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Layout 

* Introduction and motivation 
 

  * Calculating 
(𝑒,𝑒′𝑝)𝐴

(𝑒,𝑒′𝑛)𝐴 
 ratio 

 

*  Missing momentum  𝑒, 𝑒′𝑝  vs. (𝑒, 𝑒′𝑛) 
 

* Calculating 
𝐶12 (𝑒,𝑒′𝑝)𝑃𝑚𝑖𝑠𝑠−ℎ𝑖𝑔ℎ/𝑙𝑜𝑤 

𝐶12 (𝑒,𝑒′𝑛)𝑃𝑚𝑖𝑠𝑠−ℎ𝑖𝑔ℎ/𝑙𝑜𝑤
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np Dominance 

 

 

np/pp SRC 

pairs ratio 

 

 

 
O. Hen et al., Science 346, 614 (2014) 

3 



np- dominance in asymmetric neutron rich nuclei 

  Universal nature of SRC:                                              
                                          A proton have greater  

probability than a neutron      

        to be above the Fermi sea. 

               (𝑘 > 𝐾𝐹)                                                      

 

 

    Pauli principle                        < 𝑲𝒏>   >   < 𝑲𝒑> 

                                   

                                    ? 

         SRC                                    < 𝑲𝒑>   >   < 𝑲𝒏> 

Possible inversion of the momentum sharing. 
 

M. Sargsian Phys. Rev. C89(2014)3, 034305            O. Hen et al., Science 346, 614 (2014). 
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 Protons move faster than neutrons in N>Z nuclei 

Light nuclei A<12 
 
Variational Monte- 

Carlo calculations 

by the Argonne 

group. 

 

 

 

 
 

R. B. Wiringa, R. Sehiavilla. S.C. Pieper, J. Carlson, Phys. Rev. C89, 024305 (2014). 
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 Heavy nuclei (𝑨 > 𝟏𝟐) 

< 𝑻𝒑(𝒏) > =   𝒏𝒑 𝒏 (𝒌) ∙
𝒌𝟐

𝟐𝒎
∙ 𝒅𝟑𝒌 

Taking a simple np- dominance model: 
 

𝒏𝒑 𝒌 =  

ɳ ∙ 𝒏𝑴𝑭 𝒌             𝒌 ≤ 𝒌𝟎
𝒂𝟐(𝑨/𝒅)∙𝒏𝒅(𝒌)

𝟐 ∙ 𝒁/𝑨
        𝒌 ≥ 𝒌𝟎

 

 

𝒏𝒏 𝒌 =  

ɳ ∙ 𝒏𝑴𝑭 𝒌             𝒌 ≤ 𝒌𝟎
𝒂𝟐(𝑨/𝒅)∙𝒏𝒅(𝒌)

𝟐 ∙ 𝑵/𝑨
        𝒌 ≥ 𝒌𝟎

 

 where ɳ is determined by:  𝟒π 𝒏𝒑 𝒏 𝒌 𝒌𝟐𝒅𝒌 = 𝟏 
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Considered 3 models for 𝒏𝑴𝑭 𝒌 : 

             * Wood Saxon 

 * Serot – Walecka 

* Ciofi and Simula 

Considered 2 values of 𝒌𝟎: 
 * 300 MeV/c 

* 𝒌𝑭 

 

 

 

 

 

  
O. Hen et al., Science 346, 614 (2014) 
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 How to check this hypothesis experimentally? 

Problem: One body momentum distributions are not 
observables. 

 

Solution: Define proxy which: 

        1. Reflects well the difference between          

           proton and neutron momentum distributions. 

