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Wigner distributions

(x,~b?)
<latexit sha1_base64="JEin3+KLPc0yT7raGFHUUUxVRtQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWyFClKSLtRlwY3LCvYBTQiT6U07dPJgZlKsofgrblwo4tb/cOffOG2z0OqBC4dz7uXee/yEM6ks68sorKyurW8UN0tb2zu7e+b+QVvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR9czvzMGIVkc3alJAm5IBhELGCVKS555VKnen2PsjIFi33MSEMlZxTPLVs2aA/8ldk7KKEfTMz+dfkzTECJFOZGyZ1uJcjMiFKMcpiUnlZAQOiID6GkakRCkm82vn+JTrfRxEAtdkcJz9edERkIpJ6GvO0OihnLZm4n/eb1UBVduxqIkVRDRxaIg5VjFeBYF7jMBVPGJJoQKpm/FdEgEoUoHVtIh2Msv/yXtes22avZtvdy4yOMoomN0gqrIRpeogW5QE7UQRQ/oCb2gV+PReDbejPdFa8HIZw7RLxgf38Fgk3A=</latexit><latexit sha1_base64="JEin3+KLPc0yT7raGFHUUUxVRtQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWyFClKSLtRlwY3LCvYBTQiT6U07dPJgZlKsofgrblwo4tb/cOffOG2z0OqBC4dz7uXee/yEM6ks68sorKyurW8UN0tb2zu7e+b+QVvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR9czvzMGIVkc3alJAm5IBhELGCVKS555VKnen2PsjIFi33MSEMlZxTPLVs2aA/8ldk7KKEfTMz+dfkzTECJFOZGyZ1uJcjMiFKMcpiUnlZAQOiID6GkakRCkm82vn+JTrfRxEAtdkcJz9edERkIpJ6GvO0OihnLZm4n/eb1UBVduxqIkVRDRxaIg5VjFeBYF7jMBVPGJJoQKpm/FdEgEoUoHVtIh2Msv/yXtes22avZtvdy4yOMoomN0gqrIRpeogW5QE7UQRQ/oCb2gV+PReDbejPdFa8HIZw7RLxgf38Fgk3A=</latexit><latexit sha1_base64="JEin3+KLPc0yT7raGFHUUUxVRtQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWyFClKSLtRlwY3LCvYBTQiT6U07dPJgZlKsofgrblwo4tb/cOffOG2z0OqBC4dz7uXee/yEM6ks68sorKyurW8UN0tb2zu7e+b+QVvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR9czvzMGIVkc3alJAm5IBhELGCVKS555VKnen2PsjIFi33MSEMlZxTPLVs2aA/8ldk7KKEfTMz+dfkzTECJFOZGyZ1uJcjMiFKMcpiUnlZAQOiID6GkakRCkm82vn+JTrfRxEAtdkcJz9edERkIpJ6GvO0OihnLZm4n/eb1UBVduxqIkVRDRxaIg5VjFeBYF7jMBVPGJJoQKpm/FdEgEoUoHVtIh2Msv/yXtes22avZtvdy4yOMoomN0gqrIRpeogW5QE7UQRQ/oCb2gV+PReDbejPdFa8HIZw7RLxgf38Fgk3A=</latexit><latexit sha1_base64="JEin3+KLPc0yT7raGFHUUUxVRtQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GWyFClKSLtRlwY3LCvYBTQiT6U07dPJgZlKsofgrblwo4tb/cOffOG2z0OqBC4dz7uXee/yEM6ks68sorKyurW8UN0tb2zu7e+b+QVvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR9czvzMGIVkc3alJAm5IBhELGCVKS555VKnen2PsjIFi33MSEMlZxTPLVs2aA/8ldk7KKEfTMz+dfkzTECJFOZGyZ1uJcjMiFKMcpiUnlZAQOiID6GkakRCkm82vn+JTrfRxEAtdkcJz9edERkIpJ6GvO0OihnLZm4n/eb1UBVduxqIkVRDRxaIg5VjFeBYF7jMBVPGJJoQKpm/FdEgEoUoHVtIh2Msv/yXtes22avZtvdy4yOMoomN0gqrIRpeogW5QE7UQRQ/oCb2gV+PReDbejPdFa8HIZw7RLxgf38Fgk3A=</latexit>

(x,~k?)
<latexit sha1_base64="lNdzmPbMuSw5Uh19+A/iNGc13qo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBluhgpSkC3VZcOOygn1AE8JketsOnTyYmRRDqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7jx9zJpVlfRuFjc2t7Z3ibmlv/+DwyDw+6cgoERTaNOKR6PlEAmchtBVTHHqxABL4HLr+5Hbud6cgJIvCB5XG4AZkFLIho0RpyTPL1drjJXamQPHEc2IQ8UXVMytW3VoArxM7JxWUo+WZX84gokkAoaKcSNm3rVi5GRGKUQ6zkpNIiAmdkBH0NQ1JANLNFsfP8LlWBngYCV2hwgv190RGAinTwNedAVFjuerNxf+8fqKGN27GwjhRENLlomHCsYrwPAk8YAKo4qkmhAqmb8V0TAShSudV0iHYqy+vk06jblt1+75RaV7lcRTRKTpDNWSja9REd6iF2oiiFD2jV/RmPBkvxrvxsWwtGPlMGf2B8fkDdtWTTw==</latexit><latexit sha1_base64="lNdzmPbMuSw5Uh19+A/iNGc13qo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBluhgpSkC3VZcOOygn1AE8JketsOnTyYmRRDqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7jx9zJpVlfRuFjc2t7Z3ibmlv/+DwyDw+6cgoERTaNOKR6PlEAmchtBVTHHqxABL4HLr+5Hbud6cgJIvCB5XG4AZkFLIho0RpyTPL1drjJXamQPHEc2IQ8UXVMytW3VoArxM7JxWUo+WZX84gokkAoaKcSNm3rVi5GRGKUQ6zkpNIiAmdkBH0NQ1JANLNFsfP8LlWBngYCV2hwgv190RGAinTwNedAVFjuerNxf+8fqKGN27GwjhRENLlomHCsYrwPAk8YAKo4qkmhAqmb8V0TAShSudV0iHYqy+vk06jblt1+75RaV7lcRTRKTpDNWSja9REd6iF2oiiFD2jV/RmPBkvxrvxsWwtGPlMGf2B8fkDdtWTTw==</latexit><latexit sha1_base64="lNdzmPbMuSw5Uh19+A/iNGc13qo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBluhgpSkC3VZcOOygn1AE8JketsOnTyYmRRDqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7jx9zJpVlfRuFjc2t7Z3ibmlv/+DwyDw+6cgoERTaNOKR6PlEAmchtBVTHHqxABL4HLr+5Hbud6cgJIvCB5XG4AZkFLIho0RpyTPL1drjJXamQPHEc2IQ8UXVMytW3VoArxM7JxWUo+WZX84gokkAoaKcSNm3rVi5GRGKUQ6zkpNIiAmdkBH0NQ1JANLNFsfP8LlWBngYCV2hwgv190RGAinTwNedAVFjuerNxf+8fqKGN27GwjhRENLlomHCsYrwPAk8YAKo4qkmhAqmb8V0TAShSudV0iHYqy+vk06jblt1+75RaV7lcRTRKTpDNWSja9REd6iF2oiiFD2jV/RmPBkvxrvxsWwtGPlMGf2B8fkDdtWTTw==</latexit><latexit sha1_base64="lNdzmPbMuSw5Uh19+A/iNGc13qo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBluhgpSkC3VZcOOygn1AE8JketsOnTyYmRRDqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7jx9zJpVlfRuFjc2t7Z3ibmlv/+DwyDw+6cgoERTaNOKR6PlEAmchtBVTHHqxABL4HLr+5Hbud6cgJIvCB5XG4AZkFLIho0RpyTPL1drjJXamQPHEc2IQ8UXVMytW3VoArxM7JxWUo+WZX84gokkAoaKcSNm3rVi5GRGKUQ6zkpNIiAmdkBH0NQ1JANLNFsfP8LlWBngYCV2hwgv190RGAinTwNedAVFjuerNxf+8fqKGN27GwjhRENLlomHCsYrwPAk8YAKo4qkmhAqmb8V0TAShSudV0iHYqy+vk06jblt1+75RaV7lcRTRKTpDNWSja9REd6iF2oiiFD2jV/RmPBkvxrvxsWwtGPlMGf2B8fkDdtWTTw==</latexit>

TMDs

(x,~k?,~b?)
<latexit sha1_base64="jcvr/NmA8hZ3FLDLh76Nyn6BEw4=">AAACCnicbVDLSsNAFJ3UV62vqEs3o61QQUrShbosuHFZwT6gCWEyvWmHTh7MTIoldO3GX3HjQhG3foE7/8Zpm4VWDwyce8693LnHTziTyrK+jMLK6tr6RnGztLW9s7tn7h+0ZZwKCi0a81h0fSKBswhaiikO3UQACX0OHX90PfM7YxCSxdGdmiTghmQQsYBRorTkmceV6v05dsZA8chzEhBJXvmL6qzimWWrZs2B/xI7J2WUo+mZn04/pmkIkaKcSNmzrUS5GRGKUQ7TkpNKSAgdkQH0NI1ICNLN5qdM8alW+jiIhX6RwnP150RGQiknoa87Q6KGctmbif95vVQFV27GoiRVENHFoiDlWMV4lgvuMwFU8YkmhAqm/4rpkAhClU6vpEOwl0/+S9r1mm3V7Nt6uXGRx1FER+gEVZGNLlED3aAmaiGKHtATekGvxqPxbLwZ74vWgpHPHKJfMD6+AU91mLU=</latexit><latexit sha1_base64="jcvr/NmA8hZ3FLDLh76Nyn6BEw4=">AAACCnicbVDLSsNAFJ3UV62vqEs3o61QQUrShbosuHFZwT6gCWEyvWmHTh7MTIoldO3GX3HjQhG3foE7/8Zpm4VWDwyce8693LnHTziTyrK+jMLK6tr6RnGztLW9s7tn7h+0ZZwKCi0a81h0fSKBswhaiikO3UQACX0OHX90PfM7YxCSxdGdmiTghmQQsYBRorTkmceV6v05dsZA8chzEhBJXvmL6qzimWWrZs2B/xI7J2WUo+mZn04/pmkIkaKcSNmzrUS5GRGKUQ7TkpNKSAgdkQH0NI1ICNLN5qdM8alW+jiIhX6RwnP150RGQiknoa87Q6KGctmbif95vVQFV27GoiRVENHFoiDlWMV4lgvuMwFU8YkmhAqm/4rpkAhClU6vpEOwl0/+S9r1mm3V7Nt6uXGRx1FER+gEVZGNLlED3aAmaiGKHtATekGvxqPxbLwZ74vWgpHPHKJfMD6+AU91mLU=</latexit><latexit sha1_base64="jcvr/NmA8hZ3FLDLh76Nyn6BEw4=">AAACCnicbVDLSsNAFJ3UV62vqEs3o61QQUrShbosuHFZwT6gCWEyvWmHTh7MTIoldO3GX3HjQhG3foE7/8Zpm4VWDwyce8693LnHTziTyrK+jMLK6tr6RnGztLW9s7tn7h+0ZZwKCi0a81h0fSKBswhaiikO3UQACX0OHX90PfM7YxCSxdGdmiTghmQQsYBRorTkmceV6v05dsZA8chzEhBJXvmL6qzimWWrZs2B/xI7J2WUo+mZn04/pmkIkaKcSNmzrUS5GRGKUQ7TkpNKSAgdkQH0NI1ICNLN5qdM8alW+jiIhX6RwnP150RGQiknoa87Q6KGctmbif95vVQFV27GoiRVENHFoiDlWMV4lgvuMwFU8YkmhAqm/4rpkAhClU6vpEOwl0/+S9r1mm3V7Nt6uXGRx1FER+gEVZGNLlED3aAmaiGKHtATekGvxqPxbLwZ74vWgpHPHKJfMD6+AU91mLU=</latexit><latexit sha1_base64="jcvr/NmA8hZ3FLDLh76Nyn6BEw4=">AAACCnicbVDLSsNAFJ3UV62vqEs3o61QQUrShbosuHFZwT6gCWEyvWmHTh7MTIoldO3GX3HjQhG3foE7/8Zpm4VWDwyce8693LnHTziTyrK+jMLK6tr6RnGztLW9s7tn7h+0ZZwKCi0a81h0fSKBswhaiikO3UQACX0OHX90PfM7YxCSxdGdmiTghmQQsYBRorTkmceV6v05dsZA8chzEhBJXvmL6qzimWWrZs2B/xI7J2WUo+mZn04/pmkIkaKcSNmzrUS5GRGKUQ7TkpNKSAgdkQH0NI1ICNLN5qdM8alW+jiIhX6RwnP150RGQiknoa87Q6KGctmbif95vVQFV27GoiRVENHFoiDlWMV4lgvuMwFU8YkmhAqm/4rpkAhClU6vpEOwl0/+S9r1mm3V7Nt6uXGRx1FER+gEVZGNLlED3aAmaiGKHtATekGvxqPxbLwZ74vWgpHPHKJfMD6+AU91mLU=</latexit>

PDFs
(x)

<latexit sha1_base64="JZdbKTIqvgMyQWyEZSBnna8B1M0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+4o1JLExhITD0jgQvaWPdiwu3fZ3TOSC7/BxkJjbP1Bdv4bF7hCwZdM8vLeTGbmhQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O49UaRbLBzNNaCDwSLKIEWys5FdrT5fVQbni1t0F0DrxclKBHK1B+as/jEkqqDSEY617npuYIMPKMMLprNRPNU0wmeAR7VkqsaA6yBbHztCFVYYoipUtadBC/T2RYaH1VIS2U2Az1qveXPzP66UmugkyJpPUUEmWi6KUIxOj+edoyBQlhk8twUQxeysiY6wwMTafkg3BW315nbQbdc+te/eNSvMqj6MIZ3AONfDgGppwBy3wgQCDZ3iFN0c6L86787FsLTj5zCn8gfP5A1+8ja8=</latexit><latexit sha1_base64="JZdbKTIqvgMyQWyEZSBnna8B1M0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+4o1JLExhITD0jgQvaWPdiwu3fZ3TOSC7/BxkJjbP1Bdv4bF7hCwZdM8vLeTGbmhQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O49UaRbLBzNNaCDwSLKIEWys5FdrT5fVQbni1t0F0DrxclKBHK1B+as/jEkqqDSEY617npuYIMPKMMLprNRPNU0wmeAR7VkqsaA6yBbHztCFVYYoipUtadBC/T2RYaH1VIS2U2Az1qveXPzP66UmugkyJpPUUEmWi6KUIxOj+edoyBQlhk8twUQxeysiY6wwMTafkg3BW315nbQbdc+te/eNSvMqj6MIZ3AONfDgGppwBy3wgQCDZ3iFN0c6L86787FsLTj5zCn8gfP5A1+8ja8=</latexit><latexit sha1_base64="JZdbKTIqvgMyQWyEZSBnna8B1M0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+4o1JLExhITD0jgQvaWPdiwu3fZ3TOSC7/BxkJjbP1Bdv4bF7hCwZdM8vLeTGbmhQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O49UaRbLBzNNaCDwSLKIEWys5FdrT5fVQbni1t0F0DrxclKBHK1B+as/jEkqqDSEY617npuYIMPKMMLprNRPNU0wmeAR7VkqsaA6yBbHztCFVYYoipUtadBC/T2RYaH1VIS2U2Az1qveXPzP66UmugkyJpPUUEmWi6KUIxOj+edoyBQlhk8twUQxeysiY6wwMTafkg3BW315nbQbdc+te/eNSvMqj6MIZ3AONfDgGppwBy3wgQCDZ3iFN0c6L86787FsLTj5zCn8gfP5A1+8ja8=</latexit><latexit sha1_base64="JZdbKTIqvgMyQWyEZSBnna8B1M0=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+4o1JLExhITD0jgQvaWPdiwu3fZ3TOSC7/BxkJjbP1Bdv4bF7hCwZdM8vLeTGbmhQln2rjut1PY2Nza3inulvb2Dw6PyscnbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O49UaRbLBzNNaCDwSLKIEWys5FdrT5fVQbni1t0F0DrxclKBHK1B+as/jEkqqDSEY617npuYIMPKMMLprNRPNU0wmeAR7VkqsaA6yBbHztCFVYYoipUtadBC/T2RYaH1VIS2U2Az1qveXPzP66UmugkyJpPUUEmWi6KUIxOj+edoyBQlhk8twUQxeysiY6wwMTafkg3BW315nbQbdc+te/eNSvMqj6MIZ3AONfDgGppwBy3wgQCDZ3iFN0c6L86787FsLTj5zCn8gfP5A1+8ja8=</latexit>

Impact parameter

distributions

R
d!k!

