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Quark Polarization

Non-collinear framework
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f?
1T

<latexit sha1_base64="Y4wn2mnjlimBp2kKU5zQzSSo3Hs=">AAACHXicbVA7T8MwGHR4lvIKMLJEVEgMqIpDaMtWwcJYpL6kNlSO67RWnYdsB6mK8kdY+CssDCDEwIL4NzhtBmg5ydLp7j7787kRo0Ka5re2srq2vrFZ2Cpu7+zu7esHh20RxhyTFg5ZyLsuEoTRgLQklYx0I06Q7zLScSc3md95IFzQMGjKaUQcH40C6lGMpJIGup30Z5f0+Mh1ErN8VatYduXcLJtmFVowI1bVvrBTb5DAZnrfd0OZDvRSFshgLBOYkxLI0Rjon/1hiGOfBBIzJEQPmpF0EsQlxYykxX4sSITwBI1IT9EA+UQ4yWyx1DhVytDwQq5OII2Z+nsiQb4QU99VSR/JsVj0MvE/rxdLr+YkNIhiSQI8f8iLmSFDI6vKGFJOsGRTRRDmVO1q4DHiCEtVaFGVABe/vEzaVhna5cs7u1S/zusogGNwAs4ABFVQB7egAVoAg0fwDF7Bm/akvWjv2sc8uqLlM0fgD7SvH3Lvnm4=</latexit>

h?
1

<latexit sha1_base64="265I+FR3Hbc2jya0zu/9JcUi5hk="></latexit>
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Quark Polarization

Non-collinear framework

Time-reversal evenTime-reversal odd



↑
Transverse plane

k+ = xP+

k

<latexit sha1_base64="ZF80L+LQwuTY7T259ECZL2kH4Kk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f1R2M9w==</latexit>

Q

<latexit sha1_base64="yE+iQjrlZcV8CEFaNEB6+KVdXbw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrNfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8frbWM3Q==</latexit>

Energy scale

2

QCD in the Standard ModelTransverse-Momentum Distributions (TMDs)

~k?

<latexit sha1_base64="smtfWbnnublvpsYXhR+J+4+TW44=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCp5JIRY9FLx4r2FpoQthsJu3SzSbsbgolFLz4V7x4UMSrf8Kb/8ZNm4O2Plj28d4MM/OClFGpbPvbqKysrq1vVDdrW9s7u3vm/kFXJpkg0CEJS0QvwBIY5dBRVDHopQJwHDB4CEY3hf8wBiFpwu/VJAUvxgNOI0qw0pJvHrljILkbJCyUk1h/+Wg69d0UROqbdbthz2AtE6ckdVSi7ZtfbpiQLAauCMNS9h07VV6OhaKEwbTmZhJSTEZ4AH1NOY5Bevnshql1qpXQihKhH1fWTP3dkeNYFhvqyhiroVz0CvE/r5+p6MrLKU8zBZzMB0UZs1RiFYFYIRVAFJtogomgeleLDLHAROnYajoEZ/HkZdI9bzjNxsVds966LuOoomN0gs6Qgy5RC92iNuoggh7RM3pFb8aT8WK8Gx/z0opR9hyiPzA+fwB0dpix</latexit>

3-dimensional map of the 
internal structure of the nucleon 

f1

<latexit sha1_base64="ke71FYNDdn/Emo9JVXVz0fQcrkY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Dv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqlerXt7XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDyzY2W</latexit>

g1

<latexit sha1_base64="b/7Sht49yzeQ2ThzKVcuouZsHeM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tenlfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH0U42X</latexit>

h1

<latexit sha1_base64="PhPhUBmZf4mysfrvPFsxlILUh3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9WvbyvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH12Y2Y</latexit>

h?
1T

<latexit sha1_base64="lFkUIWQC3qpZAaalgpK2i5ai2JE="></latexit>

h?
1L

<latexit sha1_base64="FW985L6aFi8KIPR38rPidkhSdPI=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4Kkmptt0V3bhwUcE+oB1LJk3b0ExmTDKFMsx3uHGhiFs/xp1/Y6atoKIHLhzOuZd77/FCwbVB6MPJrKyurW9kN3Nb2zu7e/n9g5YOIkVZkwYiUB2PaCa4ZE3DjWCdUDHie4K1vcll6renTGkeyFszC5nrk5HkQ06JsZI77sf4OrmLe15gkn6+gIoIIYwxTAmunCNLarVqCVchTi2LAlii0c+/9wYBjXwmDRVE6y5GoXFjogyngiW5XqRZSOiEjFjXUkl8pt14fnQCT6wygMNA2ZIGztXvEzHxtZ75nu30iRnr314q/uV1IzOsujGXYWSYpItFw0hAE8A0ATjgilEjZpYQqri9FdIxUYQam1POhvD1KfyftEpFXC6e3ZQL9YtlHFlwBI7BKcCgAurgCjRAE1BwDx7AE3h2ps6j8+K8LlozznLmEPyA8/YJOseSbQ==</latexit>

