
Eli   Piasetzky Tel  Aviv  University                        ISRAEL

Analysis of Neutron Stars Observations Using a 
Correlated Fermi Gas Model
short-range correlations in N/Z asymmetric nuclei

neutron-proton momentum distributions 

Two  Fermions systems and the Contact term 

SRC role in the nuclear equation of state

6th International Symposium on Nuclear
Symmetry Energy (NuSYM16)
June 13- June 17, 2016, Tsinghua University, Beijing, China

O. Hen, A.W. Steiner, E. Piasetzky, 
and L.B. Weinstein



SRC  and  LRC

Hard Semi inclusive scattering 
A(e, e’p)

Only 60-70% of the expected
single-particle strength.

Short  Range (tensor) Correlations in nuclei
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SRC  and  LRC

Hard Semi inclusive scattering 
A(e, e’p)

Only 60-70% of the expected
single-particle strength.

Hard inclusive scattering 
A(e, e’)

This 20-25 %  includes all three isotopic compositions 
(pn, pp, or nn) for the 2N-SRC phase in 12C. 

Hard exclusive scattering 
A(e, e’pp) and A(e, e’pn) 

Short  Range (tensor) Correlations in nuclei



Hard  exclusive 
triple – coincidence measurements

Quasi-Free scattering off a nucleon 
in a short range correlated pair

proton
proton

Pmiss
[MeV/c]

pairsnucleiexperiment

300-600pp only12CEVA/BNL

300-600pp and np12C  E01-015/
Jlab

400-850pp and np4HeE07-006/
JLab

300-700pp onlyC, Al, Fe, PbCLAS/JLab



BNL / EVA
12C(e,e’pn) / 12C(e,e’p)

[12C(e,e’pp)  /  12C(e,e’p)] / 2

[12C(e,e’pn)  /  12C(e,e’pp)] / 2

R. Subedi et al., Science 320, 1476 (2008). 

12C



np / pp SRC pairs ratio

c Al Fe Pb

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



Neutron-skin in coordinate and proton-skin in momentum in heavy nuclei: 
What we can learn from their correlation in an Extended+ Thomas-Fermi Approximation

Bao-An Li

The fraction of high-momentum protons is 
larger in the skin then in the core.

a LOT more n than p in the skin. 

protons in the skin move faster than neutrons. 



At 300-600 MeV/c there is an excess strength in 
the np momentum distribution due to the strong 
correlations induced by the  tensor NN potential.

3He 3He

V18 Bonn

np np

pn

pp

pp pp

pp/np
3HeSchiavilla, Wiringa, Pieper, 

Carson, PRL 98,132501 (2007). 

Sargsian, Abrahamyan, Strikman  
Frankfurt PR C71 044615 (2005

Ciofi and Alvioli
PRL 100, 162503 (2008).

L = 0, 2
SRC



Hall A data    PRL 99(2007)072501
γcos

γcos

γ
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Hall B 

JLab / CLAS Data Mining,   
EG2 data set,  Or Chen et al. 

Nuclei:

Identified  triple coincidence  SRC pairs 
in: (3He, ) 4He,  12C, 27Al, 56Fe,  and  208Pb

High momentum tail In nuclei 
dominated by SRC pairs

np-SRC dominance 



Short  Range (tensor) Correlations 
are need to describe :

the short distance structure of nuclei

Momentum and energy distributions
of nucleons in nuclei

Free Fermi Gas (FFG) 
is  WRONG !

Symmetry energy ?



Symmetry Energy
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If  the potential part is extracted by:

SRC
np-SRC dominance 

SRC) ( SRC) (

SRC) ( SRC) (

noEwithE

noEwithE
potpot

kinkin

symsym

symsym

>

<

)()()( 000 ρρρ kin
symsym

pot
sym EEE −=



Density dependence of Symmetry Energy

with Tensor Correlations (CFG):

FG: MeV 5.12)( 0 =ρkin
symE 3/2=α
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Hall A data    PRL 99(2007)072501
γcos

γcos

γ
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p
Hall B 

JLab / CLAS Data Mining,   
EG2 data set,  Or Chen et al. 

Tensor correlations:

Breaks the Fermi Gas picture

Reduce the kinetic symmetry Energy (at ρ0)

Soften the potential symmetry density dependence 

Impact on Compact Astronomical Systems ?

Enhance  the potential symmetry Energy (at ρ0)



How large is the effect ?

Free Fermi Gas (FFG)
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Can  the drastically reduced γ be 
consistent with n - starts data ? 

