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Motivation

* Neutron detectors are vital for sites requiring i
extensive neutron monitoring, such as fusion £e » a
power plants. However, traditional neutron
detectors are very expensive.

A\ PN e e & bkl 7
* This project aims to offer a cost-effective and Compact Muon Solenoid

Gas Electron Multiplier Detector

scalable alternative to traditional neutron detector.

* The Gas Electron Multiplier (GEM) detector was
selected for this purpose due to its suitability for
large-scale implementation.

Our experiment is designed to evaluate the effectiveness of -

. . T = = : 7 Sedw n
the Boron GEM in detecting neutrons. Icormation 1 Thermonuclear

Experimental Reactor
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Gas Electron Multiplier

B j + GEM foil

* 50 ym polyimide film + 5 ym copper layer on each side

* Many holes exist for electron amplification
Drlft area]

The primary electrons are generated

R T T — * Accelerate the electrons sufficiently

WD = 51mm Mag= 248X Tit Corrn. = Off = 36.0° Time :15:52:53

; 4 <
Primary : -
lonization

o b Drift cathode | I_ L . .
r-/ y e (| o ] —* The strong electric field in micro-holes

GEM | SN NEmuemmEnan makes electron avalanches

/8 ‘\i Transfer 1

JAmplification | GEM2 mm=s l,/?! EEEEEEEEEE
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W, region

GEM 3 = =/m]

We use the GEM foil with [micro pattern|
| readout board and Ar/CO2 gas (70/30)

—— Efield line Transfer E field Readout PCB

Electron flow

~

™ |on backflow

Amplifier

2024-04-18 Asian Forum for Accelerators and Detectors, |8 Apr 2024 3



Neutron Capture Process

* Almost all neutron interacts with B-10
* After capture process
* Li-7,Alpha and gamma occurred (mainly)

* The initial signal is strong enough.
Two GEM foils are used.

\ 4

* alphagg_| 47 mevp is €asy to detected
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GEANT4 Simulation
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GEANT4 Simulation [Setup Variation]

Variations on active material Variations on direction

* Boron with natural proportion (;oB:|B=1:4) Forward direction

* Pure oB (5 x cross-section of natural B)

o ‘ Neutron beam ‘
Variations on geometry
) A
e Boron sheet [natural proportion] | Cathode |
10B4C coated (I um)

Boron sheet (0.5 mm) Drift

* Boron sheet at the drift area (T=0.5 mm) -
3

Filled Ar/CO, (70/30) Filled Ar/CO, (70/30)
GEM-|

GEM foil x2 [«———| 10B4C coated GEM foil x2
GEM-2

[PUI’G |oB as B4C]
i

* Both of all GEM foils and cathode plate R/O layer —

are coated (T =1.5 pum)
Neutron beam f

This simulation was conducted to test the
usefulness of the boron convertor Backward direction

[Pure |oB as B4C]
* Coated cathode plate (T=1.5 um)

ww 7, |
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GEANT4 Simulation [Result]

1. E+05 - 350
* R/O Electron = energy loss / W factor x = 300
o . c
amplification rate (18) A number of sheets (2) (5w 250 ;ET
- . - () 200
* Efficiency difference between setups 2 o
s ]
U, 5
* Boron sheet: Backward > Forward & 100 o
@ Gain
- L
 Coating: Forward > Backward Race | | 2
I.E+02680 70.0 . 720 740 760 780 ?
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Cold Neutron Test
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HANARO Beam Specification

HANARO (High-flux Advanced Neutron Appl:catlon ReactOr)
* Research reactor in Korea
* Bio-REF specifications \g
neutron energy : |0~12 meV (Cold) 13§

* Profile
* 30 MW Ma
* Maximum shaping slit
e X-width: 4 cm
* Y-width: 0.5 cm

* Flux: 4.8 x 10® Hz/cm?,, 30 Mev)
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Boron GEM Structure [boron sheet]

M—IN HV device

N

100 kQ 100 kQ

AN\

AN\
\\\}
3GQ

Drift Boron sheet (0.5 mm)

o

wuw Q|
wuw ¢

Filled Ar/CO, (70/30)

550 kQ
AN\
W
A
[©)

=G 5 GEM foil x2 4%
g ANy
== 1GQ
; e
~/
Filter|resistance 200 kQ in voltage supply part
Total resist. is 6.25 MQ
2024-04-18

* Two GEM foils with boron sheet
* Drift gap: ~9 mm
* Boron sheet: 0.5 mm with (''B:°B,4 : |)
For neutron conversion

* Testing to ensure boron converter works
* Before making a boron-coated GEM detector

 Better direction: Backward

o 0.15%10°
= G4 Simulated  —Forward
3 R/O Electron — Backward
O Boron sheet
0.1
0.05
x10°
0 5 1

15 20
R/O Electron
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Data Acquisition

-+

e Read-out board

e X-axis: 256 strips, |0 cm

DAQ board
* Y-axis: 256 strips, |0 cm e |

* DAQ board
* APV25 xic)