        2. Can be well determined experimentally. 

 

 .Compare it to calculation 
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A direct consequence of np- dominance for 
asymmetric nuclei: 

 Protons move faster than neutrons 

< 𝑲𝒑>  >  < 𝑲𝒏 >             < 𝑻𝒑>  >  < 𝑻𝒏 >  

      

                        𝑷𝒃𝟐𝟎𝟖 :        𝑵 = 𝟏𝟐𝟖      𝒁 = 𝟖𝟐      
 

                                   𝑹𝒑=
# 𝒑𝒓𝒐𝒕𝒐𝒏𝒔|𝒌>𝑲𝑭

# 𝒑𝒓𝒐𝒕𝒐𝒏𝒔|𝒌<𝑲𝑭

≈
𝟏𝟔

𝟖𝟐−𝟏𝟔
≈ 𝟎. 𝟐𝟓 

 

                      𝑹𝒏=
# 𝒏𝒆𝒖𝒕𝒓𝒐𝒏𝒔|𝒌>𝑲𝑭

# 𝒏𝒆𝒖𝒕𝒓𝒐𝒏𝒔|𝒌<𝑲𝑭

≈
𝟏𝟔

𝟏𝟐𝟖−𝟏𝟔
≈ 𝟎. 𝟏𝟓    

 

                       
𝑹𝒑

𝑹𝒏
≈ 𝟏. 𝟕 𝑨(𝒆, 𝒆′𝒑)/ 𝑪 𝒆, 𝒆′𝒑 |𝒉𝒊𝒈𝒉𝟏𝟐

𝑨(𝒆, 𝒆′𝒑)/ 𝑪 𝒆, 𝒆′𝒑 |𝒍𝒐𝒘𝟏𝟐
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𝒆, 𝒆′𝒑  double ratio 
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ratio Another prediction for < 𝑻𝒑 > / < 𝑻𝒏> 

 

 

Average kinetic  

energy per nucleon 

 

 

 

 

 

 

 Jan Ryckebusch (Ghent University), ECT Workshop, June 2015. 
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What’s next? 

Neutrons 

 

 
 

* Detecting neutrons in the EC – M. Braverman thesis (2014).  

The goal:           

ratio. Calculating 
𝑨(𝒆,𝒆′𝒏)/ 𝑪 𝒆,𝒆′𝒏 |𝒉𝒊𝒈𝒉𝟏𝟐

𝑨(𝒆,𝒆′𝒏)/ 𝑪 𝒆,𝒆′𝒏 |𝒍𝒐𝒘𝟏𝟐   

To do so:           

mean field events.                            * Identify (𝒆, 𝒆′𝒏) 

SRC events.                            * Identify (𝒆, 𝒆′𝒏) 
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Calculating 
(𝒆,𝒆′𝒑)

(𝒆,𝒆′𝒏)
 ratio 

 

, 𝑪𝟏𝟐  , 𝑨𝒍𝟐𝟕  , 𝑭𝒆𝟓𝟔  , 𝑷𝒃𝟐𝟎𝟖 * EG2 data: 𝒅𝟐   
 

* Select (e,e’p) QE events 
 

* Identify (e,e’n) QE events 
 

* Check the event selection 
 

* Apply corrections 
 

* Calculate 
(𝑒,𝑒′𝑝)

(𝑒,𝑒′𝑛)
 ratio 
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Select 𝒆, 𝒆′𝒑  events 

 

   * (e,e’p) events were taken with acceptance similar 
     to nuetrons: 

         1. 𝜷 < 𝟎. 𝟗𝟓 

 

 

       2. EC fiducial cut 

 

 

       3. |𝒑| < 𝟐. 𝟑𝟒 𝑮𝒆𝑽/𝒄 
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Selecting Quasi-Elastic events 
Problem: Low resolution in the EC - ∆𝑷~𝟐𝟎𝟎

𝑴𝒆𝑽

𝒄
. 

Solution 1: Using smeared protons. 

             protons                                     smeared protons     

 

 

 
 

 

                                                neutrons 

 

 QE pick: 

 𝑷𝒎𝒊𝒔𝒔 < 𝟎. 𝟐𝟓 𝑮𝒆𝑽/𝒄 
𝑬𝒎𝒊𝒔𝒔 < 𝟎. 𝟎𝟖 𝑮𝒆𝑽 

𝑬𝒎𝒊𝒔𝒔 𝒗𝒔. 𝑷𝒎𝒊𝒔𝒔 
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        Solution 2: Using electron quantities and        
                      scattering angle of the nucleon. 

