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LSS Detector update

Dorothea Pfeiffer on behalf on the ESS detector group

Thanks to G. Croci and F. Piscitelli for their slides
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? iz_iea - Detectors for SKADI:

LUND o\ SoNDe grant

. SKADI SANS instrument needs detectors which can take
higher rates than existing Anger Cameras

 H2020 4MEUR Grant: Julich + LLB + IDEAS(NO) + Lund U +ESS
e See Sebastian Jaksch's talk this afternoon in the detector session
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For further information, please refer to the poster by G. Groci et al.




Boron Array Neutron Detector (BAND) - GEM

Padded Anode 36
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F AlLO,
Lamellas coated on both sides with 1°B,C

Using low 6 values (few degs) the path of the neutron inside the
B,C is increased = Higher efficiency when detector is inclined
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BandGEM Demonstrator Design 1/2

T

|

One Lamella element: 24
Al strips coated by 1 ym
10B4C on both sides

Geometrical dimension of
the demonstrator defined
in order to equip all the
rear area by using 8
modules
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amellae
system

Total of 100 lamellas
(separated by 4 mm gap)
are foreseen to realize
the demonstrator

Tilting the detector by
few degrees ensures high
detection efficiency
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BandGEM Demonstrator Design 2/2

GEM Foils Anodic Pads
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Bl AT A Localization performed
L recording the charge
Charge amplification structure. reaching a suitably
Multi-GEM based padded readout board.

detectors provide a gain of
about 102 (in this case),
with a negligible discharge
probability.

Preliminary design: 1000 pads
with a constant dimension of 4
mm along the r-axis



_ Prototype - Achieved Demonstrator - Simulated

Lamella Distance

B,C/empty ratio on lamellas
Full Lamella System lenght
Lamella Thickeness

Lamella Material

Optimal tilt angle

Pulse Height Threshold
Cathode geometry

Count Rate Capability
Gamma Ray Sensitivity
Measured Efficiency @ 1.5 A
Expected Efficiency @ 2.0 A
Expected Efficiency @ 6 A
Expected Efficiency @ 12 A
Resolution FWHM @ 2,6,12 A
Front-end ASIC

Performance

2 mm 4 mm

1 3

6 cm 9cm

250 um 100 pm
Aluminium Oxide Aluminium/Titanium
7 degrees 2.4 degrees
70 keV 100 keV
10x10 cm2 - Square Trapezoidal
10 MHz/cm? 12 MHz/cm?
5*%10~ 1077

18.5% /]

// 37%

// 55%

// 61%

// 5.5—6 mm

CARIOCA - 8 channels/chip GEMINI — 16 channels/chip

: Prototype and Demonstrator
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The Gd-GEM project BrightnESS
Task 4.1 Neutron Detectors — The Resolution Vo

Challenge
The key objective of WP4 is the technological

-
evolution of neutron detectors in terms of ‘ ’

resolution, intensity and dimensions. &

Mittuniversitetet

MID SWEDEN UNIVERSITY

Sept. 15 Sept. 16 Sept. 17 Sept. 18
3 years

WP4 Innovation of key neutronic technologies:
T4.1{The resolution challenge
T4.2| The intensity frontier
T4.3 |Large areas detectors
T4.4|Detector realisation
T4.5Moderator testing and development beamline

Milestone




=> Gd-GEM detector
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200 um position resolution
(beyond state of art for time
resolved neutron detectors)

High rate requirements with up to
MHz/cm?

High gain stability and count rate
stability D -\\ - ! . -El%trical%ieldjn hoIe}Li
Mechanical robustness (detectors | Lol o e |

mounted on freely movable
robotic arms)
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Reasonable gamma suppression




Natural Gadolinium converters

Baseline: Backwards and forwards
100 ] mode. Optimum thickness 6 um,
" Efficiency at 1.8,&// thinnest available foil 10um:
sl P e o e 20% efficiency at 1.8 A
I / el comerer 28% efficiency at 3.5 A
= 6ol / e poards Alternative: Backwards mode, one
> . .
= [ % » detector: Optimum thickness >=50 um
©
Q L . .
S 40 | 14% efficiency at 1.8 A
: % .
I v 20% efficiency at 3.5 A
I / o neutron
2017 el
:/I/I '/”’:,:H ..... ¥
r— R Backwards detector e-
O L1
1 10 10°
converter thickness [um]

