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Neutron Detectors for the Initial Instrument Suite at
the European Spallation Source

Richard Hall-Wilton

Leader of Detector Group
Deputy Division Head of Instrument Technologies
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ESS intensity allows studies of:
- Complex materials

- Weak signals
- Important details
- Time dependent phenomena



Upcoming Research Facilities

PIK (St Petersburg)
Open from 2019
>30 instruments to be built

© Openfrommid 2020°s
22 instruments to be built:
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New facilities needed to:
* replace capacity from closing research reactors
#F * enhance capability to enable new science

Will opeh iR _
20 instruments 'to be built-"
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Lsmsan-appropriate
“initial reaction .4 |
Comment: seems to be some naivety at the N A | v ] \ _' 11 ‘\,

moment as stocks are being emptied rapidly [} Yy

Aside ... maybe He-3 detectors are

anyway not what is needed for ESS2 | ¥V e il |
eg rate, resolution reaching the limit ... 3 ca\Q O,
Crisis or opportunity ... ¢ " S
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What is Neutron Scattering Science?
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1932: Chadwick discovers "a
radiation with the more
Fve«c:u,ti,ar Fropm&i&s” , the

neubtron,

1994 Nobel Prize in Physics
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X-ray cross section
Neutrons are: ;

* low energy
* non-damaging

.00@
¥ l.) cC O Al Si

* broad wavelength range H

Fe thermal and cold neutrons

@0 e ° o o meV
“with a small m”
> wavelength ca. A
Neutron cross section

1) Ability to measure both energy and momentum transfer
Geometry of motion

2) Neutrons scatter by a nuclear interaction => different isotopes scatter differently
H and D scatter very differently

3) Simplicity of the interaction allows easy interpretation of intensities
Easy to compare with theory and models

4) Neutrons have a magnetic moment




Charge neutral
Deeply penetrating

- Q

150 mer.

Li motion in fuel cells

Red Blood
Cells
~7000 nm

\ EUROPEAN

| SPALLATION

S=1/2 spin Nuclear scattering

Directly probe magnetism Sensitive to light elements
and isotopes

12

Solve the puzzle of High-
Tc superconductivity

Efficient high speed trains Better drugs

Problng Iength scales and dynamlcs

g NP

| AT,
$ s b4
% * S

DNA~2 nr*
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Present and Future of Neutron Research Facilities




PIK (St Petersburg)

NIST (Gaithersburg)
ESS (Lund) JINR (Dubna) HANARO (Daejeon)

- 2y

SNS T2 (Oak Ridge)

-
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b, J-PARK (Naka)
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ISIS (Dldcot)

LLB (Parls)

b

SNS (Oak Ridge) CSNS (Donggua

/

HZB (Berlin)
/

ILL (Grenoble) .

/ FRM Il (Munich)
- ANSTO (Lucas Heights)

CNEA (Bariloche)

B + Active centers 4 Upcoming centers

... AND THESE ARE ONLY 14 OF THE ALMOST 50 NEUTRON RESEARCH FACILITIES WORLDWIDE



-
7 >~

” The European Spallation Source: e
view to the Southwest in 2025 \3/ e
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Science City —a new part of town
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iresearch facility, under construction, opens up in 2016
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ESS: Project commitments €55 ) sauanon

= — . ,
' 2fOject: 17.countries by

22 Public Instruments, Stte of—the ari i:ec[%ne_[bgleé? - o
Construction costof 1,843B€ e

Steady-State Ops at 140 M€/year



Decision: ESS will be
built in Lund

First European design effort
of ESS completed

Time plan

4| Construction work starts

on the site

1 ESS construction
complete

3 - ESS starts
. user program

2067
ESS Decommissioning
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O
i
O
=
p
fd
7
G
®
(5
(Vo)
L

3 G




= " TN A

ESS construction
13 October 2016
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ESS Neutron Instrument positions: 7 f\*‘\mm
December 2016 N

-

‘Nuclear Physics

UPCPCAN A1 Institute
S il Geesthacht <+ ',‘
eatrum fir Mzterial. une Mistendonchan ]

«Bﬂ

: : : : Helmholtz-Zentrum

Lead Partners for instrument
construction
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IRACLES\
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HEtvDAL P2

AARHUS UNIVERSITE

#) JULICH

Sonaiglio VESPA

Nazi nn:ul( delle
Ricerche

&estin .
o JULICH PAUL SCHERRER INSTITOT £SS |n_Kind _—

‘ sample environmen
systems etc.

