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Secondly, present-day timing resolution on neutron detectors is limited, rarely better than 10us, as few applications today require 
even this moderate timing resolution. However, the nature of the interaction in a thin layer detector allow imagination of a timing 
resolution of a factor 100 or more. Complex correlations may allow the exploitation of this for as yet unimagined investigations, if 
this capability were developed.

The	Idea
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Introduction

The vision and building blocks towards energy sensitive neutron detectors with ultimate timing resolution, which would 
revolutionise the capabilities of neutron detectors. 

This dream aspires to take neutron detectors from 2D position sensitive devices to 4D sensors with energy and timing information. 
These extra dimensions of information are presently seen as impossible and unusable respectively. Novel instrumentation is nearly 
always  the  forerunner  of  new  diagnostic  methods.  This  vision  is  about  enabling  new  transformational  instrumentation  that 
subsequently leads to novel interrogation techniques. 

The first additional dimension is the holy grail for neutron detectors: energy measurement. This is presently unachievable and seen 
as impossible, as the information on the neutron energy is lost in the nuclear conversion of the neutron to detectable products. 
Advanced statistical methods may give the possibility to measure this.

New	instrumentation	opens	up	new	science	possibilities	

Timing	resolution	allows	correlation	studies	at	great	detail

Neutron	Detectors:	A	Hot	Topic	
•Neutron	Science	Facilities	undergoing	renewal	
•Landscape	review	in	latest	ESFRI	roadmap	
•New	Facilities	>100	instruments	next	decade	
•Helium-3	Crisis	necessitates	replacement	
technologies	
•Can	we	revolutionise	neutron	detection?

Potential	Impact

What	is	Possible

Figure 1: Global supply and demand situation for 3He gas in bar-litres as reported in late 2011. The demand
for the gas here exludes any ESS requirements or those of other future spallation sources.

in Europe of 3He, when available, is a factor 40-70 above its historical price. These factors puts 3He out of
scope for any future request, for large and medium area neutron detectors.

This dilemma was recognised by the neutron research community in 2009, and led to the formation of the
International Collaboration for the development of Neutron Detectors to investigate and develop alternatives
for large area detectors. In particular, three Joint Research Activity (JRA) working groups were formed: on
Scintillator detectors, 10B thin film gaseous detectors and BF3 gaseous detectors. In the discussion below,
extant technologies such as image plates and scintillator/ccd imagers are not mentioned; whilst they are well
proven technologies, and readily available, but they have poor time resolution. As such they are not appropriate
for core detectors for ESS instruments and are not considered further here.

Detector Requirements for the Instruments. The estimated detector requirements from the 22 reference
neutron scattering instruments outlined in this document are summarised in Table 1.

Technologies chosen for Matching Instrument Requirements.

10Boron thin film gaseous detectors. One possible replacement for 3He for neutron detection is the boron
isotope 10B. 10B has a relatively high neutron absorption cross section, resulting in an absorption e�ciency
of 70% compared to 3He, at a neutron wavelength of 1.8 Å. Naturally occurring boron contains 20% of 10B,
but due to the almost 10% mass di↵erence to the other boron isotope, 11B, the isotope separation is relatively
easy. Such a detector will typically contain Aluminium sheets that are coated with 10B4C (Boron Carbide)
layers where 10B absorbs the incident neutrons. The nuclear reaction results in Lithium and Helium ions. Both
the 7Li and 4He ions can be detected, with both temporal and spatial resolutions, in a detecting gas. Due
to a reduced escape probability for the reaction particles with increasing depth of the events (typically a few
microns), a detector, on which the neutrons impinge at normal incidence, will be based on a number of thin
(1 µm) consecutive conversion layers, coated with thin 10B-containing films, to be traversed by the neutrons
(typically ca. 30). To overcome the reduction in escape probability with depth, it is also possible to incline
the layers at high angles to increase the e↵ective interaction length, whilst not adversely a↵ecting the escape
e�ciency. This has an additional benefit in potentially improving the position resolution. It does however
complicate the design of such a detector; such a configuration is termed an “inclined geometry” detector.

The potential of Boron thin film gaseous detectors is evidenced by the number of presently ongoing e↵orts:
There are presently more than 10 ongoing R+D e↵orts, equally directed towards designs with “normal” ge-
ometry, and “inclined” geometry configurations. The discussion below will concentrate on three illustrative
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•Helium-3	Crisis

•New	Powerful	Sources	under	
Construction:	How	to	use	the	flux?

The	potential	 for	achieving	 these	 future	capabilities	 is	grounded	 in	 the	 intensive	R&D	efforts	 that	have	
come	 since	 the	Helium-3	 crisis,	 and	 in	 particular	 the	Boron-10	 thin	 film	detectors,	where	 the	 neutron	
interacts	in	very	thin	layers	of	neutron	sensitive	material.	Successful	R&D	thus	far	has	led	to	a	plethora	of	
replacement	technologies,	which	can	already	equal	the	performance	of	Helium-3	detectors.		
By	 using	 a	 multi-disciplinary	 approach	 with	 developments	 linked	 across	 mathematical	 and	 statistical	
methods,	material	 science	and	 thin	 film	 technologies,	 and	detector	 technologies,	 achieving	 this	dream	
would	 give	 revolutionary	 instrumentation	 that	 would	 be	 transformational	 for	 neutron	 interrogation	
techniques.	

Typical	layer	thickness	1um	
give	potential	time	resolution	
of	ns:	
factor	1000	beyond	today

Cross	section	is	sensitive	to	
neutron	energy

Multilayer	detectors	have	
sensitivity	to	energy	with	
depth	of	interaction

Energy	measurement	revolutionises	inelastic	studies	

	S:B,	Flux	and	Precision


