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Measurements of Deep-Inelastic scattering  have been seminal in our understanding 
of the proton (hadronic) substructure. They have provided us with an insight on: 

• the constituents (quarks and gluons) from which the proton is built;
• the theory (QCD) that describes the interactions between them.

The advent of the electron-proton collider HERA (1992-2007) has allowed to extend
these measurements to a new kinematic region and test pQCD at an unprecedented level
and to greatly improve our understanding of proton’s structure.

The forthcoming experiment(s) at the Electron-Ion Collider (EIC) will continue
this fantastic journey, giving us the possibility to address the yet remaining (and most challenging) 
questions on QCD, proton’s structure and spin.
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Lecture’s plan:

• Lecture 1:
 We will give a general overview of the most important experimental and phenomenological
      results on Structure Functions, parton distribution functions (PDFs) and DGLAP analyses.
       The focus will be mostly on inclusive unpolarised Deep-Inelastic Scattering.
• Lecture 2:

From an historical perspective we will discuss the impact of past, present DIS experiments 
(as well as non DIS experiments) on the collinear PDFs

• Lecture 3 (Hands-on session)
 Hands-on session on how to perform a “real” DGLAP analysis

Overall main goal of these lectures is to stimulate your interest towards this fascinating research field. 



Outline (Lecture 1)
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• The DIS process, the kinematic variables and their reconstruction

• The Differential Cross section and the Structure Functions

• Overview of experimental results on the Structure Functions (including EW)

• The QCD-improved partonic picture of the nucleon

• The proton’s parton distribution functions and the DGLAP analyses



The Deep-Inelastic process
l(k) +N(P ) �! l0(k0) +X(PX)

<latexit sha1_base64="berzX9srhzUymFBwBoXxVgFq7pA=">AAACF3icbVDLSgMxFM34rPU16tJNsEinCGWmCrosunElI9h2oC0lk2ba0EwyJBmlDP0LN/6KGxeKuNWdf2P6WGjrgQuHc+7l3nvChFGlXffbWlpeWV1bz23kN7e2d3btvf26EqnEpIYFEzIIkSKMclLTVDMSJJKgOGSkEQ6uxn7jnkhFBb/Tw4S0Y9TjNKIYaSN17DJzBiV4Am8cvwRbTPCepL2+RlKKB8iKzqA4dgPo+J0sGJU6dsEtuxPAReLNSAHM4Hfsr1ZX4DQmXGOGlGp6bqLbGZKaYkZG+VaqSILwAPVI01COYqLa2eSvETw2ShdGQpriGk7U3xMZipUaxqHpjJHuq3lvLP7nNVMdXbQzypNUE46ni6KUQS3gOCTYpZJgzYaGICypuRXiPpIIaxNl3oTgzb+8SOqVsndartyeFaqXszhy4BAcAQd44BxUwTXwQQ1g8AiewSt4s56sF+vd+pi2LlmzmQPwB9bnDz1+nDs=</latexit>
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l(k,�)
<latexit sha1_base64="TyORWkdaQIV0M7PQsgBHhoGz1Uc=">AAAB83icbVBNS8NAFHypX7V+VT16WSxCBSlJFfRY9OKxgmkLTSibzaZdutmE3Y1QQv+GFw+KePXPePPfuG1z0NaBhWFmHu/tBClnStv2t1VaW9/Y3CpvV3Z29/YPqodHHZVkklCXJDyRvQArypmgrmaa014qKY4DTrvB+G7md5+oVCwRj3qSUj/GQ8EiRrA2ksfr4wuPm3iIzwfVmt2w50CrxClIDQq0B9UvL0xIFlOhCcdK9R071X6OpWaE02nFyxRNMRnjIe0bKnBMlZ/Pb56iM6OEKEqkeUKjufp7IsexUpM4MMkY65Fa9mbif14/09GNnzORZpoKslgUZRzpBM0KQCGTlGg+MQQTycytiIywxESbmiqmBGf5y6uk02w4l43mw1WtdVvUUYYTOIU6OHANLbiHNrhAIIVneIU3K7NerHfrYxEtWcXMMfyB9fkDCGiRBw==</latexit>

l0(k0,�0)
<latexit sha1_base64="XWMca5f0Otyfmq9cmM6eZ98ym5k=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbBIK0iZqYIui25cVrAPaIeSyWTa0ExmSDJCLf0SNy4UceunuPNvTNtZaOuBwOGce7g3x084U9pxvq3c2vrG5lZ+u7Czu7dftA8OWypOJaFNEvNYdnysKGeCNjXTnHYSSXHkc9r2R7czv/1IpWKxeNDjhHoRHggWMoK1kfp2kZcro/J5j5tIgMtnfbvkVJ050CpxM1KCDI2+/dULYpJGVGjCsVJd10m0N8FSM8LptNBLFU0wGeEB7RoqcESVN5kfPkWnRglQGEvzhEZz9XdigiOlxpFvJiOsh2rZm4n/ed1Uh9fehIkk1VSQxaIw5UjHaNYCCpikRPOxIZhIZm5FZIglJtp0VTAluMtfXiWtWtW9qNbuL0v1m6yOPBzDCVTAhSuowx00oAkEUniGV3iznqwX6936WIzmrCxzBH9gff4AqW+Ryw==</latexit>

}
V (q)

<latexit sha1_base64="Q6b2jcG1PyVMP2Ct0cpgXtKHjSU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGIiQsksCHd0oWGtru2XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hYyW+h6uN5v1xxa+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8Slr1mndRq99fVho3eRxFOIFTqIIHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH6C6jeg=</latexit>

N(P,�N )
<latexit sha1_base64="1a6fDaDZAw8FR9xRyZvY7w99EsA=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEqSEmqoMuiG1elgn1AG8JkMm2HTiZhZlIooX/ixoUibv0Td/6N0zYLbT0wcDjnHu6dEyScKe0439ba+sbm1nZhp7i7t39waB8dt1ScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjO5nfntMpWKxeNKThHoRHgjWZwRrI/m2XUflxiXqcRMJsV+/8O2SU3HmQKvEzUkJcjR8+6sXxiSNqNCEY6W6rpNoL8NSM8LptNhLFU0wGeEB7RoqcESVl80vn6Jzo4SoH0vzhEZz9Xciw5FSkygwkxHWQ7XszcT/vG6q+7dexkSSairIYlE/5UjHaFYDCpmkRPOJIZhIZm5FZIglJtqUVTQluMtfXiWtasW9qlQfr0u1u7yOApzCGZTBhRuowQM0oAkExvAMr/BmZdaL9W59LEbXrDxzAn9gff4AL4uSFA==</latexit> {

X(PX)
<latexit sha1_base64="qOwTOOdZVoOewgfOcUkrd4Qvtv0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mqoMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M72Z++4lrI2L1iJOE+xEdKhEKRtFK7Q6pNPqdi36p7FbdOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzc6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGN74mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJFW0I3vLLq6RVq3qX1drDVbl+m8dRgFM4gwp4cA11uIcGNIHBGJ7hFd6cxHlx3p2PReuak8+cwB84nz/T4I6U</latexit>

p = xP
<latexit sha1_base64="NjE0tjgM2V01PuzNFvA00gAvOzQ=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYounFZwT6gHSSTZtrYTBKSjFiG/oMbF4q49X/c+Tem7Sy09UDgcM655N4TKc6M9f1vb2l5ZXVtvbBR3Nza3tkt7e03jUw1oQ0iudTtCBvKmaANyyynbaUpTiJOW9HweuK3Hqk2TIo7O1I0THBfsJgRbJ3UVOgSPdXvS2W/4k+BFkmQkzLkcPmvbk+SNKHCEo6N6QS+smGGtWWE03GxmxqqMBniPu04KnBCTZhNtx2jY6f0UCy1e8Kiqfp7IsOJMaMkcskE24GZ9ybif14ntfFFmDGhUksFmX0UpxxZiSanox7TlFg+cgQTzdyuiAywxsS6goquhGD+5EXSrFaC00r19qxcu8rrKMAhHMEJBHAONbiBOjSAwAM8wyu8edJ78d 69j1l0yctnDuAPvM8fhM+Obw==</latexit>

Typical initial and final state particles:

l = e±, µ±, ⌫µ(⌫̄µ), . . .
<latexit sha1_base64="0qIXM2n5RQPlNASITr0OR9KUGJY=">AAACInicbVDLSgMxFM34rPVVdekmWIQKUmaqoC6EohuXFewDOnXIpJk2NMkMSUYow/grbvwVNy4UdSX4MabtINp6IXDuOfdwc48fMaq0bX9ac/MLi0vLuZX86tr6xmZha7uhwlhiUschC2XLR4owKkhdU81IK5IEcZ+Rpj+4HOnNOyIVDcWNHkakw1FP0IBipA3lFc4YPIfkNnEjnh7euzzOIHRF7CWmT0uuj2Ty06YHRuuGWnmFol22xwVngZOBIsiq5hXejQ/HnAiNGVKq7diR7iRIaooZSfNurEiE8AD1SNtAgThRnWR8Ygr3DdOFQSjNExqO2d+OBHGlhtw3kxzpvprWRuR/WjvWwWknoSKKNRF4siiIGdQhHOUFu1QSrNnQAIQlNX+FuI8kwtqkmjchONMnz4JGpewclSvXx8XqRRZHDuyCPVACDjgBVXAFaqAOMHgAT+AFvFqP1rP1Zn1MRueszLMD/pT19Q27JKRt</latexit>

l0 = e±, ⌫e(⌫̄e), µ±, ⌫µ(⌫̄µ), . . .
<latexit sha1_base64="h5xybGqBfdnCFhEZABOA0tbGPLA="></latexit>

N = p, nuclei (D,Fe, . . . )
<latexit sha1_base64="n7RCKdWKmPEbTg3yjhXajxoV/kg=">AAACBnicbVDLSgMxFM34rPU16lKEYBEqlDJTBd0IRUVcSQX7gHYomfS2Dc1khiQjlFI3bvwVNy4Uces3uPNvTNtZaOuBwOGce5Lc40ecKe0439bc/MLi0nJqJb26tr6xaW9tV1QYSwplGvJQ1nyigDMBZc00h1okgQQ+h6rfuxj51XuQioXiTvcj8ALSEazNKNFGatp7N/gMRzksYsqB4YfsZQ5fQQ43WqFWh0074+SdMfAscROSQQlKTfvLBGkcgNCUE6XqrhNpb0CkZub+YboRK4gI7ZEO1A0VJADlDcZrDPGBUVq4HUpzhMZj9XdiQAKl+oFvJgOiu2raG4n/efVYt0+9ARNRrEHQyUPtmGMd4lEnuMUkUM37hhAqmfkrpl0iCdWmubQpwZ1eeZZUCnn3KF+4Pc4Uz5M6UmgX7aMsctEJKqJrVEJlRNEjekav6M16sl6sd+tjMjpnJZkd9AfW5w8qUJZk</latexit>

V = �, Z and W±
<latexit sha1_base64="Rj+yBwVWoOVDNkkEa33c4np1LC4=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgWEnajoI0QtLGMYB6YjeHuZJIMmZldZmaFsCSljb9iY6GIrX9g5984eRSaeODC4Zx7ufeeMOZMG8/7dhYWl5ZXVjNr2fWNza1td2e3oqNEEVomEY9ULQRNOZO0bJjhtBYrCiLktBr2rkZ+9YEqzSJ5a/oxbQjoSNZmBIyVmi6uXOCgA0LAMb7DwzRQAoNsDYa4ep8GsRg03ZyX98bA88SfkhyaotR0v4JWRBJBpSEctK77XmwaKSjDCKeDbJBoGgPpQYfWLZUgqG6k408G+NAqLdyOlC1p8Fj9PZGC0LovQtspwHT1rDcS//PqiWmfN1Im48RQSSaL2gnHJsKjWHCLKUoM71sCRDF7KyZdUECMDS9rQ/BnX54nlULeP8kXbk5zxctpHBm0jw7QEfLRGSqia1RCZUTQI3pGr+jNeXJenHfnY9K64Exn9tAfOJ8/CniZTw==</latexit>
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The following, Lorentz-invariant quantities, are used to express Cross-sections and Structure Functions:

Centre-of-mass energy          : s = (k + P )2
<latexit sha1_base64="CGTRCYATMAPivrAQ1222anhI93Y=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahIpTdKuhFKHrxWMF+QLuWbJptQ5PskmSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ79VtPVGkWyQczjqkv8ECykBFsrNTV16g8QmeofvpY7RVLbsWdAS0TLyMlyFDvFb+6/YgkgkpDONa647mx8VOsDCOcTgrdRNMYkxEe0I6lEguq/XR28wSdWKWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwis/ZTJODJVkvihMODIRmgaA+kxRYvjYEkwUs7ciMsQKE2NjKtgQvMWXl0mzWvHOK9X7i1LtJosjD0dwDGXw4BJqcAd1aACBGJ7hFd6cxHlx3p2PeWvOyWYO4Q+czx8mbo/N</latexit>

p
s

<latexit sha1_base64="eir0NqNPgaXfu/tgkvclFP17yBY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120y7dbNLdiVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfeuLaiFg94iThfkQHSoSCUbRSu2vGGjMz7ZXKbsWdg6wSLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjk02I3NTyhbEQHvGOpohE3fja/d0rOrdInYaxtKSRz9fdERiNjJlFgOyOKQ7PszcT/vE6K4Y2fCZWkyBVbLApTSTAms+dJX2jOUE4soUwLeythQ6opQxtR0YbgLb+8SprVindZqT5clWu3eRwFOIUzuAAPrqEG91CHBjCQ8Ayv8OaMnRfn3flYtK45+cwJ/IHz+QOoI5Bf</latexit>

Virtuality of the exchanged gauge boson (V) : Q2 = �q2 = �(k � k0)2
<latexit sha1_base64="5jDTkqTlVvzVCAsfnI3d6K1wyn8=">AAAB/XicbVDLTgIxFO3gC/E1PnZuGokRF5CZ0UQ3JkQ3LiGRRwID6ZQCzXQ6Y9sxwQnxV9y40Bi3/oc7/8YCs1DwJPfm5Jx709vjRYxKZVnfRmZpeWV1Lbue29jc2t4xd/fqMowFJjUcslA0PSQJo5zUFFWMNCNBUOAx0vD8m4nfeCBC0pDfqVFE3AANOO1TjJSWuuZBteNcweK97sWCD4v+yWnH6Zp5q2RNAReJnZI8SFHpml/tXojjgHCFGZKyZVuRchMkFMWMjHPtWJIIYR8NSEtTjgIi3WR6/Rgea6UH+6HQxRWcqr83EhRIOQo8PRkgNZTz3kT8z2vFqn/pJpRHsSIczx7qxwyqEE6igD0qCFZspAnCgupbIR4igbDSgeV0CPb8lxdJ3SnZZyWnep4vX6dxZMEhOAIFYIMLUAa3oAJqAINH8AxewZvxZLwY78bHbDRjpDv74A+Mzx8vWpJ4</latexit>

Bjorken variables x and y : x =
Q2

2P · q
<latexit sha1_base64="ChGbaDnBqQ9iqVWHVxEwPA5uUMo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUdCNUHTjsgX7gCaWyWTSDp1M4sxELCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufceP2FUKsv6NkpLyyura+X1ysbm1vaOubvXlnEqMGnhmMWi6yNJGOWkpahipJsIgiKfkY4/up74nQciJI35rRonxIvQgNOQYqS01DcPHi/dUCCcNe+cPHMaLg5iBe/zvlm1atYUcJHYBamCAo2++eUGMU4jwhVmSMqebSXKy5BQFDOSV9xUkgThERqQnqYcRUR62fSBHB5rJYBhLHRxBafq74kMRVKOI193RkgN5bw3Ef/zeqkKL7yM8iRVhOPZojBlUMVwkgYMqCBYsbEmCAuqb4V4iHQeSmdW0SHY8y8vkrZTs09rTvOsWr8q4iiDQ3AEToANzkEd3IAGaAEMcvAMXsGb8WS8GO/Gx6y1ZBQz++APjM8fPBCWLA==</latexit>

and y =
P · q
P · k

<latexit sha1_base64="F9CFqwjSM85+2b4LikKTUD8zBmU=">AAACBHicbZBPS8MwGMbT+W/Of1WPuwSH4Gm0U9CLMPTicYLbhK2MNE23sDSpSSqU0oMXv4oXD4p49UN489uYbRV084HAj+d9X968jx8zqrTjfFmlpeWV1bXyemVjc2t7x97d6yiRSEzaWDAhb32kCKOctDXVjNzGkqDIZ6Trjy8n9e49kYoKfqPTmHgRGnIaUoy0sQZ2NT3vhxLhrNXHgdDwLv+hcT6wa07dmQougltADRRqDezPfiBwEhGuMUNK9Vwn1l6GpKaYkbzSTxSJER6jIekZ5CgiysumR+Tw0DgBDIU0j2s4dX9PZChSKo180xkhPVLztYn5X62X6PDMyyiPE004ni0KEwa1gJNEYEAlwZqlBhCW1PwV4hEymWiTW8WE4M6fvAidRt09rjeuT2rNiyKOMqiCA3AEXHAKmuAKtEAbYPAAnsALeLUerWfrzXqftZasYmYf/JH18Q23SJgj</latexit>

Invariant mass W of the final state system X: W 2 = P 2
X = (q + P )2 = Q2 1� x

x
+m2

N
<latexit sha1_base64="jZWuAwqR0AvIPDyxVoM2Vhb+1fk=">AAACGXicbVBLSwMxGMzWV62vqkcvwSJUimV3FfQiFL14khbsA9rtkk2zbWj2YZKVlmX/hhf/ihcPinjUk//GbNuDtg6EDDPzkXzjhIwKqevfWmZpeWV1Lbue29jc2t7J7+41RBBxTOo4YAFvOUgQRn1Sl1Qy0go5QZ7DSNMZXqd+84FwQQP/To5DYnmo71OXYiSVZOf1Zte8rNpxK1E3LN6XqscpqXXNjssRjo2TURKPEliCnh3fqpCdL+hlfQK4SIwZKYAZqnb+s9MLcOQRX2KGhGgbeiitGHFJMSNJrhMJEiI8RH3SVtRHHhFWPNksgUdK6UE34Or4Ek7U3xMx8oQYe45KekgOxLyXiv957Ui6F1ZM/TCSxMfTh9yIQRnAtCbYo5xgycaKIMyp+ivEA6QakarMnCrBmF95kTTMsnFaNmtnhcrVrI4sOACHoAgMcA4q4AZUQR1g8AiewSt40560F+1d+5hGM9psZh/8gfb1AyRone0=</latexit>

Energy (𝜈 ) trasported by V in the N rest frame: ⌫ =
P · q
MN

<latexit sha1_base64="MJb7qyKe4y6TEUMtEVzrF13JknA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRV0I1QdONGqWAf0IQwmUzaoZNJnJkIJWThxl9x40IRt36EO//GaZuFth64cDjnXu69x08Ylcqyvo3S0vLK6lp5vbKxubW9Y+7udWScCkzaOGax6PlIEkY5aSuqGOklgqDIZ6Trjy4nfveBCEljfqfGCXEjNOA0pBgpLXlm1eHpuRMKhLMWdHAQK3ifZ9dedpPnnlmz6tYUcJHYBamBAi3P/HKCGKcR4QozJGXfthLlZkgoihnJK04qSYLwCA1IX1OOIiLdbPpEDg+1EsAwFrq4glP190SGIinHka87I6SGct6biP95/VSFZ25GeZIqwvFsUZgyqGI4SQQGVBCs2FgThAXVt0I8RDoRpXOr6BDs+ZcXSadRt4/rjduTWvOiiKMMquAAHAEbnIImuAIt0AYYPIJn8ArejCfjxXg3PmatJaOY2Qd/YHz+AKYVmBo=</latexit>
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Additional important kinematical relationships:

Q2 = (s�m2
N )xy ' sxy , x =

Q2

2MN⌫
=

Q2

W 2 +Q2 �M2
N

, y =
2MN⌫

(s�M2
N )

=
W 2 +Q2 �M2

N

(s�M2
N )

<latexit sha1_base64="b+Ku4cit3+b7U7CaVWVdZOUsFnI="></latexit>

⌫ =
q · P
mN

= Ee � E0
e is the lepton’s energy loss in the nucleon rest frame

<latexit sha1_base64="rCIETlX8sDsBdVmUcEe4n3HpMK8="></latexit>

x =
Q2

2mN⌫
at LO is the fraction of the nucleon’s momentum carried by the struck quark

<latexit sha1_base64="AxnMJoTGzTPAadZGpYNh3i4UULA="></latexit>

y =
q · P
k · P =

⌫

Ee
is the fraction of the lepton’s energy lost in the nucleon rest frame

<latexit sha1_base64="OHhgJZDf4gfIgGwl+FTir1ezF3w="></latexit>
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The Bjorken limit is formally defined as:  

⌫, Q2 �! +1 with x fixed
<latexit sha1_base64="Z2wRbUcsU6yQ7EJBZQreXQvdiA4="></latexit>

The inclusive lepton-nucleon process is denoted as deep(ly) inelastic if:

W > 2 GeV (outside of the resonance region) and Q2 � ⇤QCD
<latexit sha1_base64="FkQyYQe14G4WkAuQnh94CmaEu9k="></latexit>

Resolution power of the gauge boson V (probe):

d =
~cp
Q2

'
0.197p

Q2
GeV fm , d ⇠ O(10�18m) for Q2

⇠ 105GeV2

<latexit sha1_base64="8x6rhZb58EjTbFkP3g0cGbCsSoY="></latexit>



DIS Neutral and charges current processes
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Neutral current (NC) : Charged current (CC) :V = �, Z
<latexit sha1_base64="2+hpD63v0Wp2qRdYqpuHUGxy0Wo=">AAAB+HicbVBNS8NAEN3Urxo/GvXoZbEIHqQkVdCLUPTisYL9wDaUyXbbLt1Nwu5GqKG/xIsHRbz6U7z5b9y0OWjrg4HHezPMzAtizpR23W+rsLK6tr5R3LS3tnd2S87eflNFiSS0QSIeyXYAinIW0oZmmtN2LCmIgNNWML7J/NYjlYpF4b2exNQXMAzZgBHQRuo5pSa+wt0hCAGn+MG2e07Zrbgz4GXi5aSMctR7zle3H5FE0FATDkp1PDfWfgpSM8Lp1O4misZAxjCkHUNDEFT56ezwKT42Sh8PImkq1Him/p5IQSg1EYHpFKBHatHLxP+8TqIHl37KwjjRNCTzRYOEYx3hLAXcZ5ISzSeGAJHM3IrJCCQQbbLKQvAWX14mzWrFO6tU787Ltes8jiI6REfoBHnoAtXQLaqjBiIoQc/oFb1ZT9aL9W59zFsLVj5zgP7A+vwBvr2RMQ==</latexit>

V = W±
<latexit sha1_base64="kSPCL7tcrjennDqYI8QbrFbj18Q=">AAAB9HicbVBNSwMxEJ31s65fVY9egkXwVHaroBeh6MVjBfsB7VqyadqGJtk1yRbK0t/hxYMiXv0x3vw3Zts9aOuDgcd7M8zMC2POtPG8b2dldW19Y7Ow5W7v7O7tFw8OGzpKFKF1EvFItUKsKWeS1g0znLZiRbEIOW2Go9vMb46p0iySD2YS00DggWR9RrCxUtBA16j5mHZiMXXdbrHklb0Z0DLxc1KCHLVu8avTi0giqDSEY63bvhebIMXKMMLp1O0kmsaYjPCAti2VWFAdpLOjp+jUKj3Uj5QtadBM/T2RYqH1RIS2U2Az1IteJv7ntRPTvwpSJuPEUEnmi/oJRyZCWQKoxxQlhk8swUQxeysiQ6wwMTanLAR/8eVl0qiU/fNy5f6iVL3J4yjAMZzAGfhwCVW4gxrUgcATPMMrvDlj58V5dz7mrStOPnMEf+B8/gDG5ZDN</latexit>

Taking HERA (ZEUS and H1 Experiments) as an example
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Neutral current (NC) : Charged current (CC) :V = �, Z
<latexit sha1_base64="2+hpD63v0Wp2qRdYqpuHUGxy0Wo=">AAAB+HicbVBNS8NAEN3Urxo/GvXoZbEIHqQkVdCLUPTisYL9wDaUyXbbLt1Nwu5GqKG/xIsHRbz6U7z5b9y0OWjrg4HHezPMzAtizpR23W+rsLK6tr5R3LS3tnd2S87eflNFiSS0QSIeyXYAinIW0oZmmtN2LCmIgNNWML7J/NYjlYpF4b2exNQXMAzZgBHQRuo5pSa+wt0hCAGn+MG2e07Zrbgz4GXi5aSMctR7zle3H5FE0FATDkp1PDfWfgpSM8Lp1O4misZAxjCkHUNDEFT56ezwKT42Sh8PImkq1Him/p5IQSg1EYHpFKBHatHLxP+8TqIHl37KwjjRNCTzRYOEYx3hLAXcZ5ISzSeGAJHM3IrJCCQQbbLKQvAWX14mzWrFO6tU787Ltes8jiI6REfoBHnoAtXQLaqjBiIoQc/oFb1ZT9aL9W59zFsLVj5zgP7A+vwBvr2RMQ==</latexit>

V = W±
<latexit sha1_base64="kSPCL7tcrjennDqYI8QbrFbj18Q=">AAAB9HicbVBNSwMxEJ31s65fVY9egkXwVHaroBeh6MVjBfsB7VqyadqGJtk1yRbK0t/hxYMiXv0x3vw3Zts9aOuDgcd7M8zMC2POtPG8b2dldW19Y7Ow5W7v7O7tFw8OGzpKFKF1EvFItUKsKWeS1g0znLZiRbEIOW2Go9vMb46p0iySD2YS00DggWR9RrCxUtBA16j5mHZiMXXdbrHklb0Z0DLxc1KCHLVu8avTi0giqDSEY63bvhebIMXKMMLp1O0kmsaYjPCAti2VWFAdpLOjp+jUKj3Uj5QtadBM/T2RYqH1RIS2U2Az1IteJv7ntRPTvwpSJuPEUEnmi/oJRyZCWQKoxxQlhk8swUQxeysiQ6wwMTanLAR/8eVl0qiU/fNy5f6iVL3J4yjAMZzAGfhwCVW4gxrUgcATPMMrvDlj58V5dz7mrStOPnMEf+B8/gDG5ZDN</latexit>

Taking HERA (ZEUS and H1 Experiments) as an example
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The quality of the  Differential  Cross Sections and Structure Functions measurements 
fully rely on the  best possible reconstruction of the variables  Q2 and x.

