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The W term dominates in the region where qT ≪Q
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The W term dominates in the region where qT ≪Q

Y term has been excluded in the Pavia analyses
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TMDS IN SEMI-INCLUSIVE DIS PROCESS
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collinear PDF
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Accuracy H and C K and γF γK PDF and αS evol.

LL 0 - 1 -

NLL 0 1 2 LO

NLL’ 1 1 2 NLO

NNLL 1 2 3 NLO

7



PERTURBATIVE ORDER OF EACH INGREDIENT
Orders in powers of 

Hard factor and 
matching coefficient

↵S

<latexit sha1_base64="TYVkC03V0DMU+cUQJOGUKKMZDy4=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0hq1fRW9OKxov2ANpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3DYVVPTBwOO9GWbmBTFnSjvOh5VbWl5ZXcuvFzY2t7Z3irt7TRUlktAGiXgk2wFWlDNBG5ppTtuxpDgMOG0F48uZ37qnUrFI3OpJTP0QDwUbMIK1kdpdzOMR7t30iiXHLnte1T1BGTnzMuJVq8i1nTlKsEC9V3zv9iOShFRowrFSHdeJtZ9iqRnhdFroJorGmIzxkHYMFTikyk/n907RkVH6aBBJU0Kjufp9IsWhUpMwMJ0h1iP125uJf3mdRA88P2UiTjQVJFs0SDjSEZo9j/pMUqL5xBBMJDO3IjLCEhNtIiqYEL4+Rf+TZtl2K/bpdaVUu1jEkYcDOIRjcOEcanAFdWgAAQ4P8ATP1p31aL1Yr1lrzlrM7MMPWG+fklWQWg==</latexit>

Ingredients in perturbative 
Sudakov form factor

Accuracy H and C K and γF γK PDF and αS evol.

LL 0 - 1 -

NLL 0 1 2 LO

NLL’ 1 1 2 NLO

NNLL 1 2 3 NLO

NNLL’ 2 2 3 NNLO

N3LL 2 3 4 NNLO

N3LL’ 3 3 4 N3LO

7



PERTURBATIVE ORDER OF EACH INGREDIENT
Orders in powers of 

Hard factor and 
matching coefficient

Collinear fragmentation functions not available beyond NLO!!

↵S

<latexit sha1_base64="TYVkC03V0DMU+cUQJOGUKKMZDy4=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0hq1fRW9OKxov2ANpTNdtsu3Wzi7kYooX/CiwdFvPp3vPlv3DYVVPTBwOO9GWbmBTFnSjvOh5VbWl5ZXcuvFzY2t7Z3irt7TRUlktAGiXgk2wFWlDNBG5ppTtuxpDgMOG0F48uZ37qnUrFI3OpJTP0QDwUbMIK1kdpdzOMR7t30iiXHLnte1T1BGTnzMuJVq8i1nTlKsEC9V3zv9iOShFRowrFSHdeJtZ9iqRnhdFroJorGmIzxkHYMFTikyk/n907RkVH6aBBJU0Kjufp9IsWhUpMwMJ0h1iP125uJf3mdRA88P2UiTjQVJFs0SDjSEZo9j/pMUqL5xBBMJDO3IjLCEhNtIiqYEL4+Rf+TZtl2K/bpdaVUu1jEkYcDOIRjcOEcanAFdWgAAQ4P8ATP1p31aL1Yr1lrzlrM7MMPWG+fklWQWg==</latexit>

Ingredients in perturbative 
Sudakov form factor

Accuracy H and C K and γF γK PDF and αS evol.

LL 0 - 1 -

NLL 0 1 2 LO

NLL’ 1 1 2 NLO

NNLL 1 2 3 NLO

NNLL’ 2 2 3 NNLO

N3LL 2 3 4 NNLO

N3LL’ 3 3 4 N3LO

7



Framework HERMES COMPASS DY Z production N of points χ2/Npoints

Pavia 2017 
arXiv:1703.10157 NLL ✔ ✔ ✔ ✔ 8059 1.55

SV 2017 
arXiv:1706.01473 NNLLʹ ✘ ✘ ✔ ✔ 309 1.23

BSV 2019 
arXiv:1902.08474 NNLLʹ ✘ ✘ ✔ ✔ 457 1.17

SV 2019 
arXiv:1912.06532 N3LL ✔ ✔ ✔ ✔ 1039 1.06

Pavia 2019 
arXiv:1912.07550 N3LL ✘ ✘ ✔ ✔ 353 1.02

RECENT GLOBAL FITS OF UNPOLARIZED TMD DATA 

8

-

http://arxiv.org/abs/arXiv:1703.10157
http://arxiv.org/abs/arXiv:1912.07550


OUR WORK IN THE LAST TWO YEARS  

New Global Fit Simultaneously extraction of unpolarized TMD PDFs and FFs
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OUR WORK IN THE LAST TWO YEARS  
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New Global Fit Simultaneously extraction of unpolarized TMD PDFs and FFs

