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EUROPEAN

Al What | am going to talk about

* What is needed?
e Always design to science goals (but not too closely)
* How to select based on the requirements
®* What can happen to a neutron?
* Triangle of data/simulation/analytical calculation
® Rate, dynamic range and noise
® Resolution
e Efficiency
® Background
® Requirements for the European Spallation Source
* Specific examples
e Summary and a few observations

Try and work through as an example of how detector geometries are selected
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® The purpose of the instruments is to probe outgoing neviron
with neutrons some aspect of a sample

detector

sample measure X,y (=0)

sometimes measure t

n
ﬁ@ .
define E and direction E typically not measured

in instrument design

* Very generically, this can be divided into elastic and inelastic categories
* elastic: gives information on where atoms are
* inelastic: gives information on what atoms do (ie move)

® This is measuring the cross sections:

elastic inelastic

do d’c

. 2,28, 'ns/lscazei

a0 H20v) dodE v)
® cross section / scattering probability e double differential cross section /
into a solid angle, as a function of scattering probability into a solid
wavelength, scattering angle and angle, as a function of wavelength,
aximuthal angle scattered waye

and aximuth
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vibrations
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“rigid” crystal
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fast moving scatterers, e.g. liquid
Andrew Jackson

Elastic vs Inelastic

‘elastic’ E=0
/

energy transfer
‘inelastic’ E=xdE

energy transfer

‘quasielastic’: centered at E=0
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Detectors are tools

Basically, in some form, ]
you want to measure , |
Bragg’s equation | .

nA = 2d sin -

“i'Ll 'L.LIJJJWL ol LAl

i L& [ -] ina |5

Al EEETE A AR

Define the neutron wavelength With your instrument design

Detectors allow you to measure theta

It means that you can calculate “d”

Therefore the detector should be designed to give you the most
appropriate measurement of scaﬂering angle for a instrument class

EUROPEAN
SPALLATION
SOURCE

“horses for courses ”

‘ol &8
: Y q; : DR 4 014 eutron S0
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What do the detectors

need to measure!? | Imaging |
e Neutron Scattering for materials science resolution (<100um) “ ///l///m“\\\\\\\\\\\\\‘\\
N

comprise great variet).' of instruments as rate %%ﬂ!!‘l\‘.\}}}?}‘\\\\\\\\
tools for studying materials
e High efficiency is expected :

® Each has its own “figure of merit”

“horses for courses ”
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Neutron can see deep inside matter... N

Neutrons see (tensile) stress inside
bulky metal parts that caused wheel
failure: standard engineering theory of
plastic deformation stresses in error
in the 1990s!!

| k'

|ICE accident, Eschede

Knowledge based society??
Safety philosophy?
Industrial / proprietary use
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EUROPEAN

Detector Requirements

* How to define the requirements
* What can happen to a neutron?
* Triangle: data/simulation/analytical.
® Rate
® Resolution
e Efficiency
® Background

Thursday, July 3, 14



Neutron Detectors - what information do you get?

outgoing neutron detector

sample measure X,y (=0)

n .
sometimes measure t

P ———t O -
define E and direction E typically not measured

in instrument design

* Scattering angle measured through x,y position of the neutron detected
* Time of detection often used
e |t is vital to have good time resolution for instruments at spallation sources
* Energy typically not measured
* In some ways, the holy grail to have a good energy measurement of the neutron?
* Detector needs to be adapted to the expectations for that instrument
* Not one design fits all

Cost is always a limiting factor in the design of detectors
Schedule will determine what you can do about it
O EUROPEAN
SPALLATION
SOURCE
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Detectors - what do we mean? An analogy ...
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Basic Principles of Neutron Detectors

* Need to produce a measurable electric signal

* Not possible to directly detect slow neutrons - energy is too low

* Need to use nuclear reactions to convert neutrons into charged particles
® Then indirectly detect the charged particles in a charged particle detector
e Amplify, digitise, process as needed.

e Store data on disk

converter

EUROPEAN
SPALLATION
SOURCE

hotons
P collect

or charge : .
charge or »—’—wrlte to disk

photons amplify  digitise  algorithm

gain order may be different, or step skipped

Thursday, July 3, 14
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Cross-sections of Materials used (ILL Blue Book)

reaction energy particle energy |particle energy CI'OSS SGCHO“' fhe chance of
3 3 . .
n (He, p) "H +0.77MeV_| p 0.57MeV_|°H 0.19 MeV interaction between the neutron
n (°Li, o)) "H +4.79MeV | « 2.05MeV |°H 2.74 MeV
iy s, 7 and target nucleus
n ("B, o)'Li+2.3 MeV +7v(0.48Me o 1.47 MeV | 'Li 0.83 MeV
o, ’ 9.1) 1.8 020 x X
10 o
n("B,o) Li +2.79MeV | 1.77 MeV | 'Li 1.01 MeV ; :
n (“°U, Lfi) Hfi +~100 MeV | Lfi <= 80MeV |Hfi < = 60 MeV e :
n(>' Gd,Gdye~ +<=0.182MeV | conversion electron 0.07 t0 0.182 MeV L1 b 153 il T 15 i
Table 1: Commonly used isotopes for thermal neutron detection, reaction _""%--.__‘ e
e g . ' el R
products and their Kinetic energies. 0 5 =¥ e ' B =
Target-material density cross-section © abs. length 1 | mass abs. dens. ¥ = -h--'"“'-"i- : - i %
g/cm’ barn cm g /cm = -“-|'| :H'“ﬁ 1.1 el |
He gas lbar [1.27 107 53310 7.36 9.34 107 = :\ 10 B~ 5
Li_ metal [470 10" 945 10° 224107 1.05 107 5 aC 235y, TR =
Li nat metal [543 10" 6.62 10’ 3.20 10" 1.74 10" 2 107 F ' ; ﬁ
‘LiF _ crystal [2.35 1.21 10° 1.56 10 3.98 10 = L™ T K , =
"BF; gas lbar |2.82 107 401 10° 9.80 2.77 107 o4 1L — i L =
B crystal [2.16 4.01 10° 192107 414 10-) L T P T e =
B nat crystal |2.34 7.50 107 12107 281107 s ] o R AMINTR, e =
Mg _ metal |1.74 6.23 10° 3.67 107 6.39 107 21 | ! A RN A B R
Al meal |20 238107 6.96 10! 1.88 10° B 1M E i f"" iy L & =
. . . . L 1 o 1 ' -yt [ h‘. -
Fe metal | 7.86 2.59 455 357 10" - cold ¢ thermal | ogpithermal®, ‘-
Cd metal  [8.64 2.5110° 8.56 107 7.40 107 li}{' _ o Lo p T
Gdnat _metal |7.89 4.6110° 7.16 10 5.65 107 - 2T b ; .
“'Gd metal [7.89 2.5110° 1.3110" 1.03 107 — ] Loy 3] 1
Hg  metal  [13510 3.70 107 6.68 10° 9.02 10" T i - |“ TN T T) RN R 11BN S T I AR W TR I
U metal  [1.8910 577107 3.58 107 6.77 10" -1 1 2 3 -
Unat metal [1.9110 7.60 2.72 5.20 10" tJ 1 14 10 14 ot cy