12

Ee
<latexit sha1_base64="UkGk/P7TFBggVU2thThncFmFrW8=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6LIrisYB/QDiWTZtrYTDIkGaEM/Qc3LhRx6/+482/MtLPQ1gOBwzn33tx7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjtpaJIrRFJJeqG2BNORO0ZZjhtBsriqOA004wucn8zhNVmknxYKYx9SM8EixkBBsrtW8HKZ2VBuWKW3XnQKvEy0kFcjQH5a/+UJIkosIQjrXueW5s/BQrwwi3A/uJpjEmEzyiPUsFjqj20/m2M3RmlSEKpbJPGDRXf3ekONJ6GgW2MsJmrJe9TPzP6yUmvPJTJuLEUEEWH4UJR0ai7HQ0ZIoSw6eWYKKY3RWRMVaYGBtQFoK3fPIqadeq3kW1dl+vNK7zOIpwAqdwDh5cQgPuoAktIPAIz/AKb450Xpx352NRWnDynmP4A+fzBwikjsU=</latexit>

E0
e

<latexit sha1_base64="rnKc5VRCWeKR5CVyskBEKfTKnAU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9FgUwWMF+wFtKZvtpF262YTdjVBCf4QXD4p49fd489+4aXPQ1gcDj/dmmJnnx4Jr47rfzsrq2vrGZmGruL2zu7dfOjhs6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98m/mtJ1SaR/LRTGLshXQoecAZNVZq3fVTnJ4V+6WyW3FnIMvEy0kZctT7pa/uIGJJiNIwQbXueG5seilVhjOB02I30RhTNqZD7FgqaYi6l87OnZJTqwxIEClb0pCZ+nsipaHWk9C3nSE1I73oZeJ/XicxwXUv5TJODEo2XxQkgpiIZL+TAVfIjJhYQpni9lbCRlRRZmxCWQje4svLpFmteBeV6sNluXaTx1GAYziBc/DgCmpwD3VoAIMxPMMrvDmx8+K8Ox/z1hUnnzmCP3A+fwBq1o72</latexit>

✓0e
<latexit sha1_base64="x/x9mUio0flW8oVGntfpi84+1vM=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvoqSRV0GPRi8cK9gOaUDbbSbt0swm7E6GE/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSATX6DjfVmltfWNzq7xd2dnd2z+oHh51dJwqBm0Wi1j1AqpBcAlt5CiglyigUSCgG0zucr/7BErzWD7iNAE/oiPJQ84oGsnzcAxIBxnMziuDas2pO3PYq8QtSI0UaA2qX94wZmkEEpmgWvddJ0E/owo5EzCreKmGhLIJHUHfUEkj0H42v3lmnxllaIexMiXRnqu/JzIaaT2NAtMZURzrZS8X//P6KYY3fsZlkiJItlgUpsLG2M4DsIdcAUMxNYQyxc2tNhtTRRmamPIQ3OWXV0mnUXcv642Hq1rztoijTE7IKbkgLrkmTXJPWqRNGEnIM3klb1ZqvVjv1seitWQVM8fkD6zPH4MqkVU=</latexit>

Eq = xEp
<latexit sha1_base64="6lgzh+a5DwtBYw7wq3B49hiyGkI=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCpJFXQjFEVwWcFeoA1hMp20QycXZyZiDXkSNy4UceujuPNtnLRZaOsPAx//OYdz5vdizqSyrG9jaXlldW29tFHe3NreqZi7e20ZJYLQFol4JLoelpSzkLYUU5x2Y0Fx4HHa8cZXeb3zQIVkUXinJjF1AjwMmc8IVtpyzcq1m95n6AI9aoizsmtWrZo1FVoEu4AqFGq65ld/EJEkoKEiHEvZs61YOSkWihFOs3I/kTTGZIyHtKcxxAGVTjo9PENH2hkgPxL6hQpN3d8TKQ6knASe7gywGsn5Wm7+V+slyj93UhbGiaIhmS3yE45UhPIU0IAJShSfaMBEMH0rIiMsMFE6qzwEe/7Li9Cu1+yTWv32tNq4LOIowQEcwjHYcAYNuIEmtIBAAs/wCm/Gk/FivBsfs9Ylo5jZhz8yPn8Ai/WSXQ==</latexit>

E0
J

<latexit sha1_base64="fTGHBN3CgsTCS964qyZAkvNMnAg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbRU9mtgh6LIoinCvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hZXVtfaO4Wdra3tndK+8ftHSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjeZ336iSrNIPppJTH2Bh5KFjGBjpfZtP72fnpb65YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nZ07RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ72jAFCWGTyzBRDF7KyIjrDAxNqEsBG/x5WXSqlW982rt4aJSv87jKMIRHMMZeHAJdbiDBjSBwBie4RXenNh5cd6dj3lrwclnDuEPnM8fQZmO2w==</latexit>

✓0J
<latexit sha1_base64="BgPyDx8+i4UQQ1s87kptxgrUGuo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj0Ip4q2A9IQ9lst+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuh9RwKWLeQIGStxPNaRRK3gpHt1O/9cS1ESp+xHHCg4gOYtEXjKKV/A4OOdJudj8565bKbsWdgSwTLydlyFHvlr46PcXSiMfIJDXG99wEg4xqFEzySbGTGp5QNqID7lsa04ibIJudPCGnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/nWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KRRuCt/jyMmlWK95FpfpwWa7d5HEU4BhO4Bw8uIIa3EEdGsBAwTO8wpuDzovz7nzMW1ecfOYI/sD5/AEhk5Em</latexit>

xEp + Ee = E0
e + E0

J
<latexit sha1_base64="Aqy8SncvbVTkrjBzaBUJgE2u69w=">AAACCHicbVBNS8MwGE7n15xfVY8eDA6ZIIx2CnoRhiKIpwnuA7ZS0izdwtK0JKk4So9e/CtePCji1Z/gzX9j1vWg0wfC++R53pfkfbyIUaks68sozM0vLC4Vl0srq2vrG+bmVkuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3uhi4rfviJA05LdqHBEnQANOfYqR0pJr7t5fukmUwkOoK0nh2bRWsvt1WnHNslW1MsC/xM5JGeRouOZnrx/iOCBcYYak7NpWpJwECUUxI2mpF0sSITxCA9LVlKOASCfJFknhvlb60A+FPlzBTP05kaBAynHg6c4AqaGc9Sbif143Vv6pk1AexYpwPH3IjxlUIZykAvtUEKzYWBOEBdV/hXiIBMJKZ1fSIdizK/8lrVrVPqrWbo7L9fM8jiLYAXvgANjgBNTBFWiAJsDgATyBF/BqPBrPxpvxPm0tGPnMNvgF4+MbpzuX0g==</latexit>

xEp � Ee = E0
e cos ✓

0
e + E0

J cos ✓0J
<latexit sha1_base64="+kMVygjRZLfa30ImOiRTMW4Q5Nk=">AAACJXicbVDJSgNBEO2JW4xb1KOXxiAKYpiJgh4UgiKIpwhmgSSEnk4ladKz0F0jhiE/48Vf8eLBIIInf8XOcjCJD5p69aqK6npuKIVG2/62EguLS8srydXU2vrG5lZ6e6ekg0hxKPJABqriMg1S+FBEgRIqoQLmuRLKbvdmWC8/gdIi8B+xF0LdY21ftARnaKRG+vL5thGHfXpCTYQ+vRrHwxoPdA07gGyUHhv1flo1aSOdsbP2CHSeOBOSIRMUGulBrRnwyAMfuWRaVx07xHrMFAouoZ+qRRpCxrusDVVDfeaBrsejK/v0wChN2gqUeT7Skfp3Imae1j3PNZ0ew46erQ3F/2rVCFsX9Vj4YYTg8/GiViQpBnRoGW0KBRxlzxDGlTB/pbzDFONojE0ZE5zZk+dJKZd1TrO5h7NM/npiR5LskX1yRBxyTvLkjhRIkXDyQt7IBxlYr9a79Wl9jVsT1mRml0zB+vkFdDqkpw==</latexit>

E0
e sin ✓

0
e = E0

J sin ✓0J
<latexit sha1_base64="cr8cCBFJpoKyyznp+EG4wcFGhrc=">AAACF3icbVDLSgNBEJyNrxhfUY9eBoPoKexGQS9CUATxFME8IAlhdtJJhszOLjO9QljyF178FS8eFPGqN//GyeNgEgsGqqu66enyIykMuu6Pk1paXlldS69nNja3tneyu3sVE8aaQ5mHMtQ1nxmQQkEZBUqoRRpY4Euo+v3rkV99BG1EqB5wEEEzYF0lOoIztFIrm79pJTA8bhihGtgDZOOSXlKr383qtqStbM7Nu2PQReJNSY5MUWplvxvtkMcBKOSSGVP33AibCdMouIRhphEbiBjvsy7ULVUsANNMxncN6ZFV2rQTavsU0rH6dyJhgTGDwLedAcOemfdG4n9ePcbORTMRKooRFJ8s6sSSYkhHIdG20MBRDixhXAv7V8p7TDOONsqMDcGbP3mRVAp57zRfuD/LFa+mcaTJATkkJ8Qj56RIbkmJlAknT+SFvJF359l5dT6cz0lrypnO7JMZOF+/93afKA==</latexit>

Any pair out the set                           uniquely identify  a point in the (x, Q2) plane.(E0
e, E

0
J , ✓

0
e, ✓

0
J)

<latexit sha1_base64="nWGkUuUXmriL2YQAs/YiJ1C7PVg=">AAACEXicbVDLSgMxFM3UV62vUZdugkWsIGWmCrosiiCuKtgHtKVk0ts2NPMguSOUob/gxl9x40IRt+7c+TemD0FbD4R7cs69JPd4kRQaHefLSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf7lyK/eg9IiDO5wEEHTZ91AdARnaKSWnctdtRIYHh6bcmNKA3uAbCLRn4sxjlp21sk7Y9B54k5JlkxRatmfjXbIYx8C5JJpXXedCJsJUyi4hGGmEWuIGO+zLtQNDZgPupmMNxrSA6O0aSdU5gRIx+rviYT5Wg98z3T6DHt61huJ/3n1GDvnzUQEUYwQ8MlDnVhSDOkoHtoWCjjKgSGMK2H+SnmPKcbRhJgxIbizK8+TSiHvnuQLt6fZ4sU0jjTZI/skR1xyRorkmpRImXDyQJ7IC3m1Hq1n6816n7SmrOnMLvkD6+MbJ5mb+A==</latexit>

Please note that the angles        and       are referred to the incoming  nucleon/proton direction.✓0e
<latexit sha1_base64="ViCuy+VTCvBOUV2gUGNmZ28oVks=">AAAB8HicbVBNS8NAEN34WetX1aOXYBE9laQKeix68VjBfkgbymY7aZfubsLuRCihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8ENet63s7K6tr6xWdgqbu/s7u2XDg6bJk41gwaLRazbITUguIIGchTQTjRQGQpohaPbqd96Am14rB5wnEAg6UDxiDOKVnrs4hCQ9uCsVyp7FW8Gd5n4OSmTHPVe6avbj1kqQSET1JiO7yUYZFQjZwImxW5qIKFsRAfQsVRRCSbIZgdP3FOr9N0o1rYUujP190RGpTFjGdpOSXFoFr2p+J/XSTG6DjKukhRBsfmiKBUuxu70e7fPNTAUY0so09ze6rIh1ZShzahoQ/AXX14mzWrFv6hU7y/LtZs8jgI5JifknPjkitTIHamTBmFEkmfySt4c7bw4787HvHXFyWeOyB84nz+A2JA1</latexit>