SIDIS + Drell Yan
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https://github.com/MapCollaboration


OUR WORK IN THE LAST TWO YEARS  

New Global Fit Simultaneously extraction of unpolarized TMD PDFs and FFs

SIDIS + Drell Yan

Integrated variables

https://github.com/MapCollaboration

Up to N2LL/N3LL

9

https://github.com/MapCollaboration


RESULTS AT NLL: SIDIS (MULTIPLICITIES)
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<latexit sha1_base64="9TevHaYEmeHn49WFLEKJzqgvrGw=">AAACEHicbVDJSgNBEO1xjXGLevTSGEQvhhmJ6DHoQS9CBLNAMoaeTiVp0rPQXSOGYT7Bi7/ixYMiXj1682/sLAdNfFDweK+KqnpeJIVG2/625uYXFpeWMyvZ1bX1jc3c1nZVh7HiUOGhDFXdYxqkCKCCAiXUIwXM9yTUvP7F0K/dg9IiDG5xEIHrs24gOoIzNFIrd9BEeMDkOpYozD4ucJDSJm2M5UuopnfJkZO6rVzeLtgj0FniTEieTFBu5b6a7ZDHPgTIJdO64dgRuglTKLiENNuMNUSM91kXGoYGzAftJqOHUrpvlDbthMpUgHSk/p5ImK/1wPdMp8+wp6e9ofif14ixc+YmIohihICPF3ViSTGkw3RoWyjgKAeGMK6EuZXyHlOMo8kwa0Jwpl+eJdXjglMsnNwU86XzSRwZskv2yCFxyCkpkStSJhXCySN5Jq/kzXqyXqx362PcOmdNZnbIH1ifP38HnX4=</latexit>

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

4

<latexit sha1_base64="Ryty953uOy2UrItprN86hcgSdyo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKp6LHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNb9eu6o2boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxdLi5Y=</latexit>

6

<latexit sha1_base64="DODAioN1aV47MlpLY60K+xzXZHM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/apXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqV8Wa+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYTJjMI=</latexit>

8

<latexit sha1_base64="xftMMpF5HVACqgqnH1COskfCSX8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyVylfNyql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIfRjMQ=</latexit>

10

<latexit sha1_base64="lElyhjbwv9PI53xFimw0qV1tMYw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz04Ln9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWhdVr1a9vK9V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+sKjPc=</latexit>

0.2

<latexit sha1_base64="bTdjnTfyr4r9vATrlTQHkUxwg9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hKRY9FLx4r2lpoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG8/7dgpr6xubW8Xt0s7u3v5B+fCopZNMMWyyRCSqHVKNgktsGm4EtlOFNA4FPoajm5n/+IRK80Q+mHGKQUwHkkecUWOle8+t9soVz/XmIKvEz0kFcjR65a9uP2FZjNIwQbXu+F5qgglVhjOB01I305hSNqID7FgqaYw6mMxPnZIzq/RJlChb0pC5+ntiQmOtx3FoO2NqhnrZm4n/eZ3MRFfBhMs0MyjZYlGUCWISMvub9LlCZsTYEsoUt7cSNqSKMmPTKdkQ/OWXV0mr6vo19+KuVqlf53EU4QRO4Rx8uIQ63EIDmsBgAM/wCm+OcF6cd+dj0Vpw8plj+APn8wdXmI0w</latexit>

0.4

<latexit sha1_base64="MuUfK5YG8RuNOsGVtJQWgRXAavE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04LnVXrniud4cZJX4OalAjnqv/NXtJyyLURomqNYd30tNMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCv/zyKmleuH7VvbyvVmo3eRxFOIFTOAcfrqAGd1CHBjAYwDO8wpsjnBfn3flYtBacfOYY/sD5/AFaoI0y</latexit>

0.6

<latexit sha1_base64="9RxYGzF4ov5fHhyIP51e6TeoRIY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8egF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTAXXxvO+ncLK6tr6RnGztLW9s7tX3j9o6CRTDOssEYlqhVSj4BLrhhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZ68NzLbrniud4MZJn4OalAjlq3/NXpJSyLURomqNZt30tNMKbKcCZwUupkGlPKhrSPbUsljVEH49mpE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r52Z6DoYc5lmBiWbL4oyQUxCpn+THlfIjBhZQpni9lbCBlRRZmw6JRuCv/jyMmmcuf65e3F/Xqne5HEU4QiO4RR8uIIq3EEN6sCgD8/wCm+OcF6cd+dj3lpw8plD+APn8wddqI00</latexit>

