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Outline

* Neutron detection principles
— Thermal neutrons
— Fast neutrons

° 3He
— 3He based detectors for thermal and fast neutrons
— 3He shortage

* Novel trends

— Wire-based solutions
— MPGD
— RPC

| apologize if | did not cite some research in this talk for sake of time ....
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Neutron Interaction and detection

» Neutron interaction and detection critically depends on the neutron energy
v This implies that also your detector must be «customized» for a specific
neutron energy range
v' It is quite difficult to realize a detector for all neutrons

« Several classifications of neutrons based on their energies
v" Cold neutrons E, <25 meV
v Thermal neutrons 25 meV <E < 0.1 eV
v' Epithermal neutrons 0.1 eV <E_ < 100 keV
v" Fast neutrons 100 keV <E < 100 MeV
v" High energy neutrons E, > 100 MeV

» Neutron interaction probability and detection efficiency depends on the
Macroscopic cross section as

P(E,x) =1 — e 2(E)x

where X is called macroscopic cross section and is defined as the product of
o(E) i.e the cross section and and n i.e. the target density of scattering centres
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Basic principle to realize a neutron detector

Generic Neutron Detectors as a system
converter

» Storage
Sl collect |

n orcharge charge or ’ >_>_
photons .

amplify digitise algorithm

gain

order may be different, or step skipped

“Converter” “Detector” “Electronics”

« Converter material depends on the neutron energy you want to detect

- Detector is optimized following the requirements of the neutron science |
you want to explore < DEGL STUDI
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Thermal neutrons
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3He based detectors: principle

n+3He > p+3H+0.76 MeV o(A) = 5333 barn * /1.8 A

anode neutron

cathode

| L 5§
SHe gas fE>F

Single Wire Proporional Chamber

Increase n (density of scattering centres) by increasing pressure
(up to several bars)

Very rubust and simple geometry

Relatively low operation voltages
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Most diffused geometry: 3He-tubes
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3He tubes applications

» Very high efficiency to thermal neutrons Plots below for gas depth d =1 cm
1:2 p=20ktm T —
« Wide application in all present «neutron 0 p=10atm f;
science» facilities (i.e. spallation sources . a4
and reactors) I A SR o
v 1SIS (UK) toll/
v SNS (USA) 1/ 74
v ILL (FR) 10 Z/
v J'PARC (‘JP) ’ 0 1 2 3 4 5 6
v
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but...

4‘" g L L <; e &L
Little or None Available

(comment: seems to be some naivety at the
moment as stocks are being emptied rapidly)

0
&

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

Crisis or opportunity ... 2
Intensity

~

3He tubes (as SWPC) are
limited in rate capability

- Maybe an issue for
future high intensity
neutron sources like ESS

Thanks to R. Hall-Wilton

Shortage of 3He gas

Relative Neutron Intensity per Pulse

® Saturation becoming a problem for detectors in neutron scattering
* |t will be a bigger problem for ESS
® Logical potential application of MPGD:s ...

* NB in terms of total flux,
diagram is slightly unfair to
reactors

* Duty cycle reactors = 100%
* Duty cycle ESS = 4%

* Integrated flux ESS is
oughly that of ILL
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Most common alternative materials to 3He: 1B and °Li
Solid converters (1/2)

WB+n—"Li"+He — "Li+He + 048MeVA-ray + 2.3 MeV (94%)
— "Li+%He + 2.700MeV (6%

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

=nalB contains
80 at.% "B and gas volume
20 at.% 1°B

neutron

» Boron is difficult to deposit
» Use 10B,C
» Conductive, stable

=
=

© UNIVERSITA

PN
ZONVIN I



10

Most common alternative materials to 3He: 1°B and °Li
Solid converters (2/2)

Converting Layer Substrate

gas
Multi layer volume
neutron

Generic approaches to improve efficiency

Grazing angle (<10°) gas

volume

neutron

A
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Novel wire-based solutions (mainly for ESS..)
MultiGrid detector — 1°B based
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02 /7 — Calculation 6 bar He3 tube | | R P ]ttt
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4 Measurement > P » 2 .
—— Calculation MG.CNCS

0 j j i i i i i i i i
0 1 2 3 4 5 6 7 8 9 10 11
wavelength, A

Multi-SWPC- Large area

15 (+1) Neutron
Instruments (2025)

High efficiency - -
Millimetric Spatial resolution 109 som  ~ 17
| STL0CCA

Developed by ILL and ESS
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Novel wire-based solutions (mainly for ESS..)
MultiBlade detector — 1°B based

unit - cassette

neutrons

LR
-

neutrons

or szﬂ: % i %0

350+ H’\ l ol | Time of Flight reflectometer
300 g ?\. \
| | !m*’le 2
200 %50 | Tq ’_I.“qu N