 

             𝒚    

 
 

                                                    𝝎 [𝑮𝒆𝑽]                                  
after before                                                                                                         

applying         applying 

 the QE cut        the QE cut 

 

                  𝜽𝒑𝒒 [°]   

 

 

                                                                                            𝑸𝟐 [𝑮𝒆𝑽𝟐/𝒄𝟐] 

 

𝒚 ≡ 𝑴𝑨 + 𝝎 𝞚𝟐 − 𝑴𝟐
𝑨−𝟏𝑾𝟐 − 𝒒𝞚 /𝑾𝟐 

 

𝑾 = (𝑴𝑨+𝝎)𝟐 − 𝒒𝟐  𝞚 = (𝑴𝟐
𝑨−𝟏 − 𝑴𝟐

𝑵 + 𝑾𝟐)/𝟐 
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We applied the following cuts: 

       
 ∗ −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑 

             ∗  𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽                                    

                               neutrons ∗  𝜽𝒑𝒒 < 𝟖𝒐 smeared protons      

 ∗ 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐              

 

 

 

 

 

 

 

 un-smeared                                                                               The selected  

protons                                                                                      cuts: 

                                                                                                                                 𝐏𝐦𝐢𝐬𝐬 < 𝟎. 𝟒𝟓 𝐆𝐞𝐕/𝐜
                                        

 𝑬𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓 𝑮𝒆𝑽                                                

 

 

𝑬𝒎𝒊𝒔𝒔 𝒗𝒔. 𝑷𝒎𝒊𝒔𝒔 
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Checking Selection - 1 
* We looked at pairs of kinematic variables which supposed  

   to be correlated according to 2-body kinematics.     

                        protons              smeared protons               neutrons 

 

𝒑𝒏/𝒑 [
𝑮𝒆𝑽

𝒄
] 

  
                                                                                 𝜽𝒑/𝒏 [°] 

 

 

𝜽𝒆 [°] 

 

 

                                                                                                       𝜽𝒑/𝒏 ° 

 

𝑷𝒆 [
𝑮𝒆𝑽

𝒄
] 

 
 

 
𝒑𝒑/𝒏  [𝑮𝒆𝑽 /𝒄] 
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Checking Selection - 2 
 * We looked at the electron quantities distributions. 

  smeared protons          neutrons 
 

 

 
 
 
 

 

                      𝑷𝒆 

𝑮𝒆𝑽

𝒄
                                                𝜽𝒆 °                                                     𝑸𝟐  

𝑮𝒆𝑽𝟐

𝒄𝟐
 

 
 
 
 
 
 
 

 

                          𝝎 
𝑮𝒆𝑽

𝒄
                                                             𝒚                                                                           𝑿𝑩  
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Checking Selection - 3 
 * We looked at the smeared proton and neutron     

quantities. 

  smeared protons         neutrons 

 

 

 
 

 

\ 

                       𝒑𝒑/𝒏  
𝑮𝒆𝑽

𝒄
                                                                                           𝜽𝒑/𝒏 ° 

 

 

 

 

 

 

 
                         |𝝋𝒑/𝒏 − 𝝋𝒆| °                                                                            𝜽𝒑𝒒\𝒏𝒒 [°] 
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Checking Selection 4 - Transparency 

* We expect that the amount of (e,e’p)  and (e,e’n)           

      relatively to (e,e’) will decrease as a function of A. 

      un-smeared protons                   neutrons 
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Corrections 
Protons: 

* Coulomb correction 

* Using CLAS Monte-Carlo simulation: 

        1. Acceptance correction 

        2. Detection efficiency 

 

Neutrons: 

* Correction for neutron resolution 

 * Using CLAS Monte-Carlo simulation: 

      1. Acceptance correction 

      2. Detection efficiency 

      3. EC fiducial cut 

  
                                                                                                                       ɳ = 𝟎. 𝟖𝟏𝟒 ± 𝟎. 𝟎𝟒(𝟎. 𝟎𝟔)      𝝌𝟐/𝑵𝑫𝑭 = 𝟏. 𝟗 
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Acceptance + Detection Efficiency 

* Same good 𝑒 

* 10,000 (𝑒, 𝑒′𝑝) events: 

𝑝~𝑈(1.3,2.4) 
𝜃𝑝~𝑈(10,50) 

* For each of them: 30 times 𝜑𝑝~𝑈(0,2π) 