Table 2: Cross-section, absorption length and mass-absorption—density for
thermal neutrons. (v= 2224 m/s; A =1.78 A ; E kin = 26 m eV ; T = 300 °K).
Isotopes with high cross-section and therefore used in neutron detection are
marked in bold type.

EUROPEAN
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SOURCE
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Be aware of this: detectors are typically
tuned for a certain wavelength range
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eg on a generic He-3 tube

Detection

Incoherant
scattered

n

Absorption

Diffractively
Scattered

depth

® Detection.

Q What can happen to a neutron? el

® Transmission.
® Incoherant scattering
e Diffractive Scattering

Transmission
log10(rate) @4.6A

ILL-ESS-LiU
Collaboration

\}

I

»

(o¢]

10

12

14

16

620 640 660 680
time channel
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Calculation, Simulation, Data and All That

* As you have heard, simulation is a very powerful tool
e ... but the computer will always lie to you ...

Analytical

Calculation
Simulation

e Data from prototype tests is golden

* Lack of ability to trigger independently on the
neutron means some degree of arbitrariness in defining
the measurement

® Checking that your measured data is correct is
complicated

* Additionally, always try and calculate analytically or
“back of envelope” what your expectation is
® (Or at least upper and lower limits)
Data from prototypes
e Use all 3 of these together to understand the
performance of your prototypes
* Expect “features” and non-agreement and investigate
them
* [terative

Thursday, July 3, 14 14



Coding & Simul

T. Kittelmann \

e Collaborative coding framework:

- Structured repo with easy but powerful
build and test system

 Primary deliverable is Geant4 based
simulations, with features facilitating
neutron detector R&D:

- Flexible/modular with easy
python/cmdline configuration

- Relevant materials (enriched B4C etc.)

- Custom geometry viewer for quick
geometry development

- Custom OO file format (Griff) and
analysis framework.

- Multiprocessing for high statistics.
- Histograms for analysis in e.g. Pylab.

- Proper diffraction (see next slide)

« Also a natural framework for sharing
non-Geant4 specific work (analytical
formulae, data analysis plots, etc.)

GIRI—r-

Geant4 Results In Friendly Format

Level 1: Track

Unique Track ID

Particle type

PDG info: mass, name, charge, ...
Kinetic energy at creation

Global time at creation

Creator process name

Weight

[ casinsingiecar ]

CoolNameHere

Level 3: Step
Energy deposition
Defining process name
Integrated step length
Status flag
At both step ends:

- Global coordinates
- Local coordinates
- AtVolumeEdge flag
- Momentum

- Global time

- Kinetic energy

Help: CTRL-H

[owscs

<>

st )
CoolNameHere

CoolNameHere

Click,
FT, CT=CTRL

on point
on corner

Coordinate ax
CT+A

LC+A
LC+SH+A

CT+UP/DOWN :

Cutaways:
77

d volume
ped volumes
Y

ation Steps

e 1]
kground colour CT+R, CT+G, C

i aliasing

ment point
1 Pl

Quit: CTRL-Q

[* not implemented]

creen

Toggle hel
Toggle all text
creenshot

: Hide/show cutaway

red point
green point
blue point
on corner
ow points
Clear point

Level 2: Segment
Name/CopyNbr of volume
Volume hierachy
Detailed material information
Energy deposition
Kinetic energy at segment ends
Global time at segment ends

Eventljob level meta-data:
Event random seed
GRIFF version
G4 setup details
Geometry parameters
Generator parameters

T [GEANTA results:
0 phi segments

— 3 phi segments
~—— 6 phi segments
8 phi segments

= 12 phi segments

" -
Q
<4
[=2]
(7}
o°
3
8 1
o
£
=
S
3
o
101

Naturally, the framework is

available to the community!!

10
Ab[degrees]

Thursday, July 3, 14
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Diffractive add-on for Geant4

T. Kittelmann, M. Boin

* Out of the box, Geant4 includes no (tkittelGlocaliost data)> cat AL.nxs
capability for crystal diffraction. oo e
lattice b = 4.049
« Anew plugin, NXSG4, is provided Lottiee atpna o0

" lattice beta = 96
WhICh enables proper neUtron . 1att:17u::e:+;_1arnr‘na = 9(5:
diffraction in arbitrary polycrystalline latoms]
. add atom = AL 3.449 0.008 0.23 26.98 429.0 0.0 0.0 0.0
m ate r I al S : = L A ) . LA A O A AL L L IO LA O N L LA A I L1 IO L IS N 0 LTI
S i
R N B B Y B e 0 T o R I
» Based on the nxs library (used TN | Chmsmnscategony |
alreacy In McStas, ViteSS) ; | Mxseitom -

 Based on basic unit-cell parameters, = .
just low-energy neutron scatteringis

overridden. All other Geant4
capability Is retained, resulting in a == = =
rather complete tool for e

Investigations of a multitude of
phenomena at neutron facilities.