,]_ 11 AN AR ol — : : : 1'0

0 45 0 50 5 0 15 20 wavelength (A)

Trestenmm Developed by ILL and ESS
MWPC-based -
High efficiency o g"“'“"""‘é
Millimetric space resolution Application: FREIA/ ESTIA : :
High rate Reflectometry instruments at ESS BICOCCA



RPC for neutron detection

e Multilayer configuration
o Stack of 10 timing RPCs units

e XYZ position and timing
o Sub-millimeter spatial resolution

o Timing in the ns range

Sum Signal Y Direction

<%
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Sum Signal X Direction

Flex 1 ;r *GND
Float glass
_.¢— Spacers (as gap ._ |
RRC1 Al - Plate coated with 1°B,C
Spacers Gas gap r -HV
Float glass
N GND
Flex2 (== a=ss=sssscsasc=== ;§ND
Float glass
_.- Spacers Gas gap ’_
RPC2 Al- Plate coated with 'B,C ‘{E?
@« Spacers Gas gap ® Hv
| Float glass B
Flex3 {rrarr e T  E E  E R R R T GND
oGND
(" Floatglass
__ @+ Spacers Gas gap ’_
10 Al- Plate coated with ©'B,C —{?
@+ Spacers Gas gap ® Hv
Float glass
R *GND
] Fe

Front: Aluminium entrance
window (0.2 mm thickK)

N 2 ol

triggering boards (custom)

Back: Front End Electronics and

13
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) =18 10 -6 0 5 10 15
x.—vm/

Front End Electronics
e Boards with 24 charge PAs
(50 mV/pC)

Timing amplifier
e Polarity (bipolar)
o Wideband amplification
(gain 60 @ 1GHz)
e LVDS output
DAQ - TRB3 (trb.gsi.de)
e 48ch 10 ps TDC
e ADC addon (48 ch 40 MHz
streaming ADCs)




MPGD for neutron detection
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MPGD detectors born for tracking and triggering applications (detection

of charged particles)

In order to detect neutral particles you need a converter

e Thermal Neutrons: °Boron converter
Neutrons are detected using the productus (alpha,Li) from nuclear reaction eg:
10B(n,alpha)7Li

e Fast Neutrons: Polyethylene converter + Aluminium
Neutrons are converted in protons through elastic scattering on hydrogen

« MPGD offer the following advantages

— Very high rate capability (MHz/mm?) suitable for high flux neutron beams like

at ESS
— Submillimetric space resolution (suited to experiment requirements)

— Time resolution from 5 ns (gas mixture dependent)
— Possibility to be realized in large areas and in different shapes
— Radiation hardness
— Low sensitivity to gamma rays (with appropriate gain)
« Two dedicated workshops in the last years
— https://indico.cern.ch/event/265187/ (2013)
— https://indico.cern.ch/event/365840/ (2015)

A

9 UNIVERSH

< DEGLI STUIL

_)_!
:
2
A


https://indico.cern.ch/event/265187/
https://indico.cern.ch/event/365840/

For sake of time | skip all Micro Strip Gas Chamber
application to neutron detection

| will concentrate on GEM, Micromegas and THGEM
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GEM thermal neutron detector

Triple GEM detector equipped with an aluminum cathode
coated with 1um of B,C: first bGEM prototype

Exploit the °B(n, cx)7L| reaction |n order to detect thermal
neutrons

n

A 4

Na

Detector Schematics

B,C coated aluminium B,C coated aluminium

cathode mounted on cathode assembled
Low efficiency detector (few %) its support inside the bGEM

chamber layout

Several groups around the world (UNIMIB-INFN-CNR, CERN, J-PARC,
CSNS ...) developed similar solutions
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Performances
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G. Croci et Al, 2013

2D Thermal neutron beam profile |
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The CASCADE GEM detector

2D-200 CASCADE Detector (200x200 mmg2)

Power supply and thermal management

Neutrons

Drift Electrode

up to4
Transfer GEMs
-i- S—] il < Gain GEM

———— PCB

Readout structure
Detector entrance Q
window (100 um 4 49 4T T

A — <« < < DriftField
4 4 4 T 4T

S

" GEM === Boron \Ionisation track AElectron cloud

e - ’ /
FPGA based . V4

readout : . ,
board « GEM-foils coated with 1B « Each GEM has two 9B layers
ASIC and 2D readout e
N structure - Last GEM operated as amplifier
electronic » 10 GEM foils for ~ 50% efficiency

INFM -

7y
f ¥
DETN I Perugia
) X Forschungszentrum Jiilich
s
Ruprecht Karls Universitéat - Heidelberg
AGH University of Sci. and Tech. - Krakow

Hann Meitner Institut - Berlin Christian J. Schmidt et al (GSI, Darmstadt) —=oecusrun



