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Making	
  decisions	
  

and non-profitable. By defining and monitoring the technology availability level as part of the detector41

strategy, pinch-points can be identified and avoided or mitigated.42

3.1 Technology Readiness Level43

Use technology readiness level as indicator of readiness [1].44

NASA vs CERN categories. The NASA technology meter is shown in figure [?].45

Figure 1: NASA technology readiness levels.

With slight adjustments to this NASA/ESA scheme, the technology readiness level used subse-46

quently is as shown in table 1.47

Technology Description Responsibility

Readiness

Level

TRL1 Basic principles observed and reported Universities

TRL2 Technology concept and/or application formulated Universities / Detector Sys-
tems

TRL3 Analytical experimental critical function / characteristic proof-of-
concept

Universities / Detector Sys-
tems

TRL4 Component validation in laboratory environment Universities / Detector Sys-
tem

TRL5 Component validation in relevant environment Detector Systems

TRL6 System/subsystem model or prototype demonstration on a relevant
beamline

Detector Systems

TRL7 System prototype demonstration on an instrument Detector Systems / Instru-
ment Projects

TRL8 Actual system completed and ”Flight qualified” through test, cold com-
missioning

Instrument Projects

TRL9 Actual system ”Flight Proven” through hot commissioning Instrument Commissioning
/ Detector Operations

Table 1: ESS technology readiness level.
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NASA	
  TRL	
  (wikipedia)	
  

What	
  should	
  we	
  take	
  into	
  account?	
  
•  Requirements	
  matching	
  
•  Cost	
  
•  Technology	
  availability	
  
•  Technology	
  readiness	
  level	
  (TRL)	
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the initial engineering design phase and on the direction taken by developments in detector 
design and availability of technologies. 
 
"Lined Tube" 
The baseline design of the instrument has a novel detector configuration making use of the 
characteristics of 10B thin film based detectors as shown in figures 10 and 11. Here 10B based 
detectors lie on the outside of a cylindrical vacuum vessel. The shallow angle that neutrons 
intersect the detector elements results in efficient capture of the neutron and high detection 
efficiency across the wavelength band of the instrument.  

 

Figure 10 : Layout of the proposed Boron-10 "lined tube" detector (to scale) 

 
 

 

Figure 11 : Detail of the proposed 10B "lined tube" detector. 

The detector elements are 10 cm wide by 40 cm long and have wires at 5 cm spacing 
running perpendicular to the beam direction. This provides good resolution along Q but 
relatively poor resolution perpendicular to Q. This is acceptable for azimuthally symmetric 
scattering that can be averaged to a 1 dimensional scattering curve, but is not suitable for 
studies of oriented systems where good azimuthal resolution is required. A second set of 
detection wires running along the beam direction, or a micro-strip type cathode readout, will 
provide the necessary azimuthal resolution for such studies. 
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A high resolution (2 mm or better) detector will be placed in the rear of the detector vessel 
and a scintillator based technology such as Anger cameras will be used. 
 
To avoid cross-talk between detectors across the detector vessel, a cone of neutron 
absorbing material (as shown in figure 10) is mounted such that the rear detector is still 
viewable. Whilst there is a gap in measured angle, there is no gap in Q due to the 
wavelength band covered. The cone will be of a bellows type design to allow the rear 
detector to move along the beam axis within the vacuum vessel. This allows the optimum 
collimation to be maintained when the detector vessel is moved to accommodate sample 
environment. 
 
Energy Resolution 
 
The efficiency of detection in 10B thin films varies with wavelength and hence it may be 
possible to make use of multiple layers of films to perform coarse energy discrimination and 
hence accumulate neutrons in time-of-flight and energy histograms. Such a system has the 
potential to allow for the separation of inelastic incoherent scattering from the measured 
signal without requiring a reduction in incoming flux. This possibility is the subject of on-
going studies with results due in March 2013. If such a system proves feasible, it could be 
easily implemented on the "lined tube" style detector system by adding a second layer of 
detection elements and tuning the thickness of the boron layer used in different parts of the 
detector array. 
 
