HiRA upgrade to improve constraints on symmetry energy and
Am*

increase Csl from 4 cm to 10 cm; Install a new charged
the mass splitting effects increase particle veto wall in front of
with particle energies. two neutrons walls

Experiments finished in Feb & March 2018 @ NSCL/MSU



HiRA Veto Wall/Neutron Wall

BGoal: simulate neutron efficiencies in
1. NWB; 2. NWB+NWA, 3. VW+NWB+NWA




(a) Proton Recoil:
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Figure 1. Schematic illustration of neutron detection. This figure is cited from Ref. 1

Cross Section (barn)

SCINFUL Cross-section

Inelastic
(4.44 MeV level)

10% koo (n, 2n)
=== (n, *He)
=== (n, 1)
10° : 0
10° 10" 10° |

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.



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,o, add t and 3He

3. Incorporate SCINFUL cross-sections

4. Incorporate sequential decays
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Geometries

SCINFUL geometry

NIM geometry

A bar of NW geometry
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The thickness of SCINFUL is 5 times as much as NIM.

SCINFUL can only produce cylinder type of detector!



5.86 cm
2.54 cm,_3cm |

X - J—
Reaction list in GEANT4
Neutron L- ﬂa ______ -
source < 12m
A.R. Garcia et al. Nuclear Inst. and M L
Vacuum o S o NE213 | Lucite
Table 1 o : -
Neutron-induced reactions on carbon between 0 and 20 MeV in NRESP7.1 [2]. The lowest excited states of!>C denoted by L1, L2 and L3 a Arminium §
pseudo-states that represent groups of well-defined states at higher excitation energies.
Reaction 0, MeV) Threshold (MeV) Cross section Angular distribution
2C(n,n)'"*C 0 0 ENDF/B-VI [8,9] ENDF/B-VI [8]
12C(n,n’ )2C*(L1) —-4.439 4.81 ENDF/B-VI [8,9] ENDF/B-VI [8,9]
2C(n,ax)’Be -5.71 6.19 PTB [10,11] PTB [10,11]
2C(n,a)’Be* = n + *Be — 2a -8.13 8.81 PTB Isotropic
2C(n,n’ )'2C*(L2) —a + ®Be — 2« -7.653 8.29 PTB Isotropic””
2C(n,n' )12C*(L3) —a + %Be — 2a -9.63 10.43 PTB Isotropic™
2C(n,n' )'2C*(L4) —a + *Be — 2a -10.8 11.70 PTB Isotropic
2C(n,n" )'2C*(L5) —a + ®Be — 2a 11.8 12.78 PTB Isotropic
2C(n,n’ )'?C*(L6) =a + *Be — 2« -12.7 13.76 PTB Isotropic””
2C(n,n" )'2C*(L7) —a + *Be — 2a -14 15.17 PTB Isotropic”
2C(n,n' )'2C*(L8) —a + *Be — 2« -15 16.25 PTB Isotropic
2C(n,n' )'2C*(L9) —a + *Be — 2a -16 17.33 PTB Isotropic
2C(n,n" )'2C*(L10) —»a + *Be — 2« -17 18.42 PTB Isotropic”
2C(n,p)"°B -12.59 13.7 ENDF/B-VI [8,9] Isotropic "
2C(n,d)''B -13.731 14.9 ENDF/B-VI [8,9] Isotropic

" Q-value for the energy state of the residual nucleus (intermediate nucleus for multistep breakup reactions) [12].

"* Referred to the center-of-mass system.



Satoh et al., Radiation Protection Dosimetry (2007), Vol. 126, No. 1-4, pp. 555-558

doi:10.1093/rpd/ncm112
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SCINFUL Light Output Function

L=aE—a{l.0—exp(—a3zE)}

Table 1. Coefficients in Equation (1) for proton, deuteron,
triton, *He nucleus and alpha particle.

