit sha1_base64="Nbt7P/k62pLn2QmvDDCkjyTpF2c="></latexit><latexit sha1_base64="Nbt7P/k62pLn2QmvDDCkjyTpF2c="></latexit>

MN ⇡ 1200 MeV
<latexit sha1_base64="NNYYsL+4AxxtbNJUUvTqlScMqRQ=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKoOKl6MVLpYJpC00Im+2mXbqbhN2NWEKvXvwrXjyoePUnePPfuGlz0NYHA4/3ZpiZFySMSmVZ30ZpaXllda28XtnY3NreMXf32jJOBSYOjlksugGShNGIOIoqRrqJIIgHjHSC0VXud+6JkDSO7tQ4IR5Hg4iGFCOlJd+ETf8GuihJRPwA7bplQfcCuhypoeBZk7Qnvlm1atYUcJHYBamCAi3f/HL7MU45iRRmSMqebSXKy5BQFDMyqbipJAnCIzQgPU0jxIn0suknE3iklT4MY6ErUnCq/p7IEJdyzAPdmd8o571c/M/rpSo88zIaJakiEZ4tClMGVQzzWGCfCoIVG2uCsKD6VoiHSCCsdHgVHYI9//Iiceq185p9e1JtXBZplMEBOATHwAanoAGuQQs4AINH8AxewZvxZLwY78bHrLVkFDP74A+Mzx9ZQZhu</latexit><latexit sha1_base64="NNYYsL+4AxxtbNJUUvTqlScMqRQ=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKoOKl6MVLpYJpC00Im+2mXbqbhN2NWEKvXvwrXjyoePUnePPfuGlz0NYHA4/3ZpiZFySMSmVZ30ZpaXllda28XtnY3NreMXf32jJOBSYOjlksugGShNGIOIoqRrqJIIgHjHSC0VXud+6JkDSO7tQ4IR5Hg4iGFCOlJd+ETf8GuihJRPwA7bplQfcCuhypoeBZk7Qnvlm1atYUcJHYBamCAi3f/HL7MU45iRRmSMqebSXKy5BQFDMyqbipJAnCIzQgPU0jxIn0suknE3iklT4MY6ErUnCq/p7IEJdyzAPdmd8o571c/M/rpSo88zIaJakiEZ4tClMGVQzzWGCfCoIVG2uCsKD6VoiHSCCsdHgVHYI9//Iiceq185p9e1JtXBZplMEBOATHwAanoAGuQQs4AINH8AxewZvxZLwY78bHrLVkFDP74A+Mzx9ZQZhu</latexit><latexit sha1_base64="NNYYsL+4AxxtbNJUUvTqlScMqRQ=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKoOKl6MVLpYJpC00Im+2mXbqbhN2NWEKvXvwrXjyoePUnePPfuGlz0NYHA4/3ZpiZFySMSmVZ30ZpaXllda28XtnY3NreMXf32jJOBSYOjlksugGShNGIOIoqRrqJIIgHjHSC0VXud+6JkDSO7tQ4IR5Hg4iGFCOlJd+ETf8GuihJRPwA7bplQfcCuhypoeBZk7Qnvlm1atYUcJHYBamCAi3f/HL7MU45iRRmSMqebSXKy5BQFDMyqbipJAnCIzQgPU0jxIn0suknE3iklT4MY6ErUnCq/p7IEJdyzAPdmd8o571c/M/rpSo88zIaJakiEZ4tClMGVQzzWGCfCoIVG2uCsKD6VoiHSCCsdHgVHYI9//Iiceq185p9e1JtXBZplMEBOATHwAanoAGuQQs4AINH8AxewZvxZLwY78bHrLVkFDP74A+Mzx9ZQZhu</latexit><latexit sha1_base64="NNYYsL+4AxxtbNJUUvTqlScMqRQ=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0mKoOKl6MVLpYJpC00Im+2mXbqbhN2NWEKvXvwrXjyoePUnePPfuGlz0NYHA4/3ZpiZFySMSmVZ30ZpaXllda28XtnY3NreMXf32jJOBSYOjlksugGShNGIOIoqRrqJIIgHjHSC0VXud+6JkDSO7tQ4IR5Hg4iGFCOlJd+ETf8GuihJRPwA7bplQfcCuhypoeBZk7Qnvlm1atYUcJHYBamCAi3f/HL7MU45iRRmSMqebSXKy5BQFDMyqbipJAnCIzQgPU0jxIn0suknE3iklT4MY6ErUnCq/p7IEJdyzAPdmd8o571c/M/rpSo88zIaJakiEZ4tClMGVQzzWGCfCoIVG2uCsKD6VoiHSCCsdHgVHYI9//Iiceq185p9e1JtXBZplMEBOATHwAanoAGuQQs4AINH8AxewZvxZLwY78bHrLVkFDP74A+Mzx9ZQZhu</latexit>