✓0J
<latexit sha1_base64="2HpZfenxwHVxtUW+v4ui5IBj5Fc=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPoKexGQY9BL+IpgnlIsoTZySQZMrO7zPQKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLkXI6yhQ8lasOVWB5M1gdDP1m09cGxGFDziOua/oIBR9wSha6bGDQ460e3faLZbcsjsDWSZeRkqQodYtfnV6EUsUD5FJakzbc2P0U6pRMMknhU5ieEzZiA5429KQKm78dHbwhJxYpUf6kbYVIpmpvydSqowZq8B2KopDs+hNxf+8doL9Kz8VYZwgD9l8UT+RBCMy/Z70hOYM5dgSyrSwtxI2pJoytBkVbAje4svLpFEpe+flyv1FqXqdxZGHIziGM/DgEqpwCzWoAwMFz/AKb452Xpx352PemnOymUP4A+fzB1fRkBo=</latexit>

Forw
ard

Rear
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Ee
<latexit sha1_base64="UkGk/P7TFBggVU2thThncFmFrW8=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqszUgi6LIrisYB/QDiWTZtrYTDIkGaEM/Qc3LhRx6/+482/MtLPQ1gOBwzn33tx7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjtpaJIrRFJJeqG2BNORO0ZZjhtBsriqOA004wucn8zhNVmknxYKYx9SM8EixkBBsrtW8HKZ2VBuWKW3XnQKvEy0kFcjQH5a/+UJIkosIQjrXueW5s/BQrwwi3A/uJpjEmEzyiPUsFjqj20/m2M3RmlSEKpbJPGDRXf3ekONJ6GgW2MsJmrJe9TPzP6yUmvPJTJuLEUEEWH4UJR0ai7HQ0ZIoSw6eWYKKY3RWRMVaYGBtQFoK3fPIqadeq3kW1dl+vNK7zOIpwAqdwDh5cQgPuoAktIPAIz/AKb450Xpx352NRWnDynmP4A+fzBwikjsU=</latexit>

E0
e

<latexit sha1_base64="rnKc5VRCWeKR5CVyskBEKfTKnAU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9FgUwWMF+wFtKZvtpF262YTdjVBCf4QXD4p49fd489+4aXPQ1gcDj/dmmJnnx4Jr47rfzsrq2vrGZmGruL2zu7dfOjhs6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98m/mtJ1SaR/LRTGLshXQoecAZNVZq3fVTnJ4V+6WyW3FnIMvEy0kZctT7pa/uIGJJiNIwQbXueG5seilVhjOB02I30RhTNqZD7FgqaYi6l87OnZJTqwxIEClb0pCZ+nsipaHWk9C3nSE1I73oZeJ/XicxwXUv5TJODEo2XxQkgpiIZL+TAVfIjJhYQpni9lbCRlRRZmxCWQje4svLpFmteBeV6sNluXaTx1GAYziBc/DgCmpwD3VoAIMxPMMrvDmx8+K8Ox/z1hUnnzmCP3A+fwBq1o72</latexit>

✓0e
<latexit sha1_base64="x/x9mUio0flW8oVGntfpi84+1vM=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvoqSRV0GPRi8cK9gOaUDbbSbt0swm7E6GE/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSATX6DjfVmltfWNzq7xd2dnd2z+oHh51dJwqBm0Wi1j1AqpBcAlt5CiglyigUSCgG0zucr/7BErzWD7iNAE/oiPJQ84oGsnzcAxIBxnMziuDas2pO3PYq8QtSI0UaA2qX94wZmkEEpmgWvddJ0E/owo5EzCreKmGhLIJHUHfUEkj0H42v3lmnxllaIexMiXRnqu/JzIaaT2NAtMZURzrZS8X//P6KYY3fsZlkiJItlgUpsLG2M4DsIdcAUMxNYQyxc2tNhtTRRmamPIQ3OWXV0mnUXcv642Hq1rztoijTE7IKbkgLrkmTXJPWqRNGEnIM3klb1ZqvVjv1seitWQVM8fkD6zPH4MqkVU=</latexit>

Eq = xEp
<latexit sha1_base64="6lgzh+a5DwtBYw7wq3B49hiyGkI=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCpJFXQjFEVwWcFeoA1hMp20QycXZyZiDXkSNy4UceujuPNtnLRZaOsPAx//OYdz5vdizqSyrG9jaXlldW29tFHe3NreqZi7e20ZJYLQFol4JLoelpSzkLYUU5x2Y0Fx4HHa8cZXeb3zQIVkUXinJjF1AjwMmc8IVtpyzcq1m95n6AI9aoizsmtWrZo1FVoEu4AqFGq65ld/EJEkoKEiHEvZs61YOSkWihFOs3I/kTTGZIyHtKcxxAGVTjo9PENH2hkgPxL6hQpN3d8TKQ6knASe7gywGsn5Wm7+V+slyj93UhbGiaIhmS3yE45UhPIU0IAJShSfaMBEMH0rIiMsMFE6qzwEe/7Li9Cu1+yTWv32tNq4LOIowQEcwjHYcAYNuIEmtIBAAs/wCm/Gk/FivBsfs9Ylo5jZhz8yPn8Ai/WSXQ==</latexit>

E0
J

<latexit sha1_base64="fTGHBN3CgsTCS964qyZAkvNMnAg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbRU9mtgh6LIoinCvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hZXVtfaO4Wdra3tndK+8ftHSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjeZ336iSrNIPppJTH2Bh5KFjGBjpfZtP72fnpb65YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nZ07RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ72jAFCWGTyzBRDF7KyIjrDAxNqEsBG/x5WXSqlW982rt4aJSv87jKMIRHMMZeHAJdbiDBjSBwBie4RXenNh5cd6dj3lrwclnDuEPnM8fQZmO2w==</latexit>

✓0J
<latexit sha1_base64="BgPyDx8+i4UQQ1s87kptxgrUGuo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ6KkkV9Fj0Ip4q2A9IQ9lst+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqGW8wJZVuh9RwKWLeQIGStxPNaRRK3gpHt1O/9cS1ESp+xHHCg4gOYtEXjKKV/A4OOdJudj8565bKbsWdgSwTLydlyFHvlr46PcXSiMfIJDXG99wEg4xqFEzySbGTGp5QNqID7lsa04ibIJudPCGnVumRvtK2YiQz9fdERiNjxlFoOyOKQ7PoTcX/PD/F/nWQiThJkcdsvqifSoKKTP8nPaE5Qzm2hDIt7K2EDammDG1KRRuCt/jyMmlWK95FpfpwWa7d5HEU4BhO4Bw8uIIa3EEdGsBAwTO8wpuDzovz7nzMW1ecfOYI/sD5/AEhk5Em</latexit>

Any pair out of the set                          uniquely identify  a point in the (x, Q2) plane(E0
e, E

0
J , ✓

0
e, ✓

0
J)

<latexit sha1_base64="nWGkUuUXmriL2YQAs/YiJ1C7PVg=">AAACEXicbVDLSgMxFM3UV62vUZdugkWsIGWmCrosiiCuKtgHtKVk0ts2NPMguSOUob/gxl9x40IRt+7c+TemD0FbD4R7cs69JPd4kRQaHefLSi0sLi2vpFcza+sbm1v29k5Fh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf7lyK/eg9IiDO5wEEHTZ91AdARnaKSWnctdtRIYHh6bcmNKA3uAbCLRn4sxjlp21sk7Y9B54k5JlkxRatmfjXbIYx8C5JJpXXedCJsJUyi4hGGmEWuIGO+zLtQNDZgPupmMNxrSA6O0aSdU5gRIx+rviYT5Wg98z3T6DHt61huJ/3n1GDvnzUQEUYwQ8MlDnVhSDOkoHtoWCjjKgSGMK2H+SnmPKcbRhJgxIbizK8+TSiHvnuQLt6fZ4sU0jjTZI/skR1xyRorkmpRImXDyQJ7IC3m1Hq1n6816n7SmrOnMLvkD6+MbJ5mb+A==</latexit>

6 Reconstruction methods:

The quality of the  Differential  Cross Sections and Structure Functions measurements 
fully rely on the  best possible reconstruction of the variables  Q2 and x.

Forw
ard

Rear
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E0
e = const

<latexit sha1_base64="DJRdy/3r9XdlBd0COarEIMt+21M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvoqexWQS9CUQSPFewHbJeSTbNtaDZZklmhLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53Cyura+kZxs7S1vbO7V94/aBmVasqaVAmlOyExTHDJmsBBsE6iGYlDwdrh6Hbqt5+YNlzJRxgnLIjJQPKIUwJW8u967BRfUyUN9MoVt+rOgJeJl5MKytHolb+6fUXTmEmgghjje24CQUY0cCrYpNRNDUsIHZEB8y2VJGYmyGYnT/CJVfo4UtqWBDxTf09kJDZmHIe2MyYwNIveVPzP81OIroKMyyQFJul8UZQKDApP/8d9rhkFMbaEUM3trZgOiSYUbEolG4K3+PIyadWq3nm19nBRqd/kcRTRETpGZ8hDl6iO7lEDNRFFCj2jV/TmgPPivDsf89aCk88coj9wPn8AUH2QoA==</latexit>

✓0e = const
<latexit sha1_base64="bd9A5mPoIzmOUddaXq7i6DmT3jY=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbRU9iNgl6EoBePEcwDkhBmJ51kyOzsMtMbCEv+xIsHRbz6J978GyfJHjSxoKGo6qa7K4ilMOh5305ubX1jcyu/XdjZ3ds/cA+P6iZKNIcaj2SkmwEzIIWCGgqU0Iw1sDCQ0AhG9zO/MQZtRKSecBJDJ2QDJfqCM7RS13XbOARkXTintzxSBrtu0St5c9BV4mekSDJUu+5XuxfxJASFXDJjWr4XYydlGgWXMC20EwMx4yM2gJalioVgOun88ik9s0qP9iNtSyGdq78nUhYaMwkD2xkyHJplbyb+57US7N90UqHiBEHxxaJ+IilGdBYD7QkNHOXEEsa1sLdSPmSacbRhFWwI/vLLq6ReLvmXpfLjVbFyl8WRJyfklFwQn1yTCnkgVVIjnIzJM3klb07qvDjvzseiNedkM8fkD5zPH+mBkzA=</latexit>

Q
2
(G

eV
2
)

<latexit sha1_base64="8K7W7WFyVMVEl+nzhGZ8JMjXPnc=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXkoSBT0WPeixBfsBbVo220m7dLMJuxuhhPozvHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnb/rZya+sbm1v57cLO7t7+QfHwqKmiRFJo0IhHsu0TBZwJaGimObRjCST0ObT88e3Mbz2CVCwSD3oSgxeSoWABo0QbqVvvufipfAfNnnveL5bsij0HXiVORkooQ61f/OoOIpqEIDTlRKmOY8faS4nUjHKYFrqJgpjQMRlCx1BBQlBeOr95is+MMsBBJE0Jjefq74mUhEpNQt90hkSP1LI3E//zOokOrr2UiTjRIOhiUZBwrCM8CwAPmASq+cQQQiUzt2I6IpJQbWIqmBCc5ZdXSdOtOBcVt35Zqt5kceTRCTpFZeSgK1RF96iGGoiiGD2jV/RmJdaL9W59LFpzVjZzjP7A+vwB+/WQWA==</latexit>

Q
2
(G

eV
2
)

<latexit sha1_base64="8K7W7WFyVMVEl+nzhGZ8JMjXPnc=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXkoSBT0WPeixBfsBbVo220m7dLMJuxuhhPozvHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnb/rZya+sbm1v57cLO7t7+QfHwqKmiRFJo0IhHsu0TBZwJaGimObRjCST0ObT88e3Mbz2CVCwSD3oSgxeSoWABo0QbqVvvufipfAfNnnveL5bsij0HXiVORkooQ61f/OoOIpqEIDTlRKmOY8faS4nUjHKYFrqJgpjQMRlCx1BBQlBeOr95is+MMsBBJE0Jjefq74mUhEpNQt90hkSP1LI3E//zOokOrr2UiTjRIOhiUZBwrCM8CwAPmASq+cQQQiUzt2I6IpJQbWIqmBCc5ZdXSdOtOBcVt35Zqt5kceTRCTpFZeSgK1RF96iGGoiiGD2jV/RmJdaL9W59LFpzVjZzjP7A+vwB+/WQWA==</latexit>

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

x0 =
Ee

Ep
<latexit sha1_base64="xYdpEMdijhOuWPskY+PQ/2OPB7k=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiRV0I1QFMFlBfuANoTJdNIOnUzCzEQMIf6KGxeKuPVD3Pk3TtsstPXAvRzOuZe5c/yYUals+9sorayurW+UNytb2zu7e+b+QUdGicCkjSMWiZ6PJGGUk7aiipFeLAgKfUa6/uR66ncfiJA04vcqjYkbohGnAcVIackzq4+efTkIBMLZjUdy3eLcM2t23Z7BWiZOQWpQoOWZX4NhhJOQcIUZkrLv2LFyMyQUxYzklUEiSYzwBI1IX1OOQiLdbHZ8bh1rZWgFkdDFlTVTf29kKJQyDX09GSI1loveVPzP6ycquHAzyuNEEY7nDwUJs1RkTZOwhlQQrFiqCcKC6lstPEY6CaXzqugQnMUvL5NOo+6c1ht3Z7XmVRFHGQ7hCE7AgXNowi20oA0YUniGV3gznowX4934mI+WjGKnCn9gfP4AjT2Utg==</latexit>
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Q
2
(G

eV
2
)