Particle Coefficient

ap as a3
p 0.81 2.43 0.29
d 0.74 3.45 0.20
t 0.72 7.19 0.07
‘He 0.54 3.97 0.20
o 0.51 6.42 0.08

NIM Light Output Function

L,(E,) = —1.41945+ 0.6719E, E, > 8 MeV
0.0211E}5712 E, < 6.76 MeV

L,(E,) = —
a(Ea) {—0.65665 +0.20864E, E, > 6.76 MeV

LBL'(EB(’) = OOIEBL’
LB,C(EB,C) — 0'007EB,C
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Black line is digitized from NIM article Same data, but SCINFUL light output calculation



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,o, add t and 3He - done

3. Incorporate SCINFUL cross-sections —in
progress

4. Incorporate sequential decays



Reaction Q(MeV) | Threshold | MENAT | SCINFUL_QMD
(MeV) ER (Export controlled)

P(n,n)p
12C(n,n)12C
12C(n,n’y)12C
12C(n,a)9Be
12C(n,n"3a)
12C(n,p)12B
12C(n,np)11B
12C(n,2n)11C
12C(n,3He)10Be
12C(n,d)11B
12C(n,t)10B
Total sigma

total, nonelastic
and elastic

0
-4.44

-5.70
-71.27
-12.59
-15.96
-18.72
-19.467
-13.732
-18.929

0

4.8
6.2
7.9
13.6
17.3
20.3
21.10

14.89
20.52

Yes

Yes
Yes
Yes
Yes
Yes
Yes
No
No
No

Yes (SIGHYD/SIGHYD2)

Yes (SIGCELAS)
Yes (SIGCINEL)
Yes (SIGCNAL)
Yes (SIGCNN3A)
Yes (SIGCNP)
Yes (SIGCNPN)
Yes (SIGCN2N)
Yes (SIGCN3HE)
Yes (SIGCND)
Yes (SIGCNT)
SIGTOT

sigrc

Cross-sections in SCINFUL
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----------- H(n, p)
ol NN\
10" - Elastic
Inelastic
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20 MeV
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Below 20 MeV of neutron energy, most sequential decays affect light output < 3 MeVee



Park (include SCINFUL
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20MeV<En & En>200 MeV; GEANT4 is good
Main problem: En=20-200 MeV



GEANT4 physics at high energy of neutron
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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,o, add t and 3He - done

3. Incorporate SCINFUL cross-sections —
done

4. Incorporate sequential decays —in
progress



12C(n,n’3a) reaction

A.R. Garcia et al. Nuclear Inst. and Methods in Physics Research, A 868 (2017) 73-81

Table 1
Neutron-induced reactions on carbon between 0 and 20 MeV in NRESP7.1 [2]. The lowest excited states of'2C denoted by L1, L2 and L3 are well-defined states. The rest (L6 to L10) are
pseudo-states that represent groups of well-defined states at higher excitation energies.

Reaction Q, MeV) Threshold (MeV) Cross section Angular distribution
12C(n,n)'"*C 0 0 ENDEF/B-VI [8,9] ENDEF/B-VI [8]
12C(n,n’ )12C*(L1) —4.439 4.81 ENDE/B-VI [8,9] ENDE/B-VI [8,9]
PYal eI -5.71 6.19 PTB [10,11] PTB [10,11]
2C(n,a)’Be* = n + *Be — 2a -8.13 8.81 PTB Isotropic
2C(n,n")'2C*(L2) —a + ®Be — 2a -7.653 8.29 PTB Isotropic”
2C(n,n’ )'2C*(L3) —a + ®Be — 2a -9.63 10.43 PTB Isotropic”
2C(n,n' )'2C*(L4) —a + *Be — 2a -10.8 11.70 PTB Isotropic
2C(n,n’ )'2C*(L5) —a + ®Be — 2a F11.8 12.78 PTB Isotropic
2C(n,n" )'*C*(L6) —a + ®Be — 2a -12.7 13.76 PTB Isotropic””
2C(n,n")'2C*(L7) —a + ®Be — 2a -14 15.17 PTB Isotropic™
2C(n,n’ )'?C*(L8) —a + *Be — 2a -15 16.25 PTB Isotropic
2C(n,n’ )'?C*(L9) —a + ®Be — 2a -16 17.33 PTB Isotropic
2C(n,n’ )?C*(L10) »a + *Be — 2a -17 18.42 PTB Isotropic’

— -12.59 13.7 ENDEF/B-VI [8,9] Isotropic ™
12C(n,d)"'B -13.731 14.9 ENDEF/B-VI [8,9] Isotropic

" Q-value for the energy state of the residual nucleus (intermediate nucleus for multistep breakup reactions) [12].