* GSIM Monte-Carlo simulation 

* GPP 

* RECSIS 

* Dividing in discovered/generated by binning in     

𝑝  and 𝜃𝑝 
23 



Acceptance + Detection Efficiency 
Protons 

 
 

         𝜽𝒑 [°] 

 
 

                                                             𝑷
𝒑   [

𝑮𝒆𝑽

𝒄
]
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Acceptance + Detection Efficiency + 
Fiducial Cut 

Neutrons 

 

   𝜽𝒏 [°] 

 

 

                                             

   𝑷𝒏 [
𝑮𝒆𝑽

𝒄
] 

        𝜽𝒏 ≈ 𝟑𝟎° 
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ratios (𝒆,𝒆′𝒑)

(𝒆,𝒆′𝒏)

𝒁

𝑵
   

 

 𝟐. 𝟓 ± 𝟎. 𝟓 

2.26±𝟎. 𝟏𝟑 
(𝟎. 𝟐𝟎) 

𝝌𝟐

𝑵𝑫𝑭
= 𝟐. 𝟑  

 

 

 
 Blue Line= our result Red Lines= 

𝜎𝑝

𝜎𝑛
 and its ±1𝜎                        

                          to a constant fit.            limits as taken from [1]. 

 

 [1] J. Lachniet, et al. Phys. Rev. Lett. 102, 192001 (2009). 

𝑬𝒃𝒆𝒂𝒎 = 𝟓. 𝟎𝟎𝟗 𝑮𝒆𝑽 
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Smeared 𝑷𝒎𝒊𝒔𝒔 vs. un-smeared 

             𝑪(𝒆, 𝒆′𝒑)𝟏𝟐      &     𝑪 𝒆, 𝒆′𝒑𝒔𝒎𝒆𝒂𝒓𝒆𝒅
𝟏𝟐 

 

                           ∗ −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑                       ∗  𝜷 < 𝟎. 𝟗𝟓 

          ∗ EC fiducial cut                                            ∗  𝜽𝒑𝒒 < 𝟖𝒐  

                           ∗  𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽                 ∗  |𝒑| < 𝟐. 𝟑𝟒 𝑮𝒆𝑽/𝒄    

                            ∗ 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 

 

low high 
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                Low (lost events)                         

  𝟎 < 𝑷𝒎𝒊𝒔𝒔 < 𝟎. 𝟐𝟓 𝑮𝒆𝑽/𝒄 

     

                                          𝜂𝒍𝒐𝒘=
#(𝒆,𝒆′𝒑)𝒔𝒎𝒆𝒂𝒓𝒆𝒅

#(𝒆,𝒆′𝒑)
 
𝑷𝒎𝒊𝒔𝒔<𝟎.𝟐𝟓

= 𝟎. 𝟔𝟑 ± 𝟎. 𝟎𝟏 

 

 

 

                                  High (gain events) 

                                         𝟎. 𝟑𝟓 < 𝑷𝒎𝒊𝒔𝒔 < 𝟏 𝑮𝒆𝑽/𝒄 

 

 

                                             𝜂𝒉𝒊𝒈𝒉=
#(𝒆,𝒆′𝒑)𝒔𝒎𝒆𝒂𝒓𝒆𝒅

#(𝒆,𝒆′𝒑)
 
𝟎.𝟑𝟓<𝑷𝒎𝒊𝒔𝒔<𝟏

= 𝟏. 𝟏𝟕 ± 𝟎. 𝟎2  

    

Statistical error 
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Back to neutrons 
 With  𝐄𝐦𝐢𝐬𝐬 < 𝟎. 𝟐𝟓 𝐆𝐞𝐕:                                          

𝝈𝒑

𝝈𝒏
= 𝟐. 𝟐𝟔 ± 𝟎. 𝟐 

 

 𝑪𝟏𝟐 𝒆, 𝒆′𝒏
 𝑪𝟏𝟐 𝒆, 𝒆′𝒑

 
𝑷𝒎𝒊𝒔𝒔<𝟎.𝟐𝟓

𝜂𝒍𝒐𝒘 ∙
𝝈𝒑

𝝈𝒏

= 𝟏. 𝟎𝟓 ± 𝟎. 𝟏𝟑(𝟎. 𝟏𝟎) 

