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A cooking show is NOT a lecture

I am going to USE formulas already discussed 

The aim of this cooking show is to discuss TOGETHER how to 
solve a “simple” exercise

I am going to discuss WITH YOU such formulas

DON’T   
GIVE UP!!
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The W term dominates in the region where qT ≪Q

Y term is usually excluded in TMD analyses

W term

(A. Bacchetta lectures)



6

TMD Factorization - Drell—Yan
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Accuracy H and C K and γF γK αS evol.

LL 0 - 1 -
NLL 0 1 2 NLO
NLL’ 1 1 2 NLO
NNLL 1 2 3 NNLO
NNLL’ 2 2 3 NNLO
N3LL 2 3 4 N3LO
N3LL’ 3 3 4 N3LO
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<latexit sha1_base64="mQ22hUnzmNGshGi9TyQL2YtHzg0=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0URwZKUim6EogguK9gHNDVMppN26EwSZiZCCfkDN/6KGxeKuHXrzr9xmmahrQcuHM65l3vv8SJGpbKsb6OwsLi0vFJcLa2tb2xumds7LRnGApMmDlkoOh6ShNGANBVVjHQiQRD3GGl7o6uJ334gQtIwuFPjiPQ4GgTUpxgpLbnmocNjN/Hc4xReQMcXCCdVcp+cOAPEOXKv0zQzXbNsVawMcJ7YOSmDHA3X/HL6IY45CRRmSMqubUWqlyChKGYkLTmxJBHCIzQgXU0DxInsJdk/KTzQSh/6odAVKJipvycSxKUcc093cqSGctabiP953Vj5572EBlGsSICni/yYQRXCSTiwTwXBio01QVhQfSvEQ6RDUTrCkg7Bnn15nrSqFbtWOb2tleuXeRxFsAf2wRGwwRmogxvQAE2AwSN4Bq/gzXgyXox342PaWjDymV3wB8bnDyElnBw=</latexit>

J. Collins, “Foundation of Perturbative QCD”

(A. Bacchetta lectures)
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<latexit sha1_base64="hs4+EA9S9YecsZTwHmR8Vq1DKTo="></latexit>

Structure of a TMD

How to model a TMD distribution?

<latexit sha1_base64="gt3ls4PiC/KYh0WEZfqEYUaWf5E=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjOi6E5RF90IFVoV2lIymVsNzUyG5I5ahvkSN/6KGxeKCK70b8zULrT1QOBw7iPnHj+WwqDrfjmFqemZ2bnifGlhcWl5pby6dmFUojk0uZJKX/nMgBQRNFGghKtYAwt9CZd+/ySvX96CNkJFDRzE0AnZdSR6gjO0Ure810a4x7Q93JRqCLK0pu4oKhqqACRltHF2SgNrRAs/yWcOs6zULVfcqjsEnSTeiFTICPVu+aMdKJ6EECGXzJiW58bYSZlGwSVkpXZiIGa8z66hZWnEQjCddGgqo1tWCWhPafsipEP190TKQmMGoW87Q4Y3ZryWi//VWgn2DjqpiOIEIeI/H/USmV+fZ2XP1sBRDixhXAvrlfIbphlHm2gegjd+8iS52Kl6u9W9893K0fEojiLZIJtkm3hknxyRGqmTJuHkgTyRF/LqPDrPzpvz/tNacEYz6+QPnM9v8fWi9Q==</latexit>

f̃1(x, b
2
T ;Q

2) =

Z
d2kT
(2⇡)2

eibT ·kT f1(x, k
2
T ;Q

2)

<latexit sha1_base64="NefBm0M7qvtHWb7b0yx7ZSV+LGU="></latexit>

Model-dependent function

FIT to data

Fourier Transform in bT -space

<latexit sha1_base64="NlC3BOsUbT1T1OKdadNIBMHvdAI="></latexit>

11

µb⇤ =
2e��E

b⇤

<latexit sha1_base64="mQ22hUnzmNGshGi9TyQL2YtHzg0=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0URwZKUim6EogguK9gHNDVMppN26EwSZiZCCfkDN/6KGxeKuHXrzr9xmmahrQcuHM65l3vv8SJGpbKsb6OwsLi0vFJcLa2tb2xumds7LRnGApMmDlkoOh6ShNGANBVVjHQiQRD3GGl7o6uJ334gQtIwuFPjiPQ4GgTUpxgpLbnmocNjN/Hc4xReQMcXCCdVcp+cOAPEOXKv0zQzXbNsVawMcJ7YOSmDHA3X/HL6IY45CRRmSMqubUWqlyChKGYkLTmxJBHCIzQgXU0DxInsJdk/KTzQSh/6odAVKJipvycSxKUcc093cqSGctabiP953Vj5572EBlGsSICni/yYQRXCSTiwTwXBio01QVhQfSvEQ6RDUTrCkg7Bnn15nrSqFbtWOb2tleuXeRxFsAf2wRGwwRmogxvQAE2AwSN4Bq/gzXgyXox342PaWjDymV3wB8bnDyElnBw=</latexit>