" Referred to the center-of-mass system.



12C(n,n’3a) reaction

NIM

A.R. Garcia et al.

Table 1
Neutron-induced reactions on carbon between 0 and 20 MeV in NR|
pseudo-states that represent groups of well-defined states at higher

Reaction Q, (MeV)
2C(n,n)"3C 0
l’c(n n )'”C*(Ll) -4.439
2 ok -5.71
l*C(n,a)"Be"‘ —n + *Be = 2a -8.13
12C(n,n' )12C*(L2) —a + ®Be — 2a —-7.653
12C(n,n’ )'2C*(L3) —a + *Be — 2a -9.63
2C(n,n' )'?C*(L4) —»a + *Be — 2a -10.8
12C(n,n’ )'2C*(L5) —a + *Be — 2a 11.8
2¢(n,n' )'2C*(L6) —a + ®Be — 2a -12.7
12C(n,n’' )12C*(L7) —»a + ®Be — 2a -14
2C(n,n' )'?C*(L8) —a + *Be — 2a -15
2C(n,n' )'?C*(L9) —a + *Be — 2a -16
2C(n,n )'*C*(L10) —»a + *Be — 2a -17
e -12.59
12C(n,d)''B -13.731

" Q-value for the energy state of the residual nucleus (intermedid

" Referred to the center-of-mass system.

12C(n,n")12C*(L2) -> a+ 8Be -> 2a
12C(n,n")12C*(L3) -> a+ 8Be -> 2a
12C(n,n")12C*(L4) -> a+ 8Be -> 2a
12C(n,n")12C*(L5) -> a+ 8Be -> 2a
12C(n,n")12C*(L6) -> a+ 8Be -> 2a
12C(n,n")12C*(L7) -> a+ 8Be -> 2a
12C(n,n")12C*(L8) -> a+ 8Be -> 2a
12C(n,a)9Be*(L1) -> n+ 8Be -> 2a
12C(n,a)9Be*(L2) -> n+ 8Be -> 2a
12C(n,a)9Be*(L3) -> n+ 8Be -> 2a
12C(n,a)9Be*(L4) -> n+ 8Be -> 2a
12C(n,a)9Be*(L5) -> n+ 8Be -> 2a
12C(n,a)9Be*(L6) -> n+ 8Be -> 2a
12C(n,a)9Be*(L7) -> n+ 8Be -> 2a

SCINFUL

Q value :
Q value :
Q value :
Q value :
Q value :
Q value :

7.65 MeV

9.64 MeV

10.84 MeV

(11.8, 12.7, 13.3) MeV
14.08 MeV
(16.1-18.0) MeV

continuum

Q value

Q value :
Q value :
Q value :
Q value :
Q value :

: 5.71(gs) + 2.43(Ex)

= 8.14 MeV
(8.51, 8.76) MeV

10.41 MeV

12.47 MeV

17.21 MeV

19.71 MeV

continuum




Sequential decays from 11B from 12C(n, d)11B

11B -> n+10B
11B -> a+7Li
10B -> p+9Be
10B -> a+6Li
10B -> p+n+2a
10B -> d+2a
10B -> p+d+7Li
9Be -> n+8Be
9Be -> p+8Li
8Be -> 2a

8Li -> n+7Li
7Li -> n+6Li
7Li -> a+t

-11.454
-8.664
-6.587

-4.461
-8.160
-5.935
-23.281
-1.665
-16.886
0.092
-2.032
-7.251
-2.468

9Be -> n+2a
10B -> d+8Be / 8Be -> 2a

9Be -> d+7Li (-16.694 MeV)