g1T

<latexit sha1_base64="SuKDYjDmfywiQF4IUy1jeYg+jfc=">AAACGHicdVBLSwMxGMzWV62vVY9egkXwIHVTqm1vRS8eK/QF22XJpmkbmn2QZIWy7M/w4l/x4kERr735b8z2ASo6EBhm5ku+jBdxJpVlfRq5tfWNza38dmFnd2//wDw86sgwFoS2SchD0fOwpJwFtK2Y4rQXCYp9j9OuN7nN/O4DFZKFQUtNI+r4eBSwISNYack1L5P+/BJbjDwnsUqWZSGELjKCqteWJvV6rYxq6chNUCtNXbO4CsFVCK5CEGWWRhEs0XTNWX8QktingSIcS2kjK1JOgoVihNO00I8ljTCZ4BG1NQ2wT6WTzHdK4ZlWBnAYCn0CBefq94kE+1JOfU8nfazG8reXiX95dqyGNSdhQRQrGpDFQ8OYQxXCrCU4YIISxaeaYCKY3hWSMRaYKN1lQZew+in8n3TKJVQpXd1Xio2bZR15cAJOwTlAoAoa4A40QRsQ8AiewSt4M56MF+Pd+FhEc8Zy5hj8gDH7AqMinGg=</latexit>

f?
1T

<latexit sha1_base64="Y4wn2mnjlimBp2kKU5zQzSSo3Hs=">AAACHXicbVA7T8MwGHR4lvIKMLJEVEgMqIpDaMtWwcJYpL6kNlSO67RWnYdsB6mK8kdY+CssDCDEwIL4NzhtBmg5ydLp7j7787kRo0Ka5re2srq2vrFZ2Cpu7+zu7esHh20RxhyTFg5ZyLsuEoTRgLQklYx0I06Q7zLScSc3md95IFzQMGjKaUQcH40C6lGMpJIGup30Z5f0+Mh1ErN8VatYduXcLJtmFVowI1bVvrBTb5DAZnrfd0OZDvRSFshgLBOYkxLI0Rjon/1hiGOfBBIzJEQPmpF0EsQlxYykxX4sSITwBI1IT9EA+UQ4yWyx1DhVytDwQq5OII2Z+nsiQb4QU99VSR/JsVj0MvE/rxdLr+YkNIhiSQI8f8iLmSFDI6vKGFJOsGRTRRDmVO1q4DHiCEtVaFGVABe/vEzaVhna5cs7u1S/zusogGNwAs4ABFVQB7egAVoAg0fwDF7Bm/akvWjv2sc8uqLlM0fgD7SvH3Lvnm4=</latexit>

h?
1

<latexit sha1_base64="265I+FR3Hbc2jya0zu/9JcUi5hk="></latexit>
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Quark Polarization

Non-collinear framework

TMD PDFs 

F (x,k2
?, µ, ⇣)

<latexit sha1_base64="+nxC5DrsAcjw1Kc+2N4OmPOMRck=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVpMyUii6LgrisYB/QjiWTudOGZh4kGbEO/QU3/oobF4q4defOvzHTdqGtB5IczrmX3HvcmDOpLOvbWFhcWl5Zza3l1zc2t7bNnd2GjBJBoU4jHomWSyRwFkJdMcWhFQsggcuh6Q4uMr95B0KyKLxRwxicgPRC5jNKlJa6ZvGyeH+MO27EPTkM9JMORt1ODCK+LWs9SPT1AIocdc2CVbLGwPPEnpICmqLWNb86XkSTAEJFOZGybVuxclIiFKMcRvlOIiEmdEB60NY0JAFIJx1vNMKHWvGwHwl9QoXH6u+OlAQym1dXBkT15ayXif957UT5Z07KwjhRENLJR37CsYpwFg/2mACq+FATQgXTs2LaJ4JQpUPM6xDs2ZXnSaNcsiulk+tKoXo+jSOH9tEBKiIbnaIqukI1VEcUPaJn9IrejCfjxXg3PialC8a0Zw/9gfH5A/pInHw=</latexit>

Time-reversal evenTime-reversal odd



↑
Transverse plane

k+ = xP+

k

<latexit sha1_base64="ZF80L+LQwuTY7T259ECZL2kH4Kk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f1R2M9w==</latexit>

Q

<latexit sha1_base64="yE+iQjrlZcV8CEFaNEB6+KVdXbw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZrNfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8frbWM3Q==</latexit>

Energy scale

2

QCD in the Standard ModelTransverse-Momentum Distributions (TMDs)

~k?

<latexit sha1_base64="smtfWbnnublvpsYXhR+J+4+TW44=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCp5JIRY9FLx4r2FpoQthsJu3SzSbsbgolFLz4V7x4UMSrf8Kb/8ZNm4O2Plj28d4MM/OClFGpbPvbqKysrq1vVDdrW9s7u3vm/kFXJpkg0CEJS0QvwBIY5dBRVDHopQJwHDB4CEY3hf8wBiFpwu/VJAUvxgNOI0qw0pJvHrljILkbJCyUk1h/+Wg69d0UROqbdbthz2AtE6ckdVSi7ZtfbpiQLAauCMNS9h07VV6OhaKEwbTmZhJSTEZ4AH1NOY5Bevnshql1qpXQihKhH1fWTP3dkeNYFhvqyhiroVz0CvE/r5+p6MrLKU8zBZzMB0UZs1RiFYFYIRVAFJtogomgeleLDLHAROnYajoEZ/HkZdI9bzjNxsVds966LuOoomN0gs6Qgy5RC92iNuoggh7RM3pFb8aT8WK8Gx/z0opR9hyiPzA+fwB0dpix</latexit>

