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An alternative detector design for Small Angle Neutron Scattering (SANS) applications is currently under development at the 
European Spallation Source (ESS) [1].  Given the unavailability and high price of 3He, this detector design utilizes gaseous 
detectors with 10B as neutron converter and is ideally suited for a SANS instrument at the ESS. The novel aspects of the 
geometry,  exploiting  the properties  of  the converting  material,  in  combination  with  the performance of  the detector  are 
addressed by means of  analytical  calculations,  as  well  as  detailed Monte Carlo  simulations  using a  customized version of 
GEANT4. Last but not least, progress from the conceptual prototype design is presented.!

•  gaseous detector banks 10 m long, 0.5 m in diameter!
•  simple, cheap and material-oriented design!
•  excellent polar angle resolution δθ/θ < 10 %!
•  10B4C-coated Al layer in back-scattering mode for maximizing 

efficiency [2,3]!
•  Ar/CO2 gas mixture!
•  high efficiency thanks to the grazing angle!
•  small impact of local scattering on angular resolution!
•  collimation for reduction of long distance scattering!

YZ cross section of the proposed SANS detector!

•  GEANT4 simulations of realistic geometry!
•  combination of GEANT4 and McStas libraries (NXSLib) for proper treatment of thermal neutrons!
•  tools in place to begin with detailed optimization studies!
•  preliminary results on the scattering background of the proposed geometries for background reduction (material thicknesses have been 

exaggerated to enhance the effect)!

Analytical calculations of the polar angle resolution, efficiency, Q access and Q resolution for the detector banks surrounding the vacuum tank [4]!

•  ESS has entered the detector prototyping phase !
•  First attempt focusing on a simple single channel gas counter!
•  The 10B4C converter sheets partly cover the interior of the pipe!
•  First signals obtained at the ESS Detector Lab!
•  Next focus on a SANS prototype with realistic geometry!

Preliminary simulations of polar 
angle scattering effects with 
different neutron energies for the 
proposed geometries, aiming on 
background reduction.!
!
•  No absorbing flanges (left)!
•  Multiple absorbing flanges (right)!

Proportional counter with a single absorbing 10B4C sheet (a), 
end cap with gas supply (b) and electronics (c).!

Coated components for the 
SANS prototype are available!

SUMMARY

•  Analytical calculations of the proposed SANS detector pave the way to realistic simulations!
•  Preliminary GEANT4 simulations of background scattering available!
•  Realistic detector optimization now possible – simulation tools in place and operational!
•  Simple prototype will be used to validate simulation results on scattering at small scattering angles!
•  Next step of prototyping is a realistic SANS geometry!

(a)! (b)! (c)!

Oscilloscope trace of the counter (persistent mode)!

NDRA2014
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What I am going to talk about

•What is needed? 
•Always design to science goals (but not too closely)

•How to select based on the requirements 
•What can happen to a neutron?
•Triangle of data/simulation/analytical calculation 
•Rate, dynamic range and noise
•Resolution
•Efficiency
•Background

•Requirements for the European Spallation Source
•Specific examples
•Summary and a few observations

Try and work through as an example of how detector geometries are selected
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Why?

•The purpose of the instruments is to probe 
with neutrons some aspect of a sample

•Very generically, this can be divided into elastic and inelastic categories
•elastic: gives information on where atoms are
•inelastic: gives information on what atoms do (ie move)

•This is measuring the cross sections:

sample

detector

n

define E and direction
in instrument design

x
outgoing neutron

measure x,y (=Θ)
sometimes measure t

E typically not measured

Part 1 24  Instrument components 

What do we measure, elastic – cont’d? 
To measure (d /d ), we measure the counts [detected neutrons] per 
unit time C(2) in a detector covering a solid angle  at a 
scattering angle 2 and azimuthal angle  at a wavelength  

To express this as a probability, divide by the number of incident 
neutrons per unit area per unit time () [incident spectrum] 

Some of the counts in the detector will be due to background - not 
to scattering from the sample.  The background  B(,2, ) must 
be measured and subtracted to get the true sample scattering 

     
 



 


N

BC
d
d ,2,,2,,2,

N is the number of scattering atoms in the sample (single atom type) 
Part 1 26  Instrument components 

What do we measure, inelastic – cont’d? 
To measure (d2/ddE ), we measure the counts [detected neutrons] 
per unit time C(insc,2) in a detector covering a solid angle   
around a scattering angle 2 and azimuthal angle  at incident and 
scattered wavelengths  insc consistent with a range E of energy 
transfers.   

To express this as a probability, divide by the number of incident 
neutrons per unit area per unit time (in) [incident spectrum] . 

Here also, the background  B(in,sc,2, ) must be measured and 
subtracted to get the true sample scattering. 
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N is the number of scattering atoms in the sample (single atom type) 

elastic inelastic

•cross section / scattering probability 
into a solid angle, as a function of 
wavelength, scattering angle and 
aximuthal angle

•double differential cross section /
scattering probability into a solid 
angle, as a function of wavelength, 
scattered wavelength scattering angle 
and aximuthal angle
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Elastic vs Inelastic

Andrew Jackson
4Thursday, July 3, 14
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Detectors are tools

θλ sin2d=

Basically, in some form, 
you want to measure 

Bragg’s equation

Alternatively, high resolution can be obtained with Söller collimators as fine
as 5’ as on D2B, and then much larger samples can be used, with sample volume

2.9-3

Figure 2. The first diffraction pattern (1984) from the D2B high-resolution powder
diffractometer2. The peak intensity is rather constant over the entire d-spacing
range, unlike with X-rays where scattering falls off with angle, orwith time-of-flight
techniques where intensity falls for shorter d-spacings orwavelengths. 

Figure 3. The dispersion of the “white” band of wavelengths on the quasi-Laue
diffractometer VIVALDI. The large PSD collects many simultaneous reflections
from the single-crystal sample, where each reflection corresponds to a different
wavelength.

Detectors allow you to measure theta

Define the neutron wavelength with your instrument design

It means that you can calculate “d”

Therefore the detector should be designed to give you the most 
appropriate measurement of scattering angle for a instrument class “horses for courses ”

n

5Thursday, July 3, 14
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• Neutron Scattering for materials science 
comprise a great variety of instruments as 
tools for studying materials
•High efficiency is expected
•Each has its own “figure of merit”

16Lund, November 8, 2010

Conventional neutron radiography

ICON beamline.
Tissues with different neutron absorption coefficient are depicted by 
different colors. 201 tomographic projections taken with 140 s image 
acquisition time each.

A.S. Tremsin, et al., in press Nucl. Instrum. and Meth. (2010)

49Lund, November 8, 2010

PSI resolution mask: high resolution neutron radiography

14 mm14 mm

14 
mmNo flat fielding done,

Very limited statistics, 
(only 2 counts per pixel)

11 �m MCP pores
Resolved

1.7 mm1.7 mm
A.S. Tremsin, et al., 

Nucl. Instr. Meth. A 605 (2009) 103
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PSI resolution mask: high resolution neutron radiography
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A.S. Tremsin, et al., 

Nucl. Instr. Meth. A 605 (2009) 103

Alternatively, high resolution can be obtained with Söller collimators as fine
as 5’ as on D2B, and then much larger samples can be used, with sample volume

2.9-3

Figure 2. The first diffraction pattern (1984) from the D2B high-resolution powder
diffractometer2. The peak intensity is rather constant over the entire d-spacing
range, unlike with X-rays where scattering falls off with angle, orwith time-of-flight
techniques where intensity falls for shorter d-spacings orwavelengths. 

Figure 3. The dispersion of the “white” band of wavelengths on the quasi-Laue
diffractometer VIVALDI. The large PSD collects many simultaneous reflections
from the single-crystal sample, where each reflection corresponds to a different
wavelength.

diffraction

imaging
What do the detectors 

need to measure?
resolution (<100um),

rate

resolution (mm),
rate

“horses for courses ”

inelastic scattering
area, cost, 

background
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Neutron	
  can	
  see	
  deep	
  inside	
  ma0er…

7

Steel
shielding

Monolith
liner

Neutrons see (tensile) stress inside 
bulky metal parts that caused wheel 
failure: standard engineering theory of 
plastic deformation stresses in error 
in the 1990s!!

ICE accident, Eschede

Knowledge based society??
Safety philosophy?
Industrial / proprietary use 
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Detector Requirements

•How to define the requirements
•What can happen to a neutron?
•Triangle: data/simulation/analytical. 
•Rate
•Resolution
•Efficiency 
•Background

8Thursday, July 3, 14
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Neutron Detectors - what information do you get?

sample

detector

Cost is always a limiting factor in the design of detectors
Schedule will determine what you can do about it

n

define E and direction
in instrument design

x
outgoing neutron

measure x,y (=Θ)
sometimes measure t

E typically not measured

•Scattering angle measured through x,y position of the neutron detected
•Time of detection often used
•It is vital to have good time resolution for instruments at spallation sources

•Energy typically not measured
•In some ways, the holy grail to have a good energy measurement of the neutron?

•Detector needs to be adapted to the expectations for that instrument
•Not one design fits all

9Thursday, July 3, 14
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Detectors - what do we mean? An analogy ...

