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Overview

* Low cost neutron irradiation facility
for detector characterization

* First results establishing viability of
method:
—blind irradiation using a mixed field

—neutron “tagging”
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GEANT4 simulation, courtesy of J. Annand, University of Glasgow
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Scintillator Properties

* Mapping
—Pulse Shape Discrimination (PSD)
* Pulse Shape (PS)
 Figure-of-Merit (FOM)
—Proton Light Yield
* Quenching (MeV_./MeV<1)

* Non linearity
PSND 2014, Julich 4 June 2014 -
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* 3Inch
* borosilicate glass
 NE-213

» Optical coupled
* dry fitted
+ light guide

* Aluminum Cell

e 10cm X 7.5 cm
« sandblasted and painted
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R. Jebali et al., "Response comparison between a 4He-based fast neutron
detector and a NE-213 liquid scintillator reference cell ”, to be submitted to
Nucl. Inst. and Meth. A
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Long Gate 500 ns




=
5
|
|

I
I3

Integrated PS Threshold 0.58 MeV,,, LUND
50000 FOM = Am/(6,+5,)
40000 — /’ FOM = 1.03
@ =Y
£ 30000 —
o) -
S - < nheutrons
20000 —
10000 —
0 : 1 1 ™y 1 I 1 1 I 1 1 I | 1 | 1
0 0.1 0.2 0.3 04 0.5

PS [arb. units]
PSND 2014, Julich 4 June 2014



EUROPEAN
SPALLATION
(TN SOURCE

Integrated PS Threshold 0.58 MeV

UND

UNIVERSITY

" .

04—
u neutrons o000
02— 6000
/)] -
n. 0 e y- fayS 4000
02—
6 i 7 ' 1 °
L [MeV_ ]
i
OF | | ,.ﬁ"nl‘rlﬂ 1 1 | IW | 1 1 | I IM 1 I 1 1 | 1 J
0 0.1 0.2 0.3 04 0.5

PSND 2014, Jilich 4 June 2014

PS [arb. units] |



EUROPEAN
SPALLATION
(TN SOURCE

Integrated PS Threshold 0.58 MeV UNL,JEIE.R

04—
u neutrons o000
02— 6000
0 L s
Y, 5 Y - rays
02—
| | I | | | | 0
0 1 4 5
L [MeV_ ]
i
OF | | ,.ﬁ"nl‘rlﬂ 1 1 | IW | 1 1 | I IM 1 I 1 1 | 1 J
0 0.1 0.2 0.3 04 0.5

PS [arb. units]
PSND 2014, Julich 4 June 2014



EUROPEAN
SPALLATION
(TN SOURCE

Integrated PS Threshold 0.58 MeV UNIVERSITY

04—
. neutrons 00
02— 6000
m B v
., 5 V- rays
02—
| SN | Ll | | 0
0 1 2 4 5
L [MeV_ ]
i
OF | | ,.ﬁ"nl‘rlﬂ 1 1 | IW | 1 1 | I IMI I 1 1 | 1 J
0 0.1 0.2 0.3 04 0.5

PS [arb. units]
PSND 2014, Julich 4 June 2014 '



EUROPEAN
SPALLATION
(TN SOURCE

Integrated PS Threshold 0.58 MeV UNIVERSITY

04—
. neutrons 00
02— 6000
m B v
., 5 V- rays
02—
L L L ' 0
0 1 2 4 5
L[MeV ]
i
OF | | ,.ﬁ"nl‘rlﬂ 1 1 | IW | 1 1 | I IMI I 1 1 | 1 J
0 0.1 0.2 0.3 0.4 0.5

PS [arb. units]
PSND 2014, Julich 4 June 2014 '



EUROPEAN
SPALLATION
o’ SOURCE

Integrated PS Threshold 0.58 MeV UNL.\J,EIR\LR

] . \

04—
. neutrons 00
02— 6000
w B v
n. 0 e y'— rayS 4000
02—
L Ll | ! 0
0 1 2 4 5
L [MeV_ ]
i
OF | | Aﬁ"”“’-lﬂ 1 1 | IW | 1 1 | I IM | I 1 1 | 1 J
0 0.1 0.2 0.3 04 0.5

PS [arb. units]
PSND 2014, Julich 4 June 2014 ¢



AL ==0.1MeV,

SPALLATION
SOURCE

LUN
PS @ 1 MeVee - PS @ 2 |\/|eVee UNIVERSITY

soo0 k neutrons 4500
C 40005_ Y$ - neutrons
ey 3500 — |
4000 = 3000 i—
B 2500 —
3000 — E
C 2000
2000~ 1500 —
- 1000
1000 — =
C 500
- o
PS @ 3 MeV,,
2400 - -
2200 - 3500
200 Y — neutrons -
1800 3000~
1600 i_ 2500 E—
1400 C
1200 F- 2000 [
1000 - =
= 1500 —
800~ o
600 - 1000 |~
400 - -
200 - 500 —
0 E L | P Ly by oy E
0 0.05 0.1 0.3 0.35 0.4 0y