En=62.5767.5 MeV

Reaction Q(MeV) | Threshold | Sequential
(MeV) Decay

P(n,n)p

12C(n,n)12C 0 0 N/A
12C(n,n’y)12C -4.44 4.8 No
12C(n,a)9Be -5.70 6.2 No
12C(n,n'3a) -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

Response(/MeVee/n)

Light Response for 65MeV netruon

d . SCINFUL
° — Simulation

1.8-03%

| 1 1 L

1 1 1 I 1 1 1 1 I 1 1 1 1
20 30 40 ] 50 60
0 10 20 30 40 LightQotput(MeVgo 70

MeVee




En=62.5767.5 MeV

Reaction Q(MeV) | Threshold | Sequential
(MeV) Decay

Light Response for 65MeV netruon

P(n,n)p 100t ——— SC|NFUL
12C(n,n)12C 0 0 N/A b utation
12C(n,n’y)12C -4.44 4.8 Yes Lo

12C(n,a)9Be -5.70 6.2 Yes §

12C(n,n’3a) -7.27 7.9 Yes % Lo

12C(n,p)12B 1259  13.6 No : “

12C(n,np)11B  -15.96  17.3 No HE \
12C(n,2n)11C -18.72 203 No N T D D D
12C(n,3He)10Be -19.467 21.10 No i owmF O oS! ”
12C(n,d)11B -13.732  14.89 Yes

12C(n,t)108B -18.929  20.52 No

Total sigma

total, nonelastic
and elastic



NIM geometry

Neutron

5.86 cm

<2.54 cm,  3cm "

;l
1

10.16 cm

7
source TN
|«

Vacuum

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

> NE213 | Lucite

Aluminium

3

06cm| |,
1 1

~Y

SCINFUL geometry

A bar of NW geometry

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.



Compare with different geometry En = 65 MeV

) I Ul'dILIgIIlUUU
g 10 Entries 206
8_ Mean 1
8 StdDev 1
o
10_3:—
1074
- —— Bar
~ — Cylinder
10—5 | | - | I | 11 | I | | - | | I | 1 1 | I | | | | | 1 1 |
0 10 20 30 40 50 60
LightOutput(MeV)




En=62.5767.5 MeV

0.004 TotalLightOoutput 0.004
' Entries 209771
Mean 16.22
0.0035 NWB Bar #14  |subev 1307 0.0035 NWB Whole Wall
0.003 e 0.003_—W U,
Light_Output L :
: Simulation |Eniies 2636 2000 Enlt_rli?e:t_omfgém
0.0025 Stabev  1o4a|  00025F Simulation Mean 1597
100 — Data from Kuan ‘ F StdDev 1013
: 83__ — Data from Kuan
0.002 0.002F
80 1400
0.0016% 0.0@%;
1000~
0.09(1) 0.&9;;:
600 F—
oougf 00usE
O:I||I1|hllllf')|hllll')|h||||/||hlll}-1—rﬂ|h—lalllch 20%;_||||||||||||||||||| b
Illlll\dllllﬁ\éllllté\éllll — — B ¥Illl1pllIIZDIIIIBDIIIImIMII 6OIIII
L|ght(§utput Me\ﬁ 70 0o 40 L|ght®Qtput(MeV€)0 70

Light Output (MeVee)

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



En=62.5767.5 MeV

0.004
0.0035;_ NWB Whole Wall
P(n,n)p 0 0 N/A i
12C(n,n)12C 0 0 N/A 0003 e
12C(n,n’y)12C  -4.44 4.8 Yes 2000 s 43507
0.0023E" Simulation Mean 1597
12C(n,a)9Be -5.70 6.2 Yes = StdDev _10.13
1600 — Data from Kuan
12C(n,n’3a) -7.27 7.9 Yes 0ot
12C(n,p)12B -12.59 136 No 0089
1|
12C(n,np)11B 1596  17.3 No [;Z)Zzg—
SUNE=
12C(n,2n)11C -18.72  20.3 No E
12C(n,3He)10Be  -19.467  21.10 No 0008
12C(n,d)11B -13.732  14.89 Yes 20055 Ll b
( ) %F||1|1pll||201||130|||140|L:_‘—|-\—«_p|1||601||1
12C(n,t)10B -18.929  20.52 No 0 40 [ightGaipuiMego 70
Total sigma
total, nonelastic ; needed to compare from simulation.