3-dimensional map of the 
internal structure of the nucleon 

f1

<latexit sha1_base64="ke71FYNDdn/Emo9JVXVz0fQcrkY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Dv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqlerXt7XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDyzY2W</latexit>

g1

<latexit sha1_base64="b/7Sht49yzeQ2ThzKVcuouZsHeM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPpev1xxq+4cZJV4OalAjka//NUbJCyLURomqNZdz02NP6HKcCZwWuplGlPKRjTCrqWSxqj9yfzUKTmzyoCEibIlDZmrvycmNNZ6HAe2M6ZmqJe9mfif181MeO1PuEwzg5ItFoWZICYhs7/JgCtkRowtoUxxeythQ6ooMzadkg3BW355lbQuql6tenlfq9Rv8jiKcAKncA4eXEEd7qABTWAQwTO8wpsjnBfn3flYtBacfOYY/sD5/AH0U42X</latexit>

h1

<latexit sha1_base64="PhPhUBmZf4mysfrvPFsxlILUh3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MOp7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9WvbyvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH12Y2Y</latexit>

h?
1T

<latexit sha1_base64="lFkUIWQC3qpZAaalgpK2i5ai2JE="></latexit>

h?
1L

<latexit sha1_base64="FW985L6aFi8KIPR38rPidkhSdPI=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4Kkmptt0V3bhwUcE+oB1LJk3b0ExmTDKFMsx3uHGhiFs/xp1/Y6atoKIHLhzOuZd77/FCwbVB6MPJrKyurW9kN3Nb2zu7e/n9g5YOIkVZkwYiUB2PaCa4ZE3DjWCdUDHie4K1vcll6renTGkeyFszC5nrk5HkQ06JsZI77sf4OrmLe15gkn6+gIoIIYwxTAmunCNLarVqCVchTi2LAlii0c+/9wYBjXwmDRVE6y5GoXFjogyngiW5XqRZSOiEjFjXUkl8pt14fnQCT6wygMNA2ZIGztXvEzHxtZ75nu30iRnr314q/uV1IzOsujGXYWSYpItFw0hAE8A0ATjgilEjZpYQqri9FdIxUYQam1POhvD1KfyftEpFXC6e3ZQL9YtlHFlwBI7BKcCgAurgCjRAE1BwDx7AE3h2ps6j8+K8LlozznLmEPyA8/YJOseSbQ==</latexit>

g1T

<latexit sha1_base64="SuKDYjDmfywiQF4IUy1jeYg+jfc=">AAACGHicdVBLSwMxGMzWV62vVY9egkXwIHVTqm1vRS8eK/QF22XJpmkbmn2QZIWy7M/w4l/x4kERr735b8z2ASo6EBhm5ku+jBdxJpVlfRq5tfWNza38dmFnd2//wDw86sgwFoS2SchD0fOwpJwFtK2Y4rQXCYp9j9OuN7nN/O4DFZKFQUtNI+r4eBSwISNYack1L5P+/BJbjDwnsUqWZSGELjKCqteWJvV6rYxq6chNUCtNXbO4CsFVCK5CEGWWRhEs0XTNWX8QktingSIcS2kjK1JOgoVihNO00I8ljTCZ4BG1NQ2wT6WTzHdK4ZlWBnAYCn0CBefq94kE+1JOfU8nfazG8reXiX95dqyGNSdhQRQrGpDFQ8OYQxXCrCU4YIISxaeaYCKY3hWSMRaYKN1lQZew+in8n3TKJVQpXd1Xio2bZR15cAJOwTlAoAoa4A40QRsQ8AiewSt4M56MF+Pd+FhEc8Zy5hj8gDH7AqMinGg=</latexit>

f?
1T
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QCD in the Standard ModelTransverse-Momentum Distributions (TMDs)

TMDs map the distribution of partons inside the 
nucleon in 3D in momentum space.

They can be extracted through global fits
There are attempts to calculate them in lattice QCD

Transverse momentum
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QCD in the Standard ModelTMD factorization: SIDIS
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QCD in the Standard ModelTMD factorization: Universality
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QCD in the Standard ModelAvailable TMD fitting frameworks
https://github.com/MapCollaboration/NangaParbat
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QCD in the Standard ModelMAPTMD22 global fit

Global analysis of Drell-Yan and SIDIS data sets: 2031 data points 

Perturbative accuracy: N3LL−

Number of fitted parameters: 21

Extremely good description: χ2/Ndata = 1.06

MAP Collaboration, JHEP 10 (2022)
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QCD in the Standard ModelDifferences in recent global fits

MAPTMD22 vs SV19
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QCD in the Standard ModelDifferences in recent global fits

Criteria of data selection
2031 vs 1039 included data

Implementation of TMD evolution

CSS framework vs zeta-prescription

Nonperturbative parameterization

Gaussian + wGaussian vs complicated function

MAPTMD22 vs SV19
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QCD in the Standard ModelMAP22: included data sets
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QCD in the Standard ModelMAP22: Collinear input
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QCD in the Standard ModelMAP22: NP parametrization
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from the presence of components of the quark wave function with angular momentum
L = 1 [67–71]. Similar features occur in models of fragmentation functions [38, 67, 72].

The Gaussian width of the TMD distributions may depend on the parton flavor
a [23, 38, 73]. In the present analysis, however, we assume they are flavor independent.
The justification for this choice is that most of the data we are considering are not suffi-
ciently sensitive to flavor differences, leading to unclear results. We will devote attention
to this issue in further studies.