<latexit sha1_base64="gelbPjZ+p96ewA9bTiHNOEH25GY=">AAACAnicdVDLSgNBEJyN7/iKehIvg4ngKexsEuNR8OJRwTwgG8LspJMMmZ1dZmYDYQle/BUvHhTx6ld482+cPAQVLWgoqrrp7gpiwbVx3Q8ns7S8srq2vpHd3Nre2c3t7dd1lCgGNRaJSDUDqkFwCTXDjYBmrICGgYBGMLyc+o0RKM0jeWvGMbRD2pe8xxk1VurkDgs+lyb1VYi7E38EDA87fgwqLnRyebdIKqTiVrFbLJ+TSqlkiVclpOxhUnRnyKMFrju5d78bsSQEaZigWreIG5t2SpXhTMAk6ycaYsqGtA8tSyUNQbfT2QsTfGKVLu5FypY0eKZ+n0hpqPU4DGxnSM1A//am4l9eKzG983bKZZwYkGy+qJcIbCI8zQN3uQJmxNgSyhS3t2I2oIoyY1PL2hC+PsX/k7pXJDarGy9/cbaIYx0doWN0igiqogt0ha5RDTF0hx7QE3p27p1H58V5nbdmnMXMAfoB5+0T5G6XEA==</latexit><latexit sha1_base64="gelbPjZ+p96ewA9bTiHNOEH25GY=">AAACAnicdVDLSgNBEJyN7/iKehIvg4ngKexsEuNR8OJRwTwgG8LspJMMmZ1dZmYDYQle/BUvHhTx6ld482+cPAQVLWgoqrrp7gpiwbVx3Q8ns7S8srq2vpHd3Nre2c3t7dd1lCgGNRaJSDUDqkFwCTXDjYBmrICGgYBGMLyc+o0RKM0jeWvGMbRD2pe8xxk1VurkDgs+lyb1VYi7E38EDA87fgwqLnRyebdIKqTiVrFbLJ+TSqlkiVclpOxhUnRnyKMFrju5d78bsSQEaZigWreIG5t2SpXhTMAk6ycaYsqGtA8tSyUNQbfT2QsTfGKVLu5FypY0eKZ+n0hpqPU4DGxnSM1A//am4l9eKzG983bKZZwYkGy+qJcIbCI8zQN3uQJmxNgSyhS3t2I2oIoyY1PL2hC+PsX/k7pXJDarGy9/cbaIYx0doWN0igiqogt0ha5RDTF0hx7QE3p27p1H58V5nbdmnMXMAfoB5+0T5G6XEA==</latexit><latexit sha1_base64="gelbPjZ+p96ewA9bTiHNOEH25GY=">AAACAnicdVDLSgNBEJyN7/iKehIvg4ngKexsEuNR8OJRwTwgG8LspJMMmZ1dZmYDYQle/BUvHhTx6ld482+cPAQVLWgoqrrp7gpiwbVx3Q8ns7S8srq2vpHd3Nre2c3t7dd1lCgGNRaJSDUDqkFwCTXDjYBmrICGgYBGMLyc+o0RKM0jeWvGMbRD2pe8xxk1VurkDgs+lyb1VYi7E38EDA87fgwqLnRyebdIKqTiVrFbLJ+TSqlkiVclpOxhUnRnyKMFrju5d78bsSQEaZigWreIG5t2SpXhTMAk6ycaYsqGtA8tSyUNQbfT2QsTfGKVLu5FypY0eKZ+n0hpqPU4DGxnSM1A//am4l9eKzG983bKZZwYkGy+qJcIbCI8zQN3uQJmxNgSyhS3t2I2oIoyY1PL2hC+PsX/k7pXJDarGy9/cbaIYx0doWN0igiqogt0ha5RDTF0hx7QE3p27p1H58V5nbdmnMXMAfoB5+0T5G6XEA==</latexit><latexit sha1_base64="gelbPjZ+p96ewA9bTiHNOEH25GY=">AAACAnicdVDLSgNBEJyN7/iKehIvg4ngKexsEuNR8OJRwTwgG8LspJMMmZ1dZmYDYQle/BUvHhTx6ld482+cPAQVLWgoqrrp7gpiwbVx3Q8ns7S8srq2vpHd3Nre2c3t7dd1lCgGNRaJSDUDqkFwCTXDjYBmrICGgYBGMLyc+o0RKM0jeWvGMbRD2pe8xxk1VurkDgs+lyb1VYi7E38EDA87fgwqLnRyebdIKqTiVrFbLJ+TSqlkiVclpOxhUnRnyKMFrju5d78bsSQEaZigWreIG5t2SpXhTMAk6ycaYsqGtA8tSyUNQbfT2QsTfGKVLu5FypY0eKZ+n0hpqPU4DGxnSM1A//am4l9eKzG983bKZZwYkGy+qJcIbCI8zQN3uQJmxNgSyhS3t2I2oIoyY1PL2hC+PsX/k7pXJDarGy9/cbaIYx0doWN0igiqogt0ha5RDTF0hx7QE3p27p1H58V5nbdmnMXMAfoB5+0T5G6XEA==</latexit>

!
d!b!

<latexit sha1_base64="eogyY6aozRrFtw7nz73cdT2Dm0c=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTARPIXZxBi9Bbx4jGAekA1hdtJJhszOLjOzQliCF3/FiwdFvPoV3vwbJw9BRQsaiqpuurv8SHBtCPlwUkvLK6tr6fXMxubW9k52d6+hw1gxqLNQhKrlUw2CS6gbbgS0IgU08AU0/dHl1G/egtI8lDdmHEEnoAPJ+5xRY6Vu9iDvcWkSTwW4N/FugWG/60Wgonw3myOFSpkUyxeYFNxSpVQ6t4S4lVNSxm6BzJBDC9S62XevF7I4AGmYoFq3XRKZTkKV4UzAJOPFGiLKRnQAbUslDUB3ktkLE3xslR7uh8qWNHimfp9IaKD1OPBtZ0DNUP/2puJfXjs2/fNOwmUUG5BsvqgfC2xCPM0D97gCZsTYEsoUt7diNqSKMmNTy9gQvj7F/5NGseDaiK6LuerZIo40OkRH6AS5qIKq6ArVUB0xdIce0BN6du6dR+fFeZ23ppzFzD76AeftE+UzlxE=</latexit><latexit sha1_base64="eogyY6aozRrFtw7nz73cdT2Dm0c=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTARPIXZxBi9Bbx4jGAekA1hdtJJhszOLjOzQliCF3/FiwdFvPoV3vwbJw9BRQsaiqpuurv8SHBtCPlwUkvLK6tr6fXMxubW9k52d6+hw1gxqLNQhKrlUw2CS6gbbgS0IgU08AU0/dHl1G/egtI8lDdmHEEnoAPJ+5xRY6Vu9iDvcWkSTwW4N/FugWG/60Wgonw3myOFSpkUyxeYFNxSpVQ6t4S4lVNSxm6BzJBDC9S62XevF7I4AGmYoFq3XRKZTkKV4UzAJOPFGiLKRnQAbUslDUB3ktkLE3xslR7uh8qWNHimfp9IaKD1OPBtZ0DNUP/2puJfXjs2/fNOwmUUG5BsvqgfC2xCPM0D97gCZsTYEsoUt7diNqSKMmNTy9gQvj7F/5NGseDaiK6LuerZIo40OkRH6AS5qIKq6ArVUB0xdIce0BN6du6dR+fFeZ23ppzFzD76AeftE+UzlxE=</latexit><latexit sha1_base64="eogyY6aozRrFtw7nz73cdT2Dm0c=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTARPIXZxBi9Bbx4jGAekA1hdtJJhszOLjOzQliCF3/FiwdFvPoV3vwbJw9BRQsaiqpuurv8SHBtCPlwUkvLK6tr6fXMxubW9k52d6+hw1gxqLNQhKrlUw2CS6gbbgS0IgU08AU0/dHl1G/egtI8lDdmHEEnoAPJ+5xRY6Vu9iDvcWkSTwW4N/FugWG/60Wgonw3myOFSpkUyxeYFNxSpVQ6t4S4lVNSxm6BzJBDC9S62XevF7I4AGmYoFq3XRKZTkKV4UzAJOPFGiLKRnQAbUslDUB3ktkLE3xslR7uh8qWNHimfp9IaKD1OPBtZ0DNUP/2puJfXjs2/fNOwmUUG5BsvqgfC2xCPM0D97gCZsTYEsoUt7diNqSKMmNTy9gQvj7F/5NGseDaiK6LuerZIo40OkRH6AS5qIKq6ArVUB0xdIce0BN6du6dR+fFeZ23ppzFzD76AeftE+UzlxE=</latexit><latexit sha1_base64="eogyY6aozRrFtw7nz73cdT2Dm0c=">AAACAnicdVDLSgNBEJyNrxhfUU/iZTARPIXZxBi9Bbx4jGAekA1hdtJJhszOLjOzQliCF3/FiwdFvPoV3vwbJw9BRQsaiqpuurv8SHBtCPlwUkvLK6tr6fXMxubW9k52d6+hw1gxqLNQhKrlUw2CS6gbbgS0IgU08AU0/dHl1G/egtI8lDdmHEEnoAPJ+5xRY6Vu9iDvcWkSTwW4N/FugWG/60Wgonw3myOFSpkUyxeYFNxSpVQ6t4S4lVNSxm6BzJBDC9S62XevF7I4AGmYoFq3XRKZTkKV4UzAJOPFGiLKRnQAbUslDUB3ktkLE3xslR7uh8qWNHimfp9IaKD1OPBtZ0DNUP/2puJfXjs2/fNOwmUUG5BsvqgfC2xCPM0D97gCZsTYEsoUt7diNqSKMmNTy9gQvj7F/5NGseDaiK6LuerZIo40OkRH6AS5qIKq6ArVUB0xdIce0BN6du6dR+fFeZ23ppzFzD76AeftE+UzlxE=</latexit>

GTMDs
2D Fourier transform

(x, !k! , ! + = 0 , !! ! )
<latexit sha1_base64="HsXAlm2HiW0ggQUTOQjxIUNA17A=">AAACG3icbVDLSgMxFM3UV62vqks3wVaoKGWmC3UjFHThsoJ9QDsOmfS2Dc1khiRTLKX/4cZfceNCEVeCC//GtJ2Fth64cHLOveTe40ecKW3b31ZqaXlldS29ntnY3Nreye7u1VQYSwpVGvJQNnyigDMBVc00h0YkgQQ+h7rfv5r49QFIxUJxp4cRuAHpCtZhlGgjedlSvvBwilsDoLjvtSKQkXldA9fk/uTSTpyZMLOP8142ZxftKfAicRKSQwkqXvaz1Q5pHIDQlBOlmo4daXdEpGaUwzjTihVEhPZJF5qGChKAckfT28b4yCht3AmlKaHxVP09MSKBUsPAN50B0T01703E/7xmrDsX7oiJKNYg6OyjTsyxDvEkKNxmEqjmQ0MIlczsimmPSEK1iTNjQnDmT14ktVLRsYvObSlXPkviSKMDdIgKyEHnqIxuUAVVEUWP6Bm9ojfryXqx3q2PWWvKSmb20R9YXz/eYZ7L</latexit><latexit sha1_base64="HsXAlm2HiW0ggQUTOQjxIUNA17A=">AAACG3icbVDLSgMxFM3UV62vqks3wVaoKGWmC3UjFHThsoJ9QDsOmfS2Dc1khiRTLKX/4cZfceNCEVeCC//GtJ2Fth64cHLOveTe40ecKW3b31ZqaXlldS29ntnY3Nreye7u1VQYSwpVGvJQNnyigDMBVc00h0YkgQQ+h7rfv5r49QFIxUJxp4cRuAHpCtZhlGgjedlSvvBwilsDoLjvtSKQkXldA9fk/uTSTpyZMLOP8142ZxftKfAicRKSQwkqXvaz1Q5pHIDQlBOlmo4daXdEpGaUwzjTihVEhPZJF5qGChKAckfT28b4yCht3AmlKaHxVP09MSKBUsPAN50B0T01703E/7xmrDsX7oiJKNYg6OyjTsyxDvEkKNxmEqjmQ0MIlczsimmPSEK1iTNjQnDmT14ktVLRsYvObSlXPkviSKMDdIgKyEHnqIxuUAVVEUWP6Bm9ojfryXqx3q2PWWvKSmb20R9YXz/eYZ7L</latexit><latexit sha1_base64="HsXAlm2HiW0ggQUTOQjxIUNA17A=">AAACG3icbVDLSgMxFM3UV62vqks3wVaoKGWmC3UjFHThsoJ9QDsOmfS2Dc1khiRTLKX/4cZfceNCEVeCC//GtJ2Fth64cHLOveTe40ecKW3b31ZqaXlldS29ntnY3Nreye7u1VQYSwpVGvJQNnyigDMBVc00h0YkgQQ+h7rfv5r49QFIxUJxp4cRuAHpCtZhlGgjedlSvvBwilsDoLjvtSKQkXldA9fk/uTSTpyZMLOP8142ZxftKfAicRKSQwkqXvaz1Q5pHIDQlBOlmo4daXdEpGaUwzjTihVEhPZJF5qGChKAckfT28b4yCht3AmlKaHxVP09MSKBUsPAN50B0T01703E/7xmrDsX7oiJKNYg6OyjTsyxDvEkKNxmEqjmQ0MIlczsimmPSEK1iTNjQnDmT14ktVLRsYvObSlXPkviSKMDdIgKyEHnqIxuUAVVEUWP6Bm9ojfryXqx3q2PWWvKSmb20R9YXz/eYZ7L</latexit><latexit sha1_base64="HsXAlm2HiW0ggQUTOQjxIUNA17A=">AAACG3icbVDLSgMxFM3UV62vqks3wVaoKGWmC3UjFHThsoJ9QDsOmfS2Dc1khiRTLKX/4cZfceNCEVeCC//GtJ2Fth64cHLOveTe40ecKW3b31ZqaXlldS29ntnY3Nreye7u1VQYSwpVGvJQNnyigDMBVc00h0YkgQQ+h7rfv5r49QFIxUJxp4cRuAHpCtZhlGgjedlSvvBwilsDoLjvtSKQkXldA9fk/uTSTpyZMLOP8142ZxftKfAicRKSQwkqXvaz1Q5pHIDQlBOlmo4daXdEpGaUwzjTihVEhPZJF5qGChKAckfT28b4yCht3AmlKaHxVP09MSKBUsPAN50B0T01703E/7xmrDsX7oiJKNYg6OyjTsyxDvEkKNxmEqjmQ0MIlczsimmPSEK1iTNjQnDmT14ktVLRsYvObSlXPkviSKMDdIgKyEHnqIxuUAVVEUWP6Bm9ojfryXqx3q2PWWvKSmb20R9YXz/eYZ7L</latexit>

GPDs

(x, ! + = 0 , !! ! )
<latexit sha1_base64="DKE22meaBtCGjUCEWrYHUGIGRJM=">AAACDnicbVC7TgJBFJ3FF+Jr1dJmIpBgJGSXQm1MSLSwxEQeCbuS2eECE2YfmZklEsIX2PgrNhYaY2tt5984wBYKnuQmJ+fcm3vv8SLOpLKsbyO1srq2vpHezGxt7+zumfsHdRnGgkKNhjwUTY9I4CyAmmKKQzMSQHyPQ8MbXE39xhCEZGFwp0YRuD7pBazLKFFaapv5XOGhiLFzDVyR+9NLq4idIdBEaDsRiOgk1zazVsmaAS8TOyFZlKDaNr+cTkhjHwJFOZGyZVuRcsdEKEY5TDJOLCEidEB60NI0ID5Idzx7Z4LzWungbih0BQrP1N8TY+JLOfI93ekT1ZeL3lT8z2vFqnvhjlkQxQoCOl/UjTlWIZ5mgztMAFV8pAmhgulbMe0TQajSCWZ0CPbiy8ukXi7ZVsm+LWcrZ0kcaXSEjlEB2egcVdANqqIaougRPaNX9GY8GS/Gu/Exb00Zycwh+gPj8wf9n5mG</latexit><latexit sha1_base64="DKE22meaBtCGjUCEWrYHUGIGRJM=">AAACDnicbVC7TgJBFJ3FF+Jr1dJmIpBgJGSXQm1MSLSwxEQeCbuS2eECE2YfmZklEsIX2PgrNhYaY2tt5984wBYKnuQmJ+fcm3vv8SLOpLKsbyO1srq2vpHezGxt7+zumfsHdRnGgkKNhjwUTY9I4CyAmmKKQzMSQHyPQ8MbXE39xhCEZGFwp0YRuD7pBazLKFFaapv5XOGhiLFzDVyR+9NLq4idIdBEaDsRiOgk1zazVsmaAS8TOyFZlKDaNr+cTkhjHwJFOZGyZVuRcsdEKEY5TDJOLCEidEB60NI0ID5Idzx7Z4LzWungbih0BQrP1N8TY+JLOfI93ekT1ZeL3lT8z2vFqnvhjlkQxQoCOl/UjTlWIZ5mgztMAFV8pAmhgulbMe0TQajSCWZ0CPbiy8ukXi7ZVsm+LWcrZ0kcaXSEjlEB2egcVdANqqIaougRPaNX9GY8GS/Gu/Exb00Zycwh+gPj8wf9n5mG</latexit><latexit sha1_base64="DKE22meaBtCGjUCEWrYHUGIGRJM=">AAACDnicbVC7TgJBFJ3FF+Jr1dJmIpBgJGSXQm1MSLSwxEQeCbuS2eECE2YfmZklEsIX2PgrNhYaY2tt5984wBYKnuQmJ+fcm3vv8SLOpLKsbyO1srq2vpHezGxt7+zumfsHdRnGgkKNhjwUTY9I4CyAmmKKQzMSQHyPQ8MbXE39xhCEZGFwp0YRuD7pBazLKFFaapv5XOGhiLFzDVyR+9NLq4idIdBEaDsRiOgk1zazVsmaAS8TOyFZlKDaNr+cTkhjHwJFOZGyZVuRcsdEKEY5TDJOLCEidEB60NI0ID5Idzx7Z4LzWungbih0BQrP1N8TY+JLOfI93ekT1ZeL3lT8z2vFqnvhjlkQxQoCOl/UjTlWIZ5mgztMAFV8pAmhgulbMe0TQajSCWZ0CPbiy8ukXi7ZVsm+LWcrZ0kcaXSEjlEB2egcVdANqqIaougRPaNX9GY8GS/Gu/Exb00Zycwh+gPj8wf9n5mG</latexit><latexit sha1_base64="DKE22meaBtCGjUCEWrYHUGIGRJM=">AAACDnicbVC7TgJBFJ3FF+Jr1dJmIpBgJGSXQm1MSLSwxEQeCbuS2eECE2YfmZklEsIX2PgrNhYaY2tt5984wBYKnuQmJ+fcm3vv8SLOpLKsbyO1srq2vpHezGxt7+zumfsHdRnGgkKNhjwUTY9I4CyAmmKKQzMSQHyPQ8MbXE39xhCEZGFwp0YRuD7pBazLKFFaapv5XOGhiLFzDVyR+9NLq4idIdBEaDsRiOgk1zazVsmaAS8TOyFZlKDaNr+cTkhjHwJFOZGyZVuRcsdEKEY5TDJOLCEidEB60NI0ID5Idzx7Z4LzWungbih0BQrP1N8TY+JLOfI93ekT1ZeL3lT8z2vFqnvhjlkQxQoCOl/UjTlWIZ5mgztMAFV8pAmhgulbMe0TQajSCWZ0CPbiy8ukXi7ZVsm+LWcrZ0kcaXSEjlEB2egcVdANqqIaougRPaNX9GY8GS/Gu/Exb00Zycwh+gPj8wf9n5mG</latexit>

2D Fourier 

transform

• map the nucleon’s constituent both in space and in momentum


• study the interplay of quark and gluon dynamics


• assessments of spin and orbital angular momentum content of the nucleon


• how the proton spin is correlated with the motion of quarks and gluons 



ImH LO= H (! , ! , t)
<latexit sha1_base64="w3lC3Qye05Zxno17mC9hPqE//0A="></latexit><latexit sha1_base64="w3lC3Qye05Zxno17mC9hPqE//0A="></latexit><latexit sha1_base64="w3lC3Qye05Zxno17mC9hPqE//0A="></latexit><latexit sha1_base64="w3lC3Qye05Zxno17mC9hPqE//0A="></latexit>

ReH LO= P
! 1

! 1
dx

H (x, ! , t)
x ! !

