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    The CaFe Experiment: 

 Isospin Dependence of  
   Short-Range Correlations in Nuclei

Proposal: PR12-16-004

Spokespeople:  L. Weinstein (ODU),  D. Higinbotham (JLab),  O. Hen (MIT),  E. Cohen (TAU)

https://hallcweb.jlab.org/wiki/images/9/91/CaFe_proposal_May2017.pdf
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CaFe Experiment Overview

8-day measurement of (e, e’p) cross sections on: 
d,  [  -  -  - ],  [  -  - ]   

A(e, e’p) at selected kinematics:

 mean-field (MF) nucleons (  < 250 MeV/c)

 short-range correlated (SRC) pairs (  250 MeV/c) 

what will CaFe extract? 

 absolute & reduced cross sections  
=> distorted spectral function (not observable) 

 single ratios SRC (high-p) / MF (low-p)   
=> proton pairing probability  
                                                                                      

 double ratios  (SRC/MF)_A1 /  (SRC/MF)_A2  
=> relative pairing probability of high-p protons in different nuclei

9Be 10B 11B 12C 40Ca 48Ca 54Fe

krel
krel ≳
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CaFe Experiment Overview

use standard Hall C HMS+SHMS spectrometer pair
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recoil (“missing”) 
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(“proton” or “neutron”)

mean-field (MF) kinematics: 

(  ~ 250 MeV/c), kr < kF

“Electron scattering off 
MF nucleon”

short-range correlation (SRC) kinematics: 

(  ~ 250 MeV/c), kr > kF

“Electron scattering off 
SRC nucleon”
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Meson-Exchange Currents (MEC) Isobar Configurations (IC)
suppressed at  xBj > 1suppressed at  Q2 > 1(GeV/c)2

suppressed at specific  degθnq < 40

pm
pm

Plane Wave Impulse Approximation  (PWIA)

deuteron

deuteron deuteron

Final State Interactions (FSI)

pm

deuteron FSI

CaFe Experiment Overview
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Which nucleons form SRC pairs?
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Neutron excess, N/Z 

SRC pairs: 

 account for almost all high   
momentum nucleons in nuclei 

 are predominantly np

 
CaFe will answer:  

 Which nucleons form pairs? 

 How does adding neutrons  
speed up protons? 

 How does NN-SRC pairing  
change with A  and  N/Z?

M. Duer et al.  
(CLAS collaboration),  
Nature 560, 617 (2018)



9

Which Nuclei to Investigate ?

40Ca 48Ca

54Fe
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   Which nucleons form pairs? 

  How does adding +8  neutrons to a  closed shell  change the proton pairing? 

  How does adding  +6  protons to  change the proton pairing? 

  What about +1p, +1n nuclei? 9Be  10B  11B  12C

1f7/2 2s1d 40Ca

1f7/2
48Ca

→ → →
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Projected CaFe Results
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10B, 12C

48Ca

54Fe

9Be

H
ig

h-
m

om
en

tu
m

 fr
ac

tio
n

Neutron excess, N/Z 

11B

M. Duer et al. (CLAS collaboration)  
Nature 560, 617 (2018)
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A Closer Look at Calcium 40, 48 

D. Nguyen et al. (Hall A Collaboration),  PRC 102, 064004 (2020)

inclusive (e,e’)

 more NN-SRC pairs formed in Ca-48 compared to Ca-40 (R ~ 1.17)

 inclusive (e ,e’) data cannot distinguish pp, nn, np-pairs   (e, e’p) needed !→

Ca40,48 
doubly-magic
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Ab-initio Calculations (Medium Nuclei)

above relative momenta ~ 300 MeV/c, CCN2LO calculation  
predicts ~20% increase in high-p protons (np-dominance) 

how adding +6 protons ( Ca48  Fe54 ) change the above result?→

CaFe measurement will test validity of ab-initio theory calculations

G. Hagen et al., Nature Phys.  
12, 186 (2015), 1509.07169.

+8 neutrons -> +20% high-p protons
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Ab-initio Calculations (Light Nuclei)
CaFe measurement will test validity of ab-initio theory calculations

10B/9Be 11B/10B+ 1 proton + 1 neutron

D. Lonardoni, A. Lovato, S. C. Pieper, and R. B. Wiringa (2017), 1705.04337

VMC AV18+ UIX potential

VMC AV18+ UIX potential

de-couple single +1p from +1n contributions in SRC-pair formation 

how adding +1p, +1n in light nuclei compare to +6p, +8n in medium nuclei ?

no change in correlated p

no change in correlated p

+1 neutron -> +20% high-p protons

+1 proton ->  decrease high-p protons
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 Momentum Distributions
CaFe measurement will test validity of ab-initio theory calculations

G. Hagen et al.,  
Nature Phys. 12,  
186 (2015), 
1509.07169.

D. Lonardoni, A. Lovato, S. C. Pieper,  
and R. B. Wiringa (2017), 1705.04337
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Summary

"This material is based upon work supported by the National 
Science Foundation under Grant No. 2137604"

8-day (e, e’p) cross-section measurement on light  medium nuclei 

detailed study of NN-SRC pairing by de-coupling proton/neutron 
contributions  (e.g. extract ratios, absolute cross-sections) 

test validity of ab-initio theory calculations (ratios and absolute 
or reduced cross sections)  

→
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• CaFe 4 PAC (8 real days):  Sep 20 - Sep 27, 2022

Please visit our CaFe Wiki  
for more information.

https://hallcweb.jlab.org/wiki/index.php/CaFe_Experiment
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Back-Up Slides
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CaFe Central Kinematics

MF

SRC



19

CaFe Kinematics Coverage
Slide from Dien Nguyen
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8 PAC hrs @ 40 uA

Charge: 1152 mC

= 1 g /cm2ρtarget

= 0.56TC12

= 1.0TD2
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CaFe Count Rate Estimates
Slide from Dien Nguyen


