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ﬁ Outline
% 9

* Neutron detection : applications, principles, commonly used detectors

» The « 3He crisis » and the need for new & innovative high efficiency,
large area 3He free neutron detectors

« Some examples of neutron detectors using MPGDs :
— for neutron radiography
— for neutron beam profile & flux measurement
— for Time Of Flight neutron spectroscopy
— for nuclear reactor in-core neutron flux measurements

« Conclusions & perspectives

CEADSM Irfu
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/ Neutron detection applications
/ 2 J

[Fundamental research ]

[Industrial applications ]

The science which can be made with the use of

neutron beams is, in many cases, unbeatable or

even inaccessible to any other methods thanks

to the neutron unique properties. Use to

investigate structure & dynamics of mater. neutron scattering experiments for material science, food and
medical research

oil and gas exploration : use in conjunction with a neutron source to
locate hydrogenous materials, severe 320°C temperature and
vibrations environment

For experiments on high intensity neutron sources
(SNS, ESS, ...), the high counting rate is one of
the key issues for small-angle neutron scattering
experiments and neutron reflectometry for instance.

Neutron radiography : Non destructive survey of materials

[Homeland security ]

Neutrons can penetrate high density materials, which are

opaque to X-rays, thus allowing the inspection of objects a) - = b) —

obstructed by a dense material Neutron radiography X-ray radiography
Detection of radioactive materials, explosives, [Nuclear reactor instrumentation ]

chemical and biological warfare agents, narcotics

for air and ground and sea transportations (cargo Control (neutron flux) & safety

screening, airport security, ...) Out core (in measurement pits) : > 10'% n.cm=2.s1,

10% a 10* Gy.h-"of'y, 80 to 100°C.
[Nuclear safeguards ]

In core (in guide tubes in the center of the fuel
elements assembly) :
> 10" n.cm=2.s1, 107 Gy.h"" of y, 320°C.

safeguards systems are installed at facilities that process, handle,
use and store Pu, U, nuclear fuel, spent fuel or nuclear waste
CEADSM Irfu
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R Detecting neutrons

As charge-neutral particles, neutrons can only interact via strong interactions and ionize via secondary reactions

wavelength (nm)

: Thermal neutrons at room temperature: 1 10°
: 1/40 eV = 25 meV ~ 2200 m/s =1 .8 A - I' ‘; ‘57Gdt|(n ooy
— 6 _ I ' o
4 _1os | — 3He(n,p)°H
9 Qo C | — ;(’B(n,a);u
b I — %Lin,a)*H
L c 105 = : 235
o 3 . — 2Y(n i
» 2 = ~1/v ~E12 | (n.f)
o T B I
& b e =
s o 10°E -
g 2
3 o 3|
o 10°¢
| M | | | | | | | I | | | | -
/o.o 04 02 03 04 05 06 07 08 09 10 11 12 13 14 F ;
Reactor n : Wavelength (nm) s 12 o : TN
MeV range speed of sound 10 108 102 1.:8 A 10" 1
'-l -1 l>bu“elt Speleds< 1 I 1 1 I 1 1 1 1 neUtron energy (ev)

4000 2000 1320 990 790 660 570 500 440 400 360 330 300 280

: 2 ways to detect fast neutrons
-— \/elocity (m/s)

: — Thermalize = only provide neutron flux (lose position)
.‘l Bl 1

) 9 41 94 51 33 23 17 13 10 082 067 057 ous 04r — Elastic scattering from protons at high energy : proton
<—  Energy (meV) detection & reconstruction of recoils for time-of-flight (ToF)
[ Commonly Used thermal Neutron Reactions ] 25,3 meV
Natural Cross
Reaction Light fragment (Lfr) Energy (MeV) Heavy fragment (h.fr.) Energy (MeV) abundance  Section (b)
n (*He, p) 'H p 0.57 *H 0.19 1,4104% 5320
g lyn CLi, ) 'H H 2.74 x 2.05 7,4% 942
93% °||n ("B, o) "Li +y % 1.47 "Li 0.83 19.8% 3842
% n ("B, a) % 1.77 'Li 1.01 .
< [n U, 1L fr) b fr. L fr. < 80 h. fr. < 60 0,7%
S In("'Gd, Gd) e~ Conversion clectron 0.07-0.182 16% 255k
cen vt n(113Cd, Cd) e- I + Ys Conversion electrons 0,558 20,7k
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. 4] Position sensitive detectors for thermal neutrons