Global fit of NS EOS  to NS mass/radius data taking into account:
terrestrial constrains and physical limitations (causality and hydro dynamical stability)

EOS:   3 energy – density regions 
low (<15 MeV/fm3), medium (15-350 MeV/fm3), high (>350 MeV/fm3) 

Data :
Bayesian analysis 
using FFG and CFG ,models





FFG 17.0









EOS global fits to 
Neutron  Star Observations

Incorporating CFG model into global 
fits to neutron stars observables

• Data can be fit using both FFG and CFG 
models

• Most observables are insensitive to the 
use of FFG / CFG

• Resulting γ is very different:
• CFG:           0.21 – 0.34
• FFG (12.5):  0.42 – 0.64



Let me speculate:
If calculations  of heavy-ions collisions 
will be done with realistic momentum 
distribution (i.e. not ignoring SRC) the 
resulted density dependent of the 
potential symmetry (γ) energy will also 
be found to be soft.



See talk by

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjfhYmgleLKAhWKCBoKHe26AfMQjRwIBw&url=http://www.allworship.com/hold/&psig=AFQjCNHlt3Y2xyR4byUVRbxSus4VwC8UOA&ust=1454814588903627
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Neutron-skin in coordinate and proton-skin in momentum in heavy nuclei: 
What we can learn from their correlation in an Extended+ Thomas-Fermi Approximation

Bao-An Li

The fraction of high-momentum protons is 
larger in the skin then in the core.



The EMC effect and Short Range Correlation in nuclei



Deep Inelastic Scattering (DIS) 
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DIS scale:  several tens of GeV

Nucleons

Nucleon in nuclei are bound by ~MeV

(My) Naive  expectations :

DIS off a bound nucleon = DIS off a free nucleon 

(Except for small Fermi momentum corrections)

DIS off a deuteron = DIS off a free proton neutron pair

Deuteron: binding energy ~2 MeV

Nucleons
Average nucleons separation ~2 fm 



The European  Muon Collaboration (EMC) effect

per nucleon in nuclei    ≠ per nucleon in deuteronDISσ DISσ

Questions :

DIS off a bound nucleon ≠ DIS off a free nucleon?
?

Is there an ‘EMC effect’  in Deuterium ?

DIS
n

DIS
p

DIS
d σσσ +=

?

A bound nucleon ≠ A free nucleon?
?



SLAC  E139

Data from CERN  SLAC  JLab  
1983- 2009

EMC collaboration, Aubert et al.  PL B 123,275 (1983)

SLAC   Gomez et al., Phys Rev. D49,4348 (1994)

A review of data collected during first decade,  Arneodo, Phys. Rep. 240,301(1994)



. Seely et al. PRL  103, 202301 (2009)

JLab / Hall C 

EMC is a not a bulk property of nuclear 
medium



The European  Muon Collaboration (EMC) effect

30 years old

Well established measured effect 
with no consensus as to its origin



Models of the EMC effect

bound  N ≠ free N 
Nucleus ≠nucleons

Binding effects
Fermi motion

…
Pions
Vector mesons
∆s
Multiquak clusters
‘Photons’
…

Rare configurations

Global changes

M*≠M
R*≠R
Dynamical rescaling
Confinement changes
Quark  w,f. modification
in mean field

…
Suppression 
of PLC
…

Gessman, Saito,Thomas, Annu. Rev. Nucl. Part. Sci. 
45:337(1995). 

P.R. Norton , Rep Prog. 66 (2003).

Frankfurt and Strikman  (2012)  

review papers:

Drell-Yan  data 



22 mp −=υ



A(e,e’)

Inclusive electron scattering A(e,e’)  



:
EMC
slope

SRC 
scaling factor

Comparing magnitude of EMC effect and SRC scaling factors  

无法显示该图片。

d

Fe

σ
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)/(2 dFea N

Frankfurt, Strikman, Day, Sargsyan,  
Phys. Rev. C48 (1993) 2451.

Q2=2.3 GeV/c2

Gomez et al.,  Phys. Rev. D49, 4348 (1983).
Q2=2, 5, 10, 15 GeV/c2  (averaged)

SLAC data:
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SRC

EMC

PRL  106, 052301 (2011),  also PRC 85 047301 (2012)



SRC=0  free nucleons

npd σσσ +≠

)/(2 dFea N A

EMC

SRC
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x
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0.09±0.01

Deuteron is not a free np pair

d

He
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d
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σ 3≈+
The slopes for 
0.35 ≤ XB ≤ 0.7



EMC/SRC prediction Agrees with BONUS

43

Slope:
BONUS:     -0.10(5)  .