Numerical calculation

r0 ⇡ 1/M
<latexit sha1_base64="yOIIb2/9BjdJob8UbB2TpG0289U=">AAAB93icbVBNSwMxEM3Wr1o/uurRS7AInuquCOqt6MWLUMG1hXZZsmm2Dc0mIcmKdekv8eJBxat/xZv/xrTdg7Y+GHi8N8PMvFgyqo3nfTulpeWV1bXyemVjc2u76u7s3muRKUwCLJhQ7RhpwigngaGGkbZUBKUxI614eDXxWw9EaSr4nRlJEqaoz2lCMTJWityqijzYRVIq8Qj945vIrXl1bwq4SPyC1ECBZuR+dXsCZynhBjOkdcf3pAlzpAzFjIwr3UwTifAQ9UnHUo5SosN8evgYHlqlBxOhbHEDp+rviRylWo/S2HamyAz0vDcR//M6mUnOw5xymRnC8WxRkjFoBJykAHtUEWzYyBKEFbW3QjxACmFjs6rYEPz5lxdJcFK/qPu3p7XGZZFGGeyDA3AEfHAGGuAaNEEAMMjAM3gFb86T8+K8Ox+z1pJTzOyBP3A+fwClCJH5</latexit><latexit sha1_base64="yOIIb2/9BjdJob8UbB2TpG0289U=">AAAB93icbVBNSwMxEM3Wr1o/uurRS7AInuquCOqt6MWLUMG1hXZZsmm2Dc0mIcmKdekv8eJBxat/xZv/xrTdg7Y+GHi8N8PMvFgyqo3nfTulpeWV1bXyemVjc2u76u7s3muRKUwCLJhQ7RhpwigngaGGkbZUBKUxI614eDXxWw9EaSr4nRlJEqaoz2lCMTJWityqijzYRVIq8Qj945vIrXl1bwq4SPyC1ECBZuR+dXsCZynhBjOkdcf3pAlzpAzFjIwr3UwTifAQ9UnHUo5SosN8evgYHlqlBxOhbHEDp+rviRylWo/S2HamyAz0vDcR//M6mUnOw5xymRnC8WxRkjFoBJykAHtUEWzYyBKEFbW3QjxACmFjs6rYEPz5lxdJcFK/qPu3p7XGZZFGGeyDA3AEfHAGGuAaNEEAMMjAM3gFb86T8+K8Ox+z1pJTzOyBP3A+fwClCJH5</latexit><latexit sha1_base64="yOIIb2/9BjdJob8UbB2TpG0289U=">AAAB93icbVBNSwMxEM3Wr1o/uurRS7AInuquCOqt6MWLUMG1hXZZsmm2Dc0mIcmKdekv8eJBxat/xZv/xrTdg7Y+GHi8N8PMvFgyqo3nfTulpeWV1bXyemVjc2u76u7s3muRKUwCLJhQ7RhpwigngaGGkbZUBKUxI614eDXxWw9EaSr4nRlJEqaoz2lCMTJWityqijzYRVIq8Qj945vIrXl1bwq4SPyC1ECBZuR+dXsCZynhBjOkdcf3pAlzpAzFjIwr3UwTifAQ9UnHUo5SosN8evgYHlqlBxOhbHEDp+rviRylWo/S2HamyAz0vDcR//M6mUnOw5xymRnC8WxRkjFoBJykAHtUEWzYyBKEFbW3QjxACmFjs6rYEPz5lxdJcFK/qPu3p7XGZZFGGeyDA3AEfHAGGuAaNEEAMMjAM3gFb86T8+K8Ox+z1pJTzOyBP3A+fwClCJH5</latexit><latexit sha1_base64="yOIIb2/9BjdJob8UbB2TpG0289U=">AAAB93icbVBNSwMxEM3Wr1o/uurRS7AInuquCOqt6MWLUMG1hXZZsmm2Dc0mIcmKdekv8eJBxat/xZv/xrTdg7Y+GHi8N8PMvFgyqo3nfTulpeWV1bXyemVjc2u76u7s3muRKUwCLJhQ7RhpwigngaGGkbZUBKUxI614eDXxWw9EaSr4nRlJEqaoz2lCMTJWityqijzYRVIq8Qj945vIrXl1bwq4SPyC1ECBZuR+dXsCZynhBjOkdcf3pAlzpAzFjIwr3UwTifAQ9UnHUo5SosN8evgYHlqlBxOhbHEDp+rviRylWo/S2HamyAz0vDcR//M6mUnOw5xymRnC8WxRkjFoBJykAHtUEWzYyBKEFbW3QjxACmFjs6rYEPz5lxdJcFK/qPu3p7XGZZFGGeyDA3AEfHAGGuAaNEEAMMjAM3gFb86T8+K8Ox+z1pJTzOyBP3A+fwClCJH5</latexit>