<latexit sha1_base64="9GZZRIfi0xjUHQzNaEK7v3PKOD8="></latexit><latexit sha1_base64="9GZZRIfi0xjUHQzNaEK7v3PKOD8="></latexit><latexit sha1_base64="9GZZRIfi0xjUHQzNaEK7v3PKOD8="></latexit><latexit sha1_base64="9GZZRIfi0xjUHQzNaEK7v3PKOD8="></latexit>

!accessible in exclusive reactions: universality of GPDs 

! factorization for large Q2,  |t|<< Q2 , W2

!depend on 3 variables: x, ! , t = ! 2
<latexit sha1_base64="MZOC66M+UExIQNcIpmT4TTTvxkE=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ARbwUUpM92oC6GgC5cV7AU6Y8mkmTY0cyE5Iy1jF76KGxeKuPU13Pk2pu0stPVAwsf/n0NOfi8WXIFlfRtLyyura+u5jfzm1vbOrrm331BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN/OYDk4pH4R2MYuYGpBdyn1MCWuqYh8VhySk5Q65vuHSumQByXyl2zIJVtqaFF8HOoICyqnXML6cb0SRgIVBBlGrbVgxuSiRwKtg47ySKxYQOSI+1NYYkYMpNp/uP8YlWutiPpD4h4Kn6eyIlgVKjwNOdAYG+mvcm4n9eOwH/3E15GCfAQjp7yE8EhghPwsBdLhkFMdJAqOR6V0z7RBIKOrK8DsGe//IiNCplW/NtpVC9yOLIoSN0jE6Rjc5QFd2gGqojih7RM3pFb8aT8WK8Gx+z1iUjmzlAf8r4/AF0JJRo</latexit><latexit sha1_base64="MZOC66M+UExIQNcIpmT4TTTvxkE=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ARbwUUpM92oC6GgC5cV7AU6Y8mkmTY0cyE5Iy1jF76KGxeKuPU13Pk2pu0stPVAwsf/n0NOfi8WXIFlfRtLyyura+u5jfzm1vbOrrm331BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN/OYDk4pH4R2MYuYGpBdyn1MCWuqYh8VhySk5Q65vuHSumQByXyl2zIJVtqaFF8HOoICyqnXML6cb0SRgIVBBlGrbVgxuSiRwKtg47ySKxYQOSI+1NYYkYMpNp/uP8YlWutiPpD4h4Kn6eyIlgVKjwNOdAYG+mvcm4n9eOwH/3E15GCfAQjp7yE8EhghPwsBdLhkFMdJAqOR6V0z7RBIKOrK8DsGe//IiNCplW/NtpVC9yOLIoSN0jE6Rjc5QFd2gGqojih7RM3pFb8aT8WK8Gx+z1iUjmzlAf8r4/AF0JJRo</latexit><latexit sha1_base64="MZOC66M+UExIQNcIpmT4TTTvxkE=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ARbwUUpM92oC6GgC5cV7AU6Y8mkmTY0cyE5Iy1jF76KGxeKuPU13Pk2pu0stPVAwsf/n0NOfi8WXIFlfRtLyyura+u5jfzm1vbOrrm331BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN/OYDk4pH4R2MYuYGpBdyn1MCWuqYh8VhySk5Q65vuHSumQByXyl2zIJVtqaFF8HOoICyqnXML6cb0SRgIVBBlGrbVgxuSiRwKtg47ySKxYQOSI+1NYYkYMpNp/uP8YlWutiPpD4h4Kn6eyIlgVKjwNOdAYG+mvcm4n9eOwH/3E15GCfAQjp7yE8EhghPwsBdLhkFMdJAqOR6V0z7RBIKOrK8DsGe//IiNCplW/NtpVC9yOLIoSN0jE6Rjc5QFd2gGqojih7RM3pFb8aT8WK8Gx+z1iUjmzlAf8r4/AF0JJRo</latexit><latexit sha1_base64="MZOC66M+UExIQNcIpmT4TTTvxkE=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ARbwUUpM92oC6GgC5cV7AU6Y8mkmTY0cyE5Iy1jF76KGxeKuPU13Pk2pu0stPVAwsf/n0NOfi8WXIFlfRtLyyura+u5jfzm1vbOrrm331BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN/OYDk4pH4R2MYuYGpBdyn1MCWuqYh8VhySk5Q65vuHSumQByXyl2zIJVtqaFF8HOoICyqnXML6cb0SRgIVBBlGrbVgxuSiRwKtg47ySKxYQOSI+1NYYkYMpNp/uP8YlWutiPpD4h4Kn6eyIlgVKjwNOdAYG+mvcm4n9eOwH/3E15GCfAQjp7yE8EhghPwsBdLhkFMdJAqOR6V0z7RBIKOrK8DsGe//IiNCplW/NtpVC9yOLIoSN0jE6Rjc5QFd2gGqojih7RM3pFb8aT8WK8Gx+z1iUjmzlAf8r4/AF0JJRo</latexit>

!Compton form factors

How to measure GPDs 



GPD U L T

U H ET

L ÷H ÷ET

T E ÷E HT , ÷HT

the distributions in red vanish if there is no quark orbital angular momentum 

the distributions in black survive in the collinear limit  

!b!

<latexit sha1_base64="lvIVQQrsxzU1eYPgR/4tcgCKGdw=">AAACGHicbVBNS8NAEN34WetX1KOXxSKIh5oURY8FLx4r2A9oSthspu3SzSbubgol9Gd48a948aCI1978N27bHGrrg4HHezPMzAsSzpR2nB9rbX1jc2u7sFPc3ds/OLSPjhsqTiWFOo15LFsBUcCZgLpmmkMrkUCigEMzGNxP/eYQpGKxeNKjBDoR6QnWZZRoI/n2lRdAj4kMngWRkowux0VvCBQHvpeATHDRAxEuuL5dcsrODHiVuDkpoRw13554YUzTCISmnCjVdp1EdzIiNaMczLZUQULogPSgbaggEahONntsjM+NEuJuLE0JjWfq4kRGIqVGUWA6I6L7atmbiv957VR37zoZE0mqQdD5om7KsY7xNCUcMglU85EhhEpmbsW0TySh2mRZNCG4yy+vkkal7F6Xbx4rpWo1j6OATtEZukAuukVV9IBqqI4oekFv6AN9Wq/Wu/Vlfc9b16x85gT9gTX5BdoToEU=</latexit>

!! !

<latexit sha1_base64="+KfFC4BxB1qpkBkRHWq9A+UbaOA=">AAACHXicbVDLSsNAFJ34tr6iLt0MFkFclKQouizowmUF+4CmlJvJTR06mcSZiVCCP+LGX3HjQhEXbsS/cfpYaPXAwOGcc7lzT5gJro3nfTlz8wuLS8srq6W19Y3NLXd7p6nTXDFssFSkqh2CRsElNgw3AtuZQkhCga1wcD7yW3eoNE/ltRlm2E2gL3nMGRgr9dzjIMQ+lwXeSlAKhkf3peAOGQ0uUBjoBRmqjJYClNGPSM8texVvDPqX+FNSJlPUe+5HEKUsT1AaJkDrju9lpluAMpwJtCtzjRmwAfSxY6mEBHW3GF93Tw+sEtE4VfZJQ8fqz4kCEq2HSWiTCZgbPeuNxP+8Tm7is27BZZYblGyyKM4FNSkdVUUjrpAZMbQEmOL2r5TdgAJmbKElW4I/e/Jf0qxW/OPKyVW1XKtN61ghe2SfHBKfnJIauSR10iCMPJAn8kJenUfn2Xlz3ifROWc6s0t+wfn8Bs7zols=</latexit>

FT
Impact Parameter Distributions

!

<latexit sha1_base64="7GMUDAeuc+lABAEI3/TPqDYu6H8=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQF3WmKLosuHFZwT6gLSWTuW1DM8mYZIRh6Ge48VfcuFDEbXf+jeljUVsPBE7Oufcm9wQxZ9p43o+TW1vf2NzKbxd2dvf2D9zDo7qWiaJQo5JL1QyIBs4E1AwzHJqxAhIFHBrB8G7iN55BaSbFo0lj6ESkL1iPUWKs1HUv2wH0mcjgSRClSHoxKrQDycOsHYOKsb2BCBfcrlv0St4UeJX4c1JEc1S77rgdSppEIAzlROuW78WmkxFlGOVg5ycaYkKHpA8tSwWJQHey6WIjfGaVEPekskcYPFUXOzISaZ1Gga2MiBnoZW8i/ue1EtO77WRMxIkBQWcP9RKOjcSTlHDIFFDDU0sIVcz+FdMBUYQam2XBhuAvr7xK6uWSf1W6figXK+V5HHl0gk7ROfLRDaqge1RFNUTRC3pDH+jTeXXenS/ne1aac+Y9x+gPnPEvmRWgsQ==</latexit>

quark polarization

nu
cl

eo
n 

po
la

ri
za

tio
n

! = 0
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Dupré et al., PRD95(2017)011501

The errors are large, 

but slowly we are getting some 3D information

x-dependent transverse squared radius(t = ! !! 2
! ) extrapolation from data! = 0
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CLAS and Hall A data

x-dependent transverse squared charge radius

H (x, 0,!b! ) =
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Dupré et al., PRD95(2017)011501

As x      1, the active parton carries all the momentum  
 and represents the centre of momentum 

extrapolating  
in the unmeasured  

x-range

x-dependent transverse squared radius(t = ! !! 2
! ) extrapolation from data! = 0
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CLAS and Hall A data

x-dependent transverse squared charge radius
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Moutarde et al., EPJC78(2018)890

 u quarkCLAS and HERMES data

Model dependence can not be avoided, but different fit methods and parametrizations  
can help to constraint the theoretical uncertainties 

New parametrization based on DRs: reduce problems related to the extrapolation to         ! = 0
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Talk of J. Giarra, GPD session, Mon. 18., preliminary results  
from 2016/2017 Compass run
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Energy Density Momentum Density

Energy Flux Momentum Flux

pressure

shear forcesTµ! =

T00 T01 T02 T03

T10 T11 T12 T13

T20 T21 T22 T23

T30 T31 T32 T33

nucleon momentum carried by parton 

angular momentum of partons

Relation with second-moments of GPDs:  

D-term ( “stability” of the nucleon)

“Charges” of the EMT Form Factors at t=0
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Form Factors of Energy Momentum Tensor
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Energy Flux Momentum Flux

pressure

shear forcesTµ! =
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Form Factors of Energy Momentum Tensor

Tij dSj

“mechanical properties” of nucleon

M. Polyakov, PLB 555 (2003) 57

Fourier transform in coordinate space

shear forces pressure

TQ
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r i r j

r 2 !
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"
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dQ
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Girod, Elouadrhiri,Burkert, Nature 557 (2018) 7705 
and arXiv: 2104.02031;  
CLAS 6GeV data

D(t) form factor from data

= 4 / 5dQ
1 (t)
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Girod, Elouadrhiri,Burkert, Nature 557 (2018) 7705 
and arXiv: 2104.02031;  
CLAS 6GeV data

D(t) form factor from data

FT

r 2p(r )
<latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit><latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit><latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit><latexit sha1_base64="nvfyYMkNtFsiBaw/RnW8hVJg6Cg=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5oMFYkNpaYyIeBk+wte7Bhd++yu2dCLvwKGwuNsfXn2PlvXOAKBV8yyct7M5mZF8ScaeO6305uY3Nreye/W9jbPzg8Kh6ftHWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NElWaRvDfTmPoCjyQLGcHGSg9l9ViLK+qyPCiW3Kq7AFonXkZKkKE5KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhFd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5N2req5Ve+uVmpcZ3Hk4QzOoQIe1KEBt9CEFhAQ8Ayv8OYo58V5dz6WrTknmzmFP3A+fwAlGY9H</latexit>

radial pressure distribution

 data before 6 GeV JLab
6 GeV JLab data
projected 12 GeV JLab data

r 2s(r )

<latexit sha1_base64="A7PrkYdrnKWzUADbWQRyGlRsBPE=">AAAB8HicbVBNSwMxEJ31s9avqkcvwVaol7JbFMVTwYvHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2dldW19YzO3ld/e2d3bLxwcNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjdTv/VElWaRvDfjmPoCDyQLGcHGSg8l9VjVZXVW6hWKbsWdAS0TLyNFyFDvFb66/YgkgkpDONa647mx8VOsDCOcTvLdRNMYkxEe0I6lEguq/XR28ASdWqWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwis/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzytsQvMWXl0mzWvHOKxd31WLtOosjB8dwAmXw4BJqcAt1aAABAc/wCm+Ocl6cd+dj3rriZDNH8AfO5w8sSY9S</latexit>

shear forces distribution

= 4 / 5dQ
1 (t)

<latexit sha1_base64="zFHZGaa6V9KkwHcA8H19ZlCzgQ8=">AAACG3icbVDLSsNAFJ34Nr6qLt0MFkFFalLqYyMIblxasFVoaphMbtqhk0mcmQgl9D/c+CtuXCjiSnDh3zh9LLT1wMDhnHO5c0+Qcqa043xbU9Mzs3PzC4v20vLK6lphfaOukkxSqNGEJ/I2IAo4E1DTTHO4TSWQOOBwE3Qu+v7NA0jFEnGtuyk0Y9ISLGKUaCP5hbIXQIuJHO4FkZJ093v2WeXwCHsHOPTdu+qu3rM9EOGvgF8oOiVnADxJ3BEpohGu/MKnFyY0i0FoyolSDddJdTMnUjPKoWd7mYKU0A5pQcNQQWJQzXxwWw/vGCXEUSLNExoP1N8TOYmV6saBScZEt9W41xf/8xqZjk6bORNppkHQ4aIo41gnuF8UDpkEqnnXEEIlM3/FtE0kodrUaZsS3PGTJ0m9XHIrpaNquXh+PKpjAW2hbbSLXHSCztElukI1RNEjekav6M16sl6sd+tjGJ2yRjOb6A+srx9Qcp+w</latexit>

dQ
1 (t) = dQ

1 (0)(1 ! t/M 2)!

<latexit sha1_base64="gIMPebqs4F22zeXxuBJunNmzb1s=">AAACDHicbVDLSgMxFM3UV62vqks3wVZoF9aZoiiCUHDjRmjBPqCdlkwm04ZmHiR3hDL0A9z4K25cKOLWD3Dn35g+Flo9EDiccy439ziR4ApM88tILS2vrK6l1zMbm1vbO9ndvYYKY0lZnYYilC2HKCZ4wOrAQbBWJBnxHcGazvB64jfvmVQ8DO5gFDHbJ/2Ae5wS0FIvm8u7PatbK0DxakbMYsE6hpPbbrnY7RARDUhep8ySOQX+S6w5yaE5qr3sZ8cNaeyzAKggSrUtMwI7IRI4FWyc6cSKRYQOSZ+1NQ2Iz5SdTI8Z4yOtuNgLpX4B4Kn6cyIhvlIj39FJn8BALXoT8T+vHYN3YSc8iGJgAZ0t8mKBIcSTZrDLJaMgRpoQKrn+K6YDIgkF3V9Gl2AtnvyXNMol67R0VivnKpfzOtLoAB2iArLQOaqgG1RFdUTRA3pCL+jVeDSejTfjfRZNGfOZffQLxsc3YlKYBw==</latexit>



Necessary to verify model assumptions in the exp extraction

with more data coming  from JLab, COMPASS and the future EIC, EIcC

Kumericki, Nature 570 (2019) 7759; Dutrieux et al, Eur. Phys. J. C81 (2021) 4

Talk of Dutrieux, Moutarde, Sznajder, GPD sessions, Mon. and Wend. 

CLAS data, with fixed param., 
Girod et al.