... 2 efficiently detected ...? 

probably genuine

probably a 
false alarm
=”noise” or 

“gamma 
contamination

“high rate”

10Thursday, July 3, 14
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Basic Principles of Neutron Detectors

•Need to produce a measurable electric signal
•Not possible to directly detect slow neutrons - energy is too low
•Need to use nuclear reactions to convert neutrons into charged particles
•Then indirectly detect the charged particles in a charged particle detector
•Amplify, digitise, process as needed. 
•Store data on disk

photons
or charge

converter

n
collect 

charge or 
photons amplify

gain
digitise algorithm

write to disk

order may be different, or step skipped

11Thursday, July 3, 14



For gases at 1 bar, the atomic density Ad  is  2.7 10
19 [1/cm3] and for solids and liquids

its value is about 1000 times higher. In general, the atomic density is given by 

Ad = ρ * Na / Mv [1/cm
3] where

ρ is the volumetric weight [ g/cm3],  Na= 6.25 10
23 the Avogadro number

[atom/ mol ] and Mv the molar weight of the absorber-material [g /mol].
Sometimes the absorption is also expressed in terms of the mass-absorption-

coefficient γ = µ * ρ [ g / cm2]. With the surface mass density Md =x*ρ [g/cm2] of
an absorber of  x [cm] in thickness, the law reads:

J= Jo e 
–(Md / γ )

The absorption length, cross section and mass absorption-coefficient for thermal
neutrons for some materials used in neutron experiments are indicated in Tab (2)

The cross-section σ for thermal neutrons is inversely proportional to their velocity v. 

where E is kinetic energyσ σ ∼ /    ∼ 1 /  1 v or E

3.3-3

Figure 2: Neutron cross-section as function of the kinetic energy for the
isotopes commonly used in thermal neutron detection.

NDRA 2014 |  2014-07-03  |  Neutron Sources 

Cross-sections of Materials used

Detectors for Thermal Neutrons

A.Oed

Introduction
The particle- or radiation-detection is based on the measurement of electric currents. 
Thermal neutrons with their low velocity and without an electric charge can only
be measured subsequent to a nuclear reaction with target atoms which emit either
ionizing radiations or ionizing particles. The target isotopes commonly used for
thermal neutron detection are indicated in Tab (1). Except for Gd, all the other
reactions are fission processes where two fission particles are ejected in opposite
directions randomly oriented in space.
The Maxwell distributions of thermal neutrons are shown in Fig (1).

3.3-1

Table 1: Commonly used isotopes for thermal neutron detection, reaction
products and their kinetic energies.

Figure 1: Velocity-, energy- and wave-length-distribution for neutrons at 300 o K.

Absorption law
Aneutron flux Jo [1/s] after having passed the length of x [cm] in an absorber
with the absorption length µ [cm], is reduced to the value

J= Jo e 
- (x/µ)

0r the relative amount of the flux which disappears in the absorber is 

(Jo-J) / Jo = 1- e 
- (x/µ)

Expressed in percentage, this  leads to the efficiency of the detector or absorber

Eff = (1- e -( x/µ))* 100 
The absorption length µ [cm] is inversely proportional to the product of  the 
cross section   σ[cm2] and the atomic density Ad [atom/cm3] of the absorber 

µ = 1/(  σ*Ad) 

The absorption law expressed with the cross-section therefore is 

J= Jo e 
-( σ* x* Ad)

3.3-2

Table 2: Cross-section, absorption length and mass-absorption–density for
thermal neutrons. (v =  2224  m/s;  λλ = 1.78 Å ; E kin = 26 m eV ; T =  300 °K).
Isotopes with high cross-section and therefore used in neutron detection are
marked in bold type.

Cross section: the chance of 
interaction between the neutron 

and target nucleus

Be aware of this: detectors are typically 
tuned for a certain wavelength range

(ILL Blue Book)
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What can happen to a neutron?

 
•Detection. 
•Absorption. 
•Transmission. 
•Incoherant scattering
•Diffractive Scatteringeg on a generic He-3 tube

Detection

n

Absorption Transmission

Diffractively 
Scattered

Incoherant 
scattered

n n

n n
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Figure 9. Time spectra measured as a function of depth for 4.1 Å, 4.6 and 5.1 Å incident
neutron wavelengths.

to total rates between 0.96 Hz and 4.8 Hz, consistent with what was measured experimentally.
This background level is presently the main concern in the framework of developing the Multi-

Grid technology for large area PSD. Two solutions are currently being investigated to eliminate
this background. One is to deposit a thin Ni-layer at the surface of aluminum in order stop
the alpha particles before they reach the gas. Another solution is to use UTh-free aluminum
for which the concentration of uranium and thorium is 2-3 orders of magnitude lower than in
standard aluminum alloys.

2.4. Neutron scattering in aluminium

The advantage of using aluminum as the base material for construction of Multi-Grid detectors
is its transparency for thermal neutrons. However, the scattering cross section in aluminum
cannot be totally neglected, and may induce undesirable geometrical and temporal e↵ects. Two
measurements were carried out at 4.1 Å and 4.6 Å to observe these e↵ects. For these wavelengths,
Bragg reflection is possible in aluminium. These measurement are compared to those at 5.1 Å in
figure 9, where count rate is shown as a function of time and depth of the detector. The maximum
of the elastic peak is moving toward larger time-of-flight values with increasing depth, due to
an increased flight path inside the detector. The slope of the curve giving the position of the
maximum of the elastic peak as a function of depth is directly correlated with the velocity of
elastic incident neutrons.

This secondary distribution of a much lower intensity moves toward larger ToF values with
decreasing depth which is characteristic of neutrons traveling with a negative velocity (from the
back to the front of the detector). These neutrons are therefore identified as elastically scattered
neutrons in the back of the frames. There is a large block of aluminium at the rear of the frame,
which leads to the this visible scattering e↵ect. Figure 10 shows the time spectrum obtained for
the whole detector after time correction. The broadening of the base of the elastic peak toward
larger ToF values is a consequence of this e↵ect. Note, that as expected, it is not present for
neutron wavelength of 5.1 Å. In the future versions of the Multi-Grid, cadmium shielding can
be used directly behind the last boron layer in order to minimize this e↵ect. Additionally the
other parts of the frame will be thinner. Furthermore, absorbing material can be considered on
the elements of the frames parallel to the neutron flux.

ILL-ESS-LiU
Collaboration
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Calculation, Simulation, Data and All That

Simulation

Analytical 
Calculation

Data from prototypes

•As you have heard, simulation is a very powerful tool
•... but the computer will always lie to you ... 

•Data from prototype tests is golden
•Lack of ability to trigger independently on the 
neutron means some degree of arbitrariness in defining 
the measurement
•Checking that your measured data is correct is 
complicated

•Additionally, always try and calculate analytically or 
“back of envelope” what your expectation is
•(Or at least upper and lower limits)

•Use all 3 of these together to understand the 
performance of your prototypes
•Expect “features” and non-agreement and investigate 
them
•Iterative

Results

14Thursday, July 3, 14



  

Coding & Simulations
● Collaborative coding framework:

– Structured repo with easy but powerful 
build and test system

● Primary deliverable is Geant4 based 
simulations, with features facilitating 
neutron detector R&D:

– Flexible/modular with easy 
python/cmdline configuration

– Relevant materials (enriched B4C etc.)

– Custom geometry viewer for quick 
geometry development

– Custom OO file format (Griff) and 
analysis framework.

– Multiprocessing for high statistics.

– Histograms for analysis in e.g. Pylab.

– Proper diffraction (see next slide)

● Also a natural framework for sharing 
non-Geant4 specific work (analytical 
formulae, data analysis plots, etc.)

Naturally, the framework is
available to the community!!

T.	
  Ki&elmann

15Thursday, July 3, 14
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Diffractive add-on for Geant4
● Out of the box, Geant4 includes no 

capability for crystal diffraction.

● A new plugin, NXSG4, is provided 
which enables proper neutron 
diffraction in arbitrary polycrystalline 
materials:

● Based on the nxs library (used 
already in McStas, Vitess)

● Based on basic unit-cell parameters, 
just low-energy neutron scattering is 
overridden. All other Geant4 
capability is retained, resulting in a 
rather complete tool for 
investigations of a multitude of 
phenomena at neutron facilities.

● Plugin freely available for non-
commercial purposes at 
http://cern.ch/nxsg4) and 
documented in paper (submitted).

