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Current Status of the D(e,e’p)n (E12-10-003) Experiment

 Commissioning part of the experiment completed  
 3 PAC days of the 21 PAC days requested in the  
 original proposal PR12-10-003

 Focused on getting publishable results, although  
 not at the precision originally planned (statistical uncertainty  
  ~ 5 - 20 % corresponding to recoil momenta between 0.5 and 1.0 GeV/c) 
 * original proposal 21 PAC days: Pr_central = 0.5, 0.6, 0.7 0.8, 0.9, 1.0 GeV/c  
 * completed (commissioning part) —-> 3 PAC days: Pr_central = 0.580, 0.750 GeV/c

 We demonstrated that these measurements can be done with  
 the new Hall C Super High Momentum Spectrometer (SHMS) 
 and requires minimal effort (standard Hall C equipment and software) 
 to complete the remaining 18 PAC days 
 

 The experiment analysis code already exists as it was  
 developed for the commissioning part of the experiment,  
 so the analysis of the full experiment is expected to be  
 relatively quick. 
 
 For the remaining 18 PAC days, we will focus on the highest 
 missing momentum region (Pr > 700 MeV / c):  
 
 * experiment point-of-view: most difficult region to access 
   as these correspond to the nucleon momentum tails where cross 
   sections are extremely small (more time is needed for precise 
   cross-section measurements)             
  
 * theoretical point-of-view: most interesting region as  
   relativistic models become increasingly important and  
   high-precision data will be able to pin down which theoretical  
   model provides a better description of the underlying physics 
 
 * extraction of light-cone : extraction of momentum  
   distributions, , in the light-cone frame at high  will be  
   beneficial for both experiment and theory. For experiment, the 
   extracted  can be used as input in DIS studies of the deuteron  
    structure function. For theory, will be possible to check the   
   validity of different approaches in calculating the deuteron    
   Within the light-cone dynamics. See Sec. IX of     
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Stats. Uncertainty ~20-30 %
3 PAC days

pr > 700 MeV/c

Int.J.Mod.Phys. E24 (2015)

https://www.jlab.org/exp_prog/proposals/10/PR12-10-003.pdf
https://arxiv.org/abs/1501.05377
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First Results Have Been Published ! 

 The manuscript was published in 
 the Physical Review Letters (PRL) 
 journal on Dec. 29, 2020

DOI: 10.1103/PhysRevLett.125.262501

 In addition to main article, 
 supplemental material has been  
 included where analysis details  
 are discussed. 
  
* Raw numerical data files are  
  also provided

https://doi.org/10.1103/PhysRevLett.125.262501
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Motivation

 Understand the short  
 range structure by probing  
 high momentum tails of the 
 deuteron

PROTON

NEUTRON

 Deuteron is the simplest  
 np bound state: starting  
 point to study nuclear 
 force (or NN potential)

 Extract momentum  
 distributions beyond  
 500 MeV/c recoil momenta 
 at PWIA kinematics

 At short ranges, np system 
 starts to overlap which is 
 directly related to SRCs  
 in A>2 nuclei

For historical overview of the  
nuclear force: SEE BACKUP SLIDES 
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SHMS Angle: 12.194 deg

SHMS Momentum: -8.534 GeV

DATA 
SIMC

Trigger:  
3/4 scintillator planes

Trigger:  
3/4 scintillator planes

Calorimeter (e- pid) 
Hodoscopes (trigger) 
Drift Chambers (tracking)

Drift Chambers (tracking) 
Hodoscopes (trigger)

Q1
Q2

Q3 D

d

Pm 
[MeV]

HMS 
Angle  
[deg]

HMS 
Momentum 
[GeV]

80 ~38.8 2.840

580 ~55 2.192

750 ~58.3 2.091

SHMS

HMS

✓nq = 35± 5 deg
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Experimental Hall C

Beam Energy: 10.6 GeV



D(e,e’p)n Feynman Diagrams
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Plane Wave Impulse Approximation  
(PWIA)

(d)Final State Interactions (FSI)(c)

Meson-Exchange Currents (MEC)(a) Isobar Configurations (IC)(b)



Deuteron Momentum Distribution
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Factorization ONLY  
possible in PWIA

�exp ⌘ d5�

d!d⌦ed⌦p
= K · �ep · S(pm)

<latexit sha1_base64="Qh0FFzIAKHOYHFdneo9t4ui8ZKI="></latexit><latexit sha1_base64="Qh0FFzIAKHOYHFdneo9t4ui8ZKI="></latexit><latexit sha1_base64="Qh0FFzIAKHOYHFdneo9t4ui8ZKI="></latexit><latexit sha1_base64="Qh0FFzIAKHOYHFdneo9t4ui8ZKI="></latexit>

Experim
ent Theory⇠<latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit>
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Plots Reference:  
W.U.Boeglin and M. Sargsian Int.J.Mod.Phys. E24 (2015) no.03, 1530003

Q2 > 1 GeV2
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First D(e,e’p)n Experiments at: 

JLab Hall A (2011)
JLab Hall B (2007)

FSI peaks 
at ~70 deg 
(predicted 
by GEA)

Reduced FSIs at   
~40 deg  (R ~ 1) 

genuine momentum 
distributions probed

CD-Bonn FSI (MS)

Paris FSI  
(J.M. Laget)

Paris FSI+MEC+IC 
(J.M. Laget)

JVO Model  
(J.W. Van Orden)

DATA

pm = 0.2 GeV/c
<latexit sha1_base64="yPEfc/oWlTInn8gw16DbV9lH1Ow=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5wJgl6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZdLjl1ybk+LlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/2aeVVQ==</latexit><latexit sha1_base64="yPEfc/oWlTInn8gw16DbV9lH1Ow=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5wJgl6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZdLjl1ybk+LlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/2aeVVQ==</latexit><latexit sha1_base64="yPEfc/oWlTInn8gw16DbV9lH1Ow=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5wJgl6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZdLjl1ybk+LlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/2aeVVQ==</latexit><latexit sha1_base64="yPEfc/oWlTInn8gw16DbV9lH1Ow=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5wJgl6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZdLjl1ybk+LlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/2aeVVQ==</latexit>

pm = 0.4 GeV/c
<latexit sha1_base64="99w+1eN1ZvFaJ9OZRa9XYwFi91M=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5yRgF6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZ+WHLvk3JaLlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/3MmVVw==</latexit><latexit sha1_base64="99w+1eN1ZvFaJ9OZRa9XYwFi91M=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5yRgF6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZ+WHLvk3JaLlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/3MmVVw==</latexit><latexit sha1_base64="99w+1eN1ZvFaJ9OZRa9XYwFi91M=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5yRgF6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZ+WHLvk3JaLlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/3MmVVw==</latexit><latexit sha1_base64="99w+1eN1ZvFaJ9OZRa9XYwFi91M=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBU5yRgF6EoAc9RjALJMPQ06kkTXoWumvEMM7BX/HiQRGv/oY3/8bOctDEBwWP96qoqufHUmi07W9rYXFpeWU1t5Zf39jc2i7s7NZ1lCgONR7JSDV9pkGKEGooUEIzVsACX0LDH1yN/MY9KC2i8A6HMbgB64WiKzhDI3mF/dhLg+zCLpXbCA+Y0muon/DMKxTtkj0GnSfOlBTJFFWv8NXuRDwJIEQumdYtx47RTZlCwSVk+XaiIWZ8wHrQMjRkAWg3Hd+f0SOjdGg3UqZCpGP190TKAq2HgW86A4Z9PeuNxP+8VoLdczcVYZwghHyyqJtIihEdhUE7QgFHOTSEcSXMrZT3mWIcTWR5E4Iz+/I8qZ+WHLvk3JaLlctpHDlyQA7JMXHIGamQG1IlNcLJI3kmr+TNerJerHfrY9K6YE1n9sgfWJ8/3MmVVw==</latexit>

pm = 0.5 GeV/c
<latexit sha1_base64="0+HYc77t9q8A40k9oROJnBUZZ1w=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET3FXFL0IQQ96jGAekIQwO+lNhsw+mOkVw7oHf8WLB0W8+hve/BsnyR40saChqOqmu8uNpNBo29/W3PzC4tJybiW/ura+sVnY2q7pMFYcqjyUoWq4TIMUAVRRoIRGpID5roS6O7ga+fV7UFqEwR0OI2j7rBcIT3CGRuoUdqNO4qcXdum0hfCACb2G2hFPO4WiXbLHoLPEyUiRZKh0Cl+tbshjHwLkkmnddOwI2wlTKLiENN+KNUSMD1gPmoYGzAfdTsb3p/TAKF3qhcpUgHSs/p5ImK/10HdNp8+wr6e9kfif14zRO28nIohihIBPFnmxpBjSURi0KxRwlENDGFfC3Ep5nynG0USWNyE40y/PktpxybFLzu1JsXyZxZEje2SfHBKHnJEyuSEVUiWcPJJn8krerCfrxXq3Piatc1Y2s0P+wPr8Ad5alVg=</latexit><latexit sha1_base64="0+HYc77t9q8A40k9oROJnBUZZ1w=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET3FXFL0IQQ96jGAekIQwO+lNhsw+mOkVw7oHf8WLB0W8+hve/BsnyR40saChqOqmu8uNpNBo29/W3PzC4tJybiW/ura+sVnY2q7pMFYcqjyUoWq4TIMUAVRRoIRGpID5roS6O7ga+fV7UFqEwR0OI2j7rBcIT3CGRuoUdqNO4qcXdum0hfCACb2G2hFPO4WiXbLHoLPEyUiRZKh0Cl+tbshjHwLkkmnddOwI2wlTKLiENN+KNUSMD1gPmoYGzAfdTsb3p/TAKF3qhcpUgHSs/p5ImK/10HdNp8+wr6e9kfif14zRO28nIohihIBPFnmxpBjSURi0KxRwlENDGFfC3Ep5nynG0USWNyE40y/PktpxybFLzu1JsXyZxZEje2SfHBKHnJEyuSEVUiWcPJJn8krerCfrxXq3Piatc1Y2s0P+wPr8Ad5alVg=</latexit><latexit sha1_base64="0+HYc77t9q8A40k9oROJnBUZZ1w=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET3FXFL0IQQ96jGAekIQwO+lNhsw+mOkVw7oHf8WLB0W8+hve/BsnyR40saChqOqmu8uNpNBo29/W3PzC4tJybiW/ura+sVnY2q7pMFYcqjyUoWq4TIMUAVRRoIRGpID5roS6O7ga+fV7UFqEwR0OI2j7rBcIT3CGRuoUdqNO4qcXdum0hfCACb2G2hFPO4WiXbLHoLPEyUiRZKh0Cl+tbshjHwLkkmnddOwI2wlTKLiENN+KNUSMD1gPmoYGzAfdTsb3p/TAKF3qhcpUgHSs/p5ImK/10HdNp8+wr6e9kfif14zRO28nIohihIBPFnmxpBjSURi0KxRwlENDGFfC3Ep5nynG0USWNyE40y/PktpxybFLzu1JsXyZxZEje2SfHBKHnJEyuSEVUiWcPJJn8krerCfrxXq3Piatc1Y2s0P+wPr8Ad5alVg=</latexit><latexit sha1_base64="0+HYc77t9q8A40k9oROJnBUZZ1w=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET3FXFL0IQQ96jGAekIQwO+lNhsw+mOkVw7oHf8WLB0W8+hve/BsnyR40saChqOqmu8uNpNBo29/W3PzC4tJybiW/ura+sVnY2q7pMFYcqjyUoWq4TIMUAVRRoIRGpID5roS6O7ga+fV7UFqEwR0OI2j7rBcIT3CGRuoUdqNO4qcXdum0hfCACb2G2hFPO4WiXbLHoLPEyUiRZKh0Cl+tbshjHwLkkmnddOwI2wlTKLiENN+KNUSMD1gPmoYGzAfdTsb3p/TAKF3qhcpUgHSs/p5ImK/10HdNp8+wr6e9kfif14zRO28nIohihIBPFnmxpBjSURi0KxRwlENDGFfC3Ep5nynG0USWNyE40y/PktpxybFLzu1JsXyZxZEje2SfHBKHnJEyuSEVUiWcPJJn8krerCfrxXq3Piatc1Y2s0P+wPr8Ad5alVg=</latexit>

0.2  pm  0.3 GeV/c
<latexit sha1_base64="vfg9eGUF4ibPuFhNj/on6wQ5Rvg=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27UdAyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNAmwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUC06nut4N6f50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP3duaGw==</latexit><latexit sha1_base64="vfg9eGUF4ibPuFhNj/on6wQ5Rvg=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27UdAyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNAmwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUC06nut4N6f50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP3duaGw==</latexit><latexit sha1_base64="vfg9eGUF4ibPuFhNj/on6wQ5Rvg=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27UdAyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNAmwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUC06nut4N6f50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP3duaGw==</latexit><latexit sha1_base64="vfg9eGUF4ibPuFhNj/on6wQ5Rvg=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27UdAyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNAmwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUC06nut4N6f50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP3duaGw==</latexit>

0.4  pm  0.6 GeV/c
<latexit sha1_base64="Gwy9k0z470e+rjpzX9o05IQhQ5Y=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27EtQyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNImwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUD1xPNfxbor50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP5d2aIA==</latexit><latexit sha1_base64="Gwy9k0z470e+rjpzX9o05IQhQ5Y=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27EtQyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNImwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUD1xPNfxbor50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP5d2aIA==</latexit><latexit sha1_base64="Gwy9k0z470e+rjpzX9o05IQhQ5Y=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27EtQyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNImwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUD1xPNfxbor50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP5d2aIA==</latexit><latexit sha1_base64="Gwy9k0z470e+rjpzX9o05IQhQ5Y=">AAACDnicbZC7SgNBFIZn4y3G26qlzWAIWK27EtQyaKFlBHOBJITZyUkyZPbizFkxLHkCG1/FxkIRW2s738bJpdDEHwY+/nMOZ87vx1JodN1vK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8weX43rtHpQWUXiLwxhaAeuFois4Q2O17YLrFGlTwh2N22kwmqLrnNImwgOm9Aqqx3zUtvOu405EF8GbQZ7MVG7bX81OxJMAQuSSad3w3BhbKVMouIRRrploiBkfsB40DIYsAN1KJ+eMaME4HdqNlHkh0on7eyJlgdbDwDedAcO+nq+Nzf9qjQS7561UhHGCEPLpom4iKUZ0nA3tCAUc5dAA40qYv1LeZ4pxNAnmTAje/MmLUD1xPNfxbor50sUsjiw5IIfkiHjkjJTINSmTCuHkkTyTV/JmPVkv1rv1MW3NWLOZffJH1ucP5d2aIA==</latexit>

Paris FSI  
(J.M. Laget)

CD-Bonn FSI (MS)

Q2 = 3.5± 0.25 GeV2
<latexit sha1_base64="CFEnkhmfEj1GVosyk7af8Sn+l3I=">AAACD3icbZC7SgNBFIZnvcZ4i1raDCaK1bIbFW0E0UJLBXOBZA2zk5M4ZPbCzFkxLHkDG1/FxkIRW1s738ZJ3EITDwx8/P85nDm/H0uh0XG+rKnpmdm5+dxCfnFpeWW1sLZe1VGiOFR4JCNV95kGKUKooEAJ9VgBC3wJNb93NvRrd6C0iMJr7MfgBawbio7gDI3UKuxc3aTlAT2me/YBbcYBdeyyAYR7TOk5VEtDuzRoFYqO7YyKToKbQZFkddkqfDbbEU8CCJFLpnXDdWL0UqZQcAmDfDPREDPeY11oGAxZANpLR/cM6LZR2rQTKfNCpCP190TKAq37gW86A4a3etwbiv95jQQ7R14qwjhBCPnPok4iKUZ0GA5tCwUcZd8A40qYv1J+yxTjaCLMmxDc8ZMnoVq2Xcd2r/aLJ6dZHDmySbbILnHJITkhF+SSVAgnD+SJvJBX69F6tt6s95/WKSub2SB/yvr4BvoFmXw=</latexit><latexit sha1_base64="CFEnkhmfEj1GVosyk7af8Sn+l3I=">AAACD3icbZC7SgNBFIZnvcZ4i1raDCaK1bIbFW0E0UJLBXOBZA2zk5M4ZPbCzFkxLHkDG1/FxkIRW1s738ZJ3EITDwx8/P85nDm/H0uh0XG+rKnpmdm5+dxCfnFpeWW1sLZe1VGiOFR4JCNV95kGKUKooEAJ9VgBC3wJNb93NvRrd6C0iMJr7MfgBawbio7gDI3UKuxc3aTlAT2me/YBbcYBdeyyAYR7TOk5VEtDuzRoFYqO7YyKToKbQZFkddkqfDbbEU8CCJFLpnXDdWL0UqZQcAmDfDPREDPeY11oGAxZANpLR/cM6LZR2rQTKfNCpCP190TKAq37gW86A4a3etwbiv95jQQ7R14qwjhBCPnPok4iKUZ0GA5tCwUcZd8A40qYv1J+yxTjaCLMmxDc8ZMnoVq2Xcd2r/aLJ6dZHDmySbbILnHJITkhF+SSVAgnD+SJvJBX69F6tt6s95/WKSub2SB/yvr4BvoFmXw=</latexit><latexit sha1_base64="CFEnkhmfEj1GVosyk7af8Sn+l3I=">AAACD3icbZC7SgNBFIZnvcZ4i1raDCaK1bIbFW0E0UJLBXOBZA2zk5M4ZPbCzFkxLHkDG1/FxkIRW1s738ZJ3EITDwx8/P85nDm/H0uh0XG+rKnpmdm5+dxCfnFpeWW1sLZe1VGiOFR4JCNV95kGKUKooEAJ9VgBC3wJNb93NvRrd6C0iMJr7MfgBawbio7gDI3UKuxc3aTlAT2me/YBbcYBdeyyAYR7TOk5VEtDuzRoFYqO7YyKToKbQZFkddkqfDbbEU8CCJFLpnXDdWL0UqZQcAmDfDPREDPeY11oGAxZANpLR/cM6LZR2rQTKfNCpCP190TKAq37gW86A4a3etwbiv95jQQ7R14qwjhBCPnPok4iKUZ0GA5tCwUcZd8A40qYv1J+yxTjaCLMmxDc8ZMnoVq2Xcd2r/aLJ6dZHDmySbbILnHJITkhF+SSVAgnD+SJvJBX69F6tt6s95/WKSub2SB/yvr4BvoFmXw=</latexit><latexit sha1_base64="CFEnkhmfEj1GVosyk7af8Sn+l3I=">AAACD3icbZC7SgNBFIZnvcZ4i1raDCaK1bIbFW0E0UJLBXOBZA2zk5M4ZPbCzFkxLHkDG1/FxkIRW1s738ZJ3EITDwx8/P85nDm/H0uh0XG+rKnpmdm5+dxCfnFpeWW1sLZe1VGiOFR4JCNV95kGKUKooEAJ9VgBC3wJNb93NvRrd6C0iMJr7MfgBawbio7gDI3UKuxc3aTlAT2me/YBbcYBdeyyAYR7TOk5VEtDuzRoFYqO7YyKToKbQZFkddkqfDbbEU8CCJFLpnXDdWL0UqZQcAmDfDPREDPeY11oGAxZANpLR/cM6LZR2rQTKfNCpCP190TKAq37gW86A4a3etwbiv95jQQ7R14qwjhBCPnPok4iKUZ0GA5tCwUcZd8A40qYv1J+yxTjaCLMmxDc8ZMnoVq2Xcd2r/aLJ6dZHDmySbbILnHJITkhF+SSVAgnD+SJvJBX69F6tt6s95/WKSub2SB/yvr4BvoFmXw=</latexit>

Reduced FSIs 
at ~120 deg  

(R ~ 1), 
But ICs are significant

Data shows FSI peaks at ~70 deg  
(predicted by GEA and J.M Laget) 

 FSI greatly reduced at ~40 and ~120 deg

https://arxiv.org/abs/1501.05377
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D(e,e’p)n Cross Section 
Experiment Results 
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D(e,e’p)n Momentum Distributions

  Hall C data reproduces previous Hall A data very well

  Pr < 250 MeV/c,  FSIs small and NN dominated by “One Pion Exchange Potential (OPEP)  
  (for 35 and 45 deg)

  Pr > 250 MeV/c, CD-Bonn differs from Paris/AV18 models (for 35 and 45 deg)

          (MS CD-Bonn/MS AV18: JJK parametrization)M.M. Sargsian, Phys. Rev. C82, 014612 (2010)

                                  (JML Paris: Galster parametrization)J.M. Laget, Phys. Lett. B609, 49 (2005)

(JVO WJC2:  GKex05 parametrization)W.P. Ford, S. Jeschonnek and J.W.V. Orden, Phys. Rev. C90, 064006 (2014)

Reference (Fig. 1): 10.1103/PhysRevLett.125.262501

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.82.014612
https://www.sciencedirect.com/science/article/pii/S0370269305001139?via=ihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.90.064006
https://doi.org/10.1103/PhysRevLett.125.262501
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D(e,e’p)n Reduced Cross Section Ratio to MS CD-Bonn PWIA

 At Pr ~300 - 700 MeV/c, R ~ 0.5 - 1  
 for 35 and 45 deg compared to R ~ 2 - 5 
 for 75 deg  
(FSIs largely reduced at smaller angles)

 Pr > 700 MeV/c data is NOT described by  
 any model

 Data agrees with CD-Bonn FSI up to  
 Pr ~ 700 MeV/c at 35 and 45 deg

� ⇠ |APWIA + iAFSI |2 ⇠ A2
PWIA � 2APWIAAFSI +A2

FSI

where AFSI ⇠ i|AFSI |
<latexit sha1_base64="FLfmvNUbJwSSRMWVY8sR4IODwt8="></latexit><latexit sha1_base64="FLfmvNUbJwSSRMWVY8sR4IODwt8="></latexit><latexit sha1_base64="FLfmvNUbJwSSRMWVY8sR4IODwt8="></latexit><latexit sha1_base64="FLfmvNUbJwSSRMWVY8sR4IODwt8="></latexit>

�

�PWIA
⇠ 1� 2

AFSI

APWIA
+

A2
FSI

A2
PWIA

<latexit sha1_base64="yNyw56JWw+IfzoT6jGCH/RTwwmo="></latexit><latexit sha1_base64="yNyw56JWw+IfzoT6jGCH/RTwwmo="></latexit><latexit sha1_base64="yNyw56JWw+IfzoT6jGCH/RTwwmo="></latexit><latexit sha1_base64="yNyw56JWw+IfzoT6jGCH/RTwwmo="></latexit>

Approximate cancellation of FSI/PWIA amplitudes 
leads to reduction in FSI at specific kinematics

Reference (Fig. 2): 10.1103/PhysRevLett.125.262501

https://doi.org/10.1103/PhysRevLett.125.262501
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Summary and Future Plans to Complete the D(e, e’p)n Experiment 

DATA was best described by CD-Bonn models at smaller recoil angles (35 deg) 
and recoil momenta up to ~700 MeV/c

Above recoil momenta of ~700 MeV/c, NO calculation describes the data 
and this discrepancy is worth exploring further in the full experiment

Complete the remaining 18 PAC days of the experiment

Focus on higher missing momentum setting (Pr > 700 MeV/c) 
to achieve better statistical precision to pin down theoretical models

Potentially explore new relativistic effects at the highest missing momentum 
region by comparing data to truly relativistic models (i.e., Light-cone formulation  
of the deuteron by M. Sargsian )

Commissioning part (3 PAC days) of the experiment was successfully completed 
and published in the Physical Review Letters (PRL) scientific journal.
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A Brief History of the Nuclear Force: From Meson Theory to Phenomenology

1931: 
H. Urey  discovers  
deuterium present 
in a residue of 
distilled liquid 
hydrogen

1932: 
J. Chadwick discovers  
the neutron in a scattering 
experiment

1947,1948: 
Charged pion discovered 
in cosmic rays (1947) and 
later artificially produced 
in Berkeley Lab (1948)

?
proton

1935: 
H. Yukawa proposes the 
NN interaction to be 
mediated by the exchange  
of a massive virtual particle 

1951: 
M. Taketani,  S. Nakamura and M. Sasaki 
propose to divide the NN potential into 3  
sub-ranges

                                1950s: 

Efforts devoted to develop pion (meson) field theories 
motivated by pion discovery 
    -One-Pion Exchange Potential (OPEP) 
      described NN scattering data successfully 
    -Meson Theory failed to describe  
      multi-pion exchange (Meson Theory is NOT  
        the fundamental theory of strong interactions) 

    1950s: 

virtual massive 
particle

proton neutron

neutron

1896: 
H. Becquerel discovers  
radioactivity from Uranium 
salt on photographic plates

1911: 
E. Rutherford discovers the atomic  
nucleus by “scattering alpha particles  
from Au foil.” In 1917, he proved the 

 nucleus is present in the nuclei of 
all other atoms
1H

1897: 
- J.J. Thompson discovers  
the electron (beta rays  
deflected by an electric field), 
-the electron indicated the 
 atom had internal structure 

    1940s: 

    1930s: 

 
 

 

 

 

 



17

1990: 
-Effective Field Theory (EFT) 
  applied to low energy QCD 
  (where nuclear physics operates) 
  by S. Weinberg (1990) 
-Meson theory revisited  
  in terms QCD EFT  
   (chiral perturbation theory )

                           1980s: 

More sophisticated  
OBEP models constructed 
   - Argonne V14,V28 (AV14, AV28)  
     potential 
        -  exchange contributions 
   - Full Bonn potential 
        -  exchange contributions,  
        - relativistic effects

2π

2π

                  1990s: 
High-precision NN potentials based  
on improved nn, pp, np scattering database 
e.g., Argonne V18 (AV18), Nijmegen I & II, 
        Charge-dependent Bonn (CD-Bonn)   
    

 1990s:

2000s: 

Chiral Effective Field Theories 
   -development of NN potentials based on EFT 
     (experimental scattering data is used as input) 
   -QCD-based approaches are still a set of models and  
     do NOT represent a true fundamental progress in  
     understanding nuclear forces

χ

Fundamental problem of  
nuclear physics in present day: 
derive the NN interaction from  
fundamental QCD principles

A Brief History of the Nuclear Force: From Meson Theory to Phenomenology

                           1960s: 

- large amounts of NN scattering  
data accumulated since 1955 

-  Discovery of heavier mesons  
   in experiments 

   
-  Development of the One-Boson 

Exchange Potential (OBEP) 
   e.g., Hamada-Johnston (HD),   
             Yale-Group,  Bryan-Scott (BS),  
             Reid (1969) potentials  

⇢(770),!(783),�(600)
<latexit sha1_base64="5Ej4XNMpDoDwiaq32HMsvQPSnz8=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBFakJJVcXssevFYwf5Au5Rsmm5Dk82SZIWy9AG8+CpePCji1Qfw5tuYbXvQ1oHAZGY+km+CmDNtEPp2VlbX1jc2c1v57Z3dvf3CwWFTy0QR2iCSS9UOsKacRbRhmOG0HSuKRcBpKxjdZH7rgSrNZHRvxjH1BQ4jNmAEGyv1CsWuGsqS56HyGexKQUNc8qoX2UWzUODSFUJlm0IVNAVcJu6cFMEc9V7hq9uXJBE0MoRjrTsuio2fYmUY4XSS7yaaxpiMcEg7lkZYUO2n02Um8NQqfTiQyp7IwKn6eyLFQuuxCGxSYDPUi14m/ud1EjOo+imL4sTQiMweGiQcGgmzZmCfKUoMH1uCiWL2r5AMscLE2P7ytgR3ceVl0jyvuKji3l0Wa9fzOnLgGJyAEnCBB2rgFtRBAxDwCJ7BK3hznpwX5935mEVXnPnMEfgD5/MHL1mX4Q==</latexit><latexit sha1_base64="5Ej4XNMpDoDwiaq32HMsvQPSnz8=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBFakJJVcXssevFYwf5Au5Rsmm5Dk82SZIWy9AG8+CpePCji1Qfw5tuYbXvQ1oHAZGY+km+CmDNtEPp2VlbX1jc2c1v57Z3dvf3CwWFTy0QR2iCSS9UOsKacRbRhmOG0HSuKRcBpKxjdZH7rgSrNZHRvxjH1BQ4jNmAEGyv1CsWuGsqS56HyGexKQUNc8qoX2UWzUODSFUJlm0IVNAVcJu6cFMEc9V7hq9uXJBE0MoRjrTsuio2fYmUY4XSS7yaaxpiMcEg7lkZYUO2n02Um8NQqfTiQyp7IwKn6eyLFQuuxCGxSYDPUi14m/ud1EjOo+imL4sTQiMweGiQcGgmzZmCfKUoMH1uCiWL2r5AMscLE2P7ytgR3ceVl0jyvuKji3l0Wa9fzOnLgGJyAEnCBB2rgFtRBAxDwCJ7BK3hznpwX5935mEVXnPnMEfgD5/MHL1mX4Q==</latexit><latexit sha1_base64="5Ej4XNMpDoDwiaq32HMsvQPSnz8=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBFakJJVcXssevFYwf5Au5Rsmm5Dk82SZIWy9AG8+CpePCji1Qfw5tuYbXvQ1oHAZGY+km+CmDNtEPp2VlbX1jc2c1v57Z3dvf3CwWFTy0QR2iCSS9UOsKacRbRhmOG0HSuKRcBpKxjdZH7rgSrNZHRvxjH1BQ4jNmAEGyv1CsWuGsqS56HyGexKQUNc8qoX2UWzUODSFUJlm0IVNAVcJu6cFMEc9V7hq9uXJBE0MoRjrTsuio2fYmUY4XSS7yaaxpiMcEg7lkZYUO2n02Um8NQqfTiQyp7IwKn6eyLFQuuxCGxSYDPUi14m/ud1EjOo+imL4sTQiMweGiQcGgmzZmCfKUoMH1uCiWL2r5AMscLE2P7ytgR3ceVl0jyvuKji3l0Wa9fzOnLgGJyAEnCBB2rgFtRBAxDwCJ7BK3hznpwX5935mEVXnPnMEfgD5/MHL1mX4Q==</latexit><latexit sha1_base64="5Ej4XNMpDoDwiaq32HMsvQPSnz8=">AAACDHicbVDNSgMxGMz6W+tf1aOXYBFakJJVcXssevFYwf5Au5Rsmm5Dk82SZIWy9AG8+CpePCji1Qfw5tuYbXvQ1oHAZGY+km+CmDNtEPp2VlbX1jc2c1v57Z3dvf3CwWFTy0QR2iCSS9UOsKacRbRhmOG0HSuKRcBpKxjdZH7rgSrNZHRvxjH1BQ4jNmAEGyv1CsWuGsqS56HyGexKQUNc8qoX2UWzUODSFUJlm0IVNAVcJu6cFMEc9V7hq9uXJBE0MoRjrTsuio2fYmUY4XSS7yaaxpiMcEg7lkZYUO2n02Um8NQqfTiQyp7IwKn6eyLFQuuxCGxSYDPUi14m/ud1EjOo+imL4sTQiMweGiQcGgmzZmCfKUoMH1uCiWL2r5AMscLE2P7ytgR3ceVl0jyvuKji3l0Wa9fzOnLgGJyAEnCBB2rgFtRBAxDwCJ7BK3hznpwX5935mEVXnPnMEfgD5/MHL1mX4Q==</latexit>

                           1970s: 
Refined OBEP models 
   -relativistic OBE models developed 
   -sophisticated OBE models to include  
      exchange 
   -Paris potential (1972, 1979)

2π

Quantum Chromodynamics (QCD) (1973) 
QCD established as the QFT of  
strong interactions  
QCD exhibits 2 main properties: 
   - Color confinement  
   - Asymptotic Freedom (Gross, Wilczek, Politzer)