CASCADE GEM detector performances

CASCADE
A radiography with the CASCADE GEM detector TOF Dynamics Achieved with CASCADE
128 —
Water oldPC Time of Flight measurements
. I I
Flow-Indicator Mouse at ILL/ PF1A on a single readout strip of 1cm”
96+

107 LY. B L RO ] | S FRAAF EA TP, |
4 i

|

Maximum inst. rate: 2.7 MHz
m Maximum detected ever4 MHz
Limit due to date due to

pre-amp pulse width

64

el
o
™

wnannel #

t

N
Tesa-Tape ﬁ‘ 10° +
Dispenser R : o
3 S - B TR ackground o
g o Cha“ ” Ll = g -Neugtron Gas at ILUPF1A
- - nne Neutron signal monitored at ASIC output g 104 - and leaking chopper!
“ € Background
) e .g with Cd-shielded detector:
& 4.8 cts's on 200 x 200 mm'’.
10°
S 30
E
%T FWHM.iaOnsl
, g™ 10°
3 4 Ba ] E
[rhm] g T ™7 T T T
” - 0 10 20 30 40 50 60 70 80
~ 1-3 mm spatial resolution ' : Neutron Wavelength [Angstrom]
with 1.56 mm pixel size ) !
s w10 MHz/em?2 counting rate capability
CEA DSM Irfu Time [ns] S OROLL T
g
Christian J. Schmidt et al (GSI, Darmstadt) %IBBI:G
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Multi Boron GEM detector

lNeutron beam

Cathode

NI

P Py P o & o
\J { . 4 A 4 b 4 I\_/

-—

A

v

o o N
II I/I 4
. 4 . 4 \ 4

T
T

[_‘ . 4

BGAP1: 2mm
¢ | BGEM1
BGAP2: 2mm
| BGEM2
BGAP3: 2mm
1 BGEM3
BGAP4: 2mm
| BGEM4
BGAPS5: 2 mm
. BGEM5
BGAP6: 2 mm
|BGEM6

3

: I

T

o

Drift region: 7 mm

TGEM1
Transfer1: 1mm
\ TGEM2
Transfer2: 2mm

TGEM3

' tflnduction: 1mm

1l
I

&

" Anode

20

e GEM foils of 10x10 cm?
covered on both sides with
1um of 10B,C.

e Stacking of 6 Boron-coated
(BGEM) foils coupled with
three standard GEM foils.

® Gas Mixture Ar-CO, (70%-
30%).

e Padded anode made of 256
pads of 6x6 mm?

e 6MBGEM detector coupled
with GEMINI electronic
readout

< DEGUI STUDI
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Multi Boron GEM detector performances

ﬁl)EGLl STUI?_I
0.6 o 2 ;
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. . . BIGOCCA
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Gd-GEM for NMX @ ESS

HV1:4000 V

2 mm
[ I R e R e R e I e I me
[ I R R B R I I

2 mm

centroid-of-charge

2000

= last-local-maxi
3
8 _________ Tl_l.T ------- fit local-maximum (g=226 um +/- 15 um)
\i
3

------- fit centroid-of-charge (6=1432 um +/- 276 um)

1500

D. Pfeiffer et al, 2016 JINST 11 P05011

1000

500
R T T R - S T L
y strip [0.4 mm]
L. . . . Z DEGUI STUD!
* Position resolution 0 <300 um reached with Triple GEM, APV-25 g 2
» Detection efficiency < 12 % at normal incidence of neutron 2




Micromegas for neutron radiography

&, CEA/DSM-IRFU + CEA/DRT-LIST-DETECS collab.
& « classical » micromegas prototype

veLi converter : 50 um
vConversion gap : 400 um
vAmplification gap : 50 um
v'Self-supported 50 um micromesh
vGassiplex cards readout

Imaging Mask: Gadolinium foil (5x5 cmz?, 25 pum thin) holes from 75 to 500 pm

Gadolinium .
object Holes l u l
___.l._ HV1
Li6 converter
conversion E1 ~ 1kV/cm
(400-700 um) e-
Micromesh HyY2
amplification (50 um) A ED ~
40kV/cm
Charged
100 pm partide 'gmuu STUD!
BICOCCA

Thanks to A. Delbart



Imaging capabilities of the prototypes

F. Jeanneau, IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 53, NO. 2, APRIL 2006

| Hole profiles |

mu:_ l 3 108 thermal neutrons/cm?/s
I
@ ool | Image of the Gd mask
T I Beam tests at the Orphee Nuclear
L plant
600:
IV
200f Tomographic image of a multi-wires cable

@6 mm, 12 wires, ¢0.5 mm each)

25 30 35
Barycentre (mm)