CLAS data, with neural networks 
Kumericki

global fit to DVCS data  
with artificial neural networks

!

q

dq
1 < 0

<latexit sha1_base64="XUDBbRbIZ2ki00vIUmAfiL7UwUA=">AAACGnicbVA9SwNBEN3zM8avqKXNYhDEItyFiBYWARvLCOYDkvPY25skS/b2Lrt7QjjyO2z8KzYWitiJjf/GTXJFTHww8Hhvhpl5fsyZ0rb9Y62srq1vbOa28ts7u3v7hYPDhooSSaFOIx7Jlk8UcCagrpnm0IolkNDn0PQHNxO/+QhSsUjc61EMbkh6gnUZJdpIXsHp+NBjIoWhIFKS0fk431FJ6A1x4DkPQ3xt5zsggjnfKxTtkj0FXiZORoooQ80rfHWCiCYhCE05Uart2LF2UyI1oxzMvkRBTOiA9KBtqCAhKDedvjbGp0YJcDeSpoTGU3V+IiWhUqPQN50h0X216E3E/7x2ortXbspEnGgQdLaom3CsIzzJCQdMAtV8ZAihkplbMe0TSag2aeZNCM7iy8ukUS45ldLFXblYrWRx5NAxOkFnyEGXqIpuUQ3VEUVP6AW9oXfr2Xq1PqzPWeuKlc0coT+wvn8BoXOgjw==</latexit>

in all model calculations 
for a stable proton



Timelike Compton scattering
Chatagnon et al. (CLAS12 Coll.), arXiv: 2108.11746

! Test of the universality of GPDs

photon polarization asymmetry forward-backward asymmetry

Im H

<latexit sha1_base64="vblYJ/vtqov4WpMIgr37JAa9LlE=">AAACHXicbVBNSwMxFMz6WetX1aOXYBFEpOwWRY8FL3pTsLbQLeVt+lqDSXZNskJZ9o948a948aCIBy/ivzGtPWjrQGCYmcfLmygR3Fjf//JmZufmFxYLS8XlldW19dLG5rWJU82wzmIR62YEBgVXWLfcCmwmGkFGAhvR7enQb9yjNjxWV3aQYFtCX/EeZ2Cd1CkdhhH2ucrwToHWMNjPi1moJT2XeXhAs5CBoGd5iKr7K9Iplf2KPwKdJsGYlMkYF53SR9iNWSpRWSbAmFbgJ7adgbacCcyLYWowAXYLfWw5qkCiaWej63K665Qu7cXaPWXpSP09kYE0ZiAjl5Rgb8ykNxT/81qp7Z20M66S1KJiP4t6qaA2psOqaJdrZFYMHAGmufsrZTeggVlXaNGVEEyePE2uq5XgsHJ0WS3XTsZ1FMg22SF7JCDHpEbOyAWpE0YeyBN5Ia/eo/fsvXnvP9EZbzyzRf7A+/wGzK6iVA==</latexit>

access to ReH

<latexit sha1_base64="HJqihPuWvzv3Nmx7FpfVXZYtyyE=">AAACHXicbVDLSgMxFM3UV62vUZdugkUQkTJTKnZZcONSxarQKeVOetuGZjJjkhHKMD/ixl9x40IRF27EvzGtXdTHgcDhnHO5uSdMBNfG8z6dwtz8wuJScbm0srq2vuFubl3pOFUMmywWsboJQaPgEpuGG4E3iUKIQoHX4fBk7F/fodI8lpdmlGA7gr7kPc7AWKnj1oIQ+1xmeCtBKRgd5KUsUBG9wDw4pFnAQNDTPEDZnYl03LJX8Sagf4k/JWUyxVnHfQ+6MUsjlIYJ0Lrle4lpZ6AMZwLzUpBqTIANoY8tSyVEqNvZ5Lqc7lmlS3uxsk8aOlFnJzKItB5FoU1GYAb6tzcW//NaqenV2xmXSWpQsu9FvVRQE9NxVbTLFTIjRpYAU9z+lbIBKGDGFlqyJfi/T/5LrqoVv1Y5Oq+WG/VpHUWyQ3bJPvHJMWmQU3JGmoSRe/JInsmL8+A8Oa/O23e04ExntskPOB9fzlaiVQ==</latexit>

access to 

! New promising path towards the extraction of          and then the D-term            ReH

<latexit sha1_base64="HJqihPuWvzv3Nmx7FpfVXZYtyyE=">AAACHXicbVDLSgMxFM3UV62vUZdugkUQkTJTKnZZcONSxarQKeVOetuGZjJjkhHKMD/ixl9x40IRF27EvzGtXdTHgcDhnHO5uSdMBNfG8z6dwtz8wuJScbm0srq2vuFubl3pOFUMmywWsboJQaPgEpuGG4E3iUKIQoHX4fBk7F/fodI8lpdmlGA7gr7kPc7AWKnj1oIQ+1xmeCtBKRgd5KUsUBG9wDw4pFnAQNDTPEDZnYl03LJX8Sagf4k/JWUyxVnHfQ+6MUsjlIYJ0Lrle4lpZ6AMZwLzUpBqTIANoY8tSyVEqNvZ5Lqc7lmlS3uxsk8aOlFnJzKItB5FoU1GYAb6tzcW//NaqenV2xmXSWpQsu9FvVRQE9NxVbTLFTIjRpYAU9z+lbIBKGDGFlqyJfi/T/5LrqoVv1Y5Oq+WG/VpHUWyQ3bJPvHJMWmQU3JGmoSRe/JInsmL8+A8Oa/O23e04ExntskPOB9fzlaiVQ==</latexit>

! Further data from JLab12 and future EIC 



Best fit of GDAs to Belle data      timelike  EMT form factors of the pion               !"
<latexit sha1_base64="skWqxM500I45pgKv0kyuZf/MaJA=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJtgKrspMEXRZcOOygr1AO5RMmmlDM8mQnLGUsY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5gIbsDzvp2Nza3tnd3CXnH/4PDo2C2dtIxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wfDuvtx+ZNlzJB5gmLIjJUPKIUwLW6rulSk8oOdR8OAKitZpU+m7Zq3oL4XXwcyijXI2++9UbKJrGTAIVxJiu7yUQZEQDp4LNir3UsITQMRmyrkVJYmaCbHH6DF9YZ4Ajpe2TgBfu74mMxMZM49B2xgRGZrU2N/+rdVOIboKMyyQFJulyUZQKDArPc8ADrhkFMbVAqOb2VkxHRBMKNq2iDcFf/fI6tGpV3/J9rVy/yuMooDN0ji6Rj65RHd2hBmoiiiboGb2iN+fJeXHenY9l64aTz5yiP3I+fwAtaJPi</latexit><latexit sha1_base64="skWqxM500I45pgKv0kyuZf/MaJA=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJtgKrspMEXRZcOOygr1AO5RMmmlDM8mQnLGUsY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5gIbsDzvp2Nza3tnd3CXnH/4PDo2C2dtIxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wfDuvtx+ZNlzJB5gmLIjJUPKIUwLW6rulSk8oOdR8OAKitZpU+m7Zq3oL4XXwcyijXI2++9UbKJrGTAIVxJiu7yUQZEQDp4LNir3UsITQMRmyrkVJYmaCbHH6DF9YZ4Ajpe2TgBfu74mMxMZM49B2xgRGZrU2N/+rdVOIboKMyyQFJulyUZQKDArPc8ADrhkFMbVAqOb2VkxHRBMKNq2iDcFf/fI6tGpV3/J9rVy/yuMooDN0ji6Rj65RHd2hBmoiiiboGb2iN+fJeXHenY9l64aTz5yiP3I+fwAtaJPi</latexit><latexit sha1_base64="skWqxM500I45pgKv0kyuZf/MaJA=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJtgKrspMEXRZcOOygr1AO5RMmmlDM8mQnLGUsY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5gIbsDzvp2Nza3tnd3CXnH/4PDo2C2dtIxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wfDuvtx+ZNlzJB5gmLIjJUPKIUwLW6rulSk8oOdR8OAKitZpU+m7Zq3oL4XXwcyijXI2++9UbKJrGTAIVxJiu7yUQZEQDp4LNir3UsITQMRmyrkVJYmaCbHH6DF9YZ4Ajpe2TgBfu74mMxMZM49B2xgRGZrU2N/+rdVOIboKMyyQFJulyUZQKDArPc8ADrhkFMbVAqOb2VkxHRBMKNq2iDcFf/fI6tGpV3/J9rVy/yuMooDN0ji6Rj65RHd2hBmoiiiboGb2iN+fJeXHenY9l64aTz5yiP3I+fwAtaJPi</latexit><latexit sha1_base64="skWqxM500I45pgKv0kyuZf/MaJA=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJtgKrspMEXRZcOOygr1AO5RMmmlDM8mQnLGUsY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5gIbsDzvp2Nza3tnd3CXnH/4PDo2C2dtIxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wfDuvtx+ZNlzJB5gmLIjJUPKIUwLW6rulSk8oOdR8OAKitZpU+m7Zq3oL4XXwcyijXI2++9UbKJrGTAIVxJiu7yUQZEQDp4LNir3UsITQMRmyrkVJYmaCbHH6DF9YZ4Ajpe2TgBfu74mMxMZM49B2xgRGZrU2N/+rdVOIboKMyyQFJulyUZQKDArPc8ADrhkFMbVAqOb2VkxHRBMKNq2iDcFf/fI6tGpV3/J9rVy/yuMooDN0ji6Rj65RHd2hBmoiiiboGb2iN+fJeXHenY9l64aTz5yiP3I+fwAtaJPi</latexit>

(compatible with soft pion theorem)                   

Kumano, Song, Teryaev, PRD97 (2018) 014020

!" D Q
! 0 # ! 0.7

<latexit sha1_base64="EKMlgKchlWObIrwQc/YMeBmuPA8=">AAACEnicbZDLTgIxFIY7eEO8jbp00wgmupDMsIEliS5cQiKXhAHSKQUaOm3TdlQy4Rnc+CpuXGiMW1fufBvLZaHgnzT58p9zcnr+UDKqjed9O6m19Y3NrfR2Zmd3b//APTyqaxErTGpYMKGaIdKEUU5qhhpGmlIRFIWMNMLR1bTeuCNKU8FvzViSdoQGnPYpRsZaXfciFzDBB4oOhgYpJe7hdafaTQJJO94kQFIq8QAvvXwx13WzXt6bCa6Cv4AsWKjSdb+CnsBxRLjBDGnd8j1p2glShmJGJpkg1kQiPEID0rLIUUR0O5mdNIFn1unBvlD2cQNn7u+JBEVaj6PQdkbIDPVybWr+V2vFpl9qJ5TL2BCO54v6MYNGwGk+sEcVwYaNLSCsqP0rxEOkEDY2xYwNwV8+eRXqhbxvuVrIlkuLONLgBJyCc+CDIiiDG1ABNYDBI3gGr+DNeXJenHfnY96achYzx+CPnM8f1+ic2w==</latexit><latexit sha1_base64="EKMlgKchlWObIrwQc/YMeBmuPA8=">AAACEnicbZDLTgIxFIY7eEO8jbp00wgmupDMsIEliS5cQiKXhAHSKQUaOm3TdlQy4Rnc+CpuXGiMW1fufBvLZaHgnzT58p9zcnr+UDKqjed9O6m19Y3NrfR2Zmd3b//APTyqaxErTGpYMKGaIdKEUU5qhhpGmlIRFIWMNMLR1bTeuCNKU8FvzViSdoQGnPYpRsZaXfciFzDBB4oOhgYpJe7hdafaTQJJO94kQFIq8QAvvXwx13WzXt6bCa6Cv4AsWKjSdb+CnsBxRLjBDGnd8j1p2glShmJGJpkg1kQiPEID0rLIUUR0O5mdNIFn1unBvlD2cQNn7u+JBEVaj6PQdkbIDPVybWr+V2vFpl9qJ5TL2BCO54v6MYNGwGk+sEcVwYaNLSCsqP0rxEOkEDY2xYwNwV8+eRXqhbxvuVrIlkuLONLgBJyCc+CDIiiDG1ABNYDBI3gGr+DNeXJenHfnY96achYzx+CPnM8f1+ic2w==</latexit><latexit sha1_base64="EKMlgKchlWObIrwQc/YMeBmuPA8=">AAACEnicbZDLTgIxFIY7eEO8jbp00wgmupDMsIEliS5cQiKXhAHSKQUaOm3TdlQy4Rnc+CpuXGiMW1fufBvLZaHgnzT58p9zcnr+UDKqjed9O6m19Y3NrfR2Zmd3b//APTyqaxErTGpYMKGaIdKEUU5qhhpGmlIRFIWMNMLR1bTeuCNKU8FvzViSdoQGnPYpRsZaXfciFzDBB4oOhgYpJe7hdafaTQJJO94kQFIq8QAvvXwx13WzXt6bCa6Cv4AsWKjSdb+CnsBxRLjBDGnd8j1p2glShmJGJpkg1kQiPEID0rLIUUR0O5mdNIFn1unBvlD2cQNn7u+JBEVaj6PQdkbIDPVybWr+V2vFpl9qJ5TL2BCO54v6MYNGwGk+sEcVwYaNLSCsqP0rxEOkEDY2xYwNwV8+eRXqhbxvuVrIlkuLONLgBJyCc+CDIiiDG1ABNYDBI3gGr+DNeXJenHfnY96achYzx+CPnM8f1+ic2w==</latexit><latexit sha1_base64="EKMlgKchlWObIrwQc/YMeBmuPA8=">AAACEnicbZDLTgIxFIY7eEO8jbp00wgmupDMsIEliS5cQiKXhAHSKQUaOm3TdlQy4Rnc+CpuXGiMW1fufBvLZaHgnzT58p9zcnr+UDKqjed9O6m19Y3NrfR2Zmd3b//APTyqaxErTGpYMKGaIdKEUU5qhhpGmlIRFIWMNMLR1bTeuCNKU8FvzViSdoQGnPYpRsZaXfciFzDBB4oOhgYpJe7hdafaTQJJO94kQFIq8QAvvXwx13WzXt6bCa6Cv4AsWKjSdb+CnsBxRLjBDGnd8j1p2glShmJGJpkg1kQiPEID0rLIUUR0O5mdNIFn1unBvlD2cQNn7u+JBEVaj6PQdkbIDPVybWr+V2vFpl9qJ5TL2BCO54v6MYNGwGk+sEcVwYaNLSCsqP0rxEOkEDY2xYwNwV8+eRXqhbxvuVrIlkuLONLgBJyCc+CDIiiDG1ABNYDBI3gGr+DNeXJenHfnY96achYzx+CPnM8f1+ic2w==</latexit>