SKADI

ESS Instrument Layout (December 2016)
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Neutron Beam Instrument Draft Schedule

V2.0, 2" November 2016

. Access DoP€am on Start Hot Start User
rrent t issi
Commissioning of test beam — to iy Access Target /1% Commission Program
date DO3 spectrum User instruments
demonstrate performance and
. . . \
inform instrument projects \
P:'QIRPOH Bun<er
------- Test Scamlne e REEEE CRPSTERRRRRSRE S || B [
X ey
Notes; ‘ " | )
S — )
 Access & B.0O..T dates yet to e : ’
be confirmed T SPECwa| o S—
. Instrumet:.t dates from West | Zrvoaius e — ‘ -3 i m (I .
p g Sector DIFROST wic ‘ : ‘ | - ﬂ' | Th g
* HCstart; TRt T T —m——— — 3
— E]
> E 2200 MeV b I —— . i —— g
> P > 200 kW PMIRACLES ws by “'_' —aet_EE__EN_1 LT, 2
> January 2021 el LN 2 3
Lok m“
North FRELA MG [ — ‘ﬁ ';
sector ‘ —,
acmNe: ‘
DREAN ‘ﬁ . 1
Preliminary Design| | East and ‘_‘__
Detailed Designl | SOUth "”ci;ﬁmz B B B 1 i
Manufacturing & Procurement_ sectors SKADI — I ! . = -
Installation & Integration| VESPA=r —_— . _—ra e ——————————
Hot Commissioning and early science | || ) i—l——t]
Operation 2016 D22 203 20i4 2025 ¢
20
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DETECTOR

q.’f, / TBEAM MONITOR

NEUTRON OPTICS [
and SHUTTER PRF

BEAM LINE SHIELDING

lCHOPPER 1

CHOPPER 2

Maonitor 2

. 77 "™W ¢« NEUTRON OPTICS

- GUIDE

divergence
i

71\

NEUTRON OPTICS
. POLARIZER

FLIGHT TANK ¢
SAMPLE

Ve

CHOPPER 3

DETECTOR ] A AN )
BEAM MONITOR |.+—, [RiSSgessesaitis

DETECTOR
-ARRAY




Neutron Instrumentation
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Technology N
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e ESS will be more powerful and several times brighter than existing facilities.
 However, over the past decades the major order of magnitude gains have been in the

instrumentation design 1.0
0.9

0.8

eg neutron eg neutron fransport g; nickel
moderators “neutron optics” 5 o0s]
/ \ T 04
\L 0.3—_
tx10 * Neutron guides use this o
g™ _ o o, e . ) )\ = 5A
< ESS 5 MW A=1.5A Crltlcal.ang!e for-mjcernal 0'000 02 04906 08 10 12 14
7 2015 design reflection, in a similar way ¢ o]
thermal moderator . .
6 - to optical fibres T

=1 _

ESS 5 MW
2013 design (TDR)

Brightness (n/cm?/s/ster/A)

0 1 2 3 4 time (ms)

e The advances in neutron detection have been more
modest, until recently ...
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how we get from here to there

Detector Strategy
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Basic Principle of Neutron Detectors (eg;-;u i
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Efficient neutron converters a key component for neutron detectors

converter

photons

collect
or charqge

disk / “dmsc-land”

charge or

photons amplify ~ digitise  algorithm

order may be different, or step skipped

“Converter” Defoctor” “Electronics”
etector




Isotopes Suitable as Cold and N

Thermal Neutron Convertors

reaction energy particle energy |particle energy
n ("He, p) °H +0.77MeV | p 0.57 MeV [°H 0.19 MeV
n (°Li, o) °H +4.79MeV | « 2.05MeV |°H 2.74 MeV
93 %

n ("B, o)’Li +2.3 MeV +7(0.48MeV) | ¢ 1.47 MeV |'Li 0.83 MeV
7%

n ("B, o) 'Li +2.79 MeV | 177 MeV | Li 1.01 MeV
n (“°U, Lfi) Hfi +~100 MeV | Lfi <= 80MeV |Hfi < = 60 MeV
n(""Gd, Gdye” +<=0.182MeV | conversion electron 0.07 t0 0.182 MeV

Table 1: Commonly used isotopes for thermal neutron detection, reaction

products and their Kinetic energies.