J. Collins, “Foundation of Perturbative QCD”

(A. Bacchetta lectures)
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12

µb =
2e��E

bT

<latexit sha1_base64="BMfWXxDFR8asy0TzFRKWaDeWuXo=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplS0Y1QFMFlhb6gMw6ZNNOGJpkhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809Qcyo0rb9bS0tr6yurRc2iptb2zu7pb39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB6Hridx6IVDQSTT2OicfRQNCQYqSN5JfK0OWJH8BL6IYS4bRK7tNTd4A4R/5NlqWB38xMyq7YU8BF4uSkDHI0/NKX249wwonQmCGleo4day9FUlPMSFZ0E0VihEdoQHqGCsSJ8tLpMRk8NkofhpE0T2g4VX9PpIgrNeaBSXKkh2rem4j/eb1EhxdeSkWcaCLwbFGYMKgjOGkG9qkkWLOxIQhLav4K8RCZUrTpr2hKcOZPXiTtasWpVc7uauX6VV5HARyCI3ACHHAO6uAWNEALYPAInsEreLOerBfr3fqYRZesfOYA/IH1+QOoIJrH</latexit>

(A. Bacchetta lectures)
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12

µb =
2e��E

bT

<latexit sha1_base64="BMfWXxDFR8asy0TzFRKWaDeWuXo=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplS0Y1QFMFlhb6gMw6ZNNOGJpkhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809Qcyo0rb9bS0tr6yurRc2iptb2zu7pb39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB6Hridx6IVDQSTT2OicfRQNCQYqSN5JfK0OWJH8BL6IYS4bRK7tNTd4A4R/5NlqWB38xMyq7YU8BF4uSkDHI0/NKX249wwonQmCGleo4day9FUlPMSFZ0E0VihEdoQHqGCsSJ8tLpMRk8NkofhpE0T2g4VX9PpIgrNeaBSXKkh2rem4j/eb1EhxdeSkWcaCLwbFGYMKgjOGkG9qkkWLOxIQhLav4K8RCZUrTpr2hKcOZPXiTtasWpVc7uauX6VV5HARyCI3ACHHAO6uAWNEALYPAInsEreLOerBfr3fqYRZesfOYA/IH1+QOoIJrH</latexit>

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>

(A. Bacchetta lectures)
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12

µb =
2e��E

bT

<latexit sha1_base64="BMfWXxDFR8asy0TzFRKWaDeWuXo=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplS0Y1QFMFlhb6gMw6ZNNOGJpkhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809Qcyo0rb9bS0tr6yurRc2iptb2zu7pb39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB6Hridx6IVDQSTT2OicfRQNCQYqSN5JfK0OWJH8BL6IYS4bRK7tNTd4A4R/5NlqWB38xMyq7YU8BF4uSkDHI0/NKX249wwonQmCGleo4day9FUlPMSFZ0E0VihEdoQHqGCsSJ8tLpMRk8NkofhpE0T2g4VX9PpIgrNeaBSXKkh2rem4j/eb1EhxdeSkWcaCLwbFGYMKgjOGkG9qkkWLOxIQhLav4K8RCZUrTpr2hKcOZPXiTtasWpVc7uauX6VV5HARyCI3ACHHAO6uAWNEALYPAInsEreLOerBfr3fqYRZesfOYA/IH1+QOoIJrH</latexit>

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>

(A. Bacchetta lectures)
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12

µb =
2e��E

bT

<latexit sha1_base64="BMfWXxDFR8asy0TzFRKWaDeWuXo=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplS0Y1QFMFlhb6gMw6ZNNOGJpkhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809Qcyo0rb9bS0tr6yurRc2iptb2zu7pb39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB6Hridx6IVDQSTT2OicfRQNCQYqSN5JfK0OWJH8BL6IYS4bRK7tNTd4A4R/5NlqWB38xMyq7YU8BF4uSkDHI0/NKX249wwonQmCGleo4day9FUlPMSFZ0E0VihEdoQHqGCsSJ8tLpMRk8NkofhpE0T2g4VX9PpIgrNeaBSXKkh2rem4j/eb1EhxdeSkWcaCLwbFGYMKgjOGkG9qkkWLOxIQhLav4K8RCZUrTpr2hKcOZPXiTtasWpVc7uauX6VV5HARyCI3ACHHAO6uAWNEALYPAInsEreLOerBfr3fqYRZesfOYA/IH1+QOoIJrH</latexit>

