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Outline#

•  Three#neutron#instruments#approved#by#the#ESS#
Steering#CommiFee#(STC)#in#2013#for#preliminary#
design#phase#1:#
–  NMX:#Neutron#Macromolecular#Crystallography#
–  Odin:#OpQcal#and#DiffracQon#Imaging#with#Neutrons#
–  LOKI:#small#angle#neutron#scaFering#(SANS)#

•  IntroducQon#to#LOKI#
•  Project#phases#unQl#start#of#operaQons#
•  FuncQonal#detector#requirement#analysis#
•  EvaluaQon#tools#and#preliminary#results#
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Small#Angle#Neutron#ScaFering#with#LOKI#

•  SoY#maFer,#biophysics#and#material#studies#
•  Emphasis#on#spaQal#and#temporal#heterogeneity#
•  SpaQal#resoluQon#down#to#nm#scale#
•  Sub?second#Qme#resoluQon#
•  High#neutron#flux#(109#n/cm2/s#on#sample)#
•  Broad#λ#band#(2Å?12Å)#and##
####wide?angle#scaFering#
•  Wide#Q#range#accessed##
#####simultaneously#(10?3?#few#Å?1)#
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LOKI#at#a#glance#
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Bender:#r#=#78#m#
###############l#=#4#m#

Variable#Opening#
Choppers#

Guide#3#cm#x#3#cm##

CollimaQon#up#to#10m#

OpQonal#Focusing#OpQcs#

Detector:#10m#



Approved#Instrument#Project#Phases#

5#

Tollgate#2#decision#
December#2014#

December#2016#

January#2014#

June#2019#

December#2019##



From#ConstrucQon#to#OperaQons#
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•  14#proposals#were#evaluated#in#May#
•  RecommendaQon#of#evaluated#
######instruments#for#entering#phase#1#in#
######2015#will#follow#



Phase#1#Design#DuQes#

•  Conceptual&development&of&the&instrument&detectors&
•  Performance&evalua=on&
•  Geometry&&&technology&selec=on&to&be&fully&pursued&
during&final&design&phase&2&

•  Schedule&
•  In?kind#plan#for#construcQon#
•  Define#envelopes#in#engineering#drawings#
•  DraY#commissioning#plan#(cold#&#hot)#
•  Budget#esQmate#
•  Risk#miQgaQon#strategy#
•  Interface#idenQficaQon#(organizaQonal#&#physical)#
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FuncQonal#requirements#for#LOKI#detectors#
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•  Polar#angle#resoluQon#
•  Wavelength#resoluQon#
•  Time#of#Flight#resoluQon#
•  DetecQon#efficiency#
•  Instantaneous#rate#capability#
•  Stability#
•  Background#tolerance#(intrinsic#detector#noise,#natural#components#

acQvity,#cosmics,#prompt#pulse#&#secondaries#escaping#the#guides#?#γ#and#
fast#neutrons#?#shielding,#neighbouring#instruments,#sample?dependent#
background#(incoherent,#inelasQc#scaFering))#

•  Separate#studies#per#detector#technology,#geometry#and#
parQcle#species#



Studies#on#γ#induced#background##
(MulQGrid#detector,#ILL/ESS/Linköping#collaboraQon)#
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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
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A.#Khaplanov#et#al.,#JINST#8,#P10025#(2013)#

•  neutron#efficiency:#analyQcally#calculated,#
######simulated,#measured#
•  γ#efficiency#comparable#to#3He#
•  scaFering#understood#
•  detector#induced#background#understood#
•  working#on#detector#standards#for#reliable#
######comparisons#



CollaboraQve#background#studies#with#PSI#
ESS#Detector#&#Neutron#OpQcs#and#Shielding#groups#

10#

measurements#at#the#SINQ#target#

paper#in#preparaQon#
N.#Cherkashyna#et#al.#



CollaboraQve#background#studies#with#SNS#
ESS#Detector#&#Neutron#OpQcs#and#Shielding#groups#