CEADSM Irfu

Integrating

Counting

Converter foil with

Photogr. film; A7, 42,48, D3,D4,D5,D6,D7
Image plate; A1, 42, 45,48, D3,D4,D6,D7
CCD camera Al,A2,45, D3,D4,D6,D7,D8

n-Scintillator with

CCD camera,; A1, 42,45, 46,48, D3,D4,D7
Thomson tube; A1, 42, A5,A6,48, D3,D4,D7
Image amplifier; 47,D2,D3,D5,D6,D7,D8

Internal converter

Ionization chamber; A/, 44,45 48, D2,D3
Gd loaded image plate; A7, 42,45 ,48D3,D4,D7

Advantages

Al High intensity capability

AZ2. High position resolution

A3. Gamma discrimination

A4. On-line read-out, short time slices
AS. High dynamic

A6. High n-efficiency —> 3He

A7. Low noise

A8. Large sensitive area

Converter foil with
Pixel semiconductor; A/, 42,43, 44, A5, D6,D8
Pos. sensit. gas counter; A3, 44,45 46,48, D1,D2

n-Scintillator with
Pos. sensitive PM; AJ, A2,43, 44, A5, A6, A7, D8
Pos. sen. gas counter; A3, 44,45 ,A46,A47,A8, D1,D2

Internal converter

Gas-counter, -array; A3, A4, A5 A6,A7, @
Multi wire prop.c.; A3, 44, 45,46, A7, A8YU
Micro pattern gas c.;@d3,A4.A5.A6.A 7,A8
Boron diode; A, A2, A3, A4, A5, A46,A7, D8

Disadvantages .
D1. Limited counting capacity <1 kHz/mm~

D2. Limited position resolution > 100 pm

D3. Gamma sensitivity

D4. Long read-out time > I ms/frame
DS5. Low dynamic <1/100

D6. Low n-efficiency < 20%

D7. High noise > | count/pixel

D8. Small sensitive area < 100cm

Ref: A. Oed, NIM A 525 (2004) 6268
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ﬂ Commonly and worldwide used thermal neutron detectors
J

neutron

Typical 25 mm diameter tube, 50 um anode

C~20 pF / Tcollection > 10 Hs (')

SHe gas counters
P=5-10 bar (!)

V >850V (2 bar)
1.75 kV (10 bar)
Gain~ >20

BF; gas counters
Toxic & corrosive
P~0.5-1atm
reV~ 2000 - 3000 V
Gain ~ 100-500

CEADSM Irfu

10 bar 25 mm diameter 3He

Detector characteristics

Neutron Efficienc

Gamma sensitivity

70% at 1 A
10°

Background 10 — 15 counts/h/m
Width 25 mm

Length 1-3m

Resolution 15 - 25 mm at FWHM

Local rate capability

50 kHz on a pixel

Global rate capability

50 kHz on a tube

Time resolution

1 us

Area

15— 40 m?

Environment

Cryogenic vacuum

sSensiuvit

\}\
\

0

centronics (UK)

Referenced
@0,68 bar

90% |10B enriche V
//pithermd

Tlhermal

to BE,

NN

0

1 2 3 4 5
Absolute fill pressure (Atmospheres)

The 'SENSITIVITY' scale is the sensitivity of a
25 mm diameter *He couter using a
comparable BF ; as a reference

... and Boron-lined proportional counters (!YB conversion layer, Ar+CO, ..

7
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. 4] Optimum converter layer thickness and detection efficiency

Ref: C. Hoglund, J. Birch, et al. “B4C thin films for neutron detection”, JVST, submitted (2011)