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>

(A. Bacchetta lectures)
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12

µb =
2e��E

bT

<latexit sha1_base64="BMfWXxDFR8asy0TzFRKWaDeWuXo=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplS0Y1QFMFlhb6gMw6ZNNOGJpkhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809Qcyo0rb9bS0tr6yurRc2iptb2zu7pb39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB6Hridx6IVDQSTT2OicfRQNCQYqSN5JfK0OWJH8BL6IYS4bRK7tNTd4A4R/5NlqWB38xMyq7YU8BF4uSkDHI0/NKX249wwonQmCGleo4day9FUlPMSFZ0E0VihEdoQHqGCsSJ8tLpMRk8NkofhpE0T2g4VX9PpIgrNeaBSXKkh2rem4j/eb1EhxdeSkWcaCLwbFGYMKgjOGkG9qkkWLOxIQhLav4K8RCZUrTpr2hKcOZPXiTtasWpVc7uauX6VV5HARyCI3ACHHAO6uAWNEALYPAInsEreLOerBfr3fqYRZesfOYA/IH1+QOoIJrH</latexit>

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>

µb > Q

<latexit sha1_base64="HQqGWhTfIfpH9ga6eU/CVTAOfn0=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrFT1J0YvHFuyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/cA+PWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47uZ336iSrNYPphJQgOBh5JFjGBjpceeSPshukGNvlv2Kt4caJX4OSlDjnrf/eoNYpIKKg3hWOuu7yUmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvnBU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwl19eJa2Lil+tXDaq5dptHkcRTuAUzsGHK6jBPdShCQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH6fEj6o=</latexit>

(A. Bacchetta lectures)
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b⇤-prescription

<latexit sha1_base64="65Wy0ryiQAhiLMjg4QsMjPcEbBE=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQwZJIRZdFNy4r2Ae0IUymk3boZBJmbsQSsnPjr7hxoYhbf8Gdf+OkzUKrBwYO59zLnXP8mDMFtv1llBYWl5ZXyquVtfWNzS1ze6etokQS2iIRj2TXx4pyJmgLGHDajSXFoc9pxx9f5X7njkrFInELk5i6IR4KFjCCQUueud8Heg+pn3nHM3ai1xWRLM79zDOrds2ewvpLnIJUUYGmZ372BxFJQiqAcKxUz7FjcFMsgRFOs0o/UTTGZIyHtKepwCFVbjrNkVmHWhlYQST1E2BN1Z8bKQ6VmoS+ngwxjNS8l4v/eb0Eggs3ZSJOgAoyOxQk3ILIykuxBkxSAnyiCdbZ9V8tMsISE9DVVXQJznzkv6R9WnPqtbOberVxWdRRRnvoAB0hB52jBrpGTdRCBD2gJ/SCXo1H49l4M95noyWj2NlFv2B8fANkU5pL</latexit>

µb =
2e��E

bT

<latexit sha1_base64="BMfWXxDFR8asy0TzFRKWaDeWuXo=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplS0Y1QFMFlhb6gMw6ZNNOGJpkhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809Qcyo0rb9bS0tr6yurRc2iptb2zu7pb39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB6Hridx6IVDQSTT2OicfRQNCQYqSN5JfK0OWJH8BL6IYS4bRK7tNTd4A4R/5NlqWB38xMyq7YU8BF4uSkDHI0/NKX249wwonQmCGleo4day9FUlPMSFZ0E0VihEdoQHqGCsSJ8tLpMRk8NkofhpE0T2g4VX9PpIgrNeaBSXKkh2rem4j/eb1EhxdeSkWcaCLwbFGYMKgjOGkG9qkkWLOxIQhLav4K8RCZUrTpr2hKcOZPXiTtasWpVc7uauX6VV5HARyCI3ACHHAO6uAWNEALYPAInsEreLOerBfr3fqYRZesfOYA/IH1+QOoIJrH</latexit>

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>

µb > Q

<latexit sha1_base64="HQqGWhTfIfpH9ga6eU/CVTAOfn0=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrFT1J0YvHFuyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/cA+PWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47uZ336iSrNYPphJQgOBh5JFjGBjpceeSPshukGNvlv2Kt4caJX4OSlDjnrf/eoNYpIKKg3hWOuu7yUmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvnBU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwl19eJa2Lil+tXDaq5dptHkcRTuAUzsGHK6jBPdShCQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH6fEj6o=</latexit>