* Plugin freely available for non-
commercial purposes at
http://cern.ch/nxsg4) and

documented in paper (submitted).
J. Comp Phys Comm

111 L1 11 | - L1 11 | - L1 11 L1 1 1 L1 11 L1 11 | -
0.5 1 1.5 2 25 3 35 4 4.5 5
neutron wavelength [A]
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Definitions and Standards less) ) s
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“No Prototypes installed in ESS”:

|’,::ﬁ' \BR
'.;.'“%ll | SPALLATION

\ N\ / SOURCE

ensuring quality N

Several competing technologies: Need to compare like-with-like

Develop Measurement Standards
Between neutron sources requirements are not defined in the same way

We will write down draft standards, open for critique by Autumn 2014

Prototype development also too long for instrument schedule
(10 years from start to on beam)
Divide the technological developments out to support classes of instruments

Everything fully prototyped and demonstrated BEFORE constructed and installed for ESS

18
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Definitions of Performance

outgoing neutron detector

sample measure X,y (=0)

n .
sometimes measure f

WQ E typically not measured
in instrument design

® Position/angular resolution: how well the position of detection is measured
* Time resolution: how well the time-of-arrival of the neutron is measured
o Efficiency: probability that a given neutron will be detected
* Noise: rate of fake hits
® Dynamic range: the “headroom” between noise and maximum rate
® Rate capability: the maximum rate of neutrons that can be detected either locally or
globally
® (In-)Scattering: fraction of neutrons scattered from somewhere they shouldn’t have
(sample or instrument)
e Gamma rejection: fraction of gamma’s that are falsely identified as a neutron

e A detector will often be described solely in terms of efficiency and resolution, whereas
the scientific performance may be be determined by S/N, background, scattering, gamma
sensitivity

& ™\ EUROPEAN B l
‘ SPALLATION . s
SOURCE . il o : NDRA4 4 | 2014-07

oy

03 | Neutron Sources
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® Rate is the number of neutrons incident per unit time
® For ESS, rate is a key issues for many instruments designs
® Three numbers of interest for assessing a detector choice:
® Global rate: rate (Hz) over a larger area: detector unit or m”"2
® Local rate: rate over a smaller (channel/pixel): Hz/ca. mm”2
® Local instantaneous rate: hits during a small interval of time over a smaller (channel/
pixel): hits/100us-ms/ca. mm”2
* The relevant size of the unit depends upon the details of the detection process

® Details of the detector system as a whole are important

* Even if the detection process can handle the rate, it might be that bottlenecks occur
further on

* Important to keep in mind for the electronics and readout design of the detector

Thursday, July 3, 14



ESS is a Long-Pulse Source

Brightness
(n/::lz/S/fvter/A) ® ESS sMw
104 x10 ® SIS TS1
® (SIS TS2
® SNS 1MW

® J-PARC 1MW
—ILL

0 1 2 3 time (ms)




ILL-B$S-LiU Collaboration
IN6@ILL;

—
o

Position Resolution

* The position resolution is the distribution of the measured position
of the neutron compared to the true position of the neutron

o

]I:l" L

rate / channel (H2)

10*

* Typically simply quoted as a FulllWidth-Half-Maximum or width of o
a Gaussian fit = wnechsnnsl.
* However, the details of this distribution are important depending example of smearing

. . from Al scattering
upon the application

* In particular be careful of quickly falling distributions: resolution
can smear out features, and change the measurements from the plot

Small Angle Neutron Scattering
4:-!“-:“ L. o - 1000 "5 ~4- Form Factor
Diffraction FWHM fine Resolution can — Resolution Smeared Form Factor
Il i . .
| migrate the
— ' ’ 100 shape of this
| e . distribution
>
A g 10 =
S
- £ Features can be
. i smeared by
oo _ N resolution
=l sl L M |
" ;I"L s g el M - : 0.1 3 A.Jackson, K.Kanaki
L .1 4" g L& 1 12 =) .
LTI Vi A : 2 3 4 56789 2 3 4 5 6789 2
0.001 0.01 0.1
q(A")
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&) == Efficiency

e Efficiency is the fraction of neutrons detected compared to the true number of neutrons
e Typically this is quoted as a point-like efficiency, at the most efficient point in the detector,
also in the most efficient configuration of the detector
* Important to quote efficiency at the working point, and explain why the working point is
there
e Additionally, whilst the point peak efficiency is a useful number, probably more useful:
* global efficiency = detected neutrons into solid angle of interest / true number of
neutrons into solid angle of interest
* The solid angle of interest is that subtended by the detector system from the scattering
sample
* This then takes into account dead material (absorption and scattering), non-active
areas, efc etc
e As the wavelength dependence of the efficiency is high, need a well-defined wavelength
of the neutrons to make the measurement - not moderated radioactive sources
® Lastly, neutron efficiency typically is measured with respect to a “reference detector”
* Clearly the understanding of this detector needs to be excellent
* Need to understand possible systematic effects
* eg background on both detectors needs to known and corrected for
* Using an additional detector / method highly desirable to
e Uncertainty evaluation

Thursday, July 3, 14 23



He-3 Efficiency

He-3 pressure = 3 bar

1.0
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/ SOURCE

He-3 pressure = 10 bar
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0-6_ __________________________________________________________________________
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0 2 4 ] & 10

Wavelength (4)

Important to compare like-with-like, in particular when looking at different technologies

Thursday, July 3, 14
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Quality and Standards:Detection EfflClency

cartoon:

“boundary conditions matter”

*Helium-3 is the gold standard, in
particular in terms of detection
efficiency

*However, efficiency numbers have
rarely compared like-with-like

0.9

0.8

0.7

o
)

o
4

efficiency

o
~

o
w

o
)

: - = - = — — —
-— o = - — — — e e e e -
—

Neutron absorption efficiency

\. EUROPEAN
| | SPALLATION

/ SOURCE
\ A

Absorption efficiency of AST 2:1 ZnS/LiF
scintillator for 1A neutrons

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

0 02 04 06 038 1 1.2

Scintillator thickness (mm)