"Window Frame" 
The alternative layout has a "window frame" style of detector layout as seen in figure 12.  
The first detector has an area of 3 m x 3 m with a 1 m x 1m window in the centre. The 
second detector has an area of 2.4 m x 2.4 m with a 0.4 m x 0.4 m window in the centre. 
The rear detector has an area of 0.5 m x 0.5 m.  
 
 

 

Figure 12 : Layout of "window frame" style detectors (to scale, dimensions in 
mm) 
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  angle	
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  reorganiza-on	
  of	
  the	
  group	
  &	
  	
  work	
  breakdown	
  structure	
  to	
  change	
  focus	
  	
  
from	
  R&D	
  to	
  instrument	
  classes	
  and	
  construc-on	
  



LoKI	
  related	
  ESS	
  R&D	
  ac-vi-es	
  

•  10B	
  technology	
  (ILL/ESS/FRM-­‐II/Linköping)	
  
– Mul--­‐Grid	
  detector	
  (mul-ple	
  converter	
  layers)	
  
– Macrostructures	
  (mul-ple	
  converter	
  layers)	
  
–  Tube	
  detector	
  (single	
  converter	
  layer)	
  
–  B4C	
  coa-ngs	
  

•  bGEM	
  (Italy/CERN)	
  
•  Simula-on	
  framework	
  
•  Neutron	
  energy	
  determina-on	
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Technology	
  strategies	
  
•  No	
  3He	
  developments	
  internally	
  
•  Expect	
  a	
  need	
  of	
  ca.	
  2000	
  bar-­‐litres	
  of	
  3He	
  	
  
•  Do	
  not	
  buy	
  3He	
  directly,	
  secured	
  by	
  in-­‐kind	
  partners	
  
	
  

•  B4C	
  coa-ngs	
  can	
  be	
  mass	
  produced	
  very	
  cheaply	
  
•  New	
  deposi-on	
  machine	
  at	
  Linköping	
  will	
  provide	
  100-­‐300%	
  of	
  expected	
  

ESS	
  needs	
  
•  Produc-on	
  will	
  be	
  partly	
  by	
  ESS,	
  partly	
  by	
  in-­‐kind	
  partners	
  
•  Act	
  as	
  centre	
  of	
  excellence	
  for	
  the	
  technology:	
  i.e.	
  simula-on,	
  standards,	
  

exper-se	
  concentrated	
  at	
  ESS	
  
	
  

•  Numerous	
  groups	
  already	
  working	
  on	
  scin-llator	
  technologies:	
  ISIS,	
  SNS,	
  
Jülich,	
  JPARC	
  

•  Resources	
  not	
  available:	
  ESS	
  should	
  be	
  a	
  client	
  for	
  scin-llator	
  technologies	
  
•  In-­‐kind	
  ISIS	
  (WLS),	
  Jülich	
  (WLS,	
  Anger	
  cameras)	
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Mul--­‐Grid	
  design	
  (ILL/ESS/Linköping)	
  

•  neutron	
  efficiency:	
  analy-cally	
  calculated,	
  simulated,	
  	
  
	
  	
  	
  	
  	
  	
  measured,	
  understood	
  
•  γ	
  efficiency	
  comparable	
  to	
  3He	
  
•  scafering	
  understood	
  
•  detector	
  induced	
  background	
  understood	
  
•  large	
  scale	
  IN5	
  detector	
  to	
  be	
  produced	
  	
  
	
  	
  	
  	
  	
  by	
  October	
  2014,	
  3m	
  x	
  0.8m	
  
•  working	
  on	
  defini-on	
  of	
  detector	
  standards	
  
	
  	
  	
  	
  	
  	
  for	
  reliable	
  comparisons	
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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 –

•  Mul-ple	
  conversion	
  layers	
  (30)	
  
•  MWPC	
  concept	
  

A.	
  Khaplanov	
  et	
  al.,	
  Nucl	
  Instr.	
  &	
  Meth.	
  in	
  Phys.	
  Res.	
  	
  A,	
  720,	
  116-­‐121	
  (2012)	
  	
