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Layout 

* Motivation 
 

  * Calculating (𝒆,𝒆′𝒑)𝑨

(𝒆,𝒆′𝒏)𝑨 
 ratio 

 

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

* Extracting 
𝑪𝟏𝟐 (𝒆,𝒆′𝒏/𝒑)𝑷𝒎𝒊𝒔𝒔 −𝒍𝒐𝒘

 

𝑪𝟏𝟐 (𝒆,𝒆′𝒏/𝒑)𝑷𝒎𝒊𝒔𝒔 −𝒉𝒊𝒈𝒉
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np- dominance in asymmetric neutron rich nuclei   
 

        Pauli principle               < 𝑲𝒏>   >      < 𝑲𝒑>           

                        

         SRC                               < 𝑲𝒑>   >   < 𝑲𝒏> 
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? 

Universal nature of SRC: 
 

A proton have greater probability than a neutron to be above 
 (𝒌 > 𝑲𝑭)  the Fermi sea. 

        

Prediction: 

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

 



 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. 
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 𝑷𝒃𝟐𝟎𝟖 :        𝑵 = 𝟏𝟐𝟔      𝒁 = 𝟖𝟐   
   

                     𝑹𝒑=
# 𝒑𝒓𝒐𝒕𝒐𝒏𝒔|𝒌>𝑲𝑭

# 𝒑𝒓𝒐𝒕𝒐𝒏𝒔|𝒌<𝑲𝑭

≈
𝟏𝟔

𝟖𝟐 − 𝟏𝟔
≈ 𝟎. 𝟐𝟓 

 

                     𝑹𝒏=
# 𝒏𝒆𝒖𝒕𝒓𝒐𝒏𝒔|𝒌>𝑲𝑭

# 𝒏𝒆𝒖𝒕𝒓𝒐𝒏𝒔|𝒌<𝑲𝑭

≈
𝟏𝟔

𝟏𝟐𝟔 − 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
 

* Detecting neutrons in CLAS electromagnetic calorimeter (EC) – 
M. Braverman thesis (2014).  

Neutrons 

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) 



Calculating 
𝑨(𝒆,𝒆′𝒑)

𝑨(𝒆,𝒆′𝒏)
 ratio 

    
 

* Select (e,e’p) QE events 
 

* Identify (e,e’n) QE events 
 

* Check the event selection 
 

* Apply corrections 
 

* Calculate 𝑨(𝒆,𝒆′𝒑)

𝑨(𝒆,𝒆′𝒏)
 ratio 
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, 𝑪𝟏𝟐  , 𝑨𝒍𝟐𝟕  , 𝑭𝒆𝟓𝟔  , 𝑷𝒃𝟐𝟎𝟖  EG2 data: 𝒅𝟐 



Selecting Quasi-Elastic events 
Problem: Poor resolution in the EC - ∆𝑷~𝟐𝟎𝟎

𝑴𝒆𝑽

𝒄
. 

Solution 1: Using smeared protons. 

                       protons                                      smeared protons     

 
                                       neutrons 

 

  

𝑬𝒎𝒊𝒔𝒔 𝒗𝒔. 𝑷𝒎𝒊𝒔𝒔 
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QE pick: 
 

   𝑷𝒎𝒊𝒔𝒔< 𝟎. 𝟐𝟓 𝑮𝒆𝑽/𝒄 
𝑬𝒎𝒊𝒔𝒔 < 𝟎. 𝟎𝟖 𝑮𝒆𝑽 
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        Solution 2: Using electron quantities and 
                      scattering angle of the nucleon. 

     

            𝒚    

 
 

                                                  𝝎 [𝑮𝒆𝑽]                                  
                                                                                                           

   

                𝜽𝒑𝒒 [°]    

 

 

 

                                                                                     𝑸𝟐 [𝑮𝒆𝑽𝟐/𝒄𝟐] 
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before 
applying 
the QE 

cut 

after 
applying 
the QE 

cut 

𝒚 ≡ 𝑴𝑨 + 𝝎 𝞚𝟐 − 𝑴𝟐
𝑨−𝟏𝑾𝟐 − 𝒒𝞚 /𝑾𝟐 

 

𝑾 = (𝑴𝑨+𝝎)𝟐 − 𝒒𝟐  𝞚 = (𝑴𝟐
𝑨−𝟏 − 𝑴𝟐

𝑵 + 𝑾𝟐)/𝟐 

 



𝑬𝒎𝒊𝒔𝒔 𝒗𝒔. 𝑷𝒎𝒊𝒔𝒔 
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smeared protons 

un - smeared 
protons 

 

The selected  
cuts: 

  𝐏𝐦𝐢𝐬𝐬< 𝟎. 𝟒𝟓 𝐆𝐞𝐕/𝐜 

𝑬𝒎𝒊𝒔𝒔 < 𝟎. 𝟐𝟓 𝑮𝒆𝑽 

* −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑 
* 𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽  
* 𝜽𝒑𝒒 < 𝟖𝒐 

* 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 
 

We applied the following cuts: 
 



ratios 
𝑨(𝒆,𝒆′𝒑)

𝑨(𝒆,𝒆′𝒏)
 