Distorted tomograhy reconstruction with ~1680um
resolution becauseof the pillars supporting the

“classical” mi h £F f\‘ A
classical” micromegas mes £ N Q ,V ’
261 x y
Should begreatly improved today by useofthe2D .- o \‘ \N‘
mico—bulk 2/
20&15 20 R e %0
X [mm] 3
:l‘ll-ll\ll D
Thanks to A. Delbart BICOCEC
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Fast neutrons
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3He tubes applications — fast neutrons

« 3He detectors can be also used to detect fast neutrons if an appropriate
moderator is placed around the detector

BONNER SPHERES

3He proportional counter

Detector stem

23.5 mm polyethylene

12"+Pb S
internal part < DEGU STUDI
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Typical fast neutron converter

Detection of recoiling protons produced by neutrons in plastic

|

Proton energy after the proton recoil: £, = En - cos6,_,

gas

Al Pb P d

CH, Not in scale.....

n N,
With this cathode only a proton recoiled by a neutron incident with an energy and

an incidence angle above than a certain threshold can be detected by the charge
particle detector,‘like GEM, MM, ...

This introduces also a directionality selection effect to the detector,

A
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NGEM fast neutron detector
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NGEM Imaging performance

0 50 100 150 200 250

299.248 17.4720 14.5132 56.4488 48.9141

€
£
284.144 17.4720 14.5132 102.848 49.1036 % 100
<
284.677 17.4720 14.5132 53.2270 101.164 §
>
50
304.999 17.4720 14.5132 100.733 101.799
269.801 17.4720 14.5132 56.7838 73.0534 0
X Coordinate [mm]
237.176 17.4720 14,5132 96.3992 73.5918

0o 50 100 150 200 250

DEGLI STUDI

The detector is suitable for reconstructing different beams

O UNIVERSITA
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GEM Neutron Spectrometer (for fusion neutrons)

TPR concept

vacuum .
: E, = E, cos“ 0
P
P
—_—]
Det. X
| converter
(thin)
about 8%. 34t04.2 % 120

100 4
b 80

2
3 60-
J

z[em]
Y P o

40 A

20 A < DEGLI STUDI

X coordinate

M. Scholtz, 2023 ITPA Diagnostic meeting Developed by AGH and IFJ, Poland
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DEMIN : Micromegas Detector for Neutron spectroscopy for Mégaloules
Laser and Inetial Confinement Fusion experiments

Up to 30MeV neutron spectrum diagnostics for inertial confinment DD and DT fusion

Prototype specifications
v 80x80 mm? « classical » micromegas with 40 x 1 mm width strips
v/ 500um thick drift volume, filled with He+1096CH,+10%4CF,
v' CH, converter
Front-end electronics
v/ Fastcurrent preamp HVIATACQ readout (SEDI)
v 40electronicchannels

LI STUL

©9 UNIVERSH

Ref: M. Houry etal, NIM A 557 p648 (2006)
ICOCC

Thanks to A. Delbart
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DEMIN : performances

~>
DT SHOT, 31769; 4.10%3 Ny 4400 Pulse Shape

0k WW\ ______ S : N o ~=> Time of flight : 6E/E~1%
20 £ To ey WWA X Scattered ~> Low pile-up : pulse chain
/>'\ —40 | ed X ,.//w - Neutrgns-in-——- L He 80+ CF4 10 + Isob 10
E 60 b z)y ' fm' ------ b the target bay-—- g
\_c: —80 ;_ TV 7o ¥ A—— i } I e e N .
%—100 = / Bl U S S > | Rise time ~ 1 ns
2120 : o S B = FWHM ~ 2.75 ns
D i b Egmrz A Tertary g |
F nertrons o—
—180 £ b ... s FHEeUtrOTtS : 1)
F S _mﬂnﬂ_.‘..‘ S R .‘..,4E,G,.., R AR,
_180 — 1 1 [ [ 1 1 [ [ i ILCNIIVInlquV [ [ I [ [ I | il _ NeUtron 14 Mev
0 200 40 . B0 800 1000 1200
Time (}nS) N T N T T
20 40 80 80
Time (ns)
30 eVV/mm stopping power of 1 MeV e- in gas ] . ]
—>Xhe thinner drift gap, the better they — —= nfy Discrimination I Ref: M. Houry etal., NIM A 557 p648 (2006)
rejection
3 10° ' THVgid = 300
: H!fgrid:-ﬂﬂﬂ‘u' (1) g S
D10 T —— T —— e ———— . : ® & | Pulse Height Ratio
c o F i Efficiency Ratio 8,0 & "f__r__}______ g
! ,
‘5 10 4= 2 '
= 3 = A | “ | ~= 20
T, s o ~10° to 10 a M: &
o'f B S l _____ % 10 K--r#——-- i
_g 16" N © N i
: ' |
§ - [ i | é 1 _Tf";'_‘l'_l__l__{__l__l__‘
10 ane p 600 800
Voltage cathode - grid (Volts) Voltage cathode - grid (Volts) - DEGUI STUDI
g z
z z
Thanks to A. Delbart BICOCCA