Upgrade with 157 Gd: up to 38% efficiency at 1.8 A
and 42% efficiency at 3.5 A

Forwards detector
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100 Y T T
 XPS measurements w/o Al z M
capping layer W _'
- no benefit with Al capping : o Gaaon oo
3 40 4 Gd, 1464 h, /- 0O, 1464 h
- capping process “adds” O % 2
- foils are stable T R
- GdO layer with O surplus o i
builds up_but does not grow - 20F - i
significantly = §izf_e_d_2_qg _______________________________ ._G‘r
\ Q o5
N © 0,4

PO T T T S I |

Thanks to Susann Schmidt
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GEM Rate capabilities with Gd

10

—— simulated spectrum
—— measured spectrum

Events [%]

#0009 Sténdla}dl'll'r'iglle GEM : | ) : Gd ce deposit on average
35000 + Ar/CO, 70%/30% I I i3 28 keV in 10 mm drift space
| I -
Cu X-rays ~ 8 keV I | -
c 30000 r [ L
'© I I ]
) [ [ -
o 25000 r I -
= ! ! . . | |
8 | | 10—20....50...,100,,,,150,,..290...,250
£ 20000 -Gain modification | | L peposten Energy kel
© caused by charge density, : o %
& 15000 | : L x 1
© | e ™ ‘
> Mo mmmemnnmnnnnann Wemmmmmmm e ) - - I "
© 10000 F I S I
For Gd: 3 MHz/cm? L s o
5000 F R I :.‘.E ........ Pop— :EI ----------- “ ]
| |
0 . I | N
1 10 100 1000

. . flux (kHz/mm2) E. Perelli Cippo et al., A GEM-based thermal neutron detector for
Thanks to Filippo Resnati high counting rate applications”, JINST 10(2015) 10, P10003



Gd-GEM backwards setup

HV1: 3350 V

HV2: 2350 V
TN— \ Gd sheet (50 um)
l . conversion electron
R >=110 mm
550kQ %10 MQ —
O 2 mm

‘_ e e == ==
1 MO _‘ ‘—‘——___zmm
Start of track
500kQ

neutron @
e D>

[
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Position resolution

% 2500 _— last-loca Fmaximum
8 (A SR —tr | T fit ocal-maximum (=320 um +~ 21 um)
| | center-of-gravity
2000 — =« fitcenterof-gravity (@=2025 um +/- 391 um)
1500 F—
1000
500
o | l 2 4 | I L Il 4 l | 1 3 l 4 | | l ' 4 I I L 2 4 l | 1 2
146 148 150 152 154 156 158 160
y strip [0.4 mm]

* Intrinsic position resolution: o <= 400 um
* Scales with strip width (200 um strips possible)



Optimum drift size of Gd-GEM
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Con'g rsion Electrons

Conversion Electrons [%)]
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0.5

E,.,, in converter
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50 100 150 200 250

Kinetic Fnerav [ke\/1

E,., leaving converter

1 1 1 Il 1 1 1 1 1 1 1 1 1
50 100 150 200

250
Kinetic Energy [keV]

Events [%]
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Egep in drift

100

spectrum 5 mm drift

spectrum 10 mm drift
spectrum 20 mm drift
spectrum 30 mm drift

Ideal drift thickness:
1I0mm—20 mm

e I 1 L 1 I le 1 1

150 200 250
Deposited Energy [keV]

16
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Simulated and measured gamma S

sensitivity in 10 mm drift
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e Backwards without threshold Sl == Forwards without threshold
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{backwards mode
FERE e A fodl e GA 6 UM
: 5 : : | —=— Gd 10 um
| —4— Gd 25 um
| —»— Gd 50 um

: : ; [forwards mode
T R ....................... TR o Gd 6um

: : 5 | —=— Gd 10 um
| —a— Gd 25 um

[ —»— Gd 50 um
10 L | oo vl el ol Gd 250 um i —4— Gd 250 um
10° 10" 1 10 107 10° 1ot 107

1
107 107" 1 10 10? 10° 10
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_;
S
(4]