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



Park
65 MeV
No decay

HReeSsBQrDs%?/M eVee/n)

1E+00 4

1.E-01 ’

Light Response for 65MeV netruon

65 MeV

1004

—~

10

20

30

MeVee

40

TotalLightOoutput

Entries 339645

Mean 16.68

Std Dev 13.95
%

70



Park

11B -> n+108B
65 M ev Light Response for 65MeV netruon 11B -> a+7Li
1.E+OO1
11B decay
10
%11@13?
1077 =
= “
11@-0-ﬁ1 | | | | | | | | | | | ] | | | | | | | | | | | | | ] | |
0 1.0 20 30 40 20 60 70

MeVee LightOutput(MeV)



Park 11B -> n+10B

65 M ev Light Response for 65MeV netruon 11B -> a+7Li
1640} + decays of 10B and 7Li
11B decay

10

100

Response(/MeVee/n)

6] 10 20 30 40 50 60 70



Response

107"

1072

104

65 MeV

50 60
LightOutput(MeV)

Tried to apply
Angular distribution






Reaction Q(MeV) | Threshold | Sequen | SCINFUL_QMD
(MeV) tial Dec | (Export controlled)

P(n,n)p
12C(n,n)12C
12C(n,n’y)12C
12C(n,a)9Be
12C(n,n"3a)
12C(n,p)12B
12C(n,np)11B
12C(n,2n)11C
12C(n,3He)10Be
12C(n,d)11B
12C(n,t)10B
Total sigma

total, nonelastic
and elastic

0
-4.44

-5.70
-71.27
-12.59
-15.96
-18.72
-19.467
-13.732
-18.929

0

4.8
6.2
7.9
13.6
17.3
20.3
21.10

14.89
20.52

N/A
Yes

Yes
Yes
No

No
No
No

Yes
No

Yes (SIGHYD/SIGHYD?2)

Yes (SIGCELAS)
Yes (SIGCINEL)
Yes (SIGCNAL)
Yes (SIGCNN3A)
Yes (SIGCNP)
Yes (SIGCNPN)
Yes (SIGCN2N)
Yes (SIGCN3HE)
Yes (SIGCND)
Yes (SIGCNT)
SIGTOT

sigrc

Cross-sections in SCINFUL

10! , ,
----------- H(n, p)
ol NN\
10" - Elastic
Inelastic

10" [{4.44 MeV level)

10% k... (n, 2n)
=== (n, °He)
| ee=—(n1
107

Enarmvs (Ma\\



Comparison from Coupland’s thesis

0-035= | I I | 1 | I 1 1
: —— MENATE_R
m; — TOTEFF
_F SCINFUL-QMD
v N R
20,025 data
§ Z Simulation |
o Q- _
Ig E '=i'"'l n
~ - : r--- — i
>0.015/— R e T '
s r = I , -
=2 F ' teed | -
é GO -
=2 F |
0.005] 1
@: | | i | | | L | I | l | P I | P | -I--l--l-—
i D 4 5 6 8 i 12
light (MeVee) LightOutput(MeV)
15 MeV

200x7x7 cm3 of box

-t - —-—

0.0(‘)‘E_

Simulation -

Efficien

2y (10°/ MeVeg)
IIIIII|III|'||l]|1|||!||||]||||]'

0.001F
1!