Micromegas Neutron beam loss monitor for ESS

Challenges
RF cavities emit y's — background for ionization chambers used as BLMs

Imposible of beam tunning, loss origin of gammas
Continuous monitoring of small losses is needed

nBLM

Polyethylene
moderator

c—
3

76 Signature of beam loss: fast neutrons

>
~ g —
o E £ [cadmium envelop
é '=::' "_-E_ % — to absorb the incident thermal neutrons
= E - [Polyethylene moderator
- -s E — to thermalize the incident fast-neutrons
= S |B.C layer (1.5 - 2 pym)
i — Increase neutron detection efficiency
'E [Double Micromegas: back to back
= — ~5mm drift — optimize for dynamic range
we Cadmium {1 mm) |Gas: He, (= 1.1 bar) or N,, Ne...
—Aluminum foil {50 um) — He is better for photon discrimination Addition of
== 4] micromesh a quencher: CO2, methane, ...
= 3,0 (2 um) < DEGLI STUDI
[ He; or N, gas Two objectives:
Thanks to A. Delbart Developed by CEA BICOCCA



Detector Concept:

® n scatter on H in HDPE-radiator

foils, p escape the foil.

* pinduce e in gaseous conversion gap.

» e are multiplied and localized

in THGEM-detector.
* Combine several 1D radiographs

- 2D cross sectional tomography.

Detector design:

-) Foils thickness (2.5 MeV neutron)

-) Gas gap thickness (Deposited Energy)

-) Converter height (Axial resolution)

-) Number of converter foils (Detector Length)

Detector Performances:

-) Spatial Resolution

-) Efficiency of transport e- in small gap
-) Detector Efficiency

Multi-layer converter + THGEM detector

Antistatic HDPE layer
(no charging up)

-

é_

THGEM,

THGEM,

34

2D Readout Board

Cortesi et al. 20012 JINST 7 €02056

A\

<DEGLI STUDI
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Conclusions

e The concept of a neutron detector is quite difference
from the concept of charged particle detector

—You have to face mainly with the «efficiency»
challenge

e 3He crisis and the need of high rate capability
detectors fostered several novel applications

e Novel wire, RPC and MPGD solutions have been
successfully developed in the last 10-15 years and are
considered enough mature to be used in future
spallation sources like ESS

e [n WP9 we have to start from this point and further
advance —

z z
BICOCCA



General remarks to realize a neutron detector
A possible WP9 Guideline

* Detectors must be chosen/DESIGNED for the specific
application. Typical application is “counting above
threshold”

Requirements to be considered when designing neutron
detectors:

« Gamma-ray sensitivity

« Count rate

« Time/space resolution

* Environment (B field, temperature etc)

* Low budget material

« Low intrinsic radioactivity

Digitize! (if possible)

36
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Spare Slides
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Neutron Interaction and detection (2/2)

« In order to realize a neutron detector we thus need a material with a
sufficiently high cross section. Nature offers some (but not many materials
with such features)

« These materials are used to “convert’ neutrons into charged particles

« Neutrons interact with nuclei through the strong force and thus through
nuclear intections

S VOORH07 = 3 Bl0—B1l—L6  GdI55 — GalsT|
=
= 1,00E406 —
* n+3He > 3*H+'H+0.764 MeV g =
© n+5Li > *He + 3H + 4.79 MeV § LO0E05
* n+ 1B - 7Li* + “He—'Li + “He + 0.48 MeV y +2.3 MeV (93%) $ 1,00E+04 % =t
— Li + “He +2.8 MeV (7%) % 1,00E+03 —~
* n+ 155Gd — Gd* — y-ray spectrum — conversion electron Y 1,00£402 \} I
Q ~ur
spectrum _ < 1,00E401 =
* n+ '%Gd — Gd* — y-ray spectrum — conversion electron z L00E+00 \%1
- 1, +
spectrum 3
. S 1,00E-01 -
* n + 25U - fission fragments + ~160 MeV o
y30 o 10605 10603 1L0E01  1,08401 1,06403 106405  1,0E+07
* n + 23%Pu — fission fragments + ~160 MeV Energy (V)

A

<DEGLI STUL

~
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3He tubes applications — fast neutrons

« 3He detectors can be also used to detect fast neutrons if an appropriate
moderator is placed around the detector

BONNER SPHERES

3He proportional counter

Detector stem

23.5 mm polyethylene

12"+Pb S
internal part < DEGU STUDI
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Novel wire-based solutions

