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Four‐momentum transfer: Q2 ≡ – qµq µ = q2 –ω 2 = 4ee' sin2θ/2 

Missing momentum:                    pm = q – p  = pA–1= – p0 

Missing energy:                                  εm = ω –Tp – TA–1 

sca:ering 
plane 

“out‐of‐plane” angle 

reacNon 
plane 

PWIA 

KinemaNcs 



PREX Workshop 2008: Neutron Rich Ma:er in the Heavens and on Earth 

ω 

ElasNc 

QuasielasNc 
Δ 

N* 

Deep 
InelasNc 

€ 

Q2

2MNucleus 

ω 

ElasNc 
Δ 

N* 

Deep 
InelasNc 

Proton 

Electron Sca:ering at Fixed Q2 



PREX Workshop 2008: Neutron Rich Ma:er in the Heavens and on Earth 

Results from (e,e’p) Measurements 

Independent‐ParNcle Shell‐Model 
is based upon the assumpNon that 
each nucleon moves independently 
in an average potenNal (mean field) 
induced by the surrounding nucleons 

The (e,e'p) data for knockout of 
valence and deeply bound orbits in 
nuclei gives spectroscopic factors that 
are 60 – 70% of the mean field 
predicNon. 

Target Mass 

SP
EC

TR
O
SC
O
PI
C 
ST
RE

N
G
TH

 



PREX Workshop 2008: Neutron Rich Ma:er in the Heavens and on Earth 

Short‐Range CorrelaNons 

Nucleons 

1.7fermi 

2N‐SRC  ρ ≈ 5ρo 

ρo = 0.17 GeV/fermi3 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Many QuesNons 

•  What fracNon of the momentum 
distribuNon is due to 2N‐SRC? 

•  What is the relaNve momentum 
between the nucleons in the pair? 

•  What is the raNo of pp to pn pairs? 

•  Are these nucleons different from 
free nucleons (e.g. size)? 

Benhar et al., Phys. Le:. B 177 (1986) 135. 

BUT  Other Effects Such As A Final State RescaIering 
 Can Mask The Signal… 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CLAS A(e,e’) Data  
K. Sh. Egiyan et al., Phys. Rev. C  68 (2003) 014313. 

Originally done with SLAC data by D.B. Day et al., Phys. Rev. Le:. 59 (1987) 427. 

The observed scaling means that the 
electrons probe the high‐momentum 
nucleons in the 2N‐SRC phase, and the 
scaling factors determine the per‐
nucleon probability of the 2N‐SRC phase 
in nuclei with A>3 relaNve to 3He 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x = Q2

2Mω
>1.5 and 

€ 

Q2 > 1.4 [GeV/c]2

r(A,3He) = a2n(A)/a2n(
3He) 

then 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EsNmate of 12C Two and Three Nucleon SRC 

•  K. Egiyan et al. related the 
known correlaNons in 
deuterium and previous 
r(3He,D) results to find: 

•  12C 20% two nucleon SRC  

•  12C <1% three nucleon SRC 

K. Sh. Egiyan et al., Phys. Rev. Le:.  96 (2006) 082501. 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From the (e,e’) and (e,e’p), and Results 

•  80 +/‐ 5% single parNcles moving in an average potenNal 
–  60 – 70% independent single parNcle in a shell model potenNal  
–  10 – 20% shell model long range correlaNons 

•  20 +/‐ 5% two‐nucleon short‐range correlaNons 
•  Less than 1% mulN‐nucleon correlaNons 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Customized (e,e’pN) Measurement 

•  high Q2 to minimize MEC    
•  x>1 to suppress isobar contribuNons 
•  anN‐parallel kinemaNcs to suppress FSI 

To study nucleon pairs at close proximity and their contribuNons to the large momentum 
tail of nucleons in nuclei. 

A pair with “large” relaNve 
momentum between the nucleons 

and small center of mass momentum 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KinemaNcs 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Jefferson Lab’s Hall A 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Jefferson Lab’s Hall A 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BigBite and Neutron Detector 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SRC Pair FacNons 

Missing Momentum [GeV/c]
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R. Subedi et al., Science 320, 1476 (2008), published online 29 May 2008 (0.1126/science.1156675). 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From the (e,e’), (e,e’p), and (e,e’pN) Results 
•  80 +/‐ 5% single parNcles moving in an average potenNal 

–  60 – 70% independent single parNcle in a shell model potenNal  

–  10 – 20% shell model long range correlaNons 

•  20 +/‐ 5% two‐nucleon short‐range correlaNons 
–  18% np pairs 
–  1% np pairs 
–  1% nn pairs (from isospin symmetry) 

•  Less than 1% mulN‐nucleon correlaNons 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Importance of Tensor CorrelaNons 

•  R. Schiavilla et al., Phys. Rev. Le:. 98 (2007) 132501. [shown above] 

•  M. Sargsian et al., Phys. Rev. C (2005) 044615. 

•  M. Alvioli, C. Ciofi degli As, and H. Morita, Phys. Rev. Le:. 100 (2008) 162503.  

np 

pp 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ImplicaNons for Neutron Stars 

•  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