Nucleon mass (calculated)

q(x, v)PV = q(x, v)level + q(x, v)occ �
M2

M2
PV

q(x, v)occ(M ! MPV )
<latexit sha1_base64="3OxWhQdErgE+HfeK1mbzLqCSebo="></latexit><latexit sha1_base64="3OxWhQdErgE+HfeK1mbzLqCSebo="></latexit><latexit sha1_base64="3OxWhQdErgE+HfeK1mbzLqCSebo="></latexit><latexit sha1_base64="3OxWhQdErgE+HfeK1mbzLqCSebo="></latexit>

~10% from the self-consistent solution



Valence

q̄(x) = �q(�x)
<latexit sha1_base64="6uCtCvIM+BSR5VOPI+ZDkHrDAiQ=">AAAB/HicbVDLTgJBEOzFF+Jrfdy8TCQmcIDsGhP1YEL04hETV0hgQ2aHASbMPpiZNeCG+CtePKjx6od4828cYA8KVtJJpao73V1exJlUlvVtZJaWV1bXsuu5jc2t7R1zd+9ehrEg1CEhD0Xdw5JyFlBHMcVpPRIU+x6nNa9/PfFrD1RIFgZ3ahRR18fdgHUYwUpLLfOg6WGRDMaFYRFdohIaFErDYsvMW2VrCrRI7JTkIUW1ZX412yGJfRoowrGUDduKlJtgoRjhdJxrxpJGmPRxlzY0DbBPpZtMrx+jY620UScUugKFpurviQT7Uo58T3f6WPXkvDcR//MaseqcuwkLoljRgMwWdWKOVIgmUaA2E5QoPtIEE8H0rYj0sMBE6cByOgR7/uVF4pyUL8r27Wm+cpWmkYVDOIIC2HAGFbiBKjhA4BGe4RXejCfjxXg3PmatGSOd2Yc/MD5/ABZykzs=</latexit><latexit sha1_base64="6uCtCvIM+BSR5VOPI+ZDkHrDAiQ=">AAAB/HicbVDLTgJBEOzFF+Jrfdy8TCQmcIDsGhP1YEL04hETV0hgQ2aHASbMPpiZNeCG+CtePKjx6od4828cYA8KVtJJpao73V1exJlUlvVtZJaWV1bXsuu5jc2t7R1zd+9ehrEg1CEhD0Xdw5JyFlBHMcVpPRIU+x6nNa9/PfFrD1RIFgZ3ahRR18fdgHUYwUpLLfOg6WGRDMaFYRFdohIaFErDYsvMW2VrCrRI7JTkIUW1ZX412yGJfRoowrGUDduKlJtgoRjhdJxrxpJGmPRxlzY0DbBPpZtMrx+jY620UScUugKFpurviQT7Uo58T3f6WPXkvDcR//MaseqcuwkLoljRgMwWdWKOVIgmUaA2E5QoPtIEE8H0rYj0sMBE6cByOgR7/uVF4pyUL8r27Wm+cpWmkYVDOIIC2HAGFbiBKjhA4BGe4RXejCfjxXg3PmatGSOd2Yc/MD5/ABZykzs=</latexit><latexit