< Q 2 > = 16.6 GeV2
<latexit sha1_base64="AykSMf5odISQK2g+vSjIHPRxwVA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkqSRe1CpeBCly3YC7RpmUyn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8fMSqVbX8bK6tr6xubua389s7u3r55cNiQYSwwqeOQhaLlI0kY5aSuqGKkFQmCAp+Rpj++SevNByIkDfm9mkTEC9CQ0wHFSGmrZ55Yl7Wue33llIolC1qdAKmRCJJb0ph2XatnFuyiPRNcBieDAshU7ZlfnX6I44BwhRmSsu3YkfISJBTFjEzznViSCOExGpK2Ro4CIr1kdsYUnmmnDweh0I8rOHN/TyQokHIS+LozXVMu1lLzv1o7VoOyl1AexYpwPP9oEDOoQphmAvtUEKzYRAPCgupdIR4hgbDSyeV1CM7iycvQcIuO5ppbqJSzOHLgGJyCc+CAC1ABd6AK6gCDR/AMXsGb8WS8GO/Gx7x1xchmjsAfGZ8/A4mWQw==</latexit><latexit sha1_base64="AykSMf5odISQK2g+vSjIHPRxwVA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkqSRe1CpeBCly3YC7RpmUyn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8fMSqVbX8bK6tr6xubua389s7u3r55cNiQYSwwqeOQhaLlI0kY5aSuqGKkFQmCAp+Rpj++SevNByIkDfm9mkTEC9CQ0wHFSGmrZ55Yl7Wue33llIolC1qdAKmRCJJb0ph2XatnFuyiPRNcBieDAshU7ZlfnX6I44BwhRmSsu3YkfISJBTFjEzznViSCOExGpK2Ro4CIr1kdsYUnmmnDweh0I8rOHN/TyQokHIS+LozXVMu1lLzv1o7VoOyl1AexYpwPP9oEDOoQphmAvtUEKzYRAPCgupdIR4hgbDSyeV1CM7iycvQcIuO5ppbqJSzOHLgGJyCc+CAC1ABd6AK6gCDR/AMXsGb8WS8GO/Gx7x1xchmjsAfGZ8/A4mWQw==</latexit><latexit sha1_base64="AykSMf5odISQK2g+vSjIHPRxwVA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkqSRe1CpeBCly3YC7RpmUyn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8fMSqVbX8bK6tr6xubua389s7u3r55cNiQYSwwqeOQhaLlI0kY5aSuqGKkFQmCAp+Rpj++SevNByIkDfm9mkTEC9CQ0wHFSGmrZ55Yl7Wue33llIolC1qdAKmRCJJb0ph2XatnFuyiPRNcBieDAshU7ZlfnX6I44BwhRmSsu3YkfISJBTFjEzznViSCOExGpK2Ro4CIr1kdsYUnmmnDweh0I8rOHN/TyQokHIS+LozXVMu1lLzv1o7VoOyl1AexYpwPP9oEDOoQphmAvtUEKzYRAPCgupdIR4hgbDSyeV1CM7iycvQcIuO5ppbqJSzOHLgGJyCc+CAC1ABd6AK6gCDR/AMXsGb8WS8GO/Gx7x1xchmjsAfGZ8/A4mWQw==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="RQGxJzik5bn+Yor06gHWWPigM5Y=">AAAB+3icbZBLSwMxFIXv1FetVUe3IgQ7gqsy00V1oSK40GUL9gHttGTSTBuaeZBkhDJ05ca/4saFIv4Pd/4bM20X2nog8HFOQu49XsyZVLb9beTW1jc2t/LbhZ3i7t6+eVBsyigRhDZIxCPR9rCknIW0oZjitB0LigOP05Y3vs3y1iMVkkXhg5rE1A3wMGQ+I1hpq28eW5f1XuX6yqmWqxayugFWIxGkd7Q57VWsvlmyy/ZMaBWcBZRgoVrf/OoOIpIENFSEYyk7jh0rN8VCMcLptNBNJI0xGeMh7WgMcUClm87WmKJT7QyQHwl9QoVm7u8XKQ6knASevpmNKZezzPwv6yTKv3BTFsaJoiGZf+QnHKkIZZ2gAROUKD7RgIlgelZERlhgonRzBV2Cs7zyKjQrZUdz3YY8HMEJnIED53AD91CDBhB4ghd4g3fj2Xg1PuZ15YxFb4fwR8bnD5FJlN4=</latexit><latexit sha1_base64="RQGxJzik5bn+Yor06gHWWPigM5Y=">AAAB+3icbZBLSwMxFIXv1FetVUe3IgQ7gqsy00V1oSK40GUL9gHttGTSTBuaeZBkhDJ05ca/4saFIv4Pd/4bM20X2nog8HFOQu49XsyZVLb9beTW1jc2t/LbhZ3i7t6+eVBsyigRhDZIxCPR9rCknIW0oZjitB0LigOP05Y3vs3y1iMVkkXhg5rE1A3wMGQ+I1hpq28eW5f1XuX6yqmWqxayugFWIxGkd7Q57VWsvlmyy/ZMaBWcBZRgoVrf/OoOIpIENFSEYyk7jh0rN8VCMcLptNBNJI0xGeMh7WgMcUClm87WmKJT7QyQHwl9QoVm7u8XKQ6knASevpmNKZezzPwv6yTKv3BTFsaJoiGZf+QnHKkIZZ2gAROUKD7RgIlgelZERlhgonRzBV2Cs7zyKjQrZUdz3YY8HMEJnIED53AD91CDBhB4ghd4g3fj2Xg1PuZ15YxFb4fwR8bnD5FJlN4=</latexit><latexit sha1_base64="WjR/MwDJS0zS9mkh9ZYqNLa/OYc=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkrSRe1CpeBCly3YC7RpmUwn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8XMSqVbX8bK6tr6xubua389s7u3r55cNiUYSwwaeCQhaLtIUkY5aShqGKkHQmCAo+Rlje+SeutByIkDfm9mkTEDdCQU59ipLTVN0+sy3qvdH3llItlC1rdAKmRCJJb0pz2SlbfLNhFeya4DE4GBZCp1je/uoMQxwHhCjMkZcexI+UmSCiKGZnmu7EkEcJjNCQdjRwFRLrJ7IwpPNPOAPqh0I8rOHN/TyQokHISeLozXVMu1lLzv1onVn7FTSiPYkU4nn/kxwyqEKaZwAEVBCs20YCwoHpXiEdIIKx0cnkdgrN48jI0S0VHc90uVCtZHDlwDE7BOXDABaiCO1ADDYDBI3gGr+DNeDJejHfjY966YmQzR+CPjM8fAumWQQ==</latexit><latexit sha1_base64="AykSMf5odISQK2g+vSjIHPRxwVA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkqSRe1CpeBCly3YC7RpmUyn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8fMSqVbX8bK6tr6xubua389s7u3r55cNiQYSwwqeOQhaLlI0kY5aSuqGKkFQmCAp+Rpj++SevNByIkDfm9mkTEC9CQ0wHFSGmrZ55Yl7Wue33llIolC1qdAKmRCJJb0ph2XatnFuyiPRNcBieDAshU7ZlfnX6I44BwhRmSsu3YkfISJBTFjEzznViSCOExGpK2Ro4CIr1kdsYUnmmnDweh0I8rOHN/TyQokHIS+LozXVMu1lLzv1o7VoOyl1AexYpwPP9oEDOoQphmAvtUEKzYRAPCgupdIR4hgbDSyeV1CM7iycvQcIuO5ppbqJSzOHLgGJyCc+CAC1ABd6AK6gCDR/AMXsGb8WS8GO/Gx7x1xchmjsAfGZ8/A4mWQw==</latexit><latexit sha1_base64="AykSMf5odISQK2g+vSjIHPRxwVA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkqSRe1CpeBCly3YC7RpmUyn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8fMSqVbX8bK6tr6xubua389s7u3r55cNiQYSwwqeOQhaLlI0kY5aSuqGKkFQmCAp+Rpj++SevNByIkDfm9mkTEC9CQ0wHFSGmrZ55Yl7Wue33llIolC1qdAKmRCJJb0ph2XatnFuyiPRNcBieDAshU7ZlfnX6I44BwhRmSsu3YkfISJBTFjEzznViSCOExGpK2Ro4CIr1kdsYUnmmnDweh0I8rOHN/TyQokHIS+LozXVMu1lLzv1o7VoOyl1AexYpwPP9oEDOoQphmAvtUEKzYRAPCgupdIR4hgbDSyeV1CM7iycvQcIuO5ppbqJSzOHLgGJyCc+CAC1ABd6AK6gCDR/AMXsGb8WS8GO/Gx7x1xchmjsAfGZ8/A4mWQw==</latexit><latexit sha1_base64="AykSMf5odISQK2g+vSjIHPRxwVA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkqSRe1CpeBCly3YC7RpmUyn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8fMSqVbX8bK6tr6xubua389s7u3r55cNiQYSwwqeOQhaLlI0kY5aSuqGKkFQmCAp+Rpj++SevNByIkDfm9mkTEC9CQ0wHFSGmrZ55Yl7Wue33llIolC1qdAKmRCJJb0ph2XatnFuyiPRNcBieDAshU7ZlfnX6I44BwhRmSsu3YkfISJBTFjEzznViSCOExGpK2Ro4CIr1kdsYUnmmnDweh0I8rOHN/TyQokHIS+LozXVMu1lLzv1o7VoOyl1AexYpwPP9oEDOoQphmAvtUEKzYRAPCgupdIR4hgbDSyeV1CM7iycvQcIuO5ppbqJSzOHLgGJyCc+CAC1ABd6AK6gCDR/AMXsGb8WS8GO/Gx7x1xchmjsAfGZ8/A4mWQw==</latexit><latexit sha1_base64="AykSMf5odISQK2g+vSjIHPRxwVA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkqSRe1CpeBCly3YC7RpmUyn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8fMSqVbX8bK6tr6xubua389s7u3r55cNiQYSwwqeOQhaLlI0kY5aSuqGKkFQmCAp+Rpj++SevNByIkDfm9mkTEC9CQ0wHFSGmrZ55Yl7Wue33llIolC1qdAKmRCJJb0ph2XatnFuyiPRNcBieDAshU7ZlfnX6I44BwhRmSsu3YkfISJBTFjEzznViSCOExGpK2Ro4CIr1kdsYUnmmnDweh0I8rOHN/TyQokHIS+LozXVMu1lLzv1o7VoOyl1AexYpwPP9oEDOoQphmAvtUEKzYRAPCgupdIR4hgbDSyeV1CM7iycvQcIuO5ppbqJSzOHLgGJyCc+CAC1ABd6AK6gCDR/AMXsGb8WS8GO/Gx7x1xchmjsAfGZ8/A4mWQw==</latexit><latexit sha1_base64="AykSMf5odISQK2g+vSjIHPRxwVA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkqSRe1CpeBCly3YC7RpmUyn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8fMSqVbX8bK6tr6xubua389s7u3r55cNiQYSwwqeOQhaLlI0kY5aSuqGKkFQmCAp+Rpj++SevNByIkDfm9mkTEC9CQ0wHFSGmrZ55Yl7Wue33llIolC1qdAKmRCJJb0ph2XatnFuyiPRNcBieDAshU7ZlfnX6I44BwhRmSsu3YkfISJBTFjEzznViSCOExGpK2Ro4CIr1kdsYUnmmnDweh0I8rOHN/TyQokHIS+LozXVMu1lLzv1o7VoOyl1AexYpwPP9oEDOoQphmAvtUEKzYRAPCgupdIR4hgbDSyeV1CM7iycvQcIuO5ppbqJSzOHLgGJyCc+CAC1ABd6AK6gCDR/AMXsGb8WS8GO/Gx7x1xchmjsAfGZ8/A4mWQw==</latexit><latexit sha1_base64="AykSMf5odISQK2g+vSjIHPRxwVA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMNgIrkqSRe1CpeBCly3YC7RpmUyn7dDJJMxMhBK6cuOruHGhiFufwZ1v46TNQlt/GPj4zznMOb8fMSqVbX8bK6tr6xubua389s7u3r55cNiQYSwwqeOQhaLlI0kY5aSuqGKkFQmCAp+Rpj++SevNByIkDfm9mkTEC9CQ0wHFSGmrZ55Yl7Wue33llIolC1qdAKmRCJJb0ph2XatnFuyiPRNcBieDAshU7ZlfnX6I44BwhRmSsu3YkfISJBTFjEzznViSCOExGpK2Ro4CIr1kdsYUnmmnDweh0I8rOHN/TyQokHIS+LozXVMu1lLzv1o7VoOyl1AexYpwPP9oEDOoQphmAvtUEKzYRAPCgupdIR4hgbDSyeV1CM7iycvQcIuO5ppbqJSzOHLgGJyCc+CAC1ABd6AK6gCDR/AMXsGb8WS8GO/Gx7x1xchmjsAfGZ8/A4mWQw==</latexit>

at                

Dispersion relations       spacelike  EMT form factors               !"
<latexit sha1_base64="skWqxM500I45pgKv0kyuZf/MaJA=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJtgKrspMEXRZcOOygr1AO5RMmmlDM8mQnLGUsY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5gIbsDzvp2Nza3tnd3CXnH/4PDo2C2dtIxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wfDuvtx+ZNlzJB5gmLIjJUPKIUwLW6rulSk8oOdR8OAKitZpU+m7Zq3oL4XXwcyijXI2++9UbKJrGTAIVxJiu7yUQZEQDp4LNir3UsITQMRmyrkVJYmaCbHH6DF9YZ4Ajpe2TgBfu74mMxMZM49B2xgRGZrU2N/+rdVOIboKMyyQFJulyUZQKDArPc8ADrhkFMbVAqOb2VkxHRBMKNq2iDcFf/fI6tGpV3/J9rVy/yuMooDN0ji6Rj65RHd2hBmoiiiboGb2iN+fJeXHenY9l64aTz5yiP3I+fwAtaJPi</latexit><latexit sha1_base64="skWqxM500I45pgKv0kyuZf/MaJA=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJtgKrspMEXRZcOOygr1AO5RMmmlDM8mQnLGUsY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5gIbsDzvp2Nza3tnd3CXnH/4PDo2C2dtIxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wfDuvtx+ZNlzJB5gmLIjJUPKIUwLW6rulSk8oOdR8OAKitZpU+m7Zq3oL4XXwcyijXI2++9UbKJrGTAIVxJiu7yUQZEQDp4LNir3UsITQMRmyrkVJYmaCbHH6DF9YZ4Ajpe2TgBfu74mMxMZM49B2xgRGZrU2N/+rdVOIboKMyyQFJulyUZQKDArPc8ADrhkFMbVAqOb2VkxHRBMKNq2iDcFf/fI6tGpV3/J9rVy/yuMooDN0ji6Rj65RHd2hBmoiiiboGb2iN+fJeXHenY9l64aTz5yiP3I+fwAtaJPi</latexit><latexit sha1_base64="skWqxM500I45pgKv0kyuZf/MaJA=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJtgKrspMEXRZcOOygr1AO5RMmmlDM8mQnLGUsY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5gIbsDzvp2Nza3tnd3CXnH/4PDo2C2dtIxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wfDuvtx+ZNlzJB5gmLIjJUPKIUwLW6rulSk8oOdR8OAKitZpU+m7Zq3oL4XXwcyijXI2++9UbKJrGTAIVxJiu7yUQZEQDp4LNir3UsITQMRmyrkVJYmaCbHH6DF9YZ4Ajpe2TgBfu74mMxMZM49B2xgRGZrU2N/+rdVOIboKMyyQFJulyUZQKDArPc8ADrhkFMbVAqOb2VkxHRBMKNq2iDcFf/fI6tGpV3/J9rVy/yuMooDN0ji6Rj65RHd2hBmoiiiboGb2iN+fJeXHenY9l64aTz5yiP3I+fwAtaJPi</latexit><latexit sha1_base64="skWqxM500I45pgKv0kyuZf/MaJA=">AAAB+nicbZDLSgMxFIYzXmu9TXXpJtgKrspMEXRZcOOygr1AO5RMmmlDM8mQnLGUsY/ixoUibn0Sd76NaTsLbf0h8PGfczgnf5gIbsDzvp2Nza3tnd3CXnH/4PDo2C2dtIxKNWVNqoTSnZAYJrhkTeAgWCfRjMShYO1wfDuvtx+ZNlzJB5gmLIjJUPKIUwLW6rulSk8oOdR8OAKitZpU+m7Zq3oL4XXwcyijXI2++9UbKJrGTAIVxJiu7yUQZEQDp4LNir3UsITQMRmyrkVJYmaCbHH6DF9YZ4Ajpe2TgBfu74mMxMZM49B2xgRGZrU2N/+rdVOIboKMyyQFJulyUZQKDArPc8ADrhkFMbVAqOb2VkxHRBMKNq2iDcFf/fI6tGpV3/J9rVy/yuMooDN0ji6Rj65RHd2hBmoiiiboGb2iN+fJeXHenY9l64aTz5yiP3I+fwAtaJPi</latexit>

Belle Coll., PRD93 (2016) 032003

Access form factors of EMT of unstable particle through GDA via                   in     

 

! ! ! ! " 0" 0
<latexit sha1_base64="8yA01N97ylU16skRwmTw4fdAJKM=">AAACEnicbZC7TsMwFIadcivlFmBksWiRgKFKutCxEgtjkehFatrqxHVSq3YS2Q6oqvoMLLwKCwMIsTKx8Ta4bQZoOZKtT/9/juzz+wlnSjvOt5VbW9/Y3MpvF3Z29/YP7MOjpopTSWiDxDyWbR8U5SyiDc00p+1EUhA+py1/dD3zW/dUKhZHd3qc0K6AMGIBI6CN1LcvSl4IQkDvEi8Ae5KFQw1Sxg/YS1jPWdylvl10ys688Cq4GRRRVvW+/eUNYpIKGmnCQamO6yS6OwGpGeF0WvBSRRMgIwhpx2AEgqruZL7SFJ8ZZYCDWJoTaTxXf09MQCg1Fr7pFKCHatmbif95nVQH1e6ERUmqaUQWDwUpxzrGs3zwgElKNB8bACKZ+SsmQ5BAtEmxYEJwl1dehWal7Bq+rRRr1SyOPDpBp+gcuegK1dANqqMGIugRPaNX9GY9WS/Wu/WxaM1Z2cwx+lPW5w8h95xy</latexit><latexit sha1_base64="8yA01N97ylU16skRwmTw4fdAJKM=">AAACEnicbZC7TsMwFIadcivlFmBksWiRgKFKutCxEgtjkehFatrqxHVSq3YS2Q6oqvoMLLwKCwMIsTKx8Ta4bQZoOZKtT/9/juzz+wlnSjvOt5VbW9/Y3MpvF3Z29/YP7MOjpopTSWiDxDyWbR8U5SyiDc00p+1EUhA+py1/dD3zW/dUKhZHd3qc0K6AMGIBI6CN1LcvSl4IQkDvEi8Ae5KFQw1Sxg/YS1jPWdylvl10ys688Cq4GRRRVvW+/eUNYpIKGmnCQamO6yS6OwGpGeF0WvBSRRMgIwhpx2AEgqruZL7SFJ8ZZYCDWJoTaTxXf09MQCg1Fr7pFKCHatmbif95nVQH1e6ERUmqaUQWDwUpxzrGs3zwgElKNB8bACKZ+SsmQ5BAtEmxYEJwl1dehWal7Bq+rRRr1SyOPDpBp+gcuegK1dANqqMGIugRPaNX9GY9WS/Wu/WxaM1Z2cwx+lPW5w8h95xy</latexit><latexit sha1_base64="8yA01N97ylU16skRwmTw4fdAJKM=">AAACEnicbZC7TsMwFIadcivlFmBksWiRgKFKutCxEgtjkehFatrqxHVSq3YS2Q6oqvoMLLwKCwMIsTKx8Ta4bQZoOZKtT/9/juzz+wlnSjvOt5VbW9/Y3MpvF3Z29/YP7MOjpopTSWiDxDyWbR8U5SyiDc00p+1EUhA+py1/dD3zW/dUKhZHd3qc0K6AMGIBI6CN1LcvSl4IQkDvEi8Ae5KFQw1Sxg/YS1jPWdylvl10ys688Cq4GRRRVvW+/eUNYpIKGmnCQamO6yS6OwGpGeF0WvBSRRMgIwhpx2AEgqruZL7SFJ8ZZYCDWJoTaTxXf09MQCg1Fr7pFKCHatmbif95nVQH1e6ERUmqaUQWDwUpxzrGs3zwgElKNB8bACKZ+SsmQ5BAtEmxYEJwl1dehWal7Bq+rRRr1SyOPDpBp+gcuegK1dANqqMGIugRPaNX9GY9WS/Wu/WxaM1Z2cwx+lPW5w8h95xy</latexit><latexit sha1_base64="8yA01N97ylU16skRwmTw4fdAJKM=">AAACEnicbZC7TsMwFIadcivlFmBksWiRgKFKutCxEgtjkehFatrqxHVSq3YS2Q6oqvoMLLwKCwMIsTKx8Ta4bQZoOZKtT/9/juzz+wlnSjvOt5VbW9/Y3MpvF3Z29/YP7MOjpopTSWiDxDyWbR8U5SyiDc00p+1EUhA+py1/dD3zW/dUKhZHd3qc0K6AMGIBI6CN1LcvSl4IQkDvEi8Ae5KFQw1Sxg/YS1jPWdylvl10ys688Cq4GRRRVvW+/eUNYpIKGmnCQamO6yS6OwGpGeF0WvBSRRMgIwhpx2AEgqruZL7SFJ8ZZYCDWJoTaTxXf09MQCg1Fr7pFKCHatmbif95nVQH1e6ERUmqaUQWDwUpxzrGs3zwgElKNB8bACKZ+SsmQ5BAtEmxYEJwl1dehWal7Bq+rRRr1SyOPDpBp+gcuegK1dANqqMGIugRPaNX9GY9WS/Wu/WxaM1Z2cwx+lPW5w8h95xy</latexit>

e+ e!
<latexit sha1_base64="06atSBAGgq5MaAJ/gOPkKdervmo=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAVBLHMdGOXBTcuK9iLtNOSSc+0oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec8wcxZ9q47reT29jc2t7J7xb29g8Oj4rHJy0dJYpCk0Y8Up2AaOBMQtMww6ETKyAi4NAOJrfzevsJlGaRfDDTGHxBRpKFjBJjrccy9K8w9K/Lg2LJrbgL4XXwMiihTI1B8as3jGgiQBrKidZdz42NnxJlGOUwK/QSDTGhEzKCrkVJBGg/XSw8wxfWGeIwUvZJgxfu74mUCK2nIrCdgpixXq3Nzf9q3cSENT9lMk4MSLr8KEw4NhGeX4+HTAE1fGqBUMXsrpiOiSLU2IwKNgRv9eR1aFUrnuX7aqley+LIozN0ji6Rh25QHd2hBmoiigR6Rq/ozVHOi/PufCxbc042c4r+yPn8Ac/rjw4=</latexit><latexit sha1_base64="06atSBAGgq5MaAJ/gOPkKdervmo=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAVBLHMdGOXBTcuK9iLtNOSSc+0oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec8wcxZ9q47reT29jc2t7J7xb29g8Oj4rHJy0dJYpCk0Y8Up2AaOBMQtMww6ETKyAi4NAOJrfzevsJlGaRfDDTGHxBRpKFjBJjrccy9K8w9K/Lg2LJrbgL4XXwMiihTI1B8as3jGgiQBrKidZdz42NnxJlGOUwK/QSDTGhEzKCrkVJBGg/XSw8wxfWGeIwUvZJgxfu74mUCK2nIrCdgpixXq3Nzf9q3cSENT9lMk4MSLr8KEw4NhGeX4+HTAE1fGqBUMXsrpiOiSLU2IwKNgRv9eR1aFUrnuX7aqley+LIozN0ji6Rh25QHd2hBmoiigR6Rq/ozVHOi/PufCxbc042c4r+yPn8Ac/rjw4=</latexit><latexit sha1_base64="06atSBAGgq5MaAJ/gOPkKdervmo=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAVBLHMdGOXBTcuK9iLtNOSSc+0oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec8wcxZ9q47reT29jc2t7J7xb29g8Oj4rHJy0dJYpCk0Y8Up2AaOBMQtMww6ETKyAi4NAOJrfzevsJlGaRfDDTGHxBRpKFjBJjrccy9K8w9K/Lg2LJrbgL4XXwMiihTI1B8as3jGgiQBrKidZdz42NnxJlGOUwK/QSDTGhEzKCrkVJBGg/XSw8wxfWGeIwUvZJgxfu74mUCK2nIrCdgpixXq3Nzf9q3cSENT9lMk4MSLr8KEw4NhGeX4+HTAE1fGqBUMXsrpiOiSLU2IwKNgRv9eR1aFUrnuX7aqley+LIozN0ji6Rh25QHd2hBmoiigR6Rq/ozVHOi/PufCxbc042c4r+yPn8Ac/rjw4=</latexit><latexit sha1_base64="06atSBAGgq5MaAJ/gOPkKdervmo=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAVBLHMdGOXBTcuK9iLtNOSSc+0oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec8wcxZ9q47reT29jc2t7J7xb29g8Oj4rHJy0dJYpCk0Y8Up2AaOBMQtMww6ETKyAi4NAOJrfzevsJlGaRfDDTGHxBRpKFjBJjrccy9K8w9K/Lg2LJrbgL4XXwMiihTI1B8as3jGgiQBrKidZdz42NnxJlGOUwK/QSDTGhEzKCrkVJBGg/XSw8wxfWGeIwUvZJgxfu74mUCK2nIrCdgpixXq3Nzf9q3cSENT9lMk4MSLr8KEw4NhGeX4+HTAE1fGqBUMXsrpiOiSLU2IwKNgRv9eR1aFUrnuX7aqley+LIozN0ji6Rh25QHd2hBmoiigR6Rq/ozVHOi/PufCxbc042c4r+yPn8Ac/rjw4=</latexit>