<latexit sha1_base64="8K7W7WFyVMVEl+nzhGZ8JMjXPnc=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXkoSBT0WPeixBfsBbVo220m7dLMJuxuhhPozvHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnb/rZya+sbm1v57cLO7t7+QfHwqKmiRFJo0IhHsu0TBZwJaGimObRjCST0ObT88e3Mbz2CVCwSD3oSgxeSoWABo0QbqVvvufipfAfNnnveL5bsij0HXiVORkooQ61f/OoOIpqEIDTlRKmOY8faS4nUjHKYFrqJgpjQMRlCx1BBQlBeOr95is+MMsBBJE0Jjefq74mUhEpNQt90hkSP1LI3E//zOokOrr2UiTjRIOhiUZBwrCM8CwAPmASq+cQQQiUzt2I6IpJQbWIqmBCc5ZdXSdOtOBcVt35Zqt5kceTRCTpFZeSgK1RF96iGGoiiGD2jV/RmJdaL9W59LFpzVjZzjP7A+vwB+/WQWA==</latexit> Q
2
(G

eV
2
)

<latexit sha1_base64="8K7W7WFyVMVEl+nzhGZ8JMjXPnc=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBahXkoSBT0WPeixBfsBbVo220m7dLMJuxuhhPozvHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnb/rZya+sbm1v57cLO7t7+QfHwqKmiRFJo0IhHsu0TBZwJaGimObRjCST0ObT88e3Mbz2CVCwSD3oSgxeSoWABo0QbqVvvufipfAfNnnveL5bsij0HXiVORkooQ61f/OoOIpqEIDTlRKmOY8faS4nUjHKYFrqJgpjQMRlCx1BBQlBeOr95is+MMsBBJE0Jjefq74mUhEpNQt90hkSP1LI3E//zOokOrr2UiTjRIOhiUZBwrCM8CwAPmASq+cQQQiUzt2I6IpJQbWIqmBCc5ZdXSdOtOBcVt35Zqt5kceTRCTpFZeSgK1RF96iGGoiiGD2jV/RmJdaL9W59LFpzVjZzjP7A+vwB+/WQWA==</latexit>

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit> x

<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

E0
J = const

<latexit sha1_base64="T1PmjABYUy51X+lGYDMCzQYR+Bs=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbRU9mtgl6EogjiqYL9wHYp2TTbhmaTJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99vJLS2vrK7l1wsbm1vbO8XdvYaWiSK0TiSXqhVgTTkTtG6Y4bQVK4qjgNNmMLye+M0nqjST4sGMYupHuC9YyAg2Vnq86d4dXxIptOkWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OIxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+CkTcWKoILNFYcKRkWjyPuoxRYnhI0swUczeisgAK0yMDalgQ/DmX14kjUrZOy1X7s9K1assjjwcwCGcgAfnUIVbqEEdCAh4hld4c7Tz4rw7H7PWnJPN7MMfOJ8/z1+QWw==</latexit>

✓0J = const
<latexit sha1_base64="qTXLj8aONzrUCxmoyH20uHP8ogA=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVhETyWpgl6EohfxVMF+QBvCZrtpl252w+5EqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzAsTzjS47rdVWFldW98obpa2tnd2y/befkvLVBHaJJJL1QmxppwJ2gQGnHYSRXEcctoORzdTv/1IlWZSPMA4oX6MB4JFjGAwUmCXezCkgIO7kysihYbArrhVdwZnmXg5qaAcjcD+6vUlSWMqgHCsdddzE/AzrIARTielXqppgskID2jXUIFjqv1sdvjEOTZK34mkMiXAmam/JzIcaz2OQ9MZYxjqRW8q/ud1U4gu/YyJJAUqyHxRlHIHpDNNwekzRQnwsSGYKGZudcgQK0zAZFUyIXiLLy+TVq3qnVVr9+eV+nUeRxEdoiN0ijx0geroFjVQExGUomf0it6sJ+vFerc+5q0FK585QH9gff4AZhyS6w==</latexit>
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Take first the Electron method ( M1 ) as an example:

Q2
el = 2EeE

0
e(1� cos✓0e)

<latexit sha1_base64="/NbREYpCI/9hp5jUG0Pk75gyyL8=">AAACEnicbZDLSgMxFIYz9VbrrerSTbCIurDMVEE3QlEEly1YK7RjyaSnbWjmQnJGKEOfwY2v4saFIm5dufNtTKez8HYg4eP/zyE5vxdJodG2P63czOzc/EJ+sbC0vLK6VlzfuNZhrDg0eChDdeMxDVIE0ECBEm4iBcz3JDS94fnEb96B0iIMrnAUgeuzfiB6gjM0Uqe4X7+tdBKQY3pKKxeGxum1u+cc8FC3cQDIUmG/UyzZZTst+hecDEokq1qn+NHuhjz2IUAumdYtx47QTZhCwSWMC+1YQ8T4kPWhZTBgPmg3SVca0x2jdGkvVOYESFP1+0TCfK1Hvmc6fYYD/dubiP95rRh7J24igihGCPj0oV4sKYZ0kg/tCgUc5cgA40qYv1I+YIpxNCkWTAjO75X/wnWl7ByWK/WjUvUsiyNPtsg22SMOOSZVcklqpEE4uSeP5Jm8WA/Wk/VqvU1bc1Y2s0l+lPX+BQW1nHM=</latexit>

xel = x0
E0

e(1 + cos ✓0e)

2Ee � E0
e(1� cos ✓0e)

<latexit sha1_base64="ebYdkzANl6crM28x0NLf4ZNI1BY="></latexit>

x0 =
Ee

Ep
<latexit sha1_base64="U0L9mGip+zM61jvcHgvVDJs01pU=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUmqoBuhKILLCvYBbQiT6aQdOnkwMxFLCG78FTcuFHHrV7jzb5y0WWjrgcs9nHMvM/d4MWdSWda3sbC4tLyyWlorr29sbm2bO7stGSWC0CaJeCQ6HpaUs5A2FVOcdmJBceBx2vZGV7nfvqdCsii8U+OYOgEehMxnBCstueb+g5ta2UXPF5ik125KsyxvcZa5ZsWqWhOgeWIXpAIFGq751etHJAloqAjHUnZtK1ZOioVihNOs3EskjTEZ4QHtahrigEonnZyQoSOt9JEfCV2hQhP190aKAynHgacnA6yGctbLxf+8bqL8cydlYZwoGpLpQ37CkYpQngfqM0GJ4mNNMBFM/xWRIdZpKJ1aWYdgz548T1q1qn1Srd2eVuqXRRwlOIBDOAYbzqAON9CAJhB4hGd4hTfjyXgx3o2P6eiCUezswR8Ynz8LWpfa</latexit>

yel =
Q2

el

sxel
<latexit sha1_base64="n5fhbllcbm+rhHhVMec0S8vU0IA=">AAACCXicbZC7TsMwFIZPuJZyCzCyWFRITFVSkGBBqmBhbCV6kdoQOa7TWnUush1EFWVl4VVYGECIlTdg421w0wzQ8kuWPv/nHNnn92LOpLKsb2NpeWV1bb20Ud7c2t7ZNff22zJKBKEtEvFIdD0sKWchbSmmOO3GguLA47Tjja+n9c49FZJF4a2axNQJ8DBkPiNYacs10cRNKc8u+77AJG3e1fJrlkr0MCPXrFhVKxdaBLuAChRquOZXfxCRJKChIhxL2bOtWDkpFooRTrNyP5E0xmSMh7SnMcQBlU6ab5KhY+0MkB8JfUKFcvf3RIoDKSeBpzsDrEZyvjY1/6v1EuVfOCkL40TRkMwe8hOOVISmsaABE5QoPtGAiWD6r4iMsM5E6fDKOgR7fuVFaNeq9mm11jyr1K+KOEpwCEdwAjacQx1uoAEtIPAIz/AKb8aT8WK8Gx+z1iWjmDmAPzI+fwCmEprx</latexit>

By simple uncertainties propagation one gets:

�xel

xel
=

1

yel

�E0
e

E0
e

�

tan

✓
✓0e
2

◆
+

✓
1

yel
� 1

◆
cot

✓
✓0e
2

◆�
�✓0e

<latexit sha1_base64="5ukUMnuOqOusS9hi1HTuu735sUU="></latexit>

�Q2
el

Q2
el

=
�E0

e

E0
e

� tan(✓0e)�✓
0
e

<latexit sha1_base64="9XlkohYVvZ3aeUMxVWjCKPGaIpY="></latexit>

�yel
yel

=

✓
1� 1

yel

◆
�E0

e

E0
e

�
✓

1

yel
� 1

◆
cot

✓
✓0e
2

◆
�✓0e

<latexit sha1_base64="oXxQmyhbZttURg7o8W/YXpzglQI="></latexit>
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Take Jacquet-Blondel ( M6 ) (charged current):

Q2
JB =

P
p2?

1� yJB
' E2

J sin2 ✓J
1� yJB

<latexit sha1_base64="7ssosFlFgnNjiHud4uB/6G+qPhg="></latexit>

yJB =

P
(E � pz)

2Ee
' EJ

Ee
sin2

✓
✓J
2

◆

<latexit sha1_base64="iFsXzgZJnW2XV2WAr1YQkWTLnE4="></latexit>

xJB =
Q2

JB

syJB
<latexit sha1_base64="HcniNbLi/IUdbid+c8tU9nVRyFU=">AAACCXicbZBNS8MwGMdTX+d8q3r0EhyCp9FOQS/CmBfxtIF7ga2WNEu3sDQtSSqW0qsXv4oXD4p49Rt489uYdT3o5h8Cv/yf5yF5/l7EqFSW9W0sLa+srq2XNsqbW9s7u+befkeGscCkjUMWip6HJGGUk7aiipFeJAgKPEa63uRqWu/eEyFpyG9VEhEnQCNOfYqR0pZrwgc3vWlklwNfIJy27mr5NUslTGbkmhWrauWCi2AXUAGFmq75NRiGOA4IV5ghKfu2FSknRUJRzEhWHsSSRAhP0Ij0NXIUEOmk+SYZPNbOEPqh0IcrmLu/J1IUSJkEnu4MkBrL+drU/K/Wj5V/4aSUR7EiHM8e8mMGVQinscAhFQQrlmhAWFD9V4jHSGeidHhlHYI9v/IidGpV+7Raa51V6o0ijhI4BEfgBNjgHNTBNWiCNsDgETyDV/BmPBkvxrvxMWtdMoqZA/BHxucPYNCaIg==</latexit>

By simple uncertainties propagation one gets:

�Q2
JB

Q2
JB

=
2� yJB
1� yJB

�EJ

EJ
�

2 cot ✓J +

yJB
1� yJB

cot

✓
✓J
2

◆�
�✓J

<latexit sha1_base64="YnCBybZZppf7ErbL2GWM+yKP+8A="></latexit>

�xJB

xJB
=

1

1� yJB

�EJ

EJ
�


2 cot ✓J +

2yJB � 1

1� yJB
cot

✓
✓J
2

◆�
�✓J

<latexit sha1_base64="HJBg+1FYaZZyDzm3xNsG5khoVv8="></latexit>

�yJB
yJB

=
�EJ

EJ
� cot

✓
✓J
2

◆
�✓J

<latexit sha1_base64="vwoyEmHy+MZYYy4j7Lpi86ORoeE="></latexit>
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Double-Angle  method ( M3 ):

Q2
DA = 4E2

e · sin ✓J(1 + cos ✓0e)

sin ✓J + sin ✓0e � sin(✓0e + ✓J)
<latexit sha1_base64="EqkCZH5iabKR0yigmZpJxaz0YQc="></latexit>

yDA =
sin ✓0e(1� cos ✓J)

sin ✓J + sin ✓0e � sin(✓0e + ✓J)
<latexit sha1_base64="mDV/A2Yc6qLKe6RIZOcC6QNxpJA="></latexit>

xDA =
Q2

DA

syDA
<latexit sha1_base64="jXj3ZtT9xbG/tf2r+odSLhj6G14=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSU5UUJFiQymVgbCV6kdoQOa7TWnWcyHYQUZSVhVdhYQAhVt6AjbfBTTNAyy9Z+vyfc2Sf34sYlcqyvo2FxaXlldXSWnl9Y3Nr29zZbcswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHG19N6p17IiQN+a1KIuIEaMipTzFS2nJN+OCm1xfZed8XCKfNu1p+zVIJkym5ZsWqWrngPNgFVEChhmt+9QchjgPCFWZIyp5tRcpJkVAUM5KV+7EkEcJjNCQ9jRwFRDppvkkGD7UzgH4o9OEK5u7viRQFUiaBpzsDpEZytjYx/6v1YuWfOSnlUawIx9OH/JhBFcJJLHBABcGKJRoQFlT/FeIR0pkoHV5Zh2DPrjwP7VrVPq7WmieV+mURRwnsgwNwBGxwCurgBjRAC2DwCJ7BK3gznowX4934mLYuGMXMHvgj4/MHP8uaDQ==</latexit>