0.0005

0. L ' — ! — ! I E
8]}_| | | | | | | | I.lpl | | | | | | Izpl | | | |
0 5 light Me\éee) 20 25

LightOutput(MeV)
65 MeV

200x7x7 cm3 of box




Coupland vs Kuan

En =15 MeV
B | I 1 1 1 1 I 1 1 _
i —— MENATE R
30— TOTEFF
—~ F —— SCINFUL-QMD
S t I | data
= | .
= F -
g?\zez@z— —
2 [ _
~5000[— - s S 4
o E =
s '_ i
.21500._— - -
> |
= 10F : -
31000 — E i
500:5— : _ :
@6_ Aé_ééﬁ) T3
light (MeVee)

4—J.L'" -
g |5 ———
2Boa-TTh =E
= - ] .
;?800 s _
1800 = ]
12’0&;_ J_l_l_r __
1200 [ -
1Boq L h
soo [ ]
s00 - i

::: | 1 l | 1 1 1 I ;

4odH 10 20
200 — light (MeVee)

DO_ 1 1 1 1IO I L X L 2|0 1 1

There are no agreements at low channels of light output.
We should look at what happened.

En =65 MeV




Neutron
source

5.86 cm

[ 2.54cm,  3cm

10.16 cm

Vacuum

Lucite

NE213

Aluminium

Vel w

(MeV!

&« 0.08

1

0.06

U

0.04

0.02 |-

™ NIM article

>t

06cm| |

— Total

- - - Other reactions

— 12C(n,a)°Be

— 12C(n,a)°Be*|°Be*—>n+°Be[*Be—>2a
—— 12C(n,n")"2C*| 2C*—>0.+°Be|*Be—>2a

GEANT4 14 MeV




5.86 cm

[ 2.54cm,_ 3cm
X e —~
-7 £
2
. s
Neutron _/ﬁa ______ >
souree e 12m | zNIM article SCINFUL 14 MeV
Vacuum ) N NE213 | Lucite
S - . A
. El
AIuminium g ~
> | — Total - -- Otherreactions — 12C(n,)°Be -
2 :. — 2C(n,0)°Be*|°Be*—>n+°Be|*Be—2a _
o= 0.08 7 2C(n,n")12C*| 2C*—>a+°Be[*Be—2a
0.06 [~
0.04 ]
0.02 F-| "W, g EN
l/ﬁ“\\l-.’_—l L i Lo o be v e be v b by vy by gy ||||||||O
0 0.2 0.4 0.6 0.8 1 1.2 = = = S = = = = = =

OLigﬁt omTtpu:cD(Mec\)/ee)

Same data, but SCINFUL light output calculation



Response

Response

/MeVee/n

1w

12

Others

Light response for each reaction (En = 65 MeV)

T

L Illllll

v Ly bl

Reaction0

Entries 6181
Mean 4.546
Std Dev 7.371

lllllllll
40

20 30

12C(n,n")12C

50 60
LightOutput(MeV)

Reaction3

Entries 8646
Mean 0.04976
Std Dev  0.04064

Gamma contribution

v b v b e b by g |

g
0

[ L0, 200 0300 0, .40,
10 20 30

.80, , . 60

40 Light@htpu}&l\!\z‘gp

Response

Response

Elastic 12C

Reaction1

T

T T TTTT

v b b v b v by by

Entries 335210
Mean 1.113
Std Dev 5.202

50 60
LightOutput(MeV)

12C(n,2n)11C

Reaction4

TTT

Entries 11300
Mean 0.05023
Std Dev  0.03144

50 60
LightOutput(MeV)

Response

Response

MeVehn

Elastic 1H

TTT

R

Lo v w0y

o

12C(n,p)12B

50 60
LightOutput(MeV)

Reaction5

AL

TT

T

Entries 2810
Mean 28.47
Std Dev 10.6

%

ERTIRE | ET

401, . .50 . . .
# Ligmg‘“?npuwee\?j’

o>
1=}

Old one



Light response for each reaction (En = 65 MeV)

