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ESS Neutron Instrument positions: 7 f\*‘\mm
December 2016 N
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Neutron Beam Instrument Draft Schedule

V2.0, 2" November 2016
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2019/2020: NSS Proposed Access Dates (excludes Full Access Dates)

- @. D08 RML Lab — Early Access 10-Jan-19 (Level 1b MS)
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Exact Location of - \5)

Final De-Lineation
Point TBC

j 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)
@- EO2 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 1b MS)

Additional Area
Made Available for
Storage of Blocks

D03 Cranes
Operational: 13-

Aug-19

Additional Area
Made Available for
Storage of Blocks

D01 Cranes

Area Under Review

Operational: 28-
Oct-19

13 " for Possibilities of
= | Early Access for NSS
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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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Thin Films Workshop hu 5 5o
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o ESS Facility, co-located with Linkoping
University for synergies in expertise and
facilities
e Just moved across the road to location ¥
available until 2025

e Industrial coatings machine and
production line setup

e Capacity: several times ESS needs

e Capacity: >1000m2/year coated with e
10B4C 1 BCCYUUT

=

M

=

o|f interested in coatings: contact s @Wm
ePlease give feedback! .




Detector Workshop

Vg —— N
';;,\{\,:,.‘ ~

(4 %\ EUROPEAN
cfc ) , SPALLATION
AN "/ SOURCE




L

Mittuniversitetet

MID SWEDEN UNIVERSITY

MultiGrid and Multiblade

SOURCE

l ‘:: A ..".
Fin
4 u%d , SPALLATION
W /] /
\ ‘::\._ .,f.’-' /"'




10Boron-based Thin Film Gaseous Detectors €35/

¥\ EUROPEAN
SPALLATION

SOURCE

"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




Enhancing the efficiency of

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

gas
volume

Multi layer

neutron

Generic approaches to improve efficiency

Grazing angle (<10°)

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

NEUTRONS
FOR SQIENCE”

.
—)

Tested at MG.CNCS

i B R .
1.5um 208 || 070 S S S N NS OO OO OO U OO W
Layer thicknesses in MG.CNCS (16 blades): 5 051 S i ”””” T TS FE S S
7 blades 0.5y, N
7 blades 1.0pm, at 4 S — T S R S
3 blades 1.5um ool /| . 7777777 777777 i 7777777 777777 7777777 i;)ztlmlzatlon for 1A |
01l i ,,,,,,, SR i ,,,,,,, S —— optimization for 4A | |

Would like to test: B N S N S S S et R
Proposed for a thermal detector (20 blades): A . A G L

4 blades 1.0pum, o ]
10 blades 1.25um, Cold — optimization centered on 4A

6 blades 2.0um. * Thermal — optimization centered on 1A



\

y EUROPEAN

%} SPALLATION
/

Time-of-Flight Spectrometers at ESS NS

\

brightness
[/

e First 16 instruments chosen NEUTRONS
FOR SQENCE™

e 3 ToF spectrometers for ESS

 CSPEC and T-REX — design phase

« VOR —accepted proposal

e  Multi-Grid as baseline detector
technology

e csvic v _von

Sample — 3.5m 3m*
detector
%
De.tector 3.5m 2.2m 3m 15 (+1) Neutron
height s Instruments (2025)
Detector 29 m? 21 m? 37 m2* ‘
area /
*preliminary
50 m 100 m 150m
| 1 |




CSPEC at ESS

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

Horizontal coverage 5° to 135°
Vertical coverage -25° to 25°
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Multi-Grid Detector Design

example from LET@ISIS
aim: replace He-3 for-this Time- ofﬂlght (us) -~

] 8 10

g =5meVv

Elastic/signal &=1.5mev
Ei=0.7 meV

Counts (ps) -

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



Introduction

ILL:
Bruno Guerard, Jean-Claude Buffet,
Jean-Francois Clergeau, Anthony Leandri

NEUTRONS
FOR SCIENCE™

ESS:

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

Centre for Energy Research (Hungary):
Eszter Dian

LU

Link6ping University:
Jens Birch, Lars Hultman, (also *)

USEDP UR NI RTE

SNS:
Ken Herwig, Georg Ehlers, Michelle Everett, Kevin Berry

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

CRISP
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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), htt
j.nima.2012.12.021iJ