Generalized Distribution Amplitudes (GDAs) 

GDAs GPDs 
crossings ! t

<latexit sha1_base64="s+zMTg5QlDRu80A4XMlcKVdr6pc=">AAACDXicbVBNS8NAEN3Ur1q/oh69BKsggiUpij0WvHisYD+gCWWznbRLN5u4uxFC6B/w4l/x4kERr969+W/ctjnU1gcDj/dmmJnnx4xKZds/RmFldW19o7hZ2tre2d0z9w9aMkoEgSaJWCQ6PpbAKIemoopBJxaAQ59B2x/dTPz2IwhJI36v0hi8EA84DSjBSks988T1YUB5Bg8cC4HT83FJXigXeH9O6pllu2JPYS0TJydllKPRM7/dfkSSELgiDEvZdexYeRkWihIG45KbSIgxGeEBdDXlOATpZdNvxtapVvpWEAldXFlTdX4iw6GUaejrzhCroVz0JuJ/XjdRQc3LKI8TBZzMFgUJs1RkTaKx+lQAUSzVBBNB9a0WGWKBidIBlnQIzuLLy6RVrTiXlau7arley+MooiN0jM6Qg65RHd2iBmoigp7QC3pD78az8Wp8GJ+z1oKRzxyiPzC+fgEU1Jwr</latexit>

Talk of Teryaev, GPD, Form factors session, Mon. 18;  
pion GPDs from Sullivan process at EIC, talk of Morgado Chávex, GPD session, Mon. 18 



Ji’s Relation

1
2 !"

<latexit sha1_base64="/+98Fcw27C2/ZrBL48vxM7iw5dM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDLaCq5IURVdS0IXLivYBTSiT6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeIGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyBFGBWkqalmpBNLgnjASDsYXU389gORikbiXo9j4nM0EDSkGGkj9eyDihdKhFM3S2uZd02YRtC7owOOKj277FSdKeAicXNSBjkaPfvL60c44URozJBSXdeJtZ8iqSlmJCt5iSIxwiM0IF1DBeJE+en0hwweG6UPw0iaEhpO1d8TKeJKjXlgOjnSQzXvTcT/vG6iwws/pSJONBF4tihMGNQRnAQC+1QSrNnYEIQlNbdCPEQmE21iK5kQ3PmXF0mrVnVPq2e3tXL9Mo+jCA7BETgBLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AHLSpb3</latexit>

J g

<latexit sha1_base64="JktVSwQxLGyAi1CY5xvMTxgloM0=">AAAB7HicbVBNSwMxEJ31s9avqkcvwVbwVHaLoicpeBFPFdy20K4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1i+WDGCQ0EHkgWMYKNlfzK3eOg0iuV3ao7A1omXk7KkKPRK311+zFJBZWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LJRZUB9ns2Ak6tUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmreqdVy/ua+X6dR5HAY7hBM7Ag0uowy00wAcCDJ7hFd4c6bw4787HvHXFyWeO4A+czx/PRI4F</latexit>

L q
z

<latexit sha1_base64="WQLpd689XelDX9MGxRF/zA+HSek=">AAAB7nicbVA9SwNBEJ31M8avqKXNYiJYhbugaCUBGwuLCOYDkjPsbfaSJXt75+6eEI/8CBsLRWz9PXb+GzfJFZr4YODx3gwz8/xYcG0c5xstLa+srq3nNvKbW9s7u4W9/YaOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/eHVxG8+MqV5JO/MKGZeSPqSB5wSY6Vm6eb+oftU6haKTtmZAi8SNyNFyFDrFr46vYgmIZOGCqJ123Vi46VEGU4FG+c7iWYxoUPSZ21LJQmZ9tLpuWN8bJUeDiJlSxo8VX9PpCTUehT6tjMkZqDnvYn4n9dOTHDhpVzGiWGSzhYFicAmwpPfcY8rRo0YWUKo4vZWTAdEEWpsQnkbgjv/8iJpVMruafnstlKsXmZx5OAQjuAEXDiHKlxDDepAYQjP8ApvKEYv6B19zFqXUDZzAH+APn8AeBaO/g==</latexit>

J q,g = 1
2

! 1
! 1 dx x (H q,g(x, ! , 0) + E q,g(x, ! , 0))

<latexit sha1_base64="qz/qj1T/1hU0vX4tNrlvg2EytGs="></latexit>

1
2 = J q + J g

<latexit sha1_base64="zLMwK3gIYFdE0OADXnJscVeSYaI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJtgKglCSotiNUHAjXVWwD2jTMplO2qGTSZyZCCUE/BU3LhRx63e482+cPhbaeuDC4Zx7ufceL2JUKtv+NjIrq2vrG9nN3Nb2zu6euX/QkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3upn4zUciJA35vRpHxA3QgFOfYqS01DOPCh1fIJw4aVJKr6vdh/Nqd1DomXm7aE9hLRNnTvIwR61nfnX6IY4DwhVmSMq2Y0fKTZBQFDOS5jqxJBHCIzQgbU05Coh0k+n5qXWqlb7lh0IXV9ZU/T2RoEDKceDpzgCpoVz0JuJ/XjtWftlNKI9iRTieLfJjZqnQmmRh9akgWLGxJggLqm+18BDpOJROLKdDcBZfXiaNUtG5KF7elfKV8jyOLBzDCZyBA1dQgVuoQR0wJPAMr/BmPBkvxrvxMWvNGPOZQ/gD4/MHpuCUnA==</latexit>

 at         unpolarized PDF! = 0
<latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit>

not directly accessible

L q
z = J q ! 1

2 !"

<latexit sha1_base64="DNzS+LJ2w5rRVavtVXj71ZUIq5Y=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUxW6Egi5EXFS0D2jSMJlO2qGTR2cmQg35ATf+ihsXirh1786/cfpYaOuBC4dz7uXee9yIUSEN41vLLCwuLa9kV3Nr6xubW/r2Tl2EMcekhkMW8qaLBGE0IDVJJSPNiBPku4w03P75yG/cEy5oGNzJYURsH3UD6lGMpJIcvVC4bg+ch7Or9uDI8jjCiZkmpdS6IEwi65Z2fQQLjp43isYYcJ6YU5IHU1Qd/cvqhDj2SSAxQ0K0TCOSdoK4pJiRNGfFgkQI91GXtBQNkE+EnYy/SeGBUjrQC7mqQMKx+nsiQb4QQ99VnT6SPTHrjcT/vFYsvbKd0CCKJQnwZJEXMyhDOIoGdignWLKhIghzqm6FuIdUJlIFmFMhmLMvz5N6qWgeF09uSvlKeRpHFuyBfXAITHAKKuASVEENYPAInsEreNOetBftXfuYtGa06cwu+APt8wfoj5rM</latexit>

H (x, ! , t), E (x, ! , t)

<latexit sha1_base64="9rbUDo1SCaV27Md1mJGyU75sAdc=">AAACAnicbZBdSwJBFIbP9mn2tdVVdDOkgYHIrhR5KUTgpUF+gC4yO446OPvBzGwoi3TTX+mmiyK67Vd0179p1CVKe2Hg4T3ncOa8bsiZVJb1Zaysrq1vbKa20ts7u3v75sFhXQaRILRGAh6Iposl5cynNcUUp81QUOy5nDbc4fW03rinQrLAv1PjkDoe7vusxwhW2uqYx9lKbpRvj1henefRzQ+jbMfMWAVrJrQMdgIZSFTtmJ/tbkAij/qKcCxly7ZC5cRYKEY4naTbkaQhJkPcpy2NPvaodOLZCRN0pp0u6gVCP1+hmft7IsaelGPP1Z0eVgO5WJua/9VakeqVnJj5YaSoT+aLehFHKkDTPFCXCUoUH2vARDD9V0QGWGCidGppHYK9ePIy1IsF+6JweVvMlEtJHCk4gVPIgQ1XUIYKVKEGBB7gCV7g1Xg0no03433eumIkM0fwR8bHN+f5lIY=</latexit>

•                                : twist-2 GPDs

X. Ji, F. Yuan, Y. Zhao, Nature Rev. Phys. 3 (2021) 1


X. Ji, PRL 78 (1997) 610

Talk of X. Ji , Joint GPD - Helicity sessions, Thurs. 21



Ji’s Relation

1
2 !"

<latexit sha1_base64="/+98Fcw27C2/ZrBL48vxM7iw5dM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDLaCq5IURVdS0IXLivYBTSiT6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeIGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyBFGBWkqalmpBNLgnjASDsYXU389gORikbiXo9j4nM0EDSkGGkj9eyDihdKhFM3S2uZd02YRtC7owOOKj277FSdKeAicXNSBjkaPfvL60c44URozJBSXdeJtZ8iqSlmJCt5iSIxwiM0IF1DBeJE+en0hwweG6UPw0iaEhpO1d8TKeJKjXlgOjnSQzXvTcT/vG6iwws/pSJONBF4tihMGNQRnAQC+1QSrNnYEIQlNbdCPEQmE21iK5kQ3PmXF0mrVnVPq2e3tXL9Mo+jCA7BETgBLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AHLSpb3</latexit>

J g

<latexit sha1_base64="JktVSwQxLGyAi1CY5xvMTxgloM0=">AAAB7HicbVBNSwMxEJ31s9avqkcvwVbwVHaLoicpeBFPFdy20K4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1i+WDGCQ0EHkgWMYKNlfzK3eOg0iuV3ao7A1omXk7KkKPRK311+zFJBZWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LJRZUB9ns2Ak6tUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmreqdVy/ua+X6dR5HAY7hBM7Ag0uowy00wAcCDJ7hFd4c6bw4787HvHXFyWeO4A+czx/PRI4F</latexit>

L q
z

<latexit sha1_base64="WQLpd689XelDX9MGxRF/zA+HSek=">AAAB7nicbVA9SwNBEJ31M8avqKXNYiJYhbugaCUBGwuLCOYDkjPsbfaSJXt75+6eEI/8CBsLRWz9PXb+GzfJFZr4YODx3gwz8/xYcG0c5xstLa+srq3nNvKbW9s7u4W9/YaOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/eHVxG8+MqV5JO/MKGZeSPqSB5wSY6Vm6eb+oftU6haKTtmZAi8SNyNFyFDrFr46vYgmIZOGCqJ123Vi46VEGU4FG+c7iWYxoUPSZ21LJQmZ9tLpuWN8bJUeDiJlSxo8VX9PpCTUehT6tjMkZqDnvYn4n9dOTHDhpVzGiWGSzhYFicAmwpPfcY8rRo0YWUKo4vZWTAdEEWpsQnkbgjv/8iJpVMruafnstlKsXmZx5OAQjuAEXDiHKlxDDepAYQjP8ApvKEYv6B19zFqXUDZzAH+APn8AeBaO/g==</latexit>

J q,g = 1
2

! 1
! 1 dx x (H q,g(x, ! , 0) + E q,g(x, ! , 0))

<latexit sha1_base64="qz/qj1T/1hU0vX4tNrlvg2EytGs="></latexit>

1
2 = J q + J g

<latexit sha1_base64="zLMwK3gIYFdE0OADXnJscVeSYaI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJtgKglCSotiNUHAjXVWwD2jTMplO2qGTSZyZCCUE/BU3LhRx63e482+cPhbaeuDC4Zx7ufceL2JUKtv+NjIrq2vrG9nN3Nb2zu6euX/QkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3upn4zUciJA35vRpHxA3QgFOfYqS01DOPCh1fIJw4aVJKr6vdh/Nqd1DomXm7aE9hLRNnTvIwR61nfnX6IY4DwhVmSMq2Y0fKTZBQFDOS5jqxJBHCIzQgbU05Coh0k+n5qXWqlb7lh0IXV9ZU/T2RoEDKceDpzgCpoVz0JuJ/XjtWftlNKI9iRTieLfJjZqnQmmRh9akgWLGxJggLqm+18BDpOJROLKdDcBZfXiaNUtG5KF7elfKV8jyOLBzDCZyBA1dQgVuoQR0wJPAMr/BmPBkvxrvxMWvNGPOZQ/gD4/MHpuCUnA==</latexit>

 at         unpolarized PDF! = 0
<latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit>

not directly accessible

L q
z = J q ! 1

2 !"

<latexit sha1_base64="DNzS+LJ2w5rRVavtVXj71ZUIq5Y=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUxW6Egi5EXFS0D2jSMJlO2qGTR2cmQg35ATf+ihsXirh1786/cfpYaOuBC4dz7uXee9yIUSEN41vLLCwuLa9kV3Nr6xubW/r2Tl2EMcekhkMW8qaLBGE0IDVJJSPNiBPku4w03P75yG/cEy5oGNzJYURsH3UD6lGMpJIcvVC4bg+ch7Or9uDI8jjCiZkmpdS6IEwi65Z2fQQLjp43isYYcJ6YU5IHU1Qd/cvqhDj2SSAxQ0K0TCOSdoK4pJiRNGfFgkQI91GXtBQNkE+EnYy/SeGBUjrQC7mqQMKx+nsiQb4QQ99VnT6SPTHrjcT/vFYsvbKd0CCKJQnwZJEXMyhDOIoGdignWLKhIghzqm6FuIdUJlIFmFMhmLMvz5N6qWgeF09uSvlKeRpHFuyBfXAITHAKKuASVEENYPAInsEreNOetBftXfuYtGa06cwu+APt8wfoj5rM</latexit>

H (x, ! , t), E (x, ! , t)

<latexit sha1_base64="9rbUDo1SCaV27Md1mJGyU75sAdc=">AAACAnicbZBdSwJBFIbP9mn2tdVVdDOkgYHIrhR5KUTgpUF+gC4yO446OPvBzGwoi3TTX+mmiyK67Vd0179p1CVKe2Hg4T3ncOa8bsiZVJb1Zaysrq1vbKa20ts7u3v75sFhXQaRILRGAh6Iposl5cynNcUUp81QUOy5nDbc4fW03rinQrLAv1PjkDoe7vusxwhW2uqYx9lKbpRvj1henefRzQ+jbMfMWAVrJrQMdgIZSFTtmJ/tbkAij/qKcCxly7ZC5cRYKEY4naTbkaQhJkPcpy2NPvaodOLZCRN0pp0u6gVCP1+hmft7IsaelGPP1Z0eVgO5WJua/9VakeqVnJj5YaSoT+aLehFHKkDTPFCXCUoUH2vARDD9V0QGWGCidGppHYK9ePIy1IsF+6JweVvMlEtJHCk4gVPIgQ1XUIYKVKEGBB7gCV7g1Xg0no03433eumIkM0fwR8bHN+f5lIY=</latexit>

•                                : twist-2 GPDs

• Requires extrapolation to t=0

X. Ji, F. Yuan, Y. Zhao, Nature Rev. Phys. 3 (2021) 1
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Ji’s Relation

1
2 !"