T.	
  Ki&elmann,	
  M.	
  Boin

J.	
  Comp	
  Phys	
  Comm
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Defini7ons	
  and	
  Standards

17
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“No	
  Prototypes	
  installed	
  in	
  ESS”:	
  
ensuring	
  quality

18

Several competing technologies: Need to compare like-with-like

Develop Measurement Standards
Between neutron sources requirements are not defined in the same way
We will write down draft standards, open for critique by Autumn 2014

Prototype development also too long for instrument schedule 
(10 years from start to on beam)
Divide the technological developments out to support classes of instruments

Everything fully prototyped and demonstrated BEFORE constructed and installed for ESS

18Thursday, July 3, 14
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Definitions of Performance

sample

detector

n

define E and direction
in instrument design

x
outgoing neutron

measure x,y (=Θ)
sometimes measure t

E typically not measured

•Position/angular resolution: how well the position of detection is measured
•Time resolution: how well the time-of-arrival of the neutron is measured
•Efficiency: probability that a given neutron will be detected
•Noise: rate of fake hits
•Dynamic range: the “headroom” between noise and maximum rate
•Rate capability: the maximum rate of neutrons that can be detected either locally or 
globally
•(In-)Scattering: fraction of neutrons scattered from somewhere they shouldn’t have 
(sample or instrument)
•Gamma rejection: fraction of gamma’s that are falsely identified as a neutron
•A detector will often be described solely in terms of efficiency and resolution, whereas 
the scientific performance may be be determined by S/N, background, scattering, gamma 
sensitivity

19Thursday, July 3, 14



Rate

•Rate is the number of neutrons incident per unit time
•For ESS, rate is a key issues for many instruments designs
•Three numbers of interest for assessing a detector choice: 
•Global rate: rate (Hz) over a larger area: detector unit or m^2
•Local rate: rate over a smaller (channel/pixel): Hz/ca. mm^2 
•Local instantaneous rate: hits during a small interval of time over a smaller (channel/
pixel): hits/100us-ms/ca. mm^2
•The relevant size of the unit depends upon the details of the detection process

•Details of the detector system as a whole are important
•Even if the detection process can handle the rate, it might be that bottlenecks occur 
further on
•Important to keep in mind for the electronics and readout design of the detector

20Thursday, July 3, 14
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ESS#is#a#Long+Pulse#Source#
38

Figure 2.19: Single-pulse source brightness as a function of time at a wavelength of 5 Å at ESS, ILL,
SNS, J-PARC and ISIS target stations 1 and 2. In each case, the cold moderator with the highest peak
brightness is shown.

the world’s leading neutron facilities is made in Figure 2.19. The peak brightness at ESS will be higher
than that of any of the short pulse sources, and will be more than an order of magnitude higher than that
of the world’s leading continuous source. The time-integrated brightness at ESS will also be one to two
orders of magnitude larger than is the case at today’s leading pulsed sources.

The designs of instruments at ESS will be less limited by the time-structure of their long-pulse source
than are instruments at short-pulse sources. They will benefit from a substantially higher peak brightness,
combined with a time-average brightness which is much higher than that at any short-pulse source, while
retaining much of the flexibility of continuous-source instruments.

Many of the instruments will be substantially longer than their counterparts at short-pulse sources.
The underlying reason is the requirement for good wavelength resolution; the pulse length at the source
represents the uncertainty in the emission time of the neutrons, which can be reduced compared to their
time-of-flight by making the instrument longer. However, the instrument length also directly a↵ects the
bandwidth; that is, the longest wavelength that can be measured from a particular source pulse before it
overlaps in time with the shortest wavelength emitted from the following pulse. Pulse-shaping choppers
are an alternative method of improving wavelength resolution. Placed close to the source, they e↵ectively
reduce the pulse length, and hence the resolution, without making it necessary to increase instrument
length. A large part of the optimisation of the instrument suite consists of balancing resolution and
bandwidth considerations through appropriate combinations of instrument lengths and chopper systems.

2.3.1 White-beam instruments

The majority of the instruments at ESS will use a substantial part of the full white beam. Their bandwidth
will be limited by their length and choice of pulse suppression, and it will be possible to tailor their
resolution using a pulse-shaping chopper. They fall into two categories – large pulse width and small pulse
width – depending on the required pulse width compared to the intrinsic length, ⌧ = 2.86 ms, of the
neutron pulse.

Large pulse width = ⌧

SANS, spin-echo, macromolecular crystallography, and particle physics: There are seven instruments in
this category in the ESS reference suite, all of which are well suited to the long-pulse time structure.
They can use the full ESS pulse width and thus benefit from the high peak and time-average brightness.
The ESS instruments will significantly outperform equivalent present-day instruments, due to the often
unnecessarily good wavelength resolution of those instruments at contemporary short-pulse sources, and
to the inherently lower peak brightness available to instruments at continuous sources.

21Thursday, July 3, 14



Position Resolution
•The position resolution is the distribution of the measured position 
of the neutron compared to the true position of the neutron
•Typically simply quoted as a Full-Width-Half-Maximum or width of 
a Gaussian fit
•However, the details of this distribution are important depending 
upon the application
•In particular be careful of quickly falling distributions: resolution 
can smear out features, and change the measurements from the plot

Alternatively, high resolution can be obtained with Söller collimators as fine
as 5’ as on D2B, and then much larger samples can be used, with sample volume

2.9-3

Figure 2. The first diffraction pattern (1984) from the D2B high-resolution powder
diffractometer2. The peak intensity is rather constant over the entire d-spacing
range, unlike with X-rays where scattering falls off with angle, orwith time-of-flight
techniques where intensity falls for shorter d-spacings orwavelengths. 

Figure 3. The dispersion of the “white” band of wavelengths on the quasi-Laue
diffractometer VIVALDI. The large PSD collects many simultaneous reflections
from the single-crystal sample, where each reflection corresponds to a different
wavelength.

A.Jackson,	
  K.Kanaki
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Efficiency
•Efficiency is the fraction of neutrons detected compared to the true number of neutrons
•Typically this is quoted as a point-like efficiency, at the most efficient point in the detector, 
also in the most efficient configuration of the detector
•Important to quote efficiency at the working point, and explain why the working point is 
there
•Additionally, whilst the point peak efficiency is a useful number, probably more useful:
•global efficiency = detected neutrons into solid angle of interest / true number of 
neutrons into solid angle of interest
•The solid angle of interest is that subtended by the detector system from the scattering 
sample
•This then takes into account dead material (absorption and scattering), non--active 
areas, etc etc 

•As the wavelength dependence of the efficiency is high, need a well-defined wavelength 
of the neutrons to make the measurement - not moderated radioactive sources
•Lastly, neutron efficiency typically is measured with respect to a “reference detector”
•Clearly the understanding of this detector needs to be excellent
•Need to understand possible systematic effects
•eg background on both detectors needs to known and corrected for
•Using an additional detector / method highly desirable to reduce errors
•Uncertainty evaluation

23Thursday, July 3, 14



He-­‐3	
  Efficiency

24

Figure 3: 3He gas e�ciency vs. distance from the center of the tube for a selection of wavelengths (upper panel).
Same calculations repeated including the iron walls (lower panel).

Figure 4: 3He gas e�ciency vs. wavelength for a selection of distances from the center of the tube (upper panel).
Same calculations repeated including the iron walls (lower panel).

The neutron path is represented by the distance of the neutron track from the center of the
tube as defined in figure 2. No angular dependence has been considered for these calculations.
The neutron always hits the tube perpendicularly. The counting gas is pure 3He. Alternatively,
the same e�ciency can be plotted as a function of wavelength as depicted in figure 4. In
both figures 3 and 4, the upper plots at the central position represent the e�ciency figures
traditionally quoted for Helium-3.
The reduction of the e�ciency from the addition of the material e↵ect on the calculation becomes
more pronounced, if the average e�ciency is depicted (see figure 5).
So far the e�ciency of a single tube has been considered. Looking at the bigger picture, it

5

Figure 5: Average e�ciency of a 3He tube as a function of neutron wavelength including the wall e↵ects.

is also important to include the e↵ects of the Cd foils placed between the detector tubes and
study the impact thereof on the total geometrical acceptance of the detector setup and how this
e↵ectively scales the e�ciency further down. Assuming a typical Cd foil thickness of 1-2 mm, by
simple geometrical considerations in the case of 1” tubes, it turns out that there is an additional
reduction e↵ect of about 3-7%. Also, considering the assembly of the single tubes into groups
of e.g. 8-32 units, as is often done in real instruments, it is necessary to further account for the
loss of geometrical acceptance in the average e�ciency. The e↵ect is presented in figure 6. In
total, the reduction amounts to about a factor 0.8-0.9. The impact of any entrance window or
of threshold e↵ects due to charge division has not been evaluated here.

Figure 6: Average e�ciency of a 3He tube as a function of neutron wavelength including the wall e↵ects and
the reduction in geometrical acceptance from the Cd foils and the assembly of the tubes.

The figures shown in figure 6 do not directly relate to any current-day instrument, but are
representative of the e↵ects that need to be considered in the design. The e�ciencies in figure 6
can be considered as the detection e�ciency of a neutron at the sample entering the solid angle
subtended by the detector system towards the sample. This is particularly pertinent here,
for the design of detectors for such applications at ESS, as with the new technologies, these
compromises in the engineering design will di↵er. Therefore, this definition of e�ciency is the
one that is more appropriate for comparison between di↵erent technology choices, as it is the
e�ciency which more closely represents the e↵ect on the eventual instrument performance.

6

Example of typical large area application:

“efficiency” as calculated 
from conversion 
probability in He-3 gas

“efficiency”, taking into 
account some of the 
material and dead 
space effects

Important to compare like-with-like, in particular when looking at different technologies
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IN6, He3
B10, 30 layers, 1um

•Helium-3 is the gold standard, in 
particular in terms of detection 
efficiency
•However, efficiency numbers have 
rarely compared like-with-like

•Arrow indicate effect of dead regions into 
account with He-3 tubes
•Alternate technologies starting to approach raw 
efficiency numbers
•There is a need to compare like-with-like for the 
detailed instrument operating conditions
•Gamma rejection is a similar issue

calculation, no dead 
areas taken into account

compare like-with-like

Quality and Standards:Detection Efficiency

Standards	
  defini7on	
  key	
  part	
  of	
  ensuring	
  best	
  cost/quality	
  detectors
Especially	
  necessary	
  with	
  commercial	
  suppliers,	
  to	
  define	
  what	
  we	
  want	
  measured 25

vs “boundary conditions matter”

cartoon:

ILL-­‐ESS-­‐LiU	
  CollaboraFon

R.	
  Engels
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Level of Background: Observations from IN6 Inelastic Demonstrator

... background 
levels required 

incredibly low ... 