Constant fits: 

const = 𝟎. 𝟗𝟗 ± 𝟎. 𝟎𝟒  χ𝟐 = 𝟎. 𝟕𝟔 

const = 𝟎. 𝟖𝟖 ± 𝟎. 𝟎𝟑  χ𝟐 = 𝟎. 𝟗𝟓 

const = 𝟎. 𝟖𝟑 ± 𝟎. 𝟎𝟑  χ𝟐 = 𝟎. 𝟕𝟒 [2] W. P. Ford, S. Jeschonnek and J. W. Van 
Orden, arXiv:1411.3306v1 [nucl-th] (2014) 

(𝑒, 𝑒′𝑝)/𝑍 ∙ 𝜎𝑝

(𝑒, 𝑒′𝑛)/𝑁 ∙ 𝜎𝑛
 

d             𝐶12           𝐴𝑙27          𝐹𝑒56             𝑃𝑏208   

will be used later 



Smeared 𝑷𝒎𝒊𝒔𝒔 vs. un-smeared 

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

* −𝟎. 𝟏 < 𝒚 < 𝟎. 𝟑 
* 𝜽𝒑𝒒 < 𝟖𝒐 

* 𝟎. 𝟗 < 𝝎 < 𝟐. 𝟏 𝑮𝒆𝑽 

* 𝟏. 𝟐 < 𝑸𝟐 < 𝟑. 𝟕 𝑮𝒆𝑽𝟐/𝒄𝟐 

 

 

 

* 𝜷 < 𝟎. 𝟗𝟓 
* EC fiducial cut 
* |𝒑| < 𝟐. 𝟑𝟒 𝑮𝒆𝑽/𝒄  

 
 
 

𝑈𝑛 − 𝑠𝑚𝑒𝑎𝑟𝑒𝑑 𝑃𝑚𝑖𝑠𝑠 [
𝐺𝑒𝑉

𝑐
] 

𝑆𝑚𝑒𝑎𝑟𝑒𝑑 𝑃𝑚𝑖𝑠𝑠 [
𝐺𝑒𝑉

𝑐
] 



𝑆
𝑚

𝑒𝑎
𝑟𝑒

𝑑
 𝑃

𝑚
𝑖𝑠

𝑠
 [
𝐺
𝑒𝑉 𝑐

] 

𝑈𝑛 − 𝑠𝑚𝑒𝑎𝑟𝑒𝑑 𝑃𝑚𝑖𝑠𝑠 [
𝐺𝑒𝑉

𝑐
] 

𝑆
𝑚

𝑒𝑎
𝑟𝑒

𝑑
 𝑃

𝑚
𝑖𝑠

𝑠
 [
𝐺
𝑒𝑉 𝑐

] 

𝑈𝑛 − 𝑠𝑚𝑒𝑎𝑟𝑒𝑑 𝑃𝑚𝑖𝑠𝑠 [
𝐺𝑒𝑉

𝑐
] 

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 



Back to neutrons 

𝑹𝒑 =
𝑪(𝒆, 𝒆′𝒑)𝟏𝟐

𝒑𝒎𝒊𝒔𝒔<𝟎.𝟐𝟓

𝑪(𝒆, 𝒆′𝒑)𝟎.𝟑𝟓<𝒑𝒎𝒊𝒔𝒔<𝟏
𝟏𝟐  = 𝟏𝟎. 𝟐 ± 𝟎. 𝟒 

𝑹𝒏 =
𝑪(𝒆, 𝒆′𝒏)𝟏𝟐

𝒑𝒎𝒊𝒔𝒔<𝟎.𝟐𝟓/𝜂𝒍𝒐𝒘

𝑪(𝒆, 𝒆′𝒏)𝟎.𝟑𝟓<𝒑𝒎𝒊𝒔𝒔<𝟏/𝜂𝒉𝒊𝒈𝒉
𝟏𝟐  = 𝟗. 𝟖 ± 𝟎. 𝟗 

Calculating different ratios for 𝑪𝟏𝟐 : 

𝑪(𝒆, 𝒆′𝒑)/𝝈𝒑
𝟏𝟐

𝑪(𝒆, 𝒆′𝒏)/𝝈𝒏 ∙ 𝜂𝒍𝒐𝒘
𝟏𝟐  

𝑷𝒎𝒊𝒔𝒔<𝟎.𝟐𝟓

= 𝟏. 𝟎𝟗 ± 𝟎. 𝟏𝟐 

𝑪(𝒆, 𝒆′𝒑)/𝝈𝒑
𝟏𝟐

𝑪(𝒆, 𝒆′𝒏)/𝝈𝒏
𝟏𝟐 ∙ 𝜂𝒉𝒊𝒈𝒉

 
𝟎.𝟑𝟓<𝑷𝒎𝒊𝒔𝒔<𝟏

= 𝟏. 𝟎𝟔 ± 𝟎. 𝟏𝟒 

low 

high 

neutrons – low/high 

protons – low/high 



Estimate relative number of high momentum nucleons: 

𝑨(𝒆, 𝒆′𝒏)/ 𝑪 𝒆, 𝒆′𝒏 |𝒉𝒊𝒈𝒉𝟏𝟐

𝑨(𝒆, 𝒆′𝒏)/ 𝑪 𝒆, 𝒆′𝒏 |𝒍𝒐𝒘𝟏𝟐
    

and the same for protons. 

𝑻𝒑 > 𝑻𝒏  

? 
𝑻𝒏 > 𝑻𝒑  

? 



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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