T T
—

S

o

T IIIIIII

Measured values 250 um Gd and 3 keV threshold

backwards forwards

6E-03 241 Am 59.5 keV gamma 1E-03 241 Am 59.5 keV gamma

2E-03 22 Na 511 keV/1274.5 keV gamma 2E-03 Na 511 keV/1274.5 keV gamma
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Neutron and gamma sensitivity of 50 um

Gd in backwards configuration

Deposited Energy [keV]
= =< N N W W H S
oo O o1 O O O O O (&)}

o

Neutrons

F e meanenergy | oy
~ | —m— 50% percentile ;

- | —+— 25% percentile TS WP O R . S
~ | 4+ 10% percentile

- | —v— 5%percentile | LS o S S
H 5’ = — I 1 1 1 | 1 1 1 1 | ] | 1 1 | | 1 1 1 I 1 1 1 1 I 1
0 5 10 15 20 25 30

Thickness Drift [mm]

1072

10°°

Gammas

‘ AAAAAAAAAA I. AAAAAAAAAA x AAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAA AAAAAA
: ' 10§mmd2rift | '

~ | —— 60 keV gamma backwards
— | —=— 100 keV gamma backwards
- | —~— 500 keV gamma backwards
L | —¥— 1 MeV gamma backwards
—— 10 MeV gamma backwards : : :
T T T EP s IS IR I

0 10 20 30 40 50 60
threshold [keV]

Depending on threshold and gamma energy,

gamma sensitivity around 103
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ﬁ SPALLATION
Results from 2015

e Gd-GEM detector works

* Detection efficiency (2 A neutrons) is with 12% as expected
from simulations (without scattering 15%)

* Tracking of electrons works

* Intrinsic position resolution of o <400um (relates directly to
400 um strip pitch)

* With smaller pitch o = 200 um achievable

e Fast readout electronics are under development, VMM?2 being
tested at the moment

 Gamma sensitivity with reasonable energy threshold around
103, 50 keV — 500 keV gammas are the biggest problem since
their energy deposit is identical to the Gd conversion electrons

19



ﬁ SPALLATION
Gd-GEM Outlook for 2016

* Further study gamma
sensitivity

 Determine optimum drift
thickness

e Study stability with 2 GEM foils

e Evaluate low scatter readout
material

e Study smaller strip pitch

e Build 10cm x 10 cm prototype
to participate in neutron
scatter experiment to show
performance

20



ejya, Freyia, Froya, Frojya, and Freja) in L o atremantation o

K [} instrumentation consortium
2 "Lady”, one of the Vanir gods, rules o weomer @) jochen Stann

L 3 , ol Marité Card ESS SAC Meet
ly afterlife field Folkvangr and there e s 6 Hanes o
salf of those that die in battle.

_.®*  Ursula B. Hansen 21.05.2014, Lund

‘REIA -a .
focusing reflectometer for small samples
reflectometer for eed o the
kinetics and liquid Selene guide concept
surfaces

BrightnESS
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Reflectometry at ESS: FREIA and ESTIA

Detector

y Horizontal Reflectometer
(FREIA)

Specular
reflected
intensity

Suitable for liquids
(limited angular range)

Neutron beam

R 8
~
-~
~
~
~
b L
~
~

Specular
reflected
intensity

Vertical Reflectometer
(ESTIA)

Neutron beam

= o Not suitable for liquids
EStla ~~~~~~~~~~~~~ More versatile

“  (wide angle range)
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The Multi-Blade project BrightnESS

SOURCE

Task 4.2 Neutron Detectors — The Intensity Frontier ggm\gN

The key objective of WP4 is the technological
evolution of neutron detectors in terms of

R
resolution, intensity and dimensions. | W iGner
Wigner Research Institute

1) LUND UNIVERSITY

Budapest Neutron Centre

Sept. 15 Sept. 16 Sept. 17 Sept. 18
3 years P °P °P °P

WP4

Innovation of key neutronic technologies:
T4.1| The resolution challenge

[ T4.2|The intensity frontier

T4.3|Large areas detectors

T4.4|Detector realisation

T4.5|Moderator testing and development beamline

N> W

Milestone




The Multi-Blade project

concept introduced in 2005

/[
NEUTRONS
FOR SCIENCE

Institut Laue-Langevin

proof of concept in 2012

/[
NEUTRONS
FOR SCIENCE

Institut Laue-Langevin

University of Perugia

\ \ EUROPEAN
| | sPaLLaTION

SOURCE

jinst PUBLISHED BY IOP PUBLISHING FOR SISSA MEDIALAB

RECEIVED: December 10, 2013
REVISED: February 6, 2014
ACCEFTRD: February 13, 2014
PUBLISHED: March 12, 014