• 4.4	
  Hz	
  flat	
  background	
  was	
  
observed	
  (no	
  3me	
  structure)
-­‐>	
  independent	
  of	
  the	
  IN6	
  instrument

ILL-­‐ESS-­‐LiU	
  CollaboraFon

U, Th ppm in Al
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10B-­‐based	
  Neutron	
  Detectors:	
  Gamma	
  SensiFvity

3He 10BNeutrons
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Gamma	
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  JINST,	
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  10025,	
  2013	
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Figure 8: Plateau measurement with the Multi-Grid 10B detector (left) and a Multi-Tube 3He de-
tector (right) with a strong 137Cs source.

main uncertainty is in the flux of g-rays incident on the detector. In addition to the uncertainty in
the solid angle of the detector in the field of view of the source, the exact position and extent of the
source within its cylindrical encapsulation were not known. These parameters are constant for all
points in each plot and represent an uncertainty in the overall scale of the curves, that we estimate
to be not higher than factor 2.

Results in figures 7 and 8 show that, as expected, the nature of the neutron converter does
not influence the response to g-rays. For both detectors, a sensitivity on the order of 10�9 per
tube is found for the 137Cs source for reasonable operation settings. Both detectors would have an
efficiency on the order of 1% (over the whole detector) if they were to be operated as g detectors.

5.3 In-beam Measurement

A new version of the Multi-Grid detector has been built in a configuration that can be mounted
in the IN6 time-of-flight chopper spectrometer at the ILL. This detector contains 96 frames in 6
assemblies of 16 frames, resulting in an active area of 0.15m2. The detector replaces 25 3He tubes
of the standard compliment of IN6.

The main goal of the tests on IN6 has been the characterization of neutron detection side-
by-side with conventional 3He detectors, and these results will be presented elsewhere. For our
purpose here, it is interesting to note that in a chopper spectrometer, neutrons arriving at the detector
show a time structure. Those scattered elastically in the sample form a distinct peak in the time
spectrum, while those scattered inelastically arrive earlier or later than the elastic peak (depending
on the energy transfer to or from the neutron). In particular, it is possible to chose a sample which
will only create an elastic signal with essentially no neutrons arriving at other times.

As already alluded to in the introduction, a large g-ray background is generated by the instru-
ment itself as well as the surrounding equipment. The background originating in the instrument
also shows a time structure. When the chopper is open, a neutron pulse starts traversing the fol-
lowing beam line elements. There are collimators, sample environment and sample and finally a

– 12 –

Quality and Standards: Gamma Sensitivity

Quote gamma sensitivity at same working point as detection efficiency

arXiv:1306.6247
A. Khaplanov et al, J Inst 8 (2013) 10025

Working	
  on	
  standards	
  defini7on	
  for	
  other	
  backgrounds	
  and	
  beam	
  monitors
28
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Turning a neutron detector into a gamma detector
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Figure 6. Time spectra measured for di↵erent values of the high voltage. Left: the full time
scale corresponding to 6 ms. Peaks on the left were verified to correspond to �-rays using a NaI
detector. The peak on the right is the elastic neutrons. Right: the neutron peak in linear scale.
Note the loss of neutron counts for the lowest voltage.

2.3. Background

Photons are not the only source of background in a neutron detector. Indeed, in during the
IN6 test, it became clear that a di↵erent background was present – one one corresponding
to significantly higher pulse heights than �-rays and that are not modulated when the
beam is pulsed and present irrespective of instrument’s shutter state or even the reactor
operation. Figure 7 compares ToF spectra taken simultaneously with the 10B and 3He detectors.
Subtracting a constant background corresponding to 4.4Hz from the 10B data, reproduces the
3He data, although of course, with a higher statistical noise level.

The rates measured in the experiments performed during the testing were in many cases on
the order of 200Hz in the entire instrument, and only a few Hz in the prototype. Since this is
the lowest flux that we have up till now used when testing the Multi-Grid, this background had
previously been overlooked. It has now been verified to also be present in the smaller 12-frame
prototype.

The anode wire pulse hight spectrum of the background is compared to the spectrum
corresponding to neutrons in figure 8. We see that energy deposits are generally larger and the
spectrum has a shape characteristic of a strong wall-e↵ect (i.e. of particles stopped by the walls
surrounding the gas volume before depositing the full energy in the gas). This is inconsistent
with secondary atmospheric particles created by cosmic rays, since at Earth’s surface, most
of these are minimum ionizing and the expected energy deposit is similar to that of �-rays –
at most tens of keV for this size of the gas chamber. Furthermore, the background does not
depend on the orientation of the detector. We therefore exclude cosmic rays as the source of
this background.

The background pulse hight spectra do, however, closely resemble spectra of ↵ particles.
Figure 8 also shows simulated spectra of ↵ particles emitted from the frames, where ↵ are
emitted from a random depth in the aluminium and in a random direction. The energies of the
↵s simulated correspond to those emitted by decay chains starting at 4 isotopes. We see that
the simulated spectra are qualitatively consistent with measurement, in particular the shape of
the high-energy tail of the spectrum and it’s end-point at about 3MeV . The likely source of

ILL-­‐ESS-­‐LiU	
  CollaboraFon
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Fission and Spallation Neutron 
Spectra

6 Managed by UT-Battelle
for the U.S. Department of Energy April 2012 Courtesy – Franz Gallmeier(thanks to Ken Herwig)

fast neutrons are a 
menace for 

spallation sources

For ESS, the long pulse structure means that this 
is more of a problem

For ESS, good control of 
backgrounds is going to be an 

indicator of success

Detector insensitive 
to backgrounds are 

a good start

Why are we here today?
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Collabora7ve	
  background	
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  with	
  PSI
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measurements	
  at	
  the	
  SINQ	
  target

paper	
  in	
  prepara7on
N.	
  Cherkashyna	
  et	
  al.
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Detectors for the European Spallation Source

•Context
•Instruments at the European Spallation Source
•Requirements for the Instruments
•Detector design and developments to fulfill those requirements ESS requirements
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Helium-­‐3	
  Crisis

Little or None Available

Aside ... maybe He-3 detectors are 
anyway not what is needed for ESS? 

eg rate, resolution reaching the limit ... 

Crisis or opportunity ... ? 

....an 
appropriate 

initial 
reaction ... 

Sin
ce

 ca
. 2

00
9Figure 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

5

36

For almost all instrument classes, 
detectors are a limitation on 

performance

•Comment: seems to be some naivety at the 
moment as stocks are being emptied rapidly
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3He	
  Supply	
  Forecast

37

ØCurrent intent for U.S. 3He supply
§About 10k liter/year allocation for government use  
§About 4k liter/year for auction
§About 10k liters added annually (diminishing)
§Supply is gone in ~2024

ØDOE is relying on industry to develop new supply

Plot From Jehanne Gillo, DOE Office of Nuclear Physics, Dec 2012 

Update from R. Kouzes, “End of He-3 As We Known It”, IEEE NSS 2013 

bar-litres
stockpile

releases

*** this is what we can bid for ***
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•5 years until first neutrons ...
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  their	
  Requirements
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Science	
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  the	
  Reference	
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The	
  reference	
  suite	
  –	
  a	
  guide

These	
  instruments	
  are	
  gradually	
  being	
  replaced	
  by	
  
instrument	
  concepts	
  selected	
  for	
  construc6on.

TDR Reference Suite of Instruments
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Instruments	
  Will	
  Move	
  into	
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  Time
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users. 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, ICND [?], 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, they have poor time resolution.
As such they are not appropriate primary detectors for ESS flagship 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 2.5.

Instrument Detector Wavelength Time Resolution
Area Range Resolution
[m2] [Å] [µs] [mm]

Multi-Purpose Imaging 0.5 1-20 1 0.001 - 0.5
General Purpose Polarised SANS 5 4-20 100 10
Broad-Band Small Sample SANS 14 2-20 100 1
Surface Scattering 5 4-20 100 10
Horizontal Reflectometer 0.5 5-30 100 1
Vertical Reflectometer 0.5 5-30 100 1
Thermal Powder Di�ractometer 20 0.6-6 <10 2x2
Bi-Spectral Powder Di�ractometer 20 0.8-10 <10 2.5x2.5
Pulsed Monochromatic Powder Di�ractometer 4 0.6-5 <100 2 x 5
Material Science & Engineering Di�ractometer 10 0.5-5 10 2
Extreme Conditions Instrument 10 1-10 <10 3x5
Single Crystal Magnetism Di�ractometer 6 0.8-10 100 2.5x2.5
Macromolecular Di�ractometer 1 1.5-3.3 1000 0.2
Cold Chopper Spectrometer 80 1 -20 10 10
Bi-Spectral Chopper Spectrometer 50 0.8-20 10 10
Thermal Chopper Spectrometer 50 0.6-4 10 10
Cold Crystal-Analyser Spectrometer 1 2-8 <10 5-10
Vibrational Spectroscopy 1 0.4-5 <10 10
Backscattering Spectrometer 0.3 2-8 <10 10
High-Resolution Spin Echo 0.3 4-25 100 10
Wide-Angle Spin Echo 3 2-15 100 10
Fundamental & Particle Physics 0.5 5-30 1 0.1

Total 282.6

Table 2.5: Estimated detector requirements for the 22 reference instruments in terms of detector area,
typical wavelength range of measurements and desired spatial and time resolution.