EMC/SRC: -0.09(1) 

O. Hen et al., Phys. Rev. C 85, 047301 (2012); 

Free
np
pair

Weinstein et al. PRL  106, 052301 (2011)

Conclusion:

One should not neglect the EMC effect using deuteron 
and proton data to extract free neutron properties



SRC

EMC

PRL  106, 052301 (2011),  also PRC 85 047301 (2012)

the EMC effect  is associated with large virtuality ( )22 mp −=υ



Hypothesis can be checked  by measuring DIS off Deuteron 
tagged with high momentum recoil nucleon

large effect

12 GeV  JLab approved   
experiment   E 12-11-107

12 GeV  approved  experiment
CLAS E12-11-003a

spectator 
tagging



The probability for a nucleon to have momentum 
≥ 300 MeV / c in medium nuclei is ~25%

More than ~90% of all nucleons with momentum 
≥ 300 MeV / c belong to 2N-SRC.

Probability for a nucleon with momentum 300-
600 MeV / c to belong to np-SRC is ~18 times 
larger than to belong to pp-SRC.

. PRL. 96, 082501 (2006)

PRL 162504(2006); Science 320, 1476 (2008).
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PRL 98,132501 (2007).

Short distance structure of nuclei

Most of kinetic energy of nucleon in nuclei 
is carried by nucleons in 2N-SRC.

1

2

2
1

In light asymmetric nuclei :

majorityority kk >min

In heavy asymmetric nuclei ? 



Three nucleon SRC are present in nuclei. 
They contribute  about  an order of 
magnitude less than the 2N_SRC

Dominant NN force in the 2N-SRC is 
tensor force. 

4

6

Short distance structure of nuclei

The high momentum tail (300-600 MeV/c)  is 
dominated by 
L=0,2     S=1      np –SRC pairs.

These pairs are produced from Sn=0 IPM 
pairs

4
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Isospin structure ?   Geometry ?  Abundance 
?



Summary – relevant of Correlations

3N-SRC

Symmetry energyContact  term

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAMQjRw&url=http://homeopathic-treatments.com/?attachment_id%3D1440&ei=47JZVYaoCMavU8ufgIgK&psig=AFQjCNG1LB6Jp_IzbIeIKHswNoh490s2Ww&ust=1432028259173192


Summary – proposed experiments

JLab Hall A: 
E12-14-011

JLab Hall C:
E12-11-107
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Add 8 protonsMigdal jump

JLab Hall B:
E12-11-003a

GSI / FAIR

Dubna
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Some do not like them 

Some theoreticians denied their existence 



Short range correlations

“The structure of correlated many-body systems, 
particularly at distance scales small compared to 
the radius of the constituent nucleons, presents a 
formidable challenge to both experiment and 
theory” 

(Nuclear Science: A Long Range Plan, The 
DOE/NSF Nuclear Science Advisory Committee, 
Feb. 1996 [1].)

This  long standing challenge for nuclear 
physics can experimentally be effectively 
addressed thanks to high intensity and high 
momentum transfer reached by present 
facilities. ~1 fm



Nucleons

2N-
SRC

Hard scattering  is of particular interest because it has the 
resolving power required to probe the internal (partonic) 
structure of a complex target

DIS

partonic structure
of hadrons

hadronic structure of nuclei

~1 fm

Hard nuclear reactions

Scale:  
several tens of GeV

Scale:  
several GeV



Neutron Stars.
Nuclear Symmetry Energy.

SRC Outreach

Energy Sharing in Imbalance Fermi Systems.
Contact Interaction in Universal Fermi 

Systems.
57



nn pairsnp pairspp pairsexperiment

-18-EVA/BNL

-179263E01-015/JLab

-22350E07-006/JLab

--1533CLAS/JLab

0<450<2000Total

Number of hard triple coincidence 
events  (World data) 

)2,(12 pnpC

)',( )',( 44 ppeeHepneeHe
)',( )',( 1212 ppeeCpneeC

 )',( PbFe, Al,C, ppee

5 GeV/c 109 protons/sec fixed target
 >10k events/100 Hr

12 GeV  electrons at JLab fixed target
X5-10  Mott cross section
X10  Luminosity in CLAS12
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Why several GeV and up  protons are good probes of SRC ?