Quark Model (1964) 
- M. Gell-Mann and G. Zweig 
  propose that baryons & mesons 
  are bound states of sub-atomic particles 
  termed  “quarks” by Gell-Mann

    1970s: 
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D(e,e’p) Experiments 
At Q < 1 GeV2 2



19

Orsay Linac (1964)
Kharkov Linac (1974)

SACLAY (1981)
SACLAY (1984)

Theoretical Calculations 
W. Fabian and H. Arenhovel,  
Nucl.Phys. A258, 461 (1976)  

Previous D(e,e’p)n Experiments at: Q2 < 1 GeV2
<latexit sha1_base64="oO+9V4xRiHXQmilk9vjZvMt2yxI=">AAACAnicbVA9SwNBEN2LXzF+Ra3EZjERrMJdELSwCFpomYD5gCSGvc0kWbL3we6cGI5g41+xsVDE1l9h579xL0mhiQ8GHu/NMDPPDaXQaNvfVmppeWV1Lb2e2djc2t7J7u7VdBApDlUeyEA1XKZBCh+qKFBCI1TAPFdC3R1eJX79HpQWgX+LoxDaHuv7oic4QyN1sgeVu7g4vnBoC+EBY3oNtXyi5MedbM4u2BPQReLMSI7MUO5kv1rdgEce+Mgl07rp2CG2Y6ZQcAnjTCvSEDI+ZH1oGuozD3Q7nrwwpsdG6dJeoEz5SCfq74mYeVqPPNd0egwHet5LxP+8ZoS983Ys/DBC8Pl0US+SFAOa5EG7QgFHOTKEcSXMrZQPmGIcTWoZE4Iz//IiqRULjl1wKqe50uUsjjQ5JEfkhDjkjJTIDSmTKuHkkTyTV/JmPVkv1rv1MW1NWbOZffIH1ucPUgGWFg==</latexit><latexit sha1_base64="oO+9V4xRiHXQmilk9vjZvMt2yxI=">AAACAnicbVA9SwNBEN2LXzF+Ra3EZjERrMJdELSwCFpomYD5gCSGvc0kWbL3we6cGI5g41+xsVDE1l9h579xL0mhiQ8GHu/NMDPPDaXQaNvfVmppeWV1Lb2e2djc2t7J7u7VdBApDlUeyEA1XKZBCh+qKFBCI1TAPFdC3R1eJX79HpQWgX+LoxDaHuv7oic4QyN1sgeVu7g4vnBoC+EBY3oNtXyi5MedbM4u2BPQReLMSI7MUO5kv1rdgEce+Mgl07rp2CG2Y6ZQcAnjTCvSEDI+ZH1oGuozD3Q7nrwwpsdG6dJeoEz5SCfq74mYeVqPPNd0egwHet5LxP+8ZoS983Ys/DBC8Pl0US+SFAOa5EG7QgFHOTKEcSXMrZQPmGIcTWoZE4Iz//IiqRULjl1wKqe50uUsjjQ5JEfkhDjkjJTIDSmTKuHkkTyTV/JmPVkv1rv1MW1NWbOZffIH1ucPUgGWFg==</latexit><latexit sha1_base64="oO+9V4xRiHXQmilk9vjZvMt2yxI=">AAACAnicbVA9SwNBEN2LXzF+Ra3EZjERrMJdELSwCFpomYD5gCSGvc0kWbL3we6cGI5g41+xsVDE1l9h579xL0mhiQ8GHu/NMDPPDaXQaNvfVmppeWV1Lb2e2djc2t7J7u7VdBApDlUeyEA1XKZBCh+qKFBCI1TAPFdC3R1eJX79HpQWgX+LoxDaHuv7oic4QyN1sgeVu7g4vnBoC+EBY3oNtXyi5MedbM4u2BPQReLMSI7MUO5kv1rdgEce+Mgl07rp2CG2Y6ZQcAnjTCvSEDI+ZH1oGuozD3Q7nrwwpsdG6dJeoEz5SCfq74mYeVqPPNd0egwHet5LxP+8ZoS983Ys/DBC8Pl0US+SFAOa5EG7QgFHOTKEcSXMrZQPmGIcTWoZE4Iz//IiqRULjl1wKqe50uUsjjQ5JEfkhDjkjJTIDSmTKuHkkTyTV/JmPVkv1rv1MW1NWbOZffIH1ucPUgGWFg==</latexit><latexit sha1_base64="oO+9V4xRiHXQmilk9vjZvMt2yxI=">AAACAnicbVA9SwNBEN2LXzF+Ra3EZjERrMJdELSwCFpomYD5gCSGvc0kWbL3we6cGI5g41+xsVDE1l9h579xL0mhiQ8GHu/NMDPPDaXQaNvfVmppeWV1Lb2e2djc2t7J7u7VdBApDlUeyEA1XKZBCh+qKFBCI1TAPFdC3R1eJX79HpQWgX+LoxDaHuv7oic4QyN1sgeVu7g4vnBoC+EBY3oNtXyi5MedbM4u2BPQReLMSI7MUO5kv1rdgEce+Mgl07rp2CG2Y6ZQcAnjTCvSEDI+ZH1oGuozD3Q7nrwwpsdG6dJeoEz5SCfq74mYeVqPPNd0egwHet5LxP+8ZoS983Ys/DBC8Pl0US+SFAOa5EG7QgFHOTKEcSXMrZQPmGIcTWoZE4Iz//IiqRULjl1wKqe50uUsjjQ5JEfkhDjkjJTIDSmTKuHkkTyTV/JmPVkv1rv1MW1NWbOZffIH1ucPUgGWFg==</latexit>

MAMI (1998)
PWIA

FSI
FSI + MEC
FSI + MEC + IC
FSI + MEC + IC +R

PWIA + PWBA

At Pm>300 MeV/c, FSI+MEC+IC all dominate the cross section

Plots Reference: W.U.Boeglin and M. Sargsian Int.J.Mod.Phys. E24 (2015) no.03, 1530003

https://arxiv.org/abs/1501.05377


Data Analysis of the E12-10-003 
Commissioning Experiment 

at Hall C

See Backup Slides for first steps in general analysis:  
1. Set reference times cuts 
2. Set detector time window cuts 
3. Perform detector calibrations 
4. Optics Optimization 
5. Data-to-Simulation Comparison

20

 The E12-10-003 experiment was carried out on April 3-9 
(only 6 out of 21 days of the requested beam time for full experiment)
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D(e,e’p)n  
Data Analysis Cuts 

SEE BACKUP SLIDES 
for plots of data analysis cuts 

(shown only for 80 MeV setting but are  
also applied to high missing momentum data)

  Exact cuts are also applied to simulation (except for PID cuts)

  All plots shown have been integrated over all neutron recoil angles

 These cuts are used to select a clean sample of e- in the SHMS  
  coincident with protons in the HMS that correspond to D(e,e’p)n



Extraction of D(e,e’p)n 
Coincidence Cross Sections  

at Hall C

22
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Extraction of the D(e,e’p)n Cross Section

Phase Space Volume

Radiative  
Correction

Correct for 
Inefficiencies

Corrected Data Yield
�̄exp ⌘ Y corr

data

V P.S.
<latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit><latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit><latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit><latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit>

Normalize data 
by total charge

Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

·frad · fbc
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SEE BACKUP SLIDES for details on the 
determination of each correction factor

V P.S. =
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Luminosity

Monte-Carlo 
Generated events

Jacobian 
operator

Spectrometer 
momentum (e-) and  

“Solid Angles”

D(e,e’p)n 
Coincidence  

ratesCross  
section

- luminosity can be expressed in terms 
   of beam and target parameters, usually 
in units of 

=
# beam particles

sec
⇥ # target particles
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D(e,e’p) Momentum Distributions
Reduced cross section  
(theoretical momentum  

distributions within PWIA)

Bin-center Corrected 
Experimental  
cross sections

Kinematic Factor 
times deForest 
ep cross section
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 Division by deForest cross section and kinematic factor removes  
  kinematical dependencies on reduced cross section

K ⌘ k · frec ⇠ Pf , Pm, q
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<latexit sha1_base64="0rdrM+N7f5fgqs1HWdG6n8QczQE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAvKfEy9RPmBXXcazhR0mbhzUidztAL7qxdlvEggRS6Z1p7r5OiXTKHgEsa1XqEhZ3zI+uAZmrIEtF9Ozx/TU6NENM6UqRTpVP09UbJE61ESms6E4UAvehPxP88rML7yS5HmBULKZ4viQlLM6CQLGgkFHOXIEMaVMLdSPmCKcTSJ1UwI7uLLy6Rz3nCdhnt3UW9ez+OokmNyQs6ISy5Jk9ySFmkTTkryTF7Jm/VkvVjv1sestWLNZw7JH1ifP4OEldM=</latexit><latexit sha1_base64="0rdrM+N7f5fgqs1HWdG6n8QczQE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAvKfEy9RPmBXXcazhR0mbhzUidztAL7qxdlvEggRS6Z1p7r5OiXTKHgEsa1XqEhZ3zI+uAZmrIEtF9Ozx/TU6NENM6UqRTpVP09UbJE61ESms6E4UAvehPxP88rML7yS5HmBULKZ4viQlLM6CQLGgkFHOXIEMaVMLdSPmCKcTSJ1UwI7uLLy6Rz3nCdhnt3UW9ez+OokmNyQs6ISy5Jk9ySFmkTTkryTF7Jm/VkvVjv1sestWLNZw7JH1ifP4OEldM=</latexit><latexit sha1_base64="0rdrM+N7f5fgqs1HWdG6n8QczQE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAvKfEy9RPmBXXcazhR0mbhzUidztAL7qxdlvEggRS6Z1p7r5OiXTKHgEsa1XqEhZ3zI+uAZmrIEtF9Ozx/TU6NENM6UqRTpVP09UbJE61ESms6E4UAvehPxP88rML7yS5HmBULKZ4viQlLM6CQLGgkFHOXIEMaVMLdSPmCKcTSJ1UwI7uLLy6Rz3nCdhnt3UW9ez+OokmNyQs6ISy5Jk9ySFmkTTkryTF7Jm/VkvVjv1sestWLNZw7JH1ifP4OEldM=</latexit><latexit sha1_base64="0rdrM+N7f5fgqs1HWdG6n8QczQE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAvKfEy9RPmBXXcazhR0mbhzUidztAL7qxdlvEggRS6Z1p7r5OiXTKHgEsa1XqEhZ3zI+uAZmrIEtF9Ozx/TU6NENM6UqRTpVP09UbJE61ESms6E4UAvehPxP88rML7yS5HmBULKZ4viQlLM6CQLGgkFHOXIEMaVMLdSPmCKcTSJ1UwI7uLLy6Rz3nCdhnt3UW9ez+OokmNyQs6ISy5Jk9ySFmkTTkryTF7Jm/VkvVjv1sestWLNZw7JH1ifP4OEldM=</latexit>

�Ef/Ef
<latexit sha1_base64="aWf2EWmxOUlwcV4bGDLzk5F4ikk=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qokIuiyK4LKCfUAbwmQ6aYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3Mz87iOVisXiQU8T6kV4JFjICNZG8u3aYEi5xujWz8L8rOi+XXcaTgG0TNyS1KFEy7e/BsOYpBEVmnCsVN91Eu1lWGpGOM2rg1TRBJMJHtG+oQJHVHlZcXuOTowyRGEsTQmNCvX3RoYjpaZRYCYjrMdq0ZuJ/3n9VIdXXsZEkmoqyPyhMOVIx2gWBBoySYnmU0MwkczcisgYS0y0iatqQnAXv7xMOucN12m49xf15nUZRwWO4BhOwYVLaMIdtKANBJ7gGV7hzcqtF+vd+piPrljlziH8gfX5A4XWlBg=</latexit><latexit sha1_base64="aWf2EWmxOUlwcV4bGDLzk5F4ikk=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qokIuiyK4LKCfUAbwmQ6aYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3Mz87iOVisXiQU8T6kV4JFjICNZG8u3aYEi5xujWz8L8rOi+XXcaTgG0TNyS1KFEy7e/BsOYpBEVmnCsVN91Eu1lWGpGOM2rg1TRBJMJHtG+oQJHVHlZcXuOTowyRGEsTQmNCvX3RoYjpaZRYCYjrMdq0ZuJ/3n9VIdXXsZEkmoqyPyhMOVIx2gWBBoySYnmU0MwkczcisgYS0y0iatqQnAXv7xMOucN12m49xf15nUZRwWO4BhOwYVLaMIdtKANBJ7gGV7hzcqtF+vd+piPrljlziH8gfX5A4XWlBg=</latexit><latexit sha1_base64="aWf2EWmxOUlwcV4bGDLzk5F4ikk=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qokIuiyK4LKCfUAbwmQ6aYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3Mz87iOVisXiQU8T6kV4JFjICNZG8u3aYEi5xujWz8L8rOi+XXcaTgG0TNyS1KFEy7e/BsOYpBEVmnCsVN91Eu1lWGpGOM2rg1TRBJMJHtG+oQJHVHlZcXuOTowyRGEsTQmNCvX3RoYjpaZRYCYjrMdq0ZuJ/3n9VIdXXsZEkmoqyPyhMOVIx2gWBBoySYnmU0MwkczcisgYS0y0iatqQnAXv7xMOucN12m49xf15nUZRwWO4BhOwYVLaMIdtKANBJ7gGV7hzcqtF+vd+piPrljlziH8gfX5A4XWlBg=</latexit><latexit sha1_base64="aWf2EWmxOUlwcV4bGDLzk5F4ikk=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4qokIuiyK4LKCfUAbwmQ6aYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVhLZJzGPZC7CinAna1kxz2kskxVHAaTeY3Mz87iOVisXiQU8T6kV4JFjICNZG8u3aYEi5xujWz8L8rOi+XXcaTgG0TNyS1KFEy7e/BsOYpBEVmnCsVN91Eu1lWGpGOM2rg1TRBJMJHtG+oQJHVHlZcXuOTowyRGEsTQmNCvX3RoYjpaZRYCYjrMdq0ZuJ/3n9VIdXXsZEkmoqyPyhMOVIx2gWBBoySYnmU0MwkczcisgYS0y0iatqQnAXv7xMOucN12m49xf15nUZRwWO4BhOwYVLaMIdtKANBJ7gGV7hzcqtF+vd+piPrljlziH8gfX5A4XWlBg=</latexit>

�Eb/Eb
<latexit sha1_base64="lQ+2YzwsRb6x4R9Tue/6H86Pjf0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQEXRZFcFnBPqANYTK5bYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WByM/O7jyAVi8WDnibgRWQk2JBRoo3k27VBCFwTfOtnQX5WdN+uOw2nAF4mbknqqETLt78GYUzTCISmnCjVd51EexmRmlEOeXWQKkgInZAR9A0VJALlZcXtOT4xSoiHsTQlNC7U3xsZiZSaRoGZjIgeq0VvJv7n9VM9vPIyJpJUg6Dzh4YpxzrGsyBwyCRQzaeGECqZuRXTMZGEahNX1YTgLn55mXTOG67TcO8v6s3rMo4KOkLH6BS56BI10R1qoTai6Ak9o1f0ZuXWi/VufcxHV6xy5xD9gfX5A3mWlBA=</latexit><latexit sha1_base64="lQ+2YzwsRb6x4R9Tue/6H86Pjf0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQEXRZFcFnBPqANYTK5bYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WByM/O7jyAVi8WDnibgRWQk2JBRoo3k27VBCFwTfOtnQX5WdN+uOw2nAF4mbknqqETLt78GYUzTCISmnCjVd51EexmRmlEOeXWQKkgInZAR9A0VJALlZcXtOT4xSoiHsTQlNC7U3xsZiZSaRoGZjIgeq0VvJv7n9VM9vPIyJpJUg6Dzh4YpxzrGsyBwyCRQzaeGECqZuRXTMZGEahNX1YTgLn55mXTOG67TcO8v6s3rMo4KOkLH6BS56BI10R1qoTai6Ak9o1f0ZuXWi/VufcxHV6xy5xD9gfX5A3mWlBA=</latexit><latexit sha1_base64="lQ+2YzwsRb6x4R9Tue/6H86Pjf0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQEXRZFcFnBPqANYTK5bYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WByM/O7jyAVi8WDnibgRWQk2JBRoo3k27VBCFwTfOtnQX5WdN+uOw2nAF4mbknqqETLt78GYUzTCISmnCjVd51EexmRmlEOeXWQKkgInZAR9A0VJALlZcXtOT4xSoiHsTQlNC7U3xsZiZSaRoGZjIgeq0VvJv7n9VM9vPIyJpJUg6Dzh4YpxzrGsyBwyCRQzaeGECqZuRXTMZGEahNX1YTgLn55mXTOG67TcO8v6s3rMo4KOkLH6BS56BI10R1qoTai6Ak9o1f0ZuXWi/VufcxHV6xy5xD9gfX5A3mWlBA=</latexit><latexit sha1_base64="lQ+2YzwsRb6x4R9Tue/6H86Pjf0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFc1UQEXRZFcFnBPqANYTK5bYdOJmFmIpaQX3HjQhG3/og7/8ZpmoW2HriXwzn3MndOkHCmtON8Wyura+sbm5Wt6vbO7t6+fVDrqDiVFNo05rHsBUQBZwLammkOvUQCiQIO3WByM/O7jyAVi8WDnibgRWQk2JBRoo3k27VBCFwTfOtnQX5WdN+uOw2nAF4mbknqqETLt78GYUzTCISmnCjVd51EexmRmlEOeXWQKkgInZAR9A0VJALlZcXtOT4xSoiHsTQlNC7U3xsZiZSaRoGZjIgeq0VvJv7n9VM9vPIyJpJUg6Dzh4YpxzrGsyBwyCRQzaeGECqZuRXTMZGEahNX1YTgLn55mXTOG67TcO8v6s3rMo4KOkLH6BS56BI10R1qoTai6Ak9o1f0ZuXWi/VufcxHV6xy5xD9gfX5A3mWlBA=</latexit>

dσkin
exp

   : total systematic error is quadrature sum of kinematics  
                                                          and normalization errors
(dσsyst

exp )2 = (dσkin
exp)2 + (dσnorm

exp )2

(dσtot
exp)2 = (dσstats

exp )2 + (dσsyst
exp )2                                                       : total error is quadrature sum of statistical and systematic errors

Total cross section error is dominated by statistical error

dσnorm
exp ≤ 5.3 %

±0.17

±0.24

±9.1 × 10−4

±7.5 × 104

≤ 6.5 %

Kinematic Uncertainties Normalization Uncertainties

∼ 0.81 % (avg/setting)�(✏htrk, ✏etrk, ✏tgtBoil)

<latexit sha1_base64="w9Klxib/OR+xGXejqkjUDV91P/k=">AAACJnicbZBNS0JBFIbn2pfZl9WyzZAEBiH3hlGbQGzT0iBT8IrMHY86OPeDmXMDufhr2vRX2rQwItr1Uxr1QqW9MPDynHM4c14vkkKjbX9amZXVtfWN7GZua3tndy+/f/Cgw1hxqPNQhqrpMQ1SBFBHgRKakQLmexIa3vBmWm88gtIiDO5xFEHbZ/1A9ARnaFAnf+12QSKjRRciLaRByQDVcHxGfwAsAuxjNRRyfNrJF+ySPRNdNk5qCiRVrZOfuN2Qxz4EyCXTuuXYEbYTplBwCeOcG2uIGB+yPrSMDZgPup3MzhzTE0O6tBcq8wKkM/p7ImG+1iPfM50+w4FerE3hf7VWjL2rdiKCKEYI+HxRL5YUQzrNjHaFAo5yZAzjSpi/Uj5ginE0yeZMCM7iycvm4bzklEsXd+VCpZrGkSVH5JgUiUMuSYXckhqpE06eyAuZkDfr2Xq13q2PeWvGSmcOyR9ZX98dBqbP</latexit>

�✏pAbs

<latexit sha1_base64="fs4JOUxAH0Cm3y1oihEwj5w8jnQ=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEKnqsevFYwX5AE8pmM2mXbpJldyOUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeYHgTGnH+bZKK6tr6xvlzcrW9s7unr1/0FZpJim0aMpT2Q2IAs4SaGmmOXSFBBIHHDrB6Hbqdx5BKpYmD3oswI/JIGERo0QbqW8feSFwTTwQinEj5OI6UJO+XXVqzgx4mbgFqaICzb795YUpzWJINOVEqZ7rCO3nRGpGOUwqXqZAEDoiA+gZmpAYlJ/Pzp/gU6OEOEqlqUTjmfp7IiexUuM4MJ0x0UO16E3F/7xepqMrP2eJyDQkdL4oyjjWKZ5mgUMmgWo+NoRQycytmA6JJFSbxComBHfx5WXSPq+59drFfb3auCniKKNjdILOkIsuUQPdoSZqIYpy9Ixe0Zv1ZL1Y79bHvLVkFTOH6A+szx/sZpYe</latexit>

�✏tgt

<latexit sha1_base64="rpsDEAEISAiNvMtm26vxQVPe5Iw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUmkosuiG5cV7AOaUCaTm3bo5MHMjVBD8VfcuFDErf/hzr9x2mahrQcuHM65l3vv8VPBFdr2t1FaWV1b3yhvVra2d3b3zP2DtkoyyaDFEpHIrk8VCB5DCzkK6KYSaOQL6Pijm6nfeQCpeBLf4zgFL6KDmIecUdRS3zxyAxBIXUgVF1rIcYCTvlm1a/YM1jJxClIlBZp988sNEpZFECMTVKmeY6fo5VQiZwImFTdTkFI2ogPoaRrTCJSXz66fWKdaCawwkbpitGbq74mcRkqNI193RhSHatGbiv95vQzDKy/ncZohxGy+KMyEhYk1jcIKuASGYqwJZZLrWy02pJIy1IFVdAjO4svLpH1ec+q1i7t6tXFdxFEmx+SEnBGHXJIGuSVN0iKMPJJn8krejCfjxXg3PuatJaOYOSR/YHz+AGwvld0=</latexit>

�✏spec.Acc

<latexit sha1_base64="klN3r4+zMgr5BdIbNlR1DFgEvNE=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5JIRY9VLx4r2A9oQtlsJu3SzSbsboQSihf/ihcPinj1V3jz37htc9DWBwOP92aYmReknCntON/W0vLK6tp6aaO8ubW9s2vv7bdUkkkKTZrwRHYCooAzAU3NNIdOKoHEAYd2MLyZ+O0HkIol4l6PUvBj0hcsYpRoI/XsQy8ErokHqWLcCLlKgVavKB337IpTdabAi8QtSAUVaPTsLy9MaBaD0JQTpbquk2o/J1IzymFc9jIFKaFD0oeuoYLEoPx8+sIYnxglxFEiTQmNp+rviZzESo3iwHTGRA/UvDcR//O6mY4u/ZyJNNMg6GxRlHGsEzzJA4dMAtV8ZAihkplbMR0QSag2qZVNCO78y4ukdVZ1a9Xzu1qlfl3EUUJH6BidIhddoDq6RQ3URBQ9omf0it6sJ+vFerc+Zq1LVjFzgP7A+vwBseqXoA==</latexit>

0.49 %
3.0 %
2.0 %

(�✏/✏)tLT

<latexit sha1_base64="DstLnp/YuWSmyv9rozf3j9nPHTk=">AAACCHicbZC7SgNBFIZn4y3G26qlhYtBiE3clYiWQRsLiwi5QRLC7OQkGTI7u8ycFcKS0sZXsbFQxNZHsPNtnFwETfxh4OM/53Dm/H4kuEbX/bJSS8srq2vp9czG5tb2jr27V9VhrBhUWChCVfepBsElVJCjgHqkgAa+gJo/uB7Xa/egNA9lGYcRtALak7zLGUVjte3DXLMDAmkTIs1FKE9/4KSd4G151Lazbt6dyFkEbwZZMlOpbX82OyGLA5DIBNW64bkRthKqkDMBo0wz1hBRNqA9aBiUNADdSiaHjJxj43ScbqjMk+hM3N8TCQ20Hga+6Qwo9vV8bWz+V2vE2L1sJVxGMYJk00XdWDgYOuNUnA5XwFAMDVCmuPmrw/pUUYYmu4wJwZs/eRGqZ3mvkD+/K2SLV7M40uSAHJEc8cgFKZIbUiIVwsgDeSIv5NV6tJ6tN+t92pqyZjP75I+sj2/g2Jnm</latexit>

(�✏/✏)Q

<latexit sha1_base64="bRoNRiAC/pmvT2rM9/6tAYU0uYo=">AAACBnicbZDLSsNAFIYn9VbrLepShGAR6qYmUtFl0Y3LFuwFmhAmk5N26GQSZiZCCV258VXcuFDErc/gzrdxehG0+sPAx3/O4cz5g5RRqWz70ygsLa+srhXXSxubW9s75u5eWyaZINAiCUtEN8ASGOXQUlQx6KYCcBww6ATD60m9cwdC0oTfqlEKXoz7nEaUYKUt3zysuCEwhV1IJWUJP/2GEz9vjn2zbFftqay/4MyhjOZq+OaHGyYki4ErwrCUPcdOlZdjoShhMC65mYQUkyHuQ08jxzFIL5+eMbaOtRNaUSL048qauj8nchxLOYoD3RljNZCLtYn5X62XqejSyylPMwWczBZFGbNUYk0ysUIqgCg20oCJoPqvFhlggYnSyZV0CM7iyX+hfVZ1atXzZq1cv5rHUUQH6AhVkIMuUB3doAZqIYLu0SN6Ri/Gg/FkvBpvs9aCMZ/ZR79kvH8BV/aZDw==</latexit>

≤ 2.9 %
1.4 %

Stat. Uncertainty

dσstats
exp ∼ 20 − 30 %

See Backup Slides

Estimate made 
by M. Jones
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Theoretical Calculation Final State Interactions 
(np parametrization)

Nucleon Form Factors 
(parametrization)

Deuteron  
Wave Function

J.M. Laget SAID Galster: GEn 
Hall A Exp: GEp Paris

M.M. Sargsian SAID JJK CD-Bonn 
AV18

S. Jeschonnek & 
J.W.V. Orden SAID/Regge GKex05 

AMT

WJC2 
CD-Bonn 

AV18

Summary of Theoretical Calculations for E12-10-003

S. Galster, et al., Nucl. Phys. B32 (1971) 221 (Galster, neutron electric form factor, GEn)
O. Gayou, et al., Phys. Rev. Lett. 88 (2002) 092301 (Hall A Exp. proton electric form factor, GEp)
J.J. Kelly, Phys. Rev. C70, 068202 (2004) (JJK)
E.L. Lomon, Phys. Rev. C66, 045501 (2002) (GKex05)
J. Arrington, W. Melnitchouk, and J.A. Tjon, Phys. Rev. C76, 035205 (2007) (AMT)

W.P. Ford, S. Jeschonnek, and J.W.V. Orden, Phys. Rev. C 87, 054006 (2013) (Regge)
R.A. Arndt, W.J. Briscoe, I.I. Strakovsky, and R.L. Workman,  Phys. Rev. C76, 025209 (2007)  (SAID)

M. Lacombe, B. Loiseau, J. M. Richard, R. Vinh Mau, J. Côté, P. Pirès, and R. de Tourreil   
Phys. Rec. C21, 861 (1980) (Paris Potential)
R.B. Wiringa, V.G.J. Stoks, and R. Schiavilla, Phys. Rev. C51, 38 (1995) (AV18)
R. Machleidt, Phys. Rev. C63, 024001 (2001) (CD-Bonn)
F. Gross and A. Stadler, Few Body Syst. 44, 295 (2008) (WJC2) See Backup Slides: Overview of 

Theoretical Potentials to  
Theoretical Cross Sections

https://inspirehep.net/literature/69346
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.88.092301
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.70.068202
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.66.045501
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.76.035205
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.87.054006
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.76.025209
https://link.aps.org/doi/10.1103/PhysRevC.21.861
https://link.aps.org/doi/10.1103/PhysRevC.21.861
https://link.aps.org/doi/10.1103/PhysRevC.51.38
https://link.aps.org/doi/10.1103/PhysRevC.63.024001
https://www.sciencedirect.com/science/article/pii/S0370269307012622
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Data Analysis of the E12-10-003 
Commissioning Experiment 

at Hall C
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Reference Time Cuts 

1000 1200 1400 1600 1800 2000 2200 2400
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HMS Hodo hT1 Ref. Time
hT1_ref

Entries  296414

Mean     2290

Std Dev     96.76

hT1_ref_CUT
Entries  269689

Mean     2290

Std Dev     96.86

HMS Hodo hT1 Ref. Time
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Entries  296414

Mean   1.578e+04

Std Dev     97.55

hDC1_refTime_CUT

Entries  268778

Mean   1.578e+04

Std Dev     97.72
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HMS fADC Ref. Time
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Entries  296414

Mean     3177

Std Dev     98.03

hFADC_ref_CUT
Entries  268997

Mean     3177

Std Dev     98.31
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SHMS Hodo pT1 Ref. Time
pT1_ref

Entries  296414

Mean     3517

Std Dev     248.7

pT2_ref
Entries  296414

Mean     3456

Std Dev     241.1

pT1_ref_CUT
Entries  233432

Mean     3531

Std Dev     141.3

pT2_ref_CUT
Entries  233388

Mean     3468

Std Dev     140.6
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pDC1_refTime
Entries  296414

Mean   1.421e+04

Std Dev       165

pDC1_refTime_CUT

Entries  208506

Mean   1.421e+04

Std Dev       133

pDC2_refTime
Entries  296414

Mean   1.424e+04

Std Dev     166.1

pDC2_refTime_CUT

Entries  208510

Mean   1.423e+04

Std Dev     133.4

pDC3_refTime
Entries  296414

Mean   1.426e+04

Std Dev       167

pDC3_refTime_CUT

Entries  208509

Mean   1.425e+04

Std Dev     133.7

pDC4_refTime
Entries  296414

Mean   1.428e+04

Std Dev     168.9

pDC4_refTime_CUT

Entries  208548

Mean   1.428e+04

Std Dev       134

pDC5_refTime
Entries  296414

Mean   1.433e+04

Std Dev     171.3

pDC5_refTime_CUT

Entries  208589

Mean   1.432e+04

Std Dev     134.2

pDC6_refTime
Entries  296414

Mean   1.436e+04

Std Dev     174.5

pDC6_refTime_CUT

Entries  208650

Mean   1.436e+04

Std Dev     134.4

pDC7_refTime
Entries  296414

Mean   1.437e+04

Std Dev     174.7

pDC7_refTime_CUT

Entries  208655

Mean   1.437e+04

Std Dev     134.5

pDC8_refTime
Entries  296414

Mean   1.435e+04

Std Dev       173

pDC8_refTime_CUT

Entries  208645

Mean   1.434e+04

Std Dev     134.3

pDC9_refTime
Entries  296414

Mean   1.432e+04

Std Dev     170.7

pDC9_refTime_CUT

Entries  208609

Mean   1.431e+04

Std Dev     133.9

pDC10_refTime
Entries  296414

Mean   1.44e+04

Std Dev     176.4

pDC10_refTime_CUT

Entries  208681

Mean   1.439e+04

Std Dev     134.9

SHMS DC Ref 1
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SHMS fADC Ref. Time
pFADC_ref
Entries  296414

Mean     3735

Std Dev     223.4

pFADC_ref_CUT
Entries  265785

Mean     3722

Std Dev     199.4

SHMS fADC Ref. Time

  Correct reference time (copy of the trigger) must be chosen so that the ADCs/TDCs  
subtract the correct reference time (to the right of the cut dashed line)

HMS  
Reference Times

SHMS  
Reference Times
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TDC Time Window Cuts
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Entries  13332
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Mean  18.48− 
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SHMS Hodo 1x2+ AdcTdcTimeDiff
pHod1x2+_timeDiff

Entries  19264

Mean  17.86− 

Std Dev     3.155
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Entries  17504