0.8

<latexit sha1_base64="w9GMldpzAGftT4bjOUW7Xbp4icY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsceiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04LnVXrniud4cZJX4OalAjnqv/NXtJyyLURomqNYd30tNMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZqBpMuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXP/Svbq/rNRu8jiKcAKncA4+XEMN7qAODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNgsI02</latexit>

PhT [GeV ]

<latexit sha1_base64="GXnSLt8BX4VGRXyCO94ChQ1T6Lw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegBz1GyAs2a5id9CZDZh/MzCphyX948aCIV//Fm3/jJNmDJhY0FFXddHf5ieBK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFaeSYZPFIpYdnyoUPMKm5lpgJ5FIQ19g2x/dTP32I0rF46ihxwl6IR1EPOCMaiM91HvZsDEhXeLeYsvrlSt21Z6BLBMnJxXIUe+Vv7r9mKUhRpoJqpTr2In2Mio1ZwInpW6qMKFsRAfoGhrREJWXza6ekBOj9EkQS1ORJjP190RGQ6XGoW86Q6qHatGbiv95bqqDKy/jUZJqjNh8UZAKomMyjYD0uUSmxdgQyiQ3txI2pJIybYIqmRCcxZeXSeus6pxXL+7PK7XrPI4iHMExnIIDl1CDO6hDExhIeIZXeLOerBfr3fqYtxasfOYQ/sD6/AFbzpHH</latexit>

hQ2i = 2.9 GeV2

<latexit sha1_base64="OVZKFpWCsAgLjqItQgebRZVB9Go=">AAACEXicbZA9SwNBEIb3/Izx69TSZjEIVuEuKGohBC20TMBEIRfD3mYSF/f2jt05MRz5Czb+FRsLRWzt7Pw3bj4KTXxh4eGdGWbnDRMpDHretzMzOze/sJhbyi+vrK6tuxubdROnmkONxzLW1yEzIIWCGgqUcJ1oYFEo4Sq8OxvUr+5BGxGrS+wl0IxYV4mO4Ayt1XL3AslUVwKt3pRooEd8QkvFYxrQAOEBs3Oo929KLbfgFb2h6DT4YyiQsSot9ytoxzyNQCGXzJiG7yXYzJhGwSX080FqIGH8jnWhYVGxCEwzG17Up7vWadNOrO1TSIfu74mMRcb0otB2RgxvzWRtYP5Xa6TYOWpmQiUpguKjRZ1UUozpIB7aFho4yp4FxrWwf6X8lmnG0YaYtyH4kydPQ71U9PeLB9X9Qvl0HEeObJMdskd8ckjK5IJUSI1w8kieySt5c56cF+fd+Ri1zjjjmS3yR87nDzwPm2U=</latexit>

hxi = 0.15

<latexit sha1_base64="S6SlzUiof4GReFItNdWE/9hAxj4=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJpEU3QtGNywr2Ak0ok+mkHTqZhJmJWELd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOHyScKe0439bS8srq2npho7i5tb2za+/tN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8n9dY9lYrF4k6PEupHuC9YyAjWxurahx7Hos8pekCenNElcsputWuXnLIzFVoEN4cS5Kp37S+vF5M0okITjpXquE6i/QxLzQin46KXKppgMsR92jEocESVn00vGKMT4/RQGEvzhEZT9/dEhiOlRlFgOiOsB2q+NjH/q3VSHV74GRNJqqkgs0VhypGO0SQO1GOSEs1HBjCRzPwVkQGWmGgTWtGE4M6fvAjNs7JbKVdvK6XaVR5HAY7gGE7BhXOowQ3UoQEEHuEZXuHNerJerHfrY9a6ZOUzB/BH1ucP66aVQA==</latexit>

What we expected

Bacchetta, Delcarro, Pisano, Radici, Signori, arXiv:1703.10157

10

http://arxiv.org/abs/arXiv:1703.10157


RESULTS AT NLL: SIDIS (MULTIPLICITIES)
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<latexit sha1_base64="9TevHaYEmeHn49WFLEKJzqgvrGw=">AAACEHicbVDJSgNBEO1xjXGLevTSGEQvhhmJ6DHoQS9CBLNAMoaeTiVp0rPQXSOGYT7Bi7/ixYMiXj1682/sLAdNfFDweK+KqnpeJIVG2/625uYXFpeWMyvZ1bX1jc3c1nZVh7HiUOGhDFXdYxqkCKCCAiXUIwXM9yTUvP7F0K/dg9IiDG5xEIHrs24gOoIzNFIrd9BEeMDkOpYozD4ucJDSJm2M5UuopnfJkZO6rVzeLtgj0FniTEieTFBu5b6a7ZDHPgTIJdO64dgRuglTKLiENNuMNUSM91kXGoYGzAftJqOHUrpvlDbthMpUgHSk/p5ImK/1wPdMp8+wp6e9ofif14ixc+YmIohihICPF3ViSTGkw3RoWyjgKAeGMK6EuZXyHlOMo8kwa0Jwpl+eJdXjglMsnNwU86XzSRwZskv2yCFxyCkpkStSJhXCySN5Jq/kzXqyXqx362PcOmdNZnbIH1ifP38HnX4=</latexit>

