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•  Large	area	
•  Low	cost	
•  Modular	
•  High	total	efficiency	
•  Many	layers	–	lower	local	rate	
•  No	need	for	resis+ve	readout	–	low	gain	

B10	Detectors	as	Alterna+ve	to	He3	
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Introduced	at	ILL,	jointly	developed	by	
ILL	and	ESS	under	CRISP	project,		
now	under	BrightnESS	



Mul+-Grid	Prototypes	for	Characteriza+on	

Measurements:	
•  Absolute	efficiency	
•  Uniformity	
•  Posi+on	reconstruc+on	
•  γ	sensi+vity	
•  Rate	tests	
•  Ageing	

MG.24	@R2D2	@IFE		

Proto	2	at	CT2	@ILL	Proto	1	at	CT1	@ILL	



First	Mul+-Grid	tested	on	an	Instrument	
Detector	tested	on	cold	chopper	spectrometer	IN6	@ILL	
•  Ac+ve	Area	30	x	45	cm2	
•  96	grids	in	6	modules	of	16	grids,	360	anode	wires	
•  Operated	for	~2	weeks,	replacing	25	He3	tubes	
•  @	4.1,	4.6	and	5.1	Å	incoming	wavelength	

Main	topics	of	the	test:	
•  First	ToF	spectra	
•  Background	inves+ga+on	
•  Elas+c	line	shape	
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*A.	Khaplanov	et	al.	2015	JINST	10	P10019	
*A.	Khaplanov	et	al.	J.	Phys:	Conf	Ser	528		(2014)	012040	



Intrinsic	background	
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IN6 demonstrator
P14, 6 center grids
P14, all 12 grids

Spectrometers	work	with	a	very	large	
dynamic	range	à	very	high	signal-to-
noise	is	required.	
	
Intrinsic	background	ojen	found	in	Al	
due	to	α	emiler	impuri+es	(U	and	Th).	
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Spectrum	from	standard	Al	

N	+	10Bà7Li	+	α		

7Li			α		

α	decay	U,	Th		

x50-x100	background	reduc+on	using:		
•  high-purity	Al		
•  Ni-pla+ng	 Ni-pla+ng	on	a	0.5mm	Al	blade	

A.	Khaplanov	et	al.	2015	JINST	10	P10019	



γ	Sensi+vity	Inves+gated	
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Neutrons and photons
photons
neutrons
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all/200
coincidence
difference, 60KeV gamma spectra
difference without AmBe

*	A.	Khaplanov	et	al.,	JINST	8,	P10025	(2013),	arXiv:1306.6247	
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Beam	+	source	setup	for	γ	sensi+vity	measurement	

γ	rejec+on	demonstrated	in	ToF	@IN6	



Test	on	CNCS,	Cold	Neutron	Chopper	
Spectrometer	

•  A	kind	offer	by	K.	Herwig	to	test	MG	at	SNS	
•  Recommenda+on	of	2015	ESS	annual	review	
Goals:	
•  Test	at	spectrometer		
•  Side-by-side	comparison	to	He3	
•  In	parallel	with	user	experiments	
•  Dedicated	tests	
Solu8on:	
•  Size	=	half	of	“8-pack”	module	–	1.1m	x	19cm	
•  Installa+on	June-July	2016	
•  Operated	July	2016	to	June	2017	



Mul+-Grid	installed	at	CNCS	

Detector	installed	at	
57°	scalering	angle	
	
Inaccessible	between	
summer	and	winter	
shutdowns	
	
DAQ	setup	outside,	
accessible	remotely	

MG	He-tubes	

3He	8-packs	
M-G	

1.1m	

19cm	20cm	

View	from	sample	

2m	

Front-end		
electronics,	Mesytec	

DAQ		
outside	detector	tank	



Methods	Used	for	Tests	
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Vanadium	 Counts	over	+me,	background	

Fast	neutrons	(fission,	prompt)	