Efficiency vs. thickness (single layer) Efficiency vs. Number of layers
100 r - - - - - - - - 100 - - T T

|(@) (b)
80 - 30 layersof ‘B Cata=45A7 80- [30 layers for 64% efficiency ]
~ ——— Conversion efficiency -
&\éso ) Escape efficiency | %60 |
A e 10, —
é . =~ 1 um 1°B,C for max & . Ty e, 4-5""‘
skl 73% escape efficiency pehad| — Conversion efficiency
Escape efficiency
20 " y 20 9 *bt“&s UN“"**/ . 3 B . .
‘ Ad: Linkopings universitet
%G%fkj INSTITUTE OF TECHNOLOGY
0 LS L L] T L4 L) 1 T L] o Ll Ll L] LS L] Ll Ll
0 1 2 3 B 5 6 7 8 9 10 0 10 20 30 40 S0 60 70
Layer thickness (um) Number of layers
[Other foil materials @1.8 A ]
Foil matenal Optimum foil n Detection
thickness @ (um) efficiency %
°Li 112 13.6
°LiF 29 5.8
"B 3.4 6.4
Gd nat ~3.5 <1l
BiU 6.4 0.7
CEADSM Irfu Ref: A. Oed, NIM A 525 (2004) 6268
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Position sensitive proportional
Counter tubes

Beam-line IN5@ILL a tlme of—fllght spectrometer for

Detectors

MoniIuT Sample

Choppers Focusing neutron guide Radial collimator
. im e 121 "

Instrument Groups |Description Instruments : -
Diffraction The insuments of the DIF group use | Powder diffractometers: single-crysal amctomersrs: | 3111 JONE pOSition-sensitive proportional counters
(DIF) mﬁ“ﬁ?@uﬁu‘:‘;‘frggﬁw D2B, D20, D1B(CRG), D4,  [CYCLOPS, D3, DY, D10, D19,

Wfe. SALSA D23(CRG), OrientExpress, R

VIVALDI Characteristic Value

Large scale The insruments of the LSS are all :.:'r:e—sale structure Reflectometers: Sensitive Area [m2] 30

dedicated to measuring sructures on actometers: 3 ADAM(CRG 3 017' .
structures (LSS) the scale of 1 to 100s of nanometers. D11, D16, D22, D33, r:g:rno ( ) FI |ght Path [m] 4

LADI-III . .
Detection Height [m] 3

Time of flight The Insuments of the TOF/HR group | Time-of-flight spectrometers: High-resolution spectrometers: . o o
(TOF/HR) e o aVrg e dem= " |1Na, NS, ING, D7, IN10, IN11, IN13(CRG), Scattering Angular Range —12° to 135

the form of powders, gasses or liquds. BRISP(CRG) ASE 28 Solid Angle Covered [r] 0.6
e ) e | oy, 1, | o e s, | SPatial Resolution [em x em] | 2.6 x 2.6

condensed matter. They are designed, ’ ’ ’ | IN20), IMPS (INB), UFO (IN12) . o

pimarty, o Investgate the collcave | IN20, IN22(CRG) - Spin echo: TASSE (IN20), ZETA Angular Resolution 0.37

mation of atoms and that of their (IN20?, IN22) 3 .

ek s n g ysatoe He Volume [litres] 3000

Test instrument: IN3 ;

— Gas Mixture [bars] 4.5 3He + 1.25 CF4
Nuclear and particle tand |pF1B, PF2, PN1, PN3, .
physics (NPP) :“““‘“ﬁ‘:fu"’:"xﬁ:;m $18(CRG), CryoEDM(CRG) Detector Eff iciency [%] ~80@45 A

partcle physics.

s
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ﬁ The 3He crisis
% y y

3He is a by product of Tritium production for use in nuclear weapons by Titium B-decay into He
with a half life of 12.3 years.

End of the Cold War the *He : production from Tritium decay has been reduced and since
September 2001 the demand of *He has increased drastically due to security programs

—> severe depletion of the existing *He stockpile and shortage.

—> Cost increase by a factor of 25 , from 80 €/1 up to 2000 €/1.

The cost for the ILL/IN5 30 m? *He detector (3000 I @ 4.5 bars) was 1.5 M€
(incl. 240 k€ for *He). It would cost 7.2 M€ (incl. 6 M€ for *He) today !!!

’He demand for neutron scattering in 2009 — 2015 is estimated to 125 kl and the projected
demand for US security applications is 100 kl for a =20 kl/year available (US+Russia)
Needs for hundreds of m? for ESS : 140 m? in 2019 for 7 detectors (22 detectors in 2024)

— Need for alternatives !! (with close performances to a 10 bar 1 inch *He tube)

- The NMI3-1I/JRA FP7 program started in february 2012 ...