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, and due to the almost 10% mass di�erence to the other boron isotope, 11B, the isotope
separation is relatively easy. A detector based on 10B absorption of the incident neutrons will typically
contain Aluminium sheets that are coated with 10B4C (Boron Carbide) layers. The nuclear reaction
results in Lithium and Helium ions. Both the 7Li and 4He ions can be detected, with both temporal and

•Specifications 
very varied

•Typically superior 
to what is presently  
state-of-the-art at 
existing sources

•In many cases, 
instrument 
performance 
dominated by S:B 
rather than raw 
specifications here

COST!
RATE!

•Updated soon with accepted instrument concepts submitted in this proposal round
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2.4. INSTRUMENT SUPPORT AND NEUTRON TECHNOLOGIES 97

Instrument Detector Technology

10B Thin Films Scintillators 3 He Micropattern
� ⇥ WLS Anger Rate Resolution

Multi-Purpose Imaging - - - - - o +

General Purpose Polarised SANS o + - + o + -
Broad-Band Small-Sample SANS o + - + - + -
Surface Scattering o + - + o + -
Horizontal Reflectometer - o - + + o -
Vertical Reflectometer - o - + + o -

Thermal Powder Di�ractometer o + + - - o -
Bi-Spectral Powder Di�ractometer o + + - - o -
P-M Powder Di�ractometer o + + - - o -
MS Engineering Di�ractometer o + + - - o -
Extreme Conditions Di�ractometer o + + - - o -
Single Crystal Di�ractometer o + + - - o -
Macromolecular Di�ractometer - o o o - + +

Cold Chopper Spectrometer + o o - - - -
Bi-Spectral Chopper Spectrometer + + o - - - -
Thermal Chopper Spectrometer + + + - - - -

Cold Crystal Analyser Spectrometer - o - + + - -
Vibrational Spectrometer - o - o + - -
Backscattering Spectrometer - o - + + - -

High-Resolution Spin Echo - o - o + + -
Wide-Angle Spin Echo - o - o + + -

Fundamental & Particle Physics - - - - + + +

Table 2.6: Appropriate detector technology options for the 22 reference instruments. The detector tech-
nologies are grouped into perpendicular- and inclined- neutron incidence geometries for 10B Thin Film
detectors, Wave-length shifting fibers (WLS) and Anger Cameras for Scintillator detectors, 3He detectors
and high count rate and high resolution detectors for microstructure and imaging detectors. In the matrix
of options, ‘+’ indicates that this technology is presently seen as a high possibility, ‘-’ indicates that it is a
disfavoured technology for this instrument, and ‘o’ means that it is considered an option, though not the
primary one.

•Most instruments 
have “He-3-free”  
options
•Requirement for 
He-3 significantly 
reduced

•An array of 
technologies will 
be used

•dependent upon 
a wide range of 
sources for 
detectors

+ = favoured option
o = option
- = disfavoured option

Collaborative and In-Kind needed to fulfill these needs
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86

users. 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, ICND [?], 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, they have poor time resolution.
As such they are not appropriate primary detectors for ESS flagship 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 2.5.

Instrument Detector Wavelength Time Resolution
Area Range Resolution
[m2] [Å] [µs] [mm]

Multi-Purpose Imaging 0.5 1-20 1 0.001 - 0.5
General Purpose Polarised SANS 5 4-20 100 10
Broad-Band Small Sample SANS 14 2-20 100 1
Surface Scattering 5 4-20 100 10
Horizontal Reflectometer 0.5 5-30 100 1
Vertical Reflectometer 0.5 5-30 100 1
Thermal Powder Di�ractometer 20 0.6-6 <10 2x2
Bi-Spectral Powder Di�ractometer 20 0.8-10 <10 2.5x2.5
Pulsed Monochromatic Powder Di�ractometer 4 0.6-5 <100 2 x 5
Material Science & Engineering Di�ractometer 10 0.5-5 10 2
Extreme Conditions Instrument 10 1-10 <10 3x5
Single Crystal Magnetism Di�ractometer 6 0.8-10 100 2.5x2.5
Macromolecular Di�ractometer 1 1.5-3.3 1000 0.2
Cold Chopper Spectrometer 80 1 -20 10 10
Bi-Spectral Chopper Spectrometer 50 0.8-20 10 10
Thermal Chopper Spectrometer 50 0.6-4 10 10
Cold Crystal-Analyser Spectrometer 1 2-8 <10 5-10
Vibrational Spectroscopy 1 0.4-5 <10 10
Backscattering Spectrometer 0.3 2-8 <10 10
High-Resolution Spin Echo 0.3 4-25 100 10
Wide-Angle Spin Echo 3 2-15 100 10
Fundamental & Particle Physics 0.5 5-30 1 0.1

Total 282.6

Table 2.5: Estimated detector requirements for the 22 reference instruments in terms of detector area,
typical wavelength range of measurements and desired spatial and time resolution.

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, and due to the almost 10% mass di�erence to the other boron isotope, 11B, the isotope
separation is relatively easy. A detector based on 10B absorption of the incident neutrons will typically
contain Aluminium sheets that are coated with 10B4C (Boron Carbide) layers. The nuclear reaction
results in Lithium and Helium ions. Both the 7Li and 4He ions can be detected, with both temporal and

B-10

Scintillator

He-3

Exotica
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Specific examples

•Inelastic direct geometry spectroscopy
•Reflectometry
•Neutron Macromolecular Crystallography
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49•Everyone	
  should	
  play	
  to	
  their	
  strengths
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Inelastic Direct Geometry Spectrometer
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Mul7grid	
  Design:	
  ILL/ESS/LiU	
  Collabora7on

•This year: produce an IN5 equivalent 
module with the ILL Multigrid design
•Collaboration: ILL/LiU/ESS
•>70m^2 B-10 coating
•IN6 demonstrator results showed that 
performance roughly equivalent to 
Helium-3

•NB started ca. 2009: if this is used on a 
tranche 1 ESS instrument, it is a 10 year 
development to beam cycle

51

Full scale unit for IN5: 3x0.8m

51Thursday, July 3, 14



10B4C thin film Multi-Grid detectors

The goal of the CRISP / WP15 work package is to show that the Multi-Grid 
concept + B4C thin film converters is an alternative to 3He for large area detectors

Participants: ESS, ILL, LiU

96 Grids and 60 wires readout 
individually

Single column prototype
200 cm x 8 cm

• 50% efficiency measured @2.5 Å
•B4C coating process validated
• Film characterization
• Simulation of the detector
• Centre Of Gravity localization in Y
• Gamma sensitivity measured
• Ar-CO2 & CF4 tested at [0.2 - 1] Bar

What has been achieved since then Where we want to be next yearWhere we were last year

IN6 prototype
32 cm x 50 cm

• 96 grids and 360 wires
• Grids of same Y connected by 3 à 
32 channels
• Wires Xn & Xn+1 connected with 
resistors à 24 channels

• Measurements on IN6
• Background observed, solved
• back scattering measured
• Electronics validated
• Demonstrator in fabrication

demonstrator
300 cm x 80 cm

1024 grids/ 512 wires
• 256 x (4Grids) cath channels
• Wires Xn & Xn+1 connected with 
resistors à 32 channels

• Pressure vessel tested
• Mass production of B4C (70 
m2 !) and detector components
• real detector operational

(slide from B. Guerard)
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standard Al
improvement, all 12 frames
improvement, middle 6 frames

•Efficiency - OK
•Data - OK
•Scattering - OK
•Gamma rej - OK
•t resolution - OK
•x,y resolution - OK

YGarnet(@4.1(Å( Si(@4.6(Å(

Ra#o%of%integrated%rates%in(Bragg(peaks(:(
7(4.1(Å(:(rate(10B)(/(rate(3He)(=(1.08(
7(4.6(Å(:(rate(10B)(/(rate(3He)(=(0.97(

Since 2013:
background 
improved by factor 
100

•background from alpha’s in Al seen
•Plating or ultrapure Al solves it: now ok

•Performance basically matches Helium-3

53Thursday, July 3, 14



Mul7grid	
  Design:	
  IN5	
  Demonstrator
Mass	
  produc7on	
  possible?