(A. Bacchetta lectures)
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b⇤-prescription

<latexit sha1_base64="65Wy0ryiQAhiLMjg4QsMjPcEbBE=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQwZJIRZdFNy4r2Ae0IUymk3boZBJmbsQSsnPjr7hxoYhbf8Gdf+OkzUKrBwYO59zLnXP8mDMFtv1llBYWl5ZXyquVtfWNzS1ze6etokQS2iIRj2TXx4pyJmgLGHDajSXFoc9pxx9f5X7njkrFInELk5i6IR4KFjCCQUueud8Heg+pn3nHM3ai1xWRLM79zDOrds2ewvpLnIJUUYGmZ372BxFJQiqAcKxUz7FjcFMsgRFOs0o/UTTGZIyHtKepwCFVbjrNkVmHWhlYQST1E2BN1Z8bKQ6VmoS+ngwxjNS8l4v/eb0Eggs3ZSJOgAoyOxQk3ILIykuxBkxSAnyiCdbZ9V8tMsISE9DVVXQJznzkv6R9WnPqtbOberVxWdRRRnvoAB0hB52jBrpGTdRCBD2gJ/SCXo1H49l4M95noyWj2NlFv2B8fANkU5pL</latexit>

µb =
2e��E

bT

<latexit sha1_base64="BMfWXxDFR8asy0TzFRKWaDeWuXo=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplS0Y1QFMFlhb6gMw6ZNNOGJpkhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809Qcyo0rb9bS0tr6yurRc2iptb2zu7pb39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB6Hridx6IVDQSTT2OicfRQNCQYqSN5JfK0OWJH8BL6IYS4bRK7tNTd4A4R/5NlqWB38xMyq7YU8BF4uSkDHI0/NKX249wwonQmCGleo4day9FUlPMSFZ0E0VihEdoQHqGCsSJ8tLpMRk8NkofhpE0T2g4VX9PpIgrNeaBSXKkh2rem4j/eb1EhxdeSkWcaCLwbFGYMKgjOGkG9qkkWLOxIQhLav4K8RCZUrTpr2hKcOZPXiTtasWpVc7uauX6VV5HARyCI3ACHHAO6uAWNEALYPAInsEreLOerBfr3fqYRZesfOYA/IH1+QOoIJrH</latexit>

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>

µb > Q

<latexit sha1_base64="HQqGWhTfIfpH9ga6eU/CVTAOfn0=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrFT1J0YvHFuyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/cA+PWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47uZ336iSrNYPphJQgOBh5JFjGBjpceeSPshukGNvlv2Kt4caJX4OSlDjnrf/eoNYpIKKg3hWOuu7yUmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvnBU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwl19eJa2Lil+tXDaq5dptHkcRTuAUzsGHK6jBPdShCQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH6fEj6o=</latexit>

b⇤(bT ) = bmax

✓1� exp
�
� b4T

b4max

�

1� exp
�
� b4T

b4min

�
◆ 1

4

<latexit sha1_base64="qnJbSgLmx47XAKyJ8+R+z9jqh4I="></latexit>

bmin =
2e��E

Q

<latexit sha1_base64="vFLzJ1XkqMVa6KrOxJmUGz+t9Ck=">AAACEnicbVBNSyNBEO3R9St+Zd2jl2aDoAfDjGRZLwtBEfaosImBTBx6OjWxsbtn6K4RQzO/wcv+lb14cFm8etrb/pvtxBz8elDweK+KqnppIYXFMPwXzM1/WFhcWl6pra6tb2zWP251bV4aDh2ey9z0UmZBCg0dFCihVxhgKpVwnl4dT/zzazBW5PoHjgsYKDbSIhOcoZeS+l6auBjhBp0SuqroNxpnhnF3ABduPx4xpVhyUlXurErqjbAZTkHfkmhGGmSG06T+Nx7mvFSgkUtmbT8KCxw4ZlBwCVUtLi0UjF+xEfQ91UyBHbjpSxXd8cqQZrnxpZFO1ecTjilrxyr1nYrhpX3tTcT3vH6J2eHACV2UCJo/LcpKSTGnk3zoUBjgKMeeMG6Ev5XyS+YjQZ9izYcQvX75LekeNKNW88tZq9E+msWxTLbJZ7JLIvKVtMl3cko6hJNb8ovck9/Bz+Au+BM8PLXOBbOZT+QFgsf/1gaeNg==</latexit>

J.C.Collins, D.E.Soper,and G.F.Sterman, Nucl.Phys. B250,199 (1985) 