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

4

<latexit sha1_base64="Ryty953uOy2UrItprN86hcgSdyo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKp6LHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNb9eu6o2boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxdLi5Y=</latexit>

6

<latexit sha1_base64="DODAioN1aV47MlpLY60K+xzXZHM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/apXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqV8Wa+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYTJjMI=</latexit>

8

<latexit sha1_base64="xftMMpF5HVACqgqnH1COskfCSX8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyVylfNyql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIfRjMQ=</latexit>

10

<latexit sha1_base64="lElyhjbwv9PI53xFimw0qV1tMYw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz04Ln9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWhdVr1a9vK9V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+sKjPc=</latexit>

0.2

<latexit sha1_base64="bTdjnTfyr4r9vATrlTQHkUxwg9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hKRY9FLx4r2lpoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG8/7dgpr6xubW8Xt0s7u3v5B+fCopZNMMWyyRCSqHVKNgktsGm4EtlOFNA4FPoajm5n/+IRK80Q+mHGKQUwHkkecUWOle8+t9soVz/XmIKvEz0kFcjR65a9uP2FZjNIwQbXu+F5qgglVhjOB01I305hSNqID7FgqaYw6mMxPnZIzq/RJlChb0pC5+ntiQmOtx3FoO2NqhnrZm4n/eZ3MRFfBhMs0MyjZYlGUCWISMvub9LlCZsTYEsoUt7cSNqSKMmPTKdkQ/OWXV0mr6vo19+KuVqlf53EU4QRO4Rx8uIQ63EIDmsBgAM/wCm+OcF6cd+dj0Vpw8plj+APn8wdXmI0w</latexit>

0.4

<latexit sha1_base64="MuUfK5YG8RuNOsGVtJQWgRXAavE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04LnVXrniud4cZJX4OalAjnqv/NXtJyyLURomqNYd30tNMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCv/zyKmleuH7VvbyvVmo3eRxFOIFTOAcfrqAGd1CHBjAYwDO8wpsjnBfn3flYtBacfOYY/sD5/AFaoI0y</latexit>

0.6

<latexit sha1_base64="9RxYGzF4ov5fHhyIP51e6TeoRIY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8egF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTAXXxvO+ncLK6tr6RnGztLW9s7tX3j9o6CRTDOssEYlqhVSj4BLrhhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZ68NzLbrniud4MZJn4OalAjlq3/NXpJSyLURomqNZt30tNMKbKcCZwUupkGlPKhrSPbUsljVEH49mpE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r52Z6DoYc5lmBiWbL4oyQUxCpn+THlfIjBhZQpni9lbCBlRRZmw6JRuCv/jyMmmcuf65e3F/Xqne5HEU4QiO4RR8uIIq3EEN6sCgD8/wCm+OcF6cd+dj3lpw8plD+APn8wddqI00</latexit>

0.8

<latexit sha1_base64="w9GMldpzAGftT4bjOUW7Xbp4icY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEsceiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04LnVXrniud4cZJX4OalAjnqv/NXtJyyLURomqNYd30tNMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZqBpMuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXP/Svbq/rNRu8jiKcAKncA4+XEMN7qAODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNgsI02</latexit>

PhT [GeV ]

<latexit sha1_base64="GXnSLt8BX4VGRXyCO94ChQ1T6Lw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegBz1GyAs2a5id9CZDZh/MzCphyX948aCIV//Fm3/jJNmDJhY0FFXddHf5ieBK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFaeSYZPFIpYdnyoUPMKm5lpgJ5FIQ19g2x/dTP32I0rF46ihxwl6IR1EPOCMaiM91HvZsDEhXeLeYsvrlSt21Z6BLBMnJxXIUe+Vv7r9mKUhRpoJqpTr2In2Mio1ZwInpW6qMKFsRAfoGhrREJWXza6ekBOj9EkQS1ORJjP190RGQ6XGoW86Q6qHatGbiv95bqqDKy/jUZJqjNh8UZAKomMyjYD0uUSmxdgQyiQ3txI2pJIybYIqmRCcxZeXSeus6pxXL+7PK7XrPI4iHMExnIIDl1CDO6hDExhIeIZXeLOerBfr3fqYtxasfOYQ/sD6/AFbzpHH</latexit>

