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Study	of	Neutron-Scintillator	Interaction
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MC	Simulation	for	neutron	interaction
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MC	Simulation	for	neutron	interaction
Trigger:	Trig.1	only

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

-1
C

ou
nt

s 
/ 1

0 
ke

V

0

20

40

60

80

100

120

140

160

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

_j
 d

E_
j (

ke
V)

∑
D

ow
ns

tre
am

 
0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

N
eu

tro
n 

En
er

gy
 (k

eV
)

0

500

1000

1500

2000

2500

3000

0

5

10

15

20

25

30

θcos
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

dE
 (k

eV
)

0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

_j
 d

E_
j (

ke
V)

∑
D

ow
ns

tre
am

 

0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

N
eu

tro
n 

En
er

gy
 (k

eV
)

0

500

1000

1500

2000

2500

3000

0 1 2 3 4 5 6 7 8 90

2

4

6

8

10

12

14

16

18

histhist

0

0.5

1

1.5

2

2.5

3

hists5

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10

100

200

300

400

500

600

700

800

900

1000

hists5

dE (tirg.1)	keV dE (tirg.1)	keV dE (tirg.1)	keV

Sc
at
.	n
eu
tr
on
	E
ne
.	k
eV

Σj
dE
j(
tir
g.
2-
4)
	k
eV

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

-1
C

ou
nt

s 
/ 1

0 
ke

V

0

20

40

60

80

100

120

140

160

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

_j
 d

E_
j (

ke
V)

∑
D

ow
ns

tre
am

 

0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

N
eu

tro
n 

En
er

gy
 (k

eV
)

0

500

1000

1500

2000

2500

3000

0

5

10

15

20

25

30

θcos
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

dE
 (k

eV
)

0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

_j
 d

E_
j (

ke
V)

∑
D

ow
ns

tre
am

 

0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

N
eu

tro
n 

En
er

gy
 (k

eV
)

0

500

1000

1500

2000

2500

3000

0 1 2 3 4 5 6 7 8 90

2

4

6

8

10

12

14

16

18

histhist

0

0.5

1

1.5

2

2.5

3

hists5

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10

100

200

300

400

500

600

700

800

900

1000

hists5

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

-1
C

ou
nt

s 
/ 1

0 
ke

V

0

20

40

60

80

100

120

140

160

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

_j
 d

E_
j (

ke
V)

∑
D

ow
ns

tre
am

 

0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

N
eu

tro
n 

En
er

gy
 (k

eV
)

0

500

1000

1500

2000

2500

3000

0

5

10

15

20

25

30

θcos
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

dE
 (k

eV
)

0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

_j
 d

E_
j (

ke
V)

∑
D

ow
ns

tre
am

 

0

500

1000

1500

2000

2500

3000

0

50

100

150

200

250

300

350

400

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

N
eu

tro
n 

En
er

gy
 (k

eV
)

0

500

1000

1500

2000

2500

3000

0 1 2 3 4 5 6 7 8 90

2

4

6

8

10

12

14

16

18

histhist

0

0.5

1

1.5

2

2.5

3

hists5

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10

100

200

300

400

500

600

700

800

900

1000

hists5

Sc
at
.	n
eu
tr
on
	E
ne
.	k
eV

cosθ (scat-n) cosθ (F19)ID

eff.	=	27%
eff.	=	21%

eff.	=	41%
@104	neutrons

F1
9

C1
2

e-
@CF4 1	atmgas
104 total	event

F1
9
En
er
gy
	(k
eV

)

*cosθ (F19)�n��D�g����



Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

-1
Co

un
ts 

/ 1
0 k

eV

0

2

4

6

8

10

12

14

16

18

20

22

0

2

4

6

8

10

12

14

16

18

20

θcos
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

Ne
utr

on
 E

ne
rg

y (
ke

V)

0

500

1000

1500

2000

2500

3000

0

20

40

60

80

100

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

_j 
dE

_j 
(ke

V)
∑

Do
wn

str
ea

m 

0

500

1000

1500

2000

2500

3000

0

20

40

60

80

100

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

Ne
utr

on
 E

ne
rg

y (
ke

V)