Eight boron layers along

any neutron path

Detector Concept

2nd Prototype,
180cm to 220cm long,
designed for POWTEX

(concentric orientation of the readout
channels towards the scattering centre)

Design study for POWTEX

(about 250 lamella segments, front- and back-
cup are not shown here)

Detection efficiency versus wavelength [A]

Dtectim Efficlency for Jalomle [Debector with 4 blades per meutrn  ewnt

3%

70%

65%

50%

59%

1.2

nastrn wwdenght

1° for cylindrical coverage

0° for plane area coverage

1st Prototype, 60cm long

e

—

40

Developed by
Heidelberg
CDT©O©

sAccumulate detection efficiency through:
« 8 boron layers
« inclined boron layers (10°) to increase effective absorption depth
» Result: 70% (1.8A) and 55% (1A)

«Spatial resolution: FWHM = 5 mm at ambient counting gas pressure

*TOF-resolution below FWHM = 10 ps due to many folded anode readout
wires within the depth of one lamella.

+High Count rate capacity of 2 MHz (10% dead time) per module due to the
segmented and individually read out Kathode structure

=Very low y-background: Low Z converter material 1°B, the high energy of the
o can easily be detected and small drift gaps amplify the enormous difference
in ilonization density, a fast electron from gamma interaction creates in the
counting gas as opposed to an alpha particle from neutron conversion.

sLong term stability due to continuous purge of cheap counting gas through
detector.

“DEGUI STUL

|

0 UNIVERSH
= ONVIIN |

ICOCE



1D Thermal Neutron Beam Profile | himageX
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The measured FWHM is
around 3 cm compatible with
ISIS-Vesuvio data

Measurement of ISIS-vesuvio 2D thermal
neutron beam profile

G. Croci et Al,
NIMA (2013)

| 2D Thermal neutron beam profile |
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Thermal neutron measurements as a function of detector gain
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NitroGEM neutron beam monitor

e The NitroGEM monitor has
been designed for use on high
intensity neutron beamlines

e Nitrogen:

e Low efficiency: N, absorption
cross section 1.9 barn at 1.8 A

e Reaction: n+“N->p+14C, 620
keV proton energy

e Good to measure

gamma/neutron separation,
efficiency

e Standard GEM from CERN:

e Standard electronics used to
readout 3He tubes at ISIS

A

< DEGU STUIL

Developed by ISIS
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Side-on neutron GEM detector

We developed a new prototype increasing the number of borated strip to 16, in order to
obtain an higher efficiency.

cathode

| | | | | |u//7u | |\IM |
Ar/C02 gas ' \borated sheets

I Ea ionization electrons

neutrons

readout

Now we used
an anode with
PADs having a
different
geometry. There
are 32x4 PADs
and each PAD

| is 3x24 mm?2,

Now we used ceramic strips (Al203) 500 um thick.

Detector window is placed on the side of the anode with 32 PADs. In this
way detector is able to measure also position of small spot beams impinging
on the side-on window.



e estimated detector efficiency,

aking a comparison with an *He tube
hich has a 100% absolute efficiency at
e used peak energy of 5,11 meV.

Histogram: Vgem =870 V

3D plot: Vgem =870 V

Side-on neutron GEM detector performance

17 borated strips

\\ \\Q\)ﬁhp\

e b Detector efficiency was evaluated on both
detector sides:
* 16 strips efficiency =31 *1 %
:J\\A} JJ * 1 strip efficiency =2,8 £0,5 %
time (sec) —
sf ® Beam On (Neutrons) :
10” F © Beam On (Neutrons + Photons) E
3 m Beam Off (Photons) :
S-GEM 3He Tube 07k ) 3
Overall mean counts [s7] 1863 6011 &€ 10t | 3 <l — .” e
Background mean counts [s1] 21 1586 -E i b . ® o
Signal/Background 87.7 2.8 S b & =
10° ¢
Efficiency [%] 31 99 24 ;
10200 750 800 850 900 950 100010501100 o
VGEMM :—‘{
Low gamma sensitivity. BICOCCA



Low massNeutron GEM Beam Monitor

Electronics out of the beam

GAIN DRIFT
VR

5
5 £
Y4 (Q\
c —i
0 -
§ s

Budget !

Triple GEMB mm

Low Material . sim

9 UNIVERSHT

= ONVIIN |



Beam Monitor : fast neutron efficiency (nTOF)

< 40 mm >
hils. neutrons and efficiency va anergy
| |
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ITER Neutral Beam Test Facility
at Consorzio RFX

he ITER project requires additional heating by two neutral beam injectors, each
ccelerating up to 1 MV at 40 A beam of negative deuterium ions for one hour.

