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Motivation 

NN interaction NOT well understood at the sub-Fermi (<1 fm) distance scale 

lack of experimental data beyond relative nucleon momenta  MeV/c 

non-nucleonic degrees of freedom, relativistic treatment of deuteron becomes important 

deuteron most simple np bound system,  d(e, e’p)n ideal for probing repulsive part of NN interaction, 
solid understanding of final state interactions (FSI) required,  theoretical calculations of FSI not as reliable for A>2  

pi,r ∼ 500

Qualitative NN Interactive Potential Short-Range Correlated (SRC) pair in an A>2 nucleus

Goal of this experiment (E12-10-003) 

measure d(e, e’p)n cross sections with good statistical precision (~10%) at  ~ 600 - 1000 MeV/c  pm

−pi,r

SRC Image Credit:  
Dr. Lawrence Weinstein



JLab Hall A (2011)

Paris FSI  
(Calculations: J.M. Laget)

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

JVO Model  
(Calculations: J.W. Van Orden & 

S. Jeschonnek)

DATA

Reduced FSIs 
at ~120 deg 


(R ~ 1),

But ICs are 
significant

Data confirmed theoretical predictions by M. Sargsian and J.M. Laget: 

Strong angular anisotropy of FSI  peaking at ~70 deg  

FSI significantly reduced at ~40, 120 deg

Previous d(e, e’p)n Measurements / Theoretical Support

Theory
CD-Bonn FSI (MS) 

(Calculations: Misak Sargsian)

Reduced FSIs at  

~40 deg  (R ~ 1) 

genuine momentum 
distributions probed

Our experiment (E12-10-003) used kinematic window  deg  
to probe the deuteron (for the first time) at relative momenta beyond ~500 MeV/c while  
keeping FSI at a minimum

θnq ∼ 30 − 40
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pm = 0.2 GeV/c
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pm = 0.4 GeV/c
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pm = 0.5 GeV/c
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Q2 = 3.5± 0.25 GeV2
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θnq = 35 ± 5∘

FSI peaks at ~70 deg, predicted by:

 
1. Misak Sargsian using the Generalized 
Eikonal Approximation or GEA) 
2. J.M. Laget using a diagrammatic 
approach

small FSI, enhanced sensitivity of cross-section to different models

 
data above ~500 MeV/c needed to probe repulsive part of the NN 
interaction

M. M. Sargsian Phys. Rev. C 82, 014612 (2010) 

J.M. Laget Phys. Lett. B 609, 49 (2005)
S. Jeschonnek and J.W. Van Orden, Phys. Rev. C 78,  014007 (2008)   

W. U. Boeglin et al. Phys.Rev.Lett. 107, 262501 (2011) 

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.78.014007
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.262501
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.82.014612
https://doi.org/10.1016/j.physletb.2005.01.046


What is new since the PAC approval of E12-10-003 ?

4

data analysis completed, published (PRL) results: 

published results compared to most up-to-date deuteron theoretical calculations from M. Sargsian, J.W.Van Orden and S. Jeschonnek 
See references:

C. Yero et al. PhysRevLett 125, 262501 (2020)

William P. Ford, Sabine Jeschonnek, and J. W. Van Orden Phys. Rev. C 90, 064006 (2014)

d(e, e’p)n commissioning kinematics

Hall C commissioning experiment (April 2018),  completed 3 of the 21 PAC days (See Table below)

PAC 36 Comments: “Overall the experiment was viewed very highly; the lower rating  
simply reflects the likelihood that the data will not reveal any particular surprise and that  
their impact may thus be limited to experts in the field. ”   

M. M. Sargsian Phys. Rev. C 82, 014612 (2010) J.M. Laget Phys. Lett. B 609, 49 (2005)

Definitions (central settings) :
pm : central missing momentum setting
kf : scattered electron momentum
✓e : scattered electron angle
|~q| : virtual photon 3-momentum transfer
pf : scattered proton momentum
✓p : scattered proton angle
✓pq : relative in-plane angle between pf and ~q

<latexit sha1_base64="b5vNvctVzf3Y/qslkg6vOgW/OJ8="></latexit>

commissioning results show strikingly different behavior  than any of the theoretical models > 700 MeV/c  
(no model calculation reproduces the observed trend as a function of missing momentum) 

https://doi.org/10.1103/PhysRevLett.125.262501
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.90.064006
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.82.014612
https://doi.org/10.1016/j.physletb.2005.01.046


E12-10-003 Experimental Setup

e’
e

n

p

�
<latexit sha1_base64="iPlVGFJ3MA6T29C/XW4cbmz0FEk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JJBkyM7vMzAphyUd48aCIV7/Hm3/jbLIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJxqypo0FrHuRGiY4Io1LbeCdRLNUEaCtaPJXe63n5g2PFaPdpqwUOJI8SGnaJ3U7o1QSiz3K1W/5s9BVklQkCoUaPQrX71BTFPJlKUCjekGfmLDDLXlVLBZuZcaliCd4Ih1HVUomQmz+bkzcu6UARnG2pWyZK7+nshQGjOVkeuUaMdm2cvF/7xuaoc3YcZVklqm6GLRMBXExiT/nQy4ZtSKqSNINXe3EjpGjdS6hPIQguWXV0nrshb4teDhqlq/LeIowSmcwQUEcA11uIcGNIHCBJ7hFd68xHvx3r2PReuaV8ycwB94nz+9YI8p</latexit><latexit sha1_base64="iPlVGFJ3MA6T29C/XW4cbmz0FEk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JJBkyM7vMzAphyUd48aCIV7/Hm3/jbLIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJxqypo0FrHuRGiY4Io1LbeCdRLNUEaCtaPJXe63n5g2PFaPdpqwUOJI8SGnaJ3U7o1QSiz3K1W/5s9BVklQkCoUaPQrX71BTFPJlKUCjekGfmLDDLXlVLBZuZcaliCd4Ih1HVUomQmz+bkzcu6UARnG2pWyZK7+nshQGjOVkeuUaMdm2cvF/7xuaoc3YcZVklqm6GLRMBXExiT/nQy4ZtSKqSNINXe3EjpGjdS6hPIQguWXV0nrshb4teDhqlq/LeIowSmcwQUEcA11uIcGNIHCBJ7hFd68xHvx3r2PReuaV8ycwB94nz+9YI8p</latexit><latexit sha1_base64="iPlVGFJ3MA6T29C/XW4cbmz0FEk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JJBkyM7vMzAphyUd48aCIV7/Hm3/jbLIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJxqypo0FrHuRGiY4Io1LbeCdRLNUEaCtaPJXe63n5g2PFaPdpqwUOJI8SGnaJ3U7o1QSiz3K1W/5s9BVklQkCoUaPQrX71BTFPJlKUCjekGfmLDDLXlVLBZuZcaliCd4Ih1HVUomQmz+bkzcu6UARnG2pWyZK7+nshQGjOVkeuUaMdm2cvF/7xuaoc3YcZVklqm6GLRMBXExiT/nQy4ZtSKqSNINXe3EjpGjdS6hPIQguWXV0nrshb4teDhqlq/LeIowSmcwQUEcA11uIcGNIHCBJ7hFd68xHvx3r2PReuaV8ycwB94nz+9YI8p</latexit><latexit sha1_base64="iPlVGFJ3MA6T29C/XW4cbmz0FEk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JJBkyM7vMzAphyUd48aCIV7/Hm3/jbLIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7RT3t3bPzisHB23TJxqypo0FrHuRGiY4Io1LbeCdRLNUEaCtaPJXe63n5g2PFaPdpqwUOJI8SGnaJ3U7o1QSiz3K1W/5s9BVklQkCoUaPQrX71BTFPJlKUCjekGfmLDDLXlVLBZuZcaliCd4Ih1HVUomQmz+bkzcu6UARnG2pWyZK7+nshQGjOVkeuUaMdm2cvF/7xuaoc3YcZVklqm6GLRMBXExiT/nQy4ZtSKqSNINXe3EjpGjdS6hPIQguWXV0nrshb4teDhqlq/LeIowSmcwQUEcA11uIcGNIHCBJ7hFd68xHvx3r2PReuaV8ycwB94nz+9YI8p</latexit>

Trigger:  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Trigger:  
3/4 scintillator planes

Calorimeter (e- pid)

Hodoscopes (trigger)
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Experimental Hall C
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Reconstructed “Missing"  
Neutron Momentum

electron  
beam

deuteron

pm = 80 MeV/c
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E12-10-003 Commissioning Experiment Results 

�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>

Definition of “Reduced Cross Sections”

S(pm) ⇡ �red ⌘ �exp

K�ep

<latexit sha1_base64="YbhCGexG5yqbifEvCBZzCClzTUQ="></latexit>

  commissioning data (3 PAC days) statistically  
  dominated,  20 ~ 40 % relative error  

 kinematic+normalization systematics contribution is   and well  
 understood from commissioning work

≲ 8 %

C. Yero et al. PhysRevLett 125, 262501 (2020)

1.5 < r < 2 fm

(long-range 

OPEP)

1.0 < r < 1.5 fm 
(intermediate, NN 
tensor interaction) r < 1 fm 

(repulsive hard-core, 
NN scalar interaction)

 above ~700 MeV/c, data shows a strikingly different  
 behavior than predicted by any of the models 

discrepancy above ~700 MeV/c reveals the limits in the range of  
validity of the theoretical calculations  See page 2 of Ref.  

