
Install a new charged 
particle veto wall in front of 
two neutrons walls 

HiRA upgrade to improve constraints on symmetry energy and 
Δm*
increase CsI from 4 cm to 10 cm; 
the mass splitting effects increase 
with particle energies.

Experiments finished in Feb & March 2018 @ NSCL/MSU



HiRA Veto Wall/Neutron Wall

Goal: Simulate neutron efficiencies in
1. NWB; 2. NWB+NWA, 3. VW+NWB+NWA



The signals mainly generated from neutron detector 
come from scattered hydrogen.

Not only from hydrogen, charged ions(proton, 
deuteron, triton, alpha) from inelastic scattering with 
carbon make signals.

Organic scintillator(neutron detector) is combined one.

SCINFUL Cross-section



Strategies
Extend Spanish G4 to En>20 MeV up to 100 MeV

Proposed Improvement in G4

1. Incorporate SCINFUL light function 

2. Incorporate SCINFUL cross-

sections

3. Incorporate sequential decays

Progress:

1. Reproduce G4 results in NIM article

2. Incorporate SCINFUL light functions of 

p,d,a, add t and 3He

3. Incorporate SCINFUL cross-sections

4. Incorporate sequential decays
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Modify GEANT4
Limited to En<20 MeV



SCINFUL geometry

12.7 cm

12.7 cm

NIM geometry

The thickness of SCINFUL is 5 times as much as NIM.

Geometries

2 m

7 cm

A bar of NW geometry

SCINFUL can only produce cylinder type of detector!



Reaction list in GEANT4



Satoh et al., Radiation Protection Dosimetry (2007), Vol. 126, No. 1–4, pp. 555–558
doi:10.1093/rpd/ncm112

SCINFUL Light Output Function
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Strategies
Extend Spanish G4 to En>20 MeV up to 100 MeV

Proposed Improvement in G4

1. Incorporate SCINFUL light function

2. Incorporate SCINFUL cross-

sections

3. Incorporate sequential decays

Progress:

1. Reproduce G4 results in NIM article

2. Incorporate SCINFUL light functions of 

p,d,a, add t and 3He - done

3. Incorporate SCINFUL cross-sections – in 

progress

4. Incorporate sequential decays



Reaction Q(MeV) Threshold
(MeV)

MENAT
E_R

SCINFUL_QMD
(Export controlled)

P(n,n)p 0 0 Yes Yes (SIGHYD/SIGHYD2)

12C(n,n)12C 0 0 Yes Yes (SIGCELAS)

12C(n,n’γ)12C -4.44 4.8 Yes Yes (SIGCINEL)

12C(n,α)9Be -5.70 6.2 Yes Yes (SIGCNAL)

12C(n,n’3α) -7.27 7.9 Yes Yes (SIGCNN3A)

12C(n,p)12B -12.59 13.6 Yes Yes (SIGCNP)

12C(n,np)11B -15.96 17.3 Yes Yes (SIGCNPN)

12C(n,2n)11C -18.72 20.3 Yes Yes (SIGCN2N)

12C(n,3He)10Be -19.467 21.10 No Yes (SIGCN3HE)

12C(n,d)11B -13.732 14.89 No Yes (SIGCND)

12C(n,t)10B -18.929 20.52 No Yes (SIGCNT)

Total sigma SIGTOT

total, nonelastic
and elastic 

sigrc

Cross-sections in SCINFUL
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Below 20 MeV of neutron energy, most sequential decays affect light output < 3 MeVee
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Light Response for 200MeV netruon
SCINFUL

12.7 cm

12.7 cm

20MeV<En & En>200 MeV; GEANT4 is good
Main problem: En=20-200 MeV
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Missing bump



GEANT4 physics at high energy of neutron



200 MeV
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200 MeV

QGSP_BERT

200 MeV

QGSP_BIC

200 MeV

QGSP_INCLXX Shielding

350 MeV 350 MeV 350 MeV350 MeV 12.7 cm
12.7 cm

Normalize factor was wrong!
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Strategies
Extend Spanish G4 to En>20 MeV up to 100 MeV

Proposed Improvement in G4

1. Incorporate SCINFUL light function

2. Incorporate SCINFUL cross-

sections

3. Incorporate sequential decays

Progress:

1. Reproduce G4 results in NIM article

2. Incorporate SCINFUL light functions of 

p,d,a, add t and 3He - done

3. Incorporate SCINFUL cross-sections –

done

4. Incorporate sequential decays – in 

progress



12C(n,n’3a) reaction



12C(n,n’)12C*(L2) -> a+ 8Be -> 2a Q value : 7.65 MeV
12C(n,n’)12C*(L3) -> a+ 8Be -> 2a Q value : 9.64 MeV
12C(n,n’)12C*(L4) -> a+ 8Be -> 2a Q value : 10.84 MeV
12C(n,n’)12C*(L5) -> a+ 8Be -> 2a Q value : (11.8, 12.7, 13.3) MeV
12C(n,n’)12C*(L6) -> a+ 8Be -> 2a Q value : 14.08 MeV
12C(n,n’)12C*(L7) -> a+ 8Be -> 2a Q value : (16.1-18.0) MeV
12C(n,n’)12C*(L8) -> a+ 8Be -> 2a continuum
12C(n,a)9Be*(L1) -> n+ 8Be -> 2a Q value : 5.71(gs) + 2.43(Ex) = 8.14 MeV
12C(n,a)9Be*(L2) -> n+ 8Be -> 2a Q value : (8.51, 8.76) MeV
12C(n,a)9Be*(L3) -> n+ 8Be -> 2a Q value : 10.41 MeV
12C(n,a)9Be*(L4) -> n+ 8Be -> 2a Q value : 12.47 MeV
12C(n,a)9Be*(L5) -> n+ 8Be -> 2a Q value : 17.21 MeV
12C(n,a)9Be*(L6) -> n+ 8Be -> 2a Q value : 19.71 MeV
12C(n,a)9Be*(L7) -> n+ 8Be -> 2a continuum

SCINFULNIM

12C(n,n’3a) reaction



Sequential decays from 11B from 12C(n, d)11B
Reaction Q value(MeV)

11B -> n+10B -11.454
11B -> a+7Li -8.664
10B -> p+9Be -6.587

10B -> a+6Li -4.461
10B -> p+n+2a -8.160 9Be -> n+2a
10B -> d+2a -5.935 10B -> d+8Be / 8Be -> 2a

10B -> p+d+7Li -23.281 9Be -> d+7Li (-16.694 MeV)

9Be -> n+8Be -1.665

9Be -> p+8Li -16.886
8Be -> 2a 0.092
8Li -> n+7Li -2.032
7Li -> n+6Li -7.251
7Li -> a+t -2.468



En = 62.5~67.5 MeV

Reaction Q(MeV) Threshold
(MeV)

Sequential 
Decay

P(n,n)p 0 0 N/A
12C(n,n)12C 0 0 N/A
12C(n,n’γ)12C -4.44 4.8 No

12C(n,α)9Be -5.70 6.2 No
12C(n,n’3α) -7.27 7.9 No
12C(n,p)12B -12.59 13.6 No

12C(n,np)11B -15.96 17.3 No

12C(n,2n)11C -18.72 20.3 No

12C(n,3He)10Be -19.467 21.10 No
12C(n,d)11B -13.732 14.89 No
12C(n,t)10B -18.929 20.52 No
Total sigma
total, nonelastic
and elastic 
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Light Response for 65MeV netruon

SCINFUL
Simulation
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En = 62.5~67.5 MeV

Reaction Q(MeV) Threshold
(MeV)

Sequential 
Decay

P(n,n)p 0 0 N/A
12C(n,n)12C 0 0 N/A
12C(n,n’γ)12C -4.44 4.8 Yes

12C(n,α)9Be -5.70 6.2 Yes
12C(n,n’3α) -7.27 7.9 Yes
12C(n,p)12B -12.59 13.6 No

12C(n,np)11B -15.96 17.3 No

12C(n,2n)11C -18.72 20.3 No

12C(n,3He)10Be -19.467 21.10 No
12C(n,d)11B -13.732 14.89 Yes
12C(n,t)10B -18.929 20.52 No
Total sigma
total, nonelastic
and elastic 

SCINFUL
Simulation



SCINFUL geometry

12.7 cm

12.7 cm

NIM geometry

The thickness of SCINFUL is 5 times as much as NIM.