SPIDER MITICA
am of H/D™ at 100 KeV *Beam of H"/D™ at 0.87(H)/ 1MeV(D)
urrent density:355 A/m2(H) 285A/m2(D) *Current:49 A (H)/ 40 A (D)
rface : >1 m? *Surface: >1 m?
viation from the uniformity : <+10% *Deviation from the uniformity : <#10%
Ise length : 3600 s *Beam divergence < 7 mrad

*Pulse length: 3600 s

vacuum vessel

beam
dump .
.fz'v
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ChipIR

P 4
A\

Facility

Integrated Flux >10MeV (n/cm?/s)

ISIS TS1

5.8x10°

2.3x105

Beam

Size

Collimated

Continuously variable
250mmx250mm
to Immx1mm

Flood

Fixed sizes
1000mx1000mm

S00mmx500mm

=
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Fast neutron beam monitor at CHIPIR-ISIS

e CHIPIR is a new beam-line dedicated to the irradiation of microelectronics with

atmospheric-like neutrons; it has been built on the second target station of the ISIS
spallation source

e Specifically dedicated to the study of single event effects and its design is therefore
optimized to extract a neutron spectrum as similar as possible to the atmospheric
one with intensity increased by a factor up to 10° depending on configuration.

Working point determinaton

—_
=)
[

Counting rate [Hz]
o
)

—_
o
IS

NGEM installed in Chipir

-
o
o
[ ]

—
o

~

8

5 R A . o o EGLI STUDI

1
750 800 850 900
GEM Voltage [V]

z
BICOCE
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NGEM characterization for CHIPIR-ISIS

NGEM used to measure different beam sizes.

Beam 30 mm x 30

Beam 12 mm x 12

20 :
| Counting rate
= stability
£ 10 |
8 |
Beam 80 mm x 80 5
g Lomaravess e ess e PREPTOPIP coseriion, SRR |
0 1x10 2x10 3x10 4x10 5x10 Z
Time [s] CA



First test of GEM detector for neutron diffraction
measurements

INES sample
3He tubes posit

EM — borated cathode

7 s

/

Incident neutr
beam

A=[0.17,3.2]1A

@)
>

128 8x8 mm? pads

‘ GEM position

= 5
z

Interface with ISIS-DAE: Time of Flight
measurement perfomed using standard ISIS
TOF DAE -2 First Time a GEM is inside
standard ISIS DAQ System

[
4
&
=
z
B
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First test of GEM detector for neutron diffraction

measurements

0,1

0,08 | -
0,06 | ‘ |
004 | -
0,02 - e -

° 4000 8000 1,2 10°% A6 410¥
ToF (us)

TOF- diffractogram recorded from a bronze sample by the GEM detector (to
our knowledge the first ever neutron diffractogram recorded by a GEM....)

Time measurements: 18 hours

“DEGUI STUL
2
-

-

G. Croci et Al, 2014 EPL 107 1200%““
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BAND-GEM detection principle

Padded Anode A
.0
| Al=200um
le L T A
- Jsmm amm A Ege | a A
poriy, ¥V N v ,E.Gr.id / c_g,o
. L e S
AL e L ;
oo i, R 11 3D
m|: 0 ?‘ Lo i :: | !
EEEEEEEE Y 112 Grid d
=in € 1, System ; X
S T Y.
% i1 i middle
& i GEM 5
S S  TREERERY N e E e 3%
N R o B - ~
Cathod(w Cathodewog, ¢ R X
' Typical tilt angle 6=5° |
Al
N
minum grids coated on both sides with 1°B,C *cvrusrun
g low 6 values (few degs) the path of the neutron inside the . "f =
is increased - Higher efficiency when detector is inclined BICOCECA




\ND-GEM full-module: design and construction




Efficiency vs neutron wavelength

10°

—— Beam Monitor
—— BAND-GEM Full-Module

Counts/bin

0 1 1 1
W'y 2 4 6 8
Neutron wavelength [A]

AN
o
|

!

o RS G [ ] MR R S LS A S SR B LS B

Efficiency [%]
(&)
o

20 - ]
IIID.ata -
10 - Tilting angle 6 = 8° Simulation -
: T e N )
BICOCCA

Neutron wavelength [A]



Test of the full-module @ TREFF

BAND-GEM

BAND-GEM with

Monochromatic
neutrons with
wavelenght A=4.78 A

Neutron beam BICOCE
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BAND-GEM full module with Cd mask Neutron beam

Test of the full-module @ LARMOR beam line (SANS
instrument). Preliminary results.

SANS measurement performd with a
concentrated ludox silica dispersion
sample.

With this sample, the expected 2d map
on the detector position is a circular ring
moving to larger radius at longer

A

O UNIVERSH]
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Counts/uA

Test of the full-module @ LARMOR beam line
(SANS instrument). Preliminary results.