Other methods exploited at HERA: “PT method”, “Sigma method”, “e-Sigma method”, …

All methods should be studied with detailed MC simulations (to quantify resolutions and migrations)



EIC:  x-Q2 plane
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j = � neutral current (EM)
<latexit sha1_base64="GAOQOlpMf7SMjKfI36nWvCIB4EI=">AAACEnicbVDLSgNBEJz1bXxFPXoZDIJewq4KehFEEbwICiYKSQi9k04cndldZnrFsCS/4MVf8eJBEa+evPk3Th4HXwUDRVV3T3eFiZKWfP/TGxkdG5+YnJrOzczOzS/kF5fKNk6NwJKIVWwuQ7CoZIQlkqTwMjEIOlR4Ed4c9vyLWzRWxtE5tROsaWhFsikFkJPq+Y3rvWoLtAbOu91ulfCOsghTMqC4SI3BiPj60clGJ1fPF/yi3wf/S4IhKbAhTuv5j2ojFql2I4QCayuBn1AtA0NSKOzkqqnFBMQNtLDiaAQabS3rn9Tha05p8GZs3HMr9NXvHRloa9s6dJUa6Mr+9nrif14lpeZuLZNRkhJGYvBRM1WcYt7LhzekQUGq7QgII92uXFyBAUEuxV4Iwe+T/5LyZjHYKm6ebRf2D4ZxTLEVtsrWWcB22D47ZqesxAS7Z4/smb14D96T9+q9DUpHvGHPMvsB7/0LdBCdTQ==</latexit>

j = �, �Z,Z neutral current (EW)
<latexit sha1_base64="JS++6B7FoNeH7gMnZdgLmoEnh1Q="></latexit>

Leptonic tensors:

with:

j = W± charged current (EW)
<latexit sha1_base64="8ZG+obfTF69s0PCn/XmKfkPOHgU=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiNgjZCUATLCCYbSNYwO3uTjJl9MDMrhmX9ARt/xcZCEVtrO//GyaPQxAMDh3PuvXPvcSPOpDLNbyOzsLi0vJJdza2tb2xu5bd3GjKMBYU6DXkomi6RwFkAdcUUh2YkgPguB9sdnI98+w6EZGFwrYYROD7pBazLKFFa6uSLt6f2TdKO/PShreBeJbRPRA88TGMhIFC4dGEfpJ18wSybY+B5Yk1JAU1R6+S/2l5IY19PoJxI2bLMSDkJEYpRDmmuHUuICB2QHrQ0DYgP0knG56S4qBUPd0Ohn95grP7uSIgv5dB3daVPVF/OeiPxP68Vq+6Jk7AgihUEdPJRN+ZYhXiUDfaYAKr4UBNCBdO74lEchCqdYE6HYM2ePE8albJ1WK5cHRWqZ9M4smgP7aMSstAxqqJLVEN1RNEjekav6M14Ml6Md+NjUpoxpj276A+Mzx9YO5xD</latexit>

e = ±1
<latexit sha1_base64="4WYYIhcMiJpACKsNlUS1Q7jIVy4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgl6EohePFewHtEvJptk2NMmGJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLZOkmtAmSXiiOxE2lDNJm5ZZTjtKUywiTtvR+G7mt5+oNiyRj3aiaCjwULKYEWyd1KY3PSVQ0C9X/Ko/B1olQU4qkKPRL3/1BglJBZWWcGxMN/CVDTOsLSOcTku91FCFyRgPaddRiQU1YTY/d4rOnDJAcaJdSYvm6u+JDAtjJiJynQLbkVn2ZuJ/Xje18XWYMalSSyVZLIpTjmyCZr+jAdOUWD5xBBPN3K2IjLDGxLqESi6EYPnlVdKqVYOLau3hslK/zeMowgmcwjkEcAV1uIcGNIHAGJ7hFd485b14797HorXg5TPH8Afe5w9hUo7w</latexit>
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j = � neutral current (EM)
<latexit sha1_base64="GAOQOlpMf7SMjKfI36nWvCIB4EI=">AAACEnicbVDLSgNBEJz1bXxFPXoZDIJewq4KehFEEbwICiYKSQi9k04cndldZnrFsCS/4MVf8eJBEa+evPk3Th4HXwUDRVV3T3eFiZKWfP/TGxkdG5+YnJrOzczOzS/kF5fKNk6NwJKIVWwuQ7CoZIQlkqTwMjEIOlR4Ed4c9vyLWzRWxtE5tROsaWhFsikFkJPq+Y3rvWoLtAbOu91ulfCOsghTMqC4SI3BiPj60clGJ1fPF/yi3wf/S4IhKbAhTuv5j2ojFql2I4QCayuBn1AtA0NSKOzkqqnFBMQNtLDiaAQabS3rn9Tha05p8GZs3HMr9NXvHRloa9s6dJUa6Mr+9nrif14lpeZuLZNRkhJGYvBRM1WcYt7LhzekQUGq7QgII92uXFyBAUEuxV4Iwe+T/5LyZjHYKm6ebRf2D4ZxTLEVtsrWWcB22D47ZqesxAS7Z4/smb14D96T9+q9DUpHvGHPMvsB7/0LdBCdTQ==</latexit>

j = �, �Z,Z neutral current (EW)
<latexit sha1_base64="JS++6B7FoNeH7gMnZdgLmoEnh1Q="></latexit>

Propagator/coupling  ratio factors:

j = W± charged current (EW)
<latexit sha1_base64="8ZG+obfTF69s0PCn/XmKfkPOHgU=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiNgjZCUATLCCYbSNYwO3uTjJl9MDMrhmX9ARt/xcZCEVtrO//GyaPQxAMDh3PuvXPvcSPOpDLNbyOzsLi0vJJdza2tb2xu5bd3GjKMBYU6DXkomi6RwFkAdcUUh2YkgPguB9sdnI98+w6EZGFwrYYROD7pBazLKFFa6uSLt6f2TdKO/PShreBeJbRPRA88TGMhIFC4dGEfpJ18wSybY+B5Yk1JAU1R6+S/2l5IY19PoJxI2bLMSDkJEYpRDmmuHUuICB2QHrQ0DYgP0knG56S4qBUPd0Ohn95grP7uSIgv5dB3daVPVF/OeiPxP68Vq+6Jk7AgihUEdPJRN+ZYhXiUDfaYAKr4UBNCBdO74lEchCqdYE6HYM2ePE8albJ1WK5cHRWqZ9M4smgP7aMSstAxqqJLVEN1RNEjekav6M14Ml6Md+NjUpoxpj276A+Mzx9YO5xD</latexit>
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j = � neutral current (EM)
<latexit sha1_base64="GAOQOlpMf7SMjKfI36nWvCIB4EI=">AAACEnicbVDLSgNBEJz1bXxFPXoZDIJewq4KehFEEbwICiYKSQi9k04cndldZnrFsCS/4MVf8eJBEa+evPk3Th4HXwUDRVV3T3eFiZKWfP/TGxkdG5+YnJrOzczOzS/kF5fKNk6NwJKIVWwuQ7CoZIQlkqTwMjEIOlR4Ed4c9vyLWzRWxtE5tROsaWhFsikFkJPq+Y3rvWoLtAbOu91ulfCOsghTMqC4SI3BiPj60clGJ1fPF/yi3wf/S4IhKbAhTuv5j2ojFql2I4QCayuBn1AtA0NSKOzkqqnFBMQNtLDiaAQabS3rn9Tha05p8GZs3HMr9NXvHRloa9s6dJUa6Mr+9nrif14lpeZuLZNRkhJGYvBRM1WcYt7LhzekQUGq7QgII92uXFyBAUEuxV4Iwe+T/5LyZjHYKm6ebRf2D4ZxTLEVtsrWWcB22D47ZqesxAS7Z4/smb14D96T9+q9DUpHvGHPMvsB7/0LdBCdTQ==</latexit>

j = �, �Z,Z neutral current (EW)
<latexit sha1_base64="JS++6B7FoNeH7gMnZdgLmoEnh1Q="></latexit>

Hadronic tensor:

W j
µ⌫ =

1

4⇡

Z
d4z eiq·z < P, S|

⇥
J†i1
µ (z), J i2

⌫ (0)
⇤
|P, S > with i1, i2 = �, Z,W

<latexit sha1_base64="FzIvcIB6GrsQlmaQ6zvIcrfJ3w0="></latexit>

S denots the nucleon spin 4-vector, with S2 = �M2
N and S · P = 0

<latexit sha1_base64="kIWvtxEjNpfWhy8D5uU44Bx571A="></latexit>

j = W± charged current (EW)
<latexit sha1_base64="8ZG+obfTF69s0PCn/XmKfkPOHgU=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiNgjZCUATLCCYbSNYwO3uTjJl9MDMrhmX9ARt/xcZCEVtrO//GyaPQxAMDh3PuvXPvcSPOpDLNbyOzsLi0vJJdza2tb2xu5bd3GjKMBYU6DXkomi6RwFkAdcUUh2YkgPguB9sdnI98+w6EZGFwrYYROD7pBazLKFFa6uSLt6f2TdKO/PShreBeJbRPRA88TGMhIFC4dGEfpJ18wSybY+B5Yk1JAU1R6+S/2l5IY19PoJxI2bLMSDkJEYpRDmmuHUuICB2QHrQ0DYgP0knG56S4qBUPd0Ohn95grP7uSIgv5dB3daVPVF/OeiPxP68Vq+6Jk7AgihUEdPJRN+ZYhXiUDfaYAKr4UBNCBdO74lEchCqdYE6HYM2ePE8albJ1WK5cHRWqZ9M4smgP7aMSstAxqqJLVEN1RNEjekav6M14Ml6Md+NjUpoxpj276A+Mzx9YO5xD</latexit>
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j = � neutral current (EM)
<latexit sha1_base64="GAOQOlpMf7SMjKfI36nWvCIB4EI=">AAACEnicbVDLSgNBEJz1bXxFPXoZDIJewq4KehFEEbwICiYKSQi9k04cndldZnrFsCS/4MVf8eJBEa+evPk3Th4HXwUDRVV3T3eFiZKWfP/TGxkdG5+YnJrOzczOzS/kF5fKNk6NwJKIVWwuQ7CoZIQlkqTwMjEIOlR4Ed4c9vyLWzRWxtE5tROsaWhFsikFkJPq+Y3rvWoLtAbOu91ulfCOsghTMqC4SI3BiPj60clGJ1fPF/yi3wf/S4IhKbAhTuv5j2ojFql2I4QCayuBn1AtA0NSKOzkqqnFBMQNtLDiaAQabS3rn9Tha05p8GZs3HMr9NXvHRloa9s6dJUa6Mr+9nrif14lpeZuLZNRkhJGYvBRM1WcYt7LhzekQUGq7QgII92uXFyBAUEuxV4Iwe+T/5LyZjHYKm6ebRf2D4ZxTLEVtsrWWcB22D47ZqesxAS7Z4/smb14D96T9+q9DUpHvGHPMvsB7/0LdBCdTQ==</latexit>

j = �, �Z,Z neutral current (EW)
<latexit sha1_base64="JS++6B7FoNeH7gMnZdgLmoEnh1Q="></latexit>

Diff. cross section (alternative forms ad higher-order EW contributions):

d2�

dxdQ2
=

d2�0

dxdQ2
+

↵

2⇡

d2�1

dxdQ2
+O(↵2) =

d2�0

dxdQ2
(1 + �EW )

<latexit sha1_base64="W5OUWHjjl5GoajoWzTZ6kK5vcTA="></latexit>

j = W± charged current (EW)
<latexit sha1_base64="8ZG+obfTF69s0PCn/XmKfkPOHgU=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiNgjZCUATLCCYbSNYwO3uTjJl9MDMrhmX9ARt/xcZCEVtrO//GyaPQxAMDh3PuvXPvcSPOpDLNbyOzsLi0vJJdza2tb2xu5bd3GjKMBYU6DXkomi6RwFkAdcUUh2YkgPguB9sdnI98+w6EZGFwrYYROD7pBazLKFFa6uSLt6f2TdKO/PShreBeJbRPRA88TGMhIFC4dGEfpJ18wSybY+B5Yk1JAU1R6+S/2l5IY19PoJxI2bLMSDkJEYpRDmmuHUuICB2QHrQ0DYgP0knG56S4qBUPd0Ohn95grP7uSIgv5dB3daVPVF/OeiPxP68Vq+6Jk7AgihUEdPJRN+ZYhXiUDfaYAKr4UBNCBdO74lEchCqdYE6HYM2ePE8albJ1WK5cHRWqZ9M4smgP7aMSstAxqqJLVEN1RNEjekav6M14Ml6Md+NjUpoxpj276A+Mzx9YO5xD</latexit>
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W j
µ⌫ =