* Inregion of interest, cross sections scale

roughly as 1/v
* G. Breit, E.\Wiegner, Phys. Rev., Vol. 49, 519, (1936)

* Presently >80% of neutron detectors
worldwide are Helium-3 based

| ) SPALLATION
// SOURCE

Only a few isotopes with sufficient
interaction cross section

To be useful in a detector
application, reaction products
need to be easily detectable

10¢

He-3 (n, p) -
10° b= - -
g B8-10 (n, @)
3
o
—
0
7
§ 10 b~
[+ o
O |cold
1=
1eV 1 keV
10°l | I | | L ] L
1020 10" 1 10’ 10? 108 10¢ 10 10% 10°

NEUTRON ENERGY (eV)
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can be large qrrays: of 10s of m?

Tl

Helium-3 Tubes most common

Typically 3-20 bar Helium-3

8mm-50mm diameter common

Using a resistive wire, position resolution
along the wire of ca. 1% possible

V[ Curved 1D MSGC for the D20 Powder Diffractometer (2000)

NEUTRONS
FOR SCIENCE

INS@ILL

First micro pattern gaseous detectors was MSGC
invented by A Oed at the ILL in 1988
& Rate and resolution advantages
[ Helium-3 MSGCs in operation

48 MSGC plates (8 cm x 15 cm)
! Angular coverage : 160° x 5,8°

Readout pitch : 2.57 mm ( 0,1°)

5 cm conversion gap

1.2 bar CF4 + 2.8 bars 3He

Efficiency 60% @ 0.8 A
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What can be done with this brightness ‘93‘5 SPALLATON
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Instrument Design Implications for Detectors

oS|V

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

**** c-wnl|oH }o Adaeds

Developments required for detectors for new Instruments
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What can be done with this brightness €85/ :u

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 eout 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

Lower cost of detectors Factor of a few

Developments required for detectors for new Instruments
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Requirements Challenge for Detectors for ESS: (& e

beyond detector present state-of-the art

Rate Requirements

Indirect Spectroscopy
: : factor by which requirements
m exceed state-of-the-art
m Reflectometry
>

1 10 100 1000 Instantaneous
1 = state-of-the-art Rate Capablhty (Iog)
Increase factor
detector area Resolutlon and Area Requirements
A i
i '(1,1) = state-of-the-art
i B | ks The farther the box from the
| ’ (1,1) reference point, the bigger
I ,' the challenge for detectors.
'l
q
q
’
' ' Resolution
ol aaannnny |S pmmameeesse e improvement
1 . . . . W > factor

1 2 3 4
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allenge for Rate s L

3 2013 design (TDR)

x1014
8 o

< ESS 5 MW A=1.5 A
s 7 2015 design

» thermal moderator

D 6

T

S 5

-

~ 4

7 ESS 5 MW

)

j=

c

o)

M

0 1 2 3 4 time (ms)
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Science & Technology Facilities Council

ISIS
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Science & Technology
W@ Facilities Council
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d , CDT GmbH
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Neutron diffraction in

o e Mt
AT Sern

Rise DTU

National Laboratory for Sustainzble Energy

e GEANT4 is an invaluable simulation tool

« However, thermal/cold neutrons not well
validated

 No support for crystal diffraction

A new plugin NXSG4 allows neutron
diffraction in polycrystalline materials

e Based on nxs library, used in McStas, Vitess

* Using simple unit cell parameters, only low
energy neutron scattering is overriden. All
other GEANT4 capability retained.

 Available at http://cern.ch/nxsg4

e J.Comp Phys Comm 189 (2015) 114

Monte Carlo Particle Lists: MCPL: Allows to pass particles between McStas, MCNP, GEANT4

httos:// ls.github.io/mcol/

T. Kittelmann et al., subm. J. Phys Comm (2016) https://arxiv.or

Interaction cross section [barn]

polycrystalline materials:
Add-on for GEANTA4
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"I"'I"I"r'I'IHT”"
..l...l..I..l.I.lJJJ...

Oyt (EXFOR data)
Geant4 absorption only
— — Geant4 (original)
Geant4 (with NXSG4)

.................................................................................