sha1_base64="6uCtCvIM+BSR5VOPI+ZDkHrDAiQ=">AAAB/HicbVDLTgJBEOzFF+Jrfdy8TCQmcIDsGhP1YEL04hETV0hgQ2aHASbMPpiZNeCG+CtePKjx6od4828cYA8KVtJJpao73V1exJlUlvVtZJaWV1bXsuu5jc2t7R1zd+9ehrEg1CEhD0Xdw5JyFlBHMcVpPRIU+x6nNa9/PfFrD1RIFgZ3ahRR18fdgHUYwUpLLfOg6WGRDMaFYRFdohIaFErDYsvMW2VrCrRI7JTkIUW1ZX412yGJfRoowrGUDduKlJtgoRjhdJxrxpJGmPRxlzY0DbBPpZtMrx+jY620UScUugKFpurviQT7Uo58T3f6WPXkvDcR//MaseqcuwkLoljRgMwWdWKOVIgmUaA2E5QoPtIEE8H0rYj0sMBE6cByOgR7/uVF4pyUL8r27Wm+cpWmkYVDOIIC2HAGFbiBKjhA4BGe4RXejCfjxXg3PmatGSOd2Yc/MD5/ABZykzs=</latexit><latexit sha1_base64="6uCtCvIM+BSR5VOPI+ZDkHrDAiQ=">AAAB/HicbVDLTgJBEOzFF+Jrfdy8TCQmcIDsGhP1YEL04hETV0hgQ2aHASbMPpiZNeCG+CtePKjx6od4828cYA8KVtJJpao73V1exJlUlvVtZJaWV1bXsuu5jc2t7R1zd+9ehrEg1CEhD0Xdw5JyFlBHMcVpPRIU+x6nNa9/PfFrD1RIFgZ3ahRR18fdgHUYwUpLLfOg6WGRDMaFYRFdohIaFErDYsvMW2VrCrRI7JTkIUW1ZX412yGJfRoowrGUDduKlJtgoRjhdJxrxpJGmPRxlzY0DbBPpZtMrx+jY620UScUugKFpurviQT7Uo58T3f6WPXkvDcR//MaseqcuwkLoljRgMwWdWKOVIgmUaA2E5QoPtIEE8H0rYj0sMBE6cByOgR7/uVF4pyUL8r27Wm+cpWmkYVDOIIC2HAGFbiBKjhA4BGe4RXejCfjxXg3PmatGSOd2Yc/MD5/ABZykzs=</latexit>
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Strong suppression