Large momentum transfer is possible 

With wide angle scattering 

For pp elastic scattering near 900 cm
10−∝ s

dt
dσ

QE pp scattering near 900 have a very strong 
preference for reacting with forward going 
high momentum nuclear protons 

λ = h/p =  hc/pc = 2π • 0.197 GeV-fm/(6 GeV) ≈ 0.2 fm. 

They have Small deBroglie wavelength: 

The s-10 dependence of the p-p elastic scattering  
preferentially selects high momentum nuclear protons.

pp elastic scattering



C.M. motion of the pair
56Fe

σ=180±4.7 [MeV/c]

PRELIMINARY σx σy
12C 169±7 164±6
27Al 162±10 180±13
56Fe 179±6 182±7
208Pb 208±18 186±16

recoilmisscm ppp 

+=

Pcmp

O. Hen  E. Cohen et al., in preparation



Pmiss

q

12C(e.e’pp) Precoil Precoil

q

56Fe(e,e’pp)

q

208Pb(e,e’pp)

Pmiss

Ein =5.014 GeV

Q2>1.5GeV/c2 X>1.2

JLab / CLAS,   Data Mining,  EG2 data set 

pp-SRC events

q

recoilp 

missp

γ )',(4 ppeeHe
)',(4 pneeHe

JLab /Hal A   Exp 07-0  



“The structure of correlated many-body systems, 
particularly at distance scales small compared to 
the radius of the constituent nucleons, presents a 
formidable challenge to both experiment and 
theory” 

(Nuclear Science: A Long Range Plan, The 
DOE/NSF Nuclear Science Advisory Committee, 
Feb. 1996 [1].)

This  long standing challenge for nuclear 
physics can experimentally be effectively 
addressed thanks to high intensity and high 
momentum transfer reached by present 
facilities.

~1 fm

5-10 GeV/c 109 protons/sec fixed target
 >10k events/100 Hr

GSI / FAIRDubnaCSR 
Lanzhou



Nuclear Physics 101

• Many-Body Hamiltonian:

• Mean-Field Approximation:

Results in an “atom-like”
shell model:

E. Wigner, M. Mayer, and J. Jenson  
1963 Nobel Prize

• Ground state energies
• Excitation Spectrum
• … 
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Beyond the Shell-Model: NN Correlations

• Spectroscopic factors 
extracted from A(e,e’p) 
measurements yield only 
60-70% of the expected 
single-particle strength

• Missing:
– ~20%: Long-Range 

Correlations

64
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Quasi-Free scattering off a nucleon 
in a short range correlated pair

Hard  exclusive 
triple – coincidence measurements
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triple – coincidence measurements
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triple – coincidence measurements
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triple – coincidence measurements
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triple – coincidence 
measurements
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triple – coincidence 
measurements
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triple – coincidence 
measurements
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triple – coincidence 
measurements



Hard  exclusive 
triple – coincidence measurements

K 1

K 2

Quasi-Free scattering off a nucleon 
in a short range correlated pair

Pmiss
[MeV/c]

pairsnucleiexperiment

300-600pp only12CEVA/BNL

300-600pp and np12C  E01-015/
Jlab

400-850pp and np4HeE07-006/
JLab

300-700pp onlyC, Al, Fe, PbCLAS/JLab



Kcm=0

All pairs

Wiringa, Schiavilla, Steven, Pieper, and 
Carlson, PRC 89, 024305 (2014).Neff, Feldmeier ,Horiuchi ,

Weber  ::viXra1503.06122

Korover et al.  PRL 
113, 022501 (2014).

http://inspirehep.net/author/profile/Neff,%20Thomas?recid=1353698&ln=en
http://inspirehep.net/author/profile/Feldmeier,%20Hans?recid=1353698&ln=en
http://inspirehep.net/author/profile/Horiuchi,%20Wataru?recid=1353698&ln=en
http://inspirehep.net/author/profile/Weber,%20Dennis?recid=1353698&ln=en
http://arxiv.org/abs/arXiv:1503.06122


C.M. motion of the pair
56Fe

σ=180±4.7 [MeV/c]

PRELIMINARY σx σy
12C 169±7 164±6
27Al 162±10 180±13
56Fe 179±6 182±7
208Pb 208±18 186±16

recoilmisscm ppp 

+=

Pcmp

O. Hen  E. Cohen et al., in preparation



S

D

Energy -2.24 MeV

Kinetic 19.88

Central -4.46

Tensor -16.64

LS -1.02

P(L=2) 5.77%

Radius 1.96 fmVcentral

Vtensor

AV8’

Deuteron properties & tensor force

Rm(s)=2.00 fm

Rm(d)=1.22 fm d-wave is 
“spatially compact”
(high momentum)

r



Kinematics optimized to minimize the competing processes
High energy, Large Q2

MEC are reduced as 1/Q2 .