14 16 18 2

R. Engels

, ‘ ‘ —— NG, He3

o
—_
~

- - -B10, 30 layers, 1um| |

I ILL-ESS-LiU Collaboration

o

10
wavelength, A

0 5 15

Standards definition key part of ensuring best cost/quality detectors

Especially necessary with commercial suppliers, to define what we want measured

20

*Arrow indicate effect of dead regions into
account with He-3 tubes

*Alternate technologies starting to approach raw
efficiency numbers

*There is a need to compare like-with-like for the
detailed instrument operating conditions
Gamma rejection is a similar issue

compare like-with-like

25
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, EUROPEAN

SPALLATION Level of Background: Observations from INé Inelastic Demonstrator

SOURCE

, , ... background
10 3 *He .
¥ | %9 levels required
_:_; 10 | cst * (198 - 4.4 Hz bkgd) ) .
£ incredibly low ...
o 0
- S " | 4 \
@ 10°
© 4.4 Hz flat background was

Mm ' :
10°L i Mwlr . observed (no time structure)

-> independent of the IN6 instrument

10 I I I
0 100 200 200 400 50 500 700 800 900 1000 )
time channel U, Th ppm in Al
A~~~ | | |
0.012 s
0.01 10g i
0.008 cst* ('°B - 4.4 Hz bkgd) |

8 el |

o

rate / channel (Hz
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time channel

ILL-ESS-LiU Collaboration
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10B-based Neutron Detectors: Gamma Sensitivity
A. Khaplanov, F. Piscitelli et al., JINST, v. 8, p. 10025, 2013
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Quality and Standards: Gamma Sensitivity (ess ) .

.

. _ f/;-

Efficiency

Efficiency

9 : : : : : : ot b

10_ 1 1 1 1 1 1 1 - 1 1 1 1 1
800 850 900 950 1000 1050 1100 1150 1200 1200 1300 1400 1500 1600 1700 1800
Voltage Voltage

Figure 8: Plateau measurement with the Multi-Grid 'YB detector (left) and a Multi-Tube *He de
tector (right) with a strong '3’Cs source.

Quote gamma sensitivity at same working point as detection efficiency

Working on standards definition for other backgrounds and beam monitors
28
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http://arxiv.org/abs/1306.6247
http://arxiv.org/abs/1306.6247
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fast neutrons are a Wh), are we here deCI)’?
menace for

spallation sources
Fission and Spallation Neutron For ESS, good control of

Spectra backgrounds is going to be an

indicator of success
Neutron Yield per Reaction

10 ¢

1GeV prétoné on ttljngs"[e'nI ﬁ . .o
U-235 thermal fission Detector insensitive
| | | _/to backgrounds are

a qo.od start
or ESS, the long pulse structure means that this

ol |smorefarob|em

001 N

neutron yield (n/MeV)

00001 L i i
0.001 0.01 0.1 1 10 100 1000

energy (MeV)

- R e —
I

(thanks to Ken Herwig) Courtesy — Franz Gallmeier
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Collaborative background studies with PSI

measurements at the SINQ target

e
N M
.
e

| 5’\’" ﬁ!’

paper in preparation
N. Cherkashyna et al.
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Collaborative background studies with SNS

ESS Detector & Neutron Optics and Shielding groups

Between BL13 & BL14
FAVE N R

|

Along basis-curved beamline
~OQutside: ring2target

\\\\

e | e — g g

paper in preparation
D. DiJulio et al.

9

Inside CNCS -
On top of BL14 32
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Measurements & Simulations

neutron dose map
around the SNS target
and POWGEN instrument

Single, double,
triple. quadruple hits

Photons and electrons

Long Gamma Photons and electrons

Weadi Il Log Newtroa Dose (uSy/h)

Heavy blobs Heavy ionzing partcies

SINQ source G4 model

Heavy ionang particies 2
Incidence s not perpendcular to
the detector's surface (Bragg curve)

Heavy tracks

Straight tracks

MiP

Curly tracks

Energetic electrons

=5
: 0.016 hit distributions in Yl
| 0.014 Medipix detector ‘l_:;dd_'l
0.012 | at SNS
2% 0.01/
0.008 |
0.006?
0.004
0.002 “] ‘
‘ e o 3 M o
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, EUROPEAN

Detectors for the European Spallation Source

® Context

® Instruments at the European Spallation Source

® Requirements for the Instruments

* Detector design and developments to fulfill those requirements ESS requirements

Thursday, July 3, 14
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¥ & webbkameror.se

- The ESS Site

SPALLATION

SOURCE

2011
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Helium-3 Crisis

300000

|

250000

200000

® Demand

B Supply

150000

ters

L

100000

50000 I I
0 .
‘k

o N & o o N
S S S S S S S
< d < 4 <. % 3
eComment: seems to be some naivety at the
moment as stocks are being emptied rapidly

Aside ... maybe He-3 detectors are
anyway not what is needed for ESS?
eg rate, resolution reaching the limit ...

Crisis or opportunity ... ¢

For almost all instrument classes,
detectors are a limitation on
performance

Thursday, July 3, 14
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| e\ EUROPEAN

3He Supply Forecast &)

N T

Update from R. Kouzes, “End of He-3 As We Known It”, IEEE NSS 2013
»Current intent for U.S. °He supply

= About 10k liter/year allocation for government use

= About 4Kk liter/year for auction  *** this is what we can bid for ***

= About 10k liters added annually (diminishing)

“Supply is gone in ~2024

»DOE is relying on industry to develop new supply

80000 -
bar-litres
70000 - .
stockpile

60000 -
S0000
40000 - m Demand

30000 - e Supply at Beginning of FY

20000 - releases

R RN RRRREN
N | | _.

10000 4 A‘}' A\b\’ka&J&A{e‘J)&JeA‘@k‘i’o’o};)‘,A}Q’ A)‘?y A‘};,, e /

Plot From Jehanne Gillo, DOE Office of Nuclear Physics, Dec 2012 Pacific Northyest

NATIONAL LABORATORY
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"'.“ -.:-\\.:::- iy // SOURCE
N, T

5 years until first neutrons ...