A.Bacchetta, M.G.Echevarria, P.J.G.Mulders, M.Radici, and A.Signori, JHEP 11, 076 (2015)

J.C.Collins, L.Gamberg, et al., Phys.Rev.D 94 (2016) 

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>

(A. Bacchetta lectures)
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b⇤-prescription

<latexit sha1_base64="65Wy0ryiQAhiLMjg4QsMjPcEbBE=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQwZJIRZdFNy4r2Ae0IUymk3boZBJmbsQSsnPjr7hxoYhbf8Gdf+OkzUKrBwYO59zLnXP8mDMFtv1llBYWl5ZXyquVtfWNzS1ze6etokQS2iIRj2TXx4pyJmgLGHDajSXFoc9pxx9f5X7njkrFInELk5i6IR4KFjCCQUueud8Heg+pn3nHM3ai1xWRLM79zDOrds2ewvpLnIJUUYGmZ372BxFJQiqAcKxUz7FjcFMsgRFOs0o/UTTGZIyHtKepwCFVbjrNkVmHWhlYQST1E2BN1Z8bKQ6VmoS+ngwxjNS8l4v/eb0Eggs3ZSJOgAoyOxQk3ILIykuxBkxSAnyiCdbZ9V8tMsISE9DVVXQJznzkv6R9WnPqtbOberVxWdRRRnvoAB0hB52jBrpGTdRCBD2gJ/SCXo1H49l4M95noyWj2NlFv2B8fANkU5pL</latexit>

µb =
2e��E

bT

<latexit sha1_base64="BMfWXxDFR8asy0TzFRKWaDeWuXo=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplS0Y1QFMFlhb6gMw6ZNNOGJpkhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809Qcyo0rb9bS0tr6yurRc2iptb2zu7pb39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB6Hridx6IVDQSTT2OicfRQNCQYqSN5JfK0OWJH8BL6IYS4bRK7tNTd4A4R/5NlqWB38xMyq7YU8BF4uSkDHI0/NKX249wwonQmCGleo4day9FUlPMSFZ0E0VihEdoQHqGCsSJ8tLpMRk8NkofhpE0T2g4VX9PpIgrNeaBSXKkh2rem4j/eb1EhxdeSkWcaCLwbFGYMKgjOGkG9qkkWLOxIQhLav4K8RCZUrTpr2hKcOZPXiTtasWpVc7uauX6VV5HARyCI3ACHHAO6uAWNEALYPAInsEreLOerBfr3fqYRZesfOYA/IH1+QOoIJrH</latexit>

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>

µb > Q

<latexit sha1_base64="HQqGWhTfIfpH9ga6eU/CVTAOfn0=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrFT1J0YvHFuyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/cA+PWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47uZ336iSrNYPphJQgOBh5JFjGBjpceeSPshukGNvlv2Kt4caJX4OSlDjnrf/eoNYpIKKg3hWOuu7yUmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvnBU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwl19eJa2Lil+tXDaq5dptHkcRTuAUzsGHK6jBPdShCQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH6fEj6o=</latexit>

b⇤(bT ) = bmax

✓1� exp
�
� b4T

b4max

�

1� exp
�
� b4T

b4min

�
◆ 1

4

<latexit sha1_base64="qnJbSgLmx47XAKyJ8+R+z9jqh4I="></latexit>

bmin =
2e��E

Q

<latexit sha1_base64="vFLzJ1XkqMVa6KrOxJmUGz+t9Ck=">AAACEnicbVBNSyNBEO3R9St+Zd2jl2aDoAfDjGRZLwtBEfaosImBTBx6OjWxsbtn6K4RQzO/wcv+lb14cFm8etrb/pvtxBz8elDweK+KqnppIYXFMPwXzM1/WFhcWl6pra6tb2zWP251bV4aDh2ey9z0UmZBCg0dFCihVxhgKpVwnl4dT/zzazBW5PoHjgsYKDbSIhOcoZeS+l6auBjhBp0SuqroNxpnhnF3ABduPx4xpVhyUlXurErqjbAZTkHfkmhGGmSG06T+Nx7mvFSgkUtmbT8KCxw4ZlBwCVUtLi0UjF+xEfQ91UyBHbjpSxXd8cqQZrnxpZFO1ecTjilrxyr1nYrhpX3tTcT3vH6J2eHACV2UCJo/LcpKSTGnk3zoUBjgKMeeMG6Ev5XyS+YjQZ9izYcQvX75LekeNKNW88tZq9E+msWxTLbJZ7JLIvKVtMl3cko6hJNb8ovck9/Bz+Au+BM8PLXOBbOZT+QFgsf/1gaeNg==</latexit>

f̂1(x, bT ;µ, ⇣) =


f̂1(x, bT ;µ, ⇣)

f̂1(x, b⇤(bT );µ, ⇣)