Study of a high spatial resolution °B-based thermal
neutron detector for application in neutron
reflectometry: the Multi-Blade prototype

F. Piecitelli,**' J.C. Buffet,” J.F. Clergeau,* S. Guccaro,* B. Guérard,*
A. Khaplanov,*~ Q. La Manna,* J. M. Rigal* and P. Van Esch®
Institut Lawe-Langevin (ILL),
6, Juies Horowitz, 38042, Grenoble, Framoe
®Department of Physics, University of Perugia,
Piazua Universisi 1, 06123 Perugia, Ialy
“European Spallation Source,
P.O.Box 176, SE-22100 Lund, Sweden

E-mail: piscitelli@1ll.fr

AgsTrRACT: Although for large area detectors it is crucial to find an altemative to detect thermal
mneutrons because of the *He shortage, this is not the case for small area detectors. Neutron scatter-
ing science is still growing its mstruments” power and the neutron fiux a detector must tolerate is
increasing. For small area detectors the main effort is to expand the detectors” performances.

At Institut Lane-Langevin (ILL) we developed the Multi-Blade detector which wants to in-
crease the spatial resolution of 3He-based detectors for high flux applications. We developed a
high spatial resolution prototype suitable for neutron reflectometry instruments. It exploits solid
1°B-films employed in 2 proportional gas chamber. Two prototypes have been constructed at ILL
and the results obtzined on our monochromatic test beam line are presented here.

Keyworps: Neutron detectors (cold, thermal, fast neutrons); Gaseous detectors

ARrX1v ePRINT: 13122473

' Comesponding author.

T4 send Sis doi:10.1088/1748-0221/9/03/P03007




Efficiency

——4A
0.9 —o—2.5A 1
5 degrees ——1.8A
0.8 ]
0.7r B
0.6 B
>
S
505 7 . )
5 Efficiency 45% at 2.5A

A single Boron layer inclined at 5 degrees
0.3

7

0.2r i

0.1 i

0 2 4 6 8 10
6 (degrees)

The intensity is spread over a wider surface
(5 degrees = factor x10)

neutrons

6.
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4 cassette demonstrator:

proof of concept in 2012

NEUTRONS
FOR SCIENCE

LI"\GU'[ZI’OI’}S

> Multi-Blade
sample

—

neutrons
hit the layers at 5°
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4 cassette demonstrator: | | |

Results:

2

7
V7
7
17

+  Measured Efficiency 45% at 2.5A

S S

* Spatial Resolution 4mm x 280pm

«  Counting rate capability ~5000 n/s/mm? at 2.5A
(limited by the electronics)

* Atmospheric pressure operation
(thin vessel window, low scattering)
(cost effective materials)

1 T
09| Efficiency
=
08 E
>—
o7
g
2]
:506
g 9 10 11 12 13 14 15
0.5 X (mm)
\n\r\
0.4 - u.7mm
12
0.3 £ "
=
8 200f 4 2.
0'20 5 10 15 _l
wavelength (A) %1 2 2 ® 5 &8 7T B 0 12 13 14 15
X (mm)

Neutron beam (~0.2mm)
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4 cassette dem onstrator:
Results:

+  Measured Efficiency 45% at 2.5A

* Spatial Resolution 4mm x 280pm

- Counting rate capability ~5000 n/s/mm? at 2.5A
(limited by the electronics)

* Atmospheric pressure operation
(thin vessel window, low scattering)
(cost effective materials)

The ESS requirements

T .

Max local rate 105n/s/A/mm2  «  Conventional refl. 10° n/s/,éx/mm2
* High intensity mode  10%n/s/A/mm?