12C(n,np)11B 12C(n,d)11B 12C(n,t)10B
Reaction6 Reaction7
Q E y @ E s Q -
@ - Entries 23019 & - Entries 13541 @ -
8 B Mean 1.3 g B Mean 23.33 a B
K 1 StdDev  6.177 3 1= StdDev  8.071 K 1
o = o = o E
107" 107" 107"
_107% ] 107 102
§ A _ W = _ W -
10° 210 2psM
1w 107 105*
5:—|||||||||||| 5 by L L by 55| L v b o Lo e g gy
107 10 .20 | B ) 07 10 20 49 50 6 105 10 i 36 i} U v——)
° 1o 20 30 40| ightOtiiput(MeVas® To 20 30 4o LightOtput(MaNEe LightOutput(MeV)
- —~
12C(n,3He)10Be 12C(n,a)9Be 12C(n,3a)
° Reaction9 ® Reaction10 ° Reaction11
@ E Entries 5239 a E Entries 1354 @ E Entries 0
8 B Mean 13.19 g B Mean 9.231 8 B Mean 0
8 1 Std Dev 3.967 3 1 Std Dev 7.335 2 1E Std Dev 0
[+ E = o« F
107 107" 107
102 102 102
A S s B =
F = iy ™ B §§
- ny & 2 B 2
E1ef 2100 165%
0 10 100%
=] vl v e v b b 8 v b v b ool oo Lo My b e b ey
to 10 2 30 40 0 0 i 10 20 30 40 50 d0 10%0E 10 ;) 30 a0 50 80
10 20 30 a0 Lightoutp ef’ o 10 20 30 40 Light%tpu%@é@ o 10 20 30 40 Light@ﬂlput,(Mgé@P

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)

Response

Others
Reaction0
K Entries 8969
‘_ Mean 3.921
- StdDev  5.441

“Wn 1l ‘.nm L)

Response

Response

60
LightOutput(MeV)
12C(n,n")12C
Reaction3
Entries 9526
Mean 0
B Std Dev 0
1 1 11 I 1 1 11 | 1 11 1 | 1 11 1 | 11 1 1 11 1 1
50 60
LightOutput(MeV)

Response

-
[S)
Y

_.
S
b

107

_.
S
S

10

107"

10

Response

T IIIIIII

IIIIIIII T

v by by by by by

12C(n,p)12B

60
LightOutput(MeV)

Reaction5

Reaction1
Entries 231581
Mean 0
- Std Dev 0
lIlIIIlIIIIlIIIlIIIIlIIIIIII
50 60
LightOutput(MeV)
12C(n,2n")11C
Reaction4
Entries 14600
Mean 0
L Std Dev 0

IIIIIII| T |II|III|

e v v by v by a

6
LightOutput(MeV)

0

Response

T IIIIIII

T

Entries 3673
Mean 27.61
Std Dev  10.54

60
LightOutput(MeV)



Light response for each reaction (En = 65 MeV)

12C(n,np)11B 12C(n,d)11B 12C(n,t)10B
2 Reaction6 2 Reaction7 2
& 10 Entries 0 8 10 Eniries 13969 3 10
8 Mean 0 g Mean 25.56 8_
é Std Dev 0 é + StdDev  7.247 § F
10° 10° 10°
107 107 i 107
= i =
- i -
C 1 C
L i L
sl L b L L Ly sl Ll b e b e L sl L Ly b by Ly
107, 10 20 30 40 50 60 107 10 20 30 40 50 60 1079 10 20 30 40 5 60
LightOutput(MeV) LightOutput(MeV) LightOutput(MeV)
12C(n,3He)10Be 12C(n,a)9Be 12C(n,3a)
2 Reaction9 2 Reaction10 2 Reaction11
3 10 Enties 7194 3 10 Entries 1633 3 10 Enties 16198
8 Mean 13 S Mean 9.681 8 Mean 4.779
H F Std Dev  4.095 3 StdDev  6.793 3 StdDev  3.801
o ~ o | [+
10° 10° 10°F
107 107 107
10’5 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 11 1 1 10’5 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 11 10’5 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 L1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60 10 20 30 40 5 60
LightOutput(MeV) LightOutput(MeV) LightOutput(MeV)
g P

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.