qsea(x) = q̄sea(x)
<latexit sha1_base64="gsaw1E9MdswJPggrIwlTCEz62kI=">AAACFXicbVBNS8NAEN3Ur1q/oh69BItQD5ZEBPUgFL14rGBsoQlhs922S3c36e5GLCG/wot/xYsHFa+CN/+NmzYHbX0w8Hhvhpl5YUyJVLb9bZQWFpeWV8qrlbX1jc0tc3vnTkaJQNhFEY1EO4QSU8Kxq4iiuB0LDFlIcSscXuV+6x4LSSJ+q8Yx9hnsc9IjCCotBebRKEg9BtVAsFRimGW1h8MLL4QiHWXzTmBW7bo9gTVPnIJUQYFmYH553QglDHOFKJSy49ix8lMoFEEUZxUvkTiGaAj7uKMphwxLP528lVkHWulavUjo4sqaqL8nUsikHLNQd+Z3ylkvF//zOonqnfkp4XGiMEfTRb2EWiqy8oysLhEYKTrWBCJB9K0WGkABkdJJVnQIzuzL88Q9rp/XnZuTauOySKMM9sA+qAEHnIIGuAZN4AIEHsEzeAVvxpPxYrwbH9PWklHM7II/MD5/AGG4oFU=</latexit><latexit sha1_base64="gsaw1E9MdswJPggrIwlTCEz62kI=">AAACFXicbVBNS8NAEN3Ur1q/oh69BItQD5ZEBPUgFL14rGBsoQlhs922S3c36e5GLCG/wot/xYsHFa+CN/+NmzYHbX0w8Hhvhpl5YUyJVLb9bZQWFpeWV8qrlbX1jc0tc3vnTkaJQNhFEY1EO4QSU8Kxq4iiuB0LDFlIcSscXuV+6x4LSSJ+q8Yx9hnsc9IjCCotBebRKEg9BtVAsFRimGW1h8MLL4QiHWXzTmBW7bo9gTVPnIJUQYFmYH553QglDHOFKJSy49ix8lMoFEEUZxUvkTiGaAj7uKMphwxLP528lVkHWulavUjo4sqaqL8nUsikHLNQd+Z3ylkvF//zOonqnfkp4XGiMEfTRb2EWiqy8oysLhEYKTrWBCJB9K0WGkABkdJJVnQIzuzL88Q9rp/XnZuTauOySKMM9sA+qAEHnIIGuAZN4AIEHsEzeAVvxpPxYrwbH9PWklHM7II/MD5/AGG4oFU=</latexit><latexit sha1_base64="gsaw1E9MdswJPggrIwlTCEz62kI=">AAACFXicbVBNS8NAEN3Ur1q/oh69BItQD5ZEBPUgFL14rGBsoQlhs922S3c36e5GLCG/wot/xYsHFa+CN/+NmzYHbX0w8Hhvhpl5YUyJVLb9bZQWFpeWV8qrlbX1jc0tc3vnTkaJQNhFEY1EO4QSU8Kxq4iiuB0LDFlIcSscXuV+6x4LSSJ+q8Yx9hnsc9IjCCotBebRKEg9BtVAsFRimGW1h8MLL4QiHWXzTmBW7bo9gTVPnIJUQYFmYH553QglDHOFKJSy49ix8lMoFEEUZxUvkTiGaAj7uKMphwxLP528lVkHWulavUjo4sqaqL8nUsikHLNQd+Z3ylkvF//zOonqnfkp4XGiMEfTRb2EWiqy8oysLhEYKTrWBCJB9K0WGkABkdJJVnQIzuzL88Q9rp/XnZuTauOySKMM9sA+qAEHnIIGuAZN4AIEHsEzeAVvxpPxYrwbH9PWklHM7II/MD5/AGG4oFU=</latexit><latexit sha1_base64="gsaw1E9MdswJPggrIwlTCEz62kI=">AAACFXicbVBNS8NAEN3Ur1q/oh69BItQD5ZEBPUgFL14rGBsoQlhs922S3c36e5GLCG/wot/xYsHFa+CN/+NmzYHbX0w8Hhvhpl5YUyJVLb9bZQWFpeWV8qrlbX1jc0tc3vnTkaJQNhFEY1EO4QSU8Kxq4iiuB0LDFlIcSscXuV+6x4LSSJ+q8Yx9hnsc9IjCCotBebRKEg9BtVAsFRimGW1h8MLL4QiHWXzTmBW7bo9gTVPnIJUQYFmYH553QglDHOFKJSy49ix8lMoFEEUZxUvkTiGaAj7uKMphwxLP528lVkHWulavUjo4sqaqL8nUsikHLNQd+Z3ylkvF//zOonqnfkp4XGiMEfTRb2EWiqy8oysLhEYKTrWBCJB9K0WGkABkdJJVnQIzuzL88Q9rp/XnZuTauOySKMM9sA+qAEHnIIGuAZN4AIEHsEzeAVvxpPxYrwbH9PWklHM7II/MD5/AGG4oFU=</latexit>