hQ2i = 2.9 GeV2

<latexit sha1_base64="OVZKFpWCsAgLjqItQgebRZVB9Go=">AAACEXicbZA9SwNBEIb3/Izx69TSZjEIVuEuKGohBC20TMBEIRfD3mYSF/f2jt05MRz5Czb+FRsLRWzt7Pw3bj4KTXxh4eGdGWbnDRMpDHretzMzOze/sJhbyi+vrK6tuxubdROnmkONxzLW1yEzIIWCGgqUcJ1oYFEo4Sq8OxvUr+5BGxGrS+wl0IxYV4mO4Ayt1XL3AslUVwKt3pRooEd8QkvFYxrQAOEBs3Oo929KLbfgFb2h6DT4YyiQsSot9ytoxzyNQCGXzJiG7yXYzJhGwSX080FqIGH8jnWhYVGxCEwzG17Up7vWadNOrO1TSIfu74mMRcb0otB2RgxvzWRtYP5Xa6TYOWpmQiUpguKjRZ1UUozpIB7aFho4yp4FxrWwf6X8lmnG0YaYtyH4kydPQ71U9PeLB9X9Qvl0HEeObJMdskd8ckjK5IJUSI1w8kieySt5c56cF+fd+Ri1zjjjmS3yR87nDzwPm2U=</latexit>

hxi = 0.15

<latexit sha1_base64="S6SlzUiof4GReFItNdWE/9hAxj4=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJpEU3QtGNywr2Ak0ok+mkHTqZhJmJWELd+CpuXCji1rdw59s4bbPQ1h8GPv5zDmfOHyScKe0439bS8srq2npho7i5tb2za+/tN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8n9dY9lYrF4k6PEupHuC9YyAjWxurahx7Hos8pekCenNElcsputWuXnLIzFVoEN4cS5Kp37S+vF5M0okITjpXquE6i/QxLzQin46KXKppgMsR92jEocESVn00vGKMT4/RQGEvzhEZT9/dEhiOlRlFgOiOsB2q+NjH/q3VSHV74GRNJqqkgs0VhypGO0SQO1GOSEs1HBjCRzPwVkQGWmGgTWtGE4M6fvAjNs7JbKVdvK6XaVR5HAY7gGE7BhXOowQ3UoQEEHuEZXuHNerJerHfrY9a6ZOUzB/BH1ucP66aVQA==</latexit>

What we expected What we found

Bacchetta, Delcarro, Pisano, Radici, Signori, arXiv:1703.10157

PhT [GeV]

1.25

1.50

1.75

2.00

2.25

2.50

2.75

3.00

3.25

M
h n

° x
,z

,|
P

h
T
|,

Q
2
¢

¬2 = 1.16

HERMES, Pro - Pip

NLL
Predictions

Data

0.0 0.1 0.2 0.3 0.4 0.5
PhT [GeV]

0.95

1.00

P
re

d
/

D
a
ta Pred / DataPreliminary

10

hermes

http://arxiv.org/abs/arXiv:1703.10157


RESULTS AT NLL: SIDIS (MULTIPLICITIES)

What we expected What we found

Bacchetta, Delcarro, Pisano, Radici, Signori, arXiv:1703.10157

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

4

<latexit sha1_base64="Ryty953uOy2UrItprN86hcgSdyo=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKp6LHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNb9eu6o2boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxdLi5Y=</latexit>

6

<latexit sha1_base64="DODAioN1aV47MlpLY60K+xzXZHM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/apXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqV8Wa+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYTJjMI=</latexit>

8

<latexit sha1_base64="xftMMpF5HVACqgqnH1COskfCSX8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyVylfNyql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIfRjMQ=</latexit>

10

<latexit sha1_base64="lElyhjbwv9PI53xFimw0qV1tMYw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz04Ln9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWhdVr1a9vK9V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+sKjPc=</latexit>
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<latexit sha1_base64="f7eM2YJ+2tsWHYYpjJum48HPF2g=">AAACA3icbVBNS8NAEN34WetX1JteFovgKSRS0WPRixelgv2ANpTNdtMu3WzC7kQsoeDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZuYFieAaXPfbWlhcWl5ZLawV1zc2t7btnd26jlNFWY3GIlbNgGgmuGQ14CBYM1GMRIFgjWBwOfYb90xpHss7GCbMj0hP8pBTAkbq2PttYA+Q3cQqcvB1KoCbrZTDcIQ7dsl13AnwPPFyUkI5qh37q92NaRoxCVQQrVuem4CfEQWcCjYqtlPNEkIHpMdahkoSMe1nkx9G+MgoXRzGypQEPFF/T2Qk0noYBaYzItDXs95Y/M9rpRCe+xmXSQpM0umiMBUYYjwOBHe5YhTE0BBCFTe3YtonilAwsRVNCN7sy/OkfuJ4Zef0tlyqXORxFNABOkTHyENnqIKuUBXVEEWP6Bm9ojfryXqx3q2PaeuClc/soT+wPn8ANMiX4w==</latexit>