�
f̂1(x, b⇤(bT );µ, ⇣) ⌘ fNP(x, bT ; ⇣)f̂1(x, b⇤(bT );µ, ⇣)

<latexit sha1_base64="fmDjwvN/WyK1kbBnyN3eEIryR4Q="></latexit>

J.C.Collins, D.E.Soper,and G.F.Sterman, Nucl.Phys. B250,199 (1985) 

A.Bacchetta, M.G.Echevarria, P.J.G.Mulders, M.Radici, and A.Signori, JHEP 11, 076 (2015)

J.C.Collins, L.Gamberg, et al., Phys.Rev.D 94 (2016) 

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>

(A. Bacchetta lectures)
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b⇤-prescription

<latexit sha1_base64="65Wy0ryiQAhiLMjg4QsMjPcEbBE=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQwZJIRZdFNy4r2Ae0IUymk3boZBJmbsQSsnPjr7hxoYhbf8Gdf+OkzUKrBwYO59zLnXP8mDMFtv1llBYWl5ZXyquVtfWNzS1ze6etokQS2iIRj2TXx4pyJmgLGHDajSXFoc9pxx9f5X7njkrFInELk5i6IR4KFjCCQUueud8Heg+pn3nHM3ai1xWRLM79zDOrds2ewvpLnIJUUYGmZ372BxFJQiqAcKxUz7FjcFMsgRFOs0o/UTTGZIyHtKepwCFVbjrNkVmHWhlYQST1E2BN1Z8bKQ6VmoS+ngwxjNS8l4v/eb0Eggs3ZSJOgAoyOxQk3ILIykuxBkxSAnyiCdbZ9V8tMsISE9DVVXQJznzkv6R9WnPqtbOberVxWdRRRnvoAB0hB52jBrpGTdRCBD2gJ/SCXo1H49l4M95noyWj2NlFv2B8fANkU5pL</latexit>

µb =
2e��E

bT

<latexit sha1_base64="BMfWXxDFR8asy0TzFRKWaDeWuXo=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lplS0Y1QFMFlhb6gMw6ZNNOGJpkhyQhlmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809Qcyo0rb9bS0tr6yurRc2iptb2zu7pb39tooSiUkLRyyS3QApwqggLU01I91YEsQDRjrB6Hridx6IVDQSTT2OicfRQNCQYqSN5JfK0OWJH8BL6IYS4bRK7tNTd4A4R/5NlqWB38xMyq7YU8BF4uSkDHI0/NKX249wwonQmCGleo4day9FUlPMSFZ0E0VihEdoQHqGCsSJ8tLpMRk8NkofhpE0T2g4VX9PpIgrNeaBSXKkh2rem4j/eb1EhxdeSkWcaCLwbFGYMKgjOGkG9qkkWLOxIQhLav4K8RCZUrTpr2hKcOZPXiTtasWpVc7uauX6VV5HARyCI3ACHHAO6uAWNEALYPAInsEreLOerBfr3fqYRZesfOYA/IH1+QOoIJrH</latexit>

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>

µb > Q

<latexit sha1_base64="HQqGWhTfIfpH9ga6eU/CVTAOfn0=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrFT1J0YvHFuyHtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u4XdrZ3ds/cA+PWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47uZ336iSrNYPphJQgOBh5JFjGBjpceeSPshukGNvlv2Kt4caJX4OSlDjnrf/eoNYpIKKg3hWOuu7yUmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvnBU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwl19eJa2Lil+tXDaq5dptHkcRTuAUzsGHK6jBPdShCQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH6fEj6o=</latexit>