54

•Full IN5-like module (3x0.8m)
•To be completed by Sep’14
•Coatings complete 
•104m^2
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Mul7grid	
  Design:	
  IN5	
  Demonstrator
Large	
  area	
  neutron	
  detectors	
  possible	
  again
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Report on the IN5 demonstrator:

single-column-vessel tests on the first assembled column

F. Piscitelli, M. Ferraton, S. Jonchery

May 27, 2014

1 Introduction

The first column has been assembled. It contains 128 grids of 1µm 10B4C deposited on Nickel
plated blades. The blades still continue to peel o↵.
The column was inserted in one guide of the 8-column vessel without any problem: spacers hold
and the column fits (see Figure 1). Some of the columns (at least 2 out of 8) have some problem
to enter because of two major issues: the back-bone is not straight the walls of the 8-column
vessel are not straight. The second problem can be solved. About the back-bones, we kept 2 of
them that seemed the more straight the others will be sent back to the supplier. The one we
kept have 1mm of bending in the middle over 3m.
We checked that once in the 8-column vessel the back-bone returns straight because of the force
of the vessel. We have also tested the first column in the single-column-vessel in order to check

Figure 1: Insertion of the first column inside the 8-column-vessel.

the mechanical issues (see Figure 2). A displacement of the wire inside the rectangular cell can
cause a non homogeneous gain along the detector.
Since this vessel is not sealed we first checked the gas flow in order to assure a constant response
of the detector. Ar/Co2 (90/10) is flushed constantly inside the vessel.

1

Figure 2: Single-column-vessel.

The questions we want to answer are the following:

(a) gas flow to assure a constant response;

(b) operational voltage;

(c) gain variation as a function of the mechanical bending of the back-bone;

(d) amplifier gain and time constant;

(e) right electrical insulation between adjacent grids;

(f) uniformity along the anodes.

We have started placing 3 wires per PCB (see Figure 3). The four anodes are electrically
independent and read out independently (W1,W2,W3,W4). Each anode output is the sum of
a wire in the front of the detector, one in the middle and one at the back. We have connected
20 grids together at the top (C1 or Up), in the center (C2 or Center) and at the bottom of the
column (C3 or Down), to have 3 cathode outputs. The remaining grids are just grounded.
The gas inlet is on the side of the upper grids (C1) and the outlet close to the grid at the bottom
(C3). With this configuration of the column we can answer to the questions: a, b, c, d and f. A
di↵erent setup is needed to answer to e.
All the tests have been performed using an AmBe source.

2 Results

2.1 Stability and gas pollution

Figure 4 shows the PHS for anodes and cathodes once the gas is well clean and the detector
stable. Figure 5 shows the anode PHS degradation during night due to the not su�cient gas
flow. The next day the measurement was repeated during night and the gas was not clean but

2
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Figure 7: The counting curve of the detector for the cathodes (C2) and for the 4 anode outputs (left) without
any shielding of the source. The counting curve of an anode wire when the source is shielded with lead (almost
only neutrons), with B4C (almost only gammas) and without any shield (right).

the center of the column. We can explore a range of about ±2.5mm around the straight position
of the back-bone. The rest position (without any correction) of the column is in +1mm. Moving
the regulation also the wire in the middle of the rectangular cell formed by the grids changes
and the gain changes consequently. Figure 8 shows the setup used to control the back-bone
bending.

Figure 8: The setup used to control the back-bone bending.

We expect that when the wire is in the middle of the rectangular tube formed by the grids the

5

ILL/ESS/LiU	
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Stack	
  of	
  MWPCs	
  with	
  Boron-­‐lined	
  
“macrostructured”	
  	
  cathodes

3D	
   regular	
   pa&ern	
  consisFng	
  of	
   grooves	
   that	
   can	
  be	
   created	
  
in	
  the	
  substrate	
  material	
  by	
  milling,	
  extrusion,	
  	
  forming,	
  etc.	
  	
  

Sense	
  wire	
  planes	
  

∼mm α
7Li(α)

α(7Li)

Similar	
  concept	
  (“microstructuring”)	
  used	
  to	
  increase	
  the	
  
efficiency	
  of	
  the	
  semiconductor	
  neutron	
  detectors.

J.	
  Uher	
  et	
  al.,	
  NIMA	
  576(2007)32.	
  	
  	
  	
  

α=45°

10B4C-­‐coated	
  plates	
  for	
  the	
  
demonstrator	
  (Univ.	
  Linköping,	
  
Sweden).

Cathode	
  panel,	
  40	
  cm	
  x	
  40	
  cm	
  
(8	
  plates).

5	
  cm	
  x	
  40	
  cm	
  macrostructured	
  plate	
  
fabricated	
  by	
  extrusion	
  (MIFA,	
  Holland).

λ =	
  4.7	
  Å

Flat
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Photograph	
  of	
  the	
  10B-­‐demonstrator	
  during	
  the	
  
in	
  beam	
  tests	
  at	
  TREFF@FRM2	
  (λ=4.7	
  Å).	
  

(alternate	
  op7on)

I.	
  Stefanescu
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Reflectometer

•Bruno said quite a bit about the challenges of this yesterday ... 
•Rate + Resolution
•Pushing the boundaries

•Subject of a specific set of R+D
•3 options under serious consideration:
•He-3 MSGC (Bruno presented yesterday)
•High rate capable scintillator detectors (WLS fibres and direct coupled)
•Multi-Blade B-10 detector (Bruno presented yesterday)
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for reflectometry.
The detector requirements can be expressed by specific features and defined as follows:

• Detector area: is the detector active area where it is sensitive to neutrons.

• Spatial Resolution: is the ability to distinguish between two events as a function of
the distance they hit the detector. Some events at a certain position on the detector
will generate a continuous distribution in space. A widely used criterion is to define the
spatial resolution as the FWHM of a distribution of those events. A FWHM is (in the
gaussian case) the 88% of probability to identify correctly an event belonging to the right
distribution.

• Global Rate: is the total counting rate the whole detector is exposed to.

• Local Rate: is the rate, defined over an area of a mm2 or a cm2, that the detector should
handle. The local rates for detectors employed in reflectometry are usually given per tube,
in the case of 3He detectors, or for a strip because one direction is generally integrated
over. For simplicity we normalize the local rates to a mm2.

Both global and local rates are shown in Table 1. Both rates are reported for the peak flux
within the neutron wavelength range from about 2Å and 15Å. For ESTIA the peak flux is at
5Å, for FREIA is about at 3.5Å. The reported rates are for direct beam intensities, which
need to be measured ideally on the detector for rigorous normalisation. The reflected rates are
up to 6 orders of magnitude lower than this. Direct beam measurements can performed up to an
extent by using an attenuator, but this needs to be wavelength independent and has limitations
on the maximum achievable attenuation (3-4 orders of magnitude).
The count rate as a function of the time-of-flight for FREIA [3] is shown in Figure 1. The peak
rate at sample is about 1.5 · 105Hz/mm2 and the time-averaged over the pulse length (64ms) is
about 5.5·104Hz/mm2. Note that these temporal rate variations are not fully represented in the
definitions of rate given above, due to the complexity of the e↵ects, which are highly dependent
upon detailed aspects of the detector design. A more generic definition is being worked upon.

Figure 1: The neutron pulse intensity as a function of the time-of-flight (left) and the corresponding neutron
wavelength as a function of time (right) [3].

3

Instrument area �x �y global rate local rate
(mm⇥mm) (mm) (mm) (s�1) (s�1

mm

�2)

ESTIA [2] min 500⇥ 170  2 � 2 - -
ideal 500⇥ 500  0.5 � 0.5 ⇠ 107 3 · 104

FREIA [3] min 500⇥ 500 8 1 - -
ideal 500⇥ 500  8  1 ⇠ 5 · 105 ⇠ 3.5 · 103

THOR [4] min 500⇥ 500 2 - - -
ideal 500⇥ 500  2 - - -

VERITAS [5] min 500⇥ 500 2 2 - -
ideal 500⇥ 500  2  2 5 · 105 5 · 102

Table 1: Detector requirements, for both ideal-world and minimal requirements, in terms of detector active area,
spatial resolution, global and local rates for reflectometer proposals at ESS.

In addition to the features listed in Table 1, the uniformity of the detector and ageing are
important characteristics to be taken into account. The uniformity variation along the detector
surface should not exceed 1% according to [2]. By considering the wide dynamic range in
neutron counting, the detector is exposed to, adjacent pixels can receive a widely di↵erent flux
in the same measurement that can vary more than six orders of magnitude. In these conditions
ageing can be an important issue that degrades the detector uniformity. These non-functional
requirements are also very important, however they are not discussed further in this strategy
paper.
Background (background neutrons and �-rays) suppression is also an important feature the
detector should compromise with respect to the e�ciency. A suitable detector shielding should
prevent the detector from counting background neutrons from the environment. Depending on
the �-ray background on the instrument, a detector should provide a �-ray rejection down to
10�7.
The range of neutron wavelength range interesting for reflectometry is from about 1 Å and 30 Å.
Reasonable detector e�ciency of the detector is required in this range. The distance between
the sample and the detector is on average 2m but it can vary from 1m up to 8m for specific
applications. The size of the pixel, in one direction only, should match the angular resolution
of the instrument. This, in terms of spatial resolution on the detector area, is of the order of
1mm.
For its specific scientific case ESTIA [2] needs the best spatial resolution with respect the other
proposals, the goal is to achieve 0.5mm. High uniformity (e�ciency variations below 1%) along
the detector surface is also a strong requirement for ESTIA as well as a long stability in time.
A wide dynamic range is a requirement for all the proposed concepts: regions of the detector
should be able to measure fluxes of the order of 108Hz and simultaneously other sectors must
measure down to about 1Hz.

In addition to the requirements listed above, there is also a need for small area beam monitors
capable of continuously measuring the direct beam in order to detect source variations. It is
likely that 2 or 3 monitors with di↵erent e�ciencies are needed to cover di↵erent measurements.
Developments are foreseen, but are not strictly connected to the main detectors which are
essential to the listed proposals but also also a common requirement of all instrument proposals
at ESS.