'I"'f"l"H'IHT'"
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10'2,5:_— ---------------- R —5
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107 10° 10° 107 10° 102 107 1 10

Abstract N28-18 this week

abs/1609.02792

Neutron kinetic energy [eV]

Scattering angle [*]

ScaHermg in AI

1 2 3 5 5]
Neutron wavelength [A]



http://cern.ch/
https://mctools.github.io/mcpl/
https://arxiv.org/abs/1609.02792

il Simulation of Neutron Scattering (L& awos

: Lo ’ %, ) SPALLATION
National Laboratory for Sustainable Energy 7/

- in Crystalline Material N
orightness ystalline Viateriass

Sapphlre at 300k

* “NCrystal" models physics of thermal neutron transport — G4 capuure only |
. . . . 30 — sapphire fitting, Mildner and Lamaze, 1998 | |
in poly- and single-crystalline materials § & G4 capture + inelastic + elastic (10 mosacity)
® § G4 capture + inelastic
* Interface to MC models: GEANT4, MCNP, McStas 25-§ ShARa
The scattering physics in NCrystal is a combination of the inelastic and elastic i
scattering processes. The double differential cross section describes the likelihood E 201
of a neutron being scattered into a small solid angle d2 with final energy between S
E’ and E' + dE’. It can be expressed as S 151

0?0 B 0?0, N 0%0
OE'0Q  OE'0Q  OE'OQ

NCrystal — ——— 7

data-driven models in red , , , , , , ,
therory-driven models in blue 0 2 4 6 8 10 12 14 16

Wavelength, angstrom
single crystal
Bragg model
continuous thermal
@rystal Bragg m@ scattering

\

elastlc scattering pr@ 1nelastlc scattering process

polycrystal Bragg n’@\ CE format discrete mo@
single crystal
Bragg model

-
o
T

Extension under
development



SKADI layout: SANS instrument

Neutron Choppers Sample Area Detectortube
Extraction

Sample Area

385m

Total Length
59.4m

Collimation

Polarizer,
Spin Flipper . ) =

Bunker Heavy shutter

* 2 moving detectors
1m? — pixel 6 mm
400 modules / detector
e 1 fixed detector @20 m
20%x20 cm? — pixel 3 mm

* about half detector area in initial scope =g f

| Sebastian Jaksch, Guent
® half in later upgrade ebastian Jaksch, Guenter

Kemmerling, Ralf Engels
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Solid-State Neutron Detector A ) 0 \ - — f
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UNIVERSITET

Develop a high-resolution neutron detector technique for enabling the construction of position-
sensitive neutron detectors for high flux sources.

* high-flux capability for handling the peak-flux of up-to-date spallation sources (x 20 over current detectors)
e high-resolution of 6 or 3 mm by single-pixel technique

* high detection efficiency of up to 80 %

ca 50x50mm 8 ixels

64 pixels IDEAS IDE3465

+FPGA
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Solid-State

Neutron

UNIVERSITET

Countsin 5 min

* Results from initial _
' evaluation system

9CH7
SCH07
10/
LV
SE07
ACHT

35107

® Count rates on a module up to 250 kHz, linear to 200 kHz

® Corresponds to >20 MHz @10% deadtime for full Tm”"2
* No degradation up to 5E14 neutrons integrated flux



10Boron-based Thin Film Gaseous Detectors €35/
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"B v > TLi* + YHe

CTLit “He + 0.48MeVayray | 2.3 MeV

— TLi+*He

+ 2. 79 M eV

(04%)
(67%)

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

onatB contains
80 at.% "B and
20 at.% 1°B

neutron

gas volume

* Boron is difficult to deposit
 Use '9B,C
« Conductive, stable




” PP N
19B4C Thin Fil ' €% mi
4 In Film Coatings e

r * A number of groups have shown it is Helmholtz-Zentrum
Geesthacht

Im.og — sgam Possible to deposit large areas of high
L quality Boron Carbide cheaply

* PVD Magnetron Sputtering

4 * Deposition parameters highly
; adaptable

R » A very interdisciplinary effort ez
W RS A =
« ESS-Linkoping Deposition I s N ;  REK
Facility -' | e, e S
* Industrial Coating Machine WAL | | deposition chamber i ‘
e Capacity: >1000m?/year AL TTH =] | o
coated with °B4C | ‘4 l L\ e T N

\ - W £ i &
ﬂ M cryopump d B
turbo molecular pump EEES

-

- As-deposited | 10'* neutrons/cm?