Mean  17.75− 

Std Dev     2.956
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SHMS Hodo 1x3+ AdcTdcTimeDiff
pHod1x3+_timeDiff

Entries  22290

Mean  17.41− 

Std Dev     3.057

pHod1x3+_timeDiff_CUT

Entries  21167

Mean  17.39− 

Std Dev       2.9
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SHMS Hodo 1x4+ AdcTdcTimeDiff
pHod1x4+_timeDiff

Entries  25854

Mean  18.09− 

Std Dev     3.081
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Entries  24830

Mean  18.08− 

Std Dev     3.019
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SHMS Hodo 1x5+ AdcTdcTimeDiff
pHod1x5+_timeDiff

Entries  32290

Mean  17.98− 

Std Dev     3.002
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Entries  30017

Mean  17.96− 

Std Dev     2.757

SHMS Hodo 1x5+ AdcTdcTimeDiff
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SHMS Hodo 1x6+ AdcTdcTimeDiff
pHod1x6+_timeDiff

Entries  52210

Mean  17.32− 
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Entries  49814

Mean  17.32− 
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Entries  164266

Mean  17.54− 
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pHod1x7+_timeDiff_CUT

Entries  157183

Mean  17.53− 

Std Dev     2.663

SHMS Hodo 1x7+ AdcTdcTimeDiff
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SHMS Hodo 1x8+ AdcTdcTimeDiff
pHod1x8+_timeDiff

Entries  45154

Mean  16.51− 

Std Dev     2.324

pHod1x8+_timeDiff_CUT

Entries  43208

Mean  16.51− 

Std Dev     2.276
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pHod1x9+_timeDiff

Entries  8279

Mean  17.34− 

Std Dev     4.106
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Entries  7893

Mean  17.33− 

Std Dev     4.182
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SHMS Hodo 1x10+ AdcTdcTimeDiff
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Entries  7182

Mean  17.27− 
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Entries  6882

Mean  17.28− 

Std Dev     3.969

SHMS Hodo 1x10+ AdcTdcTimeDiff
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Entries  6887

Mean  16.39− 

Std Dev     3.972
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Entries  6544

Mean  16.4−  

Std Dev     3.828

SHMS Hodo 1x11+ AdcTdcTimeDiff
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Entries  6794

Mean  16.95− 

Std Dev     4.268

pHod1x12+_timeDiff_CUT

Entries  6407

Mean  16.92− 

Std Dev     4.241
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Entries  4052

Mean  17.24− 
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pHod1x13+_timeDiff_CUT

Entries  3843

Mean  17.21− 

Std Dev     2.124

SHMS Hodo 1x13+ AdcTdcTimeDiff
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SHMS DC Plane 1u1 Raw TDC
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Entries  906703

Mean  1.118e+04− 

Std Dev      2067
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Entries  92751

Mean  1.216e+04− 

Std Dev     553.6

SHMS DC Plane 1u1 Raw TDC
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SHMS DC Plane 1u2 Raw TDC
pDC1u2_rawTDC

Entries  898730

Mean  1.117e+04− 

Std Dev      2072

pDC1u2_rawTDC_CUT

Entries  94171

Mean  1.215e+04− 

Std Dev     546.1

SHMS DC Plane 1u2 Raw TDC
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SHMS DC Plane 1x1 Raw TDC
pDC1x1_rawTDC

Entries  874785

Mean  1.116e+04− 

Std Dev      2095
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Entries  96522

Mean  1.217e+04− 

Std Dev     553.8

SHMS DC Plane 1x1 Raw TDC
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SHMS DC Plane 1x2 Raw TDC
pDC1x2_rawTDC

Entries  877760

Mean  1.118e+04− 

Std Dev      2100
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Entries  96292

Mean  1.221e+04− 
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SHMS DC Plane 1x2 Raw TDC
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SHMS DC Plane 1v1 Raw TDC
pDC1v1_rawTDC

Entries  885504

Mean  1.117e+04− 
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SHMS DC Plane 1v2 Raw TDC
pDC1v2_rawTDC

Entries  890626

Mean  1.122e+04− 
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SHMS DC Plane 1v2 Raw TDC
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SHMS DC Plane 2v2 Raw TDC
pDC2v2_rawTDC

Entries  724421

Mean  1.133e+04− 
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SHMS DC Plane 2v2 Raw TDC
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SHMS DC Plane 2v1 Raw TDC
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Entries  710511

Mean  1.133e+04− 
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Entries  128444
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Std Dev     513.4

SHMS DC Plane 2v1 Raw TDC
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SHMS DC Plane 2x2 Raw TDC
pDC2x2_rawTDC

Entries  705705

Mean  1.132e+04− 

Std Dev      1939
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Entries  131349
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SHMS DC Plane 2x2 Raw TDC
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SHMS DC Plane 2x1 Raw TDC
pDC2x1_rawTDC

Entries  707433

Mean  1.134e+04− 

Std Dev      1948
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SHMS DC Plane 2x1 Raw TDC
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SHMS DC Plane 2u2 Raw TDC
pDC2u2_rawTDC

Entries  723652

Mean  1.137e+04− 

Std Dev      1911
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Entries  127511

Mean  1.218e+04− 

Std Dev     517.6

SHMS DC Plane 2u2 Raw TDC
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SHMS DC Plane 2u1 Raw TDC
pDC2u1_rawTDC

Entries  730424

Mean  1.133e+04− 

Std Dev      1892

pDC2u1_rawTDC_CUT

Entries  126757

Mean  1.211e+04− 

Std Dev     509.3

SHMS DC Plane 2u1 Raw TDC

 A time window cut MUST be made around the main signal peak 
  to reduce background from possible out-of-time events.   (Specially on the DCs)

SHMS  
Hodoscope 1X+  

(ADC-TDC) Time 
Difference

SHMS  
Drift Chambers 
Raw TDC Time

Multiplicity==1No Mult. CutLegend: 
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Detector Calibrations

� ⇠ 1(e�)
<latexit sha1_base64="OYgPzRtegHy0o/6YlHBVWwWrgvk=">AAAB/HicbVBNS8NAEN34WetXtEcvi0WoB0sigh6LXjxWsB/QxLLZTtqlu0nY3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnkkKLxjyW3YAo4CyClmaaQzeRQETAoROMb6Z+5xGkYnF0r7MEfEGGEQsZJdpIfbviBaAJ9hQT2K3BQ342Oe3bVafuzICXiVuQKirQ7Ntf3iCmqYBIU06U6rlOov2cSM0oh0nZSxUkhI7JEHqGRkSA8vPZ8RN8YpQBDmNpKtJ4pv6eyIlQKhOB6RREj9SiNxX/83qpDq/8nEVJqiGi80VhyrGO8TQJPGASqOaZIYRKZm7FdEQkodrkVTYhuIsvL5P2ed116u7dRbVxXcRRQkfoGNWQiy5RA92iJmohijL0jF7Rm/VkvVjv1se8dcUqZiroD6zPHwFXk7A=</latexit><latexit sha1_base64="OYgPzRtegHy0o/6YlHBVWwWrgvk=">AAAB/HicbVBNS8NAEN34WetXtEcvi0WoB0sigh6LXjxWsB/QxLLZTtqlu0nY3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnkkKLxjyW3YAo4CyClmaaQzeRQETAoROMb6Z+5xGkYnF0r7MEfEGGEQsZJdpIfbviBaAJ9hQT2K3BQ342Oe3bVafuzICXiVuQKirQ7Ntf3iCmqYBIU06U6rlOov2cSM0oh0nZSxUkhI7JEHqGRkSA8vPZ8RN8YpQBDmNpKtJ4pv6eyIlQKhOB6RREj9SiNxX/83qpDq/8nEVJqiGi80VhyrGO8TQJPGASqOaZIYRKZm7FdEQkodrkVTYhuIsvL5P2ed116u7dRbVxXcRRQkfoGNWQiy5RA92iJmohijL0jF7Rm/VkvVjv1se8dcUqZiroD6zPHwFXk7A=</latexit><latexit sha1_base64="OYgPzRtegHy0o/6YlHBVWwWrgvk=">AAAB/HicbVBNS8NAEN34WetXtEcvi0WoB0sigh6LXjxWsB/QxLLZTtqlu0nY3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnkkKLxjyW3YAo4CyClmaaQzeRQETAoROMb6Z+5xGkYnF0r7MEfEGGEQsZJdpIfbviBaAJ9hQT2K3BQ342Oe3bVafuzICXiVuQKirQ7Ntf3iCmqYBIU06U6rlOov2cSM0oh0nZSxUkhI7JEHqGRkSA8vPZ8RN8YpQBDmNpKtJ4pv6eyIlQKhOB6RREj9SiNxX/83qpDq/8nEVJqiGi80VhyrGO8TQJPGASqOaZIYRKZm7FdEQkodrkVTYhuIsvL5P2ed116u7dRbVxXcRRQkfoGNWQiy5RA92iJmohijL0jF7Rm/VkvVjv1se8dcUqZiroD6zPHwFXk7A=</latexit><latexit sha1_base64="OYgPzRtegHy0o/6YlHBVWwWrgvk=">AAAB/HicbVBNS8NAEN34WetXtEcvi0WoB0sigh6LXjxWsB/QxLLZTtqlu0nY3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmBQlnSjvOt7Wyura+sVnaKm/v7O7t2weHbRWnkkKLxjyW3YAo4CyClmaaQzeRQETAoROMb6Z+5xGkYnF0r7MEfEGGEQsZJdpIfbviBaAJ9hQT2K3BQ342Oe3bVafuzICXiVuQKirQ7Ntf3iCmqYBIU06U6rlOov2cSM0oh0nZSxUkhI7JEHqGRkSA8vPZ8RN8YpQBDmNpKtJ4pv6eyIlQKhOB6RREj9SiNxX/83qpDq/8nEVJqiGi80VhyrGO8TQJPGASqOaZIYRKZm7FdEQkodrkVTYhuIsvL5P2ed116u7dRbVxXcRRQkfoGNWQiy5RA92iJmohijL0jF7Rm/VkvVjv1se8dcUqZiroD6zPHwFXk7A=</latexit>

� ⇠ 0.94

(protons)
<latexit sha1_base64="YdKVRWNCPkNWu8G5KHKKKmdNY4k=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZUYK6q7oxqWCfUBnkEx6q6GZZEjuiGXoB7jxV9y4UMStH+DOvzFtZ+HrQOBwzrnc3BOnUlj0/U+vNDM7N7+wuFReXlldW69sbLaszgyHJtdSm07MLEihoIkCJXRSAyyJJbTjwenYb9+CsUKrSxymECXsWom+4AyddFWphjEgo6EVCfVrx3UahnQvRLjDPDUatbKjfZfya/4E9C8JClIlBc6vKh9hT/MsAYVcMmu7gZ9ilDODgksYlcPMQsr4gF1D11HFErBRPjlmRHed0qN9bdxTSCfq94mcJdYOk9glE4Y39rc3Fv/zuhn2j6JcqDRDUHy6qJ9JipqOm6E9YYCjHDrCuBHur5TfMMM4uv7KroTg98l/SeugFvi14KJebZwUdSySbbJD9khADkmDnJFz0iSc3JNH8kxevAfvyXv13qbRklfMbJEf8N6/ALhpmig=</latexit><latexit sha1_base64="YdKVRWNCPkNWu8G5KHKKKmdNY4k=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZUYK6q7oxqWCfUBnkEx6q6GZZEjuiGXoB7jxV9y4UMStH+DOvzFtZ+HrQOBwzrnc3BOnUlj0/U+vNDM7N7+wuFReXlldW69sbLaszgyHJtdSm07MLEihoIkCJXRSAyyJJbTjwenYb9+CsUKrSxymECXsWom+4AyddFWphjEgo6EVCfVrx3UahnQvRLjDPDUatbKjfZfya/4E9C8JClIlBc6vKh9hT/MsAYVcMmu7gZ9ilDODgksYlcPMQsr4gF1D11HFErBRPjlmRHed0qN9bdxTSCfq94mcJdYOk9glE4Y39rc3Fv/zuhn2j6JcqDRDUHy6qJ9JipqOm6E9YYCjHDrCuBHur5TfMMM4uv7KroTg98l/SeugFvi14KJebZwUdSySbbJD9khADkmDnJFz0iSc3JNH8kxevAfvyXv13qbRklfMbJEf8N6/ALhpmig=</latexit><latexit sha1_base64="YdKVRWNCPkNWu8G5KHKKKmdNY4k=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZUYK6q7oxqWCfUBnkEx6q6GZZEjuiGXoB7jxV9y4UMStH+DOvzFtZ+HrQOBwzrnc3BOnUlj0/U+vNDM7N7+wuFReXlldW69sbLaszgyHJtdSm07MLEihoIkCJXRSAyyJJbTjwenYb9+CsUKrSxymECXsWom+4AyddFWphjEgo6EVCfVrx3UahnQvRLjDPDUatbKjfZfya/4E9C8JClIlBc6vKh9hT/MsAYVcMmu7gZ9ilDODgksYlcPMQsr4gF1D11HFErBRPjlmRHed0qN9bdxTSCfq94mcJdYOk9glE4Y39rc3Fv/zuhn2j6JcqDRDUHy6qJ9JipqOm6E9YYCjHDrCuBHur5TfMMM4uv7KroTg98l/SeugFvi14KJebZwUdSySbbJD9khADkmDnJFz0iSc3JNH8kxevAfvyXv13qbRklfMbJEf8N6/ALhpmig=</latexit><latexit sha1_base64="YdKVRWNCPkNWu8G5KHKKKmdNY4k=">AAACDHicbVDLSgMxFM3Ud31VXboJFkE3ZUYK6q7oxqWCfUBnkEx6q6GZZEjuiGXoB7jxV9y4UMStH+DOvzFtZ+HrQOBwzrnc3BOnUlj0/U+vNDM7N7+wuFReXlldW69sbLaszgyHJtdSm07MLEihoIkCJXRSAyyJJbTjwenYb9+CsUKrSxymECXsWom+4AyddFWphjEgo6EVCfVrx3UahnQvRLjDPDUatbKjfZfya/4E9C8JClIlBc6vKh9hT/MsAYVcMmu7gZ9ilDODgksYlcPMQsr4gF1D11HFErBRPjlmRHed0qN9bdxTSCfq94mcJdYOk9glE4Y39rc3Fv/zuhn2j6JcqDRDUHy6qJ9JipqOm6E9YYCjHDrCuBHur5TfMMM4uv7KroTg98l/SeugFvi14KJebZwUdSySbbJD9khADkmDnJFz0iSc3JNH8kxevAfvyXv13qbRklfMbJEf8N6/ALhpmig=</latexit>

HMS DC 
Residuals: ~350 um

SHMS DC 
Residuals: ~250 umSHMS HODO

HMS HODO

SHMS 
CALORIMETER

SHMS 
CALORIMETER
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Energy Loss Simulated  
in the Collimator

The general cuts applied were:   
|HMS Delta| < 8 %  SHMS Delta: (-10, 22) % 
Inv. Mass W : (0.85, 1.05),  HMS Coll. Cut

H(e,e’p) Yield Ratio Check

D(e,e’p) SHMS rates coverage 
~140 - 170 kHz on SAFE ZONE

Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

Run 3288 H(e,e’p) agrees within 3% (statistical only) 
The uncertainties due to the elastic form factors 

are NOT accounted for in SIMC, and are expected to be 
larger than the statistical.

                   NOT Understood: 
* How does the tracking algorithm 

perform at  very high rates? 

Spectrometer acceptance is studied in detailed for this run (3288),  
due to its proximity to the D(e,e’p)n 80 MeV kinematics 

96.9± 0.27%
<latexit sha1_base64="KuFeSg6a5nfAAFjb9abaERzmS74=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LJaCp5AUsfZW9OKxgv2AJpTNdtsu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyacKe2631Zha3tnd6+4Xzo4PDo+sU/P2ipOJaEtEvNYdkOsKGcRbWmmOe0mkmIRctoJJ/cLvzOlUrE4etKzhAYCjyI2ZARrI/Vtu37j1JGfCOQ61RryK3277DruEmiTeDkpQ45m3/7yBzFJBY004VipnucmOsiw1IxwOi/5qaIJJhM8oj1DIyyoCrLl5XNUMcoADWNpKtJoqf6eyLBQaiZC0ymwHqt1byH+5/VSPbwNMhYlqaYRWS0aphzpGC1iQAMmKdF8ZggmkplbERljiYk2YZVMCN76y5ukXXU81/Eer8uNuzyOIlzAJVyBBzVowAM0oQUEpvAMr/BmZdaL9W59rFoLVj5zDn9gff4AkLuRAg==</latexit><latexit sha1_base64="KuFeSg6a5nfAAFjb9abaERzmS74=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LJaCp5AUsfZW9OKxgv2AJpTNdtsu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyacKe2631Zha3tnd6+4Xzo4PDo+sU/P2ipOJaEtEvNYdkOsKGcRbWmmOe0mkmIRctoJJ/cLvzOlUrE4etKzhAYCjyI2ZARrI/Vtu37j1JGfCOQ61RryK3277DruEmiTeDkpQ45m3/7yBzFJBY004VipnucmOsiw1IxwOi/5qaIJJhM8oj1DIyyoCrLl5XNUMcoADWNpKtJoqf6eyLBQaiZC0ymwHqt1byH+5/VSPbwNMhYlqaYRWS0aphzpGC1iQAMmKdF8ZggmkplbERljiYk2YZVMCN76y5ukXXU81/Eer8uNuzyOIlzAJVyBBzVowAM0oQUEpvAMr/BmZdaL9W59rFoLVj5zDn9gff4AkLuRAg==</latexit><latexit sha1_base64="KuFeSg6a5nfAAFjb9abaERzmS74=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LJaCp5AUsfZW9OKxgv2AJpTNdtsu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyacKe2631Zha3tnd6+4Xzo4PDo+sU/P2ipOJaEtEvNYdkOsKGcRbWmmOe0mkmIRctoJJ/cLvzOlUrE4etKzhAYCjyI2ZARrI/Vtu37j1JGfCOQ61RryK3277DruEmiTeDkpQ45m3/7yBzFJBY004VipnucmOsiw1IxwOi/5qaIJJhM8oj1DIyyoCrLl5XNUMcoADWNpKtJoqf6eyLBQaiZC0ymwHqt1byH+5/VSPbwNMhYlqaYRWS0aphzpGC1iQAMmKdF8ZggmkplbERljiYk2YZVMCN76y5ukXXU81/Eer8uNuzyOIlzAJVyBBzVowAM0oQUEpvAMr/BmZdaL9W59rFoLVj5zDn9gff4AkLuRAg==</latexit><latexit sha1_base64="KuFeSg6a5nfAAFjb9abaERzmS74=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LJaCp5AUsfZW9OKxgv2AJpTNdtsu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyacKe2631Zha3tnd6+4Xzo4PDo+sU/P2ipOJaEtEvNYdkOsKGcRbWmmOe0mkmIRctoJJ/cLvzOlUrE4etKzhAYCjyI2ZARrI/Vtu37j1JGfCOQ61RryK3277DruEmiTeDkpQ45m3/7yBzFJBY004VipnucmOsiw1IxwOi/5qaIJJhM8oj1DIyyoCrLl5XNUMcoADWNpKtJoqf6eyLBQaiZC0ymwHqt1byH+5/VSPbwNMhYlqaYRWS0aphzpGC1iQAMmKdF8ZggmkplbERljiYk2YZVMCN76y5ukXXU81/Eer8uNuzyOIlzAJVyBBzVowAM0oQUEpvAMr/BmZdaL9W59rFoLVj5zDn9gff4AkLuRAg==</latexit>
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SHMS Optics Optimization for 
E12-10-003 Using H(e,e’p) Elastics

The SHMS optics optimization work done 
for the D(e,e’p)n experiment can be found  

at Hall C Document Database

HALLC DOC-DB LINK

Optics Optimization for the D(e,e’p)n Experiment (E12-10-003)

Carlos Yero

July 29, 2019

1 Introduction

The commissioning of the HMS/SHMS optics took place on the 2017-18 run period and underwent multiple revisions
of the reconstruction matrix elements for both spectrometers during that period.[3, 4] This document presents the optics
optimization checks and procedures done on the High Momentum Spectrometer (HMS) and superHMS (SHMS) for the
Deuteron Electro-Disintegration Commissioning Experiment (E12-10-003) on April 2018. At the time, this experiment
also served as part of the general optics commissioning as during data-taking, it was found that the SHMS Q3 magnet
had an un-ncecessary correction in the matrix elements. As a result, the data for this experiment is divided into two
sections. Only the section after the fix in the SHMS optics was used in the optimization procedure.

The problem of optics optimization can be approached in di�erent ways, depending on the circumstances of the
experiment. In this particular experiment, a series of H(e,e’p) elastic runs were taken at di�erent configurations such
as to cover the entire HMS momentum range in the D(e,e’p)n reaction kinematics. The original and corrected H(e,e’p)
kinematics are summarized below.

Run
HMS

Angle [deg]
HMS

Momentum [GeV]
SHMS

Angle [deg]
SHMS

Momentum [GeV]
3288 37.338 2.938 12.194 8.7
3371 33.545 3.48 13.93 8.7
3374 42.9 2.31 9.928 8.7
3377 47.605 1.8899 8.495 8.7

Table 1: Original H(e,e’p) Elastic Kinematics in E12-10-003.

Run
HMS

Angle [deg]
HMS

Momentum [GeV]
SHMS

Angle [deg]
SHMS

Momentum [GeV]
3288 37.338 2.9355 12.194 8.5342
3371 33.545 3.4758 13.93 8.5342
3374 42.9 2.3103 9.928 8.5342
3377 47.605 1.8912 8.495 8.5342

Table 2: Corrected H(e,e’p) Elastic Kinematics in E12-10-003.

Spec �✓[rad] ��[rad] X 0
tar-o�set[rad] Y 0

tar-o�set[rad]
HMS 0.0 1.521 ⇥ 10�3 2.852 ⇥ 10�3 9.5 ⇥ 10�4

SHMS 0.0 0.0 0.0 0.0

Table 3: Spectrometer O�sets determined from H(e,e’p) Elastic Run 3288 in E12-10-003. See Section 4 of this document for more information.

Since this is a coincidence experiment, the spectrometers are highly correlated which makes the optics optimization
more complicated, as changes in one spectrometer can a�ect the other. Based on the kinematics, it was determined to
focus on the HMS first, as the momentum is well below the Dipole saturation (⇠5 GeV), and the optics are much better
understood from the 6 GeV era.

1

 Optimize SHMS delta matrix 

 Used sieve data to optimize Ytar 

 Determined spectrometer kinematics offsets

Details can be found in documentation

https://hallcweb.jlab.org/DocDB/0010/001033/001/d2_optim.pdf
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Spectrometer Acceptance 
DATA/SIMULATION

(used H(e,e’p) Elastics data taken on D(e,e’p)n Experiment)

SHMS Reconstructed Variables 
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Spectrometer Acceptance 
DATA/SIMULATION

(used H(e,e’p) Elastics data taken on D(e,e’p)n Experiment)

SHMS Reconstructed Variables 
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** Data is fully corrected for inefficiencies
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HMS Reconstructed Variables 
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Spectrometer Acceptance 
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HMS Reconstructed Variables 

DATA 
SIMC

Spectrometer Acceptance 
DATA/SIMULATION

(used H(e,e’p) Elastics data taken on D(e,e’p)n Experiment

0

5

10

15

20

25

30

35

40

C
ou

nt
s

Data | Integral: 995
SIMC | Integral: 978

 0.005±Ratio: 1.017 

δHMS 

8− 6− 4− 2− 0 2 4 6 8
 [%]δHMS 

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

SI
M

C
 / 

Y
da

ta
Y

** Data is fully corrected for inefficiencies



37

Spectrometer Acceptance  
Checks on D(e,e’p)n using 80 MeV setting

HMS Reconstructed Variables 

** Data is fully corrected for inefficiencies
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(SIMC MODEL: Laget FSI)
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Spectrometer Acceptance  
Checks on D(e,e’p)n using 80 MeV setting

HMS Reconstructed Variables 

** Data is fully corrected for inefficiencies
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Spectrometer Acceptance  
Checks on D(e,e’p)n using 80 MeV setting

SHMS Reconstructed Variables 

** Data is fully corrected for inefficiencies
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Spectrometer Acceptance  
Checks on D(e,e’p)n using 80 MeV setting

SHMS Reconstructed Variables 

** Data is fully corrected for inefficiencies
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D(e,e’p)n  
Data Analysis Cuts 

(shown only for 80 MeV setting but are  
also applied to high missing momentum data)
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Missing Energy Cut: (-20, 40) MeV

Reconstructed Z vertex difference Cut: 
+/- 2 cm relative the peak value

Select true D(e,e’p)n events

require event Z-vertex position 
to be the same for both HMS and SHMS to  

select true coincidences and not 
accidental events

DATA

Em = ! � Tp � Tr
<latexit sha1_base64="xdSG0YoS9rQ6MUHybU1Ykfw28Vw=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwY0lEUBdCUQSXFfqCJoTJdNIOnUnCzEQoId/ixl9x40JRV4If46QNaFsPXDiccy/33uPHjEplWV9GaWl5ZXWtvF7Z2Nza3jF399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8Uc3ud95IELSKGyqcUxcjgYhDShGSkueeXnrpQ5Haih4yrMMXkEn4mSA4Als/jqxdmYEkWWeWbVq1gRwkdgFqYICDc/8cPoRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLrp5MUMHmmlD4NI6AoVnKh/J1LEpRxzX3fmJ8p5Lxf/83qJCi7clIZxokiIp4uChEEVwTwv2KeCYMXGmiAsqL4V4iESCCudakWHYM+/vEjapzXbqtn3Z9X6dRFHGRyAQ3AMbHAO6uAONEALYPAInsEreDOejBfj3fictpaMYmYfzMD4/gHSEqR5</latexit><latexit sha1_base64="xdSG0YoS9rQ6MUHybU1Ykfw28Vw=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwY0lEUBdCUQSXFfqCJoTJdNIOnUnCzEQoId/ixl9x40JRV4If46QNaFsPXDiccy/33uPHjEplWV9GaWl5ZXWtvF7Z2Nza3jF399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8Uc3ud95IELSKGyqcUxcjgYhDShGSkueeXnrpQ5Haih4yrMMXkEn4mSA4Als/jqxdmYEkWWeWbVq1gRwkdgFqYICDc/8cPoRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLrp5MUMHmmlD4NI6AoVnKh/J1LEpRxzX3fmJ8p5Lxf/83qJCi7clIZxokiIp4uChEEVwTwv2KeCYMXGmiAsqL4V4iESCCudakWHYM+/vEjapzXbqtn3Z9X6dRFHGRyAQ3AMbHAO6uAONEALYPAInsEreDOejBfj3fictpaMYmYfzMD4/gHSEqR5</latexit><latexit sha1_base64="xdSG0YoS9rQ6MUHybU1Ykfw28Vw=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwY0lEUBdCUQSXFfqCJoTJdNIOnUnCzEQoId/ixl9x40JRV4If46QNaFsPXDiccy/33uPHjEplWV9GaWl5ZXWtvF7Z2Nza3jF399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8Uc3ud95IELSKGyqcUxcjgYhDShGSkueeXnrpQ5Haih4yrMMXkEn4mSA4Als/jqxdmYEkWWeWbVq1gRwkdgFqYICDc/8cPoRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLrp5MUMHmmlD4NI6AoVnKh/J1LEpRxzX3fmJ8p5Lxf/83qJCi7clIZxokiIp4uChEEVwTwv2KeCYMXGmiAsqL4V4iESCCudakWHYM+/vEjapzXbqtn3Z9X6dRFHGRyAQ3AMbHAO6uAONEALYPAInsEreDOejBfj3fictpaMYmYfzMD4/gHSEqR5</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="yAYCBhWbJ8xHi8r4z7kxUTJUvus=">AAACF3icbZBPS8MwGMbfzn9zTq1evQSH4MXRelEPgiCCxwn7B1spaZZuYUlbklQYpZ/Fi1/FiwdFPfltTLeBbvOBwMPvScj7PkHCmdKO822V1tY3NrfK25Wd6u7evn1Qbas4lYS2SMxj2Q2wopxFtKWZ5rSbSIpFwGknGN8WeeeRSsXiqKknCfUEHkYsZARrg3z76s7P+gLrkRSZyHN0jfqxoEOMzlDzN0lMsgBknvt2zak7U6FV485NDeZq+PZnfxCTVNBIE46V6rlOor0MS80Ip3mlnyqaYDLGQ9ozNsKCKi+brpijE0MGKIylOZFGU/r3RYaFUhMRmJvFiGo5K+B/WS/V4aWXsShJNY3I7KMw5UjHqOgLDZikRPOJMZhIZmZFZIQlJtq0WjEluMsrr5r2ed116u6DA2U4gmM4BRcu4AbuoQEtIPAEL/AG79az9Wp9zOoqWfPeDmFB1tcPxWqi7A==</latexit><latexit sha1_base64="yAYCBhWbJ8xHi8r4z7kxUTJUvus=">AAACF3icbZBPS8MwGMbfzn9zTq1evQSH4MXRelEPgiCCxwn7B1spaZZuYUlbklQYpZ/Fi1/FiwdFPfltTLeBbvOBwMPvScj7PkHCmdKO822V1tY3NrfK25Wd6u7evn1Qbas4lYS2SMxj2Q2wopxFtKWZ5rSbSIpFwGknGN8WeeeRSsXiqKknCfUEHkYsZARrg3z76s7P+gLrkRSZyHN0jfqxoEOMzlDzN0lMsgBknvt2zak7U6FV485NDeZq+PZnfxCTVNBIE46V6rlOor0MS80Ip3mlnyqaYDLGQ9ozNsKCKi+brpijE0MGKIylOZFGU/r3RYaFUhMRmJvFiGo5K+B/WS/V4aWXsShJNY3I7KMw5UjHqOgLDZikRPOJMZhIZmZFZIQlJtq0WjEluMsrr5r2ed116u6DA2U4gmM4BRcu4AbuoQEtIPAEL/AG79az9Wp9zOoqWfPeDmFB1tcPxWqi7A==</latexit><latexit sha1_base64="fQIDhvHU4TMieam96Vn7vN5uswA=">AAACInicbVDLSsNAFJ34rPUVdelmsAhuLIkbdSEURXBZoS9oQphMJ+3QmUmYmQgl5Fvc+CtuXCjqSvBjnLYBbeuBC4dz7uXee8KEUaUd58taWl5ZXVsvbZQ3t7Z3du29/ZaKU4lJE8cslp0QKcKoIE1NNSOdRBLEQ0ba4fBm7LcfiFQ0Fg09SojPUV/QiGKkjRTYl7dB5nGkB5JnPM/hFfRiTvoInsLGr5MYZ0aQeR7YFafqTAAXiVuQCihQD+wPrxfjlBOhMUNKdV0n0X6GpKaYkbzspYokCA9Rn3QNFYgT5WeTF3N4bJQejGJpSmg4Uf9OZIgrNeKh6RyfqOa9sfif1011dOFnVCSpJgJPF0UpgzqG47xgj0qCNRsZgrCk5laIB0girE2qZROCO//yImmdVV2n6t47ldp1EUcJHIIjcAJccA5q4A7UQRNg8AiewSt4s56sF+vd+py2LlnFzAGYgfX9A9DSpHU=</latexit><latexit sha1_base64="xdSG0YoS9rQ6MUHybU1Ykfw28Vw=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwY0lEUBdCUQSXFfqCJoTJdNIOnUnCzEQoId/ixl9x40JRV4If46QNaFsPXDiccy/33uPHjEplWV9GaWl5ZXWtvF7Z2Nza3jF399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8Uc3ud95IELSKGyqcUxcjgYhDShGSkueeXnrpQ5Haih4yrMMXkEn4mSA4Als/jqxdmYEkWWeWbVq1gRwkdgFqYICDc/8cPoRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLrp5MUMHmmlD4NI6AoVnKh/J1LEpRxzX3fmJ8p5Lxf/83qJCi7clIZxokiIp4uChEEVwTwv2KeCYMXGmiAsqL4V4iESCCudakWHYM+/vEjapzXbqtn3Z9X6dRFHGRyAQ3AMbHAO6uAONEALYPAInsEreDOejBfj3fictpaMYmYfzMD4/gHSEqR5</latexit><latexit sha1_base64="xdSG0YoS9rQ6MUHybU1Ykfw28Vw=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwY0lEUBdCUQSXFfqCJoTJdNIOnUnCzEQoId/ixl9x40JRV4If46QNaFsPXDiccy/33uPHjEplWV9GaWl5ZXWtvF7Z2Nza3jF399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8Uc3ud95IELSKGyqcUxcjgYhDShGSkueeXnrpQ5Haih4yrMMXkEn4mSA4Als/jqxdmYEkWWeWbVq1gRwkdgFqYICDc/8cPoRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLrp5MUMHmmlD4NI6AoVnKh/J1LEpRxzX3fmJ8p5Lxf/83qJCi7clIZxokiIp4uChEEVwTwv2KeCYMXGmiAsqL4V4iESCCudakWHYM+/vEjapzXbqtn3Z9X6dRFHGRyAQ3AMbHAO6uAONEALYPAInsEreDOejBfj3fictpaMYmYfzMD4/gHSEqR5</latexit><latexit sha1_base64="xdSG0YoS9rQ6MUHybU1Ykfw28Vw=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwY0lEUBdCUQSXFfqCJoTJdNIOnUnCzEQoId/ixl9x40JRV4If46QNaFsPXDiccy/33uPHjEplWV9GaWl5ZXWtvF7Z2Nza3jF399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8Uc3ud95IELSKGyqcUxcjgYhDShGSkueeXnrpQ5Haih4yrMMXkEn4mSA4Als/jqxdmYEkWWeWbVq1gRwkdgFqYICDc/8cPoRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLrp5MUMHmmlD4NI6AoVnKh/J1LEpRxzX3fmJ8p5Lxf/83qJCi7clIZxokiIp4uChEEVwTwv2KeCYMXGmiAsqL4V4iESCCudakWHYM+/vEjapzXbqtn3Z9X6dRFHGRyAQ3AMbHAO6uAONEALYPAInsEreDOejBfj3fictpaMYmYfzMD4/gHSEqR5</latexit><latexit sha1_base64="xdSG0YoS9rQ6MUHybU1Ykfw28Vw=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwY0lEUBdCUQSXFfqCJoTJdNIOnUnCzEQoId/ixl9x40JRV4If46QNaFsPXDiccy/33uPHjEplWV9GaWl5ZXWtvF7Z2Nza3jF399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8Uc3ud95IELSKGyqcUxcjgYhDShGSkueeXnrpQ5Haih4yrMMXkEn4mSA4Als/jqxdmYEkWWeWbVq1gRwkdgFqYICDc/8cPoRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLrp5MUMHmmlD4NI6AoVnKh/J1LEpRxzX3fmJ8p5Lxf/83qJCi7clIZxokiIp4uChEEVwTwv2KeCYMXGmiAsqL4V4iESCCudakWHYM+/vEjapzXbqtn3Z9X6dRFHGRyAQ3AMbHAO6uAONEALYPAInsEreDOejBfj3fictpaMYmYfzMD4/gHSEqR5</latexit><latexit sha1_base64="xdSG0YoS9rQ6MUHybU1Ykfw28Vw=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwY0lEUBdCUQSXFfqCJoTJdNIOnUnCzEQoId/ixl9x40JRV4If46QNaFsPXDiccy/33uPHjEplWV9GaWl5ZXWtvF7Z2Nza3jF399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8Uc3ud95IELSKGyqcUxcjgYhDShGSkueeXnrpQ5Haih4yrMMXkEn4mSA4Als/jqxdmYEkWWeWbVq1gRwkdgFqYICDc/8cPoRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLrp5MUMHmmlD4NI6AoVnKh/J1LEpRxzX3fmJ8p5Lxf/83qJCi7clIZxokiIp4uChEEVwTwv2KeCYMXGmiAsqL4V4iESCCudakWHYM+/vEjapzXbqtn3Z9X6dRFHGRyAQ3AMbHAO6uAONEALYPAInsEreDOejBfj3fictpaMYmYfzMD4/gHSEqR5</latexit><latexit sha1_base64="xdSG0YoS9rQ6MUHybU1Ykfw28Vw=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwY0lEUBdCUQSXFfqCJoTJdNIOnUnCzEQoId/ixl9x40JRV4If46QNaFsPXDiccy/33uPHjEplWV9GaWl5ZXWtvF7Z2Nza3jF399oySgQmLRyxSHR9JAmjIWkpqhjpxoIg7jPS8Uc3ud95IELSKGyqcUxcjgYhDShGSkueeXnrpQ5Haih4yrMMXkEn4mSA4Als/jqxdmYEkWWeWbVq1gRwkdgFqYICDc/8cPoRTjgJFWZIyp5txcpNkVAUM5JVnESSGOERGpCepiHiRLrp5MUMHmmlD4NI6AoVnKh/J1LEpRxzX3fmJ8p5Lxf/83qJCi7clIZxokiIp4uChEEVwTwv2KeCYMXGmiAsqL4V4iESCCudakWHYM+/vEjapzXbqtn3Z9X6dRFHGRyAQ3AMbHAO6uAONEALYPAInsEreDOejBfj3fictpaMYmYfzMD4/gHSEqR5</latexit>

Assume  the mass 
of the neutron

Missing energy 
is the B.E. of deuteron 

(~2.22 MeV)
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SIMC | Integral: 160

 0.009±Ratio: 0.944 
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SIMC | Integral: 149

 0.010±Ratio: 0.953 

δSHMS 

SHMS Delta Acceptance is  
constrained by the HMS Acceptance 

to be in the range (-3, 3)%

HMS Delta Acceptance Cut: (-8, 8) %

Select HMS acceptance region  
where Optics Reconstruction 

is reliable

SHMS Delta Acceptance (-3, 3) %
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SHMS: Total energy deposited in 
Calorimeter normalized by the best track 

CUT: > 0.7

select true electrons in SHMS 
and not pions (looks very clean!)

Coincidence Time Cut 
CUT: (10.5, 14.5) ns

select true electron-proton coincidences
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24-Momentum Transfer, Q
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HMS Collimator Cut 
(Geometrical cut on 

collimator dimensions)

Select events that  passed through  
collimator and NOT scattered at the  

edges of the collimator

Kinematics cut to select only 
events with high momentum transfer 

(as stated on the proposal)

4-Momentum Transfer Cut 
 

CUT: Q = 4.5  +/-  0.5 GeV22

DATA

DATA
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Efficiencies and  
Correction Factors 

Determination

Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

·frad · fbc
<latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit>

Extraction of the D(e,e’p)n Cross Section
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Missing Momentum Phase Space
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580 MeV/c
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Simulation

dataset 2

dataset 1

Phase Space Volume

Corrected Data Yield

�̄exp ⌘ Y corr
data

V P.S.
<latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit><latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit><latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit><latexit sha1_base64="HWmnFSGSuSVp9QvhqZ1HGZjh8m4="></latexit>

Extraction of the D(e,e’p)n Cross Section
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Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

·frad · fbc
<latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit>

Correct for total Data Acquisition (DAQ) dead time
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avg=0.922762

80 (set1)

580 (set1)

580 (set2)

750 (set1)

750 (set2)

750 (set3)

Average Live Time: ~ 92.2 %

• Time that the DAQ is unable to register/process triggers results in event loss which 
must be accounted for
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Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

·frad · fbc
<latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit>

Correct for inefficiency due to tracking reconstruction

• Account for potential lost tracks due to bad track reconstruction by the tracking algorithm
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Average Tracking Efficiency  
HMS:   ~ 98.86 % 
SHMS: ~ 96.36 %
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LD2 Boiling Factor vs. Run Number

avgboil = 0.957673
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Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

·frad · fbc
<latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit>

HMS Boiling Studies (April 2018 data set)

Carbon-12: -0.0002 /uA

LH2: -0.0006 / uA 
LD2: -0.0008 / uA

Target Boiling Corrections 
See DOC DB Link HERE !

Fit slope: fractional yield loss / uA

Correct for yield loss due 
to target boiling

Average Yield left due to Target Boiling: 95.7 %

https://hallcweb.jlab.org/DocDB/0010/001023/002/TargetBoiling.pdf


51

Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

·frad · fbc
<latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit>

Proton Absorption = 4.66± 0.472%
<latexit sha1_base64="dnkmxt2yYLHGjIl5wNWi9vpTHTo=">AAACFXicbVA9SwNBEN3z2/gVtbRZDAELOe5CSGyEqI1lBKOBXAh7m02yZG/32J0Tw5E/YeNfsbFQxFaw89+4F1No4oOBx3szzMwLY8ENeN6Xs7C4tLyyurae29jc2t7J7+7dGJVoyhpUCaWbITFMcMkawEGwZqwZiULBbsPhRebf3jFtuJLXMIpZOyJ9yXucErBSJ38cALuHtK4VKInPQqN0nDljfIrLbqWCgzjCnluulnBQ7OQLnutNgOeJPyUFNEW9k/8MuoomEZNABTGm5XsxtFOigVPBxrkgMSwmdEj6rGWpJBEz7XTy1RgXrdLFPaVtScAT9fdESiJjRlFoOyMCAzPrZeJ/XiuB3kk75TJOgEn6s6iXCAwKZxHhLteMghhZQqjm9lZMB0QTCjbInA3Bn315ntyUXN9z/atyoXY+jWMNHaBDdIR8VEU1dInqqIEoekBP6AW9Oo/Os/PmvP+0LjjTmX30B87HN9e2nJ8=</latexit><latexit sha1_base64="dnkmxt2yYLHGjIl5wNWi9vpTHTo=">AAACFXicbVA9SwNBEN3z2/gVtbRZDAELOe5CSGyEqI1lBKOBXAh7m02yZG/32J0Tw5E/YeNfsbFQxFaw89+4F1No4oOBx3szzMwLY8ENeN6Xs7C4tLyyurae29jc2t7J7+7dGJVoyhpUCaWbITFMcMkawEGwZqwZiULBbsPhRebf3jFtuJLXMIpZOyJ9yXucErBSJ38cALuHtK4VKInPQqN0nDljfIrLbqWCgzjCnluulnBQ7OQLnutNgOeJPyUFNEW9k/8MuoomEZNABTGm5XsxtFOigVPBxrkgMSwmdEj6rGWpJBEz7XTy1RgXrdLFPaVtScAT9fdESiJjRlFoOyMCAzPrZeJ/XiuB3kk75TJOgEn6s6iXCAwKZxHhLteMghhZQqjm9lZMB0QTCjbInA3Bn315ntyUXN9z/atyoXY+jWMNHaBDdIR8VEU1dInqqIEoekBP6AW9Oo/Os/PmvP+0LjjTmX30B87HN9e2nJ8=</latexit><latexit sha1_base64="dnkmxt2yYLHGjIl5wNWi9vpTHTo=">AAACFXicbVA9SwNBEN3z2/gVtbRZDAELOe5CSGyEqI1lBKOBXAh7m02yZG/32J0Tw5E/YeNfsbFQxFaw89+4F1No4oOBx3szzMwLY8ENeN6Xs7C4tLyyurae29jc2t7J7+7dGJVoyhpUCaWbITFMcMkawEGwZqwZiULBbsPhRebf3jFtuJLXMIpZOyJ9yXucErBSJ38cALuHtK4VKInPQqN0nDljfIrLbqWCgzjCnluulnBQ7OQLnutNgOeJPyUFNEW9k/8MuoomEZNABTGm5XsxtFOigVPBxrkgMSwmdEj6rGWpJBEz7XTy1RgXrdLFPaVtScAT9fdESiJjRlFoOyMCAzPrZeJ/XiuB3kk75TJOgEn6s6iXCAwKZxHhLteMghhZQqjm9lZMB0QTCjbInA3Bn315ntyUXN9z/atyoXY+jWMNHaBDdIR8VEU1dInqqIEoekBP6AW9Oo/Os/PmvP+0LjjTmX30B87HN9e2nJ8=</latexit><latexit sha1_base64="dnkmxt2yYLHGjIl5wNWi9vpTHTo=">AAACFXicbVA9SwNBEN3z2/gVtbRZDAELOe5CSGyEqI1lBKOBXAh7m02yZG/32J0Tw5E/YeNfsbFQxFaw89+4F1No4oOBx3szzMwLY8ENeN6Xs7C4tLyyurae29jc2t7J7+7dGJVoyhpUCaWbITFMcMkawEGwZqwZiULBbsPhRebf3jFtuJLXMIpZOyJ9yXucErBSJ38cALuHtK4VKInPQqN0nDljfIrLbqWCgzjCnluulnBQ7OQLnutNgOeJPyUFNEW9k/8MuoomEZNABTGm5XsxtFOigVPBxrkgMSwmdEj6rGWpJBEz7XTy1RgXrdLFPaVtScAT9fdESiJjRlFoOyMCAzPrZeJ/XiuB3kk75TJOgEn6s6iXCAwKZxHhLteMghhZQqjm9lZMB0QTCjbInA3Bn315ntyUXN9z/atyoXY+jWMNHaBDdIR8VEU1dInqqIEoekBP6AW9Oo/Os/PmvP+0LjjTmX30B87HN9e2nJ8=</latexit>

Transmission ! e�did

e�should
=

1986

2083
= 0.9534

<latexit sha1_base64="DBe0WfxysyNc/vH9GSl+5FQeSzY="></latexit><latexit sha1_base64="DBe0WfxysyNc/vH9GSl+5FQeSzY="></latexit><latexit sha1_base64="DBe0WfxysyNc/vH9GSl+5FQeSzY="></latexit><latexit sha1_base64="DBe0WfxysyNc/vH9GSl+5FQeSzY="></latexit>

For Full Description of  
Proton Absorption Analysis,  
See DOC DB Link HERE !

Correct for  
proton loss in HMS 

Proton transmission factor: 95.34 %

https://hallcweb.jlab.org/DocDB/0010/001020/002/ProtonAbsorption_slides.pdf


Y corr
data =

Y uncorr
data

Q · ✏tLT · ✏htrk · ✏etrk · ✏tgtBoil · ✏pAbs
<latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit><latexit sha1_base64="O18h2iBSuCgRMQlq3kBTDMxuJIU="></latexit>

·frad · fbc
<latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit><latexit sha1_base64="gvalaj48mXngHQvsm0Zvjk/d/hw=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FLx4r2FZoQ9hsNu3SzSbsToQSAl78K148KOLVP+HNf+O2DaKtDwbevjfDzrwgFVyD43xZlaXlldW16nptY3Nre8fe3evoJFOUtWkiEnUXEM0El6wNHAS7SxUjcSBYNxhdTfzuPVOaJ/IWxinzYjKQPOKUgJF8+6BPwwRw5OeKhAX+eQW08O2603CmwIvELUkdlWj59mc/TGgWMwlUEK17rpOClxMFnApW1PqZZimhIzJgPUMliZn28ukNBT42SoijRJmSgKfq74mcxFqP48B0xgSGet6biP95vQyiCy/nMs2ASTr7KMoEhgRPAsEhV4yCGBtCqOJmV0yHRBEKJraaCcGdP3mRdE4brtNwb87qzcsyjio6REfoBLnoHDXRNWqhNqLoAT2hF/RqPVrP1pv1PmutWOXMPvoD6+Mbu8mXkQ==</latexit>

Radiative Correction factor

un-physical value 
(edge of acceptance)

35 deg 45 deg

75 deg
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frad =
Y SIMC
norad

Y SIMC
rad

<latexit sha1_base64="FaygCTeD/DMWonhqfGbB+B+cVQA=">AAACR3icfVBLSwMxGMzWV62vqkcvwSJ4Krsi6EUo9qIHoaJ9SLtdsmm2hmaTJckKZdl/58WrN/+CFw+KeDTbFh+tOBAYZubj+zJ+xKjStv1k5ebmFxaX8suFldW19Y3i5lZDiVhiUseCCdnykSKMclLXVDPSiiRBoc9I0x9UM795R6Sigl/rYUTcEPU5DShG2khesRt4SSdE+laGiUS9NIUnsBNIhJOb7pdxdX5RTdPvIBejaPpfZpzwiiW7bI8AZ4kzISUwQc0rPnZ6Asch4RozpFTbsSPtJkhqihlJC51YkQjhAeqTtqEchUS5yaiHFO4ZpQcDIc3jGo7UnxMJCpUahr5JZleqaS8T//LasQ6O3YTyKNaE4/GiIGZQC5iVCntUEqzZ0BCEJTW3QnyLTIvaVF8wJTjTX54ljYOyY5edy8NS5XRSRx7sgF2wDxxwBCrgDNRAHWBwD57BK3izHqwX6936GEdz1mRmG/xCzvoENVi1sQ==</latexit><latexit sha1_base64="FaygCTeD/DMWonhqfGbB+B+cVQA=">AAACR3icfVBLSwMxGMzWV62vqkcvwSJ4Krsi6EUo9qIHoaJ9SLtdsmm2hmaTJckKZdl/58WrN/+CFw+KeDTbFh+tOBAYZubj+zJ+xKjStv1k5ebmFxaX8suFldW19Y3i5lZDiVhiUseCCdnykSKMclLXVDPSiiRBoc9I0x9UM795R6Sigl/rYUTcEPU5DShG2khesRt4SSdE+laGiUS9NIUnsBNIhJOb7pdxdX5RTdPvIBejaPpfZpzwiiW7bI8AZ4kzISUwQc0rPnZ6Asch4RozpFTbsSPtJkhqihlJC51YkQjhAeqTtqEchUS5yaiHFO4ZpQcDIc3jGo7UnxMJCpUahr5JZleqaS8T//LasQ6O3YTyKNaE4/GiIGZQC5iVCntUEqzZ0BCEJTW3QnyLTIvaVF8wJTjTX54ljYOyY5edy8NS5XRSRx7sgF2wDxxwBCrgDNRAHWBwD57BK3izHqwX6936GEdz1mRmG/xCzvoENVi1sQ==</latexit><latexit sha1_base64="FaygCTeD/DMWonhqfGbB+B+cVQA=">AAACR3icfVBLSwMxGMzWV62vqkcvwSJ4Krsi6EUo9qIHoaJ9SLtdsmm2hmaTJckKZdl/58WrN/+CFw+KeDTbFh+tOBAYZubj+zJ+xKjStv1k5ebmFxaX8suFldW19Y3i5lZDiVhiUseCCdnykSKMclLXVDPSiiRBoc9I0x9UM795R6Sigl/rYUTcEPU5DShG2khesRt4SSdE+laGiUS9NIUnsBNIhJOb7pdxdX5RTdPvIBejaPpfZpzwiiW7bI8AZ4kzISUwQc0rPnZ6Asch4RozpFTbsSPtJkhqihlJC51YkQjhAeqTtqEchUS5yaiHFO4ZpQcDIc3jGo7UnxMJCpUahr5JZleqaS8T//LasQ6O3YTyKNaE4/GiIGZQC5iVCntUEqzZ0BCEJTW3QnyLTIvaVF8wJTjTX54ljYOyY5edy8NS5XRSRx7sgF2wDxxwBCrgDNRAHWBwD57BK3izHqwX6936GEdz1mRmG/xCzvoENVi1sQ==</latexit><latexit sha1_base64="FaygCTeD/DMWonhqfGbB+B+cVQA=">AAACR3icfVBLSwMxGMzWV62vqkcvwSJ4Krsi6EUo9qIHoaJ9SLtdsmm2hmaTJckKZdl/58WrN/+CFw+KeDTbFh+tOBAYZubj+zJ+xKjStv1k5ebmFxaX8suFldW19Y3i5lZDiVhiUseCCdnykSKMclLXVDPSiiRBoc9I0x9UM795R6Sigl/rYUTcEPU5DShG2khesRt4SSdE+laGiUS9NIUnsBNIhJOb7pdxdX5RTdPvIBejaPpfZpzwiiW7bI8AZ4kzISUwQc0rPnZ6Asch4RozpFTbsSPtJkhqihlJC51YkQjhAeqTtqEchUS5yaiHFO4ZpQcDIc3jGo7UnxMJCpUahr5JZleqaS8T//LasQ6O3YTyKNaE4/GiIGZQC5iVCntUEqzZ0BCEJTW3QnyLTIvaVF8wJTjTX54ljYOyY5edy8NS5XRSRx7sgF2wDxxwBCrgDNRAHWBwD57BK3izHqwX6936GEdz1mRmG/xCzvoENVi1sQ==</latexit>
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BIN-CENTERING 

CORRECTIONS



Cross Section

k̄
<latexit sha1_base64="BRkj8N4Hy2ADOVZ/t6OkPYKqF0M=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuShJDW3dFNy4r2Ac0sUym03bo5MHMjVpC/sONC0Xc+i/u/BsnbQUVPXDhcM693HuPHwuuwDQ/jKXlldW19cJGcXNre2e3tLffVlEiKWvRSESy6xPFBA9ZCzgI1o0lI4EvWMefXOR+55ZJxaPwGqYx8wIyCvmQUwJaunF9IlMX2D2kkyzrl8pm5axetZ0qNiumWbNsKyd2zTl1sKWVHGW0QLNfencHEU0CFgIVRKmeZcbgpUQCp4JlRTdRLCZ0Qkasp2lIAqa8dHZ1ho+1MsDDSOoKAc/U7xMpCZSaBr7uDAiM1W8vF//yegkM617KwzgBFtL5omEiMEQ4jwAPuGQUxFQTQiXXt2I6JpJQ0EEVdQhfn+L/SduuWGbFunLKjfNFHAV0iI7QCbJQDTXQJWqiFqJIogf0hJ6NO+PReDFe561LxmLmAP2A8fYJwn2TVQ==</latexit><latexit sha1_base64="BRkj8N4Hy2ADOVZ/t6OkPYKqF0M=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuShJDW3dFNy4r2Ac0sUym03bo5MHMjVpC/sONC0Xc+i/u/BsnbQUVPXDhcM693HuPHwuuwDQ/jKXlldW19cJGcXNre2e3tLffVlEiKWvRSESy6xPFBA9ZCzgI1o0lI4EvWMefXOR+55ZJxaPwGqYx8wIyCvmQUwJaunF9IlMX2D2kkyzrl8pm5axetZ0qNiumWbNsKyd2zTl1sKWVHGW0QLNfencHEU0CFgIVRKmeZcbgpUQCp4JlRTdRLCZ0Qkasp2lIAqa8dHZ1ho+1MsDDSOoKAc/U7xMpCZSaBr7uDAiM1W8vF//yegkM617KwzgBFtL5omEiMEQ4jwAPuGQUxFQTQiXXt2I6JpJQ0EEVdQhfn+L/SduuWGbFunLKjfNFHAV0iI7QCbJQDTXQJWqiFqJIogf0hJ6NO+PReDFe561LxmLmAP2A8fYJwn2TVQ==</latexit><latexit sha1_base64="BRkj8N4Hy2ADOVZ/t6OkPYKqF0M=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuShJDW3dFNy4r2Ac0sUym03bo5MHMjVpC/sONC0Xc+i/u/BsnbQUVPXDhcM693HuPHwuuwDQ/jKXlldW19cJGcXNre2e3tLffVlEiKWvRSESy6xPFBA9ZCzgI1o0lI4EvWMefXOR+55ZJxaPwGqYx8wIyCvmQUwJaunF9IlMX2D2kkyzrl8pm5axetZ0qNiumWbNsKyd2zTl1sKWVHGW0QLNfencHEU0CFgIVRKmeZcbgpUQCp4JlRTdRLCZ0Qkasp2lIAqa8dHZ1ho+1MsDDSOoKAc/U7xMpCZSaBr7uDAiM1W8vF//yegkM617KwzgBFtL5omEiMEQ4jwAPuGQUxFQTQiXXt2I6JpJQ0EEVdQhfn+L/SduuWGbFunLKjfNFHAV0iI7QCbJQDTXQJWqiFqJIogf0hJ6NO+PReDFe561LxmLmAP2A8fYJwn2TVQ==</latexit><latexit sha1_base64="BRkj8N4Hy2ADOVZ/t6OkPYKqF0M=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuShJDW3dFNy4r2Ac0sUym03bo5MHMjVpC/sONC0Xc+i/u/BsnbQUVPXDhcM693HuPHwuuwDQ/jKXlldW19cJGcXNre2e3tLffVlEiKWvRSESy6xPFBA9ZCzgI1o0lI4EvWMefXOR+55ZJxaPwGqYx8wIyCvmQUwJaunF9IlMX2D2kkyzrl8pm5axetZ0qNiumWbNsKyd2zTl1sKWVHGW0QLNfencHEU0CFgIVRKmeZcbgpUQCp4JlRTdRLCZ0Qkasp2lIAqa8dHZ1ho+1MsDDSOoKAc/U7xMpCZSaBr7uDAiM1W8vF//yegkM617KwzgBFtL5omEiMEQ4jwAPuGQUxFQTQiXXt2I6JpJQ0EEVdQhfn+L/SduuWGbFunLKjfNFHAV0iI7QCbJQDTXQJWqiFqJIogf0hJ6NO+PReDFe561LxmLmAP2A8fYJwn2TVQ==</latexit>

k : pr, ✓nq
<latexit sha1_base64="VLB5klQ8BArnJHgjvmyAfURq73Q=">AAACDnicbVBNS8NAEN34bf2qevSyWAoepCQiKJ5ELx4r2Co0IWy2U7t0s4m7E7GE/AIv/hUvHhTx6tmb/8ZtzUGtDwYe780wMy9KpTDoup/O1PTM7Nz8wmJlaXllda26vtE2SaY5tHgiE30VMQNSKGihQAlXqQYWRxIuo8HpyL+8BW1Eoi5wmEIQs2sleoIztFJYrfsId5gPiiOahrkfM+zrONdFsUt97AOyMFc3RVituQ13DDpJvJLUSIlmWP3wuwnPYlDIJTOm47kpBjnTKLiEouJnBlLGB+waOpYqFoMJ8vE7Ba1bpUt7ibalkI7VnxM5i40ZxpHtHN1r/noj8T+vk2HvMMiFSjMExb8X9TJJMaGjbGhXaOAoh5YwroW9lfI+04yjTbBiQ/D+vjxJ2nsNz2145/u145MyjgWyRbbJDvHIATkmZ6RJWoSTe/JInsmL8+A8Oa/O23frlFPObJJfcN6/AIPXnQU=</latexit><latexit sha1_base64="VLB5klQ8BArnJHgjvmyAfURq73Q=">AAACDnicbVBNS8NAEN34bf2qevSyWAoepCQiKJ5ELx4r2Co0IWy2U7t0s4m7E7GE/AIv/hUvHhTx6tmb/8ZtzUGtDwYe780wMy9KpTDoup/O1PTM7Nz8wmJlaXllda26vtE2SaY5tHgiE30VMQNSKGihQAlXqQYWRxIuo8HpyL+8BW1Eoi5wmEIQs2sleoIztFJYrfsId5gPiiOahrkfM+zrONdFsUt97AOyMFc3RVituQ13DDpJvJLUSIlmWP3wuwnPYlDIJTOm47kpBjnTKLiEouJnBlLGB+waOpYqFoMJ8vE7Ba1bpUt7ibalkI7VnxM5i40ZxpHtHN1r/noj8T+vk2HvMMiFSjMExb8X9TJJMaGjbGhXaOAoh5YwroW9lfI+04yjTbBiQ/D+vjxJ2nsNz2145/u145MyjgWyRbbJDvHIATkmZ6RJWoSTe/JInsmL8+A8Oa/O23frlFPObJJfcN6/AIPXnQU=</latexit><latexit sha1_base64="VLB5klQ8BArnJHgjvmyAfURq73Q=">AAACDnicbVBNS8NAEN34bf2qevSyWAoepCQiKJ5ELx4r2Co0IWy2U7t0s4m7E7GE/AIv/hUvHhTx6tmb/8ZtzUGtDwYe780wMy9KpTDoup/O1PTM7Nz8wmJlaXllda26vtE2SaY5tHgiE30VMQNSKGihQAlXqQYWRxIuo8HpyL+8BW1Eoi5wmEIQs2sleoIztFJYrfsId5gPiiOahrkfM+zrONdFsUt97AOyMFc3RVituQ13DDpJvJLUSIlmWP3wuwnPYlDIJTOm47kpBjnTKLiEouJnBlLGB+waOpYqFoMJ8vE7Ba1bpUt7ibalkI7VnxM5i40ZxpHtHN1r/noj8T+vk2HvMMiFSjMExb8X9TJJMaGjbGhXaOAoh5YwroW9lfI+04yjTbBiQ/D+vjxJ2nsNz2145/u145MyjgWyRbbJDvHIATkmZ6RJWoSTe/JInsmL8+A8Oa/O23frlFPObJJfcN6/AIPXnQU=</latexit><latexit sha1_base64="VLB5klQ8BArnJHgjvmyAfURq73Q=">AAACDnicbVBNS8NAEN34bf2qevSyWAoepCQiKJ5ELx4r2Co0IWy2U7t0s4m7E7GE/AIv/hUvHhTx6tmb/8ZtzUGtDwYe780wMy9KpTDoup/O1PTM7Nz8wmJlaXllda26vtE2SaY5tHgiE30VMQNSKGihQAlXqQYWRxIuo8HpyL+8BW1Eoi5wmEIQs2sleoIztFJYrfsId5gPiiOahrkfM+zrONdFsUt97AOyMFc3RVituQ13DDpJvJLUSIlmWP3wuwnPYlDIJTOm47kpBjnTKLiEouJnBlLGB+waOpYqFoMJ8vE7Ba1bpUt7ibalkI7VnxM5i40ZxpHtHN1r/noj8T+vk2HvMMiFSjMExb8X9TJJMaGjbGhXaOAoh5YwroW9lfI+04yjTbBiQ/D+vjxJ2nsNz2145/u145MyjgWyRbbJDvHIATkmZ6RJWoSTe/JInsmL8+A8Oa/O23frlFPObJJfcN6/AIPXnQU=</latexit>

theory

�model(k̄)
<latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit><latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit><latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit><latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit>

�model(k̄)
<latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit><latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit><latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit><latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit>

�̄model(k)
<latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit>

fbc,k =
<latexit sha1_base64="IOwM4V6gSrNoYzGO56oBMPvVtQs=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKAXoejFYwVrC20Im+2mXbqbhN2NUELAv+LFgyJe/R3e/Ddu2hy0dWBhmHmPNztBwpnSjvNtVZaWV1bXquu1jc2t7R17d+9BxakktE1iHstugBXlLKJtzTSn3URSLAJOO8H4pvA7j1QqFkf3epJQT+BhxEJGsDaSbx+EftYXWI+kyAJyisZ5jq6Qb9edhjMFWiRuSepQouXbX/1BTFJBI004VqrnOon2Miw1I5zmtX6qaILJGA9pz9AIC6q8bBo/R8dGGaAwluZFGk3V3xsZFkpNRGAmi6Rq3ivE/7xeqsNLL2NRkmoakdmhMOVIx6joAg2YpETziSGYSGayIjLCEhNtGquZEtz5Ly+Sh7OG6zTcu/N687qsowqHcAQn4MIFNOEWWtAGAhk8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AFr5lRA=</latexit><latexit sha1_base64="IOwM4V6gSrNoYzGO56oBMPvVtQs=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKAXoejFYwVrC20Im+2mXbqbhN2NUELAv+LFgyJe/R3e/Ddu2hy0dWBhmHmPNztBwpnSjvNtVZaWV1bXquu1jc2t7R17d+9BxakktE1iHstugBXlLKJtzTSn3URSLAJOO8H4pvA7j1QqFkf3epJQT+BhxEJGsDaSbx+EftYXWI+kyAJyisZ5jq6Qb9edhjMFWiRuSepQouXbX/1BTFJBI004VqrnOon2Miw1I5zmtX6qaILJGA9pz9AIC6q8bBo/R8dGGaAwluZFGk3V3xsZFkpNRGAmi6Rq3ivE/7xeqsNLL2NRkmoakdmhMOVIx6joAg2YpETziSGYSGayIjLCEhNtGquZEtz5Ly+Sh7OG6zTcu/N687qsowqHcAQn4MIFNOEWWtAGAhk8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AFr5lRA=</latexit><latexit sha1_base64="IOwM4V6gSrNoYzGO56oBMPvVtQs=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKAXoejFYwVrC20Im+2mXbqbhN2NUELAv+LFgyJe/R3e/Ddu2hy0dWBhmHmPNztBwpnSjvNtVZaWV1bXquu1jc2t7R17d+9BxakktE1iHstugBXlLKJtzTSn3URSLAJOO8H4pvA7j1QqFkf3epJQT+BhxEJGsDaSbx+EftYXWI+kyAJyisZ5jq6Qb9edhjMFWiRuSepQouXbX/1BTFJBI004VqrnOon2Miw1I5zmtX6qaILJGA9pz9AIC6q8bBo/R8dGGaAwluZFGk3V3xsZFkpNRGAmi6Rq3ivE/7xeqsNLL2NRkmoakdmhMOVIx6joAg2YpETziSGYSGayIjLCEhNtGquZEtz5Ly+Sh7OG6zTcu/N687qsowqHcAQn4MIFNOEWWtAGAhk8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AFr5lRA=</latexit><latexit sha1_base64="IOwM4V6gSrNoYzGO56oBMPvVtQs=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieJCSiKAXoejFYwVrC20Im+2mXbqbhN2NUELAv+LFgyJe/R3e/Ddu2hy0dWBhmHmPNztBwpnSjvNtVZaWV1bXquu1jc2t7R17d+9BxakktE1iHstugBXlLKJtzTSn3URSLAJOO8H4pvA7j1QqFkf3epJQT+BhxEJGsDaSbx+EftYXWI+kyAJyisZ5jq6Qb9edhjMFWiRuSepQouXbX/1BTFJBI004VqrnOon2Miw1I5zmtX6qaILJGA9pz9AIC6q8bBo/R8dGGaAwluZFGk3V3xsZFkpNRGAmi6Rq3ivE/7xeqsNLL2NRkmoakdmhMOVIx6joAg2YpETziSGYSGayIjLCEhNtGquZEtz5Ly+Sh7OG6zTcu/N687qsowqHcAQn4MIFNOEWWtAGAhk8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AFr5lRA=</latexit>

·fbc,k
<latexit sha1_base64="dNXAi40VNtfP1zXUvGnSzPewtxA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPEhJRNBj0YvHCrYWmhA2m027dLMbdjdCCcGLf8WLB0W8+iu8+W/ctDlo64OBx3szzMwLU0aVdpxvq7a0vLK6Vl9vbGxube/Yu3s9JTKJSRcLJmQ/RIowyklXU81IP5UEJSEj9+H4uvTvH4hUVPA7PUmJn6AhpzHFSBspsA88HAkN4yD3EqRHMslDfArHRQEDu+m0nCngInEr0gQVOoH95UUCZwnhGjOk1MB1Uu3nSGqKGSkaXqZIivAYDcnAUI4Sovx8+kIBj40SwVhIU1zDqfp7IkeJUpMkNJ3lnWreK8X/vEGm40s/pzzNNOF4tijOGNQClnnAiEqCNZsYgrCk5laIR0girE1qDROCO//yIumdtVyn5d6eN9tXVRx1cAiOwAlwwQVogxvQAV2AwSN4Bq/gzXqyXqx362PWWrOqmX3wB9bnD8SBlwE=</latexit><latexit sha1_base64="dNXAi40VNtfP1zXUvGnSzPewtxA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPEhJRNBj0YvHCrYWmhA2m027dLMbdjdCCcGLf8WLB0W8+iu8+W/ctDlo64OBx3szzMwLU0aVdpxvq7a0vLK6Vl9vbGxube/Yu3s9JTKJSRcLJmQ/RIowyklXU81IP5UEJSEj9+H4uvTvH4hUVPA7PUmJn6AhpzHFSBspsA88HAkN4yD3EqRHMslDfArHRQEDu+m0nCngInEr0gQVOoH95UUCZwnhGjOk1MB1Uu3nSGqKGSkaXqZIivAYDcnAUI4Sovx8+kIBj40SwVhIU1zDqfp7IkeJUpMkNJ3lnWreK8X/vEGm40s/pzzNNOF4tijOGNQClnnAiEqCNZsYgrCk5laIR0girE1qDROCO//yIumdtVyn5d6eN9tXVRx1cAiOwAlwwQVogxvQAV2AwSN4Bq/gzXqyXqx362PWWrOqmX3wB9bnD8SBlwE=</latexit><latexit sha1_base64="dNXAi40VNtfP1zXUvGnSzPewtxA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPEhJRNBj0YvHCrYWmhA2m027dLMbdjdCCcGLf8WLB0W8+iu8+W/ctDlo64OBx3szzMwLU0aVdpxvq7a0vLK6Vl9vbGxube/Yu3s9JTKJSRcLJmQ/RIowyklXU81IP5UEJSEj9+H4uvTvH4hUVPA7PUmJn6AhpzHFSBspsA88HAkN4yD3EqRHMslDfArHRQEDu+m0nCngInEr0gQVOoH95UUCZwnhGjOk1MB1Uu3nSGqKGSkaXqZIivAYDcnAUI4Sovx8+kIBj40SwVhIU1zDqfp7IkeJUpMkNJ3lnWreK8X/vEGm40s/pzzNNOF4tijOGNQClnnAiEqCNZsYgrCk5laIR0girE1qDROCO//yIumdtVyn5d6eN9tXVRx1cAiOwAlwwQVogxvQAV2AwSN4Bq/gzXqyXqx362PWWrOqmX3wB9bnD8SBlwE=</latexit><latexit sha1_base64="dNXAi40VNtfP1zXUvGnSzPewtxA=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IRPEhJRNBj0YvHCrYWmhA2m027dLMbdjdCCcGLf8WLB0W8+iu8+W/ctDlo64OBx3szzMwLU0aVdpxvq7a0vLK6Vl9vbGxube/Yu3s9JTKJSRcLJmQ/RIowyklXU81IP5UEJSEj9+H4uvTvH4hUVPA7PUmJn6AhpzHFSBspsA88HAkN4yD3EqRHMslDfArHRQEDu+m0nCngInEr0gQVOoH95UUCZwnhGjOk1MB1Uu3nSGqKGSkaXqZIivAYDcnAUI4Sovx8+kIBj40SwVhIU1zDqfp7IkeJUpMkNJ3lnWreK8X/vEGm40s/pzzNNOF4tijOGNQClnnAiEqCNZsYgrCk5laIR0girE1qDROCO//yIumdtVyn5d6eN9tXVRx1cAiOwAlwwQVogxvQAV2AwSN4Bq/gzXqyXqx362PWWrOqmX3wB9bnD8SBlwE=</latexit>

=

�̄data,k
<latexit sha1_base64="yJqqhBOV8gcg8OX0V+l3taS4vjM=">AAACB3icdVBNS8NAEN34bf2qehRksQgeJGy0QXsrevFYwarQ1DLZbuvS3STsboQScvPiX/HiQRGv/gVv/hs3tYKKPhh4vDfDzLwwEVwbQt6dicmp6ZnZufnSwuLS8kp5de1cx6mirEljEavLEDQTPGJNw41gl4liIEPBLsLBceFf3DCleRydmWHC2hL6Ee9xCsZKnfJmEILKAs37EvKrLJBgrpXMumBgd5DnnXKFuMSv+R7BxPWJV9svSK12WPV97LlkhAoao9EpvwXdmKaSRYYK0LrlkcS0M1CGU8HyUpBqlgAdQJ+1LI1AMt3ORn/keNsqXdyLla3I4JH6fSIDqfVQhrazuFP/9grxL6+Vmt5hO+NRkhoW0c9FvVRgE+MiFNzlilEjhpYAVdzeiuk1KKDGRleyIXx9iv8n53uuR1zvtFqpH43jmEMbaAvtIA8doDo6QQ3URBTdonv0iJ6cO+fBeXZePlsnnPHMOvoB5/UDt8Cafw==</latexit><latexit sha1_base64="yJqqhBOV8gcg8OX0V+l3taS4vjM=">AAACB3icdVBNS8NAEN34bf2qehRksQgeJGy0QXsrevFYwarQ1DLZbuvS3STsboQScvPiX/HiQRGv/gVv/hs3tYKKPhh4vDfDzLwwEVwbQt6dicmp6ZnZufnSwuLS8kp5de1cx6mirEljEavLEDQTPGJNw41gl4liIEPBLsLBceFf3DCleRydmWHC2hL6Ee9xCsZKnfJmEILKAs37EvKrLJBgrpXMumBgd5DnnXKFuMSv+R7BxPWJV9svSK12WPV97LlkhAoao9EpvwXdmKaSRYYK0LrlkcS0M1CGU8HyUpBqlgAdQJ+1LI1AMt3ORn/keNsqXdyLla3I4JH6fSIDqfVQhrazuFP/9grxL6+Vmt5hO+NRkhoW0c9FvVRgE+MiFNzlilEjhpYAVdzeiuk1KKDGRleyIXx9iv8n53uuR1zvtFqpH43jmEMbaAvtIA8doDo6QQ3URBTdonv0iJ6cO+fBeXZePlsnnPHMOvoB5/UDt8Cafw==</latexit><latexit sha1_base64="yJqqhBOV8gcg8OX0V+l3taS4vjM=">AAACB3icdVBNS8NAEN34bf2qehRksQgeJGy0QXsrevFYwarQ1DLZbuvS3STsboQScvPiX/HiQRGv/gVv/hs3tYKKPhh4vDfDzLwwEVwbQt6dicmp6ZnZufnSwuLS8kp5de1cx6mirEljEavLEDQTPGJNw41gl4liIEPBLsLBceFf3DCleRydmWHC2hL6Ee9xCsZKnfJmEILKAs37EvKrLJBgrpXMumBgd5DnnXKFuMSv+R7BxPWJV9svSK12WPV97LlkhAoao9EpvwXdmKaSRYYK0LrlkcS0M1CGU8HyUpBqlgAdQJ+1LI1AMt3ORn/keNsqXdyLla3I4JH6fSIDqfVQhrazuFP/9grxL6+Vmt5hO+NRkhoW0c9FvVRgE+MiFNzlilEjhpYAVdzeiuk1KKDGRleyIXx9iv8n53uuR1zvtFqpH43jmEMbaAvtIA8doDo6QQ3URBTdonv0iJ6cO+fBeXZePlsnnPHMOvoB5/UDt8Cafw==</latexit><latexit sha1_base64="yJqqhBOV8gcg8OX0V+l3taS4vjM=">AAACB3icdVBNS8NAEN34bf2qehRksQgeJGy0QXsrevFYwarQ1DLZbuvS3STsboQScvPiX/HiQRGv/gVv/hs3tYKKPhh4vDfDzLwwEVwbQt6dicmp6ZnZufnSwuLS8kp5de1cx6mirEljEavLEDQTPGJNw41gl4liIEPBLsLBceFf3DCleRydmWHC2hL6Ee9xCsZKnfJmEILKAs37EvKrLJBgrpXMumBgd5DnnXKFuMSv+R7BxPWJV9svSK12WPV97LlkhAoao9EpvwXdmKaSRYYK0LrlkcS0M1CGU8HyUpBqlgAdQJ+1LI1AMt3ORn/keNsqXdyLla3I4JH6fSIDqfVQhrazuFP/9grxL6+Vmt5hO+NRkhoW0c9FvVRgE+MiFNzlilEjhpYAVdzeiuk1KKDGRleyIXx9iv8n53uuR1zvtFqpH43jmEMbaAvtIA8doDo6QQ3URBTdonv0iJ6cO+fBeXZePlsnnPHMOvoB5/UDt8Cafw==</latexit>

�̄data,k
<latexit sha1_base64="yJqqhBOV8gcg8OX0V+l3taS4vjM=">AAACB3icdVBNS8NAEN34bf2qehRksQgeJGy0QXsrevFYwarQ1DLZbuvS3STsboQScvPiX/HiQRGv/gVv/hs3tYKKPhh4vDfDzLwwEVwbQt6dicmp6ZnZufnSwuLS8kp5de1cx6mirEljEavLEDQTPGJNw41gl4liIEPBLsLBceFf3DCleRydmWHC2hL6Ee9xCsZKnfJmEILKAs37EvKrLJBgrpXMumBgd5DnnXKFuMSv+R7BxPWJV9svSK12WPV97LlkhAoao9EpvwXdmKaSRYYK0LrlkcS0M1CGU8HyUpBqlgAdQJ+1LI1AMt3ORn/keNsqXdyLla3I4JH6fSIDqfVQhrazuFP/9grxL6+Vmt5hO+NRkhoW0c9FvVRgE+MiFNzlilEjhpYAVdzeiuk1KKDGRleyIXx9iv8n53uuR1zvtFqpH43jmEMbaAvtIA8doDo6QQ3URBTdonv0iJ6cO+fBeXZePlsnnPHMOvoB5/UDt8Cafw==</latexit><latexit sha1_base64="yJqqhBOV8gcg8OX0V+l3taS4vjM=">AAACB3icdVBNS8NAEN34bf2qehRksQgeJGy0QXsrevFYwarQ1DLZbuvS3STsboQScvPiX/HiQRGv/gVv/hs3tYKKPhh4vDfDzLwwEVwbQt6dicmp6ZnZufnSwuLS8kp5de1cx6mirEljEavLEDQTPGJNw41gl4liIEPBLsLBceFf3DCleRydmWHC2hL6Ee9xCsZKnfJmEILKAs37EvKrLJBgrpXMumBgd5DnnXKFuMSv+R7BxPWJV9svSK12WPV97LlkhAoao9EpvwXdmKaSRYYK0LrlkcS0M1CGU8HyUpBqlgAdQJ+1LI1AMt3ORn/keNsqXdyLla3I4JH6fSIDqfVQhrazuFP/9grxL6+Vmt5hO+NRkhoW0c9FvVRgE+MiFNzlilEjhpYAVdzeiuk1KKDGRleyIXx9iv8n53uuR1zvtFqpH43jmEMbaAvtIA8doDo6QQ3URBTdonv0iJ6cO+fBeXZePlsnnPHMOvoB5/UDt8Cafw==</latexit><latexit sha1_base64="yJqqhBOV8gcg8OX0V+l3taS4vjM=">AAACB3icdVBNS8NAEN34bf2qehRksQgeJGy0QXsrevFYwarQ1DLZbuvS3STsboQScvPiX/HiQRGv/gVv/hs3tYKKPhh4vDfDzLwwEVwbQt6dicmp6ZnZufnSwuLS8kp5de1cx6mirEljEavLEDQTPGJNw41gl4liIEPBLsLBceFf3DCleRydmWHC2hL6Ee9xCsZKnfJmEILKAs37EvKrLJBgrpXMumBgd5DnnXKFuMSv+R7BxPWJV9svSK12WPV97LlkhAoao9EpvwXdmKaSRYYK0LrlkcS0M1CGU8HyUpBqlgAdQJ+1LI1AMt3ORn/keNsqXdyLla3I4JH6fSIDqfVQhrazuFP/9grxL6+Vmt5hO+NRkhoW0c9FvVRgE+MiFNzlilEjhpYAVdzeiuk1KKDGRleyIXx9iv8n53uuR1zvtFqpH43jmEMbaAvtIA8doDo6QQ3URBTdonv0iJ6cO+fBeXZePlsnnPHMOvoB5/UDt8Cafw==</latexit><latexit sha1_base64="yJqqhBOV8gcg8OX0V+l3taS4vjM=">AAACB3icdVBNS8NAEN34bf2qehRksQgeJGy0QXsrevFYwarQ1DLZbuvS3STsboQScvPiX/HiQRGv/gVv/hs3tYKKPhh4vDfDzLwwEVwbQt6dicmp6ZnZufnSwuLS8kp5de1cx6mirEljEavLEDQTPGJNw41gl4liIEPBLsLBceFf3DCleRydmWHC2hL6Ee9xCsZKnfJmEILKAs37EvKrLJBgrpXMumBgd5DnnXKFuMSv+R7BxPWJV9svSK12WPV97LlkhAoao9EpvwXdmKaSRYYK0LrlkcS0M1CGU8HyUpBqlgAdQJ+1LI1AMt3ORn/keNsqXdyLla3I4JH6fSIDqfVQhrazuFP/9grxL6+Vmt5hO+NRkhoW0c9FvVRgE+MiFNzlilEjhpYAVdzeiuk1KKDGRleyIXx9iv8n53uuR1zvtFqpH43jmEMbaAvtIA8doDo6QQ3URBTdonv0iJ6cO+fBeXZePlsnnPHMOvoB5/UDt8Cafw==</latexit>

k
<latexit sha1_base64="KjgnoDHmFxf0IC05eAMLumU9CYU=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9oHtUDJppg1NMkOSEcrQv3DjQhG3/o07/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjrXMJrNBtebVvTnwKvELUoMCzUH1qz+MaSqZslQQY3q+l9ggI9pyKtis0k8NSwidkBHrOaqIZCbI5oln+MwpQxzF2j1l8Vz9vZERacxUhm4yT2iWvVz8z+ulNroOMq6S1DJFFx9FqcA2xvn5eMg1o1ZMHSFUc5cV0zHRhFpXUsWV4C+fvEraF3Xfq/v3l7XGTVFHGU7gFM7BhytowB00oQUUFDzDK7whg17QO/pYjJZQsXMMf4A+fwAMuJEm</latexit><latexit sha1_base64="KjgnoDHmFxf0IC05eAMLumU9CYU=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9oHtUDJppg1NMkOSEcrQv3DjQhG3/o07/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjrXMJrNBtebVvTnwKvELUoMCzUH1qz+MaSqZslQQY3q+l9ggI9pyKtis0k8NSwidkBHrOaqIZCbI5oln+MwpQxzF2j1l8Vz9vZERacxUhm4yT2iWvVz8z+ulNroOMq6S1DJFFx9FqcA2xvn5eMg1o1ZMHSFUc5cV0zHRhFpXUsWV4C+fvEraF3Xfq/v3l7XGTVFHGU7gFM7BhytowB00oQUUFDzDK7whg17QO/pYjJZQsXMMf4A+fwAMuJEm</latexit><latexit sha1_base64="KjgnoDHmFxf0IC05eAMLumU9CYU=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9oHtUDJppg1NMkOSEcrQv3DjQhG3/o07/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjrXMJrNBtebVvTnwKvELUoMCzUH1qz+MaSqZslQQY3q+l9ggI9pyKtis0k8NSwidkBHrOaqIZCbI5oln+MwpQxzF2j1l8Vz9vZERacxUhm4yT2iWvVz8z+ulNroOMq6S1DJFFx9FqcA2xvn5eMg1o1ZMHSFUc5cV0zHRhFpXUsWV4C+fvEraF3Xfq/v3l7XGTVFHGU7gFM7BhytowB00oQUUFDzDK7whg17QO/pYjJZQsXMMf4A+fwAMuJEm</latexit><latexit sha1_base64="KjgnoDHmFxf0IC05eAMLumU9CYU=">AAAB8XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9oHtUDJppg1NMkOSEcrQv3DjQhG3/o07/8ZMOwttPRA4nHMvOfeEieDGet43Kq2tb2xulbcrO7t7+wfVw6O2iVNNWYvGItbdkBgmuGIty61g3UQzIkPBOuHkNvc7T0wbHqsHO01YIMlI8YhTYp302JfEjrXMJrNBtebVvTnwKvELUoMCzUH1qz+MaSqZslQQY3q+l9ggI9pyKtis0k8NSwidkBHrOaqIZCbI5oln+MwpQxzF2j1l8Vz9vZERacxUhm4yT2iWvVz8z+ulNroOMq6S1DJFFx9FqcA2xvn5eMg1o1ZMHSFUc5cV0zHRhFpXUsWV4C+fvEraF3Xfq/v3l7XGTVFHGU7gFM7BhytowB00oQUUFDzDK7whg17QO/pYjJZQsXMMf4A+fwAMuJEm</latexit>

�̄model(k)
<latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit>

�data
bc,k̄

<latexit sha1_base64="kWFZ3uC+PhMCcrVKeA8keNL8Sbo="></latexit><latexit sha1_base64="kWFZ3uC+PhMCcrVKeA8keNL8Sbo="></latexit><latexit sha1_base64="kWFZ3uC+PhMCcrVKeA8keNL8Sbo="></latexit><latexit sha1_base64="kWFZ3uC+PhMCcrVKeA8keNL8Sbo="></latexit>

�̄model(k)
<latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit>

Bin Centering Corrections

Model cross section evaluated at the averaged kinematic bin

�̄model(k)
<latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit><latexit sha1_base64="JOee3eXNNL3XudV7w9rzCFn1t90="></latexit>

Average (SIMC) model cross section evaluated over a kinematic bin, k

�model(k̄)
<latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit><latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit><latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit><latexit sha1_base64="4rqy3reF+QSHp5Ybe1PoBCgSj4k="></latexit>

�data
bc,k̄

<latexit sha1_base64="kWFZ3uC+PhMCcrVKeA8keNL8Sbo="></latexit><latexit sha1_base64="kWFZ3uC+PhMCcrVKeA8keNL8Sbo="></latexit><latexit sha1_base64="kWFZ3uC+PhMCcrVKeA8keNL8Sbo="></latexit><latexit sha1_base64="kWFZ3uC+PhMCcrVKeA8keNL8Sbo="></latexit>

Bin-center corrected data cross section at kinematic bin, k
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Bin Centering Corrections

x̄k =
⇣P

i wixiP
i wi

⌘

k
<latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="BpQ86q+TdbyX9XKhvntGe8/H3d8=">AAACJHicbVDLSsNAFL2pr1qrRrduBotQNyVxoxtBFMRlBfuApoTJdNIOnTyYmWhLyB+58Ve6EVHET3GSFtHWA3M5nHMvd+7xYs6ksqw3o7S2vrG5Vd6u7FR39/bNg2pbRokgtEUiHomuhyXlLKQtxRSn3VhQHHicdrzxTe53HqmQLAof1DSm/QAPQ+YzgpWWXPPW8bBIJ5mbjjN0iZxrNqw7vsAkdWQSuCnLnvIyyUv2o6FCzIr203zUNWtWwyqAVom9IDVYoOmaM2cQkSSgoSIcS9mzrVj1UywUI5xmFSeRNMZkjIe0p2mIAyr7aXFvhk60MkB+JPQLFSrU3xMpDqScBp7uDLAayWUvF//zeonyL/opC+NE0ZDMF/kJRypCeXhowAQlik81wUQw/VdERlinpXTEFR2CvXzyKmmfNWyrYd9bUIYjOIY62HAOV3AHTWgBgWeYwTt8GC/Gq/E5j6tkLHI7hD8wvr4BWRCprA==</latexit><latexit sha1_base64="BpQ86q+TdbyX9XKhvntGe8/H3d8=">AAACJHicbVDLSsNAFL2pr1qrRrduBotQNyVxoxtBFMRlBfuApoTJdNIOnTyYmWhLyB+58Ve6EVHET3GSFtHWA3M5nHMvd+7xYs6ksqw3o7S2vrG5Vd6u7FR39/bNg2pbRokgtEUiHomuhyXlLKQtxRSn3VhQHHicdrzxTe53HqmQLAof1DSm/QAPQ+YzgpWWXPPW8bBIJ5mbjjN0iZxrNqw7vsAkdWQSuCnLnvIyyUv2o6FCzIr203zUNWtWwyqAVom9IDVYoOmaM2cQkSSgoSIcS9mzrVj1UywUI5xmFSeRNMZkjIe0p2mIAyr7aXFvhk60MkB+JPQLFSrU3xMpDqScBp7uDLAayWUvF//zeonyL/opC+NE0ZDMF/kJRypCeXhowAQlik81wUQw/VdERlinpXTEFR2CvXzyKmmfNWyrYd9bUIYjOIY62HAOV3AHTWgBgWeYwTt8GC/Gq/E5j6tkLHI7hD8wvr4BWRCprA==</latexit><latexit sha1_base64="b7RTnbitGTNdsLNObb/OUC1d4tQ="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit><latexit sha1_base64="E59ngIS9p68eF0dOVkDkEawYl8g="></latexit>

Kinematic bin (e.g. Pm bin 
where cross section is stored)

Averaged kinematic variable x over kinematic bin k

Weight times kinematic variable summed over all events

Sum of the weights over all events

  Currently, Hall C software does NOT do energy loss corrections, therefore, 
        the average kinematics were calculated from vertex quantities in     
        simulation.
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Bin Centering Corrections

Theoretical Model 
(usually a code that 

takes the input)

IN OUT

  Once the averaged kinematics have been calculated, . . .

�̄model ⌘ Y SIMC

V P.S.
<latexit sha1_base64="1XFhLEn+jnFFPa+8ZV8mXjwFDN8="></latexit><latexit sha1_base64="1XFhLEn+jnFFPa+8ZV8mXjwFDN8="></latexit><latexit sha1_base64="1XFhLEn+jnFFPa+8ZV8mXjwFDN8="></latexit><latexit sha1_base64="1XFhLEn+jnFFPa+8ZV8mXjwFDN8="></latexit>

Averaged Model Cross Section 

 Correct the data bin-by-bin using the model cross sections ratio . . .

�exp
bc = �̄exp ·

�model(Ēb, Q̄2, !̄, ✓̄cmpq , �̄pq)

�̄model
<latexit sha1_base64="1MLPqRD6ujyWNCUV7Sj67HmyUt0="></latexit><latexit sha1_base64="1MLPqRD6ujyWNCUV7Sj67HmyUt0="></latexit><latexit sha1_base64="1MLPqRD6ujyWNCUV7Sj67HmyUt0="></latexit><latexit sha1_base64="1MLPqRD6ujyWNCUV7Sj67HmyUt0="></latexit>

�model(Ēb, Q̄2, !̄, ✓̄cmpq , �̄pq)
<latexit sha1_base64="NPFsewhZVjYGloWaWgTFuWFkSKY="></latexit><latexit sha1_base64="NPFsewhZVjYGloWaWgTFuWFkSKY="></latexit><latexit sha1_base64="NPFsewhZVjYGloWaWgTFuWFkSKY="></latexit><latexit sha1_base64="NPFsewhZVjYGloWaWgTFuWFkSKY="></latexit>

x̄ : avg. kinematics
<latexit sha1_base64="gQYZQt5nEqu1HDJ9xJdP6etXn/k=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUhEUFwV3bisYB/QhDKZ3rRDJw9mJqUlZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHPvnXuPn3AmlW1/G6WV1bX1jfJmZWt7Z3fP3D9oyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7wduq3RiAki6MHNUnAC0k/YgGjRGmpax67PhHZOL/GroKxysiob+GhHhbqAirzrlm1LXsGvEycglRRgXrX/HJ7MU1DiBTlRMqOYyfKy4jQ4zjkFTeVkBA6JH3oaBqREKSXzQ7J8alWejiIhX6RwjP1d0dGQiknoa8r9X4DuehNxf+8TqqCKy9jUZIqiOj8oyDlWMV4mgruMQFU8YkmhAqmd8V0QAShSmdX0SE4iycvk+a55diWc39Rrd0UcZTRETpBZ8hBl6iG7lAdNRBFj+gZvaI348l4Md6Nj3lpySh6DtEfGJ8/IiqaCQ==</latexit><latexit sha1_base64="gQYZQt5nEqu1HDJ9xJdP6etXn/k=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUhEUFwV3bisYB/QhDKZ3rRDJw9mJqUlZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHPvnXuPn3AmlW1/G6WV1bX1jfJmZWt7Z3fP3D9oyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7wduq3RiAki6MHNUnAC0k/YgGjRGmpax67PhHZOL/GroKxysiob+GhHhbqAirzrlm1LXsGvEycglRRgXrX/HJ7MU1DiBTlRMqOYyfKy4jQ4zjkFTeVkBA6JH3oaBqREKSXzQ7J8alWejiIhX6RwjP1d0dGQiknoa8r9X4DuehNxf+8TqqCKy9jUZIqiOj8oyDlWMV4mgruMQFU8YkmhAqmd8V0QAShSmdX0SE4iycvk+a55diWc39Rrd0UcZTRETpBZ8hBl6iG7lAdNRBFj+gZvaI348l4Md6Nj3lpySh6DtEfGJ8/IiqaCQ==</latexit><latexit sha1_base64="gQYZQt5nEqu1HDJ9xJdP6etXn/k=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUhEUFwV3bisYB/QhDKZ3rRDJw9mJqUlZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHPvnXuPn3AmlW1/G6WV1bX1jfJmZWt7Z3fP3D9oyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7wduq3RiAki6MHNUnAC0k/YgGjRGmpax67PhHZOL/GroKxysiob+GhHhbqAirzrlm1LXsGvEycglRRgXrX/HJ7MU1DiBTlRMqOYyfKy4jQ4zjkFTeVkBA6JH3oaBqREKSXzQ7J8alWejiIhX6RwjP1d0dGQiknoa8r9X4DuehNxf+8TqqCKy9jUZIqiOj8oyDlWMV4mgruMQFU8YkmhAqmd8V0QAShSmdX0SE4iycvk+a55diWc39Rrd0UcZTRETpBZ8hBl6iG7lAdNRBFj+gZvaI348l4Md6Nj3lpySh6DtEfGJ8/IiqaCQ==</latexit><latexit sha1_base64="gQYZQt5nEqu1HDJ9xJdP6etXn/k=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUhEUFwV3bisYB/QhDKZ3rRDJw9mJqUlZOnGX3HjQhG3foI7/8Zpm4W2Hhg4nHPvnXuPn3AmlW1/G6WV1bX1jfJmZWt7Z3fP3D9oyjgVFBo05rFo+0QCZxE0FFMc2okAEvocWv7wduq3RiAki6MHNUnAC0k/YgGjRGmpax67PhHZOL/GroKxysiob+GhHhbqAirzrlm1LXsGvEycglRRgXrX/HJ7MU1DiBTlRMqOYyfKy4jQ4zjkFTeVkBA6JH3oaBqREKSXzQ7J8alWejiIhX6RwjP1d0dGQiknoa8r9X4DuehNxf+8TqqCKy9jUZIqiOj8oyDlWMV4mgruMQFU8YkmhAqmd8V0QAShSmdX0SE4iycvk+a55diWc39Rrd0UcZTRETpBZ8hBl6iG7lAdNRBFj+gZvaI348l4Md6Nj3lpySh6DtEfGJ8/IiqaCQ==</latexit>
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Error Analysis 
of D(e,e’p)n 

Cross Section
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Estimate of Target Wall Contribution to the D(e,e’p)n Cross Section

 No dedicated target dummy runs were taken for the high missing momentum settings during the experiment

Target wall contributions  Al(e, e’)p show up in the missing energy spectrum

Assume contribution due to target wall is uniform across the missing energy spectrum
 Selected a sample of Al(e, e’)p events from -0.1 to -0.04 GeV and used it to estimate the background  
 underneath the main missing energy peak (-0.02, 0.04 GeV)



Pm
HMS 

Tracking 
Efficiency

sHMS 
Tracking 
Efficiency

Target Boiling 
Correction

Proton 
Absorption 
Correction

Total Live 
Time

Total Charge 
(mC)

80 0.989 0.965 0.958 0.953 0.908 142.140

580 
(set 1) 0.990 0.965 0.960 0.953 0.929 1686.830

580 
(set 2) 0.987 0.964 0.959 0.953 0.929 1931.770

750 
(set 1) 0.988 0.964 0.957 0.953 0.924 5329.490

750 
(set 2) 0.989 0.962 0.956 0.953 0.923 1894.010

750 
(set 3) 0.989 0.962 0.956 0.953 0.924 1083.700

NORMALIZATION  CORRECTION FACTORS for D(e,e’p)n
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  Correction factors were averaged over all runs of individual data sets
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Pm
HMS 

Tracking 
Efficiency Err.

sHMS 
Tracking 

Efficiency Err.