38
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EUROPEAN

Instruments and their Requirements sPaLLATON

SOURCE
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Science Drivers for the Reference Instrument

Suite from the Technical Design Report

Multi-Purpose Imaging

4 W
[ 7 N\ EUROPEAN

| 4 '
"f“%ﬂ | spaLLATION

\ "i:‘-\\-::—_ // SOURCE

B % C /o

General-Purpose SANS C:» z.", é\ U

Broadband SANS %.o

Surface Scattering z.-

n

Horizontal Reflectometer %.' :
Vertical Reflectometer C*

Thermal Powder I
Diffractometer a

N @ = B

%mwéum
n

Bispectral Power
Diffractometer

n
&0
Y

Pulsed Monochromatic Powder
Diffractometer

n

Materials Science
Diffractometer

\ b
[}>:| [ +(C

Extreme Conditions Instrument

N xo
= 0
=

Single-Crystal Magnetism
Diffractometer

Macromolecular ﬁ

Diffractometer

n

Cold Chopper Spectrometer ﬁ A Q

Bispectral Chopper
Spectrometer

Thermal Chopper
Spectrometer

Cold Crystal-Analyser
Spectrometer

Vibrational Spectroscopy

Backscattering Spectrometer

High-Resolution Spin-Echo

Wide-Angle Spin-Echo

Fundamental & Particle Physic

& b= &,

ﬁ life sciences c__... magnetism & superconductivity

A |

soft condensed matter ) engineering & geo-sciences

chemistry of materials [ archeology & heritage
conservation

energy research fundamental & particle physics

Thursday, July 3, 14
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. Cold Chopper Spectrometer
. Backscattering Spectrometer

. Materials Science & Engineering Diffractometer
. Thermal Powder Diffractometer

. Thermal Chopper Spectrometer

. Extreme Conditions Instrument

. Single-Crystal Magnetism Diffractometer
. Cold Crystal-Analyzer Spectrometer
. Macromolecular Diffractometer

LCoONOOTULTHE WN =

TDR Reference Sqqite of Instruments

Wide-Angle Spin Echo

Horizontal Reflectometer
Broad-Band High Flux SANS
High -Resolution Spin Echo

mstruments

General-Purpose Polarized SANS

Multi-Purpose Imaging

Bi-Spectral Powder Diffractometer

Vibrational Spectroscopy
Fundamental & Particle Physics

Surface Scattering

Vertical Reflectometer
Bi-Spectral Chopper Spectrometer

Pulsed Monochromatic Powder Diffractometer

Thursday, July 3, 14
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. . . %
Instruments Will Move into Construction '///63'3\' EuROPEN

| | SPALLATION

a Few at a Time N

2013 (2014 [2015 [2016 J2017 [auts [auto [2u0 J20at |2022 J2023 [2024 [2025 Jaozs ooz foo2s | ] |

|-3

“Tranche |”

4-11

“Tranche 2”

12-14

15,16

17,18

19,20 ) |
21,22 Tranche 3

23,24
25,26
27,28

29,30

31,32

Thursday, July 3, 14
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‘ '. EUROPEAN

Scope: Detector Requirements forlnstruments oS5

l| :

Instrument Detector Wavelength Time Resolution ® SPeC|ﬁC0h0n5
Area Range Resolution .
m? A )y VY Varied
Multi-Purpose Imaging 0.5 1-20 1 w . .
General Purpose Polarised SANS 5 4-20 100 o TYPICG")’ superior
Broad-Band Small Sample SANS 14 2-20 100 t h bi |'|
Surface Scattering 5 4-20 100 10 O what Is presently
Horizontal Reflectometer %% 5-30 100 1 sfate-of—fhe-a rt at
Vertical Reflectometer 5-30 100 1 . .
Thermal Powder Diffractometer &O 0.6-6 <10 2x2 eXISi'Ing sources
Bi-Spectral Powder Diffractometer 20 0.8-10 <10 2.5%2.5
Pulsed Monochromatic Powder Diﬁraetometer& 4 0.6-5 <100 2x5
Material Science & Engineering Diffrac @ 10 0.5-5 10 2 ®|n many cases,
Extreme Conditions Instrument r( 10 1-10 <10 3x5 .
Single Crystal Magnetism Diﬁractom% 6 0.8-10 100 2.5x2.5 Instrument
Macromolecular Diffractometer 1.5-3.3 1000
Cold Chopper Spectrometer \0 80 1-20 10 performcmce
Bi-Spectral Chopper Spectro Q 50 0.8-20 10 dominated b)’ SB
Thermal Chopper Spectuo 50 0.6-4 10 |'h |'h
Cold Crystal-Analyser %& meter 2-8 <10 rarner rhan raw
Vibrational Spectr h 0.4-5 <10 speciﬁcaﬁons here
Backscattering Spec eter 2-8 <10
High-Resolution Spin Echo @ 4-25 100 C O ST I
Wide-Angle Spin Echo 2-15 100 °
Fundamental & Particle Physics 0.5 5-30 1

| RATE!

* Updated soon with accepted instrument concepts submitted in this proposal round

Thursday, July 3, 14 43




Detector Technologies for Baseline Suite

Instrument

Detector Technology

+ = favoured option

10B Thin Films

L

Scintillators
WLS Anger

3

He

Micropattern O = Option
Rate Resolution _ - disfavoured option

Multi-Purpose Imaging

+ ® Most instruments

General Purpose Polarised SANS
Broad-Band Small-Sample SANS
Surface Scattering

Horizontal Reflectometer
Vertical Reflectometer

have “He-3-free”
options
® Requirement for

Thermal Powder Diffractometer
Bi-Spectral Powder Diffractometer
P-M Powder Diffractometer

MS Engineering Diffractometer
Extreme Conditions Diffractometer
Single Crystal Diffractometer
Macromolecular Diffractometer

o4+ 4+ ++++|oo+++

o+ 4+ 4+ + + +

Cold Chopper Spectrometer
Bi-Spectral Chopper Spectrometer
Thermal Chopper Spectrometer

++ o

4+ © ©

N

0 ~\ He-3 significantly
?’O& reduced

* An array of
technologies will

@

be used

Cold Crystal Analyser Spectrometer
Vibrational Spectrometer
Backscattering Spectrometer