<latexit sha1_base64="/+98Fcw27C2/ZrBL48vxM7iw5dM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDLaCq5IURVdS0IXLivYBTSiT6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeIGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyBFGBWkqalmpBNLgnjASDsYXU389gORikbiXo9j4nM0EDSkGGkj9eyDihdKhFM3S2uZd02YRtC7owOOKj277FSdKeAicXNSBjkaPfvL60c44URozJBSXdeJtZ8iqSlmJCt5iSIxwiM0IF1DBeJE+en0hwweG6UPw0iaEhpO1d8TKeJKjXlgOjnSQzXvTcT/vG6iwws/pSJONBF4tihMGNQRnAQC+1QSrNnYEIQlNbdCPEQmE21iK5kQ3PmXF0mrVnVPq2e3tXL9Mo+jCA7BETgBLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AHLSpb3</latexit>

J g

<latexit sha1_base64="JktVSwQxLGyAi1CY5xvMTxgloM0=">AAAB7HicbVBNSwMxEJ31s9avqkcvwVbwVHaLoicpeBFPFdy20K4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1i+WDGCQ0EHkgWMYKNlfzK3eOg0iuV3ao7A1omXk7KkKPRK311+zFJBZWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LJRZUB9ns2Ak6tUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmreqdVy/ua+X6dR5HAY7hBM7Ag0uowy00wAcCDJ7hFd4c6bw4787HvHXFyWeO4A+czx/PRI4F</latexit>

L q
z

<latexit sha1_base64="WQLpd689XelDX9MGxRF/zA+HSek=">AAAB7nicbVA9SwNBEJ31M8avqKXNYiJYhbugaCUBGwuLCOYDkjPsbfaSJXt75+6eEI/8CBsLRWz9PXb+GzfJFZr4YODx3gwz8/xYcG0c5xstLa+srq3nNvKbW9s7u4W9/YaOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/eHVxG8+MqV5JO/MKGZeSPqSB5wSY6Vm6eb+oftU6haKTtmZAi8SNyNFyFDrFr46vYgmIZOGCqJ123Vi46VEGU4FG+c7iWYxoUPSZ21LJQmZ9tLpuWN8bJUeDiJlSxo8VX9PpCTUehT6tjMkZqDnvYn4n9dOTHDhpVzGiWGSzhYFicAmwpPfcY8rRo0YWUKo4vZWTAdEEWpsQnkbgjv/8iJpVMruafnstlKsXmZx5OAQjuAEXDiHKlxDDepAYQjP8ApvKEYv6B19zFqXUDZzAH+APn8AeBaO/g==</latexit>

J q,g = 1
2

! 1
! 1 dx x (H q,g(x, ! , 0) + E q,g(x, ! , 0))

<latexit sha1_base64="qz/qj1T/1hU0vX4tNrlvg2EytGs="></latexit>

1
2 = J q + J g

<latexit sha1_base64="zLMwK3gIYFdE0OADXnJscVeSYaI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJtgKglCSotiNUHAjXVWwD2jTMplO2qGTSZyZCCUE/BU3LhRx63e482+cPhbaeuDC4Zx7ufceL2JUKtv+NjIrq2vrG9nN3Nb2zu6euX/QkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3upn4zUciJA35vRpHxA3QgFOfYqS01DOPCh1fIJw4aVJKr6vdh/Nqd1DomXm7aE9hLRNnTvIwR61nfnX6IY4DwhVmSMq2Y0fKTZBQFDOS5jqxJBHCIzQgbU05Coh0k+n5qXWqlb7lh0IXV9ZU/T2RoEDKceDpzgCpoVz0JuJ/XjtWftlNKI9iRTieLfJjZqnQmmRh9akgWLGxJggLqm+18BDpOJROLKdDcBZfXiaNUtG5KF7elfKV8jyOLBzDCZyBA1dQgVuoQR0wJPAMr/BmPBkvxrvxMWvNGPOZQ/gD4/MHpuCUnA==</latexit>

 at         unpolarized PDF! = 0
<latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit>

not directly accessible

L q
z = J q ! 1

2 !"

<latexit sha1_base64="DNzS+LJ2w5rRVavtVXj71ZUIq5Y=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUxW6Egi5EXFS0D2jSMJlO2qGTR2cmQg35ATf+ihsXirh1786/cfpYaOuBC4dz7uXee9yIUSEN41vLLCwuLa9kV3Nr6xubW/r2Tl2EMcekhkMW8qaLBGE0IDVJJSPNiBPku4w03P75yG/cEy5oGNzJYURsH3UD6lGMpJIcvVC4bg+ch7Or9uDI8jjCiZkmpdS6IEwi65Z2fQQLjp43isYYcJ6YU5IHU1Qd/cvqhDj2SSAxQ0K0TCOSdoK4pJiRNGfFgkQI91GXtBQNkE+EnYy/SeGBUjrQC7mqQMKx+nsiQb4QQ99VnT6SPTHrjcT/vFYsvbKd0CCKJQnwZJEXMyhDOIoGdignWLKhIghzqm6FuIdUJlIFmFMhmLMvz5N6qWgeF09uSvlKeRpHFuyBfXAITHAKKuASVEENYPAInsEreNOetBftXfuYtGa06cwu+APt8wfoj5rM</latexit>

H (x, ! , t), E (x, ! , t)

<latexit sha1_base64="9rbUDo1SCaV27Md1mJGyU75sAdc=">AAACAnicbZBdSwJBFIbP9mn2tdVVdDOkgYHIrhR5KUTgpUF+gC4yO446OPvBzGwoi3TTX+mmiyK67Vd0179p1CVKe2Hg4T3ncOa8bsiZVJb1Zaysrq1vbKa20ts7u3v75sFhXQaRILRGAh6Iposl5cynNcUUp81QUOy5nDbc4fW03rinQrLAv1PjkDoe7vusxwhW2uqYx9lKbpRvj1henefRzQ+jbMfMWAVrJrQMdgIZSFTtmJ/tbkAij/qKcCxly7ZC5cRYKEY4naTbkaQhJkPcpy2NPvaodOLZCRN0pp0u6gVCP1+hmft7IsaelGPP1Z0eVgO5WJua/9VakeqVnJj5YaSoT+aLehFHKkDTPFCXCUoUH2vARDD9V0QGWGCidGppHYK9ePIy1IsF+6JweVvMlEtJHCk4gVPIgQ1XUIYKVKEGBB7gCV7g1Xg0no03433eumIkM0fwR8bHN+f5lIY=</latexit>

•                                : twist-2 GPDs

• Requires extrapolation to t=0

• Requires spanning x at fixed values of               is the most convenient)  ! (! = 0

<latexit sha1_base64="ruQ3pfESuhNooHV6qL/jhX0mLEw=">AAAB+HicbVDLSgMxFL3js9ZHR126CbZCF1JmimI3QsGNywr2AZ2hZNJMG5rJDElGrKVf4saFIm79FHf+jWk7C209cLmHc+4lNydIOFPacb6ttfWNza3t3E5+d2//oGAfHrVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxuZn77gUrFYnGvxwn1IzwQLGQEayP17ELJe2TIO0dl06+dUs8uOhVnDrRK3IwUIUOjZ395/ZikERWacKxU13US7U+w1IxwOs17qaIJJiM8oF1DBY6o8ifzw6fozCh9FMbSlNBorv7emOBIqXEUmMkI66Fa9mbif1431WHNnzCRpJoKsngoTDnSMZqlgPpMUqL52BBMJDO3IjLEEhNtssqbENzlL6+SVrXiXlQu76rFei2LIwcncAplcOEK6nALDWgCgRSe4RXerCfrxXq3Phaja1a2cwx/YH3+AAm5kVw=</latexit>
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Ji’s Relation

1
2 !"

<latexit sha1_base64="/+98Fcw27C2/ZrBL48vxM7iw5dM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDLaCq5IURVdS0IXLivYBTSiT6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeIGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyBFGBWkqalmpBNLgnjASDsYXU389gORikbiXo9j4nM0EDSkGGkj9eyDihdKhFM3S2uZd02YRtC7owOOKj277FSdKeAicXNSBjkaPfvL60c44URozJBSXdeJtZ8iqSlmJCt5iSIxwiM0IF1DBeJE+en0hwweG6UPw0iaEhpO1d8TKeJKjXlgOjnSQzXvTcT/vG6iwws/pSJONBF4tihMGNQRnAQC+1QSrNnYEIQlNbdCPEQmE21iK5kQ3PmXF0mrVnVPq2e3tXL9Mo+jCA7BETgBLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AHLSpb3</latexit>

J g

<latexit sha1_base64="JktVSwQxLGyAi1CY5xvMTxgloM0=">AAAB7HicbVBNSwMxEJ31s9avqkcvwVbwVHaLoicpeBFPFdy20K4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1i+WDGCQ0EHkgWMYKNlfzK3eOg0iuV3ao7A1omXk7KkKPRK311+zFJBZWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LJRZUB9ns2Ak6tUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmreqdVy/ua+X6dR5HAY7hBM7Ag0uowy00wAcCDJ7hFd4c6bw4787HvHXFyWeO4A+czx/PRI4F</latexit>

L q
z

<latexit sha1_base64="WQLpd689XelDX9MGxRF/zA+HSek=">AAAB7nicbVA9SwNBEJ31M8avqKXNYiJYhbugaCUBGwuLCOYDkjPsbfaSJXt75+6eEI/8CBsLRWz9PXb+GzfJFZr4YODx3gwz8/xYcG0c5xstLa+srq3nNvKbW9s7u4W9/YaOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/eHVxG8+MqV5JO/MKGZeSPqSB5wSY6Vm6eb+oftU6haKTtmZAi8SNyNFyFDrFr46vYgmIZOGCqJ123Vi46VEGU4FG+c7iWYxoUPSZ21LJQmZ9tLpuWN8bJUeDiJlSxo8VX9PpCTUehT6tjMkZqDnvYn4n9dOTHDhpVzGiWGSzhYFicAmwpPfcY8rRo0YWUKo4vZWTAdEEWpsQnkbgjv/8iJpVMruafnstlKsXmZx5OAQjuAEXDiHKlxDDepAYQjP8ApvKEYv6B19zFqXUDZzAH+APn8AeBaO/g==</latexit>

J q,g = 1
2

! 1
! 1 dx x (H q,g(x, ! , 0) + E q,g(x, ! , 0))

<latexit sha1_base64="qz/qj1T/1hU0vX4tNrlvg2EytGs="></latexit>

1
2 = J q + J g

<latexit sha1_base64="zLMwK3gIYFdE0OADXnJscVeSYaI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJtgKglCSotiNUHAjXVWwD2jTMplO2qGTSZyZCCUE/BU3LhRx63e482+cPhbaeuDC4Zx7ufceL2JUKtv+NjIrq2vrG9nN3Nb2zu6euX/QkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3upn4zUciJA35vRpHxA3QgFOfYqS01DOPCh1fIJw4aVJKr6vdh/Nqd1DomXm7aE9hLRNnTvIwR61nfnX6IY4DwhVmSMq2Y0fKTZBQFDOS5jqxJBHCIzQgbU05Coh0k+n5qXWqlb7lh0IXV9ZU/T2RoEDKceDpzgCpoVz0JuJ/XjtWftlNKI9iRTieLfJjZqnQmmRh9akgWLGxJggLqm+18BDpOJROLKdDcBZfXiaNUtG5KF7elfKV8jyOLBzDCZyBA1dQgVuoQR0wJPAMr/BmPBkvxrvxMWvNGPOZQ/gD4/MHpuCUnA==</latexit>

 at         unpolarized PDF! = 0
<latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit>

not directly accessible

L q
z = J q ! 1

2 !"

<latexit sha1_base64="DNzS+LJ2w5rRVavtVXj71ZUIq5Y=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUxW6Egi5EXFS0D2jSMJlO2qGTR2cmQg35ATf+ihsXirh1786/cfpYaOuBC4dz7uXee9yIUSEN41vLLCwuLa9kV3Nr6xubW/r2Tl2EMcekhkMW8qaLBGE0IDVJJSPNiBPku4w03P75yG/cEy5oGNzJYURsH3UD6lGMpJIcvVC4bg+ch7Or9uDI8jjCiZkmpdS6IEwi65Z2fQQLjp43isYYcJ6YU5IHU1Qd/cvqhDj2SSAxQ0K0TCOSdoK4pJiRNGfFgkQI91GXtBQNkE+EnYy/SeGBUjrQC7mqQMKx+nsiQb4QQ99VnT6SPTHrjcT/vFYsvbKd0CCKJQnwZJEXMyhDOIoGdignWLKhIghzqm6FuIdUJlIFmFMhmLMvz5N6qWgeF09uSvlKeRpHFuyBfXAITHAKKuASVEENYPAInsEreNOetBftXfuYtGa06cwu+APt8wfoj5rM</latexit>

H (x, ! , t), E (x, ! , t)

<latexit sha1_base64="9rbUDo1SCaV27Md1mJGyU75sAdc=">AAACAnicbZBdSwJBFIbP9mn2tdVVdDOkgYHIrhR5KUTgpUF+gC4yO446OPvBzGwoi3TTX+mmiyK67Vd0179p1CVKe2Hg4T3ncOa8bsiZVJb1Zaysrq1vbKa20ts7u3v75sFhXQaRILRGAh6Iposl5cynNcUUp81QUOy5nDbc4fW03rinQrLAv1PjkDoe7vusxwhW2uqYx9lKbpRvj1henefRzQ+jbMfMWAVrJrQMdgIZSFTtmJ/tbkAij/qKcCxly7ZC5cRYKEY4naTbkaQhJkPcpy2NPvaodOLZCRN0pp0u6gVCP1+hmft7IsaelGPP1Z0eVgO5WJua/9VakeqVnJj5YaSoT+aLehFHKkDTPFCXCUoUH2vARDD9V0QGWGCidGppHYK9ePIy1IsF+6JweVvMlEtJHCk4gVPIgQ1XUIYKVKEGBB7gCV7g1Xg0no03433eumIkM0fwR8bHN+f5lIY=</latexit>

•                                : twist-2 GPDs

J q,g(x) != 1
2 [xH q,g(x, 0, 0) + E q,g(x, 0, 0)]

<latexit sha1_base64="Fz6QhbzX74jVX/oLX6xZSd0159w=">AAACJXicbVDLSgMxFM34rPU16tJNsBVaLGWmKHbhoiBCcVXB1kI7lkyaaUMzmT HJSMswP+PGX3HjwiKCK3/F9CH4OnDh5Jx7yb3HDRmVyrLejYXFpeWV1dRaen1jc2vb3NltyCASmNRxwALRdJEkjHJSV1Qx0gwFQb7LyI07OJ/4N/dESBrwazUKieOjHqcexUhpqWOeZS9v47tCL8kN821OYNsTCMd2EpeS1hBWv7yCVbDyRxc/nk62Y2asojUF/EvsOcmAOWodc9zuBjjyCVeYISlbthUqJ0ZCUcxIkm5HkoQID1CPtDTlyCfSiadXJvBQK13oBUIXV3Cqfp+IkS/lyHd1p49UX/72JuJ/XitSXtmJKQ8jRTiefeRFDKoATiKDXSoIVmykCcKC6l0h7iOdk9LBpnUI9u+T/5JGqWgfF0+uSplKeR5HCuyDA5ADNjgFFVAFNVAHGDyAJ/ACxsaj8Wy8Gm+z1gVjPrMHfsD4+ARvoaIM</latexit>

•                                                                     not angular momentum density 

• Requires extrapolation to t=0

• Requires spanning x at fixed values of               is the most convenient)  ! (! = 0

<latexit sha1_base64="ruQ3pfESuhNooHV6qL/jhX0mLEw=">AAAB+HicbVDLSgMxFL3js9ZHR126CbZCF1JmimI3QsGNywr2AZ2hZNJMG5rJDElGrKVf4saFIm79FHf+jWk7C209cLmHc+4lNydIOFPacb6ttfWNza3t3E5+d2//oGAfHrVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxuZn77gUrFYnGvxwn1IzwQLGQEayP17ELJe2TIO0dl06+dUs8uOhVnDrRK3IwUIUOjZ395/ZikERWacKxU13US7U+w1IxwOs17qaIJJiM8oF1DBY6o8ifzw6fozCh9FMbSlNBorv7emOBIqXEUmMkI66Fa9mbif1431WHNnzCRpJoKsngoTDnSMZqlgPpMUqL52BBMJDO3IjLEEhNtssqbENzlL6+SVrXiXlQu76rFei2LIwcncAplcOEK6nALDWgCgRSe4RXerCfrxXq3Phaja1a2cwx/YH3+AAm5kVw=</latexit>
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Ji’s Relation

1
2 !"

<latexit sha1_base64="/+98Fcw27C2/ZrBL48vxM7iw5dM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDLaCq5IURVdS0IXLivYBTSiT6aQdOjMJMxOhhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufeeIGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyBFGBWkqalmpBNLgnjASDsYXU389gORikbiXo9j4nM0EDSkGGkj9eyDihdKhFM3S2uZd02YRtC7owOOKj277FSdKeAicXNSBjkaPfvL60c44URozJBSXdeJtZ8iqSlmJCt5iSIxwiM0IF1DBeJE+en0hwweG6UPw0iaEhpO1d8TKeJKjXlgOjnSQzXvTcT/vG6iwws/pSJONBF4tihMGNQRnAQC+1QSrNnYEIQlNbdCPEQmE21iK5kQ3PmXF0mrVnVPq2e3tXL9Mo+jCA7BETgBLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MWgtWPrMP/sD6/AHLSpb3</latexit>

J g

<latexit sha1_base64="JktVSwQxLGyAi1CY5xvMTxgloM0=">AAAB7HicbVBNSwMxEJ31s9avqkcvwVbwVHaLoicpeBFPFdy20K4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1i+WDGCQ0EHkgWMYKNlfzK3eOg0iuV3ao7A1omXk7KkKPRK311+zFJBZWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LJRZUB9ns2Ak6tUofRbGyJQ2aqb8nMiy0HovQdgpshnrRm4r/eZ3URFdBxmSSGirJfFGUcmRiNP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmreqdVy/ua+X6dR5HAY7hBM7Ag0uowy00wAcCDJ7hFd4c6bw4787HvHXFyWeO4A+czx/PRI4F</latexit>

L q
z

<latexit sha1_base64="WQLpd689XelDX9MGxRF/zA+HSek=">AAAB7nicbVA9SwNBEJ31M8avqKXNYiJYhbugaCUBGwuLCOYDkjPsbfaSJXt75+6eEI/8CBsLRWz9PXb+GzfJFZr4YODx3gwz8/xYcG0c5xstLa+srq3nNvKbW9s7u4W9/YaOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/eHVxG8+MqV5JO/MKGZeSPqSB5wSY6Vm6eb+oftU6haKTtmZAi8SNyNFyFDrFr46vYgmIZOGCqJ123Vi46VEGU4FG+c7iWYxoUPSZ21LJQmZ9tLpuWN8bJUeDiJlSxo8VX9PpCTUehT6tjMkZqDnvYn4n9dOTHDhpVzGiWGSzhYFicAmwpPfcY8rRo0YWUKo4vZWTAdEEWpsQnkbgjv/8iJpVMruafnstlKsXmZx5OAQjuAEXDiHKlxDDepAYQjP8ApvKEYv6B19zFqXUDZzAH+APn8AeBaO/g==</latexit>

J q,g = 1
2

! 1
! 1 dx x (H q,g(x, ! , 0) + E q,g(x, ! , 0))

<latexit sha1_base64="qz/qj1T/1hU0vX4tNrlvg2EytGs="></latexit>

1
2 = J q + J g

<latexit sha1_base64="zLMwK3gIYFdE0OADXnJscVeSYaI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJtgKglCSotiNUHAjXVWwD2jTMplO2qGTSZyZCCUE/BU3LhRx63e482+cPhbaeuDC4Zx7ufceL2JUKtv+NjIrq2vrG9nN3Nb2zu6euX/QkGEsMKnjkIWi5SFJGOWkrqhipBUJggKPkaY3upn4zUciJA35vRpHxA3QgFOfYqS01DOPCh1fIJw4aVJKr6vdh/Nqd1DomXm7aE9hLRNnTvIwR61nfnX6IY4DwhVmSMq2Y0fKTZBQFDOS5jqxJBHCIzQgbU05Coh0k+n5qXWqlb7lh0IXV9ZU/T2RoEDKceDpzgCpoVz0JuJ/XjtWftlNKI9iRTieLfJjZqnQmmRh9akgWLGxJggLqm+18BDpOJROLKdDcBZfXiaNUtG5KF7elfKV8jyOLBzDCZyBA1dQgVuoQR0wJPAMr/BmPBkvxrvxMWvNGPOZQ/gD4/MHpuCUnA==</latexit>

 at         unpolarized PDF! = 0
<latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit><latexit sha1_base64="+qj446TYjVFf2yvEsZaK8kmdtkM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUBshYGMZwSRCcoS9zVyyZG/v2N0Tw5EfYWOhiK2/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi9RBQjYJLbBluBD4kCmkUCOwE45uZ33lEpXks780kQT+iQ8lDzqixUqfae+LXbrVfrrg1dw6ySrycVCBHs1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3dKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7nQy4QmbExBLKFLe3EjaiijJjEyrZELzll1dJu17z3Jp3V680LvI4inACp3AOHlxCA26hCS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAwCOpA==</latexit>

not directly accessible

L q
z = J q ! 1

2 !"