« Neutron Scattering and Muon Spectroscopy Integrated Initiative »

... and includes work packages to support R&D for 3He alternatives

CEADSM Irfu
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The ILL multl-grld area detector (ILL-Patent appl. #: 20110215251)

A grid is made of Boron-coated aluminum blades forming sections

Stacking of several grids to make Boron coated tubes
The grids are electrically insulated
Anode wires are mounted 1n the middle of each tube

Blades are Al
coated with BsC

)/ 4
'll * EUROPEAN
] A SPALLATION
NEUTRONS (T SOURCE 44
FOR SCIENCE J
‘AL Linkopings universitet
%nfkf INSTITUTE OF TECHNOLOGY
neutrons

15 rows
=15¢cm

Proto #2, spriﬁg 2011

¢ Ref: B. Guerard et al. ECNS-conference, July 2011, Prague

alain.delbart@cegfr / MPGDs for neutron detection applications (Industry-Academia matching event on MPGDs, Annecy, 26-27th april 2012)
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. 2 The CACADE GEM detector

J I

Christian J. Schmidt et al (GSI, Darmstadt) CASCADE
2D-200 CASCADE Detector (200x200 mm?)

Power supply and thermal management

/

Neutrons

Drift Electrode

upto 4
Transfer GEMs

- -'O'-' '-é- Gain GEM

: ! PCB

Readout structure
Detector entrance Q

window (100 pm Al) 4 49 T T

— T < < | Drift Field

<" GEM = Boron \Ionisation track AEIectron cloud

A - ’ _.
~t i 4
FPGA based x (B4

readout board 4 GEM-foils coated with 1°B and e Each GEM has two °B |ayer3
ASIC frontend- 2D readout structure .
» Last GEM operated as amplifier
v ¥y

DETNI INFM - Perugia - 10 GEM foils for ~50% efficiency

electronic

Forschungszentrum Jilich

S R Hahn Meitner Institut - Berli -
 Ruorecht Karle Univeratt . Haidabers - Other solutions based on Boron-coated straw tubes
AGH University of Sci. and Tech. - Krakow = room for innovative ideas to maximize conversion efficiency
CEADSM Irfu

e o
alain.delbart@cea.fr / MPGDs for neutron detection applications (Industry-Academia matching event on MPGDs, Annecy, 26-27th april 2012) 1



2 2D-200 CACADE GEM detector performances

s//‘} |
. CASCADE

|/
A radiography with the CACADE GEM detector J [ TOF Dynamics Achieved with CASCADE }

128
ld P
Wate.r (l\)/ld c Time of Flight measurements
FEtANelEEIE gy ouse at ILL/ PF1A on a single readout strip of 1cm’
96+

10?'U'l‘l'l'l'l'l'l'l
i

Maximum inst. rate: 2.7 MHz

E '\ Maximum detected ever:4 MHz
& 10° Limit due to date due to
0 pre-amp pulse width
1 z
Tesa-Tape g 10°-
fu)
Dispenser o N ‘ x
0 . T T Background due to
0 32 64 % 128 g - Neutron Gas at ILLUPF1A
Channel # Neutron signal monitored at ASIC output 2 104 - and leaking chopper!
T ¥ (U
64 I= Background
B “ g with Cd-shielded detector:
. , £ 4.8 cisis on 200 x 200 mm'.
10
V- s‘ 300 1
4 E
§ |
s \lFWHM:mOnsI
o £ 10°
18 2 48 84 a0 g {
-Achge [mm] 5‘ TF vl rrrrrrvxrr 1
1 0 10 20 30 40 50 60 70 80
~ 1-3 mm spatial resolution ' ' Neutron Wavelength [Angstrom]
with 1.56 mm pixel size i
w0 w10 MHz/cm? counting rate capability
CEADSM Irfu Time [ns)

-

Ref:Christian J. Schmidt et al. (GSI| Darmstadt)
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ﬁ . Micromegas for neutron radiography

Y CEA/DSM-IRFU + CEA/DRT-LIST-DETECS collab.
O « classical » micromegas prototype
& proof of principle (1D 2002, 2D 2004)

v'6Li converter : 50 ym

v' Conversion gap : 400 um

v' Amplification gap : 50 ym

v' Self-supported 50 um micromesh
v Gassiplex cards readout

Imaging Mask: Gadolinium foil (5x5 cm?, 25 ym thin) holes from 75 to 500 ym

Gadolinium
l neutron 1

object Holes
—_l= HV1

Li6 converter

conversion ‘ E1~ 1kV/cm
(400-700 um) e-
_____________________________________________________________ Micromesh /5
amplification (50 um) A | E2 ~ 40kV/cm
Charged
CEADSM Irfu 100 ym particle