Target Boiling 
Correction Err.

Proton 
Absorption 

Correction Err.

Total Live 
Time Err.

Total Charge 
(mC) Err.

80 0.034% 0.040% 0.378% 0.472% — —

580 
(set 1) 0.396% 0.732% 0.362% 0.472% — —

580 
(set 2) 0.473% 0.583% 0.369% 0.472% — —

750 
(set 1) 0.526% 0.689% 0.384% 0.472% — —

750 
(set 2) 0.467% 0.682% 0.401% 0.472% — —

750 
(set 3) 0.507% 0.729% 0.397% 0.472% — —

ABSOLUTE UNCERTAINTY (%) IN NORMALIZATION  CORRECTION FACTORS for D(e,e’p)n

** Uncertainty on EDTM and  BCM 
is not finalized.  Conservative estimates 
on the relative cross section error were  
made (See next slide)
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�̄exp
corr = �̄exp

uncorr · f1 · f2...fi
<latexit sha1_base64="xRM8HByXLlKqBcOjMFhQHHHro1g="></latexit><latexit sha1_base64="xRM8HByXLlKqBcOjMFhQHHHro1g="></latexit><latexit sha1_base64="xRM8HByXLlKqBcOjMFhQHHHro1g="></latexit><latexit sha1_base64="xRM8HByXLlKqBcOjMFhQHHHro1g="></latexit>

d�̄exp
corr

�̄exp
corr

���
i
=

dfi
fi

<latexit sha1_base64="cJVQ+vigvvmbz8FqPFLHnCo9tNA="></latexit><latexit sha1_base64="cJVQ+vigvvmbz8FqPFLHnCo9tNA="></latexit><latexit sha1_base64="cJVQ+vigvvmbz8FqPFLHnCo9tNA="></latexit><latexit sha1_base64="cJVQ+vigvvmbz8FqPFLHnCo9tNA="></latexit>

SYSTEMATIC UNCERTAINTY ON NORMALIZATION

fi : normalization correction factors
<latexit sha1_base64="pqZSM/WZvEpGhyLYUxoDnSlcGxA=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFRIRFFdFNy4r2Ae0JUymk3boZCbMTMQa8hdu/BU3LhRxqzv/xkmahbYeGDiccy93zgliRpV23W+rsrS8srpWXa9tbG5t79i7e20lEolJCwsmZDdAijDKSUtTzUg3lgRFASOdYHKV+507IhUV/FZPYzKI0IjTkGKkjeTbTuinNLuAfU3udcqFjBCjD4UJsZCS4IKGCGshVebbdddxC8BF4pWkDko0ffurPxQ4iQjXmCGlep4b60GKpKaYkazWTxSJEZ6gEekZylFE1CAtcmXwyChDGAppHtewUH9vpChSahoFZjJCeqzmvVz8z+slOjwfpJTHiSYczw6FCYNawLwkOKR5cDY1BGFJzV8hHiNpSjBV1kwJ3nzkRdI+cTzX8W5O643Lso4qOACH4Bh44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TEbrVjlzj74A+vzB+ipoQE=</latexit><latexit sha1_base64="pqZSM/WZvEpGhyLYUxoDnSlcGxA=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFRIRFFdFNy4r2Ae0JUymk3boZCbMTMQa8hdu/BU3LhRxqzv/xkmahbYeGDiccy93zgliRpV23W+rsrS8srpWXa9tbG5t79i7e20lEolJCwsmZDdAijDKSUtTzUg3lgRFASOdYHKV+507IhUV/FZPYzKI0IjTkGKkjeTbTuinNLuAfU3udcqFjBCjD4UJsZCS4IKGCGshVebbdddxC8BF4pWkDko0ffurPxQ4iQjXmCGlep4b60GKpKaYkazWTxSJEZ6gEekZylFE1CAtcmXwyChDGAppHtewUH9vpChSahoFZjJCeqzmvVz8z+slOjwfpJTHiSYczw6FCYNawLwkOKR5cDY1BGFJzV8hHiNpSjBV1kwJ3nzkRdI+cTzX8W5O643Lso4qOACH4Bh44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TEbrVjlzj74A+vzB+ipoQE=</latexit><latexit sha1_base64="pqZSM/WZvEpGhyLYUxoDnSlcGxA=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFRIRFFdFNy4r2Ae0JUymk3boZCbMTMQa8hdu/BU3LhRxqzv/xkmahbYeGDiccy93zgliRpV23W+rsrS8srpWXa9tbG5t79i7e20lEolJCwsmZDdAijDKSUtTzUg3lgRFASOdYHKV+507IhUV/FZPYzKI0IjTkGKkjeTbTuinNLuAfU3udcqFjBCjD4UJsZCS4IKGCGshVebbdddxC8BF4pWkDko0ffurPxQ4iQjXmCGlep4b60GKpKaYkazWTxSJEZ6gEekZylFE1CAtcmXwyChDGAppHtewUH9vpChSahoFZjJCeqzmvVz8z+slOjwfpJTHiSYczw6FCYNawLwkOKR5cDY1BGFJzV8hHiNpSjBV1kwJ3nzkRdI+cTzX8W5O643Lso4qOACH4Bh44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TEbrVjlzj74A+vzB+ipoQE=</latexit><latexit sha1_base64="pqZSM/WZvEpGhyLYUxoDnSlcGxA=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFRIRFFdFNy4r2Ae0JUymk3boZCbMTMQa8hdu/BU3LhRxqzv/xkmahbYeGDiccy93zgliRpV23W+rsrS8srpWXa9tbG5t79i7e20lEolJCwsmZDdAijDKSUtTzUg3lgRFASOdYHKV+507IhUV/FZPYzKI0IjTkGKkjeTbTuinNLuAfU3udcqFjBCjD4UJsZCS4IKGCGshVebbdddxC8BF4pWkDko0ffurPxQ4iQjXmCGlep4b60GKpKaYkazWTxSJEZ6gEekZylFE1CAtcmXwyChDGAppHtewUH9vpChSahoFZjJCeqzmvVz8z+slOjwfpJTHiSYczw6FCYNawLwkOKR5cDY1BGFJzV8hHiNpSjBV1kwJ3nzkRdI+cTzX8W5O643Lso4qOACH4Bh44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TEbrVjlzj74A+vzB+ipoQE=</latexit>

dfi : error in normalization correction factors
<latexit sha1_base64="3+4AzziCzEnf6F8aUaSuNwmH/go=">AAACIXicbVC7SgNBFJ31GeMramkzGASrsCuCwSpoYxnBPCBZwuzkbjJkdmaZmRXjkl+x8VdsLBRJJ/6Mk80Wmnirwznncu85QcyZNq775aysrq1vbBa2its7u3v7pYPDppaJotCgkkvVDogGzgQ0DDMc2rECEgUcWsHoZqa3HkBpJsW9GcfgR2QgWMgoMZbqlar9sJeyyRXuGng0KSglFWYCC6kiwtlTZsNUKgU0gyGhRio96ZXKbsXNBi8DLwdllE+9V5p2+5ImEQhDOdG647mx8VOiDKMcJsVuoiEmdEQG0LFQkAi0n2YJJ/jUMn0c2t9CKQzO2N8bKYm0HkeBdUbEDPWiNiP/0zqJCat+ykScGBB0fihMODYSz+rCfTYLzscWEKqY/RXTIVG2BFtq0ZbgLUZeBs3ziudWvLuLcu06r6OAjtEJOkMeukQ1dIvqqIEoekav6B19OC/Om/PpTOfWFSffOUJ/xvn+AaKPpQo=</latexit><latexit sha1_base64="3+4AzziCzEnf6F8aUaSuNwmH/go=">AAACIXicbVC7SgNBFJ31GeMramkzGASrsCuCwSpoYxnBPCBZwuzkbjJkdmaZmRXjkl+x8VdsLBRJJ/6Mk80Wmnirwznncu85QcyZNq775aysrq1vbBa2its7u3v7pYPDppaJotCgkkvVDogGzgQ0DDMc2rECEgUcWsHoZqa3HkBpJsW9GcfgR2QgWMgoMZbqlar9sJeyyRXuGng0KSglFWYCC6kiwtlTZsNUKgU0gyGhRio96ZXKbsXNBi8DLwdllE+9V5p2+5ImEQhDOdG647mx8VOiDKMcJsVuoiEmdEQG0LFQkAi0n2YJJ/jUMn0c2t9CKQzO2N8bKYm0HkeBdUbEDPWiNiP/0zqJCat+ykScGBB0fihMODYSz+rCfTYLzscWEKqY/RXTIVG2BFtq0ZbgLUZeBs3ziudWvLuLcu06r6OAjtEJOkMeukQ1dIvqqIEoekav6B19OC/Om/PpTOfWFSffOUJ/xvn+AaKPpQo=</latexit><latexit sha1_base64="3+4AzziCzEnf6F8aUaSuNwmH/go=">AAACIXicbVC7SgNBFJ31GeMramkzGASrsCuCwSpoYxnBPCBZwuzkbjJkdmaZmRXjkl+x8VdsLBRJJ/6Mk80Wmnirwznncu85QcyZNq775aysrq1vbBa2its7u3v7pYPDppaJotCgkkvVDogGzgQ0DDMc2rECEgUcWsHoZqa3HkBpJsW9GcfgR2QgWMgoMZbqlar9sJeyyRXuGng0KSglFWYCC6kiwtlTZsNUKgU0gyGhRio96ZXKbsXNBi8DLwdllE+9V5p2+5ImEQhDOdG647mx8VOiDKMcJsVuoiEmdEQG0LFQkAi0n2YJJ/jUMn0c2t9CKQzO2N8bKYm0HkeBdUbEDPWiNiP/0zqJCat+ykScGBB0fihMODYSz+rCfTYLzscWEKqY/RXTIVG2BFtq0ZbgLUZeBs3ziudWvLuLcu06r6OAjtEJOkMeukQ1dIvqqIEoekav6B19OC/Om/PpTOfWFSffOUJ/xvn+AaKPpQo=</latexit><latexit sha1_base64="3+4AzziCzEnf6F8aUaSuNwmH/go=">AAACIXicbVC7SgNBFJ31GeMramkzGASrsCuCwSpoYxnBPCBZwuzkbjJkdmaZmRXjkl+x8VdsLBRJJ/6Mk80Wmnirwznncu85QcyZNq775aysrq1vbBa2its7u3v7pYPDppaJotCgkkvVDogGzgQ0DDMc2rECEgUcWsHoZqa3HkBpJsW9GcfgR2QgWMgoMZbqlar9sJeyyRXuGng0KSglFWYCC6kiwtlTZsNUKgU0gyGhRio96ZXKbsXNBi8DLwdllE+9V5p2+5ImEQhDOdG647mx8VOiDKMcJsVuoiEmdEQG0LFQkAi0n2YJJ/jUMn0c2t9CKQzO2N8bKYm0HkeBdUbEDPWiNiP/0zqJCat+ykScGBB0fihMODYSz+rCfTYLzscWEKqY/RXTIVG2BFtq0ZbgLUZeBs3ziudWvLuLcu06r6OAjtEJOkMeukQ1dIvqqIEoekav6B19OC/Om/PpTOfWFSffOUJ/xvn+AaKPpQo=</latexit>

Pm
HMS 

Tracking 
Efficiency

sHMS 
Tracking 
Efficiency

Target Boiling 
Correction

Proton 
Absorption 
Correction

Total Live 
Time

Total Charge 
(mC)

Target Wall 
Corrections

Spectrometer 
Acceptance

80 0.0344% 0.0413% 0.3948% 0.4951% 3.0% 2.0% 1.4%

580 
(set 1) 0.3999% 0.7586% 0.3766% 0.4951% 3.0% 2.0% 1.4%

580 
(set 2) 0.4786% 0.6041% 0.3842% 0.4951% 3.0% 2.0% 1.4%

750 
(set 1) 0.5329% 0.7155% 0.4013% 0.4951% 3.0% 2.0% 1.4%

750 
(set 2) 0.4719% 0.7089% 0.4196% 0.4951% 3.0% 2.0% 1.4%

750 
(set 3) 0.5127% 0.7584% 0.4150% 0.4951% 3.0% 2.0% 1.4%

AVG 0.4026% 0.5978% 0.3985% 0.4951% 3.0% 2.0% 1.4%

Relative Systematic Error  (%) on the Cross Section  due to:

added in quadrature for  
overlapping Pm bins

Systematic errors that DO NOT vary are  
added in quadrature as an overall constant 
to the final result

≤ 2.9 %

≤ 2.9 %

≤ 2.9 %

≤ 2.9 %

≤ 2.9 %

≤ 2.9 %

≤ 2.9 %
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SPECTROMETER KINEMATIC SYSTEMATIC UNCERTAINTIES on D(e,e’p)n

Kinematic uncertainties are due to our limited knowledge of the beam, spectrometer momenta and angles. 
Each of these uncertainties affects our knowledge of the cross section, since the cross section depends 
on these kinematics 
 
The kinematic uncertainties are point-to-point which means they vary depending for each data point, as each 
corresponds to a different missing momentum kinematic bin. 

The tables of the PWIA Laget Cross section derivatives with respect to the kinematic variables were used 

Max.  Kin. Systematic 
Error on Cross 
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Covariance Errors
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Uncertainty in SHMS angle

Uncertainty in HMS angle

Uncertainty in SHMS momentum

Uncertainty in Beam Energy

Determined from 
fit to H(e,e’p) coincidence  
elastic data. 
(See DOC DB link HERE!)
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dσkin
exp

±0.17

±0.24

±9.1 × 10−4

±7.5 × 104

≤ 6.5 %

https://hallcweb.jlab.org/DocDB/0010/001036/002/HC_SoftwareMeeting_Oct03_2019_pdf.pdf
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D(e,e’p)n Cross Section Relative Errors Summary Plots

✓nq = 35± 5o
<latexit sha1_base64="Shjivpg8imgM3t8SP4avBKNdVfc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieCqJWvQiFL14rGA/oIlhs922SzebuDsRSszBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFMWcKbPvbKCwsLi2vFFdLa+sbm1vm9k5TRYkktEEiHsl2gBXlTNAGMOC0HUuKw4DTVjC8GvutByoVi8QtjGLqhbgvWI8RDFryzT0XBhSwn4r77OKk6sZh9S6NMt8s2xV7AmueODkpoxx13/xyuxFJQiqAcKxUx7Fj8FIsgRFOs5KbKBpjMsR92tFU4JAqL53cn1mHWulavUjqEmBN1N8TKQ6VGoWB7gwxDNSsNxb/8zoJ9M69lIk4ASrIdFEv4RZE1jgMq8skJcBHmmAimb7VIgMsMQEdWUmH4My+PE+axxXHrjg3p+XaZR5HEe2jA3SEHHSGauga1VEDEfSIntErejOejBfj3fiYthaMfGYX/YHx+QPuWpYH</latexit><latexit sha1_base64="Shjivpg8imgM3t8SP4avBKNdVfc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieCqJWvQiFL14rGA/oIlhs922SzebuDsRSszBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFMWcKbPvbKCwsLi2vFFdLa+sbm1vm9k5TRYkktEEiHsl2gBXlTNAGMOC0HUuKw4DTVjC8GvutByoVi8QtjGLqhbgvWI8RDFryzT0XBhSwn4r77OKk6sZh9S6NMt8s2xV7AmueODkpoxx13/xyuxFJQiqAcKxUx7Fj8FIsgRFOs5KbKBpjMsR92tFU4JAqL53cn1mHWulavUjqEmBN1N8TKQ6VGoWB7gwxDNSsNxb/8zoJ9M69lIk4ASrIdFEv4RZE1jgMq8skJcBHmmAimb7VIgMsMQEdWUmH4My+PE+axxXHrjg3p+XaZR5HEe2jA3SEHHSGauga1VEDEfSIntErejOejBfj3fiYthaMfGYX/YHx+QPuWpYH</latexit><latexit sha1_base64="Shjivpg8imgM3t8SP4avBKNdVfc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieCqJWvQiFL14rGA/oIlhs922SzebuDsRSszBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFMWcKbPvbKCwsLi2vFFdLa+sbm1vm9k5TRYkktEEiHsl2gBXlTNAGMOC0HUuKw4DTVjC8GvutByoVi8QtjGLqhbgvWI8RDFryzT0XBhSwn4r77OKk6sZh9S6NMt8s2xV7AmueODkpoxx13/xyuxFJQiqAcKxUx7Fj8FIsgRFOs5KbKBpjMsR92tFU4JAqL53cn1mHWulavUjqEmBN1N8TKQ6VGoWB7gwxDNSsNxb/8zoJ9M69lIk4ASrIdFEv4RZE1jgMq8skJcBHmmAimb7VIgMsMQEdWUmH4My+PE+axxXHrjg3p+XaZR5HEe2jA3SEHHSGauga1VEDEfSIntErejOejBfj3fiYthaMfGYX/YHx+QPuWpYH</latexit><latexit sha1_base64="Shjivpg8imgM3t8SP4avBKNdVfc=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EieCqJWvQiFL14rGA/oIlhs922SzebuDsRSszBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFMWcKbPvbKCwsLi2vFFdLa+sbm1vm9k5TRYkktEEiHsl2gBXlTNAGMOC0HUuKw4DTVjC8GvutByoVi8QtjGLqhbgvWI8RDFryzT0XBhSwn4r77OKk6sZh9S6NMt8s2xV7AmueODkpoxx13/xyuxFJQiqAcKxUx7Fj8FIsgRFOs5KbKBpjMsR92tFU4JAqL53cn1mHWulavUjqEmBN1N8TKQ6VGoWB7gwxDNSsNxb/8zoJ9M69lIk4ASrIdFEv4RZE1jgMq8skJcBHmmAimb7VIgMsMQEdWUmH4My+PE+axxXHrjg3p+XaZR5HEe2jA3SEHHSGauga1VEDEfSIntErejOejBfj3fiYthaMfGYX/YHx+QPuWpYH</latexit>
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✓nq = 45± 5o
<latexit sha1_base64="H9N4ESvxsjGaDzCXwlUFy+tzeZU=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiLboRim5cVrAPaGKYTCft0MkkztwIJWbhr7hxoYhbf8Odf+P0sdDWAxcO59zLvfcECWcKbPvbKCwtr6yuFddLG5tb2zvm7l5LxakktEliHstOgBXlTNAmMOC0k0iKo4DTdjC8GvvtByoVi8UtjBLqRbgvWMgIBi355oELAwrYz8R9flGtuUlUu8vi3DfLdsWewFokzoyU0QwN3/xyezFJIyqAcKxU17ET8DIsgRFO85KbKppgMsR92tVU4IgqL5vcn1vHWulZYSx1CbAm6u+JDEdKjaJAd0YYBmreG4v/ed0UwnMvYyJJgQoyXRSm3ILYGodh9ZikBPhIE0wk07daZIAlJqAjK+kQnPmXF0nrtOLYFeemWq5fzuIookN0hE6Qg85QHV2jBmoigh7RM3pFb8aT8WK8Gx/T1oIxm9lHf2B8/gDv55YI</latexit><latexit sha1_base64="H9N4ESvxsjGaDzCXwlUFy+tzeZU=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiLboRim5cVrAPaGKYTCft0MkkztwIJWbhr7hxoYhbf8Odf+P0sdDWAxcO59zLvfcECWcKbPvbKCwtr6yuFddLG5tb2zvm7l5LxakktEliHstOgBXlTNAmMOC0k0iKo4DTdjC8GvvtByoVi8UtjBLqRbgvWMgIBi355oELAwrYz8R9flGtuUlUu8vi3DfLdsWewFokzoyU0QwN3/xyezFJIyqAcKxU17ET8DIsgRFO85KbKppgMsR92tVU4IgqL5vcn1vHWulZYSx1CbAm6u+JDEdKjaJAd0YYBmreG4v/ed0UwnMvYyJJgQoyXRSm3ILYGodh9ZikBPhIE0wk07daZIAlJqAjK+kQnPmXF0nrtOLYFeemWq5fzuIookN0hE6Qg85QHV2jBmoigh7RM3pFb8aT8WK8Gx/T1oIxm9lHf2B8/gDv55YI</latexit><latexit sha1_base64="H9N4ESvxsjGaDzCXwlUFy+tzeZU=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiLboRim5cVrAPaGKYTCft0MkkztwIJWbhr7hxoYhbf8Odf+P0sdDWAxcO59zLvfcECWcKbPvbKCwtr6yuFddLG5tb2zvm7l5LxakktEliHstOgBXlTNAmMOC0k0iKo4DTdjC8GvvtByoVi8UtjBLqRbgvWMgIBi355oELAwrYz8R9flGtuUlUu8vi3DfLdsWewFokzoyU0QwN3/xyezFJIyqAcKxU17ET8DIsgRFO85KbKppgMsR92tVU4IgqL5vcn1vHWulZYSx1CbAm6u+JDEdKjaJAd0YYBmreG4v/ed0UwnMvYyJJgQoyXRSm3ILYGodh9ZikBPhIE0wk07daZIAlJqAjK+kQnPmXF0nrtOLYFeemWq5fzuIookN0hE6Qg85QHV2jBmoigh7RM3pFb8aT8WK8Gx/T1oIxm9lHf2B8/gDv55YI</latexit><latexit sha1_base64="H9N4ESvxsjGaDzCXwlUFy+tzeZU=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiLboRim5cVrAPaGKYTCft0MkkztwIJWbhr7hxoYhbf8Odf+P0sdDWAxcO59zLvfcECWcKbPvbKCwtr6yuFddLG5tb2zvm7l5LxakktEliHstOgBXlTNAmMOC0k0iKo4DTdjC8GvvtByoVi8UtjBLqRbgvWMgIBi355oELAwrYz8R9flGtuUlUu8vi3DfLdsWewFokzoyU0QwN3/xyezFJIyqAcKxU17ET8DIsgRFO85KbKppgMsR92tVU4IgqL5vcn1vHWulZYSx1CbAm6u+JDEdKjaJAd0YYBmreG4v/ed0UwnMvYyJJgQoyXRSm3ILYGodh9ZikBPhIE0wk07daZIAlJqAjK+kQnPmXF0nrtOLYFeemWq5fzuIookN0hE6Qg85QHV2jBmoigh7RM3pFb8aT8WK8Gx/T1oIxm9lHf2B8/gDv55YI</latexit>

D(e,e’p)n Cross Section Relative Errors Summary Plots
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D(e,e’p)n Cross Section Relative Errors Summary Plots

✓nq = 75± 5�
<latexit sha1_base64="RDQYvWATgqGLtarfTqJJkmfR8Uk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnEUjdC0Y3LCvYBTSyT6bQdOpnEmRuhhGzc+CtuXCji1n9w5984fSy09cCFwzn3cu89QSy4Bsf5tnJLyyura/n1wsbm1vaOvbvX0FGiKKvTSESqFRDNBJesDhwEa8WKkTAQrBkMr8Z+84EpzSN5C6OY+SHpS97jlICROvahBwMGpJPK+wxf4ErZi8PyXepRrmjWsYtOyZkALxJ3RopohlrH/vK6EU1CJoEKonXbdWLwU6KAU8GygpdoFhM6JH3WNlSSkGk/nXyR4WOjdHEvUqYk4In6eyIlodajMDCdIYGBnvfG4n9eO4HeuZ9yGSfAJJ0u6iUCQ4THkeAuV4yCGBlCqOLmVkwHRBEKJriCCcGdf3mRNE5LrlNyb86K1ctZHHl0gI7QCXJRBVXRNaqhOqLoET2jV/RmPVkv1rv1MW3NWbOZffQH1ucPwUaYFQ==</latexit><latexit sha1_base64="RDQYvWATgqGLtarfTqJJkmfR8Uk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnEUjdC0Y3LCvYBTSyT6bQdOpnEmRuhhGzc+CtuXCji1n9w5984fSy09cCFwzn3cu89QSy4Bsf5tnJLyyura/n1wsbm1vaOvbvX0FGiKKvTSESqFRDNBJesDhwEa8WKkTAQrBkMr8Z+84EpzSN5C6OY+SHpS97jlICROvahBwMGpJPK+wxf4ErZi8PyXepRrmjWsYtOyZkALxJ3RopohlrH/vK6EU1CJoEKonXbdWLwU6KAU8GygpdoFhM6JH3WNlSSkGk/nXyR4WOjdHEvUqYk4In6eyIlodajMDCdIYGBnvfG4n9eO4HeuZ9yGSfAJJ0u6iUCQ4THkeAuV4yCGBlCqOLmVkwHRBEKJriCCcGdf3mRNE5LrlNyb86K1ctZHHl0gI7QCXJRBVXRNaqhOqLoET2jV/RmPVkv1rv1MW3NWbOZffQH1ucPwUaYFQ==</latexit><latexit sha1_base64="RDQYvWATgqGLtarfTqJJkmfR8Uk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnEUjdC0Y3LCvYBTSyT6bQdOpnEmRuhhGzc+CtuXCji1n9w5984fSy09cCFwzn3cu89QSy4Bsf5tnJLyyura/n1wsbm1vaOvbvX0FGiKKvTSESqFRDNBJesDhwEa8WKkTAQrBkMr8Z+84EpzSN5C6OY+SHpS97jlICROvahBwMGpJPK+wxf4ErZi8PyXepRrmjWsYtOyZkALxJ3RopohlrH/vK6EU1CJoEKonXbdWLwU6KAU8GygpdoFhM6JH3WNlSSkGk/nXyR4WOjdHEvUqYk4In6eyIlodajMDCdIYGBnvfG4n9eO4HeuZ9yGSfAJJ0u6iUCQ4THkeAuV4yCGBlCqOLmVkwHRBEKJriCCcGdf3mRNE5LrlNyb86K1ctZHHl0gI7QCXJRBVXRNaqhOqLoET2jV/RmPVkv1rv1MW3NWbOZffQH1ucPwUaYFQ==</latexit><latexit sha1_base64="RDQYvWATgqGLtarfTqJJkmfR8Uk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUnEUjdC0Y3LCvYBTSyT6bQdOpnEmRuhhGzc+CtuXCji1n9w5984fSy09cCFwzn3cu89QSy4Bsf5tnJLyyura/n1wsbm1vaOvbvX0FGiKKvTSESqFRDNBJesDhwEa8WKkTAQrBkMr8Z+84EpzSN5C6OY+SHpS97jlICROvahBwMGpJPK+wxf4ErZi8PyXepRrmjWsYtOyZkALxJ3RopohlrH/vK6EU1CJoEKonXbdWLwU6KAU8GygpdoFhM6JH3WNlSSkGk/nXyR4WOjdHEvUqYk4In6eyIlodajMDCdIYGBnvfG4n9eO4HeuZ9yGSfAJJ0u6iUCQ4THkeAuV4yCGBlCqOLmVkwHRBEKJriCCcGdf3mRNE5LrlNyb86K1ctZHHl0gI7QCXJRBVXRNaqhOqLoET2jV/RmPVkv1rv1MW3NWbOZffQH1ucPwUaYFQ==</latexit>
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From Theoretical Potentials 
to Theoretical Cross Sections 

How are the theoretical cross sections  
determined from an NN potential ?
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NN theoretical potential
Elastic nn, pp, np 

scattering data
VNN

<latexit sha1_base64="YvUXU7WzruIjMZDvqg8BDvQAJTk=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IRPJVEBD0WvXgqFWwttCFstpt26WYTdjdCDfklXjwo4tWf4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3duv2weHPRWnktAuiXks+wFWlDNBu5ppTvuJpDgKOH0IpjeF//BIpWKxuNezhHoRHgsWMoK1kXy73vOzYYT1REZZu53nvt1wms4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysnnwHJ0aZYTCWJonNJqrvzcyHCk1iwIzWWRUy14h/ucNUh1eeRkTSaqpIItDYcqRjlHRAhoxSYnmM0MwkcxkRWSCJSbadFUzJbjLX14lvfOm6zTdu4tG67qsowrHcAJn4MIltOAWOtAFAik8wyu8WU/Wi/VufSxGK1a5cwR/YH3+ACmmk2c=</latexit><latexit sha1_base64="YvUXU7WzruIjMZDvqg8BDvQAJTk=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IRPJVEBD0WvXgqFWwttCFstpt26WYTdjdCDfklXjwo4tWf4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3duv2weHPRWnktAuiXks+wFWlDNBu5ppTvuJpDgKOH0IpjeF//BIpWKxuNezhHoRHgsWMoK1kXy73vOzYYT1REZZu53nvt1wms4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysnnwHJ0aZYTCWJonNJqrvzcyHCk1iwIzWWRUy14h/ucNUh1eeRkTSaqpIItDYcqRjlHRAhoxSYnmM0MwkcxkRWSCJSbadFUzJbjLX14lvfOm6zTdu4tG67qsowrHcAJn4MIltOAWOtAFAik8wyu8WU/Wi/VufSxGK1a5cwR/YH3+ACmmk2c=</latexit><latexit sha1_base64="YvUXU7WzruIjMZDvqg8BDvQAJTk=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IRPJVEBD0WvXgqFWwttCFstpt26WYTdjdCDfklXjwo4tWf4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3duv2weHPRWnktAuiXks+wFWlDNBu5ppTvuJpDgKOH0IpjeF//BIpWKxuNezhHoRHgsWMoK1kXy73vOzYYT1REZZu53nvt1wms4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysnnwHJ0aZYTCWJonNJqrvzcyHCk1iwIzWWRUy14h/ucNUh1eeRkTSaqpIItDYcqRjlHRAhoxSYnmM0MwkcxkRWSCJSbadFUzJbjLX14lvfOm6zTdu4tG67qsowrHcAJn4MIltOAWOtAFAik8wyu8WU/Wi/VufSxGK1a5cwR/YH3+ACmmk2c=</latexit><latexit sha1_base64="YvUXU7WzruIjMZDvqg8BDvQAJTk=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IRPJVEBD0WvXgqFWwttCFstpt26WYTdjdCDfklXjwo4tWf4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3duv2weHPRWnktAuiXks+wFWlDNBu5ppTvuJpDgKOH0IpjeF//BIpWKxuNezhHoRHgsWMoK1kXy73vOzYYT1REZZu53nvt1wms4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysnnwHJ0aZYTCWJonNJqrvzcyHCk1iwIzWWRUy14h/ucNUh1eeRkTSaqpIItDYcqRjlHRAhoxSYnmM0MwkcxkRWSCJSbadFUzJbjLX14lvfOm6zTdu4tG67qsowrHcAJn4MIltOAWOtAFAik8wyu8WU/Wi/VufSxGK1a5cwR/YH3+ACmmk2c=</latexit>