© O O

® dependent upon
a wide range of

High-Resolution Spin Echo
Wide-Angle Spin Echo

© O

sources for

Fundamental & Particle Physics

_|_

detectors
+ +

Collaborative and In- Kmd needed to fulfill these needs

( : \ EUROPEAN
SPALLATION
SOURCE

Thursday, July 3, 14
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10B-based Neutron Detectors

WYB4n—-"Li*+4He — "Li+*He + 0.48MeVy-ray + 2.3 MeV  (94%)
— "Li+4He +2.79MeV  (6%)

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

neutron

Thursday, July 3, 14 45



10B-based Neutron Detectors .
B,C layer substrate

gas
volume

Multi layer

neutron

Generic approaches to improve efficiency

Grazing angle (<10°) gas

volume

neutron

Thursday, July 3, 14 46



—\§
\\. EUROPEAN

Technologies for the Instruments \935'/ o
\~
Instrument Detector Wavelength Time Resolution . B-10
Area Range Resolution
m? A S [mm
o 2 " | . Scintillator
Multi-Purpose Imaging I 0.5 1-20 1 0.001 - 0.5
General Purpose Polarised SANS [ 5 4-20 100 10
Broad-Band Small Sample SANS [N 14 2-20 100 1 He-3
Surface Scattering N B 5 4-20 100 10
Horizontal Reflectometer N 0.5 5-30 100 1 ]
Vertical Reflectometer N B 0.5 5-30 100 1 . Exotica
Thermal Powder Diffractometer [N - 20 0.6-6 <10 2x2
Bi-Spectral Powder Diffractometeij ] 20 0.8-10 <10 2.5x2.5
Pulsed Monochromatic Powder Dij 4 0.6-5 <100 2x95
Material Science & Engineering D lc 10 0.5-5 10 2
Extreme Conditions Instrument [ [ 10 1-10 <10 3x5
Single Crystal Magnetism Diffract| N © 0.8-10 100 2.5x2.5
Macromolecular Diffractometer [ NG 1 1.5-3.3 1000 0.2
Cold Chopper Spectrometer R 30 1-20 10 10
Bi-Spectral Chopper Spectromete: N 5() 0.8-20 10 10
Thermal Chopper Spectrometer [N 50 0.6-4 10 10
Cold Crystal-Analyser Spectromet T[N 1 2-8 <10 5-10
Vibrational Spectroscopy | | 1 0.4-5 <10 10
Backscattering Spectrometer [ 0.3 2-8 <10 10
High-Resolution Spin Echo [ 10.3 4-25 100 10
Wide-Angle Spin Echo 3 2-15 100 10
Fundamental & Particle Physics [ O -5 5-30 1 0.1
Total 282.6 47
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Specific examples

® Inelastic direct geometry spectroscopy
* Reflectometry
* Neutron Macromolecular Crystallography

Thursday, July 3, 14
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Collaborations @ o

Share Victory. Share Defeat.
eEveryone should play to their strengths

Thursday, July 3, 14



' \ EUROPEAN
SPALLATION
i SOURCE

Inelastic Direct Geometry Spectrometer

Thursday, July 3, 14
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Multigrid Design: ILL/ESS/LiU Collaboration  lless) )&,

"/ / SOURCE

¢ This year: produce an IN5 equivalent — : = ¥
modulgwith I?he ILL Multigrid dqesign Figll soi Umt\fql;ll\l/5- 3.x0.8n1- 3

¢ Collaboration: ILL/LiU/ESS
® >70m”2 B-10 coating

® IN6 demonstrator results showed that | %j il

Elerformcmce roughly equivalent to !
elium-3

-
o

e NB started ca. 2009: if this is used on a

tranche 1 ESS instrument, it is a 10 year
development to beam cycle

—_

51
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(slide from B. Guerard) * e
CLUSTER OF RESEARCH INFRASTRUCTURES CRISP. “\\}
M FOR SYNERGIES IN PHYSICS od
10B,C thin film Multi-Grid detectors Participants: ESS, ILL, LiU
The goal of the CRISP / WP15 work package is to show that the Multi-Grid demonstrator :f—;‘,;;
concept + B,C thin film converters is an alternative to 3He for large area detectors 300cmx 80 cm | /’// oW
?6 .Gr'ids and 60 wires readout + 96 grids and 360 wires . |
individually e Grids of same Y connected by 3 > 1024 grids/ 512 wires
32 channels * 256 x (4Grids) cath channels
* 50% efficiency measured @2.5 A « Wires X & X ., connected with « Wires X, & X,,;, connected with
«B,C coating process validated resistors = 24 channels resistors = 32 channels
* Film characterization
» Simulation of the detector * Measurements on IN6 * Pressure vessel tested
* Centre Of Gravity localization in Y * Backgrounq observed, solved e Mass production of B,C (70
« Gamma sensitivity measured * back scattering measured m? 1) and detector components
* Ar-CO, & CF, tested at [0.2 - 1] Bar * Electronics validated » real detector operational
* Demonstrator in fabrication
Where we were last year What has been achieved since then Where we want to be next year
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Multigrid Design: IN6 Demonstrator

rate / solid angle (Hz/sr)

96

98

|/ \\ EUROPEAN
,,%{I | SPALLATION
'\ // SOURCE
"~

TN
\!