Statistical error 

 𝑪𝟏𝟐 𝒆, 𝒆′𝒏
 𝑪𝟏𝟐 𝒆, 𝒆′𝒑

 
𝟎.𝟑𝟓<𝑷𝒎𝒊𝒔𝒔<𝟏

𝜂𝒉𝒊𝒈𝒉 ∙
𝝈𝒑

𝝈𝒏

= 𝟏. 𝟎𝟐 ± 𝟎. 𝟏𝟕(𝟎. 𝟏𝟒) 

  
Acceptance , detection efficiency , statistical , 𝜼𝒍𝒐𝒘,𝒉𝒊𝒈𝒉 , 

𝝈𝒑

𝝈𝒏
 , neutron resolution, 

fiducial cut (neutrons)                                                      29 



Before looking at the A-dependence: 

 

 * 𝑹𝒑 =
𝑪(𝒆,𝒆′𝒑)𝟏𝟐

𝟎.𝟑𝟓<𝒑𝒎𝒊𝒔𝒔<𝟏

𝑪(𝒆,𝒆′𝒑)𝒑𝒎𝒊𝒔𝒔<𝟎.𝟐𝟓
𝟏𝟐 

 

 * 𝑹𝒏 =
𝑪(𝒆,𝒆′𝒏)𝟏𝟐

𝟎.𝟑𝟓<𝒑𝒎𝒊𝒔𝒔<𝟏

𝑪(𝒆,𝒆′𝒏)𝒑𝒎𝒊𝒔𝒔<𝟎.𝟐𝟓
𝟏𝟐 

 

 * Review all the uncertainties of the ratios presented  
 

 * Prepare a review for the CLAS analysis committee 

    

 

        ? 

𝑹𝒑 ≈ 𝑹𝒏 



Future Plans 

np- dominance 

𝑨(𝒆, 𝒆′𝒏)/ 𝑪 𝒆, 𝒆′𝒏 |𝒉𝒊𝒈𝒉𝟏𝟐

𝑨(𝒆, 𝒆′𝒏)/ 𝑪 𝒆, 𝒆′𝒏 |𝒍𝒐𝒘𝟏𝟐
    

2N – SRC              

(𝒆, 𝒆′𝒏𝒑𝒃𝒂𝒄𝒌) 

3N- SRC               
(𝒆, 𝒆′𝒏𝒑𝒑) 
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Backup slides 
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(𝒆, 𝒆′) selection 

In order to select (𝑒, 𝑒′) events we applied the 
following cuts: 

 

 

 ∗ −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑    

  ∗  𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽 

 ∗ 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 
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(𝒆, 𝒆′𝒏) selection 
In order to select (𝑒, 𝑒′𝑛) events we applied the following 
cuts and corrections: 

 

∗ −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑      
∗  𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽 
∗ 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 

∗  𝜽𝒑𝒒 < 𝟖𝒐  
∗  𝜷 < 𝟎. 𝟗𝟓 

         ∗ EC fiducial cut      
     ∗  |𝒑| < 𝟐. 𝟑𝟒 𝑮𝒆𝑽/𝒄    

                                                     ∗ 𝐏𝐦𝐢𝐬𝐬< 𝟎. 𝟒𝟓
𝐆𝐞𝐕

𝐜
 

∗ 𝑬𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓 𝑮𝒆𝑽                                                                    
∗Acceptance correction + detection efficiency + EC 
fiducial cut  
∗ Effectiveness of the EC 
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(𝒆, 𝒆′𝒑) selection 
In order to select (𝑒, 𝑒′𝑝) events we applied the following 
cuts and corrections: 

 

∗ −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑      
∗  𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽 
∗ 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 

∗  𝜽𝒑𝒒 < 𝟖𝒐  

∗  𝜷 < 𝟎. 𝟗𝟓 

           ∗  |𝒑| < 𝟐. 𝟑𝟒 𝑮𝒆𝑽/𝒄    

                                                     ∗ 𝐏𝐦𝐢𝐬𝐬< 𝟎. 𝟒𝟓
𝐆𝐞𝐕

𝐜
 

∗ 𝑬𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓 𝑮𝒆𝑽                                                                    

∗Acceptance correction + detection efficiency         

∗ Coulomb correction 
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(𝒆,𝒆′𝒑𝒔𝒎𝒆𝒂𝒓𝒆𝒅)