Large Q2 is required to probe high Pmiss with xB>1.

FSI can treated in Glauber approximation. 

xB>1

Reduced contribution from  isobar currents.

Large pmiss, and  Emiss~p2
miss/2M

Large Pmiss_z

E01-015: A customized Experiment to study 2N-SRC
Q2 = 2 GeV/c ,  xB ~ 1.2 , Pm=300-600 MeV/c, E2m<140 MeV
Luminosity ~ 1037-38 cm-2s-1

The large Q2 is required to probe the small size SRC configuration.



Kinematics optimized to minimize the competing processes

FSI

Small (10-20%) .

Can be treated in Glauber approximation. 

Kinematics with a large component of pmiss in 
the virtual photon direction.

FSI with the A-2 system:

Pauli blocking  for the recoil particle.

Geometry, (e, e’p) selects the surface.

Canceled in some of the measured ratios.

FSI  in the SRC pair:

Conserve the isospin structure of the pair .

Conserve the CM momentum of the pair.

These are not necessarily small,   BUT:



JLab / CLAS        Data Mining

 Run at 2004 in Hall-B of 
Jefferson Lab

 5 GeV electron beam
 Deuterium + Solid target 

simultaneously
12C / 56Fe / 208Pb

EG2 data set
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The mass dependence of the SRC pairs

56)1( ⋅−ZZ

66 ⋅⋅NZ

C

A

SRCnp
SRCnp

12#
#

−

−

C

A

SRCpp
SRCpp

12#
#

−

−

CLAS  JLab  data     see  C. Colle  et al.
http://arxiv.org/abs/arXiv:1503.06050  



C.M. motion of the pair
56Fe

σ=180±4.7 [MeV/c]

PRELIMINARY σx σy
12C 169±7 164±6
27Al 162±10 180±13
56Fe 179±6 182±7
208Pb 208±18 186±16

recoilmisscm ppp 

+=

Pcmp

O. Hen  E. Cohen et al., in preparation



E07-006  (2011)  4He 

82

I. Korover et al.  Phys.  Rev. Let.   113, 022501 (201



At 300-600 MeV/c there is an excess strength in 
the np momentum distribution due to the strong 
correlations induced by the  tensor NN potential.

3He 3He

V18 Bonn

np np

pn

pp

pp pp

pp/np
3HeSchiavilla, Wiringa, Pieper, 

Carson, PRL 98,132501 (2007). 

Sargsian, Abrahamyan, Strikman  
Frankfurt PR C71 044615 (2005

Ciofi and Alvioli
PRL 100, 162503 (2008).

L = 0, 2
SRC



The mass dependence of the SRC pairs

http://arxiv.org/abs/arXiv:1503.06050  

N=0 (nodeless) L=o  
IPM pairs

Predominantly:
L=0,2  T=0  S=1 
(deuteron like) pairs



Kcm=0

All pairs

Wiringa, Schiavilla, Steven, Pieper, and 
Carlson, PRC 89, 024305 (2014).Neff, Feldmeier ,Horiuchi ,

Weber  ::viXra1503.06122

Korover et al.  PRL 
113, 022501 (2014).

http://inspirehep.net/author/profile/Neff,%20Thomas?recid=1353698&ln=en
http://inspirehep.net/author/profile/Feldmeier,%20Hans?recid=1353698&ln=en
http://inspirehep.net/author/profile/Horiuchi,%20Wataru?recid=1353698&ln=en
http://inspirehep.net/author/profile/Weber,%20Dennis?recid=1353698&ln=en
http://arxiv.org/abs/arXiv:1503.06122


C.M. motion of the pair
56Fe

σ=180±4.7 [MeV/c]

PRELIMINARY σx σy
12C 169±7 164±6
27Al 162±10 180±13
56Fe 179±6 182±7
208Pb 208±18 186±16

recoilmisscm ppp 

+=

Pcmp

O. Hen  E. Cohen et al., in preparation



Momentum sharing in Asymmetric   
(imbalanced) two components 

Fermi systems

Minority
F

Majority
F kk >

MinorityMajotiry TT >

MinorityMajotiry kk >

non interacting Fermions 

Pauli  exclusion principle 

Majority Minority



A minority fermion have a greater probability than a 
majority  fermion to be above the Fermi sea 

with short-range interaction : strong between 
unlike fermions, weak between same kind.