93 84 9 9 97 95 9 10 101 102 103
angle (°)

100 102 104 106
angle (°)

Ratio of integrated rates in Bragg peaks :
-4.1 A : rate(1°B) / rate(3He) = 1.08
-4.6 A : rate(1°B) / rate(3He) = 0.97

*background from alpha’s in Al seen
*Plating or ultrapure Al solves it: now ok

Thursday, July 3, 14

IN6 Demonstrator

ot AT

' H Innf,‘]ll

.~ A \‘“4

1A

Performance basically matches Helium-3
| *Efficiency - OK

x10

Data - OK
*Scattering - OK
Gamma rej - OK

t resolution - OK
*X,y resolution - OK

2.5

|
<
Ry
S
3]
@
o
@
€
>
®
S
o
>
o
o)
2
©
S

___—
— standard Al
— improvement, all 12 frames
—— improvement, middle 6 frames

Since 2013:
background

improved by factor
100

40 60 80 100 120 140 160 180 200
energy channel



Multigrid Design: IN5 Demonstrator
Mass production possible? NN
Full INS-like module (3x0.8m) &y '

To be completed by Sep! . \

Coatings comple%”“ )

104///'/’ '
- R -

,. / : j.' o

MEANAW Y e

,-/
4/"
o

”
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Multigrid Design: IN5 Demonstrator =
| ; - \D sncen
Large area neutron detectors possible again @

SOURCE
ILL/ESS/LiU Collaboration

TS *"g
il L | :

4
3x10

—— W3 gammas
——WS3 neutrons
o 5| —— W3 gammas+neutrons

Thursday, July 3, 14



70

E ;A oxpi [0.55 !uMI ol exp. uml15
60— {wum G4, 20F — G, dxF o]
C w— G4, 6xF G4, 8xF
Macrostructured MWPC (FRM-II, ESS) PRt
/ £ S—
(alternate option) & Y
g 30f
= u
w C
20—
Stack of MWPCs with Boron-lined 105
a 1/4 :‘ .
macrostructured” cathodes ; e e S e
. 60— ¥ exp. [1.1 pym] M exp. [3.6 pm]]
Sense wire planes : ity e s
3 505— — G4, 10XM o G&, 12xM
‘é 40’;_ ----G‘.M:xM
8 30f- . -
~ - 3 b S = : |
\ e W 20 ey ; AN e B
Photograph of the 1°B-demonstrator during the 10 '—a Maérostructured
in beam tests at TREFF@FRM2 (A=4.7 A). S e gz banaRenaals selng
0 1T 2 3 4 5 & 7 8

3D regular pattern consisting of grooves that can be created

in the substrate material by milling, extrusion, forming, etc.

Similar concept (“microstructuring”) used to increase the
efficiency of the semiconductor neutron detectors.

|. Stefanescu

J. Uher et al., NIMA 576(2007)32.

. |

10B,C-coated plates for the
demonstrator (Univ. Link6ping,

Thickness coating (um)

5 cm x 40 cm macrostructured plate
fabricated by extrusion (MIFA, Holland).

Cathode panel, 40
(8 plates).

Thursday, July 3, 14
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Reflectometer

* Bruno said quite a bit about the challenges of this yesterday ...
® Rate + Resolution

® Pushing the boundaries

® Subject of a specific set of R+D
® 3 options under serious consideration:
® He-3 MSGC (Bruno presented yesterday)

* High rate capable scintillator detectors (WLS fibres and direct coupled)
* Multi-Blade B-10 detector (Bruno presented yesterday)

Thursday, July 3, 14
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ﬁ EUROPEAN
Example of Challenges: Rates for Reﬂectometryky
Instrument area Az Ay global rate local rate
(mm x mm) | (mm) | (mm) (3_1) (s_lmm_2)

ESTIA [2] min 500 x 170 <2 > 2 - -

ideal 500 x 500 <05 | >05 ~ 107 3.10%
FREIA [3] min 500 x 500 8 1 - -

ideal 500 x 500 < 8 <1 ~5-10° ~ 3.5.10°
THOR [4] min 500 x 500 2 _ - -

ideal 500 x 500 <2 _
VERITAS [5] min 500 x 500 2 2 - -

ideal 500 x 500 < 2 < 2 5-10° 5102

spatial resolution, global and local rates for reflectometer proposals at ESS. ™ 105_

(preliminary)

Factor >100-1000 higher than

state-of-art detectors today

NEUTRONS@ESS: RATE IS AS BIG A
PROBLEM AS HELIUM-3 AVAILABILITY 102030405060 70 80
(and high spatial resolution required) t (ms)

count rate (1/mm2/s
S

o
w
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2tz Neutron Macromolecular Crystallography

SOURCE

02323 21 21 .4 d(. 01919
3 27

2844 A 3.115A TA 3443 A
112.2ms  122.8ms | /QPrr 135.8ms
|
o252y 02424 02222 I
2617 A &.726 A 2974 A l
103.2me 107.5ms| 117.3ms

99.2ms |
t/?”'l l |
I"787874 7A|

2336 A Qs l

oms ™ || [ |
fJ .zf}.ij \ ' ' | | l l
2.256 A |
89.0 ms | .". “i / ' ‘ l
03030 | |\
2181A ||| & H ' J YR S |

6.0ms || [\

Figure 5 A crowded part of a simulated diffraction pattern from a 5 mm crystal of ” I'}‘ r "“ [ y| I g H I | |
perdeuterated rubredoxin at detector distance of 20 cm and 20-angle of \ M - t‘g' | u w | |l
45° split into nine time bins. Bin 9 contains no reflections and is hence DU R TR A | ‘n '.L Ly ld |
not shown. 80 90 100 e ‘ml 20 130 140 150

oo x
Time-of-fight (r

Figure 5 The simulated (top) and scale drawing (bottom) representing TOF

Figure 4 T[\e detector geometry illustr§ted as a function <_>f crystal-_detector separation of the harmonically overlapped reflections 0 19-30 19-30
distance and the total scattering angle covered in the horizontal plane. using arbitrary reflection intensities. The time width in the scale drawi
is 4 ms.
0.2mm Resolution Gamma rejection not particularly important

60x60cm modules?
Good time resolution

E. Oksanen
Thursday, July 3, 14
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HZB in-kind

| SpaLLanion Gd-qued MSGC/G EM De‘l'eci'or contribution to ESS

SOURCE

Detector specifications
= Measured parameters: X/Y, T, EX/EY support foil MSGC design
. ?osmo? ;?Sﬁlumn; 1.00 pm-1300 Mm 1574 1574 (2%0.5- 1.5 um) metal 2: 1 im Au (0.03/0)
n =-0OT- <L .