Finally, we assume that the Gaussian width of the TMD depends on the fractional
longitudinal momentum x according to

g1(x) = N1
(1− x)α xσ

(1− x̂)α x̂σ
, (2.38)

where α, σ, and N1 ≡ g1(x̂) with x̂ = 0.1, are free parameters. Similarly, for fragmentation
functions we have

g3,4(z) = N3,4
(zβ + δ) (1− z)γ

(ẑβ + δ) (1− ẑ)γ
, (2.39)

where β, γ, δ, and N3,4 ≡ g3,4(ẑ) with ẑ = 0.5 are free parameters.
The average transverse momentum squared for the distributions in eq. (2.36) and (2.37)

can be computed analytically:

〈
k2
⊥
〉
(x) =

g1(x) + 2λg21(x)

1 + λg1(x)
,

〈
P 2
⊥
〉
(z) =

g23(z) + 2λF g34(z)

g3(z) + λF g24(z)
. (2.40)

3 Data analysis

The main goals of our work are to extract information about intrinsic transverse momenta,
to study the evolution of TMD parton distributions and fragmentation functions over a large
enough range of energy, and to test their universality among different processes. To achieve
this we included measurements taken from SIDIS, Drell-Yan and Z boson production from
different experimental collaborations at different energy scales. In this section we describe
the data sets considered for each process and the applied kinematic cuts.

Table 1 refers to the data sets for SIDIS off proton target (Hermes experiment) and
presents their kinematic ranges. The same holds for table 2, table 3, table 4 for SIDIS
off deuteron (Hermes and Compass experiments), Drell-Yan events at low energy and
Z boson production respectively. If not specified otherwise, the theoretical formulas are
computed at the average values of the kinematic variables in each bin.

3.1 Semi-inclusive DIS data

The SIDIS data are taken from Hermes [74] and Compass [75] experiments. Both data
sets have already been analyzed in previous works, e.g., refs. [23, 76], however they have
never been fitted together, including also the contributions deriving from TMD evolution.

The application of the TMD formalism to SIDIS depends on the capability of identifying
the current fragmentation region. This task has been recently discussed in ref. [39], where
the authors point out a possible overlap among different fragmentation regions when the

– 10 –
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different experimental collaborations at different energy scales. In this section we describe
the data sets considered for each process and the applied kinematic cuts.

Table 1 refers to the data sets for SIDIS off proton target (Hermes experiment) and
presents their kinematic ranges. The same holds for table 2, table 3, table 4 for SIDIS
off deuteron (Hermes and Compass experiments), Drell-Yan events at low energy and
Z boson production respectively. If not specified otherwise, the theoretical formulas are
computed at the average values of the kinematic variables in each bin.

3.1 Semi-inclusive DIS data

The SIDIS data are taken from Hermes [74] and Compass [75] experiments. Both data
sets have already been analyzed in previous works, e.g., refs. [23, 76], however they have
never been fitted together, including also the contributions deriving from TMD evolution.

The application of the TMD formalism to SIDIS depends on the capability of identifying
the current fragmentation region. This task has been recently discussed in ref. [39], where
the authors point out a possible overlap among different fragmentation regions when the
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from the presence of components of the quark wave function with angular momentum
L = 1 [67–71]. Similar features occur in models of fragmentation functions [38, 67, 72].

The Gaussian width of the TMD distributions may depend on the parton flavor
a [23, 38, 73]. In the present analysis, however, we assume they are flavor independent.
The justification for this choice is that most of the data we are considering are not suffi-
ciently sensitive to flavor differences, leading to unclear results. We will devote attention
to this issue in further studies.

Finally, we assume that the Gaussian width of the TMD depends on the fractional
longitudinal momentum x according to

g1(x) = N1
(1− x)α xσ

(1− x̂)α x̂σ
, (2.38)

where α, σ, and N1 ≡ g1(x̂) with x̂ = 0.1, are free parameters. Similarly, for fragmentation
functions we have

g3,4(z) = N3,4
(zβ + δ) (1− z)γ

(ẑβ + δ) (1− ẑ)γ
, (2.39)

where β, γ, δ, and N3,4 ≡ g3,4(ẑ) with ẑ = 0.5 are free parameters.
The average transverse momentum squared for the distributions in eq. (2.36) and (2.37)

can be computed analytically:
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1 + λg1(x)
,
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⊥
〉
(z) =

g23(z) + 2λF g34(z)

g3(z) + λF g24(z)
. (2.40)

3 Data analysis

The main goals of our work are to extract information about intrinsic transverse momenta,
to study the evolution of TMD parton distributions and fragmentation functions over a large
enough range of energy, and to test their universality among different processes. To achieve
this we included measurements taken from SIDIS, Drell-Yan and Z boson production from
different experimental collaborations at different energy scales. In this section we describe
the data sets considered for each process and the applied kinematic cuts.

Table 1 refers to the data sets for SIDIS off proton target (Hermes experiment) and
presents their kinematic ranges. The same holds for table 2, table 3, table 4 for SIDIS
off deuteron (Hermes and Compass experiments), Drell-Yan events at low energy and
Z boson production respectively. If not specified otherwise, the theoretical formulas are
computed at the average values of the kinematic variables in each bin.

3.1 Semi-inclusive DIS data

The SIDIS data are taken from Hermes [74] and Compass [75] experiments. Both data
sets have already been analyzed in previous works, e.g., refs. [23, 76], however they have
never been fitted together, including also the contributions deriving from TMD evolution.