Possible inversion of the momentum sharing :

majorityority kk >min

Fkk >

Universal property 



Protons move faster than neutrons in N>Z nuclei

Light nuclei A<11
Variational Monte Carlo 
calculations by the 
Argonne group

<KE>
p n

<KE>
p − n

( protons move faster than neutrons in N>Z nuclei )

)1(
)1(

)1(
)1(

<

>
>

<
>

kn
kn

kn
kn

p

p

n

n

Wiringa et al. 
phys. Rev. C89, 034305 (2014).





Hall A data    PRL 99(2007)072501
γcos

γcos

γ

p

p
Hall B 

JLab / CLAS Data Mining,   
EG2 data set,  Or Chen et al. 

Nuclei:

Identified  triple coincidence  SRC pairs 
in: (3He, ) 4He,  12C, 27Al, 56Fe,  and  208Pb

High momentum tail In nuclei 
dominated by SRC pairs

np-SRC dominance 

Compact Astronomical Systems ?



Momentum sharing in Asymmetric   
(imbalanced) two components 

Fermi systems

Minority
F

Majority
F kk >

MinorityMajotiry TT >

MinorityMajotiry kk >

non interacting Fermions 

Pauli  exclusion principle 

Majority Minority



A minority fermion have a greater probability than a 
majority  fermion to be above the Fermi sea 

with short-range interaction : strong between 
unlike fermions, weak between same kind.

Possible inversion of the momentum sharing :

majorityority kk >min

Fkk >

Universal property 



Protons move faster than neutrons in N>Z nuclei

Light nuclei A<11
Variational Monte Carlo 
calculations by the 
Argonne group
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Implications for Neutron Stars

Adapted from: D.Higinbotham,  
E. Piasetzky, M. Strikman
CERN Courier 49N1 (2009) 22

•At the core of neutron stars, most accepted models assume :

~95% neutrons, ~5% protons and ~5% electrons (β-stability).

•Neglecting the np-SRC interactions, one can assume three separate Fermi  
gases (n p and e).

• strong np interaction      the n-gas heats the p-gas.
n n

Fermik e
Fermikp

Fermik
: Int.J.Mod.Phys.A23:2991-3055,2008.See estimates in Frankfurt and Strikman



SRC in nuclei: implication for neutron stars

e
Fermi

p
Fermi

n
Fermi kkk += n

Fermi
n

pe
Fermi

p
Fermi k

N
N

kk 3/1)(==

 MeV/c 250  MeV/c, 5005    ,0 ≈=≈= e
Fermi

p
Fermi

n
Fermi kkkρρ

•At the core of neutron stars, most accepted models assume :

~95% neutrons, ~5% protons and ~5% electrons (β-stability).

•Neglecting the np-SRC interactions, one can assume three separate Fermi  
gases (n p and e).

kFermi

n

k
Fermi

p

Strong SR np 
interaction

k
Fermi

e

At T=0

For

Pauli blocking prevent 
direct n decay

e e ν++→ pn



SRC in nuclei: implication for neutron stars
Strong SR np 
interaction

At T=0

Holes in the n p e Fermi seas

Remove Pauli Blocking of the direct n decay

Create (n-p-e) neutral SRC

Cause instability of the neutron star

At T≠0

Faster neutrino cooling

Short life time of hyperon stars

See estimates in Frankfurt and Strikman rXiv:0806.0997
Also: Int.J.Mod.Phys.A23:2991-3055,2008. arXiv:0806.4412



Summary – relevant of Correlations

3N-SRC

Symmetry energy

Contact  term

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAMQjRw&url=http://homeopathic-treatments.com/?attachment_id%3D1440&ei=47JZVYaoCMavU8ufgIgK&psig=AFQjCNG1LB6Jp_IzbIeIKHswNoh490s2Ww&ust=1432028259173192


The universality of the fast backward emitted 
spectrum led Strikman Frankfurt to postulate 
that it is due to SRC 

The story of studying  SRC in nuclei using high energy 
probes started  here with the measurements of Fast 
Backward Production  at ITEP Moscow (p,π) and 
YerPhi (real and virtual photons) .





Incident proton Scattered proton

First Triple coincidence  12C (p, p p n) 
measurements at EVA / BNL

Complementary to JLab study with electrons
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