0.3

<latexit sha1_base64="t9dJllN9CCq55eYAz0Ou4eZmbtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0i0oseiF48V7Qe0oWy2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTKUw6HlfTmFldW19o7hZ2tre2d0r7x80TZJpxhsskYluh9RwKRRvoEDJ26nmNA4lb4Wjm5nfeuTaiEQ94DjlQUwHSkSCUbTSveee98oVz/XmIH+Jn5MK5Kj3yp/dfsKymCtkkhrT8b0UgwnVKJjk01I3MzylbEQHvGOpojE3wWR+6pScWKVPokTbUkjm6s+JCY2NGceh7YwpDs2yNxP/8zoZRlfBRKg0Q67YYlGUSYIJmf1N+kJzhnJsCWVa2FsJG1JNGdp0SjYEf/nlv6R55vpV9+KuWqld53EU4QiO4RR8uIQa3EIdGsBgAE/wAq+OdJ6dN+d90Vpw8plD+AXn4xtZHI0x</latexit>

0.6

<latexit sha1_base64="9RxYGzF4ov5fHhyIP51e6TeoRIY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadkVX8egF48RzQOSJcxOepMhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrTAXXxvO+ncLK6tr6RnGztLW9s7tX3j9o6CRTDOssEYlqhVSj4BLrhhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZ68NzLbrniud4MZJn4OalAjlq3/NXpJSyLURomqNZt30tNMKbKcCZwUupkGlPKhrSPbUsljVEH49mpE3JilR6JEmVLGjJTf0+Maaz1KA5tZ0zNQC96U/E/r52Z6DoYc5lmBiWbL4oyQUxCpn+THlfIjBhZQpni9lbCBlRRZmw6JRuCv/jyMmmcuf65e3F/Xqne5HEU4QiO4RR8uIIq3EEN6sCgD8/wCm+OcF6cd+dj3lpw8plD+APn8wddqI00</latexit>

0.9

<latexit sha1_base64="m7cNynfv4tmorg+YrfRIAnL22dc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUW9FLx4r2g9oQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG8/7dgorq2vrG8XN0tb2zu5eef+goZNMMayzRCSqFVKNgkusG24EtlKFNA4FNsPh7dRvPqHSPJGPZpRiENO+5BFn1FjpwXOvu+WK53ozkGXi56QCOWrd8lenl7AsRmmYoFq3fS81wZgqw5nASamTaUwpG9I+ti2VNEYdjGenTsiJVXokSpQtachM/T0xprHWozi0nTE1A73oTcX/vHZmoqtgzGWaGZRsvijKBDEJmf5NelwhM2JkCWWK21sJG1BFmbHplGwI/uLLy6Rx5vrn7sX9eaV6k8dRhCM4hlPw4RKqcAc1qAODPjzDK7w5wnlx3p2PeWvByWcO4Q+czx9iNI03</latexit>

P 2
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<latexit sha1_base64="1pj0y+95ILhPi9RSPQWhdk6tz98=">AAAB/nicbVDJSgNBEO2JW4xbVDx5aQyCpzAjET0GPegxQjZIhqGnU5M06VnorhHDEPBXvHhQxKvf4c2/sbMcNPFBweO9Kqrq+YkUGm3728qtrK6tb+Q3C1vbO7t7xf2Dpo5TxaHBYxmrts80SBFBAwVKaCcKWOhLaPnDm4nfegClRRzVcZSAG7J+JALBGRrJKx7VvGxQH9Mu7XQRHjG7hebY9Yolu2xPQZeJMyclMkfNK351ezFPQ4iQS6Z1x7ETdDOmUHAJ40I31ZAwPmR96BgasRC0m03PH9NTo/RoECtTEdKp+nsiY6HWo9A3nSHDgV70JuJ/XifF4MrNRJSkCBGfLQpSSTGmkyxoTyjgKEeGMK6EuZXyAVOMo0msYEJwFl9eJs3zslMpX9xXStXreRx5ckxOyBlxyCWpkjtSIw3CSUaeySt5s56sF+vd+pi15qz5zCH5A+vzB7XHlVc=</latexit>

Preliminary

P 2
hT [GeV2]