*). 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

10.1016

://dx.doi.or

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

* Realistic conditions

 “Science” or application performance
» 2 different technologies on the same instrument
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Rate in Multi-Gric

rate in MG, H:2

42 g0
days sincs 2016 July e

First day

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

29
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Multi-Grid test at CNCS 4 et
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Methods Used for Tests

Vanadium Fast neutrons (fission, prompt)
U:.‘I:dlln lS‘mc'\" ! e sce ' UGOQ, 2C eV - Y 'Fq:]ERUggEOhré%‘
@ 'r‘l - “Ciec ; a |
el j o | ~ Single crystal
. 3¢ 1
f’, w 3CHeg \ 2 b{l, : Front view
- e | ) e Ut
. “oce| Sen assl ‘ 85 a7 6.8
| I . l| | . = x1 x 10*
e I8 Muh T Meti-Gid ’
o g ‘ l
S., 54 5¢ 28 Sz a4 3 e BTy
Water, Ice e o
e Background
IR Sk i Gamma background .
— & me\ : : i .
v ,'% T (Nal detector) G
i\ —
% 19°-

rale in NG, Ha

10 ¥ 3 6 + g " Z =
Enupv T-nrsf-r m-u daye encE 2016 July 14

0 1000 2000 3000 4000 2 4 6 C

Allowing to measure: chanmelnumber Layer #
Energy resolution, efficiency, scattering, background sensitivity, saturation
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Results of CNCS Test Reebe
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* Operation with no access for 11 months, until end May. m
* Essential demonstration. MG is now the baseline detector for CSPEC and T-REX NEUTRONS
. . e FOR SQENCE"
* Energy resolution, efficiency, backgrounds
shown to be comparable between MG and He3.
e Better performance in high rate in Multi-Grid
e JINST paper, 2017 JINST 12 P04030 https://arxiv.org/abs/1703.03626 for all results

PrepAires Foe stmnssoon o JINNT

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

M. Anastasopoulos.” R. Bebb,” K. Berry.” J. Blrch,” T. Bry4,” J.-C. BuHe1,* J-F. Clergeau,”

P. P.Deen," G. Ehlers, P.van Esch.”’ S. M. Everett,” B. Guerard,” R. Hall-Wiion,"/

K. Herwig~ L. Hultman." C. Hoglund,”" " |. Iruretagoiena.” F. Issa.” J. Jensen,” A. Khaplanov,

4l 0. Kirstein,*"* |. Lopez Higuera,* L. Robinson, S. Schmidt,“* I. Stefanescu.®

v Evropean Spallavion Sowrce, PO Bax 176, SE-22100 Lund, Sweden

Clngrnent and Sawrca Division, Spallatian Neutron Saurce, 1 Bethel Yalley Raad, Oak Ridze. TN 37837
676, USA

TV imdping Universdry, Thin Mifm Phydes alvisloe, TR, SELSRT XS Linkning, Swedan

4 Ingtirute Fawe Langeviny Vi awnne des Martyrs FR 38H 2 Gronokle, France

“Quantirn Condensed Meaizr Doeavion, Spellunon Newseon Sourece, § Beihe! Velley Rowd. Ok Ridye, TN
37821 6175, USA

' Midd Sweden Universuy. SE 85570 Siemdsvel!, Swvden

“lrudenmend ared Sowrer DNvisivn, Spallanon Neairov Sunece, § Bethed Volley Roud, Quk Ridge, TN 27834
64046, USA

= Schoo! of Mechanical Engineering, Untversity of Nevieastle, Callaghan, Ausirala

L-mrail: Antoa. Khaplanuvilesss se

Thanks to the colleagues at SNS for this
opportunity and cooperation!
These results would not be possible
without you!

Agsizact: The Multi-Grid detectos welmology las evolved from e provf-of-principle and cliw-
acterisation stages. Here we report on the parformance of the Multi-Grid detector, the MG.CNCS
prototyp2, whick has baen nstalled and tested at the Cold Nautron Choppar Spectrometar, CNCS
at SNS. This has allowed a slde by side comparison to the performance of He 3 detactors on an
operational Instrumant. ‘Tha demonstrator has an activa araa of 0L.2m2. It is specifically tallomd
w the specificarions af CNCS. The datactor was Installed In June 2016 and has operated since

R290092 |nucl-ex] 10 Mar 2017
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Multi-Grid test at CNCS
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Next Steps:
* Data analysis still ongoing