additional data > 900 MeV/c needed to see if the trend continues
M. M. Sargsian Phys. Rev. C 82, 014612 (2010)

https://doi.org/10.1103/PhysRevLett.125.262501
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.82.014612
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E12-10-003 Projected Data

C. Yero et al. PhysRevLett 125, 262501 (2020)

Projected Data / Errors (Assuming 18 PAC days allocated) 

 simulated d(e, e’p)n reaction using central settings: 0.120, 0.580, 0.700, 0.800, 0.900 
 (based on Jean-Marc Laget Paris FSI calculations) 

 actual inefficiencies from commissioning applied to simulated yields for  
 realistic statistical error estimates 

 yield corrections applied to correct for differences between the measured data and  
 JML Paris FSI  model 

 projected statistical error improvement down to ~10 %   
 between   MeV/c pm ∼ 600 − 1000

Phenomenological Fit 

 overlay projected data/errors on phenomenological  
 fit curve to commissioning data 

 above ~900 MeV/c,  no fit was made (no data),   
 projected data conservatively placed at placed at  10−6

1.5 < r < 2 fm

(long-range 

OPEP)

1.0 < r < 1.5 fm 
(intermediate, NN 
tensor interaction) r < 1 fm 

(repulsive hard-core, 
NN scalar interaction)

https://doi.org/10.1103/PhysRevLett.125.262501
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E12-10-003 Beam Time Request

Definitions (central settings) :
pm : central missing momentum setting
kf : scattered electron momentum
✓e : scattered electron angle
|~q| : virtual photon 3-momentum transfer
pf : scattered proton momentum
✓p : scattered proton angle
✓pq : relative in-plane angle between pf and ~q

<latexit sha1_base64="b5vNvctVzf3Y/qslkg6vOgW/OJ8="></latexit>

analysis code infrastructure was developed for commissioning part  
(analysis + publication expected to be quick for complete experiment) 

d(e, e’p)n experiment at Hall C (E12-10-003) ONLY requires standard equipment 
(HMS+SHMS) with standard detectors (i.e., hodoscopes, drift chambers, calorimeter)  
No special requirements or additional support from Hall C staff needed to complete the experiment

Target: 10-cm Liquid Deuterium (LD2)

<latexit sha1_base64="px1UWCfBmUSac7jkBiJuM86KwOU=">AAACFHicbVC7SgNBFJ31bXxFLW0GgxARw25QFKugKSwsFMwDkhBmJzfJkJnddeauGJZ8hI2/YmOhiK2FnX/jJKbQ6IGBwzn3cuccP5LCoOt+OlPTM7Nz8wuLqaXlldW19PpG2YSx5lDioQx11WcGpAighAIlVCMNTPkSKn7vbOhXbkEbEQbX2I+goVgnEG3BGVqpmd6rI9xhcs10B/CEeu4+V/RC3MSiRYsQI2gRK5q9KOZ3B810xs25I9C/xBuTDBnjspn+qLdCHisIkEtmTM1zI2wkTKPgEgapemwgYrzHOlCzNGAKTCMZhRrQHau0aDvU9gVIR+rPjYQpY/rKt5OKYddMekPxP68WY/u4kYggsukC/n2oHUuKIR02RFtCA0fZt4RxLexfKe8yzbgtw6RsCd5k5L+knM95B7nDq4NM4XRcxwLZItskSzxyRArknFySEuHknjySZ/LiPDhPzqvz9j065Yx3NskvOO9fbV2dKA==</latexit>
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Summary

commissioning part (3 PAC days) of E12-10-003 experiment successfully completed and published in the  
Physical Review Letters (PRL) scientific journal. 
 

above missing momenta of ~700 MeV/c,  NO calculation describes the data 
** this observed behavior is new and unexpected **   
 

cross-section uncertainties statistically dominated by  ~20 - 40 % 
 

systematic uncertainties well understood and below ~ 8 % 

new, higher-precision data are crucial to understand the new behavior  
 

all necessary tools available for quick analysis and publication
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Back-Up Slides



11

d(e, e’p)n Reaction Kinematics

Plane Wave Impulse Approximation  
(PWIA)

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

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

Suppressed at  (GeV/cQ2 > 1 )2 Suppressed at xBj > 1

Suppressed at selected kinematics: θnq ∼ 35 − 45∘
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E12-10-003 Commissioning Experiment Results (and Projected Errors) | Part 1
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1.5 < r < 2 fm

(long-range 

OPEP)

1.0 < r < 1.5 fm 
(intermediate, NN 
tensor interaction)

r < 1 fm 
(repulsive hard-core, 

NN scalar interaction)
Pm < 250 - 300 MeV/c


Long-range One-Pion Exchange Potential (OPEP) is well-known and 
widely used in most  NN potentials. 

Data confirms the long-range description of the NN interaction

�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>

Definition of “Reduced Cross Sections”

S(pm) ⇡ �red ⌘ �exp

K�ep

<latexit sha1_base64="YbhCGexG5yqbifEvCBZzCClzTUQ="></latexit>

300 < Pm < 600 MeV/c

Intermediate, tensor-dominated part of NN interaction 

CD-Bonn greatly differs from the other potentials  
(Paris, AV18, WJC2)

Data favors the theoretical calculations by M. Sargsian   
using the CD-Bonn potential

 Pm > 600 MeV/c

Short-range, scalar-dominated part of NN interaction 
corresponding to the repulsive hard-core (possible quark-gluon 
effects as well as relativistic effects become relevant) 

Data favors the CD-Bonn model up to ~700 MeV/c. Above 
700 MeV/c,  all theoretical calculations are unable to describe data

This behavior is completely new and unexpected and potentially 
shows the limits at which a valid description of the nucleus 
break down and the inclusion of explicit quark-gluon effects becomes  
a necessity in the theoretical calculations

Relative Errors

Commissioning data (3 PAC days) dominated by statistical  
errors of 20 ~ 40 %  (only ~ 5 % systematics contribution)

Projected Data significantly reduces statistical uncertainty 
to ~10 % from missing momenta ~600 - 1000 MeV/c 

C. Yero et al. PhysRevLett 125, 262501 (2020)

Why data partially favors CD-Bonn over other NN potentials ?

The CD-Bonn potential uses the full, original, nonlocal Feynman amplitude as compared to local approximations used by  
other NN potentials (i.e., Paris, AV18) which leads to the CD-Bonn having a weaker tensor force as compared to all other  
potentials. This predicts a much softer repulsive interaction at short distances, which result in a smaller high-momentum  
component of the deuteron wave function in momentum space

Why are theoretical calculations using CD-Bonn unable to describe data above ~700 MeV/c ?

Scattering amplitudes calculated in the theoretical framework of the generalized eikonal approximation (limited to high-Q2)  
using the virtual nucleon approximation (VNA). The VNA is based certain assumptions that define the limits of its validity 
to neutron recoil momenta  MeV/c.  The discrepancy observed between data and CD-Bonn potentially reveal 
the limits imposed by the VNA assumptions

pm ≤ 700

M. M. Sargsian Phys. Rev. C 82, 014612 (2010)

https://doi.org/10.1103/PhysRevLett.125.262501
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.82.014612
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E12-10-003 Commissioning Experiment Results (and Projected Errors) | Part 2
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1.5 < r < 2 fm

(long-range 

OPEP)

1.0 < r < 1.5 fm 
(intermediate, NN 
tensor interaction)

r < 1 fm 
(repulsive hard-core, 

NN scalar interaction)

Ratio of data (and theory) to CD-Bonn PWIA


Data confirms CD-Bonn FSI calculations up  
to ~650 - 700 MeV/c at forward angles,  deg

CD-Bonn FSI is significantly small  (R ~ 0.8 - 1) below  
800 MeV/c for 35 deg, and below ~600 MeV/c for 45 deg

Recoil angles at 35 +/- 5 deg better suited for  
directly probing high-momentum component of deuteron 
as FSI are small over a larger missing momentum range

θnq ∼ 35,45

R = 0.8R = 0.8

� ⇠ |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>

With the GEA calculations by M. Sargsian, it can be shown that 
approximate cancellation of FSI/PWIA (interference “screening”
term) with the FSI^2 (re-scattering term) amplitudes leads to 
reduction in FSI at specific kinematics

�

�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>

R = 

C. Yero et al. PhysRevLett 125, 262501 (2020)

Phenomenological Fit / Projected Data


Projected data (full red circles), assuming 18 PAC days,  
displayed on phenomenological fit (red curve) show a  
significant improvement in the projected statistical errors

Projected data at pm>900 MeV/c) shows 
completely new, unexplored missing momentum with 
statistical uncertainty comparable to the commissioning  
data (black points)

Significantly smaller projected  statistical errors will help  
pin down the behavior observed in commissioning data  
above ~700 MeV/c, as well as put stricter constraints on  
the theoretical calculations

https://doi.org/10.1103/PhysRevLett.125.262501
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E12-10-003 Commissioning Data Analysis
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SHMS Optics Optimization for

E12-10-003 Using H(e,e’p) Elastics

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 link:

Hall C Document Database: E12-10-003 SHMS Optics Optimization

https://hallcweb.jlab.org/DocDB/0010/001033/001/d2_optim.pdf
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H(e, e’p) Elastics SHMS Acceptance Plots
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d(e, e’p)n Event Selection Cuts