50 nm 50 nm
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Thin Films Workshop hou € o

ubRIPDGLNERSTY |\ T

® Co-located with Linkoping University
for synergies in expertise and facilities
e Just moved across the road to locationf 4
available until 2025 e - e TR
e Industrial coatings machine and “ |
production line setup

e Capacity: several times ESS needs
o |f interested in coatings: contact us

| UUZV!O~"~
Custom

-

N

=




Enhancing the efficiency of

(,.«/;\“:w EUROPEAN
10B-based Neutron Detectors =

gas
volume

Multi layer

neutron

Generic approaches to improve efficiency

Grazing angle (<10°)

neutron




1LY/ / { Efficiency of 1°B Detectors: 935‘ cunopea
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TECHNISCHE

s peised Perpendicular Geometry

« Single layer is only ca.5% 1B,C layer substrate
« Calculations done by many groups
* Analytical calculations extensively verified with prototypes and data
 Details matter: just like for 3He
neutrons >
« Multilayer configuration (example):
Multi-Grid 3He tubes — 1 inch — 4.75 bar
1 T T T T | T T T I I 1 \
d'\ame’ter

S 0.9r 'dered

S ead space cons!

(= 0.8F

on

b, g g

S 507

0

- 0.6/

m . . .

E 0-4_. .g...........g ...................... ... ........... : ..... —1.2um

= I : i | ——optimized for distr. 0.5t

03 L ;.; ........... . .......... .,‘ ..... —optimized for 10A H
' ; ; ——optimized for 6.34A
>b0% @] 8/& i | |——optimized for 1.8A o ‘ ‘ ‘
0254 & 8 10 12 14 16 18 20 0 5 10 15 20

wavelength (A) wavelength(A)



CSPEC at ESS

Cold spectrometer
0.2 meV <E <20 meV
29m? detector

Horizontal coverage 5° to 135°
Vertical coverage -25° to 25°

TUTI

TECHNISCHE
UNIVERSITAT
MUONCHEN

e
7
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Multi-Grid Detector Design

T T example from LET@ISIS
aim: replace He-3 for-this Time- ofﬂlght (s) o

] 8 10

g =5meVv

Elastic/signal &=1.5mev
Ei=0.7 meV

counts (us)

B © \Very background

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

Cheap and modular design

Possible to build large area
detectors again

20-50m? envisaged for ESS



~.

- ~
4 N
g e ;‘\V\ ~

: . 7 ", EUROPEAN
Multi-Grid test at CNCS | ess)) i
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Installation completed .
D . 'IEI ¢ B10 Multi-Grid Detector
etector inaccessible tor » Performance is equivalent to
hext 6 months ; : i that of He-3 detectors

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

;\;' i T

LA A
‘\ il Hl l\”l
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He-tubes | i
|

\'1.l

I [

i L

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

* Realistic conditions

 “Science” or application performance
» 2 different technologies on the same instrument



https://arxiv.org/abs/1703.03626
https://arxiv.org/abs/1703.03626
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First day

Operating without possibility of access since installation
Count rate stable to within 1-2% for a constant setting
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e Rate requirements is high:

*7/ SOURCE

NEUTRONS
FOR SCIENCE

A Rate Challenge

ESS requirements

) area spatial resolution | global rate local rate
e Intensity of new sources (mm xmm) | (mm x mm) (s1) (s~ tmm~?)
e Time structure of pulse 500 x 500 [<0.5,2] x 2 [5,100] - 10° | [5,300] - 10
e Advanced design instruments t t
x10 x100
Detector
' The state of the art
Ly . .
E area spatial|resolution | global rate lpcal rate 3
i (mm x mm) (mm} X mm) (s7h) (s[ 'mm™?) Heh |
Specular | 500 x 500 L x 2 100 -10° | |300 technology
reflected :
Neutron beam intensity _ i ! 10
y | X X
~~~~~~ E Multi-Blade ' '
0 | e — "~~~ %\{ area spatial resolution | global rate local rate 108
"""" (mm x mm) (mm x mm) (s7h) (s~ 'mm™?) Hnol
0.3 x4 >1000 technology
air-D20.txt
| Abla=4%, WFM OFF Multi-blade design:
10 _4° . . -
, fed 1R eHigh rate capability
10 ;
> 102 e Sum-mm resolution
E 107 6=0.33  1=0.5s ] “\\ | (i
& 10 \ !
107° : | \
10 T NEULrONS gl e :
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QA

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

orightness




Spatial Resolution FWHM ~ 0.5mm
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Raw image from the detector

F. Piscitelli et al., The Multi-Blade Boron-10-based Neutron Detector for high intensity Neutron Reflectometry at ESS, JINST 12 (3) PO3013 (2017).
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F. Piscitelli et al., The Multi-Blade Boron-10-based Neutron Detector for high intensity Neutron Reflectometry at ESS, JINST 12 (3) PO3013 (2017).
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¢ Field started by A Oed at the ILL with the | (29; El(ié"&%)M”TBJ'er |
micro-strip gas chamber (MSGC) in 1988

* Now widespread: many variants

* Potentially very good resolution and very
high rate capability

HVSun
M 2 Rate | ° e - 40 MHZ/Cm2
24007 ; . . .. : /
;_:‘aqg.oe._ | . | | g * Growing interest for applications for
: ] > neutron detection
* 2 workshops organised by CERN RD51
| Collaboration (with HEPTECH) on Neutron
..T. Detection using MPGDs
VGEM [V]

Working point

Summary of 1st workshop for MPGDs for neutron detection: arXiv:1410.0107

2nd Workshop: https://indico.cern.ch/event/365380/ arXiv:1601.01534



https://indico.cern.ch/event/365380/
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Spatial overlaps only

14 28 42 (3.409 A, 134.4 ms) 21 35 49 (2.809 A, 110.8 ms)
1529 43 (3.309 A, 130.5 ms) 22 36 50 (2.739 A, 108.0 ms) 27 53 79
16 30 44 (3.215 A, 126.8 ms) 23 37 51 (2.672 A, 105.4 ms) 22 43 64
17 31 45 (3.124 A, 123.2 ms) 24 38 52 (2.608 A, 102.9 ms) 18 35 52 (2.752 A, 108.5 ms)
18 32 46 (3.040 A, 119.9 ms) 25 39 53 (2.548 A, 100.5 ms) 17 33 49 (2.920 A, 115.1 ms)
5
<

79 (1.812 A, 71.4 ms)

6

5

4
19 33 47 (2.959 A, 116.7 ms) 26 40 54 (2.489 A, 98.2 ms) 19 37 55 (2.602 A, 102.6 ms)

4

7

7

(
(2.236 A, 88.2 ms)

. (
<<Tmm spatlal 20 34 48 (2.882 A, 113.6 ms) 15 29 43 (3.327 %\, 131.2 ms)
: 27 52 77 (1.856 A, 96.4 ms
resolution to be 1.800 to 2.019 Angstroms 26 50 74 21 933 A, 76.2 msg
able to integrate ® 2.019 to 2.237 Angstroms 24 46 68 (2.103 A, 82.9 ms)

intensities 2.237 to 2.456 Angstroms 22 42 62 (2.306 A, 90.9 ms)
2.456 to 2.675 Angstroms 21 40 59 (2.424 A, 95.6 ms)

2,675 to 2.894 Angstroms Generated using the | 29 38 56 ggg% é 17(%0é7mr2§)
2.894 to 3.112 Angstroms Daresbury Laue Suite - y 1&.

3112108331 Angstioms - campiell et al. J. Appl. Cryst. (1998). 31, 496-502
331103.550 Angstroms 11 ot a1 J. Appl. Cryst. (1999). 32, 554-562
Helliwell, J.R. et al. J. Appl. Cryst. (1989) 22, 483-497
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eNMX: <<Imm position resolution requirement,
Time Resolved, ca. 1Im”2 detector area

eTake Micro Time Projection Chamber concept 550 k)
from ATLAS experiment upgrade 1MQ
eResolution: use single layer Gd, look for electrons sooka

HV1: 4000 V

HV2: 3300 V

1 MQ

Boron

25 ns time bin
25 ns time bin

450 kq $10 MQ

Startleftrack
E= Bl
- - === ayer 1 MO

i, 0
JINST 10 (2015) P04004

Start_mC track

B layer _ __:i;}_