b⇤(bT ) = bmax

✓1� exp
�
� b4T

b4max

�

1� exp
�
� b4T

b4min

�
◆ 1

4

<latexit sha1_base64="qnJbSgLmx47XAKyJ8+R+z9jqh4I="></latexit>

bmin =
2e��E

Q

<latexit sha1_base64="vFLzJ1XkqMVa6KrOxJmUGz+t9Ck=">AAACEnicbVBNSyNBEO3R9St+Zd2jl2aDoAfDjGRZLwtBEfaosImBTBx6OjWxsbtn6K4RQzO/wcv+lb14cFm8etrb/pvtxBz8elDweK+KqnppIYXFMPwXzM1/WFhcWl6pra6tb2zWP251bV4aDh2ey9z0UmZBCg0dFCihVxhgKpVwnl4dT/zzazBW5PoHjgsYKDbSIhOcoZeS+l6auBjhBp0SuqroNxpnhnF3ABduPx4xpVhyUlXurErqjbAZTkHfkmhGGmSG06T+Nx7mvFSgkUtmbT8KCxw4ZlBwCVUtLi0UjF+xEfQ91UyBHbjpSxXd8cqQZrnxpZFO1ecTjilrxyr1nYrhpX3tTcT3vH6J2eHACV2UCJo/LcpKSTGnk3zoUBjgKMeeMG6Ev5XyS+YjQZ9izYcQvX75LekeNKNW88tZq9E+msWxTLbJZ7JLIvKVtMl3cko6hJNb8ovck9/Bz+Au+BM8PLXOBbOZT+QFgsf/1gaeNg==</latexit>

f̂1(x, bT ;µ, ⇣) =


f̂1(x, bT ;µ, ⇣)

f̂1(x, b⇤(bT );µ, ⇣)

�
f̂1(x, b⇤(bT );µ, ⇣) ⌘ fNP(x, bT ; ⇣)f̂1(x, b⇤(bT );µ, ⇣)

<latexit sha1_base64="fmDjwvN/WyK1kbBnyN3eEIryR4Q="></latexit>

J.C.Collins, D.E.Soper,and G.F.Sterman, Nucl.Phys. B250,199 (1985) 

A.Bacchetta, M.G.Echevarria, P.J.G.Mulders, M.Radici, and A.Signori, JHEP 11, 076 (2015)

J.C.Collins, L.Gamberg, et al., Phys.Rev.D 94 (2016) 

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>

GLOBAL FIT

(A. Bacchetta lectures)



Is it worth it??!



CSS formalism (NLL)



CSS formalism (NLL)

f̂1(x, b
2
T ;µ, ⇣) =f1(x, µb⇤)e

Spert(b⇤;µb⇤ ,µ,⇣)

⇥ eSNP(b2T ;⇣)f̂q
NP (x, b

2
T )

<latexit sha1_base64="WeElMU+7FKgP2FuyaA0eWkV8esU="></latexit>



CSS formalism (NLL)

f̂1(x, b
2
T ;µ, ⇣) =f1(x, µb⇤)e

Spert(b⇤;µb⇤ ,µ,⇣)

⇥ eSNP(b2T ;⇣)f̂q
NP (x, b

2
T )

<latexit sha1_base64="WeElMU+7FKgP2FuyaA0eWkV8esU="></latexit>

Parton Model (LO)



CSS formalism (NLL)

f̂1(x, b
2
T ;µ, ⇣) =f1(x, µb⇤)e

Spert(b⇤;µb⇤ ,µ,⇣)

⇥ eSNP(b2T ;⇣)f̂q
NP (x, b

2
T )

<latexit sha1_base64="WeElMU+7FKgP2FuyaA0eWkV8esU="></latexit>

Parton Model (LO)

f1 q/N (x, k?, µ) = f1 q/N (x, µ)
e�k2

?/hk2
?i

⇡hk2?i

<latexit sha1_base64="IPoMLyq09H7hvm/1QVGD8CPYG8U="></latexit>



CSS formalism (NLL)

f̂1(x, b
2
T ;µ, ⇣) =f1(x, µb⇤)e

Spert(b⇤;µb⇤ ,µ,⇣)

⇥ eSNP(b2T ;⇣)f̂q
NP (x, b

2
T )

<latexit sha1_base64="WeElMU+7FKgP2FuyaA0eWkV8esU="></latexit>

Parton Model (LO)

f1 q/N (x, k?, µ) = f1 q/N (x, µ)
e�k2

?/hk2
?i

⇡hk2?i

<latexit sha1_base64="IPoMLyq09H7hvm/1QVGD8CPYG8U="></latexit>



CSS formalism (NLL) (A. Bacchetta lectures)



CSS formalism (NLL)

SIDIS unpolarized structure function

(A. Bacchetta lectures)



CSS formalism (NLL)

FUU,T (x, z, PhT , Q) = x
X

q

e2q

Z
dbT bTJ0(bT PhT )f̂1 q/N (x, b2T ;Q,Q2)

⇥ D̂1h/q(z, b
2
T ;Q,Q2)

<latexit sha1_base64="8Al0gx/P32+A/mzh1o7ZGIV8iSA="></latexit>

SIDIS unpolarized structure function

(A. Bacchetta lectures)



CSS formalism (NLL)

f̂1(x, b
2
T ;µ, ⇣) =f1(x, µb⇤)e

Spert(b⇤;µb⇤ ,µ,⇣)

⇥ eSNP(b2T ;⇣)f̂NP (x, b
2
T )