q(x,v)

0.2 0.4 0.6 0.8 1.0 1.2
0

2

4

6

8

10

12

14

x

q(
x,
v)



q(x,v)

0.2 0.4 0.6 0.8 1.0 1.2
-4

-2

0

2

4

6

8

x

q(
x,
v)

Become negative
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Perspectives
• Isosinglet unpolarized qPDF & sum rules 

     positivity: no clear proof → full calc. 

• Momentum sum rule: self-consistent profile is necessary 

• 𝛥u-𝛥d is coming soon!  

• Polarised & transverse distributions  

• Comparison to lattice calculations & other models


• Pseudo-parton distributions: ~ TMDs 
 

�ū��d̄
<latexit sha1_base64="VZbtvwpXHcYrbF8AOiGDP6yveZc=">AAACB3icdVC7SgNBFJ2Nrxhfq5YWDgbBxmU2Ma8uqIVlBGMC2SXMTibJkNkHM7NCWLa08VdsLFRs/QU7/8bJQ4iiBy4czrmXe+/xIs6kQujTyCwtr6yuZddzG5tb2zvm7t6tDGNBaJOEPBRtD0vKWUCbiilO25Gg2Pc4bXmji4nfuqNCsjC4UeOIuj4eBKzPCFZa6pqHziXlCkPHwyKJU3gKF4Ve2jXzyELlUq2IILJKyK7UapogVK4WC9DWZII8mKPRNT+cXkhinwaKcCxlx0aRchMsFCOcpjknljTCZIQHtKNpgH0q3WT6SAqPtdKD/VDoChScqosTCfalHPue7vSxGsrf3kT8y+vEql91ExZEsaIBmS3qxxyqEE5SgT0mKFF8rAkmgulbIRligYnS2eV0CN+fwv9Js2DVLPv6LF8/n6eRBQfgCJwAG1RAHVyBBmgCAu7BI3gGL8aD8WS8Gm+z1owxn9kHP2C8fwFURJki</latexit><latexit sha1_base64="VZbtvwpXHcYrbF8AOiGDP6yveZc=">AAACB3icdVC7SgNBFJ2Nrxhfq5YWDgbBxmU2Ma8uqIVlBGMC2SXMTibJkNkHM7NCWLa08VdsLFRs/QU7/8bJQ4iiBy4czrmXe+/xIs6kQujTyCwtr6yuZddzG5tb2zvm7t6tDGNBaJOEPBRtD0vKWUCbiilO25Gg2Pc4bXmji4nfuqNCsjC4UeOIuj4eBKzPCFZa6pqHziXlCkPHwyKJU3gKF4Ve2jXzyELlUq2IILJKyK7UapogVK4WC9DWZII8mKPRNT+cXkhinwaKcCxlx0aRchMsFCOcpjknljTCZIQHtKNpgH0q3WT6SAqPtdKD/VDoChScqosTCfalHPue7vSxGsrf3kT8y+vEql91ExZEsaIBmS3qxxyqEE5SgT0mKFF8rAkmgulbIRligYnS2eV0CN+fwv9Js2DVLPv6LF8/n6eRBQfgCJwAG1RAHVyBBmgCAu7BI3gGL8aD8WS8Gm+z1owxn9kHP2C8fwFURJki</latexit><latexit