  
A.	
  Khaplanov	
  et	
  al.,	
  JINST	
  8,	
  P10025	
  (2013)	
  
F.	
  Piscitelli	
  and	
  P.	
  van	
  Esch,	
  JINST	
  8,	
  P04020	
  (2013)	
  
F.	
  Piscitelli,	
  Ph.D.	
  thesis,	
  University	
  of	
  Perugia	
  (2013)	
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Macrostructures	
  design	
  (FRM-­‐II/ESS)	
  

•  Mul-ple	
  conversion	
  layers	
  (5)	
  
•  MWPC	
  concept	
  
•  Uniform	
  coa-ng	
  performs	
  befer	
  
•  Macrostructures	
  increase	
  (layer)	
  efficiency	
  by	
  a	
  factor	
  1.5	
  
•  Performance	
  simulated,	
  measured,	
  understood	
  

I.	
  Stefanescu	
  et	
  al.,	
  Nucl.	
  Instr.	
  Meth	
  &	
  Phys.	
  Res.	
  A,	
  727,	
  109-­‐125	
  (2013)	
  
I.	
  Stefanescu	
  et	
  al	
  2013	
  JINST	
  8	
  P12003	
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Tube	
  detector	
  

vacuum	
  tank	
  

detector	
  banks	
  

10B4C	
  coa-ng	
  

10m	
  

0.5m	
  

•  Analy-cal	
  calcula-ons	
  in	
  place	
  
•  Detailed	
  simula-ons	
  in	
  progress	
  
•  Prototyping	
  phase	
  (propor-onal	
  counter)	
  
•  Tests	
  with	
  AmBe	
  source	
  and	
  beam	
  in	
  progress	
  

0.5m	
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Analy-cal	
  evalua-on	
  I:	
  Efficiency	
  

K.Kanaki	
  et	
  al.,	
  J.	
  Appl.	
  Cryst.	
  46,	
  1031–1037	
  (2013)	
  
F.	
  Piscitelli	
  and	
  P.	
  van	
  Esch,	
  JINST	
  8,	
  P04020	
  (2013)	
  
F.	
  Piscitelli,	
  Ph.D.	
  thesis,	
  University	
  of	
  Perugia	
  (2013)	
  

•  Capture	
  and	
  ion	
  escape	
  included	
  in	
  the	
  calcula-ons	
  
•  Back-­‐sca*ering	
  efficiency	
  higher	
  than	
  transmission	
  -­‐>	
  working	
  choice	
  
•  Room	
  for	
  op-miza-on	
  by	
  

•  further	
  increasing	
  the	
  neutron	
  incident	
  angle	
  
•  varying	
  the	
  boron	
  layer	
  thickness	
  
•  addi-onal	
  conver-ng	
  layers	
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Analy-cal	
  evalua-on	
  II:	
  Resolu-on	
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•  δθ	
  =	
  |	
  θn-­‐θn-­‐1|	
  
•  δθ/θ	
  <	
  10%	
  at	
  the	
  detector	
  area	
  with	
  highest	
  

occupancy,	
  far	
  be*er	
  than	
  what	
  required	
  
•  λ	
  and	
  Q	
  resolu-ons	
  are	
  detector-­‐specific	
  
•  Impact	
  of	
  azimuthal	
  angle	
  negligible	
  
•  Resis-ve	
  wires	
  or	
  segmented	
  cathodes	
  can	
  be	
  

used	
  for	
  2D	
  resolu-on	
  
12	
  

polar	
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Simula-on	
  tools:	
  
Diffrac-ve	
  processes	
  in	
  Geant4	
  

•  For	
  neutrons	
  of	
  a	
  few	
  Å	
  diffrac-ve	
  scafering	
  becomes	
  important	
  
•  Respec-ve	
  physics	
  processes	
  not	
  included	
  in	
  Geant4	
  
•  Func-onality	
  added	
  with	
  the	
  integra-on	
  of	
  NXSLib	
  library	
  from	
  McStas	
  
•  NXSLib	
  –	
  Geant4	
  integraMon	
  extends	
  the	
  capabiliMes	
  of	
  Geant4	
  to	
  become	
  a	
  

complete	
  tool	
  for	
  invesMgaMons	
  at	
  neutron	
  sca*ering	
  faciliMes	
  