Cuts shown in next slides are for the 80 MeV/c central missing momentum setting  

The exact cuts were also placed on the 580 and 750 MeV/c settings
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Missing Energy Cut: (-20, 40) MeV

Select true d(e,e’p)n events

Em = ! � Tp � Tr
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recoil kinetic energy 
(Assume  the mass 

of the recoil neutron)

Missing energy 
is the B.E. of deuteron


(~2.22 MeV)

proton  
kinetic energy

Kinematics cut to select only 
events with high momentum transfer

4-Momentum Transfer Cut

 

CUT: Q = 4.5  +/-  0.5 GeV 22
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<latexit sha1_base64="6GvUGbkHNNs1U8QYW1Ew7YCax80=">AAAB/HicbVDLSsNAFJ3UV62vaJduBkvBVUlEsMuiG5cV7AOaUCaTm3bo5OHMRAhp/RU3LhRx64e482+ctllo64ELh3Pu5d57vIQzqSzr2yhtbG5t75R3K3v7B4dH5vFJV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN3O/9whCsji6V1kCbkhGEQsYJUpLQ7M6xY4PXBE8dTg84CZ26kOzZjWsBfA6sQtSQwXaQ/PL8WOahhApyomUA9tKlJsToRjlMKs4qYSE0AkZwUDTiIQg3Xxx/AzXteLjIBa6IoUX6u+JnIRSZqGnO0OixnLVm4v/eYNUBU03Z1GSKojoclGQcqxiPE8C+0wAVTzThFDB9K2YjokgVOm8KjoEe/XlddK9aNhWw767rLWuizjK6BSdoXNkoyvUQreojTqIogw9o1f0ZjwZL8a78bFsLRnFTBX9gfH5A+ekk54=</latexit><latexit sha1_base64="6GvUGbkHNNs1U8QYW1Ew7YCax80=">AAAB/HicbVDLSsNAFJ3UV62vaJduBkvBVUlEsMuiG5cV7AOaUCaTm3bo5OHMRAhp/RU3LhRx64e482+ctllo64ELh3Pu5d57vIQzqSzr2yhtbG5t75R3K3v7B4dH5vFJV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN3O/9whCsji6V1kCbkhGEQsYJUpLQ7M6xY4PXBE8dTg84CZ26kOzZjWsBfA6sQtSQwXaQ/PL8WOahhApyomUA9tKlJsToRjlMKs4qYSE0AkZwUDTiIQg3Xxx/AzXteLjIBa6IoUX6u+JnIRSZqGnO0OixnLVm4v/eYNUBU03Z1GSKojoclGQcqxiPE8C+0wAVTzThFDB9K2YjokgVOm8KjoEe/XlddK9aNhWw767rLWuizjK6BSdoXNkoyvUQreojTqIogw9o1f0ZjwZL8a78bFsLRnFTBX9gfH5A+ekk54=</latexit><latexit sha1_base64="6GvUGbkHNNs1U8QYW1Ew7YCax80=">AAAB/HicbVDLSsNAFJ3UV62vaJduBkvBVUlEsMuiG5cV7AOaUCaTm3bo5OHMRAhp/RU3LhRx64e482+ctllo64ELh3Pu5d57vIQzqSzr2yhtbG5t75R3K3v7B4dH5vFJV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN3O/9whCsji6V1kCbkhGEQsYJUpLQ7M6xY4PXBE8dTg84CZ26kOzZjWsBfA6sQtSQwXaQ/PL8WOahhApyomUA9tKlJsToRjlMKs4qYSE0AkZwUDTiIQg3Xxx/AzXteLjIBa6IoUX6u+JnIRSZqGnO0OixnLVm4v/eYNUBU03Z1GSKojoclGQcqxiPE8C+0wAVTzThFDB9K2YjokgVOm8KjoEe/XlddK9aNhWw767rLWuizjK6BSdoXNkoyvUQreojTqIogw9o1f0ZjwZL8a78bFsLRnFTBX9gfH5A+ekk54=</latexit><latexit sha1_base64="6GvUGbkHNNs1U8QYW1Ew7YCax80=">AAAB/HicbVDLSsNAFJ3UV62vaJduBkvBVUlEsMuiG5cV7AOaUCaTm3bo5OHMRAhp/RU3LhRx64e482+ctllo64ELh3Pu5d57vIQzqSzr2yhtbG5t75R3K3v7B4dH5vFJV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN3O/9whCsji6V1kCbkhGEQsYJUpLQ7M6xY4PXBE8dTg84CZ26kOzZjWsBfA6sQtSQwXaQ/PL8WOahhApyomUA9tKlJsToRjlMKs4qYSE0AkZwUDTiIQg3Xxx/AzXteLjIBa6IoUX6u+JnIRSZqGnO0OixnLVm4v/eYNUBU03Z1GSKojoclGQcqxiPE8C+0wAVTzThFDB9K2YjokgVOm8KjoEe/XlddK9aNhWw767rLWuizjK6BSdoXNkoyvUQreojTqIogw9o1f0ZjwZL8a78bFsLRnFTBX9gfH5A+ekk54=</latexit>
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 0.449±Data | Integral: 22.653 
 0.428±SIMC | Integral: 23.908 

 0.025±Ratio: 0.948 

 DifferencetarZ

|�Ztar|  2 cm
<latexit sha1_base64="ZyuNaYsdpmdU4C2qB4Sc//1KaLI=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5FPXisYFuxKWGzneribhJ3J2KJ+Rte/CtePCjiUU/+G7c1gra+sPDwzgw784aJFAZd99OZmJyanpktzZXnFxaXlisrq00Tp5pDg8cy1mchMyBFBA0UKOEs0cBUKKEVXh0O6q0b0EbE0Sn2E+godhGJnuAMrRVU3Dv/CCQyXzG81Co7z4Psh5HpPL/zJVz7CLeYbVOu8qBSdWvuUHQcvAKqpFA9qLz73ZinCiLkkhnT9twEOxnTKLiEvOynBhLGr9gFtC1GTIHpZMPLcrppnS7txdq+COnQ/T2RMWVMX4W2c7C0Ga0NzP9q7RR7e51MREmKEPHvj3qppBjTQUy0KzRwlH0LjGthd6X8kmnG0YZZtiF4oyePQ3O75rk172Snun9QxFEi62SDbBGP7JJ9ckzqpEE4uSeP5Jm8OA/Ok/PqvH23TjjFzBr5I+fjC0xGolQ=</latexit><latexit sha1_base64="ZyuNaYsdpmdU4C2qB4Sc//1KaLI=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5FPXisYFuxKWGzneribhJ3J2KJ+Rte/CtePCjiUU/+G7c1gra+sPDwzgw784aJFAZd99OZmJyanpktzZXnFxaXlisrq00Tp5pDg8cy1mchMyBFBA0UKOEs0cBUKKEVXh0O6q0b0EbE0Sn2E+godhGJnuAMrRVU3Dv/CCQyXzG81Co7z4Psh5HpPL/zJVz7CLeYbVOu8qBSdWvuUHQcvAKqpFA9qLz73ZinCiLkkhnT9twEOxnTKLiEvOynBhLGr9gFtC1GTIHpZMPLcrppnS7txdq+COnQ/T2RMWVMX4W2c7C0Ga0NzP9q7RR7e51MREmKEPHvj3qppBjTQUy0KzRwlH0LjGthd6X8kmnG0YZZtiF4oyePQ3O75rk172Snun9QxFEi62SDbBGP7JJ9ckzqpEE4uSeP5Jm8OA/Ok/PqvH23TjjFzBr5I+fjC0xGolQ=</latexit><latexit sha1_base64="ZyuNaYsdpmdU4C2qB4Sc//1KaLI=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5FPXisYFuxKWGzneribhJ3J2KJ+Rte/CtePCjiUU/+G7c1gra+sPDwzgw784aJFAZd99OZmJyanpktzZXnFxaXlisrq00Tp5pDg8cy1mchMyBFBA0UKOEs0cBUKKEVXh0O6q0b0EbE0Sn2E+godhGJnuAMrRVU3Dv/CCQyXzG81Co7z4Psh5HpPL/zJVz7CLeYbVOu8qBSdWvuUHQcvAKqpFA9qLz73ZinCiLkkhnT9twEOxnTKLiEvOynBhLGr9gFtC1GTIHpZMPLcrppnS7txdq+COnQ/T2RMWVMX4W2c7C0Ga0NzP9q7RR7e51MREmKEPHvj3qppBjTQUy0KzRwlH0LjGthd6X8kmnG0YZZtiF4oyePQ3O75rk172Snun9QxFEi62SDbBGP7JJ9ckzqpEE4uSeP5Jm8OA/Ok/PqvH23TjjFzBr5I+fjC0xGolQ=</latexit><latexit sha1_base64="ZyuNaYsdpmdU4C2qB4Sc//1KaLI=">AAACGXicbZBNS8NAEIY3ftb6VfXoZbEInkoigh5FPXisYFuxKWGzneribhJ3J2KJ+Rte/CtePCjiUU/+G7c1gra+sPDwzgw784aJFAZd99OZmJyanpktzZXnFxaXlisrq00Tp5pDg8cy1mchMyBFBA0UKOEs0cBUKKEVXh0O6q0b0EbE0Sn2E+godhGJnuAMrRVU3Dv/CCQyXzG81Co7z4Psh5HpPL/zJVz7CLeYbVOu8qBSdWvuUHQcvAKqpFA9qLz73ZinCiLkkhnT9twEOxnTKLiEvOynBhLGr9gFtC1GTIHpZMPLcrppnS7txdq+COnQ/T2RMWVMX4W2c7C0Ga0NzP9q7RR7e51MREmKEPHvj3qppBjTQUy0KzRwlH0LjGthd6X8kmnG0YZZtiF4oyePQ3O75rk172Snun9QxFEi62SDbBGP7JJ9ckzqpEE4uSeP5Jm8OA/Ok/PqvH23TjjFzBr5I+fjC0xGolQ=</latexit> Reconstructed Z vertex difference Cut: 