<latexit sha1_base64="YFU2KWw3ruVmBcz24vpcrGAPEaw=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcyEiB6DHvQYIRskY+jpVJImPQvdNWIYghd/xYsHRbz6Fd78GzvLQRMfFLx+r4quen4shUbH+baWlldW19YzG9nNre2dXXtvv6ajRHGo8khGquEzDVKEUEWBEhqxAhb4Eur+4Grs1+9BaRGFFRzG4AWsF4qu4AyN1LYPy+20XxndFWiLNlsID5heQ828vbadc/LOBHSRuDOSIzOU2/ZXqxPxJIAQuWRaN10nRi9lCgWXMMq2Eg0x4wPWg6ahIQtAe+nkhBE9MUqHdiNlKkQ6UX9PpCzQehj4pjNg2Nfz3lj8z2sm2L3wUhHGCULIpx91E0kxouM8aEco4CiHhjCuhNmV8j5TjKNJLWtCcOdPXiS1Qt4t5s9ui7nS5SyODDkix+SUuOSclMgNKZMq4eSRPJNX8mY9WS/Wu/UxbV2yZjMH5A+szx8duJaf</latexit>
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CMS 7 TeV D0 Run II muons
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RESULTS AT NLL: DRELL YAN 

We need to increase the accuracy!!

CMS 7 TeV D0 Run II muons

Preliminary
Preliminary
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<latexit sha1_base64="XcxvkZSMScqDkvQuo9LhuAXjuoo=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8hZkQ0WPQgx4TMAtkQujpVJImPQvdNZIw5OTFX/HiQRGvfoM3/8bOctDEBwWP96qoqufHUmh0nG9rZXVtfWMzs5Xd3tnd27cPDms6ShSHKo9kpBo+0yBFCFUUKKERK2CBL6HuD24mfv0BlBZReI+jGFoB64WiKzhDI7XtE8+PhtBJK9TTIqAF6lEPYYjpLdTG47adc/LOFHSZuHOSI3OU2/aX14l4EkCIXDKtm64TYytlCgWXMM56iYaY8QHrQdPQkAWgW+n0jTE9M0qHdiNlKkQ6VX9PpCzQehT4pjNg2NeL3kT8z2sm2L1qpSKME4SQzxZ1E0kxopNMaEco4ChHhjCuhLmV8j5TjKNJLmtCcBdfXia1Qt4t5i8qxVzpeh5HhhyTU3JOXHJJSuSOlEmVcPJInskrebOerBfr3fqYta5Y85kj8gfW5w876Jha</latexit>
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The description considerably worsens at higher orders!!
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COMPARISON OF DIFFERENT ORDERS - SIDIS

Preliminary
COMPASS multiplicities (one of many bins)

The description considerably worsens at higher orders!!
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RATIO DATA/PREDICTIONS: SIDIS

The discrepancy amounts to an almost constant factor!! 

Preliminary
COMPASS multiplicities (one of many bins)
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OUR TENTATIVE SOLUTION

Introduction of a normalization prefactor

16

PREFACTOR(x, z,Q) =

d�h

dxdQ2dz

��
nonmix.R

Wd2qT

<latexit sha1_base64="zT/ZOEy+5WM0IOQdf0NDdy04j1c="></latexit>
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nonmix.

Independent of the fitting parameters!!
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SOME JUSTIFICATION: INITIAL SITUATION
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SOLUTION1: RESTRICT TMD REGION
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SOLUTION2: ENHANCE TMD CONTRIBUTIONS
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MAP21 TMD FIT CHOICES (PRELIMINARY)

10°5 10°4 10°3 10°2 10°1 100

x

100

101

102

103

104

105

Q
2
[G

eV
2
]

E605
E288
CDF
D0
LHCb
CMS
ATLAS
STAR
HERMES
COMPASS

hQi > 1.3 GeV

<latexit sha1_base64="bLD8TrGSBrkUuM1NCOg5cMqC2fE=">AAACDXicbZA9SwNBEIb3/DZ+nVraLEbBKtxpRCsRLbRUMFHIhbC3mYuLe3vH7pwYjvwBG/+KjYUitvZ2/hs3yRWa+MLCwzszzM4bplIY9LxvZ2Jyanpmdm6+tLC4tLzirq7VTZJpDjWeyETfhMyAFApqKFDCTaqBxaGE6/DutF+/vgdtRKKusJtCM2YdJSLBGVqr5W4FkqmOBHpJAz2kI+pX9mhAA4QHzM+g3mu5Za/iDUTHwS+gTApdtNyvoJ3wLAaFXDJjGr6XYjNnGgWX0CsFmYGU8TvWgYZFxWIwzXxwTY9uW6dNo0Tbp5AO3N8TOYuN6cah7YwZ3prRWt/8r9bIMDps5kKlGYLiw0VRJikmtB8NbQsNHGXXAuNa2L9Sfss042gDLNkQ/NGTx6G+W/Grlf3Lavn4pIhjjmyQTbJDfHJAjsk5uSA1wskjeSav5M15cl6cd+dj2DrhFDPr5I+czx+5PpoX</latexit>