sha1_base64="VZbtvwpXHcYrbF8AOiGDP6yveZc=">AAACB3icdVC7SgNBFJ2Nrxhfq5YWDgbBxmU2Ma8uqIVlBGMC2SXMTibJkNkHM7NCWLa08VdsLFRs/QU7/8bJQ4iiBy4czrmXe+/xIs6kQujTyCwtr6yuZddzG5tb2zvm7t6tDGNBaJOEPBRtD0vKWUCbiilO25Gg2Pc4bXmji4nfuqNCsjC4UeOIuj4eBKzPCFZa6pqHziXlCkPHwyKJU3gKF4Ve2jXzyELlUq2IILJKyK7UapogVK4WC9DWZII8mKPRNT+cXkhinwaKcCxlx0aRchMsFCOcpjknljTCZIQHtKNpgH0q3WT6SAqPtdKD/VDoChScqosTCfalHPue7vSxGsrf3kT8y+vEql91ExZEsaIBmS3qxxyqEE5SgT0mKFF8rAkmgulbIRligYnS2eV0CN+fwv9Js2DVLPv6LF8/n6eRBQfgCJwAG1RAHVyBBmgCAu7BI3gGL8aD8WS8Gm+z1owxn9kHP2C8fwFURJki</latexit><latexit sha1_base64="VZbtvwpXHcYrbF8AOiGDP6yveZc=">AAACB3icdVC7SgNBFJ2Nrxhfq5YWDgbBxmU2Ma8uqIVlBGMC2SXMTibJkNkHM7NCWLa08VdsLFRs/QU7/8bJQ4iiBy4czrmXe+/xIs6kQujTyCwtr6yuZddzG5tb2zvm7t6tDGNBaJOEPBRtD0vKWUCbiilO25Gg2Pc4bXmji4nfuqNCsjC4UeOIuj4eBKzPCFZa6pqHziXlCkPHwyKJU3gKF4Ve2jXzyELlUq2IILJKyK7UapogVK4WC9DWZII8mKPRNT+cXkhinwaKcCxlx0aRchMsFCOcpjknljTCZIQHtKNpgH0q3WT6SAqPtdKD/VDoChScqosTCfalHPue7vSxGsrf3kT8y+vEql91ExZEsaIBmS3qxxyqEE5SgT0mKFF8rAkmgulbIRligYnS2eV0CN+fwv9Js2DVLPv6LF8/n6eRBQfgCJwAG1RAHVyBBmgCAu7BI3gGL8aD8WS8Gm+z1owxn9kHP2C8fwFURJki</latexit>
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Thank you very much!



Classical Soliton
Vacuum
Polarization  
or Mean fields

Hedgehog Ansatz:

[C. V. Christov, A. Blotz, H.-Ch. Kim, P. V. Pobylitsa, T. Watabe, T. Meissner, E. Ruiz Arriola, and K. 
Goeke, PPNP 37, 91 (1996),  

Figures from H.-Ch. Kim’s talk, Orsay Workshop on Nucleon and Resonance Structure with Hard 
Exclusive Processes, 29-31 May 2017
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Quark distribution

At low energy, Λ ~ 600 MeV  
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Well approximated in large Nc that ‘constituent quark’ is the only 

ingredient. The effect of the non-perturbative gluons are in the quark 
mass

Description of qPDFs



Low-energy effective theory

Nucleon qPDF in the χQSM
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Nucleon matrix element in large Nc
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Isosinglet unpolarised
[C. Weiss, K. Goeke, hep-ph/9712447]