Water,	Ice	

Allowing	to	measure:	
Energy	resolu+on	–	efficiency,	scalering	–	background	sensi+vity	–	satura+on	
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Long	term	opera+on	
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 MG25meVData2K: MG Q cut
 CNCS2p5meV2K: CNCS Q cut
 MG25meVData21: MG sum all
 CNCS2p5meV2Ks: CNCS sum bank 50
 MG25meVData22: MG Q cut, omit first 15 min
 MG25meVData29
 CNCS2p5meV295

2.5 meV

2 K

295 K

Single	crystal	
High	local	rate	
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He3
Multi−Grid
HR, 180Hz
HF, 300Hz

Elas+c	Energy	Resolu+on	
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Multi−Grid
He3
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Multi−Grid
He3
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Multi−Grid
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Multi−Grid
He3
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Multi−Grid
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Multi−Grid
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Efficiency	
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Calculation 6 bar He3 tube
Measurement
Calculation MG.CNCS

Counts	from	integral	of	the	elas+c	peak	in	dE		
Efficiency	measured	rela+ve	to	the	nearest	He3	tubes	
Error	bars:	5-8%,	agrees	with	predic+on	−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1

10
0

10
1

10
2

10
3

Energy Transfer, meV

C
o
u
n
ts

Vanadium, 1.55meV

 

 

Multi−Grid
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Multi−Grid
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Multi−Grid
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Multi−Grid
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Multi−Grid
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Single	Crystal	Reflec+on	

Crystal	

Incident	
beam	

Reflected	beam	at	
Ei	=	17.20meV	

Reflected	beam	at	
Ei	=	13.74meV	

A	single	crystal	reflects	neutrons	
according	to	Bragg’s	law:	
	
	
Resul+ng	in	an	intense	spot	seen	by	
detector	

nλ = 2d sin(θ / 2)

He3	

MG	

He3	

MG	

No	loss	of	posi8on	resolu8on	or	
satura8on	observed	in	Mul8-Grid	
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Energy	Ranges	for	ESS	Spectrometers	

Energy	ranges	of	the	first	ESS	ToF	spectrometers	

Cold	range,	
0.76	to	15	meV	
measured	

Measurements	needed	
for	thermal	range,	up	
to	160	meV	

CSPEC		 T-REX	

Typical	ini+al	λ,	
Å	(meV)	

2	to	15	Å	
(20	to	0.36	meV)	

0.7	to	6.4	Å	
(160	to	2	meV)	

Incident	energies	used	at	CNCS	and	
SEQUOIA	(M.	Stone	et	al.)	



Efficiency	Op+miza+ons	
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optimization for 1A
1A
optimization for 4A
4A

Op8mized	grid	

1.5μm	

0.5μm	
1.0μm	

n

Layer	thicknesses	in	MG.CNCS	(16	blades):	
7	blades	0.5μm,		
7	blades	1.0μm,		
3	blades	1.5μm	

Efficiency	as	a	func+on	of	wavelength	for	
MG	op+mized	for	cold	vs.	thermal	spectrum	

•  Cold	–	op+miza+on	centered	on	4Å	
•  Thermal	–	op+miza+on	centered	on	1Å	

Thermal	op+miza+on	

Thermal	Op+miza+on	

Tested	at	MG.CNCS	

*F.	Piscitelli,	P.	van	Esch,	2013	JINST	8,	P04020		

20	blades	total:	
4	blades	1.0μm,		
10	blades	1.25μm,		
6	blades	2.0μm.	



Mul+-Grid	Thermal	Demonstrator	test	

Proposal	made	to	do	the	test	at	SEQUOIA,	at	SNS	
	
In	addi+on	to	what	was	done	for	CNCS	test:	
	
Performance	in	thermal	(and	epithermal)	flux	

	Efficiency	op+miza+on		
	Energy	resolu+on	
	Line	shape	
	Scalering		

	
Detector	construc+on	

	Vacuum	compa+bility	
		

Online	data	acquisi+on,	visualiza+on	and	diagnos+cs		
	(to	be	developed	by	DMSC)	



MG.CNCS	

•  Installed	at	SNS	in	the	CNCS	instrument	during	June	2016	
•  Op+mized	for	cold	neutrons	
•  2	columns	of	48	grid	each	
•  Ac+ve	area	1100	x	185	mm	
•  Voxel	volume	22.5	x	22	x	11	mm	