The application of the TMD formalism to SIDIS depends on the capability of identifying
the current fragmentation region. This task has been recently discussed in ref. [39], where
the authors point out a possible overlap among different fragmentation regions when the
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from the presence of components of the quark wave function with angular momentum
L = 1 [67–71]. Similar features occur in models of fragmentation functions [38, 67, 72].

The Gaussian width of the TMD distributions may depend on the parton flavor
a [23, 38, 73]. In the present analysis, however, we assume they are flavor independent.
The justification for this choice is that most of the data we are considering are not suffi-
ciently sensitive to flavor differences, leading to unclear results. We will devote attention
to this issue in further studies.

Finally, we assume that the Gaussian width of the TMD depends on the fractional
longitudinal momentum x according to

g1(x) = N1
(1− x)α xσ

(1− x̂)α x̂σ
, (2.38)

where α, σ, and N1 ≡ g1(x̂) with x̂ = 0.1, are free parameters. Similarly, for fragmentation
functions we have

g3,4(z) = N3,4
(zβ + δ) (1− z)γ

(ẑβ + δ) (1− ẑ)γ
, (2.39)

where β, γ, δ, and N3,4 ≡ g3,4(ẑ) with ẑ = 0.5 are free parameters.
The average transverse momentum squared for the distributions in eq. (2.36) and (2.37)

can be computed analytically:

〈
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⊥
〉
(x) =

g1(x) + 2λg21(x)

1 + λg1(x)
,

〈
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⊥
〉
(z) =

g23(z) + 2λF g34(z)

g3(z) + λF g24(z)
. (2.40)

3 Data analysis

The main goals of our work are to extract information about intrinsic transverse momenta,
to study the evolution of TMD parton distributions and fragmentation functions over a large
enough range of energy, and to test their universality among different processes. To achieve
this we included measurements taken from SIDIS, Drell-Yan and Z boson production from
different experimental collaborations at different energy scales. In this section we describe
the data sets considered for each process and the applied kinematic cuts.

Table 1 refers to the data sets for SIDIS off proton target (Hermes experiment) and
presents their kinematic ranges. The same holds for table 2, table 3, table 4 for SIDIS
off deuteron (Hermes and Compass experiments), Drell-Yan events at low energy and
Z boson production respectively. If not specified otherwise, the theoretical formulas are
computed at the average values of the kinematic variables in each bin.

3.1 Semi-inclusive DIS data

The SIDIS data are taken from Hermes [74] and Compass [75] experiments. Both data
sets have already been analyzed in previous works, e.g., refs. [23, 76], however they have
never been fitted together, including also the contributions deriving from TMD evolution.

The application of the TMD formalism to SIDIS depends on the capability of identifying
the current fragmentation region. This task has been recently discussed in ref. [39], where
the authors point out a possible overlap among different fragmentation regions when the
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Input (extraction from collinear cross section)

Non-perturbative functions to extract from data.
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(TMD region)

Approximately follows the behaviour of Generalized Parton Model e.g.

Note however this is not an exact correspondence (and 
NO TMD evolution here) 

Normalization issue 
confirmed also in other 
analyses  from different 
collaborations

QCD in the Standard Model

Gonzalez-Hernandez, PoS DIS2019 (2019)

Normalization of SIDIS calculation
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(TMD region)

Approximately follows the behaviour of Generalized Parton Model e.g.

Note however this is not an exact correspondence (and 
NO TMD evolution here) 

Normalization issue 
confirmed also in other 
analyses  from different 
collaborations

QCD in the Standard Model

Gonzalez-Hernandez, PoS DIS2019 (2019)

Gonzalez-Hernandez, PoS DIS2019 (2019)

Sun, Isaacson, Yuan, Yuan,  IJNP A (2014)

Normalization of SIDIS calculation
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(TMD region)

Approximately follows the behaviour of Generalized Parton Model e.g.

Note however this is not an exact correspondence (and 
NO TMD evolution here) 

Normalization issue 
confirmed also in other 
analyses  from different 
collaborations

QCD in the Standard Model

Gonzalez-Hernandez, PoS DIS2019 (2019)

Gonzalez-Hernandez, PoS DIS2019 (2019)

Sun, Isaacson, Yuan, Yuan,  IJNP A (2014)

Normalization of SIDIS calculation

Vladimirov, JHEP 12 (2023) 

The situation is worse for Q ∼ 2−4 GeV which are 
typical for Semi-Inclusive Deep-Inelastic Scattering 
(SIDIS). In this case the problem with normalization 
is of order of factor 2-3 
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Fourier Transform of:

pQCD

Input (extraction from collinear cross section)

Non-perturbative functions to extract from data.

(TMD region)

15

(TMD region)

Approximately follows the behaviour of Generalized Parton Model e.g.

Note however this is not an exact correspondence (and 
NO TMD evolution here) 

Normalization issue 
confirmed also in other 
analyses  from different 
collaborations

QCD in the Standard Model

Gonzalez-Hernandez, PoS DIS2019 (2019)

Gonzalez-Hernandez, PoS DIS2019 (2019)

Sun, Isaacson, Yuan, Yuan,  IJNP A (2014)

Normalization of SIDIS calculation

Vladimirov, JHEP 12 (2023) 

The situation is worse for Q ∼ 2−4 GeV which are 
typical for Semi-Inclusive Deep-Inelastic Scattering 
(SIDIS). In this case the problem with normalization 
is of order of factor 2-3 

In contrast with SV19 analysis
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QCD in the Standard Model

⟨Q⟩ = 3 GeV

situation at low energy scale

Normalization of SIDIS calculation
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QCD in the Standard Model