+/- 2 cm relative the peak value

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


select true coincidences and not 
accidental events

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

Select HMS momentum acceptance region where 
Optics Reconstruction is reliable 


Inset: SHMS momentum acceptance is constrained 
by HMS acceptance to be within (-3, 3) %

δ ≡
P − P0

P0
× 100

particle momentum central spectrometer 
momentum
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SHMS Calorimeter Energy

Edep/Ptrk � 0.7
<latexit sha1_base64="Ox+q5hnUu+DEXpRmiQ6ExHEHjVI=">AAACIXicbVDJSgNBEO2JW4xb1KOXxiB4ijMiJMegCB4jmAUyIfR0KkmTnsXuGjEM8yte/BUvHhTJTfwZO8shJj4oeLxXRVU9L5JCo21/W5m19Y3Nrex2bmd3b/8gf3hU12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94M/EbT6C0CIMHHEXQ9lk/ED3BGRqpky+7CM+Y3KadxPUZDpSfdCFKU3pBZ051wUE1TFO3D492sdTJF+yiPQVdJc6cFMgc1U5+7HZDHvsQIJdM65ZjR9hOmELBJaQ5N9YQMT5kfWgZGjAfdDuZfpjSM6N0aS9UpgKkU3VxImG+1iPfM52TW/WyNxH/81ox9srtRARRjBDw2aJeLCmGdBIX7QoFHOXIEMaVMLdSPmCKcTSh5kwIzvLLq6R+WXTsonN/Vahcz+PIkhNySs6JQ0qkQu5IldQIJy/kjXyQT+vVere+rPGsNWPNZ47JH1g/v/UopTE=</latexit><latexit sha1_base64="Ox+q5hnUu+DEXpRmiQ6ExHEHjVI=">AAACIXicbVDJSgNBEO2JW4xb1KOXxiB4ijMiJMegCB4jmAUyIfR0KkmTnsXuGjEM8yte/BUvHhTJTfwZO8shJj4oeLxXRVU9L5JCo21/W5m19Y3Nrex2bmd3b/8gf3hU12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94M/EbT6C0CIMHHEXQ9lk/ED3BGRqpky+7CM+Y3KadxPUZDpSfdCFKU3pBZ051wUE1TFO3D492sdTJF+yiPQVdJc6cFMgc1U5+7HZDHvsQIJdM65ZjR9hOmELBJaQ5N9YQMT5kfWgZGjAfdDuZfpjSM6N0aS9UpgKkU3VxImG+1iPfM52TW/WyNxH/81ox9srtRARRjBDw2aJeLCmGdBIX7QoFHOXIEMaVMLdSPmCKcTSh5kwIzvLLq6R+WXTsonN/Vahcz+PIkhNySs6JQ0qkQu5IldQIJy/kjXyQT+vVere+rPGsNWPNZ47JH1g/v/UopTE=</latexit><latexit sha1_base64="Ox+q5hnUu+DEXpRmiQ6ExHEHjVI=">AAACIXicbVDJSgNBEO2JW4xb1KOXxiB4ijMiJMegCB4jmAUyIfR0KkmTnsXuGjEM8yte/BUvHhTJTfwZO8shJj4oeLxXRVU9L5JCo21/W5m19Y3Nrex2bmd3b/8gf3hU12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94M/EbT6C0CIMHHEXQ9lk/ED3BGRqpky+7CM+Y3KadxPUZDpSfdCFKU3pBZ051wUE1TFO3D492sdTJF+yiPQVdJc6cFMgc1U5+7HZDHvsQIJdM65ZjR9hOmELBJaQ5N9YQMT5kfWgZGjAfdDuZfpjSM6N0aS9UpgKkU3VxImG+1iPfM52TW/WyNxH/81ox9srtRARRjBDw2aJeLCmGdBIX7QoFHOXIEMaVMLdSPmCKcTSh5kwIzvLLq6R+WXTsonN/Vahcz+PIkhNySs6JQ0qkQu5IldQIJy/kjXyQT+vVere+rPGsNWPNZ47JH1g/v/UopTE=</latexit><latexit sha1_base64="Ox+q5hnUu+DEXpRmiQ6ExHEHjVI=">AAACIXicbVDJSgNBEO2JW4xb1KOXxiB4ijMiJMegCB4jmAUyIfR0KkmTnsXuGjEM8yte/BUvHhTJTfwZO8shJj4oeLxXRVU9L5JCo21/W5m19Y3Nrex2bmd3b/8gf3hU12GsONR4KEPV9JgGKQKooUAJzUgB8z0JDW94M/EbT6C0CIMHHEXQ9lk/ED3BGRqpky+7CM+Y3KadxPUZDpSfdCFKU3pBZ051wUE1TFO3D492sdTJF+yiPQVdJc6cFMgc1U5+7HZDHvsQIJdM65ZjR9hOmELBJaQ5N9YQMT5kfWgZGjAfdDuZfpjSM6N0aS9UpgKkU3VxImG+1iPfM52TW/WyNxH/81ox9srtRARRjBDw2aJeLCmGdBIX7QoFHOXIEMaVMLdSPmCKcTSh5kwIzvLLq6R+WXTsonN/Vahcz+PIkhNySs6JQ0qkQu5IldQIJy/kjXyQT+vVere+rPGsNWPNZ47JH1g/v/UopTE=</latexit>
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Coincidence Time

10.5  tcoin  14.5 ns
<latexit sha1_base64="c4stK7PRbhneNR8W3vmrDQRSLyk=">AAACJHicbVBNSwMxEM3Wr1q/qh69BIvgqexKi4KXohePFWwrdEvJptM2NMmuSVYoy/4YL/4VLx78wIMXf4vZtoK2Phh4vDfDzLwg4kwb1/10ckvLK6tr+fXCxubW9k5xd6+pw1hRaNCQh+o2IBo4k9AwzHC4jRQQEXBoBaPLzG/dg9IslDdmHEFHkIFkfUaJsVK3eO655Sr2OdzhxHR9QcxQiYSGTKbpRP2RvEq56g91RCgknhCp1Gm3WHLL7gR4kXgzUkIz1LvFN78X0liANJQTrdueG5lOQpRhlENa8GMNdsGIDKBtqSQCdCeZPJniI6v0cD9UtqTBE/X3REKE1mMR2M7sZD3vZeJ/Xjs2/bNOwmQUG5B0uqgfc2xCnCWGe0wBNXxsCaGK2VsxHRJFqLG5FmwI3vzLi6R5UrZBe9eVUu1iFkceHaBDdIw8dIpq6ArVUQNR9ICe0At6dR6dZ+fd+Zi25pzZzD76A+frG+PwpQM=</latexit><latexit sha1_base64="c4stK7PRbhneNR8W3vmrDQRSLyk=">AAACJHicbVBNSwMxEM3Wr1q/qh69BIvgqexKi4KXohePFWwrdEvJptM2NMmuSVYoy/4YL/4VLx78wIMXf4vZtoK2Phh4vDfDzLwg4kwb1/10ckvLK6tr+fXCxubW9k5xd6+pw1hRaNCQh+o2IBo4k9AwzHC4jRQQEXBoBaPLzG/dg9IslDdmHEFHkIFkfUaJsVK3eO655Sr2OdzhxHR9QcxQiYSGTKbpRP2RvEq56g91RCgknhCp1Gm3WHLL7gR4kXgzUkIz1LvFN78X0liANJQTrdueG5lOQpRhlENa8GMNdsGIDKBtqSQCdCeZPJniI6v0cD9UtqTBE/X3REKE1mMR2M7sZD3vZeJ/Xjs2/bNOwmQUG5B0uqgfc2xCnCWGe0wBNXxsCaGK2VsxHRJFqLG5FmwI3vzLi6R5UrZBe9eVUu1iFkceHaBDdIw8dIpq6ArVUQNR9ICe0At6dR6dZ+fd+Zi25pzZzD76A+frG+PwpQM=</latexit><latexit sha1_base64="c4stK7PRbhneNR8W3vmrDQRSLyk=">AAACJHicbVBNSwMxEM3Wr1q/qh69BIvgqexKi4KXohePFWwrdEvJptM2NMmuSVYoy/4YL/4VLx78wIMXf4vZtoK2Phh4vDfDzLwg4kwb1/10ckvLK6tr+fXCxubW9k5xd6+pw1hRaNCQh+o2IBo4k9AwzHC4jRQQEXBoBaPLzG/dg9IslDdmHEFHkIFkfUaJsVK3eO655Sr2OdzhxHR9QcxQiYSGTKbpRP2RvEq56g91RCgknhCp1Gm3WHLL7gR4kXgzUkIz1LvFN78X0liANJQTrdueG5lOQpRhlENa8GMNdsGIDKBtqSQCdCeZPJniI6v0cD9UtqTBE/X3REKE1mMR2M7sZD3vZeJ/Xjs2/bNOwmQUG5B0uqgfc2xCnCWGe0wBNXxsCaGK2VsxHRJFqLG5FmwI3vzLi6R5UrZBe9eVUu1iFkceHaBDdIw8dIpq6ArVUQNR9ICe0At6dR6dZ+fd+Zi25pzZzD76A+frG+PwpQM=</latexit><latexit sha1_base64="c4stK7PRbhneNR8W3vmrDQRSLyk=">AAACJHicbVBNSwMxEM3Wr1q/qh69BIvgqexKi4KXohePFWwrdEvJptM2NMmuSVYoy/4YL/4VLx78wIMXf4vZtoK2Phh4vDfDzLwg4kwb1/10ckvLK6tr+fXCxubW9k5xd6+pw1hRaNCQh+o2IBo4k9AwzHC4jRQQEXBoBaPLzG/dg9IslDdmHEFHkIFkfUaJsVK3eO655Sr2OdzhxHR9QcxQiYSGTKbpRP2RvEq56g91RCgknhCp1Gm3WHLL7gR4kXgzUkIz1LvFN78X0liANJQTrdueG5lOQpRhlENa8GMNdsGIDKBtqSQCdCeZPJniI6v0cD9UtqTBE/X3REKE1mMR2M7sZD3vZeJ/Xjs2/bNOwmQUG5B0uqgfc2xCnCWGe0wBNXxsCaGK2VsxHRJFqLG5FmwI3vzLi6R5UrZBe9eVUu1iFkceHaBDdIw8dIpq6ArVUQNR9ICe0At6dR6dZ+fd+Zi25pzZzD76A+frG+PwpQM=</latexit>
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Coincidence Time Cut