<latexit sha1_base64="Zyz5uhlJTBV3okMQujbmQJzdlCI="></latexit>

D̂1(z, b
2
T ;µ, ⇣) =D1(z, µb⇤)e

Spert(b⇤;µb⇤ ,µ,⇣)

⇥ eSNP(b2T ;⇣)D̂NP (z, b
2
T )

<latexit sha1_base64="V+YmYam/csoUkG6znSbo3vCitTg="></latexit>

FUU,T (x, z, PhT , Q) = x
X

q

e2q

Z
dbT bTJ0(bT PhT )f̂1 q/N (x, b2T ;Q,Q2)

⇥ D̂1h/q(z, b
2
T ;Q,Q2)

<latexit sha1_base64="8Al0gx/P32+A/mzh1o7ZGIV8iSA="></latexit>

SIDIS unpolarized structure function

(A. Bacchetta lectures)



Parton Model (LO) (A. Bacchetta lectures)



Parton Model (LO)

SIDIS unpolarized structure function

(A. Bacchetta lectures)



Parton Model (LO)

SIDIS unpolarized structure function

FUU,T (x, z, PhT , Q) = x
X

q

e2qf1 q/N (x,Q)D1h/q(z,Q)
e�P 2

hT /hP 2
hT i

⇡hP 2
hT i

<latexit sha1_base64="WmCmzEV6EQuQPc7JvwhpVkByqVs="></latexit>

(A. Bacchetta lectures)



Parton Model (LO)

f1 q/N (x, k?, µ) = f1 q/N (x, µ)
e�k2

?/hk2
?i

⇡hk2?i

<latexit sha1_base64="IPoMLyq09H7hvm/1QVGD8CPYG8U="></latexit>

D1h/q(z, p?, µ) = D1h/q(z, µ)
e�p2

?/hp2
?i

⇡hp2?i

<latexit sha1_base64="JaEOd3/cZS8uhvWqLgJ+xVCGAm8="></latexit>

SIDIS unpolarized structure function

FUU,T (x, z, PhT , Q) = x
X

q

e2qf1 q/N (x,Q)D1h/q(z,Q)
e�P 2

hT /hP 2
hT i

⇡hP 2
hT i

<latexit sha1_base64="WmCmzEV6EQuQPc7JvwhpVkByqVs="></latexit>

(A. Bacchetta lectures)



End-of-Year 
Seminar

Phenomenology



Experimental data

18

10°5 10°4 10°3 10°2 10°1 100

x

100

101

102

103

104

105

Q
2
[G

eV
2
]

E605
E772
E288
STAR
PHENIX
CDF
D0
LHCb
CMS
ATLAS
HERMES
COMPASS



Experimental data

18

10°5 10°4 10°3 10°2 10°1 100

x

100

101

102

103

104

105

Q
2
[G

eV
2
]

E605
E772
E288
STAR
PHENIX
CDF
D0
LHCb
CMS
ATLAS
HERMES
COMPASS

484 (DY) + 1547 (SIDIS) 
2031 fitted experimental points



Experimental data

18

10°5 10°4 10°3 10°2 10°1 100

x

100

101

102

103

104

105

Q
2
[G

eV
2
]

E605
E772
E288
STAR
PHENIX
CDF
D0
LHCb
CMS
ATLAS
HERMES
COMPASS

484 (DY) + 1547 (SIDIS) 
2031 fitted experimental points



Nonperturbative parameterizations

19

f1NP(x, b
2
T ) / F.T. of

⇣
e�

k2
?

g1A + �Bk
2
?e

� k2
?

g1B + �Ce
� k2

?
g1C

⌘

<latexit sha1_base64="vFdH/DRpyerup3jpJu1HvhkIHUU="></latexit>

A. Bacchetta, F. Conti and M. Radici, Phys. Rev. D 78 (2008) 074010 

A. Bacchetta, L.P. Gamberg, G.R. Goldstein and A. Mukherjee, Phys. Lett. B 659 (2008) 234 



Nonperturbative parameterizations

19

f1NP(x, b
2
T ) / F.T. of

⇣
e�

k2
?

g1A + �Bk
2
?e

� k2
?

g1B + �Ce
� k2

?
g1C

⌘

<latexit sha1_base64="vFdH/DRpyerup3jpJu1HvhkIHUU="></latexit>

J
H
E
P
0
6
(
2
0
1
7
)
0
8
1

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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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
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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
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never been fitted together, including also the contributions deriving from TMD evolution.
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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
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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
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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
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g1(x) = N1
(1− x)α xσ

(1− x̂)α x̂σ
, (2.38)
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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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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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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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