MAP22 work solution

Normalization of SIDIS calculation



20

QCD in the Standard Model

SIDIS multiplicity M(x, z, PhT , Q) =
d�

dxdQdzdPhT

�
d�

dxdQ

<latexit sha1_base64="m7G6TuNt4o/tNg6acVoDNTLVDYg="></latexit>

MAP22 work solution

Normalization of SIDIS calculation
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MAP22: Results for SIDIS data
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QCD in the Standard ModelMAP22: Extracted TMD PDFs
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Non-trivial dependence on the variable x

Need more data to better constrain small-x region (EIC?)
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QCD in the Standard ModelComparison between recent global fits

MAPTMD22 vs SV19
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Contrary to collinear extractions, we are still far from getting a 
good compatibility between two different TMD extractions
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QCD in the Standard ModelComparison between recent global fits

Collins-Soper kernel:
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QCD in the Standard ModelComparison between recent global fits

Collins-Soper kernel: kernel of the rapidity evolution equation
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QCD in the Standard ModelMAPTMD24?

Study of flavor-dependent behavior of TMDs through a global fit
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QCD in the Standard ModelConclusions and Outlook
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The internal dynamics of quark in 3D can be studied in terms of 
transverse-momentum-dependent distributions (TMDs) 

There are only few extractions of TMDs through global fits of Drell-Yan 
and SIDIS data (MAPTMD22: state-of-the-art)

SIDIS theoretical calculations are affected by a normalization 
issue (MAPTMD22: first attempt of work solution)

Nowadays, studies on the extraction of flavor-dependent TMDs are in 
progress (up to now, only on Drell-Yan data)

QCD in the Standard ModelConclusions and Outlook
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QCD in the Standard ModelStructure of a TMD: Evolution

Resummation of large logs
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QCD in the Standard ModelStructure of a TMD: Evolution

Spert(µb, µ) = 1 +
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QCD in the Standard ModelStructure of a TMD: Evolution
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<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



32
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bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>
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bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
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�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>
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QCD in the Standard ModelStructure of a TMD: NP content

bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
⇣0

�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



b⇤-prescription

<latexit sha1_base64="/qd+dxfajFRSyIhIvCyfVuUYN+g=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgiOMxMp9TZFd24rGAf0JaSSdM2NPMguSOWoTs3/oobF4q49Rfc+TemD0FFDwQO59zLzTl+LLgCy/owFhaXlldWM2vZ9Y3Nre3czm5NRYmkrEojEcmGTxQTPGRV4CBYI5aMBL5gdX94MfHrN0wqHoXXMIpZOyD9kPc4JaClTu6gBewWUn/cOZmxU72uqOTxxB93cnnLdLySWyhgy3Qdr+g6mhQ913M8bJvWFHk0R6WTe291I5oELAQqiFJN24qhnRIJnAo2zrYSxWJCh6TPmpqGJGCqnU5zjPGRVrq4F0n9QsBT9ftGSgKlRoGvJwMCA/Xbm4h/ec0EemftlIdxAiyks0O9RGCI8KQU3OWSURAjTYjOrv+K6YBIQkFXl9UlfCXF/5OaY9quWbxy8+XzeR0ZtI8O0TGyUQmV0SWqoCqi6A49oCf0bNwbj8aL8TobXTDmO3voB4y3T+kpmqc=</latexit>

µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>

32
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bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

⇥fNP (x, b
2
T ) exp

⇢
gK(b2T ) ln

p
⇣p
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�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



b⇤-prescription

<latexit sha1_base64="/qd+dxfajFRSyIhIvCyfVuUYN+g=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgiOMxMp9TZFd24rGAf0JaSSdM2NPMguSOWoTs3/oobF4q49Rfc+TemD0FFDwQO59zLzTl+LLgCy/owFhaXlldWM2vZ9Y3Nre3czm5NRYmkrEojEcmGTxQTPGRV4CBYI5aMBL5gdX94MfHrN0wqHoXXMIpZOyD9kPc4JaClTu6gBewWUn/cOZmxU72uqOTxxB93cnnLdLySWyhgy3Qdr+g6mhQ913M8bJvWFHk0R6WTe291I5oELAQqiFJN24qhnRIJnAo2zrYSxWJCh6TPmpqGJGCqnU5zjPGRVrq4F0n9QsBT9ftGSgKlRoGvJwMCA/Xbm4h/ec0EemftlIdxAiyks0O9RGCI8KQU3OWSURAjTYjOrv+K6YBIQkFXl9UlfCXF/5OaY9quWbxy8+XzeR0ZtI8O0TGyUQmV0SWqoCqi6A49oCf0bNwbj8aL8TobXTDmO3voB4y3T+kpmqc=</latexit>

µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>
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bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>

bT ⌧ 1

<latexit sha1_base64="nccjecJax+dpax3eutTOTv+ABys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48R8pJkCbOT2WTIPJaZWSEs+QovHhTx6ud482+cJHvQxIKGoqqb7q4o4cxY3//2CmvrG5tbxe3Szu7e/kH58KhlVKoJbRLFle5E2FDOJG1aZjntJJpiEXHajsZ3M7/9RLVhSjbsJKGhwEPJYkawddJj1G+gHuco6JcrftWfA62SICcVyFHvl796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTY/eIrOnDJAsdKupEVz9fdEhoUxExG5ToHtyCx7M/E/r5va+CbMmExSSyVZLIpTjqxCs+/RgGlKLJ84golm7lZERlhjYl1GJRdCsPzyKmldVIPL6tXDZaV2m8dRhBM4hXMI4BpqcA91aAIBAc/wCm+e9l68d+9j0Vrw8plj+APv8weIaY+W</latexit>