✓
� gµ⌫ +

qµq⌫
q2

◆
F j
1 (x,Q

2) +
P̂µP̂⌫

P · q F j
2 (x,Q

2)

�i✏µ⌫↵�
q↵P �

2P · qF
j
3 (x,Q

2)

+i✏µ⌫↵�
q↵

P · q


S�gj1(x,Q

2) +

✓
S� � S · q

P · qP
�

◆
gj2(x,Q

2)

�

+
1

P · q


1

2

✓
P̂µŜ⌫ + ŜµP̂⌫

◆
� S · q

P · q P̂µP̂⌫

�
gj3(x,Q

2)

+
S · q
P · q


P̂µP̂⌫

P · q gj4(x,Q
2) +

✓
� gµ⌫ +

qµq⌫
q2

◆
gj5(x,Q

2)

�

<latexit sha1_base64="kjI/NdsOz7dMNOvGpdnRtVXpMA0="></latexit>

where P̂µ = Pµ � P · q
q2

, Ŝµ = Sµ � S · q
q2

and j = �, �Z,Z,W
<latexit sha1_base64="+Wo6PWuL0/NUsIFNS/Lo2BqQSOQ="></latexit>
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W j
µ⌫ =

✓
� gµ⌫ +

qµq⌫
q2

◆
F j
1 (x,Q

2) +
P̂µP̂⌫

P · q F j
2 (x,Q

2)

�i✏µ⌫↵�
q↵P �

2P · qF
j
3 (x,Q

2)

+i✏µ⌫↵�
q↵

P · q


S�gj1(x,Q

2) +

✓
S� � S · q

P · qP
�

◆
gj2(x,Q

2)

�

+
1

P · q


1

2

✓
P̂µŜ⌫ + ŜµP̂⌫

◆
� S · q

P · q P̂µP̂⌫

�
gj3(x,Q

2)

+
S · q
P · q


P̂µP̂⌫

P · q gj4(x,Q
2) +

✓
� gµ⌫ +

qµq⌫
q2

◆
gj5(x,Q

2)

�

<latexit sha1_base64="kjI/NdsOz7dMNOvGpdnRtVXpMA0="></latexit>

where P̂µ = Pµ � P · q
q2

, Ŝµ = Sµ � S · q
q2

and j = �, �Z,Z,W
<latexit sha1_base64="+Wo6PWuL0/NUsIFNS/Lo2BqQSOQ="></latexit>

Unpolarised SFs

Polarised SFs
c
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W j
µ⌫ =

✓
� gµ⌫ +

qµq⌫
q2

◆
F j
1 (x,Q

2) +
P̂µP̂⌫

P · q F j
2 (x,Q

2)

�i✏µ⌫↵�
q↵P �

2P · qF
j
3 (x,Q

2)

+i✏µ⌫↵�
q↵

P · q


S�gj1(x,Q

2) +

✓
S� � S · q

P · qP
�

◆
gj2(x,Q

2)

�

+
1

P · q


1

2

✓
P̂µŜ⌫ + ŜµP̂⌫

◆
� S · q

P · q P̂µP̂⌫

�
gj3(x,Q

2)

+
S · q
P · q


P̂µP̂⌫

P · q gj4(x,Q
2) +

✓
� gµ⌫ +

qµq⌫
q2

◆
gj5(x,Q

2)

�

<latexit sha1_base64="kjI/NdsOz7dMNOvGpdnRtVXpMA0="></latexit>

where P̂µ = Pµ � P · q
q2

, Ŝµ = Sµ � S · q
q2

and j = �, �Z,Z,W
<latexit sha1_base64="+Wo6PWuL0/NUsIFNS/Lo2BqQSOQ="></latexit>

Parity conserving SFs

Parity violating SFs
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The unpolarised double diff. cross sections for e+- p NC and CC DIS are

d2�k

dxdy
(e±p) = ⌘k

2⇡↵2

xyQ2

⇥
Y+Fk

2 � y2Fk
L ⌥ Y�xFk

3

⇤
<latexit sha1_base64="qQmVH5T2XKYJJWwyBgDsGQ3JktQ="></latexit>

with k = NC,CC and ⌘NC = 1 , ⌘CC = 2⌘W and Y± = 1± (1� y)2
<latexit sha1_base64="rvgeDpFtH5P+7NMASM92vBoorKA="></latexit>

In this expression we have introduced the Longitudinall Structure Function:

Fk
L = Fk

2 � 2xFk
1

<latexit sha1_base64="hJUzcfzAgthM5fHQn/ZexqyDRQ4=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR3FiSVNCNUBTEhYsK9gJtGibTSTtkcmFmIpbQB3Hjq7hxoYgbF4Jv46TNorb+MPDznXOYc343ZlRIw/jRCkvLK6trxfXSxubW9o6+u9cUUcIxaeCIRbztIkEYDUlDUslIO+YEBS4jLde/yuqtB8IFjcJ7OYqJHaBBSD2KkVTI0avdAMkhRiy9Hju3PR9ewFli9fwT63GWmD3f0ctGxZgILhozN2WQq+7oX91+hJOAhBIzJETHNGJpp4hLihkZl7qJIDHCPhqQjrIhCoiw08lxY3ikSB96EVcvlHBCZydSFAgxClzVma0p5msZ/K/WSaR3bqc0jBNJQjz9yEsYlBHMkoJ9ygmWbKQMwpyqXSEeIo6wVHmWVAjm/MmLpmlVzGrFujst1y7zOIrgAByCY2CCM1ADN6AOGgCDJ/AC3sC79qy9ah/a57S1oOUz++CPtO9fVA6hhA==</latexit>

contributes at very high-y and         at very high-Q2FL
<latexit sha1_base64="jxs+YzIVTCHiufdl9viw0QOprYc=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LIoiAsXFewD2qFk0kwbmknGJFMoQ7/DjQtF3Pox7vwbM+0stPVA4HDOvdyTE8ScaeO6387K6tr6xmZhq7i9s7u3Xzo4bGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5vMb42p0kyKRzOJqR/hgWAhI9hYye9G2AwJ5unttHffK5XdijsDWiZeTsqQo94rfXX7kiQRFYZwrHXHc2Pjp1gZRjidFruJpjEmIzygHUsFjqj201noKTq1Sh+FUtknDJqpvzdSHGk9iQI7mYXUi14m/ud1EhNe+SkTcWKoIPNDYcKRkShrAPWZosTwiSWYKGazIjLEChNjeyraErzFLy+TZrXinVeqDxfl2nVeRwGO4QTOwINLqMEd1KEBBJ7gGV7hzRk7L8678zEfXXHynSP4A+fzB8+pkh8=</latexit>

F3
<latexit sha1_base64="R0hh6qLDIVTGgFUURbq+9Wtte94=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7LbCnosCuKxgq2FdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3Zts9aOtAYJh5jzeZIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UJ8CaciZpyzDDaSdWFIuA08dgfJP5jxOqNIvkg5nG1Bd4KFnICDZW8nsCmxHBPL2d9ev9csWtunOgVeLlpAI5mv3yV28QkURQaQjHWnc9NzZ+ipVhhNNZqZdoGmMyxkPatVRiQbWfzkPP0JlVBiiMlH3SoLn6eyPFQuupCOxkFlIve5n4n9dNTHjlp0zGiaGSLA6FCUcmQlkDaMAUJYZPLcFEMZsVkRFWmBjbU8mW4C1/eZW0a1WvXq3dX1Qa13kdRTiBUzgHDy6hAXfQhBYQeIJneIU3Z+K8OO/Ox2K04OQ7x/AHzucPqcWSBg==</latexit>
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The unpolarised double diff. cross sections for e+- p NC and CC DIS are

d2�k

dxdy
(e±p) = ⌘k

2⇡↵2

xyQ2

⇥
Y+Fk

2 � y2Fk
L ⌥ Y�xFk

3

⇤
<latexit sha1_base64="qQmVH5T2XKYJJWwyBgDsGQ3JktQ="></latexit>

with k = NC,CC and ⌘NC = 1 , ⌘CC = 2⌘W and Y± = 1± (1� y)2
<latexit sha1_base64="rvgeDpFtH5P+7NMASM92vBoorKA="></latexit>

For the structure functions we have:

FCC
a = FW

a with a = 1, 2, 3
<latexit sha1_base64="3/9YJ8VOBnZzY6mZYC5ST0sdegA=">AAACGXicbVDLSgNBEJyNrxhfqx69DAbBg4TdKOhFCAaCxwgmEZIYeicTM2T2wUyvGpbNZ3jxV7x4UMSjnvwbJzEHXwUDRVU3PVVeJIVGx/mwMjOzc/ML2cXc0vLK6pq9vlHXYawYr7FQhurCA82lCHgNBUp+ESkOvid5wxuUx37jmistwuAchxFv+3AViJ5ggEbq2E7LB+wzkEkl7cBlUi6n9JhWDG3QUQv5LSY3AvvpiMKxu1fc2+/YeafgTED/EndK8mSKasd+a3VDFvs8QCZB66brRNhOQKFgkqe5Vqx5BGwAV7xpaAA+1+1kkiylO0bp0l6ozAuQTtTvGwn4Wg99z0yOc+jf3lj8z2vG2DtqJyKIYuQB+zrUiyXFkI5rol2hOEM5NASYEuavlPVBAUNTZs6U4P6O/JfUiwV3v1A8O8iXTqZ1ZMkW2Sa7xCWHpEROSZXUCCN35IE8kWfr3nq0XqzXr9GMNd3ZJD9gvX8CumWfdA==</latexit>

FNC
a = F �

a � geV ⌘�ZF
�Z
a + (geV

2 + geA
2)⌘ZF

Z
a with a = 2, L

<latexit sha1_base64="jtU27X9ZGUNEuPi/Nc1QTWimN7Q="></latexit>

FNC
3 = �geA⌘�ZF

�Z
3 + 2geV g

e
A⌘ZF

Z
3

<latexit sha1_base64="4zri6eeCP/FLEytcwys+E/7gL7s="></latexit>
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The unpolarised double diff. cross sections for e+- p NC and CC DIS are

d2�k

dxdy
(e±p) = ⌘k

2⇡↵2

xyQ2

⇥
Y+Fk

2 � y2Fk
L ⌥ Y�xFk

3

⇤
<latexit sha1_base64="qQmVH5T2XKYJJWwyBgDsGQ3JktQ="></latexit>

with k = NC,CC and ⌘NC = 1 , ⌘CC = 2⌘W and Y± = 1± (1� y)2
<latexit sha1_base64="rvgeDpFtH5P+7NMASM92vBoorKA="></latexit>

For the structure function we have:

FCC
a = FW

a with a = 1, 2, 3
<latexit sha1_base64="3/9YJ8VOBnZzY6mZYC5ST0sdegA=">AAACGXicbVDLSgNBEJyNrxhfqx69DAbBg4TdKOhFCAaCxwgmEZIYeicTM2T2wUyvGpbNZ3jxV7x4UMSjnvwbJzEHXwUDRVU3PVVeJIVGx/mwMjOzc/ML2cXc0vLK6pq9vlHXYawYr7FQhurCA82lCHgNBUp+ESkOvid5wxuUx37jmistwuAchxFv+3AViJ5ggEbq2E7LB+wzkEkl7cBlUi6n9JhWDG3QUQv5LSY3AvvpiMKxu1fc2+/YeafgTED/EndK8mSKasd+a3VDFvs8QCZB66brRNhOQKFgkqe5Vqx5BGwAV7xpaAA+1+1kkiylO0bp0l6ozAuQTtTvGwn4Wg99z0yOc+jf3lj8z2vG2DtqJyKIYuQB+zrUiyXFkI5rol2hOEM5NASYEuavlPVBAUNTZs6U4P6O/JfUiwV3v1A8O8iXTqZ1ZMkW2Sa7xCWHpEROSZXUCCN35IE8kWfr3nq0XqzXr9GMNd3ZJD9gvX8CumWfdA==</latexit>

FNC
a = F �

a � geV ⌘�ZF
�Z
a + (geV

2 + geA
2)⌘ZF

Z
a with a = 2, L

<latexit sha1_base64="jtU27X9ZGUNEuPi/Nc1QTWimN7Q="></latexit>

FNC
3 = �geA⌘�ZF

�Z
3 + 2geV g

e
A⌘ZF

Z
3

<latexit sha1_base64="4zri6eeCP/FLEytcwys+E/7gL7s="></latexit>

cc

c c c
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The unpolarised double diff. cross sections for e± p NC and CC DIS are

d2�k

dxdy
(e±p) = ⌘k

2⇡↵2

xyQ2

⇥
Y+Fk

2 � y2Fk
L ⌥ Y�xFk

3

⇤
<latexit sha1_base64="qQmVH5T2XKYJJWwyBgDsGQ3JktQ="></latexit>

with k = NC,CC and ⌘NC = 1 , ⌘CC = 2⌘W and Y± = 1± (1� y)2
<latexit sha1_base64="rvgeDpFtH5P+7NMASM92vBoorKA="></latexit>