_I_!me © Ilg t't re.SZO HHon: HS Csl columnar CsI (2 * <I pm) DLC coating: 0.1 pm (~10* € /Q)
" [IMeresolution. ns grid | \ extraction grid BCB: 15 pm ~10" Q cm

metal 1: lum Au (0.03¢2/Q)
glass: 1 -3 mm (B270)

\ 255 um _jmetal 2

= Countingrates:5*10'n/s per module
(n,e”)- converter

' "\
Pay 635um
TIessl-~ g cathode anode / E)Lagn
mG, - G, g 100 um 25 -
g = UK . pm '/BCB
=) \‘t‘. ~]
n| |k ‘-—/_Q/ " metal 1
A\ - - S <t glass
| [EF G_z - § ; )
- - M (" i-butane i-butane ’
20 mbar 20 mbar
S3mm L 45mm  Jf  45mm :l ' '4‘_‘_
support foil / v H
g > = - L -
303 7
o Substitute MSGC with GEMs: now a
e O .
aa = % collaboration CERN-HZB-ESS

originally develop
Thursday, July 3, 14 60




, EUROPEAN
SPALLATION
SOURCE
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Collaborations for Construction Phase
’ | | SPALLATION
Instrument construction started for first 3 instruments \t/ SOURCE

Challenge: select collaborative partners to build performant detectors

Thursday, July 3, 14 62



Instruments Will Move into Construction .(/ o \R EUROPEAN

| SPALLATION

a Few at a Time \\// S

2013 (2014 [2015 [2016 J2017 [auts [auto [2u0 J20at |2022 J2023 [2024 [2025 Jaozs ooz foo2s | ] |

|-3
“Tranche |”
4-11
“Tranche 2"
12-14
15,16
17,18
. . 19,20 ) |

*11 instruments are In 21.22 Tranche 3
construction by next year 23,24
*We need in-kind partners 25,26
*Remember: 70% of detector 27,28
construction cost will be in-kind 29’303| 3

sie ESS will build a small
fraction of detectors ourselves
we Will enable as needed

Thursday, July 3, 14
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EUROPEAN

Mood Message for the R+D so far ... SeaLLATON

SOURCE

to here in' 200 d s e sesss.

'
SLUTTTIT
. ."'.".'r

? 0 An

~
AN -

03.01.2013

* Development time is long: typically 10 years
from conception to utilisation

* Solve challenges one at a time, and remain
.V calm

Q’i
L

! .
l X [l 3\
’ ." "‘ v - N
. . 4 . " ; :
\
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(7 \\"\ EUROPEAN

Timeline for detectors G

201012011 |[2012 || 2013 |[ 2014 || 2015 || 2016 || 2017 || 2018 || 2019 || 2020

2013-4 Proposal Round |.. ..
Conceptual Design Work | l’_)—,

A % *Here is the timeline for a thermal
fatriment Deetsion = chopper spectrometer with one
Iﬁ‘ﬁiﬁé‘i‘?eé‘in?e%‘%‘igfl‘;ﬁ%‘;% B E; concept for detector technology
ollgate
Phase 2: Detailed Design %41
Tollgate 3| >
Constryetion = -note: 10 years from concept to
Ready For Hot Commimsins (potential) utilisation

Detector

Multi-Grid Development s
Proof of Concept

Prototype 2

eport

Design Optimisation

IN6 Demonstrator

*note: neither the proof of concept nor
construction phases dominate the
timeline, but rather the numerous
prototyping and demonstration phases
In between

IN5 Demonstrator

Performance and Costing Report
Optimisation for Bispectral Instrument
Design for ESS Instrument

Report

Technology Demonstrator
Ready for Deployment

Detector Construction
i Contracts| 2019 is tomorrow: it means that any
Coatings .
hﬁhj - detectors built for then are well

Testing
Final Electronics Design
Electronics Production

..... progressed with developments now

Electronics Testing | W
Detector Integration and Calibration |
Installation and Commissioning | % 65
Detector Ready For Neutrons -

Thursday, July 3, 14 65



/// \\ EUROPEAN

Te a m WO r k ces ~| ..%H zzﬁlhénou
N> 7/
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Collaborations for the Construction Phase

. . - . | \ EUROPEAN
In-kind will be competitive: oversubscribed by factor 2++ eﬁ/} s
N
\~
Detectors are fundamentally collaborative and interdisciplinary
In-Kind, Design Update In-Kind, Construction Phase (so far ...)
HZB o, i3 Helmholtz Zentrum Remember: front weighted TI_ITI
0ltz 15157 Geesthac
Zentrum Berlin  Zentrum fiie Material- und Kirstenforschung - - 'J JULICH e rame
,J JULICH m FORSCHUNGSZENTRUM ’.",;J‘::‘.[.&,;.,’:‘
FORSCHUNGSZENTRUM } ? - - ”
. - b IFL Institute for E Technology
. - 1stitute for Energy lechnolo
IFB Institute for Energy Technology . -
<
=
g = INFN I I
- _
BICOCCA C
Collaborative Partners -
.’l l.f*g ..,sw-* | L= O
[ e [ oF 557 S 1515
NEUTRONS s o . LU ND .
FOR SCIENCE - Linkdping University (7 versiTy Need partners to build detectors

MID SWEDEN UNIVERSITY

Commercial Partners
AN Working wi '
g with many commercial partners
MlttunlverS|tetet /\/\/ IV -

Thursday, July 3, 14 67



Specialise: example: Coating Facility in
Linkoping for ESS @333*’?”

High quality enriched boron carbide coatings

*Need specialist centres of expertise, rather than a
large number of generalists

Do what you know, exceptionally.

*Share and collaborate and benefit from others
expertise

Thursday, July 3, 14



Summary

* Huge progress from the community as a whole for solving the Heliu
crisis e

* Very significant challenges still ahead for detectors ...
® Instrument construction started ..
® Remember: typically 10 years concept to beamline
* We need to utilise the considerable expertise that X
* Challenge is only achievable using in-kind

* Need to build up centres of excellence in Europ
numbers of all-rounders

el

e Used ESS as an example for how detector technologies are

* Make sure that you define what you measure clearly and
unambigiously

® Publish whatgou do: too many of the best results remain Forgo
are redone 3-10 years later e
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