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Realising the Detector Baseline for the ESS
Instrument Suite

Richard Hall-Wilton

Leader of Detector Group
Deputy Division Head of Instrument Technologies

On Behalf of the ESS Detector Group and Partners
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Schedule: Where are we for detectors? ’C?S)’mgm
. . . S }/
Detector schedule is longer than the instrument build schedule N
photons :
" or chor arge “DMSC-land”
PR amplify digitise ~ algorithm E See Tobias Richter’s and
gain order may be different, or step skipped = Thomas Gahl’s talks
Detector People, Electronics Instrument
Prototype workshops and Detector Design
Detector Conceptual Desiens SR e e ites,
Coatings . P Instruments, Instrument ICS/DMSC interface Electronics
Designs Designs

Instrument Designs Instrument ICS/DMSC interface

conceptual design

Construction

o8 o oo ot oz o3 om0

Electronics - Construction  Construction Construction Installation Installation Installation
esign

/ICS/DMSC e

Des Construction Installation Installation Installation Commissioning Commissioning ~ Commissioning

esign

Construction Installation = Commissioning _ Commissioning Operation Operation Operation

Commissioning
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® SNS 1MW
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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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Challenge by Instrument Class va SpALLATON

Challenge which dominates

Instrument Class detector design on instrument

See Francesco

Reflectometry Rate, Resolution piscitelli this afternoon
SANS Rate, Resolution, Area (cost)
Imaging Resolution, Rate
. . . |. Stefanescu et al, JINST
Diffraction Resolution 12 (2017) PO1019
Direct Spectroscopy Area (Cost), Rate See Anton Khaplanov

this morning
Indirect Spectroscopy Rate

use SANS as example, as
complicated with

_ parameters improved at
Varied Challenges the same time
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SANS: State-of-the-art 3| o

;= = —a ©g D22@ILL
e Typically stacks of Tm long 8mm He-3 ARG LA N\

tubes

¢ Rate limitation few MHz for 10%
dead time

® Resolution defined by tube
dimensions

3.0
(b) detector dead time

N
O)
T

measured count rate [MHZz]
@)

0.5F S. Muehlbavuer et al.,

NIM A832 (2016) 297 | eg SANS-1 at FRM-I|

O | | | | |
0 0.5 1.0 1.5 2.0 2.5 3.0

theoretical count rate [MHZ]
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Rates in SANS Data 195! ) suamon

s S
& S

water sample

* At spallation sources, data is highly

i tof@cample
peaked in time — wlgsm
.o 600000 - = tofe!
* Additional challenge for the detector .
I 500000 - :
rate requirements example simulated data from
100030 LOKI@ESS
xy at z=5m (diblock polymer) 300000
40 - - 200000 -
P 104 1000807 K. Kanaki and A. Jackson
20_, ] AR,
‘ PN I 0 . . . . :
- 10 4] 20 40 50 80 100 120 140 160
— tor (ms)
E o 22 ® A Tm 8mm psd He-3 tube detects across ca.
>
o 80cm2
20 R * To improve rate capability need to reduce this
R ’ 100
" area:
a0 10-1 * Pixelate
] o * Multiple layers in depth (see Davide

_10 _2¢ 0 20 10 Rqspino, next 1'0”()



SKADI layout

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 ,

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

Kemmerling, Ralf Engels
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=11 11/3 soNDe Detector ideas

Solid-State Neutron Detector

/ SOURCE

o o

LUNDS

UNIVERSITCT

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 8x8

ixels

64 pixels + ‘ IDEAS IDE3465
+ \f +FPGA
|5
Grooved Li glass (GS20)  MA-PMT (H9500 or H12700) / L),
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Solid-State

Neutron

LUNDS

UNIVERSITCT

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
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LOKI Detector Requirements 1835 ) guwmmon

e Short instrument

e Wide angle detector
coverage up to 45 deg
e Arranged in 3 banks
e total I9m”2

® Rearmost bank ca. 1x1m, movable
® 4mm resolution
® Other banks 2x2m fixed. Relaxed resolution requirements