PSND 2014, Jilich 4 June 2014




EUROPEAN
SPALLATION
SOURCE

UNIVERSITY

| =
— -—I:—-—I—:_H_I_"I—'
— | —— i
m — —— £
— ——
- — gy
- ——
c 14 -
— ——
- B —_—
. ._._"_"' Integrated PS Threshold 0.58 MeV,,
O B —
—— =
a 1 . 2 — 50000 _— i t
—_— B — F neutrons
| — 40000 —
| — ® E “ Am
2 1 —_— S 30000 ‘ ,
O — S ol o
o = )
| — 20000 :_Y FWHM | |
—-— —— : \
| 10000 —
—— R
0 . 8 B 0 05
= PS [arb. units]

05 1 15 2 25 3 35 4
L [MeV_]

10

PSND 2014, Jilich 4 June 2014




EUROPEAN
SPALLATION
SOURCE

1.6

1.4

1.2

@
[
>
I
S
S,
=
O
LL

0.8

50000

40000

30000

counts

20000

10000

Integrated PS

Threshold 0.58 MeV

O T TT[TTTTTTT T TTTT [T TTT[TTT
I I \ I I

neutrons

FOM =1.03

PRI B i
0.3

05

PRI BT
0.5

PSND 2014, Jilich 4 June 2014




EUROPEAN
SPALLATION
SOURCE

1.6

1.4

1.2

@
=
>
I
S
S,
=
O
LL

0.8

T[T I[P [P ITT AT [T I

N\
.
—E— E
—E—t—F—
——
——
gy
Integrated PS Threshold 0.58 MeV,,
50000 — t
40000~ FOM = 1.03
® C
S 30000
o [
© C
20000 —
10000 —
o: o by by e ]
0 0.1 0.2 0.3 0.4 0.5

PRI BT
0.5

PSND 2014, Jilich 4 June 2014




EUROPEAN
SPALLATION

SOURCE
3500
3000

T[T [T T[T [T T[T [T T

—i— i
—E— E
—E—t—F—
—
Integrated PS Threshold 0.58 MeV,,
50000

neutrons

@
=
>
I
S
S,
=
O
LL

| p———t 40000 — FOM = 1.03

L P— /] E
— S 30000
11— — 8
— 20000
- — E
| 10000 —
—— | -

| 0 0.1 0.2 0.3 0.4 0.5

- PS [arb. units]

PRI BT PRI BT L
0.5 1 1.5 2 2.5 3 3.

PSND 2014, Jilich 4 June 2014




EUROPEAN
SPALLATION

SOURCE m (155
LU ND
UNIVERSITY
E:EEE |
4500

4000

3500

3000

2500

2000

—i=
—E— E
—E—t—F—
—
——
—— *
——
——
—
8o 01 0.15 02 0.25 03 035 04 0.45 — Integrated PS Threshold 0.58 MeV
——

_ —— C
= 121 - :
CU . 50000: t

— — - neutrons

— — 40000~ FOM = 1.03
2 — £ 300001
O 1— _ 3ty

— 20000 —
L | — =

— 10000 —

—— ~
0-8_ Y M P R T [P
| 0 0.1 0.2 0.3 0.4 0.5
— PS [arb. units]

T B R BT L !
0.5 1 1.5 2 2.5 3 3.5 4

PSND 2014, Jilich 4 June 2014




EUROPEAN
SPALLATION
(TN SOURCE

UNIVERSITY

“Tagged” Neutrons

J. Scherzinger et al.,"A source-based fast-neutron facility for precision irradiations”,
arXiv:1405.2686[physics.ins-det] (2014), submitted to Nucl. Inst. and Meth. A
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Conclusion
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» Fast neutron detection
— Blind irradiation behaves as expected
— Neutron “tagging” technique promising

— NE-213 characterization in good agreement
with other groups

PSND 2014, Jilich 4 June 2014
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* Fast neutron detection
— Blind irradiation behaves as expected
— Neutron “tagging” technique promising

— NE-213 characterization in good agreement
with other groups

"High” energy background studies
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« Upgrading existing equipment
— Flash ADC; to complement QDCs
— Wide-Range TDC; 10 ms drift times
— 3He tube

— Moderator/Shielding
- Cd
+ PE
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* Upgrading existing equipment
— Flash ADC; to complement QDCs
— Wide-Range TDC; 10 ms drift times
—3He tube

— Moderator/Shielding
- Cd
» PE

“Tagged” thermal neutrons
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