0.2 < z < 0.6

<latexit sha1_base64="ioRfaBiDvtdNWlfZ0RQREFWNDsc=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmLiqWkJqAcPRC8eMZGPBBqyXbawYbutu1sSbPgdXjxojFd/jDf/jQv0oOBLJnl5byYz8/yYM6Ud59vKra1vbG7ltws7u3v7B8XDo6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHtzG+NqVQsEg96ElMvxAPBAkawNpLn2GV0jZ5MOfZFr1hybGcOtErcjJQgQ71X/Or2I5KEVGjCsVId14m1l2KpGeF0WugmisaYjPCAdgwVOKTKS+dHT9GZUfooiKQpodFc/T2R4lCpSeibzhDroVr2ZuJ/XifRwZWXMhEnmgqyWBQkHOkIzRJAfSYp0XxiCCaSmVsRGWKJiTY5FUwI7vLLq6RZtt2KXb2vlGo3WRx5OIFTOAcXLqEGd1CHBhB4hGd4hTdrbL1Y79bHojVnZTPH8AfW5w/pMI+a</latexit>

qT < 0.2 Q (DY)

<latexit sha1_base64="lG9Cg460MXMZcqKH7eiWPOndW/c=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDEJuyGiBYWQS0sE8hLskuYnUySIbOPzNwVw5LSxl+xsVDE1k+w82+cPApNPHDhcM693HuPFwmuwLK+jaXlldW19dRGenNre2fX3NuvqTCWlFVpKELZ8IhiggesChwEa0SSEd8TrO71r8d+/Z5JxcOgAsOIuT7pBrzDKQEttcyjQauCL7GVy2MHl7EziEkbO8AeIMne3J2OWmbGylkT4EViz0gGzVBqmV9OO6SxzwKggijVtK0I3IRI4FSwUdqJFYsI7ZMua2oaEJ8pN5k8MsInWmnjTih1BYAn6u+JhPhKDX1Pd/oEemreG4v/ec0YOhduwoMoBhbQ6aJOLDCEeJwKbnPJKIihJoRKrm/FtEckoaCzS+sQ7PmXF0ktn7MLubNyIVO8msWRQofoGGWRjc5REd2iEqoiih7RM3pFb8aT8WK8Gx/T1iVjNnOA/sD4/AHL+pdU</latexit>

PhT < min[min[0.2Q, 0.5zQ] + 0.3 GeV, zQ]

<latexit sha1_base64="KLKzSYNMBgNfKJSVrWF4Y9MtR98="></latexit>

(SIDIS)

<latexit sha1_base64="+BupD297pkr2QnxG5XDzAsU9aAQ=">AAAB9XicbVBNT8JAEN36ifiFevSykZjghbQGo0eiHuSGQT4SqGS7bGHDdtvsTlXS8D+8eNAYr/4Xb/4bF+hBwZdM8vLeTGbmeZHgGmz721paXlldW89sZDe3tnd2c3v7DR3GirI6DUWoWh7RTHDJ6sBBsFakGAk8wZre8GriNx+Y0jyUdzCKmBuQvuQ+pwSMdN8B9gRJoVa5rtROxt1c3i7aU+BF4qQkj1JUu7mvTi+kccAkUEG0bjt2BG5CFHAq2DjbiTWLCB2SPmsbKknAtJtMrx7jY6P0sB8qUxLwVP09kZBA61Hgmc6AwEDPexPxP68dg3/hJlxGMTBJZ4v8WGAI8SQC3OOKURAjQwhV3NyK6YAoQsEElTUhOPMvL5LGadEpFc9uS/nyZRpHBh2iI1RADjpHZXSDqqiOKFLoGb2iN+vRerHerY9Z65KVzhygP7A+fwCigJH0</latexit>
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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
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(ẑβ + δ) (1− ẑ)γ
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11 parameters for TMD PDF  
+ 2 for NP evolution +14 for FF   
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NON-MIXED TERMS IN COLLINEAR SIDIS CROSS SECTION - BACKUP

4. Low transverse momentum: phenomenology

4A Appendix: di�erence between the TMD integral
and the integrated SIDIS cross section at O(UB)

In this Appendix we report the theoretical formula for the SIDIS cross section inte-
grated over transverse momentum at O(UB), for the reader who wants to compare
it with the integral of the TMD cross section (Sec. 4.1.2). This expression can be
found, for instance, in [84]:
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where the first term of the sum gives the structure function �1, and the second
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and the integrated SIDIS cross section at O(UB)

In this Appendix we report the theoretical formula for the SIDIS cross section inte-
grated over transverse momentum at O(UB), for the reader who wants to compare
it with the integral of the TMD cross section (Sec. 4.1.2). This expression can be
found, for instance, in [84]:
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where the first term of the sum gives the structure function �1, and the second
term the longitudinal structure function �! . Square brackets denote a double
convolution over both G and I. The QCD coe�cients ⇠ 5
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