CUT: (10.5, 14.5) ns

select true electron-proton coincidences

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!)
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SHMS Collimator

DATA

SIMC

DATA

SIMC

HMS Collimator Cut

(Geometrical cut on 

collimator dimensions)

Select events that  passed through

HMS collimator and NOT scattered at the 


edges of the collimator

SHMS Collimator:

events in SHMS are constrained by 
the HMS acceptance to be 

well within the collimator edges 
(not cut was necessary, this just 
illustrates where the events are)



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
<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>
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L
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<latexit sha1_base64="04VACuXtxT591a0ZKxoADmVOgxs="></latexit><latexit sha1_base64="04VACuXtxT591a0ZKxoADmVOgxs="></latexit><latexit sha1_base64="04VACuXtxT591a0ZKxoADmVOgxs="></latexit><latexit sha1_base64="04VACuXtxT591a0ZKxoADmVOgxs="></latexit>

L ⌘ 1

�

dNcoin

dt
<latexit sha1_base64="B3PhjzKj+rd89Leqm7zqg+mi+6A=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduBCpYB/QKSWTybShSWZMMoUS8jtu/BU3Coq69UdMHwttPRA4Oede7r0nyhhV2vc/vaXlldW19cJGcXNre2e3tLffUGkuManjlKWyFSFFGBWkrqlmpJVJgnjESDMaXI395pBIRVNxr0cZ6XDUEzShGGkndUvVkCPdx4iZGwtD8pDTIQwTibAJrAkV7XFkp//4tmsmxZIbnFJhrTWxtt1S2a/4E8BFEsxIGcxQ65ZewzjFOSdCY4aUagd+pjsGSU0xI7YY5opkCA9Qj7QdFYgT1TGTSy08dkoMk1S6JzScqL87DOJKjXjkKserqnlvLP7ntXOdXHQMFVmuicDTQUnOoE7hODYYU0mwZiNHEJbU7QpxH7lctAu36EII5k9eJI3TSuBXgruzcvVyFkcBHIIjcAICcA6q4BrUQB1g8AiewRt49568F+/D+5qWLnmzngPwB973D3kDqUA=</latexit><latexit sha1_base64="B3PhjzKj+rd89Leqm7zqg+mi+6A=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduBCpYB/QKSWTybShSWZMMoUS8jtu/BU3Coq69UdMHwttPRA4Oede7r0nyhhV2vc/vaXlldW19cJGcXNre2e3tLffUGkuManjlKWyFSFFGBWkrqlmpJVJgnjESDMaXI395pBIRVNxr0cZ6XDUEzShGGkndUvVkCPdx4iZGwtD8pDTIQwTibAJrAkV7XFkp//4tmsmxZIbnFJhrTWxtt1S2a/4E8BFEsxIGcxQ65ZewzjFOSdCY4aUagd+pjsGSU0xI7YY5opkCA9Qj7QdFYgT1TGTSy08dkoMk1S6JzScqL87DOJKjXjkKserqnlvLP7ntXOdXHQMFVmuicDTQUnOoE7hODYYU0mwZiNHEJbU7QpxH7lctAu36EII5k9eJI3TSuBXgruzcvVyFkcBHIIjcAICcA6q4BrUQB1g8AiewRt49568F+/D+5qWLnmzngPwB973D3kDqUA=</latexit><latexit sha1_base64="B3PhjzKj+rd89Leqm7zqg+mi+6A=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduBCpYB/QKSWTybShSWZMMoUS8jtu/BU3Coq69UdMHwttPRA4Oede7r0nyhhV2vc/vaXlldW19cJGcXNre2e3tLffUGkuManjlKWyFSFFGBWkrqlmpJVJgnjESDMaXI395pBIRVNxr0cZ6XDUEzShGGkndUvVkCPdx4iZGwtD8pDTIQwTibAJrAkV7XFkp//4tmsmxZIbnFJhrTWxtt1S2a/4E8BFEsxIGcxQ65ZewzjFOSdCY4aUagd+pjsGSU0xI7YY5opkCA9Qj7QdFYgT1TGTSy08dkoMk1S6JzScqL87DOJKjXjkKserqnlvLP7ntXOdXHQMFVmuicDTQUnOoE7hODYYU0mwZiNHEJbU7QpxH7lctAu36EII5k9eJI3TSuBXgruzcvVyFkcBHIIjcAICcA6q4BrUQB1g8AiewRt49568F+/D+5qWLnmzngPwB973D3kDqUA=</latexit><latexit sha1_base64="B3PhjzKj+rd89Leqm7zqg+mi+6A=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduBCpYB/QKSWTybShSWZMMoUS8jtu/BU3Coq69UdMHwttPRA4Oede7r0nyhhV2vc/vaXlldW19cJGcXNre2e3tLffUGkuManjlKWyFSFFGBWkrqlmpJVJgnjESDMaXI395pBIRVNxr0cZ6XDUEzShGGkndUvVkCPdx4iZGwtD8pDTIQwTibAJrAkV7XFkp//4tmsmxZIbnFJhrTWxtt1S2a/4E8BFEsxIGcxQ65ZewzjFOSdCY4aUagd+pjsGSU0xI7YY5opkCA9Qj7QdFYgT1TGTSy08dkoMk1S6JzScqL87DOJKjXjkKserqnlvLP7ntXOdXHQMFVmuicDTQUnOoE7hODYYU0mwZiNHEJbU7QpxH7lctAu36EII5k9eJI3TSuBXgruzcvVyFkcBHIIjcAICcA6q4BrUQB1g8AiewRt49568F+/D+5qWLnmzngPwB973D3kDqUA=</latexit>