T.	
  Kifelmann,	
  poster	
  NPO2-­‐138,	
  NSS	
  IEEE	
  2013	
  
T.	
  Kifelmann,	
  CHEP	
  2013	
  proceedings	
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Efficiency:	
  Geant4	
  vs.	
  analy-cal	
  
•  simplified	
  cylindrical	
  geometry	
  
•  neutron	
  wavelength	
  =	
  2	
  Å	
  
•  Al	
  vacuum	
  vessel	
  window	
  =	
  0.3cm	
  
•  Al	
  detector	
  window	
  =	
  0.3cm	
  
•  below	
  2°-­‐3°	
  the	
  comparison	
  is	
  	
  
	
  	
  	
  	
  not	
  reliable	
  due	
  to	
  detector	
  edge	
  effects	
  

14	
  Geant4	
  is	
  validated	
  for	
  coherent	
  neutron	
  sca*ering!!	
   14	
  



Impact	
  of	
  scafering	
  on	
  efficiency	
  

15	
  

•  Geant4	
  realis-c	
  LoKI	
  geometry	
  with	
  octagonal	
  cross	
  sec-on	
  
•  Al	
  vacuum	
  vessel	
  window	
  =	
  0.3cm	
  
•  Al	
  detector	
  cathode	
  window	
  =	
  0.1cm	
  
•  Sca*ering	
  impact	
  on	
  efficiency	
  has	
  to	
  be	
  minimized	
  

no	
  scafering	
   with	
  scafering	
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Neutron	
  energy	
  determina-on	
  
•  Idea:	
  deconvolu-on	
  of	
  neutron	
  energy	
  spectrum	
  
	
  	
  	
  	
  	
  	
  with	
  sta-s-cal	
  inference	
  methods	
  	
  
•  Method	
  is	
  applicable	
  for	
  all	
  mul--­‐layer	
  detectors	
  
•  Bonner	
  sphere-­‐like	
  deconvolu-on	
  
•  Exploit	
  the	
  depth	
  of	
  interac-on	
  
•  Absorp-on	
  profile	
  measurements	
  from	
  3	
  facili-es	
  
	
  	
  	
  	
  	
  as	
  first	
  approach	
  (monochromator	
  &	
  chopper	
  lines)	
  
•  1	
  MSc	
  and	
  1	
  PhD	
  student	
  working	
  on	
  the	
  topic	
  
•  First	
  results	
  are	
  very	
  encouraging!	
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Deliverables	
  for	
  Phase	
  1:	
  	
  
documents	
  to	
  be	
  prepared	
  by	
  November	
  2014 	
  	
  

Monthly	
  discussions	
  &	
  	
  
quarterly	
  document	
  revisions	
  
with:	
  
•  instrument	
  scien-st	
  (Andrew)	
  
•  instrument	
  engineer	
  (Stewart)	
  
•  detector	
  scien-st	
  (Kelly)	
  communica-on	
  folders	
  

forgofen	
  in	
  the	
  official	
  list,	
  added	
  by	
  us	
  

mercurial	
  screenshot	
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Snapshot	
  of	
  the	
  LoKI	
  detector	
  schedule	
  

•  Not	
  redone	
  yet	
  
•  Covers	
  first	
  year	
  
•  Assumes	
  all	
  people	
  

are	
  already	
  hired	
  
•  Generic	
  approach	
  for	
  

beam	
  monitors:	
  will	
  
be	
  done	
  commonly	
  
for	
  all	
  instruments	
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Summary	
  
•  Extensive	
  10B	
  technology	
  development	
  at	
  ESS/ILL/FRM-­‐II	
  
•  Several	
  geometries	
  are	
  considered	
  	
  
•  Other	
  technologies	
  monitored	
  and	
  supported	
  
•  Final	
  decisions	
  on	
  LoKI	
  detectors	
  in	
  2016	
  
•  Advanced	
  simula-on	
  tools	
  in	
  place	
  for	
  detector	
  op-miza-on	
  
•  The	
  outlook	
  is	
  posi-ve	
  J	
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