50um 200um: Readout * Amp. + Shaper + ADC
~ 250um board e FPGA SoC
* Triggered Externall
8 ’
1500
=0 DAQ signal
i ADC values for each channel T
0 WMWIWWW ° W.WM
0 50 100 150 200 250 0 50 100 150 200 250
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HANARO Experiment Results

* Total running time: 43 minutes. HANARO Cold Neutron Hit Position
— 10 1
* Flux: 4.8 x 10 Hz/cm? 5 " e mTaa_ s
> 9 -II-I-_ - - 0.9
 Total # of neutrons: ~25 x 10° [est.] . -
3600V applied . N -

Beam profile , i) -

e X width =4 cm 5 =

Y width =0.5 cm 4 - _.l :
« Signal Selection 3 --I
* Ny fired € {I...30} = ot -
e Hit Position B T S-S A S BT
X [cm]

"C.OM. of strips with ADC

center of mass
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Boron GEM Structure [boron coated]

To check for gamma events

* Coating GEM foil with
boron can cause short
circuits on both copper

e GEANT4 confirms that

drift coating is enough
for neutron detection.

MA— L M : o
e HV device « Two GEM foils and a coated cathode
. * Drift gap: 10 mm
| GO * Boron coating: |.5 um with ('°B)
10B4C coated (1.5 um) For neutron conversion
558 _ Drift
: * The same structure without boron coating
N Filled Ar/CO, (70/30)
== 6o | L
=5 5 GEM foil x2 %
c AN =
<= 1G0
5 I
=6 S / sides.
Filter|resistance 200 kQ in voltage supply part
Total resist. is 6.25 MQ
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Data Acquisition

TR — Digitizer (0.25 ns step size)
o AT | * | ch:shaper signal——

* 2 ch:R/O direct signal
* 2 us window time

— Counter
Input same signal

e Counter used to check for
neutron events in the detector

Digitizer signal: ADC values over time

825.0 |
& |
|
700 +

8225
|
|
650

820.0
600 ‘

550

N

T

| PRTY | ch: After Sh
The 512ch of the readout board is /O PARET SRR
combined into one.

8175 |
|

500 f \

2 ch: R/O direct

s L
2000 4000

s L
6000 8000
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Boron Coating vs Non-Boron

x10°
O L] °
q) I
so0 Firing Counts

@ Boron; beam on

300 & Boron; beam off

= Non-Boron; beam on
200 Non-Boron; beam off
100 ¥ B-NB; beam on

4200 4400 4600
Supplied Voltage [V]

O—&—& S
3600 3800 4000

According to the plot, the signal is almost entirely due to neutrons.

HANARO power: 27 MW
Threshold: -30 mV
Slit horizontal: 40 mm

Slit vertical: 0.2 mm
(B4C shaping slit)

Beam on/off distinction
is obvious.

Above 4500V, a gamma event
of 0.48 MeV (from boron)

is detected.

The noise level is low despite
the low threshold.
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Next Plan & Summary

The Boron-GEM detector was developed and tested at
HANARO for cold neutron detection.

* GEANT4 simulations have been completed to validate neutron
efficiency calculations.

* The neutron detection capability of Boron GEM was demonstrated

* Future experiments at the RFT-30 cyclotron in Korea will use GEM
detectors and Bonner spheres.

The efficiency of the B-GEM detector and the scale factor for
neutron flux monitoring were determined by combining the
results of the RFI1-30 cyclotron experiment and GEANTA4.
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Backup
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Neutron cross section

2024-04-18

ENDF Request 1022, Neutron cross section
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Geant4 Simulation [Alpha]

x107°
> 60
* Geant4 simulation by two physics models T_as G4 Simulated — FTFPBERTHP
+ FTFP BERT HP S 50 Alpha Depth — QGSPBICHP
* QGSP BIC HP 0 N
40

Gas: Ar/CO, (70/30)

Alpha energy: 1.78 MeV 30
maximum energy after capture

20
e Geant4 simulation result i
e Peak: 8. mm 10
e Maximum: 9 mm -
07 | | | ‘ | ‘ (- | | [
7/ 72 74 76 7.8 8 82 84 8.6 8.8 9

Depth [mm]
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Alpha & Li7 R/O electron

o O_3><1O6
= G4 Simulated —Alpha &Li7
3 R/O Electron —\pha
O - Alpha & Li7
0.2

S ]‘_H _x10°

5 10 15 20 55
R/O Electron
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HANARO Neutron Beam Flux

Y-axis (cm)

30MWV output
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Detector Assemble
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The Making Process

=

2 GEM foil Attach the GEM foil to the board

Drift 10B4C coated (1.5 um)

| ‘ e Detector assemble readout-board and
GEM foils with use spacer. Filled Ar/CO, (70/30)

* Each gap is 2 mm.

ww |

i

ﬂwz wu g

2024-04-18 Asian Forum for Accelerators and Detectors, |8 Apr 2024 23



The Making Process

BAC coated cathode

Casing detector

s e

Attach the coated cathode Attach the window film
o e P il 7 TN i Bi _— Ay —

* Inserta |Omm spacer between the (77 N
cathode plate and the first GEM foil. s|  Drif 10B4C coated (1.5 um)
3 Filled Ar/CO, (70/30)
* Then cover the case and solder the s
N "/
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