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

cm2
<latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="HUdA1hXrmZSQQKOT9glLA1q/xU0=">AAACQXicbZC7SwNBEMbn4ju+oq3NYhCswl0abQTBxlLBaCAXw95mLi7uPdidE8Oxf6CNhZ1/hY2FIoKbR6GJAwsf3+zHzPyiXElDvv/qVRYWl5ZXVteq6xubW9u1nY1rkxVaYEtkKtPtiBtUMsUWSVLYzjXyJFJ4E92fjfo3D6iNzNIrGubYTfgglbEUnJzVq4kTFsaaizKsh4SPVLLIpVnONUmh0FhbTnyDwtqQZIJmJkBcD5D+iYjE3pZNa3u1ut/wx8XmRTAVdZjWRa/2EvYzUSSYklDcmE7g59QtpwNsNSwM5lzc8wF2nEy5W6pbjmFYduCcPosz7V5KbOz+TpQ8MWaYRO5nwunOzPZG5n+9TkHxcbeUaV4QpmIyKC4Uo4yNyLK+1ChIDZ3gQku3KxN33KEix7/qIASzJ8+L62Yj8BvBpQ+rsAf7cAgBHMEpnMMFtEDAE7zBB3x6z9679zXBVfGm3HbhT3nfP9Yetpw=</latexit><latexit sha1_base64="HUdA1hXrmZSQQKOT9glLA1q/xU0=">AAACQXicbZC7SwNBEMbn4ju+oq3NYhCswl0abQTBxlLBaCAXw95mLi7uPdidE8Oxf6CNhZ1/hY2FIoKbR6GJAwsf3+zHzPyiXElDvv/qVRYWl5ZXVteq6xubW9u1nY1rkxVaYEtkKtPtiBtUMsUWSVLYzjXyJFJ4E92fjfo3D6iNzNIrGubYTfgglbEUnJzVq4kTFsaaizKsh4SPVLLIpVnONUmh0FhbTnyDwtqQZIJmJkBcD5D+iYjE3pZNa3u1ut/wx8XmRTAVdZjWRa/2EvYzUSSYklDcmE7g59QtpwNsNSwM5lzc8wF2nEy5W6pbjmFYduCcPosz7V5KbOz+TpQ8MWaYRO5nwunOzPZG5n+9TkHxcbeUaV4QpmIyKC4Uo4yNyLK+1ChIDZ3gQku3KxN33KEix7/qIASzJ8+L62Yj8BvBpQ+rsAf7cAgBHMEpnMMFtEDAE7zBB3x6z9679zXBVfGm3HbhT3nfP9Yetpw=</latexit><latexit sha1_base64="vBIu4tLzSPIUm0d7zDMxqrBGSD0="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="HUdA1hXrmZSQQKOT9glLA1q/xU0=">AAACQXicbZC7SwNBEMbn4ju+oq3NYhCswl0abQTBxlLBaCAXw95mLi7uPdidE8Oxf6CNhZ1/hY2FIoKbR6GJAwsf3+zHzPyiXElDvv/qVRYWl5ZXVteq6xubW9u1nY1rkxVaYEtkKtPtiBtUMsUWSVLYzjXyJFJ4E92fjfo3D6iNzNIrGubYTfgglbEUnJzVq4kTFsaaizKsh4SPVLLIpVnONUmh0FhbTnyDwtqQZIJmJkBcD5D+iYjE3pZNa3u1ut/wx8XmRTAVdZjWRa/2EvYzUSSYklDcmE7g59QtpwNsNSwM5lzc8wF2nEy5W6pbjmFYduCcPosz7V5KbOz+TpQ8MWaYRO5nwunOzPZG5n+9TkHxcbeUaV4QpmIyKC4Uo4yNyLK+1ChIDZ3gQku3KxN33KEix7/qIASzJ8+L62Yj8BvBpQ+rsAf7cAgBHMEpnMMFtEDAE7zBB3x6z9679zXBVfGm3HbhT3nfP9Yetpw=</latexit><latexit sha1_base64="HUdA1hXrmZSQQKOT9glLA1q/xU0=">AAACQXicbZC7SwNBEMbn4ju+oq3NYhCswl0abQTBxlLBaCAXw95mLi7uPdidE8Oxf6CNhZ1/hY2FIoKbR6GJAwsf3+zHzPyiXElDvv/qVRYWl5ZXVteq6xubW9u1nY1rkxVaYEtkKtPtiBtUMsUWSVLYzjXyJFJ4E92fjfo3D6iNzNIrGubYTfgglbEUnJzVq4kTFsaaizKsh4SPVLLIpVnONUmh0FhbTnyDwtqQZIJmJkBcD5D+iYjE3pZNa3u1ut/wx8XmRTAVdZjWRa/2EvYzUSSYklDcmE7g59QtpwNsNSwM5lzc8wF2nEy5W6pbjmFYduCcPosz7V5KbOz+TpQ8MWaYRO5nwunOzPZG5n+9TkHxcbeUaV4QpmIyKC4Uo4yNyLK+1ChIDZ3gQku3KxN33KEix7/qIASzJ8+L62Yj8BvBpQ+rsAf7cAgBHMEpnMMFtEDAE7zBB3x6z9679zXBVfGm3HbhT3nfP9Yetpw=</latexit><latexit sha1_base64="vBIu4tLzSPIUm0d7zDMxqrBGSD0="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit><latexit sha1_base64="4Dua5nMbTAtbZA2jlNju79pQh08="></latexit>

s�1cm�2
<latexit sha1_base64="fIJlYWK1XLjMUIEaXelBkmxUxTo=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpVUSDBWsDAWiT6ktlSO67RW7SSybxBVlIGFX2FhACFWPoKNv8FpM0DLkSyde869ur7HiwTX4DjfVmFldW19o7hZ2tre2d2z9w9aOowVZU0ailB1PKKZ4AFrAgfBOpFiRHqCtb3JVea375nSPAxuYRqxviSjgPucEjDSwC73gD1AotO75NRN5wWVWVVLB3bFqToz4GXi5qSCcjQG9ldvGNJYsgCoIFp3XSeCfkIUcCpYWurFmkWETsiIdQ0NiGS6n8yOSPGxUYbYD5V5AeCZ+nsiIVLrqfRMpyQw1oteJv7ndWPwL/oJD6IYWEDni/xYYAhxlggecsUoiKkhhCpu/orpmChCweRWMiG4iycvk1at6jpV9+asUr/M4yiiMjpCJ8hF56iOrlEDNRFFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/damYlw==</latexit><latexit sha1_base64="fIJlYWK1XLjMUIEaXelBkmxUxTo=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpVUSDBWsDAWiT6ktlSO67RW7SSybxBVlIGFX2FhACFWPoKNv8FpM0DLkSyde869ur7HiwTX4DjfVmFldW19o7hZ2tre2d2z9w9aOowVZU0ailB1PKKZ4AFrAgfBOpFiRHqCtb3JVea375nSPAxuYRqxviSjgPucEjDSwC73gD1AotO75NRN5wWVWVVLB3bFqToz4GXi5qSCcjQG9ldvGNJYsgCoIFp3XSeCfkIUcCpYWurFmkWETsiIdQ0NiGS6n8yOSPGxUYbYD5V5AeCZ+nsiIVLrqfRMpyQw1oteJv7ndWPwL/oJD6IYWEDni/xYYAhxlggecsUoiKkhhCpu/orpmChCweRWMiG4iycvk1at6jpV9+asUr/M4yiiMjpCJ8hF56iOrlEDNRFFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/damYlw==</latexit><latexit sha1_base64="fIJlYWK1XLjMUIEaXelBkmxUxTo=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpVUSDBWsDAWiT6ktlSO67RW7SSybxBVlIGFX2FhACFWPoKNv8FpM0DLkSyde869ur7HiwTX4DjfVmFldW19o7hZ2tre2d2z9w9aOowVZU0ailB1PKKZ4AFrAgfBOpFiRHqCtb3JVea375nSPAxuYRqxviSjgPucEjDSwC73gD1AotO75NRN5wWVWVVLB3bFqToz4GXi5qSCcjQG9ldvGNJYsgCoIFp3XSeCfkIUcCpYWurFmkWETsiIdQ0NiGS6n8yOSPGxUYbYD5V5AeCZ+nsiIVLrqfRMpyQw1oteJv7ndWPwL/oJD6IYWEDni/xYYAhxlggecsUoiKkhhCpu/orpmChCweRWMiG4iycvk1at6jpV9+asUr/M4yiiMjpCJ8hF56iOrlEDNRFFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/damYlw==</latexit><latexit sha1_base64="fIJlYWK1XLjMUIEaXelBkmxUxTo=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEQpVUSDBWsDAWiT6ktlSO67RW7SSybxBVlIGFX2FhACFWPoKNv8FpM0DLkSyde869ur7HiwTX4DjfVmFldW19o7hZ2tre2d2z9w9aOowVZU0ailB1PKKZ4AFrAgfBOpFiRHqCtb3JVea375nSPAxuYRqxviSjgPucEjDSwC73gD1AotO75NRN5wWVWVVLB3bFqToz4GXi5qSCcjQG9ldvGNJYsgCoIFp3XSeCfkIUcCpYWurFmkWETsiIdQ0NiGS6n8yOSPGxUYbYD5V5AeCZ+nsiIVLrqfRMpyQw1oteJv7ndWPwL/oJD6IYWEDni/xYYAhxlggecsUoiKkhhCpu/orpmChCweRWMiG4iycvk1at6jpV9+asUr/M4yiiMjpCJ8hF56iOrlEDNRFFj+gZvaI368l6sd6tj3lrwcpnDtEfWJ8/damYlw==</latexit>

d(e, e’p)n Cross-Section Extraction

23

Average 
Experimental 
Cross-Section
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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>

• missing momentum yield (top) and phase space (bottom) 
binned in  bins, and divided to extract the cross sections(Pm, θnq)

• in this example, only a specific bin:  is shown θnq = 35 ± 5∘
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<latexit sha1_base64="3vFyHLGpa9Ch8tV3Ee9uPYRH3C0="></latexit>

NOTE: Missing momentum ( ) and recoil momentum ( ) 
are used interchangeably when referring to the recoiling 
neutron momentum  

Pm pr

Averaged Experimental Cross Section ( )σ̄exp

• corrected data yield   has been radiatively corrected, normalized 
by total charge and corrected for inefficiencies 

(Ycorr
data)

• randomly-generated  Monte Carlo events have populated the  
HMS-SHMS spectrometers acceptance at the d(e, e’p)n  
reaction kinematics



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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Total EDMT Live Time vs. Run Number

avg=0.922762
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Average Live Time: ~ 92.2 %

• dead time is the time that the DAQ is unable to register/process triggers which results in event loss 
that 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 algorithm

• 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

Fit slope: fractional yield loss / uA

Correct for yield loss due

to target density fluctuations

Average Yield left due to Target Boiling: 95.7 %
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Details can be found in documentation link:

Hall C Document Database: E12-10-003 Target Boiling Studies

• Account for event loss at the reaction vertex due to 
target density fluctuations in the 10-cm liquid  
deuterium target

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

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>

Correct for 

proton loss in HMS 

Proton transmission factor: 95.34 %

• Account d(e, e’p)n coincidence events lost due to a small fraction of the protons undergoing nuclear 
interactions in the spectrometer medium to lose all its energy before being detected and forming a coincidence trigger