Tof=50 ms

Counts/uA

10000

1000 -

10 |

100 +

Circular ring

0.0

Counts/uA
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1000 ¢

100

10 |
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General remarks to realize a neutron detector

» Detectors must be chosen/DESIGNED for the specific
application. Typical application is “counting above
threshold”

Requirements to be considered when designing neutron
detectors:

« Gamma-ray sensitivity

« Count rate

« Time/space resolution

« Environment (B field, temperature etc)

Digitize! (if possible)

60

z z
BICOCCA



Multi-layer converter + THGEM detector Performance

Deposited Energy Spectrum

OUU

4001

——100 Layers
—— 200 Layers

— 300 Layers

Energy (keV) @ % Position (mrirs])

= = )
o a g=]
: :

Efficiency (%)

[¢)]
7

18

0

100 200 300 400 500

# of Converters

Distribution of the deposited charge

. Parameters
5|9n0| -) HDPE Thickness = 0.4 mm
10” b - oo -) Gas Gap = 0.6 mm
——100 Layers
10l —— 200 Layers

Normalized PSF

HDPE foils

o
)

. v)
Q

50 > S =
T 7z
o
4
O
Q
4

SSR = Signal-to-Scattering ratio 8
Neutrons
(2.45 MeV)

Cost effective solution: 300 HDPE layer
Conversion Efficiency = ~8%
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CERN/n-TOF 2D X-Y neutron beam profiler

128 um Bulk-micromegas technology with 2D X-Y readout (CAST-like) Use of 1°B(n,a)’Li
for up to 1 MeV neutron conversion

Kapton (12.5 ym) (active area 6 cm x 6 cm) Copper (1 im)

electrode

X & Y strips
+Yvias

X readout
Y readout |

B-10 (25 nm)
Pyralux pillar (128 um)

Plexiglass (10 mm)

T «——— X-strips

Y-strips _,% ;

Specifications
vAr+2%iC,H;,+10%CF,
v6Xx6 cm?2 active area
v® 60 mm, 24 nm 10B,C layer ona 1
um copper coated 12,5 um Kapton foil
v212 channels : readout with 2 x 96
ch. Gassiplex cards

Copper (5 um)

HV for the 20 Mmkapton window

Drift HV for the Mesh

electrode
(with B-10)

HV protection

Ref: S. Andriamonge et.al., proceedings of ND2010, International Conference on Nuclear Data for Science and Technology ;"“’“ L
Z z

Z z

BICOCCA

Thanks to A. Delbart
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1200

Counts (arb. units)

n-TOF beam profile and flux

monitor

n=TOFbeam flux monitoring (2008)
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n=TOFbeam profile (2009)

Beam Image of u Megas (seen from beam)
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Ref: S. Andriamonge etal., proceedings of ND2010, International Conference on Nuclear Data for Science and Technology
Thanks to A. Delbart
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Micromegas in Mimac Fastn

» Detection of recoiling neutron Gas mixture
energy after scattering with a fast
neutron

 Driftin a ionization chamber

* Amplification using a Micromegas

- Read-out on a pixelated anode Q—»—-"""

Helium

sampled at 20 ns. nucleus

Helium
recoil

L] — L)
Recoil Energy max — 64 % Neutron Energy

Example of a recoil track in
He/Co2 80/20

Track 2 . ot
120 ' NE
. | 5 Sampling —=
100 s o @ 50 MHz
- o : LW —
. ' ’ E AD ns
& | ‘ - grid /
- — 2 =
e - " / / t=20 ns

i

LI I N N I O B |
8o 100 ied 200 /anode

< DEGU STUD!
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The Piccolo micromegas

a b
Ih~axeNucdlear plant integrated neutron flux measurement

Piccolo collaboration (TRADE WG) : IRFU / CEA-DEN
Specifications

vSmall sealed 10 cm3 micromegas (160 um)
vStandard design, with woven bulk type mesh
vNon-flammable Ar+2%iC,H;,
vWide neutron energy sensitivity with :
-2351 et 10B, thermal to several MeV
-282Th ,En>1 MeV - |
-H recoils, thermal to several MeV
vDesigned for use in the extreme conditions of
a reactor core (heated water 300°C, radiation)
vUse of stainless steel & ceramic materials

15 mm

Detector

400 pm 1 mm

v4 individually polarized anode channels

v’2 readout modes :
-counting mode with fast current preamp.
+ 1GHz flash ADC + MATACQ (SEDI)
-current mode by mesh current reading
for high reactor powe

- Tested at TRIGA reactor in Italy

'_gm.{;u STUDI

OO UNLYERS
o
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Ref: J.Pancin etal., Nuclear Instruments and Methods in Physics Research A 592 (2008) 104-113

Thanks to A. Delbart ICOCE