III

* “Thermal” instrument demonstrator planned

* In past couple months, have visited
ASEASONS@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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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 :

0.05 0.1 0.15 0.2 0.25
QA

Multi-Blade
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Multi-Blade Design s E

) LUND UNIVERSITY

)
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> Design 5|mp|e. KISS Wigner Research Institute
> Modular
T Cheap <>
> Make design available Budapest Neutron Centre
—»
neutrons
Multi-Blade e— /*\\
System Test, Launch i
s operations: RL9| 2019
System/Subsystem TRL8 2 O] 8
Development —_
TRL7
Technology =
Demonstration 2 O '| 6
I
DeveipTEat 2015

Research to Prove
Feasibility

Basic Technology
Research




Eﬁicienc *F. Piscitelli and P. van Esch,
y Analytical modeling of thin film neutron converters and its application to thermal neutron gas detectors

J. Instrum. 8, P04020 (2013)
arXiv:1302.3153

0.9 T

.)(
0.8 - a’ﬁed 18

o
\|
T

64% @ 5.1A

measured

efficiency
o
()]
T

58% @ 4.2A

o
(* )]
T

45% @ 2.5A
0.4

——calculated
¢ measured

0.3 '
2 4 6 8 10 12

wavelength (A)

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




Counting rate capability

18000 w \
f counts per wire (Hz)

16000 -| I local counts in a spot (Hz/mm?)

___17kHz/ch

14000

12000 N\
&
>

v

10000 -

8000

count rate

6000

1000 1500 2000 2500 2000

S|i’:i : 4000
- 1.6kHz/mm?

. +—

Rate per mm?

+

2000

v

+

0.2 04 0.6 0.8 1
fractional beam transmission

No saturation observed'

o “r “ELD N i B ar,

Spét

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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Spatial Resolution FWHM ~ 0.5mm

4D

ds

>

WWS'Z ~ INHAMJ Uonn|osay [ene

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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Images

340
320
300
280
260
—. 240
o : 35mm
— 220 =
> :
200 ge=
180

160

140

120 S

Mask Raw image from the detector (log scale)

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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10" | Unmoderated source

107 |

o | Very raw and preliminary data ...
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has been seen for
MG

s

Giacomo Mauri (U Perugia) &
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Summary

Matching ESS requirements

Multi-Blade 2013 Multi-Blade 2016
J | gas gain 58 20 1L 3
/| efficiency (26 £0.2)% at (10°, 2.3A) | 44% at (5°, 2.5A) (calculated)
(56 +£2)% at (5°, 4.24)
(65+2)% at (5, 514)
J/ | spatial resolution ~ 0.3 x 1mm? ~ 0.5 x 2.5 mm?*
imm) | uniformity < 2% < 10%
J | overlap ~ 50% eff. drop in 2 mm gap | =~ 50% eff. drop in 0.5mm gap
/| stability - < 1% in 12h
— counting ratc capability | — > 1.6 K Hz /mm?*
— > 16.6 K Hz/channel
J | gamma sensilivity - < 10~
— (for 100 KeV threshold)

new detector built (2 copies):
1 in Lund, 1 in Wigner (HU)
First test of electronics+detector will take place at BNC next week

The new detector is going to be tested this year on a Reflectometer
(ISIS, maybe at ILL)

x3 better than
state-of-the-art

x10 better than
state-of-the-art
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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 44



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
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Schedule: Where are we for detectors?

Detector schedule is longer than the instrument build schedule

photons :
h U
" — arge o = “DMSC-land”
PR amplify digitise ~ algorithm E
gain order may be different, or step skipped =

Detector
Prototype
Designs
Strategy for
. Detector Conceptual &Y
Coatings Instruments,

Designs :
5 Instrument Designs

People, Electronics Instrument
workshops and Detector Design
facilities,

Inst.rument ICS/DMSC interface Electronics
Designs

Instrument
conceptual design

ICS/DMSC interface

Construction

o8 o oo ot oz o3 om0

Electronics St Construction Construction Construction
esign
/ICS/DMSC &
Construction Installation Installation Installation
Design

Construction Installation = Commissioning

Commissioning

Commissioning Operation

Installation Installation

Installation
Commissioning Commissioning

Commissioning

Operation Operation
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Summary

* Construction is proceeding rapidly

* 15 instruments are entering construction for ESS |
& ad
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* There is a baseline detector design for the:

* Developments are proceeding well
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