Spatial resolution ~ 4mm x Tmm 4mm x 0.5mm

Y\ '\ EUROPEAN
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4 cassette dem onstrator:
Results:

+  Measured Efficiency 45% at 2.5A

x10

* Spatial Resolution 4mm x 280pm —

«  Counting rate capability |~5000 n/s/mm?pt 2.5A
(limited by the electronics)

* Atmospheric pressure operation
(thin vessel window, low scatteffing)
(cost effective materials)

The ESS requirements

| FREIA_

The state of the art

Instrument Facility techn. area spatial res. efficiency global rate | local rate
(mm x mm) | (mm x mm) (s (s 'mm~2)

FIGARO [9] ILL “He 512 x 256 ~2X75 ~ 63% @2.54 3-107 230

~ 90% @10A

~ 80% @ 30A
SuperADAM [11] ILL “He 300 x 300 2.8 x 2.8 76% @4.4A 2-10° -
REFSANS [12] FRM2 “He 500 x 500 ~2x2 58% @10A 22-10° 300

> 50% € [5,18]A
INTER [13] ISIS “He,°Li | 200 x 200 ~1x1 -
POLREF [14, 15] ISIS “He 200 x 200 <1Ix1 - - -
BIOREF [16] HZB “He 300 x 300 2x3 ~ 60% @10A 2-10° 300
LR SNS “He 200 x 200 1.3x1.3 B B B
MR SNS “He 210 x 180 1.5x 1.5 - - -
Platypus [17] OPAL “He 500 x 250 1.2x1.2 ~ 60% @ 10A 2-10° 300
SOFTA [18, 19] J-PARC “He 128 x 128 2%2 - - 300
SLi 256 x 256 4x4 300

105n/s/A/mm2 | «  Conventional refl.
*  High intensity mode

Max local rate

10° n/s/%\/mm2
104 n/s/A/mm?

Spatial resolution ~ 4mm x Tmm 4mm x 0.5mm

EUROPEAN
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4 cassette dem onstrator:
Results:

+  Measured Efficiency 45% at 2.5A
x10

* Spatial Resolution 4mm x 280pm —

- Counting rate capability |~5000 n/s/mm?pt 2.5A

—

(limited by the electfonics) r
, , The state of the art
M Atm (O p h eric p ressulie o p era tl on Instrument Facility techn. area spatial res. efficiency global rate | local rate
. . . (mm x mm) |J(mm x mm) (s (s 'mm~2)
(th in vessel windo N, low scatterin g) FIGARO [9] L *He 512x 256 || ~2x75 ~ 63%@2.5A 3-107 230
. . ~ 90% @10A
(cost effective materials) % 0% @304
SuperADAM [11] ILL “He 300 x 300 2.8 x 2.8 76% @4.4A 2-10° -
REFSANS [12]  FRM2 “He 500 x 500 ~2x2 53% @ 10A 22-10° 300
> 50% € [5,18]A
INTER [13] SIS "He,°Li | 200 x 200 ~1x1 B
POLREF [14, 15] ISIS “He 200 x 200 <ix1 E B B
BIOREF [16] HZB “He 300 x 300 2x3 ~ 60% @10A 2-10° 300
LR SNS “He 200 x 200 13x1.3 - B B
X20 MR SNS He 210 x 180 15x15 B B -
Platypus [17] OPAL “He 500 x 250 12x1.2 ~ 60% @ 10A 2-10° 300
SOFIA [18,19]  J-PARC || °He 128 x 128 2%2 E E 300
SLi 256 x 256 4x4 - - 300

The ESS requirements

Max local rate 105n/s/A/mm2 | «  Conventional refl. 10° n/s/,éx/mm2 300
* High intensity mode  10%n/s/A/mm? X

Spatial resolution ~ 4mm x Tmm 4mm x 0.5mm

EUROPEAN
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4 cassette demonstrato r.
Results:

+  Measured Efficiency 45% at 2.5A

* Spatial Resolution 4mm x 280pm

- Counting rate capability ~5000 n/s/mm? at 2.5A
(limited by the electronics)

. Atmgspherlc pressure operation Next demonstrator:
(thin vessel window, low scattering)
(cost effective materials) . Counting rate capability

* Overlap and uniformity

The ESS requirements

| FREA R

Max local rate 105n/s/A/mm2  «  Conventional refl. 10° n/s/,éx/mm2
* High intensity mode  10%n/s/A/mm?