4

Example	
  of	
  Challenges:	
  Rates	
  for	
  Reflectometry

Factor	
  >100-­‐1000	
  higher	
  than	
  
state-­‐of-­‐art	
  detectors	
  today

(preliminary)

NEUTRONS@ESS: RATE IS AS BIG A 
PROBLEM AS HELIUM-3 AVAILABILITY

(and high spatial resolution required)
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Neutron Macromolecular Crystallography

0.2mm Resolution
60x60cm modules?
Good time resolution

Gamma rejection not particularly important

E.	
  Oksanen
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Gd-Based MSGC/GEM Detector
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neutron detector with readout based on MSGCROC ASIC
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Abstract
The development of a hybrid Micro-Strip Gas-Chamber (MSGC) detector has been initiated by

aiming for a detection system coping with counting rates of 5*10 /s and spatial
resolutions of ~100 µm FWHM. In comparison to previous MSGC detectors for high-energy physics or neutron detection with
He/CF gas mixtures at overpressure, this MSGC detector type is novel in the following respects: (i) It has a central neutron

converter plane with two composite Gd/CsI converter layers of 1.5/ 1µm thickness deposited on either side of a support

foil. If a neutron is captured in Gd a fast conversion electron is emitted in a random direction, which releases a detectable
cluster of slow electrons from one of the columnar CsI secondary electron emitter layers into the adjacent detector gas. (ii) On
either side of the converter (negative-polarity) extraction grids are mounted in low-pressure (p=20 mbar) gas volumes for
applying a high reduced electrical field strength E/p between converter and grids, which increases the secondary electron
cluster size and delivers a pre-amplification gap for the gas avalanche triggered by the cluster. (iii) Both gas volumes are closed
in 4.5 mm distance from the converter by large-area multi-layer MSGC detector plates, each of them with micro-patterned X/Y
readout planes. Thus, by further gas-multiplication in a constant field region and then at rising field strength close to the anode
strips of the MSGC plates, very high and fast signals are obtained allowing operation at very high counting rates. (iv) Through
diffusion broadening, are induced in average on 3.5 micro-strips (in addition to
X, Y, T) for MSGCROC ASICs developed in DETNI for achieving spatial resolutions of 100 µm
to 300 µm (depending on the size of the module).The development with improved readout is now continued for the ESS-design
update.

HZB in the EU (FP6) Joint
ResearchActivity DETNI (NMI3). The concept is

strip amplitudes above threshold and read out
centre-of-gravity calculation via

7
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≤ ≤

Detector specifications
!

!

Measured parameters: X/Y,T, EX/EY

Time resolution: 2 ns

Counting rates:5*10 n/s per module

!

!

!

Position resolution: 100 µm - 300 µm

Time-of-flight resolution: << 1µs

7

Converter deposition
In recent years new equipment was designed
and built for the production and optimization of
thin film neutron converters in a cleanroom.
The main setup is a UHV chamber (900 mm x
900 mm x 520 mm) which includes a two-
dimensional travel system. This allows the
production of converter layers on 300 mm x
300 mm substrates with <5% inhomogeneity.
On one side of the UHV setup a transfer
chamber is mounted which allows transferring
the completed converter to a glove box under
protection gas. In the glove box the converter
can be stored under N atmosphere with
controlled humidity until it is mounted in the
micro-strip detector. A completely mounted
detector can be transferred to the transfer
chamber with vacuum lock and taken out there
through the large front door.

2

Front-end DAQ electronics
The already within DETNI developed readout and data acquisition electronics was
improved by an ADC uplink board and an redesigned ASIC board. The ADC board

The amplitude is read out for
improving the

carries a mezzanine board with Xilinx Virtex 5 FPGAsuited for online signal processing
and center-of-gravity calculations. The connection to the newASIC board is realized by
two board to board connectors and it will be mounted outside the detector housing.
This has the advantage, that the testing procedure is drastically simplified and in case
of problems the board could easily be replaced. Major improvements are: (i) the
outgoing clock from ASIC is transferred to the ADC board, (ii) the incoming clock
is directly transmitted from the FPGA on the mezzanine board and the size and (iii)
position of bond pads are optimized for a safer wire bonding process. This 32-channel
MSGCROC chip was specially designed to meet all important features of the hybrid
micro-strip gas chamber. It delivers X/Y spatial, analogue amplitude and, due to time-
walk compensation, 2 ns fast time stamp resolution.

spatial resolution by center-of-gravity interpolation between the strips’
signal amplitudes and for background suppression by gating on the amplitude range of
interest.

each

MSGCROC ASIC and improved ASIC board

32-channel ASIC 8-layer ASIC board with 4 ASICs mounted
outside of the detector

Multi-layer micro-strip plates
A new version of multi-layer micro-strip plates
was produced for single-strip ASIC readout. As
an insulating layer between the two metal layers
15 µm thick benzocyclobutene (BCB) is used for
achieving a sufficiently high breakdown voltage
and for reducing the coupling capacitance
between the metal strips in both layers. For the
high voltage (~450 V) supply of the cathode
strips the earlier used integrated CrSiO M
layers were replaced by small size (0402) SMD
resistors, which are now available with the
required voltage rating.At the end of the cathode
strips and of the return-current strips in the
metal-1 plane a capacitive coupling to ground is
necessary for achieving high signal quality,
which is realized with SMD chips soldered to a
flexible PCB. For X and Y readout flexible parts
of two transfer PCBs are glued to each micro-
strip plate, and the signal strips (anodes and
second coordinate strips) are connected with
bond wires to the corresponding pads on these
boards. These transfer PCBs are connected by
board to board connectors to PCBs which are
glued in vacuum flanges and transfer the signals
to theASIC boards which are mounted outside of
the detector housing. Thus the cooling of the
ASIC chips is much better and in case of any
problem the ASIC board could easily be
replaced.
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Validation of improved front-end electronics

ADC uplink board developed at AGH University Krakow carries a mezzanine board with
Xilinx Virtex 5 FPGA suited for signal processing and center-of-gravity calculations. The
connection to theASIC board is realized by two board to board connectors.

Recent activities
! Design and production of new ASIC boards which will be

mounted outside of the detector housing and directly
connected to the ADC uplink board.

Successful test of the newASIC board.

Design and production of new transfer boards for signal
transmission to theASIC boards.

FPGA code for cluster identification and center-of-gravity
calculations was developed and tested with simulated events.

A second approach for cluster identification was developed
and is currently being tested.

Detector test beam station was upgraded with two high
precision slit systems and position encoder for the XY table,
which allows a precise movement of the detector in front of the
collimated neutron beam.

A gluing and bonding support for the connection of the PCBs to
the micro-strip plates was designed, produced and tested.

!

!

!

!

!

!
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und Forschung

Online signal processing
In the final version of the FPGA code the position of a detected
neutron will be calculated 'on the fly' by centre-of-gravity (CoG)
method. Two different approaches to reach this goal were written
and the first one was tested with simulated detector signals. The
second approach is currently being tested. This algorithm uses
memory arrays to identify clusters instead of buffers. It merges
data over several input buffer reading cycles and finishes a cluster
by checking the completion time of cluster centre. Performance
tests with signals from the detector are in preparation. Later on, the
performance of both algorithms will be compared with online and
offline sorted data from the detector. The final decision about the
preferred code will be taken after these tests.

Upgraded detector test station with 2 high precision slit systems
and XY table for precise detector positioning.

Upgrade of detector test beam station
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The development of a hybrid Micro-Strip Gas-Chamber (MSGC) detector has been initiated by

aiming for a detection system coping with counting rates of 5*10 /s and spatial
resolutions of ~100 µm FWHM. In comparison to previous MSGC detectors for high-energy physics or neutron detection with
He/CF gas mixtures at overpressure, this MSGC detector type is novel in the following respects: (i) It has a central neutron

converter plane with two composite Gd/CsI converter layers of 1.5/ 1µm thickness deposited on either side of a support

foil. If a neutron is captured in Gd a fast conversion electron is emitted in a random direction, which releases a detectable
cluster of slow electrons from one of the columnar CsI secondary electron emitter layers into the adjacent detector gas. (ii) On
either side of the converter (negative-polarity) extraction grids are mounted in low-pressure (p=20 mbar) gas volumes for
applying a high reduced electrical field strength E/p between converter and grids, which increases the secondary electron
cluster size and delivers a pre-amplification gap for the gas avalanche triggered by the cluster. (iii) Both gas volumes are closed
in 4.5 mm distance from the converter by large-area multi-layer MSGC detector plates, each of them with micro-patterned X/Y
readout planes. Thus, by further gas-multiplication in a constant field region and then at rising field strength close to the anode
strips of the MSGC plates, very high and fast signals are obtained allowing operation at very high counting rates. (iv) Through
diffusion broadening, are induced in average on 3.5 micro-strips (in addition to
X, Y, T) for MSGCROC ASICs developed in DETNI for achieving spatial resolutions of 100 µm
to 300 µm (depending on the size of the module).The development with improved readout is now continued for the ESS-design
update.

HZB in the EU (FP6) Joint
ResearchActivity DETNI (NMI3). The concept is

strip amplitudes above threshold and read out
centre-of-gravity calculation via
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Detector specifications
!