* about half detector area in initial scope
® half in later upgrade
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Enhancing the efficiency of )

10B-based Neutron Detectors

Multi layer
See planov’s talk this
morning for an application of this @
neutron

Generic approaches to improve efficiency

Grazing angle (<10°)

See Francesco Piscitelli’s talk
this afternoon for an ‘
application of this neutron
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Micropattern Gaseous Detectors ‘<essa spaLLATION
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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
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' “l c B “ o Fislca Muclear

BANDGEM Detector

B UNLYLRSITA

=
g

n. o Ide-by-side
Analytical calculatlops are valid for this geometry . with He-3
< 10 cm > - T 1
Cathode NN 2 o006 | ‘ -
B 3 | | | ) GEM
ahy 2 ooa My L) :
3D o e - ' |6cm 20T | |
Lamella: ! L |
System: || B 0 | w ‘ |
SRR e 1 ... INES
s T < Q
o <> v 7 15 L @ISIS
Eql 2 mm §
. EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETSNm 8 2
Trlple{lllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII % 17 ¥
GEM EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETRNm _.GC_,J 3 IanIC
S o5 ear
Padded Anode 0 | | |
Alumina lamellae coated on both sides with 1°B,C 4000 8000 1,210 1,6 10°

. Using low 6 values (few degs) the path of the neutron inside tt
B,C is increased 2 Higher efficiency when detector is inclined
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* Stack of Conversion
elements can be
produced and coated

Precision waterjet cutting

(Watajet, Milan)




* Resolution as expected

on EMMA®@ISIS

BANDGEM Detector

Results

&3 UNIVERSIT

e Efficiency with tilt angle as expected

FWHM [mm]

10

LSO

* Efficiency>40% at 4 A

Tilt Angle[Deg]

i B ; d s-D§= 5m :
N i
) s
[ —— FWHM Simulated @ 1 A
FWHM Simulated @ 2 A
dsp=10m s
N Phalt R m = BEWHM Measured @ 1A | -
® o eFWHM Measured @2 A
1 | L | L L | |
0 2 4 8

10

Efficiency [%]

Efficiency [%]

Consiglio
Nazionale delle
Ricerche

INFN

o Fisica Nuclear

L~ btitule Nagianal Llnkopmg University \‘Rx\\\_/
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40 :_ d S-D = 10m
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: 5 &
30 - i3] . : :
20 | —
I ® Y L [ (]
o
; ' ® @ @1 AData
10 - 1 A Simulated
:f W W2 AData
: 2 A Simulated
L | . . | . . ] 1
00 2 4 6 8
Tilt Angle [Deg]
50 F
_ °
40 F ° =
o
®
30 F
20 [ ¢
E ® mData
r ® e eSjmulation
10 |
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Wavelenght [A]
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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, Scintillators 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
MIRACLES
VESPA Count-rate 3He-based
SPIN-ECHO Spin-echo tbd tbd 3He-based/10B-based

Good dialogue and close collaboration needed for
successful delivery and integration 21



Preferred Detector Technologies

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

( %\ "\ EUROPEAN
| | SPALLATION
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Science & Technology Facilities Council
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@

Science & Technology
W@ Facilities Council
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CDT GmbH
v
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Summary

*ESS will provide increased neutron brightness

* Novel instrument designs push requirements for detectors v

beyond current day state-of-the-art

* Detector systems project in good shape, and rur

*Baseline detector designs exist

» Set of design and build partners identified and availak
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*Having a capable build group and set of willing expertsise is

p

important as the details of the design

* Detector work now very much design, and not R&D
* Schedule and budget: make the detectors affordable and on time

* Enable partners

e '
* *
A GoNDe
* *

* - * . Solid-State Neutron Detector