1

<latexit sha1_base64="Ac0NkpFEohMj6rOoJ/K8i9k2AU0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Uv72uV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMTHj0Q=</latexit>

0

<latexit sha1_base64="N5TJ24ZtGvvOJUapKeIo4Hi0i/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe7GMvA==</latexit>

↵S(µb) ! +1

<latexit sha1_base64="HgztRb7t9rrvZDPDpIlf17vHuJY=">AAACDHicbVDLSgMxFM34rPVVdekmWARFKDNS0WXRjcuK9gGdUu6kmTaYyQzJHaWUfoAbf8WNC0Xc+gHu/BvTdhZaPRA4nHMuN/cEiRQGXffLmZtfWFxazq3kV9fWNzYLW9t1E6ea8RqLZaybARguheI1FCh5M9EcokDyRnB7MfYbd1wbEasbHCS8HUFPiVAwQCt1CkUfZNKHzvWBH6Wd4JD6WvT6CFrH9/TIFyrEgU25JXcC+pd4GSmSDNVO4dPvxiyNuEImwZiW5ybYHoJGwSQf5f3U8ATYLfR4y1IFETft4eSYEd23SpeGsbZPIZ2oPyeGEBkziAKbjAD7ZtYbi/95rRTDs/ZQqCRFrth0UZhKijEdN0O7QnOGcmAJMC3sXynrgwaGtr+8LcGbPfkvqR+XvHLp5KpcrJxndeTILtkjB8Qjp6RCLkmV1AgjD+SJvJBX59F5dt6c92l0zslmdsgvOB/fHWybCw==</latexit>

bmin =
2e��E

µ

<latexit sha1_base64="l4vvfwexXhvIF0rP5zzRb4Siw4g="></latexit>

bmax = 2e��E

<latexit sha1_base64="5mPQjZStBBmlcunyqvsUMb8GQa8=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQg2hjtRtBFEESwVjApJPOY2k7i4e3fszonhuNLGv2JjoYitP8HOf+MmpvDrwcDjvRlm5kWpkpZ8/8MbGh4ZHRufmCxNTc/MzpXnF85skhmBNZGoxFxEYFHJGGskSeFFahB0pPA8uj7o+ec3aKxM4lPqptjU0IllWwogJ4Xl5SjMG4S3lGu4LQq+yzfwMl9vdEBrCA+LsFzxq34f/C8JBqTCBjgOy++NViIyjTEJBdbWAz+lZg6GpFBYlBqZxRTENXSw7mgMGm0z7z9S8FWntHg7Ma5i4n31+0QO2tqujlynBrqyv72e+J9Xz6i908xlnGaEsfha1M4Up4T3UuEtaVCQ6joCwkh3KxdXYECQy67kQgh+v/yXnG1Ug83q1slmZW9/EMcEW2IrbI0FbJvtsSN2zGpMsDv2wJ7Ys3fvPXov3utX65A3mFlkP+C9fQJym5mb</latexit>

Collins, Soper, Sterman, Nucl. Phys. B250 (1985)
Collins, Gamberg, et al., PRD (2016)
Bacchetta, Echevarria, Mulders, et al., JHEP 11 (2015)
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�

<latexit sha1_base64="6QMFF/hy8Py/XssoFlkUbLdIE94="></latexit>

: C

µb =
2e��E

|bT |

<latexit sha1_base64="wb/BcsBr09gB3UWOfcC5Mc0dPR4=">AAACG3icbVDLSsNAFJ34rPVVdelmsAhuLEmp6EYoiuCyQl/Q1DCZTNqhM0mYmQglzX+48VfcuFDEleDCv3HSZqGtB4Y5nHMv997jRoxKZZrfxtLyyuraemGjuLm1vbNb2ttvyzAWmLRwyELRdZEkjAakpahipBsJgrjLSMcdXWd+54EIScOgqcYR6XM0CKhPMVJackpVm8eOCy+h7QuEkyq5T07tAeIcOTdpmkxsN2SeHHP9JW7qNCdp0SmVzYo5BVwkVk7KIEfDKX3aXohjTgKFGZKyZ5mR6idIKIoZSYt2LEmE8AgNSE/TAHEi+8n0thQea8WDfij0CxScqr87EsRltp+u5EgN5byXif95vVj5F/2EBlGsSIBng/yYQRXCLCjoUUGwYmNNEBZU7wrxEOmQlI4zC8GaP3mRtKsVq1Y5u6uV61d5HAVwCI7ACbDAOaiDW9AALYDBI3gGr+DNeDJejHfjY1a6ZOQ9B+APjK8fkBihyg==</latexit>



b⇤-prescription

<latexit sha1_base64="/qd+dxfajFRSyIhIvCyfVuUYN+g=">AAACB3icdVDLSgMxFM34rPVVdSlIsAgiOMxMp9TZFd24rGAf0JaSSdM2NPMguSOWoTs3/oobF4q49Rfc+TemD0FFDwQO59zLzTl+LLgCy/owFhaXlldWM2vZ9Y3Nre3czm5NRYmkrEojEcmGTxQTPGRV4CBYI5aMBL5gdX94MfHrN0wqHoXXMIpZOyD9kPc4JaClTu6gBewWUn/cOZmxU72uqOTxxB93cnnLdLySWyhgy3Qdr+g6mhQ913M8bJvWFHk0R6WTe291I5oELAQqiFJN24qhnRIJnAo2zrYSxWJCh6TPmpqGJGCqnU5zjPGRVrq4F0n9QsBT9ftGSgKlRoGvJwMCA/Xbm4h/ec0EemftlIdxAiyks0O9RGCI8KQU3OWSURAjTYjOrv+K6YBIQkFXl9UlfCXF/5OaY9quWbxy8+XzeR0ZtI8O0TGyUQmV0SWqoCqi6A49oCf0bNwbj8aL8TobXTDmO3voB4y3T+kpmqc=</latexit>

