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Equation of States and Symmetry Energy
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Equation of States and Symmetry Energy
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Experimental overview
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Neutron detectors
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Neutron Simulations Codes
Neutron simulation lists

(

SCINFUL SCINFUL-QMD PHITS
(SCINFUL mode)

GEANT4
(SCINFUL mode) MENATE_R

Elastic 1H
Elastic 12C Implemented Implemented Implemented Implemented Implemented

Inelastic 12C 9 channels 9 channels 9 channels 9 channels 6 channels

Energy
Validity

En < 110 MeV
En < 80 MeV

En < 3 GeV
En < 800 MeV En < 3 GeV En < 3 GeV En < 150 MeV

Geometry Cylinder
fixed

Cylinder
fixed

Flexible
One PMT

Flexible
Two or more PMTs.

Flexible
Two or more PMTs.

Physics models SCINFUL SCINFUL
JQMD

SCINFUL
JQMD, INCL

SCINFUL
JQMD, cascade models

MENATE_R



SCINFUL-QMD Cross-section from n-induced reactions
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SCINFUL-QMD Cross-section from n-induced reactions
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Light output function
Light output in NE213
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Response function
Neutron response function of organic scintillator
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Response function
Cylindrical detector / Compare to experimental data

)"

§ Comparison between experimental data and simul
ation using different physics model options in GEA
NT4 for the cylindrical detector.
§ Diameter : 12.7 cm
§ Thickness : 12.7 cm

§ The experimental data taken from 
§ doi.org/10.1080/18811248.2006.9711153

§ SCINFUL-GEANT4 results
§ INCL seems much closer to JQMD and better 

agreement at En = 200 MeV.
§ b''0)$60,,4,(%+)*'0)=,0%&(&1)=]K1)kOdF\:
§ ]JKL)>=,0%&(&)$(7)=]K? - ENP! %&4,+)*$+%,0)%/$()
dF\



Detection efficiency
Cylindrical detector / Compare to experimental data
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Detection efficiency
Cylindrical detector / Compare to experimental data
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Large Area Neutron Array
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Response function
Large Area Neutron Array (LANA) / Compare to experimental data
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Detection efficiency
LANA
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Event Generator mode
Two event generators: IQMD and JQMD
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Summary
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Probing the symmetry energy by 
nuclear collisions

• To maximize sensitivity, reduc
e systematic errors:
• Vary isospin of detected particle
• Vary isospin asymmetry d=(N-Z

)/A of reaction.
• Low densities (r<r0):

• Neutron/proton spectra and flow
s

• Isospin diffusion
• High densities (r»2r0) :

• Neutron/proton spectra and flow
s 

• p+ vs. p- production

E/A(r,d) = E/A(r,0) + d2×S(r) ;  d = (rn- rp)/ (rn+ rp) = (N-Z)/A
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Neutron Simulation (SCINFUL-GEANT4)

§ <E!UHEeT
§ P.*")(&'(SEU!HX
§ U)Y.'-")(A1$3(2"&8"$%/

§ H9HEVV
§ P.*")(&'(V9THTU!(-&)"
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§ J;=!VW7N]<^
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Why SCINFUL?

!'

En = 15 MeV
En = 65 MeV

Light response function for different energy of neutron
D. Coupland thesis



Equation of States and Symmetry Energy
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Lattimer & Lim,
ApJ 771, 51 (2013)



Effective mass splitting

§ ='('"#$%&'N%1-3(8.$$"%?(8.'/($3"&%1"*(,%")1-$(
$3.$($3"('"#$%&'(.')(,%&$&'("55"-$1Y"(8.**"*(
4"-&8"()155"%"'$6

§ 8&Q(a(8'Q(.$(J7/X
§ 8&Q(O(8'Q(.$(JG<Q

§ E55"-$1Y"(8.**(*,01$$1'2(*$%&'20/(1'50#"'-"*($&(
$3"(%.$1&(&5('"#$%&'(&Y"%(,%&$&'(.')(&$3"%(
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Neutron Simulations Codes
Neutron simulation lists

!&

SCINFUL SCINFUL-QMD PHITS
(SCINFUL mode) SCINFUL-GEANT4 MENATE_R

Elastic 1H
Elastic 12C O O O O O

Inelastic 12C 9 channels 9 channels 9 channels 9 channels 6 channels

Energy
Valid En < 80 MeV En < 3 GeV

En < 800 MeV En < 3 GeV En < 3 GeV En < 150 MeV

Geometry Cylinder
fixed

Cylinder
fixed

Flexible
One PMT

Flexible
Two or more PMTs.

Flexible
Two or more PMTs.

Physics models SCINFUL SCINFUL
JQMD

SCINFUL
JQMD, INCL

SCINFUL
JQMD, INCL++, BIC

MENATE_R

Transition from lo
w to high n energy N/A En = 150

(MeV)
80 < En < 110

(MeV)
80 < En < 110

(MeV) N/A



Detection efficiency
LANA

!+

§ \,%,8%&'(),**&8&,(83)'*)LQJQ)8$<8#<$%,7)93)
5K]JC^L`k!QJAO
§ 5K]JC^L)Y)!()g)NNP)F,R
§ ]JKL)Y)!()e)DP)F,R

§ Q9+,(8,)'*)7$%$)2'&(%+)9,8$#+,)'*)
#(8,0%$&(%3)*'0)%/,)(#49,0)'*)&(8&7,(%)
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