17	

1394	x	200	x	250mm	



MG.CNCS	

18	

Grid	assembly	
End-Grid	

Backbone	 Bolom	PCB	

Bolom	
insulator	



MG.SEQ	
Installa+on	proposal	at	SNS	in	the	SEQUOIA	instrument	 		

19	

•  Test	with	thermal/epithermal	neutrons	
•  First	large	area	detector	under	vacuum	
•  Mounted	in	the	lower	bank	~5m	and	25˚	

from	sample	



MG.SEQ	
Installa+on	proposal	at	SNS	in	the	SEQUOIA	instrument	

20	

•  9	columns,	40	grids	in	
each	

•  Telescopic	sliders	to	
access	grid	assemblies	

•  Use	of	inclined	wedges	
so	all	grids	are	at	the	
same	distance	from	the	
sample	

1050	x	914	x	450mm	



MG.SEQ	

21	

•  Intermediate	PCB	layer,	separates	both	atmospheres	
•  Groove	in	the	cover	to	guide	flat	cables	to	the	PCB	layer	
•  Electronics	plugged	to	the	PCB	layer	

	Mesytec	128	channel	front-end		
	Preamp,	shaper,	mul+plexer	
	60	x	140	x	20	mm3	

	1	per	detector	module	
	9	required	in	total	

•  3mm	thickness	window	
•  8	rows	of	10	rods,	Ø3mm	



MG.SEQ	
FEA	of	the	vessel	

Total	deforma+on	
	
	

	 	 	 	 	Equivalent	stress	

22	

Amplified	80	+mes	

Amplified	80	+mes	

	



CSPEC	at	ESS	

23	

Cold	spectrometer	
0.2	meV	<	Ei	<	20	meV	
29m2	detector		
Horizontal	coverage	5°	to	135°	
Ver+cal	coverage	-25°	to	25°		



C-SPEC	

24	

•  Neighbour	vessels	configura+on,	
minimizing	dead	spaces	



Conclusion	

•  Mul+-Grid	developed	and	characterized.	
•  Large-Area	detectors	possible	again	
•  Operated	at	CNCS	over	11	months.		
•  Mul+-Grid	baseline	detector	for		

CSPEC	and	T-REX	at	ESS	
•  Test	at	SEQUOIA	proposed	
•  Instrument-focused	design	is	underway	

Thanks to the colleagues at SNS for 
this opportunity and cooperation! 

WP	4.3:	Large-Area	Detectors	
Horizon	2020	grant	agreement	676548	

2017	JINST	12	P04030		
(hlps://arxiv.org/abs/1703.03626	)	
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IN5	Demonstrator	–	Large-Scale		

Detector:	
2.4	m2	ac+ve	area	

Blade	x18432:	
enriched	B4C	coa+ng		
good	adhesion,	uniformity,	

Module	x8:	
wire-frame	
coincident	
readout	

Grid	x1024:	
low	ac+vity,		
minimal	dead	material	

80cm	

3	
m
	



Aluminium	Bragg	Edge	
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Scalering	effects	from	SE	and	detector	



Energy	Reconstruc+on	

−1 −0.5 0 0.5 1

100

101

102

103

Energy Transfer, meV

C
ou

nt
s

Vanadium, 1.55meV

 

 
Multi−Grid
He3

6000 7000 8000 9000 10000 11000

100

101

102

103

time, us

co
un

ts

Vanadium, 1.55meV

 

 
Multi−Grid
He3

Energy	transfer:	Ef-Ei	

Raw	ToF	spectrum:		
no	informa+on	on	geometry	used	
	
dE	spectrum:	Including	
informa+on	on	posi+on	of	each	
detected	neutron.		



Single	Crystal	Reflec+on	

He3	

Mul8-Grid	Image	recorded	in	each	
detector	as	a	func+on	of	
+me	during	elas+c	peak	
	
Each	frame	advances	30	μs	
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No	loss	of	posi8on	resolu8on	or	
satura8on	observed	in	Mul8-Grid	