1. Do the simulation with the same geometry with SCINFUL, and see if the simulation is right or not.
2. Make a neutron bar to compare with experimental data.

2 m

7 cm

A bar of NW geometry



Bar
Cylinder

En = 65 MeVCompare with different geometry



NWB Bar #14

Light Output (MeVee)

NWB Whole Wall

En = 62.5~67.5 MeV

Experimental data from Kuan. The experimental data is needed to compare from simulation. 

Simulation

Data from Kuan
Simulation

Data from Kuan

2 m
7 cm



NWB Whole Wall

En = 62.5~67.5 MeV

Experimental data from Kuan. The experimental data is needed to compare from simulation. 

Simulation

Data from Kuan

2 m
7 cm

Reaction Q(MeV) Threshold
(MeV)

Sequential 
Decay

P(n,n)p 0 0 N/A

12C(n,n)12C 0 0 N/A

12C(n,n’γ)12C -4.44 4.8 Yes

12C(n,α)9Be -5.70 6.2 Yes

12C(n,n’3α) -7.27 7.9 Yes

12C(n,p)12B -12.59 13.6 No

12C(n,np)11B -15.96 17.3 No

12C(n,2n)11C -18.72 20.3 No

12C(n,3He)10Be -19.467 21.10 No

12C(n,d)11B -13.732 14.89 Yes

12C(n,t)10B -18.929 20.52 No

Total sigma

total, nonelastic

and elastic 



Summary

1. Incorporate SCINFUL light function - done
2. Incorporate SCINFUL cross-sections - done
3. Incorporate full sequential decays (in progress)
4. Incorporate SCINFUL angular distribution - done
5. Incorporate full Neutron wall array in the simulation(To do)

6. The experimental data is needed to compare with the simulation



Back up
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Park
65 MeV

11B decay
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11B -> n+10B
11B -> a+7Li



Park
65 MeV

11B decay
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11B -> n+10B
11B -> a+7Li
+ decays of 10B and 7Li



Tried to apply
Angular distribution





Reaction Q(MeV) Threshold
(MeV)

Sequen
tial Dec

SCINFUL_QMD
(Export controlled)

P(n,n)p 0 0 N/A Yes (SIGHYD/SIGHYD2)

12C(n,n)12C 0 0 N/A Yes (SIGCELAS)

12C(n,n’γ)12C -4.44 4.8 Yes Yes (SIGCINEL)

12C(n,α)9Be -5.70 6.2 Yes Yes (SIGCNAL)

12C(n,n’3α) -7.27 7.9 Yes Yes (SIGCNN3A)

12C(n,p)12B -12.59 13.6 No Yes (SIGCNP)

12C(n,np)11B -15.96 17.3 No Yes (SIGCNPN)

12C(n,2n)11C -18.72 20.3 No Yes (SIGCN2N)

12C(n,3He)10Be -19.467 21.10 No Yes (SIGCN3HE)

12C(n,d)11B -13.732 14.89 Yes Yes (SIGCND)

12C(n,t)10B -18.929 20.52 No Yes (SIGCNT)

Total sigma SIGTOT

total, nonelastic
and elastic 

sigrc

Cross-sections in SCINFUL



15 MeV
200x7x7 cm3 of box

65 MeV
200x7x7 cm3 of box

Comparison from Coupland’s thesis

Simulation

Simulation

2 m
7 cm



En = 15 MeV En = 65 MeVCoupland vs Kuan

There are no agreements at low channels of light output.
We should look at what happened. 
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Same data, but SCINFUL light output calculation



Gamma contribution

Light response for each reaction (En = 65 MeV)

Old one

12.7 cm

12.7 cm



Cross section for 12C(n,a)9Be used by wu was wrong
Not implemented for sequential decays.

Light response for each reaction (En = 65 MeV)

12.7 cm

12.7 cm



Light response for each reaction (En = 65 MeV)

12.7 cm

12.7 cm



12C(n,n’3a) and sequential decay of 12C(n,d)11B are done. The other reactions will be also applied with sequential decays.
12C(n,np) has problem -> It will be fixed.

Light response for each reaction (En = 65 MeV)

12.7 cm

12.7 cm