0

500

1000

1500

2000

2500

3000

0 1 2 3 4 5 6 7 8 9
0

200

400

600

800

1000

histhist

0

5

10

15

20

25

30

35

40

45

hists5

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
0

100

200

300

400

500

600

700

800

900

1000

hists5 hists6

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
0

100

200

300

400

500

600

700

800

900

1000

hists6 hists7

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

hists7

0

5

10

15

20

25

hists8

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 11−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

hists8

0

2

4

6

8

10

12

14

16

hists9

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10

500

1000

1500

2000

2500

3000

hists9

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10

10

20

30

40

50

60

70

hist1hist1
Upstream trigger dE (keV)

0 500 1000 1500 2000 2500 3000

-1
Co

un
ts 

/ 1
0 k

eV

0

5

10

15

20

25

30

35

40

0

5

10

15

20

25

30

35

40

θcos
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

Ne
utr

on
 En

erg
y (

ke
V)

0

500

1000

1500

2000

2500

3000

0

20

40

60

80

100

120

140

160

180

200

220

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

_j 
dE

_j 
(ke

V)
∑

Do
wn

str
ea

m 

0

500

1000

1500

2000

2500

3000

0

20

40

60

80

100

120

140

160

180

200

220

Upstream trigger dE (keV)
0 500 1000 1500 2000 2500 3000

Ne
utr

on
 En

erg
y (

ke
V)

0

500

1000

1500

2000

2500

3000

0 1 2 3 4 5 6 7 8 9
0

200

400

600

800

1000

1200

1400

1600

1800

histhist

0

10

20

30

40

50

60

70

80

hists5

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
0

100

200

300

400

500

600

700

800

900

1000

hists5

0

1

2

3

4

5

6

7

hists6

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
0

100

200

300

400

500

600

700

800

900

1000

hists6

0

1

2

3

4

5

6

hists7

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

hists7

0

5

10

15

20

25

30

35

40

45

hists8

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 11−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

hists8

0

5

10

15

20

25

30

hists9

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 10

500

1000

1500

2000

2500

3000

hists9
2017/10/13 5

MC	Simulation	for	neutron	interaction
Trigger:	Trig.1⨂TPC

eff.	=	0.35%
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�>1ÃÑÇ¯ÁÍ±Ñ-H

Efficiency
�>1¯ÁÍ±Ñ Trig 1 Trig	1	x TPC(CF4 1	atm)

1	MeV 54% 0.27%

2	MeV 35% 0.17%

3	MeV 27% 0.13%

cosθ (F19)

0≤E<100	keV
100≤E<200	keV
200≤E<300	keV
300≤E<400	keV
400≤E<500	keV
500keV≤E

3	MeV

¶Ï»�1cm

cosθ (F19)

0≤E<100	keV
100≤E<200	keV
200≤E<300	keV
300≤E<400	keV
400≤E<500	keV
500keV≤E

2 MeV

cosθ (F19)

0≤E<100	keV
100≤E<200	keV
200≤E<300	keV
300≤E<400	keV
400≤E<500	keV
500keV≤E

1 MeV
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Efficiency
¶Ï»� Trig 1 Trig	1	x TPC(CF4 1	atm)

5 mm 14% 0.065%

10	mm 27% 0.13%

20	mm 48% 0.23%

cosθ (F19)

0≤E<100	keV
100≤E<200	keV
200≤E<300	keV
300≤E<400	keV
400≤E<500	keV
500keV≤E

10	mm5 mm
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Background	Study
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Discussion

TPC

F

n

Beam	Pipe

sub	mm L	=	?	mm

Q3� ��~
1. ¿Ì°Ñµ®¸
2. ¿Ì°Ñ�Å¼¹Í£��o{
3. �R¿Ì°Ñ¬i`�ª ��

*L=15	mm	in	this	time	simulation
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Conclusion

• nÃÑÇ½·¿�¶ÆÉÎÑ¶ÊÏ¬e��

• ÄË¶Ï¬U��´®Ï¶¾Ï·�ª�BG¬c��ª

• �R��ÄË¶Ï¬`����b���

• D�F19���¯ÁÍ±Ñ��F�/��
¯ÁÍ±Ñ�
�;F�¦½®Í¬P��

• D�g8�7�ÄË¶Ï����¦
2�ª�

• O��T¬Y��¨ÄË¶Ï���F�b�


