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Update on Status of ESS
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2019/2020: NSS PI’OpOSGd Access Dates (Excludes Full Access Dates)
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@. D08 RML Lab — Early Access 10-Jan-19 (Level 1b

F---
o

EO1 — Full Access 27-Apr-19 (Level 1 MS)

EO2 Area 1 — Partial Access 27-Apr-19 (Level 1 MS

m D03 Bunker — * Early Access 03-Jun-19 (Level 1 MS)
m D01 Bunker — * Early Access 14-Aug-19 (Level 1 MS)

@- EO02 Area 2 — Partial Access 15-Oct-19 (Level 1b MS)

@ D03 Main Hall — Partial Access 01-Nov-19 (Level 1b MS)

D01 Main Hall Ph 1 — Partial Access 06-Jan-20 (Level
1b MS)

D01 Main Hall Ph 2 — Partial Access 02-Mar-20 (Level
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D03 Cranes
| Operational: 13-
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Neutron Beam Instrument Draft Schedule ¢‘ cyropen
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V2.0, 2nrd November 2016
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Neutron Instruments: Phase 1 schedule gg:m
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Update on Status of ESS Detectors




Challenge for Rate e
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What can be done with this brightness? é

oS|VY

Instrument Design Implications for Detectors

Better Resolution
Smaller samples (position and time)
Channel count

Higher flux, shorter experiments Rate capability and data volume

Lower background, lower S:B

More detailed studies .
Larger dynamic range

Multiple methods on 1 instrument Larger area coverage
Larger solid angle coverage Lower cost of detectors

—~

Developments required for detectors for
new Instruments

=+ e-wni|9H }Jo Al10J1eds



What can be done with this brightness? é

What does a factor 10 improvement imply for the detectors?

Implications for Detectors Implications for Detectors

Better Resolution sgrt(10)
(position and time) .
pixelated: factor 10

Channel count X-y coincidence:sqrt(10)

Rate capability and data volume factor 10
Lower background, lower S:B Keep constant
Larger dynamic range implies: factor 10 smaller B per neutron

Larger area coverage
| ower cost of detectors

—~~

Developments required for detectors for new Instruments

Factor of a few
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Requirements Challenge for Detectors for ESS: @

beyond detector present state-of-the art

Rate Requirements

Indirect Spectroscopy
- : factor by which requireme;
m exceed state-of-the-art
m Reflectometry

>
1 10 100 1000 Instantaneous
1 = state-of-the-art Rate Capablllty (Iog)
Increase factor
e aror Resolutlon and Area Reqmrements
A i
; ,(1,1) = state-of-the-art
2 E K The farther the box from the
1 | ' (1,1) reference point, the
: K bigger the challenge for
ks detectors.
q
q
4
Diffraction Resolution
L S /S improvement
i : : : > factor

I 1 2 3 4
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Detectors for ESS: baseline for selected CoACLxTOn

Instruments
Instrument Key requirements |Preferred detector |Ongoing
sub-class for detectors technology developments
Small Angle SKADI Pixel size, count-rate, Pixellated Scintillator = SonDe (EU SonDe)
Large-scale Scattering LOKI area 10B-based BandGem
structures i
Reflectometry FREIA Pixel size, count-rate  10B-based Ml.JIt'BIade (EU
ESTIA BrightnESS)
Powder diffraction DREAM Pixel size, count-rate 10B-based Jalousie
. . HEIMDAL 10B-based Jalousie
Diffraction _ : : :
Single-crystal MAGIC Pixel size, count-rate = 10B-based Jalousie
diffraction NMX Pixel size, large area  Gd-based GdGEM uTPC(EU
Strain scanning BEER Pixel size, count-rate 10B-based AmCLD, A1CLD
Engineering Imaging and ODIN Pixel size Scintillators, MCP, wire
tomoaranhv chambers
Direct geometry  C-SPEC Large area
T-REX (3He-gas unaffordable) 10B-based MultiGrid (EU BrightnESS)
Spectroscopy VOR
Indirect geometry BIFROST  Count-rate He-3 PSD Tubes
3He-based
MIRACLES He-3 PSD Tubes
VESPA Count-rate 3He-based He-3 PSD Tubes
SPIN-ECHO Spin-echo tbd tbd 3He-based/10B-based

Good dialogue and close collaboration needed for

arxXiv:1411.6194 . . .
successful delivery and integration 19



Baseline Detector gg‘m

Technologies for Initial Suite

Imaging: 1 instrument Detectors for ESS will comprise  piffraction: 4 instruments
many different technologies

NMX: 1 instrument

Direct Spectroscopy: 3 instruments

Indirect Spectroscopy: 3
instruments

SANS: 1 instruments / \SANS: 1 instrument

® Boron-10 ® Scintillator
' Helium-3 ® Gd-GEM
® High Resolution

Reflectometry: 2 instruments



h EUROPEAN
Schedule: Where are we for detectors :zs:zz"w

Detector schedule is longer than the instrument build schedule

photons

n or char S »_’_._ “DMSC-land”

PR amplify digitise ~ algorithm E
gain order may be different, or step skipped =
2011 2012|2013 2014 2015 2016|2017
Detector People, Electronics Instrument
Prototype workshops Detector Design
Detector Designs Strategy for and facilities,
Coatings  Conceptual NSNS, Instrument | c5/pMSC Electronics
Desians Instrument Designs
9 Designs Instrument ICS/DMSC
conceptual design o
Electronics Desi Construction Construction Construction Installation Installation Installation
/cs/pmsc - oSN
Des Construction Installation Installation Installation Commissionin  Commissioning Commissioning
esign g
Constructio Installation Commissioni Commissionin Commissionin Operation Operation Operation

n ng g g
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®  Thin Films Workshop h.v

LINKOPING UNIVERSITY

*ESS Facility, co-located with
Linkoping University for synergies in &
expertise and facilities =
*Just moved across the road to
location available until 2025

*Industrial coatings machine and
productlon line setup

—_—

M

=

.Capacnty >1000m2/year coated i
with 10B4C v eesourT

*If interested in coatings: contagt us Cuwstom
*Please give feedback!

-—




Detector Workshop

Up and
running in
Lund

- Also:
*Mechanical
workshop
*Source Facility
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Some examples of detector technology
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MultiGrid and Multiblade




10Boron-based Thin Film Gaseous [ __3 o

SPALLATION

Detectors N\

YB4+n—T"Li*+4He — "Li+*He + 0.48MeVy-ray + 2.3 MeV  (94%)
TLi+4He +2.79MeV  (6%)

Efficiency limited at ~5% (2.5A) for a single layer

enatB contains

80 at.% 1B and gas volume
20 at.% '°B

neutron

* Boron is difficult to deposit
« Use 10B,C

« Conductive, stable




Enhancing the efficiency of
10B-based Neutron Detectors ggﬁ**cfm

. gas
Multi layer volume
@
neutron

Generic approaches to improve
efficiency

Grazing angle (<10

) gas
volume

neutron




TECHNISCHE SOURCE

uNiversaT JNEUTRONS Perpend|CUIar Geometry

MUNCHEN JFOR SCIENCE

LY/ /  Efficiency of 1°B Detectors: @Eszam

Single layer is only ca.5% 108,C layer substrate

Calculations done by many groups
Analytical calculations extensively verified with prototypes and data
Details matter: just like for SHe
neutrons
Multilayer configuration (example):
Multi-Grid 3He tubes — 1 inch — 4.75 bar
1 T T T T T T T T T T 1 ‘
S diameter
o 0-9_.....-.........-........-..................................................;...-.... ....—.’:._
= 0.9F d red
5 cad space cONSICE
— 0.8
™
— 3 g
o 8 06k 307
< < :
00 o5k
I_ 0.61
m (W | M. [ CONRURNNN WEURWRUOUIN RPN SRR SOSTAR. i i
Z — Jam
— 1 : ; i | ——optimized for distr. 0.5F
ﬂ 03 L ;.; ........... . .......... .,‘ ..... —optimized for 10A H
3 ; ; : : ——optimized for 6.34A
>b0% @1.8A | _cmmimia] o, + + +
02— 4 & 8 10 12 14 16 18 20 0 5 10 15 20

wavelength (A) wavelength(A)



Efficiency Optimizations zzﬁ;zfm
w Ol brightness . §

e - o FOR SCIENCE®
5 'g”y:n E{'
& . 1 3 " 4_\.

Efficiency as a function of wavelength for
MG optimized for cold vs. thermal spectrum

0.9

0.5um 42 Would like to test: RN

1.0um > Y IR A —

1.5um R AU R O A N N S

Layer thicknesses in MG.CNCS (16 blades): Sos- /) s

7 blades 0.5um, So4 A/ e l ,,,,,,, RN NS TS NI NS A e e e

7 blades 1.0um, os [4 b Lo R S

3 blades 15pm ool /. | 7777777 777777 : 7777777 777777 7777777 i;)ztlmlzatlon for 1A 7_

Would like to test: S e T aonordB g

Proposed for a thermal detector (20 blades): % 1 2 3 4 s évav;en éh(As;a 10 11 12 13 14 15
4 blades 1.0um, | o
10 blades 1.25um, * Cold — optimization centered on 4A

6 blades 2.0um. « Thermal — optimization centered on 1A
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 First 16 instruments chosen NEUTRONS
FOR SCIENCE®

« 3 ToF spectrometers for ESS

« CSPEC and T-REX — design
phase

 VOR — accepted proposal

*  Multi-Grid as baseline detector
technology

insimen G PEC  5E¢_lVon

HEIMDAR

Sample— 3.5m .
detector REA

Detector 3.5m 2.2 m 3m*
height

SFK
Detector 29 m? 21 m?2 37 m2* ‘
area A

ORI

15 (+1) Neutron
Instruments (2025)

*preliminary
50 m 100 m 150 m




CSPEC at ESS

Cold spectrometer
0.2 meV <E; <20 meV

29mz2 detector
Horizontal coverage 5° to 135°
Vertical coverage -25° to 25°

TECHNISCHE
UNIVERSITAT
MUNCHEN

EUROPEAN
SPALLATION
SOURCE




EUROPEAN

Multi-Grid Detector Design e

FOR SCIENCE

e _ —_— example from LET@ISIS
o i & e N v ‘0 F v — ‘ 'I-;'-" "F 10

N
—t ‘ V' N B
0.5um o b - Very background 1

sensitive technique

Counts (ps)

1.0um
1.5um

Designed as replacement
for He-3 tubes for largest
area detectors

Cheap and modular
design

Possible to build large
area detectors again

20-50m2 envisaged@ESS




Demonstrator Test at SNS on CNCS
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LL: s
Bruno Guerard, Jean-Claude Buffet, NEUTRONS
Jean-Francois Clergeau, Anthony Leandri ~ FORSCIENCE”

ESS.:

Anton Khaplanov, Fatima Issa, Richard Hall-Wilton, Oliver
Kirstein, Tomasz Brys, Michail Anastasopoulos, Isaak Lopez
Higuera, Richard Bebb, Sara Arranz, Carina H6glund*, Linda
Robinson*, Susan Schmidt*

Centre for Energy Research (Hungary): )

Eszter Dian mta E

LinkOping University:
Jens Birch, Lars Hultman, (also *)

LIQPGU IVERSITET

Ken Herwig, Georg Ehlers, Michelle Everett, Kevin Berry

SNS:

Earlier — the participants of the CRISP project on Large-A
detectors.

CRISP i

AT

IION HEUIROH SOURCE

Horizon 2020 grant agreement 676548

WP 4.3: Large-Area Detectors

Previous publications:

B4C layers:

*C. Hoglund et al, J of Appl. Phys. 111, 104908 (2012)
Characterization:

*A. Khaplanov et al., arXiv:1209.0566 (2012)

*B Guerard et al., NIMA, 720, 116-121 (2013), http://dx.doi.org/
10.1016/j.nima.2012.12.021iJ

*J. Correa et al., Trans. Nucl. Sc. (2013), DOI: 10.1109/TNS.
2012.2227798

*A. Khaplanov et al., (2014) J. Phys.: Conf. Ser. 528 012040 doi:
10.1088/1742-6596/528/1/012040

Gamma sensitivity:

*A. Khaplanov et al., JINST 8, P10025 (2013), arXiv:1306.6247
Alpha background:

*A. Khaplanov et al., JINST 10, P10019 (2015); doi:
10.1088/1748-0221/10/10/P10019

Current work:
A.Khaplanov et al. “Multi-Grid Detector for Neutron
Spectroscopy: Results Obtained on Time-of-Flight

Spectrometer CNCS" https://arxiv.org/abs/1703.03626
2017 JINST 12 P04030



http://dx.doi.org/10.1016/j.nima.2012.12.021iJ
http://dx.doi.org/10.1016/j.nima.2012.12.021iJ
http://dx.doi.org/10.1088/1742-6596/528/1/012040
http://dx.doi.org/10.1088/1742-6596/528/1/012040
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/P10019/meta
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/P10019/meta
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/P10019/meta
https://arxiv.org/abs/1703.03626
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Multi-Grid test at CNCS

L 4

Installation I Do
DStta 'f[‘t'o_ GRMp e_tbeld B10 Multi-Grid Detector
etector inaccessible ~ Performance is equivalent
for next 6 months | T e I to that of He-3 detectors
m! ‘||lt T ]
| | | i; L[] L | :

| |
ARRRRRERINE | | UL | a2
‘ | ]| | | \ RRRR | l A.Khaplanov et al. “Multi-Grid Detector for Neutron
l 1 l ’ Spectroscopy: Results Obtained on Time-of-Flight
| 5 Spectrometer CNCS" https://arxiv.org/abs/1703.03626
‘ ‘ i ‘ 2017 JINST 12 P04030

IlIIIII (L

Hmum_mm 0L

* Test side-by-side with existing technology in
world leading instrument

* Realistic conditions. Long term test.

«“Science” or application performance

« 2 different technologies on the same
iInstrument



https://arxiv.org/abs/1703.03626
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brightness

Construction of MG.CNCS in Lund

[/
NEUTRONS
FOR SCIENCE




o)
Operation since 2016-07-14 gz m .)
brightness

Rate in Multi-Grid

2

rate in MG, H

First day

50
days since 2016 July 1<

Operating without possibility of access since installation
Count rate stable to within 1-2% for a constant setting

38
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Counts

Elastic Energy Resolution
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brightness

NEUTRONS,_
FOR SCIENCE

Vanadium, 4.5 meV Vanadium, 8 meV Vanadium, 12 meV Vanadium, 15 meV
: : " Mulli-Grid —— Multi-Grid —— Multi-Grid
—He3 ——He3 —— He3
10" <
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10'
) 10
10
1 08 -06 -04 02 _0 02 04 05 08 s -t 08 06 -0s E;‘%fg Troneter ey 4 06 08 1 2 45 -1 05 _0 05 15 S5 1 08 o 05 1 15 2
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Efficiency

-1 -08 -06 -04 -02 0.2

[ . 04
Energy Transfer, meV

Vanadium, 2.49 meV

|
-1 -08 -06 -04 -02 [ 02
Energy Transfer, meV

Vanadium, 3.32 meV

-04 -02 0 0.2 0.
Energy Transfer, meV

Vanadium, 1.55meV
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brightness

/[
NEUTRONS
FOR SCIENCE

Efficiency
o
(e))
I

o
~
T

02/ / ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,, —— Calculation 6 bar He3 tube | |

4 Measurement

—— Calculation MG.CNCS

0 i \ \ \ \ \ \ \ \ \
0 1 2 3 4 5 6 7 8 9 10 11
wavelength, A

Counts from integral of the elastic peak in dE
Efficiency measured relative to the nearest He3 tubes
Error bars: 5-8%, agrees with prediction
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Single Crystal Reflection

N g

\HW H; 5D

J

lll

NEUTRONS
FOR SCIENCE

A single crystal reflects neutrons
according to Bragg’s law:

nh =2dsin(0 /2)
Resulting in an intense spot seen by
detector

Reflected beam at E,
= 17.20meV

Crystal

Reflected beam at E
= 13.74meV

Incident

No loss of position resolution or
beam

saturation observed in Multi-Grid




Methods Used for Tests

Vanadium

Vanadium, 1.55meV
T

] 1 1
4000 6000 8000 10000

time, us

Water, Ice

Water, 295K, 2.5 meV, 6 meV

: —2.5meV
f ——6meV

in MG, Hz

rate

-4 2 0 2 4 6

-6 -
Energy Transfer, meV

-8

-10

Allowing to measure:

T T
i —— Multi-Grid|
\ He3 ]

EUROPEAN
SPALLATION
SOURCE

brightness
[/

NEUTRONS

Fast neutrons (fission, prompt)

UGe2, 2.0 meV

500 , ®
50 FOR SCIENCE
450150 . 40
Single crystal
o ingle crysta
20 .
,, 300 50 Front view
2 10
S 250}
8 -
200 Sg5 5.9 %6 6.7 6.8
150} x 10"
1001 ‘—Multi—Grid
50 | —— He8 L
92 54 56 58 6 62 64 66 68 7 7.2
time, us x 10°

Background
Gamma background

(Nal detector)

S

....................................................................................................... .g
o

...... o

= g2 B4
days since 2016 July 1¢

10’

2 4 6 8

Layer #

2000 3000

channel number

0 1000 4000

Energy resolution, efficiency, scattering, background sensitivity, saturation



Results of CNCS Test

brightness

Operation with no access for 11 months, until end May. "ll

Essential demonstration. MG is now the baseline detector for CSPEC & T-REX neutrons.

Energy resolution, efficiency, backgrounds O
shown to be comparable between MG and He3.

Better performance at high rate in Multi-Grid

JINST paper, 2017 JINST 12 P04030 https://arxiv.org/abs/1703.03626 for all results

PrePARED FOR suBMmissioN To JINST

Multi-Grid Detector for Neutron Spectroscopy: Results
Obtained on Time-of-Flight Spectrometer CNCS

Thanks to the colleagues at SNS for this
Oppo rtu N |ty an d Cooperat|0n ' M. Anastasopoulos,® R. Bebb,? K. Berry,? J. Birch,® T. Bry$,? J.-C. Buffet, J.-F. Clergeau,?
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AsstrAcT: The Multi-Grid detector technology has evolved from the proof-of-principle and char-
acterisation stages. Here we report on the performance of the Multi-Grid detector, the MG.CNCS
prototype, which has been installed and tested at the Cold Neutron Chopper Spectrometer, CNCS
at SNS. This has allowed a side-by-side comparison to the performance of He-3 detectors on an
operational instrument. The demonstrator has an active area of 0.2m2. It is specifically tailored
to the specifications of CNCS. The detector was installed in June 2016 and has operated since
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\lext teps: brightn%

* Data analysis still ongoing
*“Thermal” instrument demonstrator planned

* In past couple months, have visited
4SEASONS@JPARC, DIN-2PI@IBR2 and

SEQUOIA@SNS to investigate feasibility and
interest

* Services, vacuum, etc under design
* Integration into instrument design
* Design for CSPEC and TREX started
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EUROPEAN

QICHS - £55 DG simulation projects ess

« Several projects, the majority of detector demonstrators have been modeled

(E. Dian, G. Galgoczi, K. Kanaki, M. Klausz, D. Lucsanyi, V. Maulerova, D. Pfeiffer, I.
Stefanescu,

C. Sgrgaard)

— macro-structured MWPC — B/Gd-GEM
—  Multi-Grid — flat MWPC — Jalousie
— Multi-Blade — plastic scintillators — Si sensors
— He-3 — Source Testing Facility@LU — boron-coated straws
— BAND-GEM
Multi-Blade Multi-Grid Si sensors

Boron-coated straws BAND-GEM He-3 tubes
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BIEHESY Simulation tools

studies
— Physics

« Coherent scattering

~020

* New tools & utilities are recently developed for neutron

NXSG4
a doi:10.1016/j.cpc.2014.11.009
http://nxsg4.web.cern.ch/nxsg4/

* Inelastic scattering _ NCrystal

* Single- and poly-crystals... https://github.com/mctools/ncrystal/w
— And more ~

» Communication —> MCPL -

* Visualisation
« Ready-to use...

Monte Carlo Particle List
https://mctools.github.io/mcpl/

—

v
ESS Coding Framework -

Geant4 simulation framework Developed by ESS Detector Group
doi:10.1016/50168-9002(03)01368-8
doi:10.1088/1742-6596/513/2/022017

19 Sept. NSS Seminar

K. Kanaki, X X. Cai, E. Dian: Optimization of detector design for instruments with simulations: Tools and applicat‘%ns
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https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1088/1742-6596/513/2/022017
https://doi.org/10.1088/1742-6596/513/2/022017
http://dx.doi.org/10.1016/j.cpc.2014.11.009
http://dx.doi.org/10.1016/j.cpc.2014.11.009
http://dx.doi.org/10.1016/j.cpc.2014.11.009
http://nxsg4.web.cern.ch/nxsg4/
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https://github.com/mctools/ncrystal/wiki
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https://github.com/mctools/ncrystal/wiki
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https://confluence.esss.lu.se/display/SD/NSS+Seminars?preview=/64913835/237732378/DG_NSS_seminar_19Sep2017.pdf
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« Neutron scattering on detector
and environment

» Study and distinguish background

Prototype

!

Full-scale detector model

effects
|

« Guidelines for detector design

Realistic
simulation

Scattered neutron Detector

Sample environment

Effective neutron energy at conversion point [meV]

EUROPEAN

Validation

!

Optimization

108}

10°L Scattered neutron

104} \

10°}

Number of counts

En .ef fective

En,real

102

2.5 3.0 3.5 4.0 4.5

5.0 5.5 6.0 6.5 7.0
E [meV]

Real and measurable neutron energy

Geant4 @Coding Framework

49




neIse Large area detector for chopper

spectroscopy - Multi-Grid

Geant4 @Coding Framework Mu lt] - G r]d

“\\\\“““llllllllll"l"""”” ° La rge area detector

* Inelastic instrument,
chopper spectroscopy

Low background is essential

« Solid B,C converter + Ar/CO,
* Aluminium frame - crystalline Al

Scattered neutron background
induced in detector

we validated simulation with data
NG demonstrator detector

~—_

A. Khaplanov §t al.
http://dx.doi.ore/10.1016/i.nima.2012.12.0

1
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http://dx.doi.org/10.1016/j.nima.2012.12.021
http://dx.doi.org/10.1016/j.nima.2012.12.021
http://dx.doi.org/10.1016/j.nima.2012.12.021
http://dx.doi.org/10.1016/j.nima.2012.12.021
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MultiGrid detector test at CNCS, SNS

Derived energy transfer at 3.678 meV from

measurement
O b Chopper spectroscopy
107} Ey¢ = Equea - Epinal Measured quantities:
— ToF
102} i — detection-coordinates

l

* Energy transfer:
| Eif = Binitiat - Efinal

'R
e
Normali § counts
”
wn

[
o
o

-

10-6 i | | | |
10-7

\ i
—— measured
1

1.0 0.5 0.0 0.5 1.0
Anton Khaplanov et al.: Energy [meV]
Multi-Grid Detector for Neutron Spectroscopy: Results Obtained on Time-of-Flight Spectrometer CNCS 52

doi:10.1088/1748-0221/12/04/P04030, https://arxiv.org/abs/1703.03626
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SOURCE

NP 2@b, MultiGrid detector test at CNCS, SNS @ss:&m

Geant4 simulation Effects on energy transfer from hits at 3.678 meV NXSG4
10° normalised to area
- bare detector ' ' '
10°} :

10%} ;
[ Elastic peak ‘

101} _ :
| Eirt = Einitial = Efinal / |

)
c
S 190
; 10 - Scattered neutron background
Y _ from detector
® 107} -
= : / :
S . .
= 107} :
107} :
104} :
105 | . . .
-1.0 -0.5 0.0 0.5 1.0

53
Neutron energy [meV]



SOURCE

NP 2@b, MultiGrid detector test at CNCS, SNS @ss:&m

Geant4 simulation Effects on energy transfer from hits at 3.678 meV NXSG4
10° | normaliscl-:d to area |
i bare detector
|— detector |
10° ?
10%} ;
[ ’ Elastic peak ‘

10t | _ _:
£ : Eir¢ = Einitiat = Efinal / :
g 100 - ]
; - Scattered neutron background
3 ! from detector
T 10} 1
= : / :
o . -
< 1072}

102}

104 }

1051 . || g

-1.0 -0.5 0.0 0.5 1.0
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Neutron energy [meV]



NP 2@b, MultiGrid detector test at CNCS, SNS @ss:&m

Geant4 simulation

Normalised counts

SOURCE

Effects on energy transfer from hits at 3.678 meV NX5G4
10% normalised to area
- bare detector ' '
| — detector
103 | —— detector + Gaussian initial energy )
102} ;
: Elastic peak
10| _ | ]
| Eirt = Einitial = Efinal / ;
0 i -
10 - Scattered neutron background
from detector
107 F / :
107+ ‘
102}
104 |
107 ' | ” !
-1.0 -0.5 0.0 0.5 1.0 55

Neutron energy [meV]



NP 2@b, MultiGrid detector test at CNCS, SNS @ss:&m

SOURCE

Geant4 simulation

Normalised counts

Effects on energy transfer from hits at 3.678 meV NX5G4
10% normalised to area
- bare detector l '
| — detector
103 | —— detector + Gaussian initial energy
H|—— detector + Gaussian initial energy + Ar in chamber =
10% :
' Elastic peak '
101+ _ ]
| Eirt = Einitiat = Efinal / |
ol )
107 Scattered neutron background
from detector 1
107+ )
107}
107}
¥
I
1
-0.5 0.0 0.5 1.0 ”

Neutron energy [meV]



Yz @ MultiGrid detector test at CNCS, SNS

Geant4 simulation

Normalised counts

104

10° H

Effects on energy transfer from hits at 3.678 meV NXSG4
normalised to area
bare detector l
— detector
—— detector + Gaussian initial energy
—— detector + Gaussian initial energy + Ar in chamber —
—— detector + Gaussian initial energy + Ar in chamber + sample environment (cryostat)
“ Elastic peak
- Eir¢ = Einitiat = Efinal / ‘
Scattered neutron background
from detector 1
; "“'*‘“‘h R
o WW
o
| _ LA
-1.0 -0.5 0.0 0.5 1.0 57
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TE}2@® MultiGrid detector test at CNCS, SNS

Geant4 simulation

Normalised counts

10% ¢

Effects on energy transfer from hits at 3.678 meV

normalised to area

NXSG4

10°

10%

107

10

107

-1.

| —— measured

bare detector

| —— detector

f —— detector + Gaussian initial energy

| —— detector + Gaussian initial energy + Ar in chamber
| —— detector + Gaussian initial energy + Ar in chamber + sample environment (cryostat)

10 F

|

Etrf = Einitial - Efinal

W
i

Elastic peak

v

Scattered neutron background

M b "
"“'*..«r&m WAt T LUV

¥ |
i
' ' |

0 0.5

0.0

Neutron energy [meV]

from detector

e 1

L
0.5
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TE}2@® MultiGrid detector test at CNCS, SNS

Effects on energy transfer from hits at 3.678 meV Validation
10° normalised to area
| Sare detecto | Energy transfer /
[|—— detector ] .
103 H|—— detector + Gaussian initial energy E reprOd uced W]th
| —— detector + Gaussian initial energy + Ar in chamber : . .
5 | —— detector + Gaussian initial energ:/, + Arin chamber + sample environment (cryostat) 1 S'I m u lat'lon at 3 . 678 mev
10| .
1- Eir¢ = Einitiat = Efinal Elastic peak .
o 107} ;
c - !
§ 10° i Scattered neutron backgroun ?::::Z’;igtil:tmn Ii.ackground
1 f | i t : « L. . .
g [ oM eaTPIC Snvironmen - Distinguish different
g 107} sources of background
S
=2

Detailed analysis and
quantification of
background effects

0.0 0.5 1.0

Neutron energy [meV] Optimization
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Simulation: Conclusion @ T

e Realistic Multi-Grid model built

Instruments with
— reproduced measured results from bett
IN6 and CNCS experiments > etter

» Ready to use for optimization signal-to-background
ratio by design

* Predicament for background
sources and levels in full-
scale detector

* Shielding and design
optimization in the level of
grids, columns and full-scale
detector
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Neutron Reflectometry: J// {
A Rate Challenge NEUTRONS

( : \ EUROPEAN
SPALLATION
SOURCE

FOR SCIENCE

brightness

*Rate requirements is high:
*Intensity of new sources
*Time structure of pulse
*Advanced design instruments

Detector

<

Specular
reflected

intensity &
o

Neutron beam

-~

>

-~
-~
-~
-
-~
-
-~
-~
~
S

-
]

x
v

———————

Instantaneous

ESS requirements

area spatial resolution | global rate local rate
(mm x mm) (mm x mm) (s7h) (s 'mm™?)
500 x 500 [<0.5,2] x 2 [5,100] - 10° | [5,300] - 10°
x10 ' x100
The state of the art
area spatial|resolution | global rate lpcal rate
(mm x mm) (mm} X mm) (s7h) (s[ 'mm™?)
500 x 500 1 x 2 100 - 10° 300
X1 x10
Multi-Blade
area spatial resolution | global rate local rate
(mm x mm) (mm x mm) (s7h) (s~ 'mm™?)
0.3x4 >1000

High detector requirements

100 kHz/mm?2

Rate Capability

1 = state-of-the-art

10

Spatial Resolution

1

100

0.5 mm

3He
technology

108
technology

Multi-blade design:

*High rate capability
eSum-mm resolution
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Wigner Research Institute N2
0]
O MWPC
0]

Multi-Blade
A single Boron layer inclined at 5 degrees 10B-detector for reflectometers

Multi—-Blade

The Multi-Blade project

High counting rate capability

High spatial resolution

Efficiency <5% at 2.5A  Efficiency 45% at 2.5A

neutrons X .
O
neutrons __: 5 sample
: \we?
§ \N\(.e..o‘
= 0 = 5 degrees
0 = 90 degrees NeUtrons

A cassette
(unit)

0 = 5 degrees




The Multi-Blade project

0]
High counting rate capability N' 5 '3
. . . o)
High spatial resolution NI
Why the counting rate capability is improved? 10B_detector for reflectometers

1. The intensity is spread over a wider surface (5
degrees ~ factor x10)

neutrons R .“‘........‘
2. Thin gap MWPC (4mm) sample
3. Low gas gain operation G~20 \N\reif.“
(max 0.2pC avalanches)
neutrons

A cassette

It
0 = 5 degrees (unit)




The Multi-Blade prOJect vessel

32 Strips e 32 ch
£ 97 ; front-end board




Summary

Multi-Blade
/ |gas gain 20
efficiency 45% @ 2.5A
J 56% @ 4.2A
65% @ 5.1A
= |spatial resolution 0.5 x 2.5 mm?
n </ luniformity 10%
T
L;) S , |overlap 50% eff. drop in 0.75mm gap
C
£
25 Y stability <1% in 12h
O
= 2 counting rate >1.6 kHz/mm2 (lower limit)
I—p
capability >17kHz / channel (lower limit)
 |9amma-ray < 1077 (with 100keV threshold)

sensitivity

V3

Multi—-Blade

x3 better than
state-of-the-art

x10 better than
state-of-the-art

F. Piscitelli et al., The Multi-Blade Boron-10-based Neutron Detector for high intensity Neutron Reflectometry at ESS, JINST 12 (3) PO3013 (2017).




CRISP reflectometer at ISIS

Multi-Blade

sample

| s e |
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Results Y-wires

Multi-Blade

detector

sduis-x
0s

001

()]

Not a dead area but the overlap avoids dead zones




Results _ Off-Specular ~
Multi-Blade
@
gtm .
-
120
1
140
180 03
irsample  Sisample  Fe/Si sample 19

10 15 20 25 30
X-strips

50 100 180 200
ToF (wins)  TOF (or 7\)

5

ffspecaler waltone p foer | oS aapemm iser

Inmeredny o)




Results

Supermirror edge
(m=3.8)

Correlated roughness

Off-specular scattering from Fe/S1 supermirror

Specular Reflectivity

All features have been clearly identified

(BT R ——
0.12 L (o0
0.1
; lD'l—.
| =
— VU3 | 2
S 0.06 | Z
' 10 2

domains from the layers

Si edge

No Transmitted beam,
0.04 ] ’ total reflection

Spin-flip scattering signal,

from the layers

0 I |

L]
-0.04 -0.02 0 0.02 0.04 Transmitted beam

pi-ps [A7] through the sample
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Why are we here?




Summary

**Need to be > x100 better on rate capability**

Multi-Blade
/ |gas gain 20
efficiency 45% @ 2.5A
J 56% @ 4.2A
65% @ 5.1A
= |spatial resolution 0.5 x 2.5 mm?
n </ luniformity 10%
T
L;) S , |overlap 50% eff. drop in 0.75mm gap
C
£
25 Y stability <1% in 12h
O
= 2 counting rate >1.6 kHz/mm2 (lower limit)
I—p
capability >17kHz / channel (lower limit)
 |9amma-ray < 1077 (with 100keV threshold)

sensitivity

V3

Multi—-Blade

x3 better than
state-of-the-art

x10 better than
state-of-the-art

F. Piscitelli et al., The Multi-Blade Boron-10-based Neutron Detector for high intensity Neutron Reflectometry at ESS, JINST 12 (3) PO3013 (2017).




The Jalousie detector @))(@ @

The Jalousie detector concept was developed by the company CDT in Heidelberg. The detector is based on the
10B-technology.

POWTEX (FRM2)/DREAM (ESS) Jalousie
detector

‘ MAGIC-Jalousie detector (ESS) HEIMDAL-Jalousie detector (ESS)

The POWTEX-Jalousie is currently under construction for the POWTEX
instrument at the FRM2 research reactor (Garching).

Design and construction of DREAM-Jalousie (ESS) scheduled to start in 2018.

M. Henske et al., The 1°B-based Jalousie neutron detector — An alternative for 3He-filled position sensitive counter tubes, NIMA 686 (2012) 151.



The POWTEX-Jalousie detector @))(@

111111

45° N6=0.47°

_—

AX~ 6.5 mm

Segment walls

lined with 1.2
Cathode strips o??°B‘:’C -

coated with 1.2 ym
10B8,C

3D matrix of 16 (wires) x 192 (cathode strips) = 10240 non-identical
sensitive elements (voxels).

>
0.8 m

192 cathode strips with AB=0.47°.

N
Ax~ 13 mm

EUROPEAN
SPALLATION
SOURCE

Ax ~ 8.6 mm

Ax ~16.8 mm
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Energy Ranges for ESS Spectrometers
brightness

|/
Energy ranges of the first ESS ToF spectrometers 'll

NEUTRONS
. [CSPEC T-REX
Typical initial A, 2 to 15 A 0.7 to 6.4 A
A (meV) (20 to 0.36 meV) (160 to 2 meV)

Measurements needed
for thermal range, up
to 160 meV

Cold range,
0.76 to 15 meV

measured
10 :::f:;::::::::::::::::::::::::::::::.:::::.:::;::;:::::::::::::::::'.::::::::::::::::::::::::::::::::::
>
o
- £ 10 Fooi Mo o iff it
1 10 100 1000 - SECESIISEESEEEEEES SEEEPEEERITEEITEEEREtIrIR! [FERL TS SEEDFSRELASPESIEPEEEs™” 4 SEEtEERes
E. (meV) ke [ : R EEeE "\ | 7]
ureTT — ey — vy iy T "5 L. p : : : : ‘ : ' . ' Paadeataded
0.12F(¢) . ° i : SRS 3 T _—— L.
- SEQUOIA l I : @ i
0.06f . o 10 ¥
o s oo e L/ | X Multi-Grid |
® HR, 180Hz| 1
E; (meV) | e HF, 300Hz|"
Incident energies used at CNCS 10~ 0 AU o S S S S S SR ettt
10°

and SEQUOIA (M. Stone et al.) | Energy, meV



Summary

* Construction is proceeding rapidly

* 15 instruments are entering construction for ESS .

* There is a baseline detector design for the@'
i
-

* Detectors are in detailed design R
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