<latexit sha1_base64="DNzS+LJ2w5rRVavtVXj71ZUIq5Y=">AAACDXicbVDLSsNAFJ3UV62vqEs3g63gxpIUxW6Egi5EXFS0D2jSMJlO2qGTR2cmQg35ATf+ihsXirh1786/cfpYaOuBC4dz7uXee9yIUSEN41vLLCwuLa9kV3Nr6xubW/r2Tl2EMcekhkMW8qaLBGE0IDVJJSPNiBPku4w03P75yG/cEy5oGNzJYURsH3UD6lGMpJIcvVC4bg+ch7Or9uDI8jjCiZkmpdS6IEwi65Z2fQQLjp43isYYcJ6YU5IHU1Qd/cvqhDj2SSAxQ0K0TCOSdoK4pJiRNGfFgkQI91GXtBQNkE+EnYy/SeGBUjrQC7mqQMKx+nsiQb4QQ99VnT6SPTHrjcT/vFYsvbKd0CCKJQnwZJEXMyhDOIoGdignWLKhIghzqm6FuIdUJlIFmFMhmLMvz5N6qWgeF09uSvlKeRpHFuyBfXAITHAKKuASVEENYPAInsEreNOetBftXfuYtGa06cwu+APt8wfoj5rM</latexit>

H (x, ! , t), E (x, ! , t)

<latexit sha1_base64="9rbUDo1SCaV27Md1mJGyU75sAdc=">AAACAnicbZBdSwJBFIbP9mn2tdVVdDOkgYHIrhR5KUTgpUF+gC4yO446OPvBzGwoi3TTX+mmiyK67Vd0179p1CVKe2Hg4T3ncOa8bsiZVJb1Zaysrq1vbKa20ts7u3v75sFhXQaRILRGAh6Iposl5cynNcUUp81QUOy5nDbc4fW03rinQrLAv1PjkDoe7vusxwhW2uqYx9lKbpRvj1henefRzQ+jbMfMWAVrJrQMdgIZSFTtmJ/tbkAij/qKcCxly7ZC5cRYKEY4naTbkaQhJkPcpy2NPvaodOLZCRN0pp0u6gVCP1+hmft7IsaelGPP1Z0eVgO5WJua/9VakeqVnJj5YaSoT+aLehFHKkDTPFCXCUoUH2vARDD9V0QGWGCidGppHYK9ePIy1IsF+6JweVvMlEtJHCk4gVPIgQ1XUIYKVKEGBB7gCV7g1Xg0no03433eumIkM0fwR8bHN+f5lIY=</latexit>

•                                : twist-2 GPDs

J q,g(x) != 1
2 [xH q,g(x, 0, 0) + E q,g(x, 0, 0)]

<latexit sha1_base64="Fz6QhbzX74jVX/oLX6xZSd0159w=">AAACJXicbVDLSgMxFM34rPU16tJNsBVaLGWmKHbhoiBCcVXB1kI7lkyaaUMzmT HJSMswP+PGX3HjwiKCK3/F9CH4OnDh5Jx7yb3HDRmVyrLejYXFpeWV1dRaen1jc2vb3NltyCASmNRxwALRdJEkjHJSV1Qx0gwFQb7LyI07OJ/4N/dESBrwazUKieOjHqcexUhpqWOeZS9v47tCL8kN821OYNsTCMd2EpeS1hBWv7yCVbDyRxc/nk62Y2asojUF/EvsOcmAOWodc9zuBjjyCVeYISlbthUqJ0ZCUcxIkm5HkoQID1CPtDTlyCfSiadXJvBQK13oBUIXV3Cqfp+IkS/lyHd1p49UX/72JuJ/XitSXtmJKQ8jRTiefeRFDKoATiKDXSoIVmykCcKC6l0h7iOdk9LBpnUI9u+T/5JGqWgfF0+uSplKeR5HCuyDA5ADNjgFFVAFNVAHGDyAJ/ACxsaj8Wy8Gm+z1gVjPrMHfsD4+ARvoaIM</latexit>

•                                                                     not angular momentum density 

• Requires extrapolation to t=0

• Requires spanning x at fixed values of               is the most convenient)  ! (! = 0
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• OAM can be related to twist-3 GPDs: not simple partonic interpretation,  
                                                            but definition of a gauge-invariant covariant OAM density

X. Ji, F. Yuan, Y. Zhao, Nature Rev. Phys. 3 (2021) 1


X. Ji, PRL 78 (1997) 610

Talk of X. Ji , Joint GPD - Helicity sessions, Thurs. 21



Hermes Coll., JHEP 06 (2008) 066JLab Hall A, Phys. Rev. Lett. 99 (2007) 242501

extractions from HERMES 
data using two different 
models

QCDSF: PoS (Lattice 2007) 158

LHPC: PRD77 (2008) 094502

Lattice results

DFJK, EPJC39 (2005) 1

GPDs extracted from form factors

Orbital Angular momentum of the proton 
 from available GPD measurements


Improved accuracy with JLab12 and future EIC measurements! 

J q,g = 1
2

! 1
! 1 dx x (H q,g(x, ! , 0) + E q,g(x, ! , 0))
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• Complete momentum spectrum of single particle


• Transverse momentum size as function of x (3D map)


• Spin-Spin and Spin-Orbit Correlations of partons


• Information on parton orbital angular momentum  
(no direct model-independent relation)

Key information from Transverse Momentum Dependent PDFs 

*similar classification for gluon TMDs

TMD U L T

U f 1 h!
1

L g1L h!
1L

T f !
1T g1T h1, h!

1T

unpolarized 
target and partons

deformation due to 
spin-spin and spin-orbit correlations

nu
cl

eo
n 

po
la

ri
z.

quark polarization



TMD

FF

TMD

TMD

Fragmentation Functions

! Factorization 

! Universality 

SIDIS Drell-Yan

How to measure TMDs 



Quark unpolarized TMD extractions

Framework HERMES COMPASS DY Z

Production

N of 
points

Pavia 2016 
arXiv:1703.10157

NLL 8059

SV 2017 
arXiv:1706.01473

NNLL 309

BSV 2019 
arXiv:1902.08474

NNLL 457

Pavia 2019

arXiv:1912.07550

NNNLL 353

SV 2020 
arXiv:1912.06532

NNNLL 1039

MAP 2022

in progress

NNNLL >1500

Talk of M. Cerutti, TMD session, Tue. 19.

https://arxiv.org/pdf/1912.07550.pdf
https://arxiv.org/pdf/1912.06532.pdf


Quark unpolarized TMD extractions f 1(x, !k! )
<latexit sha1_base64="cLHIHXIIQualSDVfKm7qW0XVr34="></latexit>

Scimemi, Vladimirov, JHEP 06 (2020)137

DY data at NNNLL

DY+ SIDIS data  
at NNNLL

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici, JHEP 07 (2020) 117



Quark unpolarized TMD extractions f 1(x, !k! )
<latexit sha1_base64="cLHIHXIIQualSDVfKm7qW0XVr34="></latexit>

Scimemi, Vladimirov, JHEP 06 (2020)137

Open issues:

 Flavor dependence and more flexible functional forms     

 Different choices in implementation of TMD formalism

 More data needed to test the formalism and functional form of parametrizations

 Improvements on the knowledge of the fragmentation functions

DY data at NNNLL

DY+ SIDIS data  
at NNNLL

Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici, JHEP 07 (2020) 117



Foreseen EIC impact on unp. TMDs: SIDIS measurements 

Sensitivity coefficients: measure of the correlation between fit parameters and  
measurable quantities at EIC

Talk of M. Cerutti, Joint TMD-GPD-Future facilities sessions, 
Tue. 19.

EIC Yellow Report: arXiv: 2103.05419 
based on Bacchetta, et al.,  JHEP 07 (2020) 117




f !
1T =

non-zero ONLY with final-state interaction

the helicity mismatch requires orbital angular momentum (OAM)

unpolarized quarks in     pol. nucleon!

non trivial correlation between quark OAM and nucleon transverse spin

no counterpart in IPD and PDF case

Sivers function

f SIDIS
1T (x, k! ) = ! f DY

1T (x, k! )
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first hints of sign change from STAR and COMPASS data



kx (GeV)

<latexit sha1_base64="BIUwszDLCbh30vrWIUVe1EI5hGk=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYCLES9gNvo4BD3qMYB6wWcLsZDYZMjuzzPSKIeQzvHhQxKtf482/cZLsQRMLGoqqbrq7wkRwA6777aysrq1vbOa28ts7u3v7hYPDplGppqxBlVC6HRLDBJesARwEayeakTgUrBUOb6Z+65Fpw5V8gFHCgpj0JY84JWAlvzTsPpVw+ZY1z7qFoltxZ8DLxMtIEWWodwtfnZ6iacwkUEGM8T03gWBMNHAq2CTfSQ1LCB2SPvMtlSRmJhjPTp7gU6v0cKS0LQl4pv6eGJPYmFEc2s6YwMAselPxP89PIboOxlwmKTBJ54uiVGBQePo/7nHNKIiRJYRqbm/FdEA0oWBTytsQvMWXl0mzWvHOKxf31WLtMosjh47RCSojD12hGrpDddRAFCn0jF7RmwPOi/PufMxbV5xs5gj9gfP5Azc9j98=</latexit>

kx (GeV)

<latexit sha1_base64="BIUwszDLCbh30vrWIUVe1EI5hGk=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYCLES9gNvo4BD3qMYB6wWcLsZDYZMjuzzPSKIeQzvHhQxKtf482/cZLsQRMLGoqqbrq7wkRwA6777aysrq1vbOa28ts7u3v7hYPDplGppqxBlVC6HRLDBJesARwEayeakTgUrBUOb6Z+65Fpw5V8gFHCgpj0JY84JWAlvzTsPpVw+ZY1z7qFoltxZ8DLxMtIEWWodwtfnZ6iacwkUEGM8T03gWBMNHAq2CTfSQ1LCB2SPvMtlSRmJhjPTp7gU6v0cKS0LQl4pv6eGJPYmFEc2s6YwMAselPxP89PIboOxlwmKTBJ54uiVGBQePo/7nHNKIiRJYRqbm/FdEA0oWBTytsQvMWXl0mzWvHOKxf31WLtMosjh47RCSojD12hGrpDddRAFCn0jF7RmwPOi/PufMxbV5xs5gj9gfP5Azc9j98=</latexit>

k y
(G

eV
)

<latexit sha1_base64="Rz1xQUTA+JMhrI89j4MT1e+nDFY=">AAAB8nicbVDLSsNAFJ3UV62vqks3g61QNyUpvpYFF7qsYB+QhjKZ3rRDJ5kwMxFC6Ge4caGIW7/GnX/jtM1CWw9cOJxzL/fe48ecKW3b31ZhbX1jc6u4XdrZ3ds/KB8edZRIJIU2FVzInk8UcBZBWzPNoRdLIKHPoetPbmd+9wmkYiJ61GkMXkhGEQsYJdpIbnUySKu4dged80G5YtftOfAqcXJSQTlag/JXfyhoEkKkKSdKuY4day8jUjPKYVrqJwpiQidkBK6hEQlBedn85Ck+M8oQB0KaijSeq78nMhIqlYa+6QyJHqtlbyb+57mJDm68jEVxoiGii0VBwrEWePY/HjIJVPPUEEIlM7diOiaSUG1SKpkQnOWXV0mnUXcu6pcPjUrzKo+jiE7QKaohB12jJrpHLdRGFAn0jF7Rm6WtF+vd+li0Fqx85hj9gfX5AzjIj+A=</latexit> k y
(G

eV
)

<latexit sha1_base64="Rz1xQUTA+JMhrI89j4MT1e+nDFY=">AAAB8nicbVDLSsNAFJ3UV62vqks3g61QNyUpvpYFF7qsYB+QhjKZ3rRDJ5kwMxFC6Ge4caGIW7/GnX/jtM1CWw9cOJxzL/fe48ecKW3b31ZhbX1jc6u4XdrZ3ds/KB8edZRIJIU2FVzInk8UcBZBWzPNoRdLIKHPoetPbmd+9wmkYiJ61GkMXkhGEQsYJdpIbnUySKu4dged80G5YtftOfAqcXJSQTlag/JXfyhoEkKkKSdKuY4day8jUjPKYVrqJwpiQidkBK6hEQlBedn85Ck+M8oQB0KaijSeq78nMhIqlYa+6QyJHqtlbyb+57mJDm68jEVxoiGii0VBwrEWePY/HjIJVPPUEEIlM7diOiaSUG1SKpkQnOWXV0mnUXcu6pcPjUrzKo+jiE7QKaohB12jJrpHLdRGFAn0jF7Rm6WtF+vd+li0Fqx85hj9gfX5AzjIj+A=</latexit>

! UT y (x, "k! , Sy ) = f 1(x, k! ) ! kx
M f !

1T (x, k! )

<latexit sha1_base64="cQzWYAOTsLEYzUY/sBmBBdVSlNQ="></latexit>

Global fit to SIDIS, DY, W  /Z boson production±
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more on quark and gluon Sivers, TMD session, Tue. 19

M. Bury, A. Prokudin, A. Vladimirov, JHEP 05 (2021) 151
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TMDs and OAM

TMDs are sensitive to various aspects of OAM

NO model-independent relations between TMDs and OAM 
         any quantitative statement must rely on model assumptions




TMDs and OAM

TMDs are sensitive to various aspects of OAM

NO model-independent relations between TMDs and OAM 
         any quantitative statement must rely on model assumptions


Sivers TMD        GPD Elensing function        

   Burkardt, PRD66 (2002); Pasquini, Rodini, Bacchetta, PRD 100(2019)

•valid only in two-body bound systems with restrictive conditions 
on the quark-gluon vertex interaction 

•lensing relation is unlikely to survive the full complexity of QCD



TMDs and OAM

TMDs are sensitive to various aspects of OAM

NO model-independent relations between TMDs and OAM 
         any quantitative statement must rely on model assumptions


• valid in quark models with spherical symmetry in the rest frame 
(bag model, lift-front quark models)

Pretzelosity and OAM

   She, Zhu, Ma, PRD79, 2009;  Avakian, Efremov, Schweitzer, Yuan, PRD81, 2010; Lorcé and Pasquini, PLB710, 2012

Sivers TMD        GPD Elensing function        

   Burkardt, PRD66 (2002); Pasquini, Rodini, Bacchetta, PRD 100(2019)

•valid only in two-body bound systems with restrictive conditions 
on the quark-gluon vertex interaction 

•lensing relation is unlikely to survive the full complexity of QCD
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LFCQM

spectator model (SPM)

parametrizations 

parametrizations 

WW-type

WW-type

LFCQM

spectator

1. LFCQM all

2. spectator all

3. LFCQM hybrid

4. spectator hybrid

DATA-BASED  KNOWLEDGE

Pion induced Drell-Yan

New insights in the partonic structure of both the pion and the nucleon

! ! + "p ! #+ #! + X
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Complete description of polarized DY at leading twist using TMD evolution at NLL accuracy
   Bastami, Gamberg, Pasquini, Prokudin, Schweitzer, JHEP 02 (2021) 166

Ongoing analysis of COMPASS DY data    Talk of A. Chumakov, TMD session, Mon. 18
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   Consistent with ongoing analysis of COMPASS data, Talk of A. Chumakov, TMD session, Mon. 18



Library and Plotting tools for collinear parton distributions

LHAPDF
lhapdf.hepforge.org

www.xfitter.org
github.com/vbertone/apfelxx


apfel.mi.infn.it

Dedicated software to study and fit TMDs

arTeMiDe
teorica.fis.ucm.es/artemide

TMD lib and TMD Plotter
tmdlib.hepforge.org

NangaParbat
MapCollaboration/NangaParbat

Dedicated Softwares to study GPDs

GeParD
PARtonic

Tomography

Of

Nucleon

Softwarepartons.cea.fr not yet public

Efforts to combine different inputs to understand  
PDFs, TMDs and GPDs in an unified framework 