Spatial resolution ~ 4mm x Tmm 4mm x 0.5mm

Y\ '\ EUROPEAN
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Next demonstrator (9 cassettes):

+ Counting rate capability

* Overlap and uniformity

: EUROPEAN
SPALLATION
SOURCE

o LUND UNIVERSITY

Quisner

Build technology prototype
Tests at both beam line and Reflectometry beam line

Electric filed modeling

Testing and availability of beam line
Build technology prototype

Data analysis

Detailed GEANT4 on detector performance

BrightnESS

All three partners will work together on the final detector for the ESS Reflectometers

Y\ '\ EUROPEAN
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Meeting at BNC - December

- -

2015
-——‘ -~ ‘ - —__7* — 3

BrightnESS
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LUND UNIVERSITY

Quisner

Wigner Research Institute

Budapest Neutron Centre
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Electric field modeling BrightnESS

' °‘ Charged particle
] s trajectory .
]IS Wires
2mm - 1 T A / .
] .
Ik .
B\ a Y N 1 neutrons
\ LA e ” . 1\ Electron
* .‘h “ “M‘ I ‘ “‘\ ‘ drift
e i ‘ H lines
LN
‘LL.‘ “ L BO‘On coa‘\'\ﬂg

Incoming neutron




Materials evaluation

Old Design

scattered

. or absorbed ﬂu

2.2

cassette

" |- - - Al (only scatt.)@0.5A
—— Al (only scatt.)@20A
—e— Al (scatt+abs)@0.5A
—=— Al (scatt+abs) @20A
—— Kapt. (only scatt.)
—e— Kapt. (scatt+abs) @0.5A
—e— Kapt. (scatt+abs) @20A
—+— Teflon (only scatt.)
—e—Teflon (scatt+abs) @0.5A
—=—Teflon (scatt+abs) @20A
——PCB FR4 (only scatt.) -
—e—PCB FR4 (scatt+abs)@0.5A | ]
—=—PCB FR4 (scatt+abs) @20A |

Si (only scatt.) 1
Si (scatt+abs) @0.5A
Si (scatt+abs) @20A
—+—AI203 (only scatt.)
—e— AI203 (scatt+abs) @0.5A
—=— AlI203 (scatt+abs) @20A
—35um @5deg
- - -2mm @5deg
| L1 | | L

10 10

neutrons

scattered or absorbed flux

thickness (um)

Any material holding the strips at 5deg scatters too much!

SOURCE




Materials

0.5f

o
N

02 Efficiency saturated (5degrees) |
01t el
—2.5A
—1.8A
00 1 2 3 4 5 6

0.9r

absorption

o
2]

0.4r

efficiency
o
w

©
]
T

o
(o]
T

evaluation

thickness (um)

At 5deg not much survives to the 1°B,C

neutrons

New Design

Substrate as thick as necessary
Kapton (strips) shielded by °B,C

cassette

—3um at 5deg
——4um at 5deg
5um at 5deg
6um at 5deg
7um at 5deg
——8um at 5deg
——9um at 5deg
— 10um at 5deg

0 1 2 3 4 5 6 7 8

wavelength (A)




Materials evaluation

Planarity is an issue on large surfaces

~7 wm single-side

200x300mm? Al-plates single-side coated

] T { [ N Y 1
N LR )T R W ‘
. i 3 I
- e | I | = . 1 I 0 b
| | 1] A £ ; (ALLEN i 9
ant: 1 I ; 1
13 d | | { : ,' I il {5 L
{ 1! :’ L ‘,_‘ i N (4 11 !
| ! (L i | 41002 RS
" adi 1 i | 14 'S N "k
- 3 il | / i !
: g ' 1 \’ | / | ' | {13} ’1 ‘
il s | | ! |‘ |
. { s A 8] 1R f 7
A | [ b
! } ! | | 0 !
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Multi-Blade mechanical design

10x10cm?2 demonstrator

amplifier board

holding frame

anode wires
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Assembly completed in December 2015

1 blade area: ~120x120 mm?

9 cassettes (10 blades)
- Coating area: ~ 10x120x120 mm? (single side)
Detector active area: ~10x9x120mm?2=90x120mm?
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. Tests to come:
* SF (Lund University) - Now

« BNC (Budapest) - February
 Real instrument - ...
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Thank you for your attention |

Life is tiring..




You say it..

| ’ No point in
getting up..

-