!

Measured parameters: X/Y,T, EX/EY

Time resolution: 2 ns

Counting rates:5*10 n/s per module

!

!

!

Position resolution: 100 µm - 300 µm

Time-of-flight resolution: << 1µs

7

Converter deposition
In recent years new equipment was designed
and built for the production and optimization of
thin film neutron converters in a cleanroom.
The main setup is a UHV chamber (900 mm x
900 mm x 520 mm) which includes a two-
dimensional travel system. This allows the
production of converter layers on 300 mm x
300 mm substrates with <5% inhomogeneity.
On one side of the UHV setup a transfer
chamber is mounted which allows transferring
the completed converter to a glove box under
protection gas. In the glove box the converter
can be stored under N atmosphere with
controlled humidity until it is mounted in the
micro-strip detector. A completely mounted
detector can be transferred to the transfer
chamber with vacuum lock and taken out there
through the large front door.

2

Front-end DAQ electronics
The already within DETNI developed readout and data acquisition electronics was
improved by an ADC uplink board and an redesigned ASIC board. The ADC board

The amplitude is read out for
improving the

carries a mezzanine board with Xilinx Virtex 5 FPGAsuited for online signal processing
and center-of-gravity calculations. The connection to the newASIC board is realized by
two board to board connectors and it will be mounted outside the detector housing.
This has the advantage, that the testing procedure is drastically simplified and in case
of problems the board could easily be replaced. Major improvements are: (i) the
outgoing clock from ASIC is transferred to the ADC board, (ii) the incoming clock
is directly transmitted from the FPGA on the mezzanine board and the size and (iii)
position of bond pads are optimized for a safer wire bonding process. This 32-channel
MSGCROC chip was specially designed to meet all important features of the hybrid
micro-strip gas chamber. It delivers X/Y spatial, analogue amplitude and, due to time-
walk compensation, 2 ns fast time stamp resolution.

spatial resolution by center-of-gravity interpolation between the strips’
signal amplitudes and for background suppression by gating on the amplitude range of
interest.

each

MSGCROC ASIC and improved ASIC board

32-channel ASIC 8-layer ASIC board with 4 ASICs mounted
outside of the detector

Multi-layer micro-strip plates
A new version of multi-layer micro-strip plates
was produced for single-strip ASIC readout. As
an insulating layer between the two metal layers
15 µm thick benzocyclobutene (BCB) is used for
achieving a sufficiently high breakdown voltage
and for reducing the coupling capacitance
between the metal strips in both layers. For the
high voltage (~450 V) supply of the cathode
strips the earlier used integrated CrSiO M
layers were replaced by small size (0402) SMD
resistors, which are now available with the
required voltage rating.At the end of the cathode
strips and of the return-current strips in the
metal-1 plane a capacitive coupling to ground is
necessary for achieving high signal quality,
which is realized with SMD chips soldered to a
flexible PCB. For X and Y readout flexible parts
of two transfer PCBs are glued to each micro-
strip plate, and the signal strips (anodes and
second coordinate strips) are connected with
bond wires to the corresponding pads on these
boards. These transfer PCBs are connected by
board to board connectors to PCBs which are
glued in vacuum flanges and transfer the signals
to theASIC boards which are mounted outside of
the detector housing. Thus the cooling of the
ASIC chips is much better and in case of any
problem the ASIC board could easily be
replaced.

x !
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Validation of improved front-end electronics

ADC uplink board developed at AGH University Krakow carries a mezzanine board with
Xilinx Virtex 5 FPGA suited for signal processing and center-of-gravity calculations. The
connection to theASIC board is realized by two board to board connectors.

Recent activities
! Design and production of new ASIC boards which will be

mounted outside of the detector housing and directly
connected to the ADC uplink board.

Successful test of the newASIC board.

Design and production of new transfer boards for signal
transmission to theASIC boards.

FPGA code for cluster identification and center-of-gravity
calculations was developed and tested with simulated events.

A second approach for cluster identification was developed
and is currently being tested.

Detector test beam station was upgraded with two high
precision slit systems and position encoder for the XY table,
which allows a precise movement of the detector in front of the
collimated neutron beam.

A gluing and bonding support for the connection of the PCBs to
the micro-strip plates was designed, produced and tested.

!

!

!

!

!

!

Bundesministerium
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Online signal processing
In the final version of the FPGA code the position of a detected
neutron will be calculated 'on the fly' by centre-of-gravity (CoG)
method. Two different approaches to reach this goal were written
and the first one was tested with simulated detector signals. The
second approach is currently being tested. This algorithm uses
memory arrays to identify clusters instead of buffers. It merges
data over several input buffer reading cycles and finishes a cluster
by checking the completion time of cluster centre. Performance
tests with signals from the detector are in preparation. Later on, the
performance of both algorithms will be compared with online and
offline sorted data from the detector. The final decision about the
preferred code will be taken after these tests.

Upgraded detector test station with 2 high precision slit systems
and XY table for precise detector positioning.

Upgrade of detector test beam station

HZB in-kind 
contribution to ESS

originally developed within context of DETNI /NMI3

Substitute MSGC with GEMs: now a 
collaboration CERN-HZB-ESS
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Collabora7ons	
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  Construc7on	
  Phase
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Challenge: select collaborative partners to build performant detectors
Instrument construction started for first 3 instruments
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Instruments	
  Will	
  Move	
  into	
  Construc7on	
  
a	
  Few	
  at	
  a	
  Time

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

1-3

4-11

12-14
15,16

17,18
19,20

21,22
23,24

25,26
27,28

29,30
31,32

“Tranche 1”

“Tranche 2”

“Tranche 3”•11 instruments are in 
construction by next year
•We need in-kind partners
•Remember: 70% of detector 
construction cost will be in-kind
•ie ESS will build a small 
fraction of detectors ourselves
•we will enable as needed
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Mood	
  Message	
  for	
  the	
  R+D	
  so	
  far	
  ...	
  

64

from	
  here	
  in	
  2010	
  ...	
  
to	
  here	
  in	
  2014...	
  

•Development time is long: typically 10 years 
from conception to utilisation
•Solve challenges one at a time, and remain 
calm
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Timeline	
  for	
  detectors
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
2013-4 Proposal Round

Conceptual Design Work
Instrument Submission

2013-4 Proposal Selection
Instrument Decision

Instrument Construction

Phase 1: Conceptual Design
Tollgate 2

Phase 2: Detailed Design
Tollgate 3

Construction
Installation

Commissioning
Ready For Hot Commissing

Detector

Multi-Grid Development

Proof of Concept
Prototype 2

Report
Design Optimisation

IN6 Demonstrator
IN5 Demonstrator

Performance and Costing Report
Optimisation for Bispectral Instrument

Design for ESS Instrument
Report

Technology Demonstrator
Ready for Deployment

Detector Construction

Final Design Verification
In-Kind Contracts

Coatings
Mechanics
Assembly
Testing

Final Electronics Design
Electronics Production

Electronics Testing
Detector Integration and Calibration

Installation and Commissioning
Detector Ready For Neutrons

Figure 11: Simplified schedule for a hypothetical tranche 1 bispectral direct spectroscopy instrument at ESS - a
”day one” instrument - and in particular the timeline for the detector development and technology choices for this
instrument. The top part of the schedule shows the design update phase of the instrument and the instrument
construction timeline for this instrument, assuming that it is chosen in this proposal round. The bottom part of
the schedule shows how the timing of the detector development and the necessary prototyping stages fit in with
the detector construction for this instrument. The MultiGrid design is taken here as representative of the various
developments underway.

12

•Here is the timeline for a thermal 
chopper spectrometer with one 
concept for detector technology

•note: 10 years from concept to 
(potential) utilisation

•note: neither the proof of concept nor 
construction phases dominate the 
timeline, but rather the numerous 
prototyping and demonstration phases 
in between 

•2019 is tomorrow: it means that any 
detectors built for then are well 
progressed with developments now

“just in time”
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Collabora7ons	
  for	
  the	
  Construc7on	
  Phase
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In-Kind, Design Update In-Kind, Construction Phase (so far ...)

Commercial Partners

Collaborative Partners

Need partners to build detectors

Remember: front weighted

Working with many commercial partners

Detectors are fundamentally collaborative and interdisciplinary

In-kind will be competitive: oversubscribed by factor 2++

67Thursday, July 3, 14



Specialise:	
  example:	
  Coa7ng	
  Facility	
  in	
  
Linkoping	
  for	
  ESS
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High quality enriched boron carbide coatings

•Need specialist centres of expertise, rather than a 
large number of generalists
•Do what you know, exceptionally. 
•Share and collaborate and benefit from others 
expertise

Monday
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Summary
•Huge progress from the community as a whole for solving the Helium-3 
crisis
•Very significant challenges still ahead for detectors ... 
•Instrument construction started ... 
•Remember: typically 10 years concept to beamline
•We need to utilise the considerable expertise that exists across Europe
•Challenge is only achievable using in-kind
•Need to build up centres of excellence in Europe rather than a large 
numbers of all-rounders

•Used ESS as an example for how detector technologies are chosen

•Make sure that you define what you measure clearly and 
unambigiously
•Publish what you do: too many of the best results remain forgotten and 
are redone 3-10 years later
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