11#

paper#in#preparaQon#
D.#DiJulio#et#al.#



Measurements#&#SimulaQons#
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SINQ#source#G4#model#

neutron#dose#map#
around#the#SNS#target#
and#POWGEN#instrument#

hit#distribuQons#in#
Medipix#detector#
at#SNS#



Possible#LOKI#detector#geometries:#window#frame#
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•  outer#frame:#3m#x#3m,#inner#empty#frame:#1m#x#1m#
•  outer#frame:#2.4m#x#2.4m,#inner#empty#frame:#0.4m#x#0.4m#
•  0.5m#x#0.5m#

possibility#for#sliding#



Possible#LOKI#detector#geometries:#10B?lined#barrel#
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•  2π#solid#angle#coverage#for#efficient#data#taking#
•  Length#=#10#m,#width#=#0.5#m,#10B4C#layer#thickness#=#1#μm#
•  Back?scaFering#detecQon#mode#with#MWPC#
•  Higher#efficiency#and#resoluQon#at#forward#angles#
•  Detector#and#electronics#outside#the#vacuum#tank#
•  Cheap,#simple#and#easy#to#handle#arrangement#
•  Small#size#vacuum#tank#due#to#tube#dimensions#
•  MulQ?parameter#opQmizaQon# 14#

K.#Kanaki#et#al.,#J.#Appl.#Cryst.#46,#1031–1037#(2013)#

not?to?scale#

vacuum#tank#

detector#banks#

sample#
coaQng#

θ#

10B4C#coaQng#



EvaluaQon#Tools#
•  AnalyQcal#calculaQons#
•  McStas#(MC):#neutron#ray?trace#simulaQon#package#
•  Geant4#(MC):#parQcle#tracking#and#interacQons#
•  Garfield/Garfield++:#ionizaQon#in#gases,#signal#formaQon#
•  Prototyping#
•  R&D#running#in#parallel#
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DENEX#detector#

single#cell#counter#



Polar#angle#resoluQon#(analyQcal)#
10B?lined#barrel#
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efficiency#

Q#resoluQon#

•  Capture#and#ion#escape#included#in#the#calculaQons#
•  Back?scaFering#efficiency#
•  Q#resoluQon#is#detector?specific#

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)#



Pre?#and#post#sample#λ#distribuQon#(McStas)#
water#sample,#2m#collimaQon#
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Efficiency#&#ScaFering#Studies#(Geant4)#
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no#scaFering# with#scaFering#



LOKI#schedule#for#detector#R&D#and#construcQon#
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2014 2015 2016 2017 2018 2019 2020

INSTRUMENT CONSTRUCTION
Phase 1: Conceptual Design

Tollgate 2
Phase 2: Detailed Design

Tollgate 3
Construction
Installation

Cold commissioning
Ready For Hot Commissing

DETECTOR DEVELOPMENT
Multi-Blade

Proof of concept
Demonstrator
Optimization

Ready to deploy

GEM/BOND
Proof of concept

Demonstrator
Optimization

Ready to deploy
10B-lined barrel
Proof of concept

Demonstrator
Optimization

Ready to deploy

SoNDe/Anger camera
Proof of concept

Demonstrator
Optimization

Ready to deploy

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



Summary#
•  LOKI#entered#conceptual#design#phase#in#2014#
•  MulQple#front#effort#

–  analyQcal#calculaQons#
–  simulaQons#
–  R&D#
–  measurements#in#spallaQon#faciliQes#
–  evaluaQon#for#different#detector#geometries#

•  EvaluaQon#tools#in#place#
•  Requirements#collecQon#process#on?going#
•  Performance#of#detector#soluQons#on?going#
•  Tollgate#decision#end#of#2014#for#technologies#entering#final#

design#phase#
•  Instrument#construcQon#at#ESS#is#underway#
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