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  the	
  Symmetry	
  Energy	
  
[With	
  SRCs]	
  

Fermi-­‐Gas	
  
Model	
  

þ

þ

✗	
  
✗	
   ✓	
  

þ

+	
  ΔSRC(ρ)	
   Only	
  unknown	
  is	
  γi	
  	
  
probed	
  in	
  HI	
  collision	
  
measurements	
  and	
  

neutron	
  stars	
  
observa+ons	
  ✕ 
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[With	
  SRCs]	
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Constraining	
  the	
  Symmetry	
  Energy	
  
[With	
  SRCs]	
  

Fermi-­‐Gas	
  
Model	
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þ

✗	
  
✗	
  
	
  

✗	
  

þ
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✕ 
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Constraining	
  the	
  Symmetry	
  Energy	
  
[With	
  SRCs]	
  

Fermi-­‐Gas	
  
Model	
  

þ

þ

✗	
  
✗	
  
	
  

✗	
  

þ

+	
  ΔSRC(ρ)	
   Only	
  unknown	
  is	
  γi	
  	
  
probed	
  in	
  HI	
  collision	
  
measurements	
  and	
  

neutron	
  stars	
  
observa+ons	
  ✕ 

✕ 
✕ 
✕ 

Adding	
  np-­‐SRCs	
  breaks	
  the	
  Fermi-­‐
Gas	
  picture	
  

	
  
=>	
  Need	
  a	
  correlated	
  Fermi-­‐Gas	
  

Model	
  



nCFG k( )  =

SNM          PNM                  

A0

C∞ / k 4

0

,
,
,

A1

0
0

k < kF
kF < k < λkF

0

0k > λkF
0

⎧

⎨
⎪⎪

⎩
⎪
⎪ C/k4	
  is	
  a	
  good	
  parameteriza+on	
  

of	
  the	
  high-­‐momentum	
  tail:	
  

Correlated	
  Fermi-­‐Gas	
  Model	
  (CFG)	
  
[Fermi-­‐Gas	
  with	
  an	
  SRC	
  tail]	
  

O.	
  Hen	
  et	
  al.,	
  Phys.	
  Rev.	
  C	
  91,	
  025803	
  (2015).	
  



O.	
  Hen	
  et	
  al.,	
  Phys.	
  Rev.	
  C	
  91,	
  025803	
  (2015).	
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⎧

⎨
⎪⎪

⎩
⎪
⎪ C/k4	
  is	
  a	
  good	
  parameteriza+on	
  

of	
  the	
  high-­‐momentum	
  tail:	
  

Correlated	
  Fermi-­‐Gas	
  Model	
  (CFG)	
  
[Fermi-­‐Gas	
  with	
  an	
  SRC	
  tail]	
  

SNM	
  Model:	
  
•  	
  	
  Depleted	
  Fermi	
  Distribu+on	
  (A0)	
  
•  	
  	
  High-­‐Momentum	
  tail	
  (C/k4)	
  
•  	
  	
  Momentum	
  cutoff	
  (λ)	
  



O.	
  Hen	
  et	
  al.,	
  Phys.	
  Rev.	
  C	
  91,	
  025803	
  (2015).	
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of	
  the	
  high-­‐momentum	
  tail:	
  

Correlated	
  Fermi-­‐Gas	
  Model	
  (CFG)	
  
[Fermi-­‐Gas	
  with	
  an	
  SRC	
  tail]	
  

PNM	
  Model:	
  
•  	
  	
  Free	
  Fermi	
  Gas	
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a2(A)	
  	
  =	
  5.0	
  ±	
  0.3	
  
a2(∞)	
  =	
  7.0	
  ±	
  1.0	
  

Many-­‐Body	
  Theory	
  

(cutoff	
  parameter)	
  

(cutoff	
  parameter)	
  

Average	
  kine+c	
  energy	
  -­‐	
  Nuclei	
  

Average	
  kine+c	
  energy	
  –	
  SNM	
  

Benchmark	
  Against	
  Microscopic	
  Calcula+ons	
  

O.	
  Hen	
  et	
  al.,	
  Phys.	
  Rev.	
  C	
  91,	
  025803	
  (2015).	
  



Transport	
  calcula+on	
  
of	
  124Sn+124Sn	
  and	
  

112Sn+112Sn	
  collisions	
  
also	
  yield	
  reduced	
  
kine+c	
  symmetry	
  

energy	
  

(cutoff	
  parameter)	
  

Kine+c	
  symmetry	
  energy	
  

Extrac+ng	
  the	
  Kine+c	
  Symmetry	
  Energy	
  

O.	
  Hen	
  et	
  al.,	
  Phys.	
  Rev.	
  C	
  91,	
  025803	
  (2015).	
  



SRCs	
  reduce	
  the	
  
kine/c	
  symmetry	
  

energy	
  
	
  

[Enhance	
  the	
  poten/al	
  
symmetry	
  energy	
  and	
  alter	
  
its	
  density	
  dependence]	
  

Kine+c	
  symmetry	
  energy	
  

Extrac+ng	
  the	
  Kine+c	
  Symmetry	
  Energy	
  

O.	
  Hen	
  et	
  al.,	
  Phys.	
  Rev.	
  C	
  91,	
  025803	
  (2015).	
  



	
  

Next	
  Step	
  –	
  Incorpora/ng	
  CFG	
  model	
  
into:	
  
•  neutron	
  stars	
  equa/on-­‐of-­‐state	
  fits	
  
•  Transport	
  models	
  for	
  HI	
  collision	
  

analysis	
  



	
  

Next	
  (ongoing)	
  Step	
  –	
  Incorpora/ng	
  
CFG	
  model	
  into:	
  
•  neutron	
  stars	
  equa/on-­‐of-­‐state	
  fits	
  
•  Transport	
  models	
  for	
  HI	
  collision	
  

analysis	
  

Mass-­‐Radius	
  Rela+on	
   Symmetry-­‐
Energy	
  Slope	
  (L)	
  

Symmetry-­‐
Poten+al	
  

Dependence	
  
(γ)	
  

Preliminary	
  
O.	
  Hen,	
  A.W.	
  Steiner,	
  and	
  E.	
  Piasetzky,	
  In-­‐Prepara+on	
  (2015)	
  