µb > µ

<latexit sha1_base64="nbHA/KY6ZDiloxDd3geLFS2t88s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRVdSdOOygn3AdCiZNNOGJpMhyQhl6Ge4caGIW7/GnX9jpp2Fth4IOZxzL/feEyacaeO6305pbX1jc6u8XdnZ3ds/qB4edbRMFaFtIrlUvRBryllM24YZTnuJoliEnHbDyV3ud5+o0kzGj2aa0EDgUcwiRrCxkt8X6SBENyj/qzW37s6BVolXkBoUaA2qX/2hJKmgsSEca+17bmKCDCvDCKezSj/VNMFkgkfUtzTGguogm688Q2dWGaJIKvtig+bq744MC62nIrSVApuxXvZy8T/PT010HWQsTlJDY7IYFKUcGYny+9GQKUoMn1qCiWJ2V0TGWGFibEoVG4K3fPIq6VzUvUb98qFRa94WcZThBE7hHDy4gibcQwvaQEDCM7zCm2OcF+fd+ViUlpyi5xj+wPn8AV8fkKs=</latexit>

32
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bT � 1

<latexit sha1_base64="CLbJDx20n0U5MLweUhe1XMauIvk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXis0C9pl5JNs9vQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZekHCmjet+O4WNza3tneJuaW//4PCofHzS0XGqCG2TmMeqF2BNOZO0bZjhtJcoikXAaTeY3M397hNVmsWyZaYJ9QWOJAsZwcZKj8GwhQZRhLxhueJW3QXQOvFyUoEczWH5azCKSSqoNIRjrfuemxg/w8owwumsNEg1TTCZ4Ij2LZVYUO1ni4Nn6MIqIxTGypY0aKH+nsiw0HoqAtspsBnrVW8u/uf1UxPe+BmTSWqoJMtFYcqRidH8ezRiihLDp5Zgopi9FZExVpgYm1HJhuCtvrxOOldVr1atP9Qqjds8jiKcwTlcggfX0IB7aEIbCAh4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/eSiPjA==</latexit>
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34
Figure 3. The cross-section at different orders of TMD factorization and for different boson energies.
The legend of the perturbative orders means that NkLO (NkLL) incorporates ak

s -order (ak�1
s -order) of the

coefficient function, ak
s -order of anomalous dimensions with ak+1

s -order of �cusp. The TMD distributions
and the NP part of the evolution are the same for all cases.

energies. In the plot the TMD distributions and the NP part of the evolution are held fixed while
the perturbative orders are changed. The perturbative series converges very well, and the difference
between NNLO and N3LO factorization is of order of percents. This is an additional positive aspect
of the ⇣-prescription, which is due to fact that all perturbative series are evaluated at µ = Q.

2.4.1 Matching of TMD distribution to collinear distributions

The TMD are generic non-perturbative functions that depend on the parton fraction x and the
impact parameter b. A fit of a two-variable function is a hopeless task due to the enormous
parametric freedom. This freedom can be essentially reduced by the matching of a b ! 0 boundary
of a TMD distribution to the corresponding collinear distribution. In the asymptotic limit of small-b
one has

lim
b!0

f1,f h(x, b) =
X

f 0

Z 1

x

dy

y
Cf f 0

✓
x

y
,LµOPE

, as(µOPE)

◆
f1,f 0 h(y, µOPE), (2.76)

lim
b!0

D1,f!h(z, b) =
X

f 0

Z 1

z

dy

y
Cf!f 0

✓
z

y
,LµOPE

, as(µOPE)

◆
d1,f 0!h(y, µOPE)

y2
, (2.77)

where f1(x, µ) and d1(x, µ) are collinear PDF and FF, the label f 0 runs over all active quarks,
anti-quarks and a gluon, and
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✓
b2µ2
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with �E being the Euler constant and g being QCD coupling constant. The extra factor y�2

in eq. (2.77) is present due to the normalization difference of the TMD operator in eq. (2.21)
and the collinear operator, see e.g. [5, 25]. The coefficient functions C and C can be calculated
with operator product expansion methods (for a general review see ref. [58]) and in the case of
unpolarized distributions the coefficient functions are known up to NNLO [23, 25, 26, 29]. The
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where f1(x, µ) and d1(x, µ) are collinear PDF and FF, the label f 0 runs over all active quarks,
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with �E being the Euler constant and g being QCD coupling constant. The extra factor y�2

in eq. (2.77) is present due to the normalization difference of the TMD operator in eq. (2.21)
and the collinear operator, see e.g. [5, 25]. The coefficient functions C and C can be calculated
with operator product expansion methods (for a general review see ref. [58]) and in the case of
unpolarized distributions the coefficient functions are known up to NNLO [23, 25, 26, 29]. The
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