Results are also presented in terms of reduced cross sections:

�±
r,NC =

d2�NC(e±p)

dxdQ2
· Q4x

2⇡↵2Y+
= F2 �

y2

Y+
FL ⌥ Y�

Y+
xF3

<latexit sha1_base64="I8YQbXT27RADHUkpSMDFW36gb/U="></latexit>

�±
r,CC =

d2�CC(e±p)

dxdQ2
· 2⇡x
G2

F


M2

W +Q2

M2
W

�2
=

1

2

✓
Y+W±

2 � y2W±
L ⌥ Y�xW±

3

◆

<latexit sha1_base64="4fJPHnomhcUxkSZdKOczd6XBl1o="></latexit>

FNC
a = Fa

<latexit sha1_base64="ZrGSTs1qqpoyNsnwEb0dFGE/JMk=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiRV0I1QLIgrqWAf0MYwmU7aoZNJmJkIJWTvxl9x40IRt/6AO//GSZuFbT1w4XDOvdx7jxcxKpVl/RiFldW19Y3iZmlre2d3z9w/aMswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHGzcyv/NIhKQhv1eTiDgBGnLqU4yUllyz3A+QGmHEkuvURQ/JbSOFl3BOdM2KVbWmgMvEzkkF5Gi65nd/EOI4IFxhhqTs2VaknAQJRTEjaakfSxIhPEZD0tOUo4BIJ5n+ksJjrQygHwpdXMGp+nciQYGUk8DTndmRctHLxP+8Xqz8CyehPIoV4Xi2yI8ZVCHMgoEDKghWbKIJwoLqWyEeIYGw0vGVdAj24svLpF2r2qfV2t1ZpX6Vx1EER6AMToANzkEd3IAmaAEMnsALeAPvxrPxanwYn7PWgpHPHII5GF+/rLyazw==</latexit>

FCC
a = FW±

a = W±
a

<latexit sha1_base64="SAuGyTULYMb6K/CX+3t5Q/giOU4=">AAACKnicbZDLSsNAFIYn9VbrLerSzWARXJWkCroRqgVxWcE2hSYNk+m0HTq5MDMRSsjzuPFV3HShFLc+iJM0i9p6YODn+89hzvm9iFEhDWOulTY2t7Z3yruVvf2DwyP9+KQjwphj0sYhC3nXQ4IwGpC2pJKRbsQJ8j1GLG/SzHzrlXBBw+BFTiPi+GgU0CHFSCrk6ve2j+QYI5Y8pi7qJ81mCu/gCkystG9HfrpkWLmRQVevGjUjL7guzEJUQVEtV5/ZgxDHPgkkZkiInmlE0kkQlxQzklbsWJAI4QkakZ6SAfKJcJL81BReKDKAw5CrF0iY0+WJBPlCTH1PdWarilUvg/95vVgOb52EBlEsSYAXHw1jBmUIs9zggHKCJZsqgTCnaleIx4gjLFW6FRWCuXryuujUa+ZVrf58XW08FHGUwRk4B5fABDegAZ5AC7QBBm/gA3yCL+1dm2lz7XvRWtKKmVPwp7SfXzyGqGc=</latexit>
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Very precise reconstruction of event’s
characteristics and kinematic variables:

Count nr. of events in appropriately
defined (x,Q2) bins

Extract reduced cross section and correct
radiative EW corrections

Extract

�r,NC =
1

1 + �EW

✓
Ndata �Nbkg

NMC

◆
�NLO

r,NC

<latexit sha1_base64="MeFPxB04Yl7cFgt5ahhavkFYaLU="></latexit>

F2
<latexit sha1_base64="oKHesAmV2Q9qQ98qdZk2dfhs0og=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgUxGNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94jjhfkQHSoSCUbTSw22v2iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur2/KNeu8zgKcAwncAYeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfCR41z</latexit>



DIS Experiments: Typical analysis (HERA)

EU EIC School 23 33

F em
2 = F �

2
<latexit sha1_base64="bQkOK3rQHKusTQCZYLly1bED304=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4KokVdCNUBTEZQV7gTaGyXTSDp2ZhJmJUGIWvoobF4q49TXc+TZO0yy09YeBj/+cwznzBzGjSjvOt7WwuLS8slpaK69vbG5t2zu7LRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0dWk3n4gUtFI3OlxTDyOBoKGFCNtLN/ev/Zr9ynhGbzIqTdAnKPMtytO1ckF58EtoAIKNXz7q9ePcMKJ0JghpbquE2svRVJTzEhW7iWKxAiP0IB0DQrEifLS/P4MHhmnD8NImic0zN3fEyniSo15YDo50kM1W5uY/9W6iQ7PvZSKONFE4OmiMGFQR3ASBuxTSbBmYwMIS2puhXiIJMLaRFY2IbizX56HVq3qnlRrt6eV+mURRwkcgENwDFxwBurgBjRAE2DwCJ7BK3iznqwX6936mLYuWMXMHvgj6/MH/bKVcw==</latexit>
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H1 & ZEUS have now published all their 
inclusive measurements (1992-2007)
  - HERA-I 
  - HERA-II measurements at high-Q2 
  - HERA-II measurements at reduced √s 

     0.6 x 10-6 < x  < 0.65 ,  0.045 < Q2 < 50000

41 data sets are combined:
    - NC & CC cross sections 
    - e+p and e-p scattering
    - 4 different √s  (318,  301, 252 and 225 GeV)



DIS Experiments: HERA Combined results
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DIS Experiments: Fivex target and HERA 
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DIS Experiments: Fivex target and HERA 
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c

Fixed-Target data

c

Very low-x and Q2 HERA  data



DIS Experiments: Fixed Target and HERA
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More on Fixed Target exps in Lecture 2 



DIS Experiments: Fixed Target and HERA
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c



DIS Experiments: Long. SF  FL  (H1)
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DIS Experiments: Heavy quarks (c and b)
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Important for   testing  FFNS and VFNS….



DIS Experiments: Heavy quarks (c and b)
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DIS Experiments: EW unification
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A beautiful textbook plot that 
shows the unification of
the NC and CC interactions 
at the EW scale



DIS Experiments: EW effects
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QCD
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QCD Collinear Factorization:

� ⌦ f =

Z 1

x

dy

y
�(y)f

✓
x

y

◆

<latexit sha1_base64="tEnodABs5ZDnLb283Qi7yX11IPQ="></latexit>

d�(ep ! eX)(x,Q2) =
X

q

[d�̂eq(Q
2, µ)⌦ fq(Q

2, µ)](x)
<latexit sha1_base64="i/Qmrm4cG0A4+5444VFOYQhEvAk="></latexit>
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Coefficient functions

Fk
a (x,Q

2) =
X

i

Ck
a,i(as,

Q2

µ2
F

,mc,mb,
x

z
)⌦ fi(as, z, µ

2
F )

with a = 2, L, 3 and k = NC,CC and i = q, q̄, g
<latexit sha1_base64="oDpqamjG3PYeaY+CnNJIVClX7ds="></latexit>

Ck
a,i = Ck (0)

a,i +
↵s

4⇡
Ck (1)

a,i +

✓
↵s

4⇡

◆2

Ck (2)
a,i + . . . with a = 2, 3, L and k = NC,CC

<latexit sha1_base64="tv6HCwX60/0BwPG1qJ7L/V2XHgk="></latexit>
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Fk
a (x,Q

2) =
X

i

Ck
a,i(as,

Q2

µ2
F

,mc,mb,
x

z
)⌦ fi(as, z, µ

2
F )

with a = 2, L, 3 and k = NC,CC and i = q, q̄, g
<latexit sha1_base64="oDpqamjG3PYeaY+CnNJIVClX7ds="></latexit>
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<latexit sha1_base64="0w/LGh94IOGJy8PPqQ+HOkPa050="></latexit>
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d logQ2
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✓
x
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✓
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◆�

<latexit sha1_base64="7/LXbcklbiO3yWMRkdJLY3oPfxY="></latexit>

Parton distribution functions, DGLAP evolution equations and Splitting functions
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Fk
a (x,Q

2) =
X

i

Ck
a,i(as,

Q2

µ2
F

,mc,mb,
x

z
)⌦ fi(as, z, µ

2
F )

with a = 2, L, 3 and k = NC,CC and i = q, q̄, g
<latexit sha1_base64="oDpqamjG3PYeaY+CnNJIVClX7ds="></latexit>

Parton distribution functions, DGLAP evolution equations and Splitting functions



Groups/Collaborations active on PDFs
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Many groups active since the mid 80’s in the DGLAP analyses. The “modern era” of PDF fitting started
at the beginning of the 90s (CTEQ1, MRS).



QCD DGLAP analysis
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Parameterisation at the starting scale:

xf(x) = AxB(1� x)C(1 +Dx+ Ex2)
<latexit sha1_base64="bAuWVZ3pNtDyCK7MrWPYyYBU/5E=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkVIKZakCroRaqvgsoJ9QJuWyXTSDp08mJlISunKjb/ixoUibv0Gd/6NkzYLbT1w4XDOvdx7jx1QwoVhfCuppeWV1bX0emZjc2t7R93dq3M/ZAjXkE991rQhx5R4uCaIoLgZMAxdm+KGPazEfuMBM058716MAmy5sO8RhyAopNRVDyNHj3KXV1GnrJsnUa5T0c38dZS/iTrFXKarZo2CMYW2SMyEZEGCalf9avd8FLrYE4hCzlumEQhrDJkgiOJJph1yHEA0hH3cktSDLubWePrGRDuWSk9zfCbLE9pU/T0xhi7nI9eWnS4UAz7vxeJ/XisUzoU1Jl4QCuyh2SInpJrwtTgTrUcYRoKOJIGIEXmrhgaQQSRkcnEI5vzLi6ReLJinheLdWbZUTuJIgwNwBHRggnNQAregCmoAgUfwDF7Bm/KkvCjvysesNaUkM/vgD5TPHzbalcE=</latexit>

Parforme numerical evolution of PDFs and compute 
theoretical observables:

�theo = Ci ⌦ fi = Ci ⌦ �i,j ⌦ fi(Q
2
0)

<latexit sha1_base64="OcS7QCfwNUYuM8GZ+klP7LZM1NM="></latexit>

Determine the PDFs parameters (and their uncertainties)
at the starting scale via a chi2 minimization procedure:



xFitter
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More on  xFitter in Lecture 3 (“hands-on” session) 



NNPDF4.0
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More  on NNPDF  in Lecture 2 and Lecture 3 (“hands-on” session) 
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•  Heavy Flavours: Roberts-Thorne VFNS (RTOPT) and two FF Schemes
•  Fits performed at LO, NLO and NNLO and for Q2min=3.5 and 10 GeV2

•  Detailed study of PDFs uncertainties: experimental,  model and parameterisation

• HERA combined data set

•  Final analytical form (14 params) obtained via parameter scan:
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H1 and ZEUS 

Experimental uncertainties 

Model uncertainties 

Parameterisation uncertainties 

Consistent data sets ➔ use Hessian Method with
( Cross checked with a MC method based on pseudo data sets (replicas) )

The following variations  were  considered:

Three different uncertainty components are considered:

��2 = 1
<latexit sha1_base64="4ZaIUB4fJW5CrviD7ltsExYvqhE=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJIq6EUo6sFjBfsBTSyb7aRdutmE3Y1San+KFw+KePWXePPfuGlz0NYHA4/3ZpiZFyScKe0439bS8srq2npho7i5tb2za5f2mipOJYUGjXks2wFRwJmAhmaaQzuRQKKAQysYXmV+6wGkYrG406ME/Ij0BQsZJdpIXbvkXQPXBHt0wO6r+MItdu2yU3GmwIvEzUkZ5ah37S+vF9M0AqEpJ0p1XCfR/phIzSiHSdFLFSSEDkkfOoYKEoHyx9PTJ/jIKD0cxtKU0Hiq/p4Yk0ipURSYzojogZr3MvE/r5Pq8NwfM5GkGgSdLQpTjnWMsxxwj0mgmo8MIVQycyumAyIJ1SatLAR3/uVF0qxW3JNK9fa0XLvM4yigA3SIjpGLzlAN3aA6aiCKHtEzekVv1pP1Yr1bH7PWJSuf2Ud/YH3+AOm8knc=</latexit>

- Addition of the parameters D and E in the parameterisation formula:

- Starting scale Q02



HERAPDF2.0: NLO and NNLO PDFs
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To be continued tomorrow morning…
(Lecture 2)
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