Details can be found in documentation link:

Hall C Document Database: E12-10-003 Proton Absorption Studies
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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

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>

• Correct for the radiative effects before and 
after the electron interaction with the target 

• Radiative effects (either internal or external 
bremsstrahlung) in the initial and final states 
of the reaction modify the kinematics of the 
detected particles, and thus the true cross section 
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�exp
bc = �̄exp · fbc

<latexit sha1_base64="bY296liKitR7nu1V7OL6BzhH3Iw=">AAACHHicbVDLSsNAFJ34rPUVdelmsAiuSqIV3QhFNy4r2Ac0MUwmk3boZBJmJmIJ+RA3/oobF4q4cSH4N07TLLT1wMDhnHO5c4+fMCqVZX0bC4tLyyurlbXq+sbm1ra5s9uRcSowaeOYxaLnI0kY5aStqGKklwiCIp+Rrj+6mvjdeyIkjfmtGifEjdCA05BipLTkmSeOpIMI3WXkIcm9zMc5vICOj0Q2NfKpAx0cxAqGRcIza1bdKgDniV2SGijR8sxPJ4hxGhGuMENS9m0rUW6GhKKYkbzqpJIkCI/QgPQ15Sgi0s2K43J4qJUAhrHQjytYqL8nMhRJOY58nYyQGspZbyL+5/VTFZ67GeVJqgjH00VhyqCK4aQpGFBBsGJjTRAWVP8V4iESCCvdZ1WXYM+ePE86x3W7UT+9adSal2UdFbAPDsARsMEZaIJr0AJtgMEjeAav4M14Ml6Md+NjGl0wypk98AfG1w9GJKK7</latexit>

�̄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>

fbc ⌘
�model(k̄)

�̄model(k)

<latexit sha1_base64="kuQ0dG4+HpqcWAttpDQ2fnsZDWQ="></latexit>

Model cross sections evaluated 
at the average kinematics,          k̄ : (P̄m, ✓̄nq)

<latexit sha1_base64="srEgOuV3t4rBJ/W9Mkg6FUN0am8=">AAACG3icbVDLSgMxFM34rPVVdekmWAQFKTOlorgqunFZwT6gU0omTdvQJDMmd4QyzH+48VfcuFDEleDCvzGddqHWA4GTc+4lOSeIBDfgul/OwuLS8spqbi2/vrG5tV3Y2W2YMNaU1WkoQt0KiGGCK1YHDoK1Is2IDARrBqOrid+8Z9rwUN3COGIdSQaK9zklYKVuoexLAkMtEz8gOhml6QU+ymgt7SYyPcHZxYchA2IVdZcedwtFt+RmwPPEm5EimqHWLXz4vZDGkimgghjT9twIOgnRwKlgad6PDYsIHZEBa1uqiGSmk2TZUnxolR7uh9oeBThTf24kRBozloGdnCQxf72J+J/XjqF/3km4imJgik4f6scCQ4gnReEe14yCGFtCqOb2r5gOiSYUbJ15W4L3N/I8aZRLXqV0elMpVi9ndeTQPjpAR8hDZ6iKrlEN1RFFD+gJvaBX59F5dt6c9+nogjPb2UO/4Hx+A1nPoj0=</latexit>

Average model cross sections evaluated 
at the central kinematics,          k : (Pm, ✓nq)

<latexit sha1_base64="oNmSSzZ755ZrBArMO/CKR/mz2KY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoMQQcKuRBRPQS8eI5gHJGGZnUySITOz60yvEJa9evFXvHhQxKt/4M2/cfI4aGJBQ1HVTXdXEAluwHW/nczS8srqWnY9t7G5tb2T392rmzDWlNVoKELdDIhhgitWAw6CNSPNiAwEawTD67HfeGDa8FDdwShiHUn6ivc4JWAlP4/bksBAy2SYXuJi1U9keoLbMGBA/ETdp8d+vuCW3AnwIvFmpIBmqPr5r3Y3pLFkCqggxrQ8N4JOQjRwKliaa8eGRYQOSZ+1LFVEMtNJJp+k+MgqXdwLtS0FeKL+nkiINGYkA9s5vtvMe2PxP68VQ++ik3AVxcAUnS7qxQJDiMex4C7XjIIYWUKo5vZWTAdEEwo2vJwNwZt/eZHUT0teuXR2Wy5UrmZxZNEBOkRF5KFzVEE3qIpqiKJH9Ixe0Zvz5Lw4787HtDXjzGb20R84nz8Mbpnu</latexit>

d(e, e’p)n Bin-Centering Corrections

• Bin centering corrections account for 
the fact that the the average cross sections 
by the simulation program are determined 
at the bin-center, when in reality, the 
cross section at a kinematic bin might not 
necessarily correspond to the central value 
but some averaged kinematic value, depending 
on how fast the cross-section changes across 
that kinematic bin in question.

• The Jean-Marc Laget (JML) Paris  model  
cross-sections were used in the bin-centering 
corrections

Bin-center corrected  
experimental cross sections       
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d(e, e’p)n Target Background Studies
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Nuclear Missing Energy

Aluminum endcaps 
(super-elastic events)

D(e,e’p)n + Aluminum endcaps

Aluminum endcaps D(e,e’p)n  
+ Al. endcaps

580 MeV/c setting 
Integrated over all θnq

Assumption:  
Al. end-caps background is constant across the missing energy range



32

d(e, e’p)n Target Background Studies
580 MeV/c setting   

Integrated over all θnq

10− 8− 6− 4− 2− 0 2 4 6 8 10
z-Target Vertex [cm]
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endcap 

(+5 cm)

Al. endcaps yield =  0.00806 +/- 0.00233 counts / mC 
 + Al. endcaps yield =  0.275 +/- 0.0137 counts / mC2H(e, e′￼p)n
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endcap 

(-5 cm)

Al. endcaps yield =  0.00806 +/- 0.00233 counts / mC 
 + Al. endcaps yield =  0.275 +/- 0.0137 counts / mC2H(e, e′￼p)n

Al.  

endcap 

(+5 cm)

d(e, e’p)n Target Background Studies
580 MeV/c setting  

Integrated over all θnq

• The background underneath the missing energy spectrum  
was estimated to contribute:

Al. endcaps yield 

 + Al. endcaps yield 2H(e, e′￼p)n
=

0.00806
0.275

= 0.0293 2.93%

<latexit sha1_base64="mrbEglXdB3Y9RfB5wAB7uS0x1Ms=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSwFVyGpFXVXdOOygn1AE8pkMmmHTmbCzESsoV/ixoUibv0Ud/6N08dCWw9cOJxzL/feE6aMKu2631ZhbX1jc6u4XdrZ3dsv2weHbSUyiUkLCyZkN0SKMMpJS1PNSDeVBCUhI51wdDP1Ow9EKir4vR6nJEjQgNOYYqSN1LfLfigeSZTXnKsz6FcnfbviOu4McJV4C1IBCzT79pcfCZwlhGvMkFI9z011kCOpKWZkUvIzRVKER2hAeoZylBAV5LPDJ7BqlAjGQpriGs7U3xM5SpQaJ6HpTJAeqmVvKv7n9TIdXwY55WmmCcfzRXHGoBZwmgKMqCRYs7EhCEtqboV4iCTC2mRVMiF4yy+vknbN8erO+V290rhexFEEx+AEnAIPXIAGuAVN0AIYZOAZvII368l6sd6tj3lrwVrMHIE/sD5/ACV6khw=</latexit>

• The background contribution was added as an overall normalization  
systematic uncertainty to the d(e, e’p)n cross sections



Reduced cross section  
(theoretical momentum  

distributions within PWIA)

Bin-center Corrected 
Experimental  
cross sections

Kinematic Factor 
times deForest 
ep cross section

 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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J. Arrington, Implications of the discrepancy between 
proton form factor measurements, Phys. Rev. C69,

022201 (2004)

(Proton form factor parametrization)deForest Off-shell  
ep cross-section

kinematic factor

final proton 

momentum

neutron recoil

momentum

3-momentum

transfer

(pr, ✓nq)
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d(e, e’p)n Momentum Distributions

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.69.022201
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.69.022201
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Additional d(e, e’p)n Kinematic Distributions
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d(e, e’p)n Normalization Correction Factors  
 

& 
 

Statistical/Systematic Uncertainty Tables
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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

•   Correction factors in table were averaged over all runs of individual data sets

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>
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Systematic Uncertainty on Normalization  Correction Factors for d(e, e’p)n