(𝒆,𝒆′𝒑)
 selection 

In order to select (𝑒, 𝑒′𝑝)  smeared and un-smeared 
events we applied the following cuts and corrections: 

 
∗ −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑      
∗  𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽 
∗ 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 

∗  𝜽𝒑𝒒 < 𝟖𝒐  
∗  𝜷 < 𝟎. 𝟗𝟓 

         ∗ EC fiducial cut      
     ∗  |𝒑| < 𝟐. 𝟑𝟒 𝑮𝒆𝑽/𝒄    

                                                     ∗ 𝐏𝐦𝐢𝐬𝐬< 𝟎. 𝟒𝟓
𝐆𝐞𝐕

𝐜
 

∗ 𝑬𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓 𝑮𝒆𝑽                                                                    
∗ Coulomb correction 
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(𝒆,𝒆′𝒑𝒔𝒎𝒆𝒂𝒓𝒆𝒅)

(𝒆,𝒆′𝒑)
 
𝒑𝒎𝒊𝒔𝒔−𝒍𝒐𝒘/𝒉𝒊𝒈𝒉

selection 

In order to select (𝑒, 𝑒′𝑝)  smeared and un-smeared 
events we applied the following cuts and corrections: 

 
∗ −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑      
∗  𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽 
∗ 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 

∗  𝜽𝒑𝒒 < 𝟖𝒐  
∗  𝜷 < 𝟎. 𝟗𝟓 

         ∗ EC fiducial cut      
     ∗  |𝒑| < 𝟐. 𝟑𝟒 𝑮𝒆𝑽/𝒄    

∗ 𝑷𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓
𝑮𝒆𝑽

𝒄
   𝒐𝒓  𝟎. 𝟑𝟓 < 𝑷𝒎𝒊𝒔𝒔 < 𝟏 𝑮𝒆𝑽/𝒄 

∗ Coulomb correction                                                
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(𝒆, 𝒆′𝒏) selection 
In order to select (𝑒, 𝑒′𝑛) events we applied the following 
cuts and corrections: 

 

∗ −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑      
∗  𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽 
∗ 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 

∗  𝜽𝒑𝒒 < 𝟖𝒐  

∗  𝜷 < 𝟎. 𝟗𝟓 

        ∗ EC fiducial cut      

     ∗  |𝒑| < 𝟐. 𝟑𝟒 𝑮𝒆𝑽/𝒄    

∗ 𝑬𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓 𝑮𝒆𝑽                                                                    

∗ 𝑷𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓
𝑮𝒆𝑽

𝒄
   𝒐𝒓  𝟎. 𝟑𝟓 < 𝑷𝒎𝒊𝒔𝒔 < 𝟏 𝑮𝒆𝑽/𝒄 

∗Acceptance correction + detection efficiency + EC fiducial cut  

∗ Divided by 𝜂𝒍𝒐𝒘 = 𝟎. 𝟔𝟑 ± 𝟎. 𝟎𝟏    𝒐𝒓  𝜂𝒉𝒊𝒈𝒉 = 𝟏. 𝟏𝟕 ± 𝟎. 𝟎𝟐 
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(𝒆, 𝒆′𝒑) selection 
In order to select (𝑒, 𝑒′𝑝) events we applied the 
following cuts and corrections: 

 

∗ −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑      
∗  𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽 
∗ 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 

∗  𝜽𝒑𝒒 < 𝟖𝒐  
∗  𝜷 < 𝟎. 𝟗𝟓 

           ∗  |𝒑| < 𝟐. 𝟑𝟒 𝑮𝒆𝑽/𝒄    
∗ 𝑬𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓 𝑮𝒆𝑽                                                                    

∗ 𝑷𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓
𝑮𝒆𝑽

𝒄
   𝒐𝒓  𝟎. 𝟑𝟓 < 𝑷𝒎𝒊𝒔𝒔 < 𝟏 𝑮𝒆𝑽/𝒄 

∗Acceptance correction + detection efficiency         
∗ Coulomb correction 
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