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Thermal Neutron Detectors

enuclear reactions to convert neutrons

n+ 3He - 3H + 1H + 0.764 MeV Gaseous detectors (CF4, prop.)
n+ 6LI - 4He + 3H + 4.79 MeV Scintillators

n+ 10B —» 7Li* + 4He—7Li + 4He + 0.48 MeV y +2.3 MeV  (93%)
— 7Li + 4He +2.8 MeV ( 7%)

n + 155Gd —» Gd* — y-ray spectrum — conversion electron spectrum
n+ 157Gd —» Gd* — y-ray spectrum — conversion electron spectrum
n + 235U — fission fragments + ~160 MeV 2d Detectors Possibilities

neutron

n + 239Pu — fission fragments + ~160 MeV
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CF4 should be added to control the range -3 bar for Lmm FWHM

 CF4 is a good scintillator, but only a few primary photons
« Secondary scintillation ~.3 photon per secondary electron
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Neutron Beam
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For neutron reflectometers, there is a need for fast thermal neutron detectors
with 20 cm x 20 cm sensitive area with improved 2D spatial resolution

The aim of this JRA is the development of new detector technologies based on
Gaseous Scintillation Proportional Counters (GSPC).

Our goal is to demonstrate the feasibility of a detector with the following
performances:

-Resol 0.5 mmin Xand Y /Area 20 cm x 20 cm

- Counting rate > 10 kHz (local) / 1 MHz (global)

Solution proposed : MSGC Light readout with a matrix of PMTs
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* LIP gas scintillation, simulation of the detector
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Our first prototype and a view of the detector being built by the
collaboration




CF4 emission spectra
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Emission spectra from different pressures are scaled using the ph/el ratios discussed below
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Ph/el ratios for the charge gain of ~70 from experimental series where either
the gas pressure or the charge gain was the fixed parameter.
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CF4 Secondary Scintillation

Time Spectra: Setup 2

Drift Grid
55
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Band pass Optical Filters

Validation of the method
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5 bar CF4: Setup 1 performance vs. Setup 2

Start trigger: PMT R5070A (pulse
mode)

Stop trigger: PMT R4124 (single

12 hoton counting mode ,
Luis Margato (margato@coimbra.lip.pt) NMI3, FRM 1I, December 4-6, 2012, Garching, Germany



CF4 Secondary Scintillation

Time Spectra: CF, at 1 bar
ILL6C MSGC “DESAG D263 glass substrate” vs. Elect. glass MSGC “Shott

S8900 glass substrate”
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An overlap between the time-spectra for both MSGCs is observed and this
either for the emission in the UV and visible ranges.

Time spectra recorded with the MSGC on S8900 glass shows a lower jitter in
the start trigger
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CF4 Secondary Scintillation

Time Spectra: 1, 3 and 5 bar CF,
Elect. Glass MSGC

uv
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UV range: 220 - 450 nm

Time (ns)

UV  reveals a multi-component
scintillation decay time profile

Increasing the pressure the faster decay
shows at 1 bar (t;¥2 ns) tends to be
slower (t;¥10 ns) and remains
approximately constant from 3 to 5 bar

For a time above 80 ns the decay curve
does not change significantly with
pressure (t,~ 40 ns)

Luis Margato (margato@coimbra.lip.pt)

NMI3, FRM 1I, December 4-6, 2012, Garching, Germany



CF4 Secondary Scintillation

Time Spectra: 1, 3 and 5 bar CF,
Elect. Glass MSGC

Visible
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0 L —=— 1 bar —Decay time profile appears to be
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New features in ANTS: Distortion corrections

v Experimental data (text array or .bmp file) can be

Bar. e
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Left mouse button to refresh; Press left button and drag to select an area, Right button for menu

New features for neutron mask

simulation mode:

» um/pixel for the mask file;

* 100 — 20 um tracking array
step;

* Possible to save data as an
array or .bmp file with an
arbitrary step

A. Morozov et al, LIP Coimbra
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Schematic view and cross section of the

GSPC prototype developed at ILL

2D-position spectrum of 2.5A neutrons with
a multi-hole / slit mask mounted in front of
the GSPC recorded with the 32-channel
readout system. Data analyzed with ANTS,
using adaptive algorithms.
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Global He shortage

e Annual pr0dUCti0n <30k|, demand >60Kk] . cooper, 0ak ridge at ILL seminar sep 2009)
» Cost has risen over ~2 years from $75/1 to ~S6500/I

* But costis irrelevant as effectively unavailable
Helium-3 cost per litre
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v Energy PNNL report 18388 i decay, 12 year
half-life
so no short term solution
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Table 1. Projected demand of helium-3 for neutron detectors at neutron
scattering facilities in the period 2009-2015.

Maintenance  small detectors large detectors

Facility [litre/year| [litre] [litre]
ORNL (SNS) 100 1,300 17,100
ORNL (HFIR) 100 1,210 1,060
Los Alamos 100 1,994 12,362
NIST 100 560

BNL 50 180

FRM II 100 650 4,500
HZ Berlin 100 520 7,850
K 100 1,000 3,000
JCNS 40 15 7,200
LLB 50 600 600
PSI 50 2,000
STFC 100 400 11,300
J-PARC 100 40 16,100
JRR-3 31 71

BNC/KFKI 50 118 500
Sum 1,171 8,658 83,572

>180 x 106$

(180 Million Dollars)
But cost is irrelevant if He- 3v

are not available

KARL ZEITELHACK, Search for alternative techniques to helium-3 based
detectors for neutron scattering applications, Neutron News, Vol. 23 Number 4
(2012) 10-13.



Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutrons

Common nuclear Reactions for Neutron Detectors

« n+ 'He=*H+'H+0.764 MeV (O, = 5330 barns for 1.8 A)

e n+°Li=>%He+*H+4.79 MeV (O, =937 barns for 1.8 A)
* n+'""B-2>7Li*+%He -2Li+*He+2.31 MeV+ gamma (0.48 MeV) (93%)
=> 'Li+ “He +2.79 MeV ( 7%)

(O, = 3840 barns for 1.8 A)
e n+ N - 1C+'H+0.626 MeV
* n+ Gd =2 Gd* - gamma-ray spectrum + conversion electron spectrum (~70 keV)
* n+ 23U - xn + fission fragments + ~160 MeV (<x> ~ 2.5)

Natural fraction
1B: 19.8%
SLi: 7.6%
37Gd: 15,7%
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Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutrons
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Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutron detectors

Range of He and Liin B4C
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Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutrons

Efficiency vs. thickness (single layer)
P T
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Ref: C. Hoglund, J. Birch, et al. “B4C thin films for neutron detection™, JVST, submitted (2011)
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Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutron detectors

Thermal neutron

Signal pick-up strips - X Insulator

Resistive Paint (+HV)

19B4C (neutron converter)

Resistive Paint (- HV)

]
Signal pick-up strips - Y

Insulator
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Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutrons

Induced Signals

Neutron beam
Readout Electrodes (X-axis)

Resistive paint to apply High Voltage

Plate of glass coated with 1°B4C

Readout Electrodes (Y-axis)

—» 7Li" (0,84 MeV) + *He (1,47 MeV) Q =2,31 MeV (94 %)

n+18— (11B)" —

> 7Li(1,02 MeV) + *He (1,78 MeV) Q=2,79 MeV (6 %)
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Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutrons

Multi-gap Configuration Detector Concept

2 x 5 layers of 1°B4C
converter
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Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutrons

Project of the RPC detectors prototypes

v IR Rc2dout tips: X

Geometry v
Gas gap: 0.2 mm

—  Area:8cmx8cm;

—3.7mm

—  Gap thickness: ~ 0.30 mm;

-HV +—
- R clout strips: ¥ _

B signal pick-up electrodes: 0.5 mm thick PCB

—  Numberofgap’s: 1to 5;

mm Graphite electrode: 0.2 mm thick

Glass plates: 0.3 mm thick

Boron Layers
—  BAC Layers deposited on glass by DC-Sputtering;

@ Spacers: 0.2 mm diameter nylon line

—  Layers thickness: ~ 1 um;

—  Freon R134a: F,C — CH,F (Tetrafluoroethane);
— Iso-Butane
—  SF6;
28



Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutrons

Deposit of B4C layers by DC-Sputtering in
the Engineering Surfaces Group at the
Mechanical Engineering Research Center
- University of Coimbra
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Plate of soda lime glass (0.4 mm thick)
coated with a 0.5 um layer of B4C
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Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutrons

RPC detector prototype
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FCT Fundagao para a Ciéncia e a Tecnologia

MINISTE Rl() DA C IIN( IA, TECNOLOGIA E ENSINO SUPERIOR

Concursos de Projectos de I&D
Calls for R&D Projects

Titulo do projeto (em portugués)

Project title (in portuguese)

RCPs revestidas com boro para detectores de neutroes
Titulo do projeto (em inglés)

Project title (in english)

Boron coated RPCs for thermal neutron detectos
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Titulo do projeto (em portugués) Project title (in portuguese)
Investigacao e desenvolvimento de Multi-Gap RPCs com revestimentos de
B4C para detectores de neutroes termicos sensiveis a posicao

Titulo do projeto (em inglés)
Project title (in english) Research and development of B4C coated Multi-Gap
RPCs for position sensitive thermal neutron detectors



H2020-INFRADEV-1-2014-1
DEVELOPING NEW WORLD-CLASS RESEARCH INFRASTRUCTURES

Expressions of Interest submitted to NMI3 for a possible Joint Research development in
High resolution, High rate Neutron detectors

Task 1: 1°Boron gas detector development
Partners: ICMA, HZG, BNC, ILL, TUM, ESS, LLB, CNR Milano, LIP

(...)

One detector technology that has not been explored extensively for neutron scattering
applications is resistive plate chamber technology. RCPs lend themselves very well to a
layered configuration and are used in HEP as time projection chambers. LIP, who has been
developing RCPs for 15 years, will explore the potential of these devices, interspersed with
layers of 10B4C, for neutron scattering applications. Advantages include sub-millimetre
position resolution, nanosecond time resolution and large area coverage with many square
meters currently in operation in other applications.

(...)

Task 2: Scintillation detector development
Task 3. 3He detector development
Task 4. Imaging detector development