Nuclear wave function,  (~r)
<latexit sha1_base64="vJa4h2GRs+hDnaCXZbgrp0409Mk=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbabt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVKNgktsGG4EthOFNAoFtsLR3cxvjVFpHstHM0kwiOhA8j5n1Fgp8BPNK/4YWaamF91S2a26c5BV4uWkDDnq3dKX34tZGqE0TFCtO56bmCCjynAmcFr0U40JZSM6wI6lkkaog2x+9JScW6VH+rGyJQ2Zq78nMhppPYlC2xlRM9TL3kz8z+ukpn8TZFwmqUHJFov6qSAmJrMESI8rZEZMLKFMcXsrYUOqKDM2p6INwVt+eZU0L6ueW/Uersq12zyOApzCGVTAg2uowT3UoQEMnuAZXuHNGTsvzrvzsWhdc/KZE/gD5/MHmbaR+Q==</latexit><latexit sha1_base64="vJa4h2GRs+hDnaCXZbgrp0409Mk=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbabt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVKNgktsGG4EthOFNAoFtsLR3cxvjVFpHstHM0kwiOhA8j5n1Fgp8BPNK/4YWaamF91S2a26c5BV4uWkDDnq3dKX34tZGqE0TFCtO56bmCCjynAmcFr0U40JZSM6wI6lkkaog2x+9JScW6VH+rGyJQ2Zq78nMhppPYlC2xlRM9TL3kz8z+ukpn8TZFwmqUHJFov6qSAmJrMESI8rZEZMLKFMcXsrYUOqKDM2p6INwVt+eZU0L6ueW/Uersq12zyOApzCGVTAg2uowT3UoQEMnuAZXuHNGTsvzrvzsWhdc/KZE/gD5/MHmbaR+Q==</latexit><latexit sha1_base64="vJa4h2GRs+hDnaCXZbgrp0409Mk=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbabt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVKNgktsGG4EthOFNAoFtsLR3cxvjVFpHstHM0kwiOhA8j5n1Fgp8BPNK/4YWaamF91S2a26c5BV4uWkDDnq3dKX34tZGqE0TFCtO56bmCCjynAmcFr0U40JZSM6wI6lkkaog2x+9JScW6VH+rGyJQ2Zq78nMhppPYlC2xlRM9TL3kz8z+ukpn8TZFwmqUHJFov6qSAmJrMESI8rZEZMLKFMcXsrYUOqKDM2p6INwVt+eZU0L6ueW/Uersq12zyOApzCGVTAg2uowT3UoQEMnuAZXuHNGTsvzrvzsWhdc/KZE/gD5/MHmbaR+Q==</latexit><latexit sha1_base64="vJa4h2GRs+hDnaCXZbgrp0409Mk=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbabt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemAiujet+O2vrG5tb24Wd4u7e/sFh6ei4qeNUMWywWMSqHVKNgktsGG4EthOFNAoFtsLR3cxvjVFpHstHM0kwiOhA8j5n1Fgp8BPNK/4YWaamF91S2a26c5BV4uWkDDnq3dKX34tZGqE0TFCtO56bmCCjynAmcFr0U40JZSM6wI6lkkaog2x+9JScW6VH+rGyJQ2Zq78nMhppPYlC2xlRM9TL3kz8z+ukpn8TZFwmqUHJFov6qSAmJrMESI8rZEZMLKFMcXsrYUOqKDM2p6INwVt+eZU0L6ueW/Uersq12zyOApzCGVTAg2uowT3UoQEMnuAZXuHNGTsvzrvzsWhdc/KZE/gD5/MHmbaR+Q==</latexit>

d5�

dE0d⌦ed⌦p
/ | <  p, n|Atot| D > |2

<latexit sha1_base64="ahnpSWrmQiTnvCKPKuQj9ymcSjw="></latexit><latexit sha1_base64="ahnpSWrmQiTnvCKPKuQj9ymcSjw="></latexit><latexit sha1_base64="ahnpSWrmQiTnvCKPKuQj9ymcSjw="></latexit><latexit sha1_base64="ahnpSWrmQiTnvCKPKuQj9ymcSjw="></latexit>

total 
transition 
amplitude

np final  state 
wave function

initial state  
wave function

Paris,  CD-Bonn, AV18, WJC2, …

Theoretical 
Calculations

J.M. Laget  
Paris (Galster)

M. M. Sargsian 
CD-Bonn (JJK) 
AV18 (JJK)

S. Jeschonnek and  
J.W.V. Orden 
WJC2         (GKex05) 
CD-Bonn   (GKex05) 
AV18          (GKex05)  

WJC2         (AMT) 
CD-Bonn   (AMT) 
AV18          (AMT)

Nucleon form factor parametrization 
e.g., Galster, JJK, GKex05, AMT

np data parametrization for  
FSI calculations 
e.g., SAID, Regge

“5-fold  theoretical differential cross section 
for the deuteron”

J.M. Laget, Phys. Lett. B609, 49 (2005)

M.M. Sargsian, Phys. Rev. C82, 014612 (2010)

W.P. Ford, S. Jeschonnek and J.W.V. Orden, Phys. Rev. C90, 064006 (2014)

<  p, n|Atot| D >=<  p, n|APWBA| D > + <  p, n|AFSI| D >

+ <  p, n|AMEC| D > + <  p, n|AIC| D >
<latexit sha1_base64="jH7eUnOJZqZfj4Fekt28OGqxvYo="></latexit><latexit sha1_base64="jH7eUnOJZqZfj4Fekt28OGqxvYo="></latexit><latexit sha1_base64="jH7eUnOJZqZfj4Fekt28OGqxvYo="></latexit><latexit sha1_base64="jH7eUnOJZqZfj4Fekt28OGqxvYo="></latexit>

Construction of NN potential 
(by theory groups)

Theoretical cross-section 
calculations from NN wave function

https://www.sciencedirect.com/science/article/pii/S0370269305001139?via=ihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.82.014612
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.90.064006
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Theoretical Calculations by M. Sargsian
 Effective Feynman Diagrammatic Approach  (calculate scattering amplitudes)

Scattering amplitudes are calculated using the Generalized Eikonal Approximation (GEA)   
at high  ( ) under the assumptions of the Virtual Nucleon ApproximationQ2 > 1 (GeV/c)2

[M.M. Sargsian, Phys. Rev. C82, 014612 (2010)]

PWIA direct FSI

Charge-Exchange 
FSI IC

Feynman diagrams under GEA

 resonance production  
suppressed at Bjorken-x > 1

Δ

Scattering Amplitude determined within GEA

Initial (d) and final (np)  
spin projections of deuteron

total 
transition 
amplitude PWIA direct FSI

Charge-exchange FSI

Total E.M. current operator  
( on-shell + off-shell components)

  Non-factorization effects 
  Off-shell FSI re-scattering effets 
  Charge-exchange re-scattering effects 
  Off-shell electromagnetic interaction effects

Effects included in the amplitude calculations

d5�

dE0d⌦ed⌦p
/ | < sf , sr|Aµ|sd > |2

<latexit sha1_base64="RP9ENlOeGSb8VEA2uFe9OiPggCI="></latexit><latexit sha1_base64="RP9ENlOeGSb8VEA2uFe9OiPggCI="></latexit><latexit sha1_base64="RP9ENlOeGSb8VEA2uFe9OiPggCI="></latexit><latexit sha1_base64="RP9ENlOeGSb8VEA2uFe9OiPggCI="></latexit>

General Solution to 
Bethe-Salpeter 

Equation

transition vertex  
(Deuteron to np)

Wave function used for numerical estimates

For the E12-10-003:  AV18 and CD-Bonn wave functions were 
used in the calculations

Ref: M. Sargsian and M. Strikman, Phys. Lett. B 639, 223 (2006).

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.82.014612


76

Theoretical Calculations by J.M. Laget
 Laget Diagrammatic Approach  (calculate scattering amplitudes)

Scattering amplitudes are calculated using the Laget diagrammatic approach 
which takes into account the full kinematics from the beginning of the calculations 
See Ref. 

[J.M. Laget, Phys. Lett. B609, 49 (2005)]

[J.M. Laget, Phys. Rep. 69 (1981) 1]

<  p, n|Atot| D > =<  p, n|APWIA| D > + <  p, n|AFSI| D > +

<  p, n|AMEC| D > + <  p, n|AIC| D >
<latexit sha1_base64="n3CqqyDS72JAXvZ1WZ3GndFpWX8="></latexit><latexit sha1_base64="n3CqqyDS72JAXvZ1WZ3GndFpWX8="></latexit><latexit sha1_base64="n3CqqyDS72JAXvZ1WZ3GndFpWX8="></latexit><latexit sha1_base64="n3CqqyDS72JAXvZ1WZ3GndFpWX8="></latexit>

Scattering Amplitude from Laget Diagrammatic Approach

 J.M. Laget Predictions on FSI

 Laget FSI calculations agree with GEA  
prediction of re-scattering peak at ~70 deg

 Laget calculations accounts for relativistic 
effects of the bound nucleons from the beginning 
of the calculations 

Glauber  Eikonal Approximation: recoil effects are neglected (stationary 
 bound nucleon) and FSI peak stays at neutron recoil  angles ~90 deg

Generalized Eikonal Approximation: Accounts for the relativistic effects  
of bound nucleons and predicts FSI peak at neutron recoil angles of ~ 70 deg.

M. Sargsian (GEA) Predictions on FSI

2H(e, e′ p)n
Q2 = 2.35 GeV2

Ee = 4.7GeV
<latexit sha1_base64="Ou4prSjcMxenCIKq4LOLHhqa0Ak="></latexit><latexit sha1_base64="Ou4prSjcMxenCIKq4LOLHhqa0Ak="></latexit><latexit sha1_base64="Ou4prSjcMxenCIKq4LOLHhqa0Ak="></latexit><latexit sha1_base64="Ou4prSjcMxenCIKq4LOLHhqa0Ak="></latexit>

R =
�PWIA+FSI

�PWIA
<latexit sha1_base64="XXzEOFvI7kck1fuzABCSyB1mbmE=">AAACInicbVDJSgNBEO2JW4zbqEcvjUEQhDAjgnoQooKYW1yyQCaEnk5P0qRnobtGDMN8ixd/xYsHRT0Jfoyd5aBJHhQ83quiqp4bCa7Asr6NzNz8wuJSdjm3srq2vmFublVVGEvKKjQUoay7RDHBA1YBDoLVI8mI7wpWc3uXA7/2wKTiYXAP/Yg1fdIJuMcpAS21zNNbfIYdTxKaOIp3fNJKHGCPkJRrpfODq7tSmqYzHK22zLxVsIbA08Qekzwao9wyP512SGOfBUAFUaphWxE0EyKBU8HSnBMrFhHaIx3W0DQgPlPNZPhiive00sZeKHUFgIfq34mE+Er1fVd3+gS6atIbiLO8RgzeSTPhQRQDC+hokRcLDCEe5IXbXDIKoq8JoZLrWzHtEp0X6FRzOgR78uVpUj0s2FbBvjnKFy/GcWTRDtpF+8hGx6iIrlEZVRBFT+gFvaF349l4NT6Mr1FrxhjPbKN/MH5+AUL0pMU=</latexit><latexit sha1_base64="XXzEOFvI7kck1fuzABCSyB1mbmE=">AAACInicbVDJSgNBEO2JW4zbqEcvjUEQhDAjgnoQooKYW1yyQCaEnk5P0qRnobtGDMN8ixd/xYsHRT0Jfoyd5aBJHhQ83quiqp4bCa7Asr6NzNz8wuJSdjm3srq2vmFublVVGEvKKjQUoay7RDHBA1YBDoLVI8mI7wpWc3uXA7/2wKTiYXAP/Yg1fdIJuMcpAS21zNNbfIYdTxKaOIp3fNJKHGCPkJRrpfODq7tSmqYzHK22zLxVsIbA08Qekzwao9wyP512SGOfBUAFUaphWxE0EyKBU8HSnBMrFhHaIx3W0DQgPlPNZPhiive00sZeKHUFgIfq34mE+Er1fVd3+gS6atIbiLO8RgzeSTPhQRQDC+hokRcLDCEe5IXbXDIKoq8JoZLrWzHtEp0X6FRzOgR78uVpUj0s2FbBvjnKFy/GcWTRDtpF+8hGx6iIrlEZVRBFT+gFvaF349l4NT6Mr1FrxhjPbKN/MH5+AUL0pMU=</latexit><latexit sha1_base64="XXzEOFvI7kck1fuzABCSyB1mbmE=">AAACInicbVDJSgNBEO2JW4zbqEcvjUEQhDAjgnoQooKYW1yyQCaEnk5P0qRnobtGDMN8ixd/xYsHRT0Jfoyd5aBJHhQ83quiqp4bCa7Asr6NzNz8wuJSdjm3srq2vmFublVVGEvKKjQUoay7RDHBA1YBDoLVI8mI7wpWc3uXA7/2wKTiYXAP/Yg1fdIJuMcpAS21zNNbfIYdTxKaOIp3fNJKHGCPkJRrpfODq7tSmqYzHK22zLxVsIbA08Qekzwao9wyP512SGOfBUAFUaphWxE0EyKBU8HSnBMrFhHaIx3W0DQgPlPNZPhiive00sZeKHUFgIfq34mE+Er1fVd3+gS6atIbiLO8RgzeSTPhQRQDC+hokRcLDCEe5IXbXDIKoq8JoZLrWzHtEp0X6FRzOgR78uVpUj0s2FbBvjnKFy/GcWTRDtpF+8hGx6iIrlEZVRBFT+gFvaF349l4NT6Mr1FrxhjPbKN/MH5+AUL0pMU=</latexit><latexit sha1_base64="XXzEOFvI7kck1fuzABCSyB1mbmE=">AAACInicbVDJSgNBEO2JW4zbqEcvjUEQhDAjgnoQooKYW1yyQCaEnk5P0qRnobtGDMN8ixd/xYsHRT0Jfoyd5aBJHhQ83quiqp4bCa7Asr6NzNz8wuJSdjm3srq2vmFublVVGEvKKjQUoay7RDHBA1YBDoLVI8mI7wpWc3uXA7/2wKTiYXAP/Yg1fdIJuMcpAS21zNNbfIYdTxKaOIp3fNJKHGCPkJRrpfODq7tSmqYzHK22zLxVsIbA08Qekzwao9wyP512SGOfBUAFUaphWxE0EyKBU8HSnBMrFhHaIx3W0DQgPlPNZPhiive00sZeKHUFgIfq34mE+Er1fVd3+gS6atIbiLO8RgzeSTPhQRQDC+hokRcLDCEe5IXbXDIKoq8JoZLrWzHtEp0X6FRzOgR78uVpUj0s2FbBvjnKFy/GcWTRDtpF+8hGx6iIrlEZVRBFT+gFvaF349l4NT6Mr1FrxhjPbKN/MH5+AUL0pMU=</latexit>

R =
�PWIA+FSI+MEC+IC

�PWIA
<latexit sha1_base64="LV/4WXZhoELLNL2u8pPzx8YZYMw=">AAACKXicbVDJSgNBFOxxjXGLevTSGAQhEGZE0IsQDYo5CHHJApkQejo9SZOehe43Yhjmd7z4K14UFPXqj9hZDpqkoKGoqsfrV04ouALT/DLm5hcWl5ZTK+nVtfWNzczWdlUFkaSsQgMRyLpDFBPcZxXgIFg9lIx4jmA1p1cc+LUHJhUP/Hvoh6zpkY7PXU4JaKmVKdziU2y7ktDYVrzjkVZsA3uEuFwrneUu70q564tirlRMkmRGQKutTNbMm0PgaWKNSRaNUW5l3ux2QCOP+UAFUaphmSE0YyKBU8GStB0pFhLaIx3W0NQnHlPNeHhpgve10sZuIPXzAQ/VvxMx8ZTqe45OegS6atIbiLO8RgTuSTPmfhgB8+lokRsJDAEe1IbbXDIKoq8JoZLrv2LaJbo20OWmdQnW5MnTpHqYt8y8dXOULZyP60ihXbSHDpCFjlEBXaEyqiCKntALekcfxrPxanwa36PonDGe2UH/YPz8AmJupsI=</latexit><latexit sha1_base64="LV/4WXZhoELLNL2u8pPzx8YZYMw=">AAACKXicbVDJSgNBFOxxjXGLevTSGAQhEGZE0IsQDYo5CHHJApkQejo9SZOehe43Yhjmd7z4K14UFPXqj9hZDpqkoKGoqsfrV04ouALT/DLm5hcWl5ZTK+nVtfWNzczWdlUFkaSsQgMRyLpDFBPcZxXgIFg9lIx4jmA1p1cc+LUHJhUP/Hvoh6zpkY7PXU4JaKmVKdziU2y7ktDYVrzjkVZsA3uEuFwrneUu70q564tirlRMkmRGQKutTNbMm0PgaWKNSRaNUW5l3ux2QCOP+UAFUaphmSE0YyKBU8GStB0pFhLaIx3W0NQnHlPNeHhpgve10sZuIPXzAQ/VvxMx8ZTqe45OegS6atIbiLO8RgTuSTPmfhgB8+lokRsJDAEe1IbbXDIKoq8JoZLrv2LaJbo20OWmdQnW5MnTpHqYt8y8dXOULZyP60ihXbSHDpCFjlEBXaEyqiCKntALekcfxrPxanwa36PonDGe2UH/YPz8AmJupsI=</latexit><latexit sha1_base64="LV/4WXZhoELLNL2u8pPzx8YZYMw=">AAACKXicbVDJSgNBFOxxjXGLevTSGAQhEGZE0IsQDYo5CHHJApkQejo9SZOehe43Yhjmd7z4K14UFPXqj9hZDpqkoKGoqsfrV04ouALT/DLm5hcWl5ZTK+nVtfWNzczWdlUFkaSsQgMRyLpDFBPcZxXgIFg9lIx4jmA1p1cc+LUHJhUP/Hvoh6zpkY7PXU4JaKmVKdziU2y7ktDYVrzjkVZsA3uEuFwrneUu70q564tirlRMkmRGQKutTNbMm0PgaWKNSRaNUW5l3ux2QCOP+UAFUaphmSE0YyKBU8GStB0pFhLaIx3W0NQnHlPNeHhpgve10sZuIPXzAQ/VvxMx8ZTqe45OegS6atIbiLO8RgTuSTPmfhgB8+lokRsJDAEe1IbbXDIKoq8JoZLrv2LaJbo20OWmdQnW5MnTpHqYt8y8dXOULZyP60ihXbSHDpCFjlEBXaEyqiCKntALekcfxrPxanwa36PonDGe2UH/YPz8AmJupsI=</latexit><latexit sha1_base64="LV/4WXZhoELLNL2u8pPzx8YZYMw=">AAACKXicbVDJSgNBFOxxjXGLevTSGAQhEGZE0IsQDYo5CHHJApkQejo9SZOehe43Yhjmd7z4K14UFPXqj9hZDpqkoKGoqsfrV04ouALT/DLm5hcWl5ZTK+nVtfWNzczWdlUFkaSsQgMRyLpDFBPcZxXgIFg9lIx4jmA1p1cc+LUHJhUP/Hvoh6zpkY7PXU4JaKmVKdziU2y7ktDYVrzjkVZsA3uEuFwrneUu70q564tirlRMkmRGQKutTNbMm0PgaWKNSRaNUW5l3ux2QCOP+UAFUaphmSE0YyKBU8GStB0pFhLaIx3W0NQnHlPNeHhpgve10sZuIPXzAQ/VvxMx8ZTqe45OegS6atIbiLO8RgTuSTPmfhgB8+lokRsJDAEe1IbbXDIKoq8JoZLrv2LaJbo20OWmdQnW5MnTpHqYt8y8dXOULZyP60ihXbSHDpCFjlEBXaEyqiCKntALekcfxrPxanwa36PonDGe2UH/YPz8AmJupsI=</latexit>

M. M. Sargsian, Int. J. Mod. Phys. E 10, 405 (2001).

https://www.sciencedirect.com/science/article/pii/S0370269305001139?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/0370157381901642
https://www.worldscientific.com/doi/abs/10.1142/S0218301301000617
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Theoretical Calculations by S. Jeschonnek & J.W.V. Orden
[W.P. Ford, S. Jeschonnek and J.W.V. Orden, Phys. Rev. C90, 064006 (2014)]

 Bethe-Salpeter formalism used in the calculations of wave functions

24 calculations 
(8 x 3)

48 calculations 
(8 x 3 x 2)

The E12-10-003 kinematics from the  
original proposal were used in the calculations

Cross section calculations using combinations of these parametrizations  
and wave functions were provided by S. Jeschonnek and J.W.V. Orden 
using the actual kinematics for this experiment.

The new method of extracting the momentum distributions 
takes into account a variety of model inputs providing a theoretical 
uncertainty

 A wide variety of bound-state wave functions, nucleon form factors and final state  
 interactions are used as input in the cross section calculations (band of cross section calculations)

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.90.064006
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D(e,e’p)n Reduced Cross Sections 
Linear Fit Results
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Statistical Significance Test on Reduced Cross Sections

Example of linear fit

Is the discrepancy between data and theory slopes statistically significant ?

 Compare the slopes of the theoretical and experimental reduced cross sections at  
neutron recoil momenta between 0.55 - 1.0 GeV/c

Calculate the Z-score to determine number of standard deviations 
between slopes of the the data and theory linear fits.

Z =
µdata � µtheory

�µdata
<latexit sha1_base64="QMsNfsP0HItDJEayQA12K6PVv0Q=">AAACPXicbVA9SwNBEN3z2/gVtbRZDIKN4U4EbYSgjaVCEsVcOOY2e8ni7t2xOyeEY/+Yjf/Bzs7GQhFbWzcxhV8Duzzem8fMvDiXwqDvP3pT0zOzc/MLi5Wl5ZXVter6RttkhWa8xTKZ6asYDJci5S0UKPlVrjmoWPLL+OZ0pF/ecm1EljZxmPOugn4qEsEAHRVVm9f0mIaJBlaGqojcBzjQquwBgrV0j/5gccAzPbTWlqERfQXRfyZro2rNr/vjon9BMAE1MqnzqPoQ9jJWKJ4ik2BMJ/Bz7JagUTDJbSUsDM+B3UCfdxxMQXHTLcfXW7rjmB5NMu1einTMfneUoIwZqth1jvY0v7UR+Z/WKTA56pYizQvkKfsalBSSYkZHUdKe0JyhHDoATAu3K2UDcFGiC7ziQgh+n/wXtPfrgV8PLg5qjZNJHAtki2yTXRKQQ9IgZ+SctAgjd+SJvJBX79579t6896/WKW/i2SQ/yvv4BLlqsgg=</latexit><latexit sha1_base64="QMsNfsP0HItDJEayQA12K6PVv0Q=">AAACPXicbVA9SwNBEN3z2/gVtbRZDIKN4U4EbYSgjaVCEsVcOOY2e8ni7t2xOyeEY/+Yjf/Bzs7GQhFbWzcxhV8Duzzem8fMvDiXwqDvP3pT0zOzc/MLi5Wl5ZXVter6RttkhWa8xTKZ6asYDJci5S0UKPlVrjmoWPLL+OZ0pF/ecm1EljZxmPOugn4qEsEAHRVVm9f0mIaJBlaGqojcBzjQquwBgrV0j/5gccAzPbTWlqERfQXRfyZro2rNr/vjon9BMAE1MqnzqPoQ9jJWKJ4ik2BMJ/Bz7JagUTDJbSUsDM+B3UCfdxxMQXHTLcfXW7rjmB5NMu1einTMfneUoIwZqth1jvY0v7UR+Z/WKTA56pYizQvkKfsalBSSYkZHUdKe0JyhHDoATAu3K2UDcFGiC7ziQgh+n/wXtPfrgV8PLg5qjZNJHAtki2yTXRKQQ9IgZ+SctAgjd+SJvJBX79579t6896/WKW/i2SQ/yvv4BLlqsgg=</latexit><latexit sha1_base64="QMsNfsP0HItDJEayQA12K6PVv0Q=">AAACPXicbVA9SwNBEN3z2/gVtbRZDIKN4U4EbYSgjaVCEsVcOOY2e8ni7t2xOyeEY/+Yjf/Bzs7GQhFbWzcxhV8Duzzem8fMvDiXwqDvP3pT0zOzc/MLi5Wl5ZXVter6RttkhWa8xTKZ6asYDJci5S0UKPlVrjmoWPLL+OZ0pF/ecm1EljZxmPOugn4qEsEAHRVVm9f0mIaJBlaGqojcBzjQquwBgrV0j/5gccAzPbTWlqERfQXRfyZro2rNr/vjon9BMAE1MqnzqPoQ9jJWKJ4ik2BMJ/Bz7JagUTDJbSUsDM+B3UCfdxxMQXHTLcfXW7rjmB5NMu1einTMfneUoIwZqth1jvY0v7UR+Z/WKTA56pYizQvkKfsalBSSYkZHUdKe0JyhHDoATAu3K2UDcFGiC7ziQgh+n/wXtPfrgV8PLg5qjZNJHAtki2yTXRKQQ9IgZ+SctAgjd+SJvJBX79579t6896/WKW/i2SQ/yvv4BLlqsgg=</latexit><latexit sha1_base64="QMsNfsP0HItDJEayQA12K6PVv0Q=">AAACPXicbVA9SwNBEN3z2/gVtbRZDIKN4U4EbYSgjaVCEsVcOOY2e8ni7t2xOyeEY/+Yjf/Bzs7GQhFbWzcxhV8Duzzem8fMvDiXwqDvP3pT0zOzc/MLi5Wl5ZXVter6RttkhWa8xTKZ6asYDJci5S0UKPlVrjmoWPLL+OZ0pF/ecm1EljZxmPOugn4qEsEAHRVVm9f0mIaJBlaGqojcBzjQquwBgrV0j/5gccAzPbTWlqERfQXRfyZro2rNr/vjon9BMAE1MqnzqPoQ9jJWKJ4ik2BMJ/Bz7JagUTDJbSUsDM+B3UCfdxxMQXHTLcfXW7rjmB5NMu1einTMfneUoIwZqth1jvY0v7UR+Z/WKTA56pYizQvkKfsalBSSYkZHUdKe0JyhHDoATAu3K2UDcFGiC7ziQgh+n/wXtPfrgV8PLg5qjZNJHAtki2yTXRKQQ9IgZ+SctAgjd+SJvJBX79579t6896/WKW/i2SQ/yvv4BLlqsgg=</latexit>

data slope theory slope

data slope error

The fall-off observed in the reduced cross sections is smaller (less steep) for data compared  
to theory at higher recoil momenta 

See Backup Slides for  
all the plots with linear fits
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Statistical Significance Test: Fit Slopes and Chi2

The data differs from the CD-Bonn slopes by ~ 4 - 9 standard deviations (statistical fluctuations extremely unlikely) [See Slides 78,79 ]

Theoretical Model
PWIA  

(35 deg) 
SLOPE

PWIA  
(45 deg) 
SLOPE

FSI  
(35 deg) 
SLOPE

FSI  
(45 deg) 
SLOPE

Paris (Galster) -8.3 -8.3 -8.2 -7.7

AV18 (JJK) -7.9 -7.8 -8.4 -7.3

AV18 (GKex05) -8.1 -8.1 -8.8 -8.0

AV18 (AMT) -8.1 -8.1 -8.8 -8.0

CD-Bonn (JJK) -10.1 -10.0 -9.6 -7.2

CD-Bonn (GKex05) -10.3 -10.3 -10.2 -7.7

CD-Bonn (AMT) -10.3 -10.2 -10.2 -7.6

WJC2 (GKex05) -7.8 -7.8 -8.5 -7.8

WJC2 (AMT) -7.8 -7.8 -8.4 -7.8

DATA
35 deg  

slope: -4.7 
         : 0.66

45 deg  
slope: -4.6 
         : 1.4χ2

red χ2
red

Slopes are dependent on the NN potential and approximately independent of different parametrizations within the same potential
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Interpreting the Statistical Significance Test
p-value definition:  
The p-value is the probability of 
getting the observed value of the test 
statistic, or a value with even greater 
evidence against H0, if the null hypothesis 
is true

H0 : µ = µ0

Ha : µ > µ0
<latexit sha1_base64="q7wT2hpdezzUYiDClVvV78xL5DE=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCCykzIiiCUnTTZQV7gc4wZNJMG5pkhiQjlKEv4cZXceNCEbeCO9/GTDuCth5I+POdczg5f5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN7k+fY9kYrG4k6PEuJz1Bc0ohhpgwL7uB5kzvgCejyFl/mdP6HnlQ1HBb/64YFdcarOJOC8cAtRAUU0AvvT68U45URozJBSXddJtJ8hqSlmZFz2UkUShIeoT7pGCsSJ8rPJVmN4aEgPRrE0R2g4ob87MsSVGvHQVHKkB2o2l8P/ct1UR+d+RkWSaiLwdFCUMqhjmFsEe1QSrNnICIQlNX+FeIAkwtoYWTYmuLMrz4vWSdV1qu7taaV2XdhRAvvgABwBF5yBGqiDBmgCDB7AE3gBr9aj9Wy9We/T0gWr6NkDf8L6+AbplJzJ</latexit><latexit sha1_base64="q7wT2hpdezzUYiDClVvV78xL5DE=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCCykzIiiCUnTTZQV7gc4wZNJMG5pkhiQjlKEv4cZXceNCEbeCO9/GTDuCth5I+POdczg5f5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN7k+fY9kYrG4k6PEuJz1Bc0ohhpgwL7uB5kzvgCejyFl/mdP6HnlQ1HBb/64YFdcarOJOC8cAtRAUU0AvvT68U45URozJBSXddJtJ8hqSlmZFz2UkUShIeoT7pGCsSJ8rPJVmN4aEgPRrE0R2g4ob87MsSVGvHQVHKkB2o2l8P/ct1UR+d+RkWSaiLwdFCUMqhjmFsEe1QSrNnICIQlNX+FeIAkwtoYWTYmuLMrz4vWSdV1qu7taaV2XdhRAvvgABwBF5yBGqiDBmgCDB7AE3gBr9aj9Wy9We/T0gWr6NkDf8L6+AbplJzJ</latexit><latexit sha1_base64="q7wT2hpdezzUYiDClVvV78xL5DE=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCCykzIiiCUnTTZQV7gc4wZNJMG5pkhiQjlKEv4cZXceNCEbeCO9/GTDuCth5I+POdczg5f5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN7k+fY9kYrG4k6PEuJz1Bc0ohhpgwL7uB5kzvgCejyFl/mdP6HnlQ1HBb/64YFdcarOJOC8cAtRAUU0AvvT68U45URozJBSXddJtJ8hqSlmZFz2UkUShIeoT7pGCsSJ8rPJVmN4aEgPRrE0R2g4ob87MsSVGvHQVHKkB2o2l8P/ct1UR+d+RkWSaiLwdFCUMqhjmFsEe1QSrNnICIQlNX+FeIAkwtoYWTYmuLMrz4vWSdV1qu7taaV2XdhRAvvgABwBF5yBGqiDBmgCDB7AE3gBr9aj9Wy9We/T0gWr6NkDf8L6+AbplJzJ</latexit><latexit sha1_base64="q7wT2hpdezzUYiDClVvV78xL5DE=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCCykzIiiCUnTTZQV7gc4wZNJMG5pkhiQjlKEv4cZXceNCEbeCO9/GTDuCth5I+POdczg5f5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HN7k+fY9kYrG4k6PEuJz1Bc0ohhpgwL7uB5kzvgCejyFl/mdP6HnlQ1HBb/64YFdcarOJOC8cAtRAUU0AvvT68U45URozJBSXddJtJ8hqSlmZFz2UkUShIeoT7pGCsSJ8rPJVmN4aEgPRrE0R2g4ob87MsSVGvHQVHKkB2o2l8P/ct1UR+d+RkWSaiLwdFCUMqhjmFsEe1QSrNnICIQlNX+FeIAkwtoYWTYmuLMrz4vWSdV1qu7taaV2XdhRAvvgABwBF5yBGqiDBmgCDB7AE3gBr9aj9Wy9We/T0gWr6NkDf8L6+AbplJzJ</latexit>

Z =
X̄ � µ0

�/
p
n

<latexit sha1_base64="4fKfEagW7KiL66v1qi/2rwVvdWw=">AAACGHicbVDLSgMxFM34rPVVdekmWAQ3tjMi6EYounFZwT6wMwyZNNOGJpkxyQglzGe48VfcuFDEbXf+jeljoa0HLhzOuZd774lSRpV23W9naXlldW29sFHc3Nre2S3t7TdVkklMGjhhiWxHSBFGBWloqhlpp5IgHjHSigY3Y7/1RKSiibjXw5QEHPUEjSlG2kphqfoAr6AfS4SNHyFp2jk8hT7PQuPmufEV7XEEq9BXj1IbkedhqexW3AngIvFmpAxmqIelkd9NcMaJ0JghpTqem+rAIKkpZiQv+pkiKcID1CMdSwXiRAVm8lgOj63ShXEibQkNJ+rvCYO4UkMe2U6OdF/Ne2PxP6+T6fgyMFSkmSYCTxfFGYM6geOUYJdKgjUbWoKwpPZWiPvIpqRtlkUbgjf/8iJpnlU8t+LdnZdr17M4CuAQHIET4IELUAO3oA4aAINn8ArewYfz4rw5n87XtHXJmc0cgD9wRj/sPJ+7</latexit><latexit sha1_base64="4fKfEagW7KiL66v1qi/2rwVvdWw=">AAACGHicbVDLSgMxFM34rPVVdekmWAQ3tjMi6EYounFZwT6wMwyZNNOGJpkxyQglzGe48VfcuFDEbXf+jeljoa0HLhzOuZd774lSRpV23W9naXlldW29sFHc3Nre2S3t7TdVkklMGjhhiWxHSBFGBWloqhlpp5IgHjHSigY3Y7/1RKSiibjXw5QEHPUEjSlG2kphqfoAr6AfS4SNHyFp2jk8hT7PQuPmufEV7XEEq9BXj1IbkedhqexW3AngIvFmpAxmqIelkd9NcMaJ0JghpTqem+rAIKkpZiQv+pkiKcID1CMdSwXiRAVm8lgOj63ShXEibQkNJ+rvCYO4UkMe2U6OdF/Ne2PxP6+T6fgyMFSkmSYCTxfFGYM6geOUYJdKgjUbWoKwpPZWiPvIpqRtlkUbgjf/8iJpnlU8t+LdnZdr17M4CuAQHIET4IELUAO3oA4aAINn8ArewYfz4rw5n87XtHXJmc0cgD9wRj/sPJ+7</latexit><latexit sha1_base64="4fKfEagW7KiL66v1qi/2rwVvdWw=">AAACGHicbVDLSgMxFM34rPVVdekmWAQ3tjMi6EYounFZwT6wMwyZNNOGJpkxyQglzGe48VfcuFDEbXf+jeljoa0HLhzOuZd774lSRpV23W9naXlldW29sFHc3Nre2S3t7TdVkklMGjhhiWxHSBFGBWloqhlpp5IgHjHSigY3Y7/1RKSiibjXw5QEHPUEjSlG2kphqfoAr6AfS4SNHyFp2jk8hT7PQuPmufEV7XEEq9BXj1IbkedhqexW3AngIvFmpAxmqIelkd9NcMaJ0JghpTqem+rAIKkpZiQv+pkiKcID1CMdSwXiRAVm8lgOj63ShXEibQkNJ+rvCYO4UkMe2U6OdF/Ne2PxP6+T6fgyMFSkmSYCTxfFGYM6geOUYJdKgjUbWoKwpPZWiPvIpqRtlkUbgjf/8iJpnlU8t+LdnZdr17M4CuAQHIET4IELUAO3oA4aAINn8ArewYfz4rw5n87XtHXJmc0cgD9wRj/sPJ+7</latexit><latexit sha1_base64="4fKfEagW7KiL66v1qi/2rwVvdWw=">AAACGHicbVDLSgMxFM34rPVVdekmWAQ3tjMi6EYounFZwT6wMwyZNNOGJpkxyQglzGe48VfcuFDEbXf+jeljoa0HLhzOuZd774lSRpV23W9naXlldW29sFHc3Nre2S3t7TdVkklMGjhhiWxHSBFGBWloqhlpp5IgHjHSigY3Y7/1RKSiibjXw5QEHPUEjSlG2kphqfoAr6AfS4SNHyFp2jk8hT7PQuPmufEV7XEEq9BXj1IbkedhqexW3AngIvFmpAxmqIelkd9NcMaJ0JghpTqem+rAIKkpZiQv+pkiKcID1CMdSwXiRAVm8lgOj63ShXEibQkNJ+rvCYO4UkMe2U6OdF/Ne2PxP6+T6fgyMFSkmSYCTxfFGYM6geOUYJdKgjUbWoKwpPZWiPvIpqRtlkUbgjf/8iJpnlU8t+LdnZdr17M4CuAQHIET4IELUAO3oA4aAINn8ArewYfz4rw5n87XtHXJmc0cgD9wRj/sPJ+7</latexit>

(null hypothesis)
Distribution of Z if H0

<latexit sha1_base64="cID4ZqTPF+2ZjBYPl/OoaTxvakE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbym4PcnQ2qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FtkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppX9U9t+49XNcad0UcZTiDc7gED26gAU1ogQ8MODzDK7w50nlx3p2PZWvJKWZO4Q+czx+FQY57</latexit><latexit sha1_base64="cID4ZqTPF+2ZjBYPl/OoaTxvakE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbym4PcnQ2qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FtkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppX9U9t+49XNcad0UcZTiDc7gED26gAU1ogQ8MODzDK7w50nlx3p2PZWvJKWZO4Q+czx+FQY57</latexit><latexit sha1_base64="cID4ZqTPF+2ZjBYPl/OoaTxvakE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbym4PcnQ2qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FtkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppX9U9t+49XNcad0UcZTiDc7gED26gAU1ogQ8MODzDK7w50nlx3p2PZWvJKWZO4Q+czx+FQY57</latexit><latexit sha1_base64="cID4ZqTPF+2ZjBYPl/OoaTxvakE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbym4PcnQ2qNbfuLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FtkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppX9U9t+49XNcad0UcZTiDc7gED26gAU1ogQ8MODzDK7w50nlx3p2PZWvJKWZO4Q+czx+FQY57</latexit>

is true:

Z-test statistic

Z p-value = p(Z � Z0)
<latexit sha1_base64="i+RjG4OBqU2M2lM6hIceZ0jzfAA=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhHgwzIuhFCHrxGMEsZCH0dCpJk57F7ppgGHL04q948aCIVz/Bm39jZzlo9EHB470qqup5kRQaHefLSi0sLi2vpFcza+sbm1v29k5Zh7HiUOKhDFXVYxqkCKCEAiVUIwXM9yRUvP7V2K8MQGkRBrc4jKDps24gOoIzNFLL3o8aCPeYHA+YjGFEL2iUqzW6cEdrrcQZHbXsrJN3JqB/iTsjWTJDsWV/Ntohj30IkEumdd11ImwmTKHgEkaZRqwhYrzPulA3NGA+6GYyeWRED43Spp1QmQqQTtSfEwnztR76nun0Gfb0vDcW//PqMXbOm4kIohgh4NNFnVhSDOk4FdoWCjjKoSGMK2FupbzHFONossuYENz5l/+S8knedfLuzWm2cDmLI032yAHJEZeckQK5JkVSIpw8kCfyQl6tR+vZerPep60pazazS37B+vgGZBaY5g==</latexit><latexit sha1_base64="i+RjG4OBqU2M2lM6hIceZ0jzfAA=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhHgwzIuhFCHrxGMEsZCH0dCpJk57F7ppgGHL04q948aCIVz/Bm39jZzlo9EHB470qqup5kRQaHefLSi0sLi2vpFcza+sbm1v29k5Zh7HiUOKhDFXVYxqkCKCEAiVUIwXM9yRUvP7V2K8MQGkRBrc4jKDps24gOoIzNFLL3o8aCPeYHA+YjGFEL2iUqzW6cEdrrcQZHbXsrJN3JqB/iTsjWTJDsWV/Ntohj30IkEumdd11ImwmTKHgEkaZRqwhYrzPulA3NGA+6GYyeWRED43Spp1QmQqQTtSfEwnztR76nun0Gfb0vDcW//PqMXbOm4kIohgh4NNFnVhSDOk4FdoWCjjKoSGMK2FupbzHFONossuYENz5l/+S8knedfLuzWm2cDmLI032yAHJEZeckQK5JkVSIpw8kCfyQl6tR+vZerPep60pazazS37B+vgGZBaY5g==</latexit><latexit sha1_base64="i+RjG4OBqU2M2lM6hIceZ0jzfAA=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhHgwzIuhFCHrxGMEsZCH0dCpJk57F7ppgGHL04q948aCIVz/Bm39jZzlo9EHB470qqup5kRQaHefLSi0sLi2vpFcza+sbm1v29k5Zh7HiUOKhDFXVYxqkCKCEAiVUIwXM9yRUvP7V2K8MQGkRBrc4jKDps24gOoIzNFLL3o8aCPeYHA+YjGFEL2iUqzW6cEdrrcQZHbXsrJN3JqB/iTsjWTJDsWV/Ntohj30IkEumdd11ImwmTKHgEkaZRqwhYrzPulA3NGA+6GYyeWRED43Spp1QmQqQTtSfEwnztR76nun0Gfb0vDcW//PqMXbOm4kIohgh4NNFnVhSDOk4FdoWCjjKoSGMK2FupbzHFONossuYENz5l/+S8knedfLuzWm2cDmLI032yAHJEZeckQK5JkVSIpw8kCfyQl6tR+vZerPep60pazazS37B+vgGZBaY5g==</latexit><latexit sha1_base64="i+RjG4OBqU2M2lM6hIceZ0jzfAA=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhHgwzIuhFCHrxGMEsZCH0dCpJk57F7ppgGHL04q948aCIVz/Bm39jZzlo9EHB470qqup5kRQaHefLSi0sLi2vpFcza+sbm1v29k5Zh7HiUOKhDFXVYxqkCKCEAiVUIwXM9yRUvP7V2K8MQGkRBrc4jKDps24gOoIzNFLL3o8aCPeYHA+YjGFEL2iUqzW6cEdrrcQZHbXsrJN3JqB/iTsjWTJDsWV/Ntohj30IkEumdd11ImwmTKHgEkaZRqwhYrzPulA3NGA+6GYyeWRED43Spp1QmQqQTtSfEwnztR76nun0Gfb0vDcW//PqMXbOm4kIohgh4NNFnVhSDOk4FdoWCjjKoSGMK2FupbzHFONossuYENz5l/+S8knedfLuzWm2cDmLI032yAHJEZeckQK5JkVSIpw8kCfyQl6tR+vZerPep60pazazS37B+vgGZBaY5g==</latexit>

X̄ : measured variable

µ0 : population mean of H0

� : population standard deviation of H0

n : number of trials or experiments
<latexit sha1_base64="c5IfM6xTkq+pOkTUC+bY/YaLBaw="></latexit><latexit sha1_base64="c5IfM6xTkq+pOkTUC+bY/YaLBaw="></latexit><latexit sha1_base64="c5IfM6xTkq+pOkTUC+bY/YaLBaw="></latexit><latexit sha1_base64="c5IfM6xTkq+pOkTUC+bY/YaLBaw="></latexit>

µ0
<latexit sha1_base64="AjpMJl8tQlb/2AKNCpDBAJAghjE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnsz6uT/tV6p+zZ+DrJKgIFUo0OhXvnqDhGUSlWWCGtMN/NSGOdWWM4HTci8zmFI2pkPsOqqoRBPm83On5NwpAxIn2pWyZK7+nsipNGYiI9cpqR2ZZW8m/ud1MxvfhDlXaWZRscWiOBPEJmT2OxlwjcyKiSOUae5uJWxENWXWJVR2IQTLL6+S1mUt8GvBw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8D5/AEkOj4U=</latexit><latexit sha1_base64="AjpMJl8tQlb/2AKNCpDBAJAghjE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnsz6uT/tV6p+zZ+DrJKgIFUo0OhXvnqDhGUSlWWCGtMN/NSGOdWWM4HTci8zmFI2pkPsOqqoRBPm83On5NwpAxIn2pWyZK7+nsipNGYiI9cpqR2ZZW8m/ud1MxvfhDlXaWZRscWiOBPEJmT2OxlwjcyKiSOUae5uJWxENWXWJVR2IQTLL6+S1mUt8GvBw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8D5/AEkOj4U=</latexit><latexit sha1_base64="AjpMJl8tQlb/2AKNCpDBAJAghjE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnsz6uT/tV6p+zZ+DrJKgIFUo0OhXvnqDhGUSlWWCGtMN/NSGOdWWM4HTci8zmFI2pkPsOqqoRBPm83On5NwpAxIn2pWyZK7+nsipNGYiI9cpqR2ZZW8m/ud1MxvfhDlXaWZRscWiOBPEJmT2OxlwjcyKiSOUae5uJWxENWXWJVR2IQTLL6+S1mUt8GvBw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8D5/AEkOj4U=</latexit><latexit sha1_base64="AjpMJl8tQlb/2AKNCpDBAJAghjE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJJphk2WiER3ImpQcIVNy63ATqqRykhgOxrfzfz2E2rDE/VoJymGkg4Vjzmj1kntnsz6uT/tV6p+zZ+DrJKgIFUo0OhXvnqDhGUSlWWCGtMN/NSGOdWWM4HTci8zmFI2pkPsOqqoRBPm83On5NwpAxIn2pWyZK7+nsipNGYiI9cpqR2ZZW8m/ud1MxvfhDlXaWZRscWiOBPEJmT2OxlwjcyKiSOUae5uJWxENWXWJVR2IQTLL6+S1mUt8GvBw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8D5/AEkOj4U=</latexit>

(alternative hypothesis)

For the E12-10-003: 

µ0 = 0
<latexit sha1_base64="WUsQRKQsbRCBmnAE/p2OFaQR5Ts=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWRF0ItQ9OKxgv2A7VKyabYNTbJLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMi1IpLBDy7ZXW1jc2t8rblZ3dvf2D6uFR2yaZYbzFEpmYbkQtl0LzFgiQvJsaTlUkeSca3838zhM3ViT6ESYpDxUdahELRsFJQU9l/ZxM8Q0m/WqN1MkceJX4BamhAs1+9as3SFimuAYmqbWBT1IIc2pAMMmnlV5meUrZmA554Kimitswn588xWdOGeA4Ma404Ln6eyKnytqJilynojCyy95M/M8LMoivw1zoNAOu2WJRnEkMCZ79jwfCcAZy4ghlRrhbMRtRQxm4lCouBH/55VXSvqj7pO4/XNYat0UcZXSCTtE58tEVaqB71EQtxFCCntErevPAe/HevY9Fa8krZo7RH3ifP+8rkFo=</latexit><latexit sha1_base64="WUsQRKQsbRCBmnAE/p2OFaQR5Ts=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWRF0ItQ9OKxgv2A7VKyabYNTbJLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMi1IpLBDy7ZXW1jc2t8rblZ3dvf2D6uFR2yaZYbzFEpmYbkQtl0LzFgiQvJsaTlUkeSca3838zhM3ViT6ESYpDxUdahELRsFJQU9l/ZxM8Q0m/WqN1MkceJX4BamhAs1+9as3SFimuAYmqbWBT1IIc2pAMMmnlV5meUrZmA554Kimitswn588xWdOGeA4Ma404Ln6eyKnytqJilynojCyy95M/M8LMoivw1zoNAOu2WJRnEkMCZ79jwfCcAZy4ghlRrhbMRtRQxm4lCouBH/55VXSvqj7pO4/XNYat0UcZXSCTtE58tEVaqB71EQtxFCCntErevPAe/HevY9Fa8krZo7RH3ifP+8rkFo=</latexit><latexit sha1_base64="WUsQRKQsbRCBmnAE/p2OFaQR5Ts=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWRF0ItQ9OKxgv2A7VKyabYNTbJLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMi1IpLBDy7ZXW1jc2t8rblZ3dvf2D6uFR2yaZYbzFEpmYbkQtl0LzFgiQvJsaTlUkeSca3838zhM3ViT6ESYpDxUdahELRsFJQU9l/ZxM8Q0m/WqN1MkceJX4BamhAs1+9as3SFimuAYmqbWBT1IIc2pAMMmnlV5meUrZmA554Kimitswn588xWdOGeA4Ma404Ln6eyKnytqJilynojCyy95M/M8LMoivw1zoNAOu2WJRnEkMCZ79jwfCcAZy4ghlRrhbMRtRQxm4lCouBH/55VXSvqj7pO4/XNYat0UcZXSCTtE58tEVaqB71EQtxFCCntErevPAe/HevY9Fa8krZo7RH3ifP+8rkFo=</latexit><latexit sha1_base64="WUsQRKQsbRCBmnAE/p2OFaQR5Ts=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWRF0ItQ9OKxgv2A7VKyabYNTbJLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMi1IpLBDy7ZXW1jc2t8rblZ3dvf2D6uFR2yaZYbzFEpmYbkQtl0LzFgiQvJsaTlUkeSca3838zhM3ViT6ESYpDxUdahELRsFJQU9l/ZxM8Q0m/WqN1MkceJX4BamhAs1+9as3SFimuAYmqbWBT1IIc2pAMMmnlV5meUrZmA554Kimitswn588xWdOGeA4Ma404Ln6eyKnytqJilynojCyy95M/M8LMoivw1zoNAOu2WJRnEkMCZ79jwfCcAZy4ghlRrhbMRtRQxm4lCouBH/55VXSvqj7pO4/XNYat0UcZXSCTtE58tEVaqB71EQtxFCCntErevPAe/HevY9Fa8krZo7RH3ifP+8rkFo=</latexit>

n = 1
<latexit sha1_base64="ZjsNMejiCn/dy3te1TTy9aa31Jo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZKviQ3xOtXa27dnYOsEq8gNSjQ7Fe/eoOEZTFKwwTVuuu5qQlyqgxnAqeVXqYxpWxMh9i1VNIYdZDPj52SM6sMSJQoW9KQufp7Iqex1pM4tJ0xNSO97M3E/7xuZqLrIOcyzQxKtlgUZYKYhMw+JwOukBkxsYQyxe2thI2ooszYfCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4w4PAMr/DmSOfFeXc+Fq0lp5g5hj9wPn8AdTWNyA==</latexit><latexit sha1_base64="ZjsNMejiCn/dy3te1TTy9aa31Jo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZKviQ3xOtXa27dnYOsEq8gNSjQ7Fe/eoOEZTFKwwTVuuu5qQlyqgxnAqeVXqYxpWxMh9i1VNIYdZDPj52SM6sMSJQoW9KQufp7Iqex1pM4tJ0xNSO97M3E/7xuZqLrIOcyzQxKtlgUZYKYhMw+JwOukBkxsYQyxe2thI2ooszYfCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4w4PAMr/DmSOfFeXc+Fq0lp5g5hj9wPn8AdTWNyA==</latexit><latexit sha1_base64="ZjsNMejiCn/dy3te1TTy9aa31Jo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZKviQ3xOtXa27dnYOsEq8gNSjQ7Fe/eoOEZTFKwwTVuuu5qQlyqgxnAqeVXqYxpWxMh9i1VNIYdZDPj52SM6sMSJQoW9KQufp7Iqex1pM4tJ0xNSO97M3E/7xuZqLrIOcyzQxKtlgUZYKYhMw+JwOukBkxsYQyxe2thI2ooszYfCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4w4PAMr/DmSOfFeXc+Fq0lp5g5hj9wPn8AdTWNyA==</latexit><latexit sha1_base64="ZjsNMejiCn/dy3te1TTy9aa31Jo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6305pbX1jc6u8XdnZ3ds/qB4etXSSKYY+S0SiOiHVKLhE33AjsJMqpHEosB2O72Z++wmV5ol8NJMUg5gOJY84o8ZKviQ3xOtXa27dnYOsEq8gNSjQ7Fe/eoOEZTFKwwTVuuu5qQlyqgxnAqeVXqYxpWxMh9i1VNIYdZDPj52SM6sMSJQoW9KQufp7Iqex1pM4tJ0xNSO97M3E/7xuZqLrIOcyzQxKtlgUZYKYhMw+JwOukBkxsYQyxe2thI2ooszYfCo2BG/55VXSuqh7bt17uKw1bos4ynACp3AOHlxBA+6hCT4w4PAMr/DmSOfFeXc+Fq0lp5g5hj9wPn8AdTWNyA==</latexit>

� ⌘ �µdata
<latexit sha1_base64="D0lTRCkkOzbsOsoWi2wF/Nt0Xyg=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJCDFWCkGCsYGEsEn1ITRXdOG5r1U6C7VSqovwDC7/CwgBCrCxs/A1O2wFajmTr+Jx75XtPkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqTiVhDZJzGPZCUBRziLa1Exz2kkkBRFw2g5GN4XfHlOpWBzd60lCewIGEeszAtpIvn3mKTYQgD36kLIxnr38zBNpcYEeSpGFoCHPc9+uOjVnCrxM3Dmpojkavv3lhTFJBY004aBU13US3ctAakY4zSteqmgCZAQD2jU0AkFVL5vulOMTo4S4H0tzIo2n6u+ODIRSExGYymJMtegV4n9eN9X9q17GoiTVNCKzj/opxzrGRUA4ZJISzSeGAJHMzIrJECQQbWKsmBDcxZWXSeu85jo19+6iWr+ex1FGR+gYnSIXXaI6ukUN1EQEPaJn9IrerCfrxXq3PmalJWvec4j+wPr8AbUCn1I=</latexit><latexit sha1_base64="D0lTRCkkOzbsOsoWi2wF/Nt0Xyg=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJCDFWCkGCsYGEsEn1ITRXdOG5r1U6C7VSqovwDC7/CwgBCrCxs/A1O2wFajmTr+Jx75XtPkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqTiVhDZJzGPZCUBRziLa1Exz2kkkBRFw2g5GN4XfHlOpWBzd60lCewIGEeszAtpIvn3mKTYQgD36kLIxnr38zBNpcYEeSpGFoCHPc9+uOjVnCrxM3Dmpojkavv3lhTFJBY004aBU13US3ctAakY4zSteqmgCZAQD2jU0AkFVL5vulOMTo4S4H0tzIo2n6u+ODIRSExGYymJMtegV4n9eN9X9q17GoiTVNCKzj/opxzrGRUA4ZJISzSeGAJHMzIrJECQQbWKsmBDcxZWXSeu85jo19+6iWr+ex1FGR+gYnSIXXaI6ukUN1EQEPaJn9IrerCfrxXq3PmalJWvec4j+wPr8AbUCn1I=</latexit><latexit sha1_base64="D0lTRCkkOzbsOsoWi2wF/Nt0Xyg=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJCDFWCkGCsYGEsEn1ITRXdOG5r1U6C7VSqovwDC7/CwgBCrCxs/A1O2wFajmTr+Jx75XtPkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqTiVhDZJzGPZCUBRziLa1Exz2kkkBRFw2g5GN4XfHlOpWBzd60lCewIGEeszAtpIvn3mKTYQgD36kLIxnr38zBNpcYEeSpGFoCHPc9+uOjVnCrxM3Dmpojkavv3lhTFJBY004aBU13US3ctAakY4zSteqmgCZAQD2jU0AkFVL5vulOMTo4S4H0tzIo2n6u+ODIRSExGYymJMtegV4n9eN9X9q17GoiTVNCKzj/opxzrGRUA4ZJISzSeGAJHMzIrJECQQbWKsmBDcxZWXSeu85jo19+6iWr+ex1FGR+gYnSIXXaI6ukUN1EQEPaJn9IrerCfrxXq3PmalJWvec4j+wPr8AbUCn1I=</latexit><latexit sha1_base64="D0lTRCkkOzbsOsoWi2wF/Nt0Xyg=">AAACE3icbVC7TsMwFHXKq5RXgJHFokJCDFWCkGCsYGEsEn1ITRXdOG5r1U6C7VSqovwDC7/CwgBCrCxs/A1O2wFajmTr+Jx75XtPkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqTiVhDZJzGPZCUBRziLa1Exz2kkkBRFw2g5GN4XfHlOpWBzd60lCewIGEeszAtpIvn3mKTYQgD36kLIxnr38zBNpcYEeSpGFoCHPc9+uOjVnCrxM3Dmpojkavv3lhTFJBY004aBU13US3ctAakY4zSteqmgCZAQD2jU0AkFVL5vulOMTo4S4H0tzIo2n6u+ODIRSExGYymJMtegV4n9eN9X9q17GoiTVNCKzj/opxzrGRUA4ZJISzSeGAJHMzIrJECQQbWKsmBDcxZWXSeu85jo19+6iWr+ex1FGR+gYnSIXXaI6ukUN1EQEPaJn9IrerCfrxXq3PmalJWvec4j+wPr8AbUCn1I=</latexit>

null hypothesis: if the E12-10-003 were to be repeated n times, the difference between the 
data and theory slopes would follow a standard normal distribution with a mean of zero. That is, 
the difference in the slopes would only be due to statistical fluctuations.

(Slope difference)X̄ ⌘ µdata � µtheory
<latexit sha1_base64="G1emBi4oah6SFqRqr/6RLRPG/E0=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIIXw66IehS9eIxgNJANoXfSSYbMPpzpDYZl/8SLv+LFgyLiLX/jJOagiQUNRVU33V1BoqQh1x06c/MLi0vLK6uFtfWNza3i9s6diVMtsCpiFetaAAaVjLBKkhTWEo0QBgrvg97VyL/vozYyjm5pkGAjhE4k21IAWalZPPUD0Fkt5z4+pLLP/TBtZj7hI2UtIMhzfvRboy7GepDnzWLJLbtj8FniTUiJTVBpFr/8VizSECMSCoype25CjQw0SaEwL/ipwQREDzpYtzSCEE0jG/+X8wOrtHg71rYi4mP190QGoTGDMLCdIVDXTHsj8T+vnlL7vJHJKEkJI/GzqJ0qTjEfhcVbUqMgNbAEhJb2Vi66oEGQjbRgQ/CmX54ld8dlzy17Nyeli8tJHCtsj+2zQ+axM3bBrlmFVZlgT+yFvbF359l5dT6cz5/WOWcys8v+wBl+A1qqpGw=</latexit><latexit sha1_base64="G1emBi4oah6SFqRqr/6RLRPG/E0=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIIXw66IehS9eIxgNJANoXfSSYbMPpzpDYZl/8SLv+LFgyLiLX/jJOagiQUNRVU33V1BoqQh1x06c/MLi0vLK6uFtfWNza3i9s6diVMtsCpiFetaAAaVjLBKkhTWEo0QBgrvg97VyL/vozYyjm5pkGAjhE4k21IAWalZPPUD0Fkt5z4+pLLP/TBtZj7hI2UtIMhzfvRboy7GepDnzWLJLbtj8FniTUiJTVBpFr/8VizSECMSCoype25CjQw0SaEwL/ipwQREDzpYtzSCEE0jG/+X8wOrtHg71rYi4mP190QGoTGDMLCdIVDXTHsj8T+vnlL7vJHJKEkJI/GzqJ0qTjEfhcVbUqMgNbAEhJb2Vi66oEGQjbRgQ/CmX54ld8dlzy17Nyeli8tJHCtsj+2zQ+axM3bBrlmFVZlgT+yFvbF359l5dT6cz5/WOWcys8v+wBl+A1qqpGw=</latexit><latexit sha1_base64="G1emBi4oah6SFqRqr/6RLRPG/E0=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIIXw66IehS9eIxgNJANoXfSSYbMPpzpDYZl/8SLv+LFgyLiLX/jJOagiQUNRVU33V1BoqQh1x06c/MLi0vLK6uFtfWNza3i9s6diVMtsCpiFetaAAaVjLBKkhTWEo0QBgrvg97VyL/vozYyjm5pkGAjhE4k21IAWalZPPUD0Fkt5z4+pLLP/TBtZj7hI2UtIMhzfvRboy7GepDnzWLJLbtj8FniTUiJTVBpFr/8VizSECMSCoype25CjQw0SaEwL/ipwQREDzpYtzSCEE0jG/+X8wOrtHg71rYi4mP190QGoTGDMLCdIVDXTHsj8T+vnlL7vJHJKEkJI/GzqJ0qTjEfhcVbUqMgNbAEhJb2Vi66oEGQjbRgQ/CmX54ld8dlzy17Nyeli8tJHCtsj+2zQ+axM3bBrlmFVZlgT+yFvbF359l5dT6cz5/WOWcys8v+wBl+A1qqpGw=</latexit><latexit sha1_base64="G1emBi4oah6SFqRqr/6RLRPG/E0=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIIXw66IehS9eIxgNJANoXfSSYbMPpzpDYZl/8SLv+LFgyLiLX/jJOagiQUNRVU33V1BoqQh1x06c/MLi0vLK6uFtfWNza3i9s6diVMtsCpiFetaAAaVjLBKkhTWEo0QBgrvg97VyL/vozYyjm5pkGAjhE4k21IAWalZPPUD0Fkt5z4+pLLP/TBtZj7hI2UtIMhzfvRboy7GepDnzWLJLbtj8FniTUiJTVBpFr/8VizSECMSCoype25CjQw0SaEwL/ipwQREDzpYtzSCEE0jG/+X8wOrtHg71rYi4mP190QGoTGDMLCdIVDXTHsj8T+vnlL7vJHJKEkJI/GzqJ0qTjEfhcVbUqMgNbAEhJb2Vi66oEGQjbRgQ/CmX54ld8dlzy17Nyeli8tJHCtsj+2zQ+axM3bBrlmFVZlgT+yFvbF359l5dT6cz5/WOWcys8v+wBl+A1qqpGw=</latexit>
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Theoretical 
Model

PWIA  
(35 deg) 
Z-score

p-value
PWIA  

(45 deg) 
Z-score

p-value
FSI  

(35 deg) 
Z-score

p-value
FSI  

(45 deg) 
Z-score

p-value

Paris 
(Galster) 4.929 4.1E-07 6.541 3.0E-11 4.791 8.2E-07 5.355 4.2E-08

AV18 (JJK) 4.373 6.1E-06 5.632 8.9E-09 5.184 1.0E-07 4.721 1.1E-06

AV18 
(GKex05) 4.623 1.9E-06 6.079 6.0E-10 5.616 9.7E-09 5.889 1.9E-09

AV18 
(AMT) 4.598 2.1E-06 6.066 6.5E-10 5.597 1.0E-08 5.976 1.1E-09

CD-Bonn 
(JJK) 7.321 1.2E-13 9.423 2.1E-21 6.648 1.4E-11 4.564 2.5E-06

CD-Bonn 
(GKex05) 7.611 1.3E-14 9.895 2.1E-23 7.484 3.6E-14 5.383 3.6E-08

CD-Bonn 
(AMT) 7.586 1.6E-14 9.882 2.4E-23 7.460 4.3E-14 5.516 1.7E-08

WJC2 
(GKex05) 4.241 1.1E-05 5.575 1.2E-08 5.133 1.4E-07 5.519 1.7E-08

WJC2 
(AMT) 4.217 1.2E-05 5.561 1.3E-08 5.110 1.6E-07 5.598 1.0E-08

Statistical Significance Test: Z-score and p-values
The p-values describe the probability that the observed difference in the measurements  
is due to a statistical fluctuation 

The data differs from the CD-Bonn slopes by ~ 4 - 9 standard deviations (statistical fluctuations extremely unlikely)
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D(e,e’p)n Linear Fit Plots

Paris Potential (Galster parametrization)
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D(e,e’p)n Linear Fit Plots

AV18 (JJK parametrization)
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D(e,e’p)n Linear Fit Plots

AV18 (GKex05 parametrization)
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D(e,e’p)n Linear Fit Plots

AV18 (AMT parametrization)
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D(e,e’p)n Linear Fit Plots

CD-Bonn (JJK parametrization)
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D(e,e’p)n Linear Fit Plots

CD-Bonn (GKex05 parametrization)
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D(e,e’p)n Linear Fit Plots

CD-Bonn (AMT parametrization)
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D(e,e’p)n Linear Fit Plots

WJC2 (GKex05 parametrization)
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D(e,e’p)n Linear Fit Plots

WJC2 (AMT parametrization)