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500

120 125 200 205 210 215 220 225 2 '500 __ last-local-maximum
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Track X Track y .. ____] I ey I fit local-maximum (o=320 um +/- 21 um)
- I [+ center-of-gravity
2 d l 5 o g 2000 — ‘\‘ ------- fit center-of-gravity (0=2025 um +/- 391 um)
9 Gadolinium 2 B .
= — 1}
'.g 8 | |‘
£ < - ]
£ ° = . . .
& 1500 '. Resolution < strip pitch
<
0 —
€ R
é —
N 1000 —

- JINST 11 (2016) PO5011

O 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

y strip [0.4 mm] 146 148 150 152 154 156 158
y strip [0.4 mr
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Diffractometers: Jalousie-like design \
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Detectors for ESS: strategy update for 16 instruments (\fz, SouRe

Instrument sub- Key requirements for |Preferred detector Ongoing developments
class detectors technology (funding source)

Small Angle SKADI Pixel size, count-rate, Pixellated Scintillator SonDe (EU SonDe)
Large-scale  Scattering LOKI area 10B-based BandGem
structures FREIA
Reflectometry ESTIA Pixel size, count-rate 10B-based MultiBlade (EU BrightnESS)
Powder diffraction DREAM Pixel size, count-rate 10B-based Jalousie
Diffraction HEIMDAL 10B-based Jalousie
Single-crystal MAGIC Pixel size, count-rate 10B-based Jalousie
diffraction NMX Pixel size, large area Gd-based GAGEM uTPC(EU BrightnESS)
Strain scanning BEER Pixel size, count-rate 10B-based AmCLD, A1CLD
Engineering | ,36ing and ODIN Pixel size Scintillators, MCP, wire
tomographv chambers
Direct geometry C-SPEC Large area
T-REX (3He-gas unaffordable) 10B-based MultiGrid (EU BrightnESS)
Spectroscopy VOR
Indirect geometry BIFROST Count-rate 3He-based He-3 PSD Tubes
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

arXiv:1411.6194 . . .
successful delivery and integration 62



Instrument Installation Lead
Start (est.) Institute
LOKI Q1 2019 ISIS
NMX Q12019 ESS
ODIN Q3 2019 TUM/PSI
BEER Q4 2019 HZG/NPI
SKADI Q4 2019 FZJ/LLB
DREAM Q4 2019 FZ)
ESTIA Q1 2020 PSI/ESS/LU/HU
C-SPEC Q2 2020 ESS/TUM/LLB
CAMEA/BIFROST Q12021 DTU
HEIMDAL Q12021 PSI/DK/NO
FREIA Q3 2021 ISIS
T-REX Q4 2021 ESS/FZ)
MAGIC Q4 2021 FZJ/CDT/LLB
MIRACLES Q12022 ESS-B
VESPA Q3 2022 CNR
VOR?? 2?7 ESS/WIGNER

Main Detector
Technology

MCP, Silicon, etc

Detector Baseline for Early Instruments (2017)

EUROPEAN
SPALLATION
SOURCE

(N

Main Detector Front End FE Readout Integration
Developer Readout Developer Model
Milan Gemma/Gemini Milan/INFN B/X
ISIS (PT Inc) VMM ISIS/STFC/ESS A
s | e
Lots Lots Lots X/XX
HZG/DENEX Delay Line HZG/DENEX Probably C
SoNDE IDEAS ASIC SoNDE Probably B
Julich/CDT CIPix CDT B/C
(\ll\slrl:ggﬁ;/;ssss) VMM (IK +EBSr?thet(:1 ESS) A
(I;h;/hc'ciil;S) VMM (IK +EBsr?thet?1E55) A
Commercial Commercial? Commercial? Probably X/XX
Julich/CDT CIPix CDT B/C
(\er'fggﬁﬁ/:ssss) DA L) (IK+ EBSrngIP_\?c:ESS) A
(BIrLiLg/thiFEEIS) bl (IK+ EBingIP-\('ac:ESS) 4
Julich/CDT CIPix CDT B/C
Commercial Commercial? Commercial? Probably X/XX
Commercial Commercial? Commercial? Probably X/XX
IL.L/CERN VMM ES§ Led A
(BrightnESS) (IK+ BrightnESS)




Preferred Detector Technologies i\ cwoeen

/' SOURCE

I*ﬁ%l ) SPALLATION
for Baseline Suite

Detectors for ESS will comprise
many different technologies

Best-Guess at Detector
Technologies for 16 Instruments:

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



Summary
® 4 major new neutron sources coming online in next decade

* Brightness and science goals mean that the requirements
detectors cannot be met with todays state-of-the-art detecic

® Helium-3 crisis means that the “gold standard” for nei
detection is no longer default option '

® Helium-3 replacement technologies and the lar
instrumentation is driving the detector developme
* This is a very active topic

* First developments are coming to realisation: yes there is
helium-3 neutron science! |

* Neutron detectors for future instruments are going to look very
different ...

L. brightness EiilE