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>

�̄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>

dfi : error in normalization correction factors
<latexit sha1_base64="3+4AzziCzEnf6F8aUaSuNwmH/go=">AAACIXicbVC7SgNBFJ31GeMramkzGASrsCuCwSpoYxnBPCBZwuzkbjJkdmaZmRXjkl+x8VdsLBRJJ/6Mk80Wmnirwznncu85QcyZNq775aysrq1vbBa2its7u3v7pYPDppaJotCgkkvVDo gGzgQ0DDMc2rECEgUcWsHoZqa3HkBpJsW9GcfgR2QgWMgoMZbqlar9sJeyyRXuGng0KSglFWYCC6kiwtlTZsNUKgU0gyGhRio96ZXKbsXNBi8DLwdllE+9V5p2+5ImEQhDOdG647mx8VOiDKMcJsVuoiEmdEQG0LFQkAi0n2YJJ/jUMn0c2t9CKQzO2N8bKYm0HkeBdUbEDPWiNiP/0zqJCat+ykScGBB0fihMODYSz+rCfTYLzscWEKqY/RXTIVG2BFtq0ZbgLUZeBs3ziudWvLuLcu06r6OAjtEJOkMeukQ1dIvqqIEoekav6B19OC/Om/PpTOfWFSffOUJ/xvn+AaKPpQo=</latexit><latexit sha1_base64="3+4AzziCzEnf6F8aUaSuNwmH/go=">AAACIXicbVC7SgNBFJ31GeMramkzGASrsCuCwSpoYxnBPCBZwuzkbjJkdmaZmRXjkl+x8VdsLBRJJ/6Mk80Wmnirwznncu85QcyZNq775aysrq1vbBa2its7u3v7pYPDppaJotCgkkvVDo gGzgQ0DDMc2rECEgUcWsHoZqa3HkBpJsW9GcfgR2QgWMgoMZbqlar9sJeyyRXuGng0KSglFWYCC6kiwtlTZsNUKgU0gyGhRio96ZXKbsXNBi8DLwdllE+9V5p2+5ImEQhDOdG647mx8VOiDKMcJsVuoiEmdEQG0LFQkAi0n2YJJ/jUMn0c2t9CKQzO2N8bKYm0HkeBdUbEDPWiNiP/0zqJCat+ykScGBB0fihMODYSz+rCfTYLzscWEKqY/RXTIVG2BFtq0ZbgLUZeBs3ziudWvLuLcu06r6OAjtEJOkMeukQ1dIvqqIEoekav6B19OC/Om/PpTOfWFSffOUJ/xvn+AaKPpQo=</latexit><latexit sha1_base64="3+4AzziCzEnf6F8aUaSuNwmH/go=">AAACIXicbVC7SgNBFJ31GeMramkzGASrsCuCwSpoYxnBPCBZwuzkbjJkdmaZmRXjkl+x8VdsLBRJJ/6Mk80Wmnirwznncu85QcyZNq775aysrq1vbBa2its7u3v7pYPDppaJotCgkkvVDo gGzgQ0DDMc2rECEgUcWsHoZqa3HkBpJsW9GcfgR2QgWMgoMZbqlar9sJeyyRXuGng0KSglFWYCC6kiwtlTZsNUKgU0gyGhRio96ZXKbsXNBi8DLwdllE+9V5p2+5ImEQhDOdG647mx8VOiDKMcJsVuoiEmdEQG0LFQkAi0n2YJJ/jUMn0c2t9CKQzO2N8bKYm0HkeBdUbEDPWiNiP/0zqJCat+ykScGBB0fihMODYSz+rCfTYLzscWEKqY/RXTIVG2BFtq0ZbgLUZeBs3ziudWvLuLcu06r6OAjtEJOkMeukQ1dIvqqIEoekav6B19OC/Om/PpTOfWFSffOUJ/xvn+AaKPpQo=</latexit><latexit sha1_base64="3+4AzziCzEnf6F8aUaSuNwmH/go=">AAACIXicbVC7SgNBFJ31GeMramkzGASrsCuCwSpoYxnBPCBZwuzkbjJkdmaZmRXjkl+x8VdsLBRJJ/6Mk80Wmnirwznncu85QcyZNq775aysrq1vbBa2its7u3v7pYPDppaJotCgkkvVDo gGzgQ0DDMc2rECEgUcWsHoZqa3HkBpJsW9GcfgR2QgWMgoMZbqlar9sJeyyRXuGng0KSglFWYCC6kiwtlTZsNUKgU0gyGhRio96ZXKbsXNBi8DLwdllE+9V5p2+5ImEQhDOdG647mx8VOiDKMcJsVuoiEmdEQG0LFQkAi0n2YJJ/jUMn0c2t9CKQzO2N8bKYm0HkeBdUbEDPWiNiP/0zqJCat+ykScGBB0fihMODYSz+rCfTYLzscWEKqY/RXTIVG2BFtq0ZbgLUZeBs3ziudWvLuLcu06r6OAjtEJOkMeukQ1dIvqqIEoekav6B19OC/Om/PpTOfWFSffOUJ/xvn+AaKPpQo=</latexit>

• Relative error on cross sections due to normalization correction factors ( ) equals 

the relative error of normalization factor itself, 

fi
dfi
fi

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

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

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%

≤ 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

Uncertainty in SHMS angle

Uncertainty in HMS angle

Uncertainty in SHMS momentum

Uncertainty in Beam Energy

�✓e[mr]
<latexit sha1_base64="CEDlBLPKXnfPUFsp8Pe5dZ4sLMc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAtKGFMvUX5g152GMwVdJu6c1MkcrcD+6kUZLxJIkUumtec6OfolUyi4hHGtV2jIGR+yPniGpiwB7ZfT88f01CgRjTNlKkU6VX9PlCzRepSEpjNhONCL3kT8z/MKjK/8UqR5gZDy2aK4kBQzOsmCRkIBRzkyhHElzK2UD5hiHE1iNROCu/jyMumcN1yn4d5d1JvX8ziq5JickDPikkvSJLekRdqEk5I8k1fyZj1ZL9a79TFrrVjzmUPyB9bnD3KWlcg=</latexit><latexit sha1_base64="CEDlBLPKXnfPUFsp8Pe5dZ4sLMc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAtKGFMvUX5g152GMwVdJu6c1MkcrcD+6kUZLxJIkUumtec6OfolUyi4hHGtV2jIGR+yPniGpiwB7ZfT88f01CgRjTNlKkU6VX9PlCzRepSEpjNhONCL3kT8z/MKjK/8UqR5gZDy2aK4kBQzOsmCRkIBRzkyhHElzK2UD5hiHE1iNROCu/jyMumcN1yn4d5d1JvX8ziq5JickDPikkvSJLekRdqEk5I8k1fyZj1ZL9a79TFrrVjzmUPyB9bnD3KWlcg=</latexit><latexit sha1_base64="CEDlBLPKXnfPUFsp8Pe5dZ4sLMc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAtKGFMvUX5g152GMwVdJu6c1MkcrcD+6kUZLxJIkUumtec6OfolUyi4hHGtV2jIGR+yPniGpiwB7ZfT88f01CgRjTNlKkU6VX9PlCzRepSEpjNhONCL3kT8z/MKjK/8UqR5gZDy2aK4kBQzOsmCRkIBRzkyhHElzK2UD5hiHE1iNROCu/jyMumcN1yn4d5d1JvX8ziq5JickDPikkvSJLekRdqEk5I8k1fyZj1ZL9a79TFrrVjzmUPyB9bnD3KWlcg=</latexit><latexit sha1_base64="CEDlBLPKXnfPUFsp8Pe5dZ4sLMc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXisYGshDWGzmbRLNx/sToQSCv4VLx4U8erv8Oa/cftx0NYHA4/3ZpiZF+ZSaHScb6uysrq2vlHdrG1t7+zu2fsHHZ0VikObZzJT3ZBpkCKFNgqU0M0VsCSU8BAObyb+wyMoLbL0Hkc5+AnrpyIWnKGRAvuoF4FE1sMBIAtKGFMvUX5g152GMwVdJu6c1MkcrcD+6kUZLxJIkUumtec6OfolUyi4hHGtV2jIGR+yPniGpiwB7ZfT88f01CgRjTNlKkU6VX9PlCzRepSEpjNhONCL3kT8z/MKjK/8UqR5gZDy2aK4kBQzOsmCRkIBRzkyhHElzK2UD5hiHE1iNROCu/jyMumcN1yn4d5d1JvX8ziq5JickDPikkvSJLekRdqEk5I8k1fyZj1ZL9a79TFrrVjzmUPyB9bnD3KWlcg=</latexit>

�✓p[mr]
<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>
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Covariance Errors
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• 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 on each kinematic point, as each 
corresponds to a different missing momentum kinematic bin. 

• A table of the JML Paris PWIA cross-section derivatives with respect to each of the kinematic variables was used 

Details can be found in documentation link:
Hall C Document Database: Spectrometer Offsets Studies
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<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 relative 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 relative error is quadrature sum of statistical and systematic errors

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

Estimate made

by M.K. Jones

d(e, e’p)n Statistical/Systematic Uncertainties Summary
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(Proton absorption)

(Tracking efficiencies)

(Total live time)

(Charge normalization)

(Target background)

(Spectrometer acceptance)

(SHMS central angle)

(HMS central angle)

(final electron energy)

(beam energy)

(Overall kin. syst.)

(Overall norm. syst.)

dσstats
exp ∼ 20 − 40 %

dσsyst
exp ≤ 8.39 %



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 
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Statistical Significance Test: Fit Slopes and Chi2

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 Z-scores ~ 4 - 9 standard deviations (statistical fluctuations extremely unlikely)
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Projected d(e, e’p)n Missing Momentum Yields

 d(e, e’p)n simulation done using the JML Paris FSI theoretical calculations 
 assuming radiative effects and energy loss at the target

 For realistic estimation of the yields (and statistical uncertainties) :
 Correction factors based on commissioning data analysis have been 
applied to the yield (i.e., tracking inefficiencies,  dead-time, target 
density corrections, proton absorption)

 To account for the differences between the JML Paris FSI and the 
measured data, a ratio of  R = JML Paris FSI / Commissioning Data 
cross sections was used as a correction factor on the simulated yields
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