~
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ﬂ . Imaging capabilities of the prototypes

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

| Hole profiles | \
== A
1000l H 3 108 thermal neutrons/cm?/s A UL L
E 350 pm . ‘ o. |
| | Image of the Gd mask (1 L1 U)Y U] Vel 1o
= L Beam tests at the Orphee Nuclear plant . . ‘ _ . o ‘o. (
600 L LL L] el 1o} 1o
o ] RRAR0RDRDNE
; RNARARTVORTRD
2001~ Tomographic image of a multi-wires cable
il wﬁ’F i O o o A ) P P Y (¢ 6 mm, 12 wires, 2 0.5 mm each)
05 10 15 20 25 30 35

Barycentre (mm)

/Distorted tomograhy reconstruction \ “
with ~160 um resolution because of

the pillars supporting the “classical” | ::: 4 Q ’VA. ’
micromegas mesh " S ) , aal
C A ,
24— -~
—> Should be greatly improved today 2- .
by use of the 2D micro-bulk R T Y
—> To be continued ... / Hm
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Nn-TOF transparent neutron beam flux monitor

Micro-bulk technology for very low budget material detector
Use of 2 converters : 1°B(n,a)’Li for up to 100 eV neutrons and 23U(n,f) for 100 eV-1 MeV

Micromesh (copper 5 um)

Anode (copper 5 um

<— Plexiglas

Contact anode (active area ® = 3.5 cm)

Aluminium

Stanless steel
Brass —>

(

Gasin

peek /

material —»

1st microbulk
with B-10 deposit

2nd micro-bulk
with U-235

Aluminium

Aluminium

HV for one micromesh

BNC for one pad

Pillar (kapton 25 um)

Contact Microrﬁesh

Specifications
v Ar+2%iC,H,,+10%CF,
v' 35 mm diameter active area
v" 1 plane Anode
v 1 channel : on-shelf fast current

preamp. + 1GHz flash ADC

=

N

L 10B Converter J
v Sputtering from B,C at CERN (0,6 wm)

v ~1 umona ® 35 mm

v on 1 um copper coated 12,5 wm Kapton foil

( )

235U Converter

v’ Vaccuum Evaporation (1 mg U @
99,94%) at JRC-IRMM (Geel)

v" on 1,5 um aluminized mylar foil

v 1 mgona® 20 mm

CEADSM Irfu

Ref: S. Andriamonge ez.al., proceedings of ND2010, International Conference on Nuclear Data for Science and Technology

g
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— CERN/n-TOF 2D X-Y neutron beam profiler
v o
{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 uym) (active area 6 cm x 6 cm) Copper (1 um)

Dl’ift_)
electrode
. _ 0 (< ) Woven mesh
X &Y strips Pyralux pillar (128 um) (30 um)
+Y vias
X readout |
Y readout 50 pm kapton
Plexiglass (10 mm) =
Copper (5 um) .
Y-strips —>%
HV for the Drift

i
| | L Specifications
HV for the Mesh 20 um kapton window - o
e _ v Art2%iC,H,,+10%CF,
\% MBI v 6x6 cm? active area

equipped wit
I ‘ el v d 60 mm, 24 nm '°B,C layer on a 1
um copper coated 12,5 um Kapton foil
v’ 212 channels : readout with 2 x 96
ch. Gassiplex cards

electrode
(with B-10)

/' N

MESH

Mesh

HV protection GRO Uf JD

CEADSM Irfu Ref: S. Andriamonge ez.al., proceedings of ND2010, International Conference on Nuclear Data for Science and Technology

e e
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/ n-TOF beam profile and flux monitor

[‘n-TOF beam flux monitoring (2008) J L n-TOF beam profile (2009) }- ®
Beam Image of u Megas (seen from beam)
z F 10 4
Z 14001 B(n,o = |
;1400: Li (n,0) s
5 1200 € f
o °‘ b 2
£ 10001 St
0 N S T
© goof- £ |
600~ pa
4001 2f
200f ar
o 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 L PR, s El " f |
0 50 100 150 200 250 45
Amplitude (ch.) @ 185 m from spallatlon
;.,:T F 100 keV to 1 Me\r=varrmm-pr01mmn target
£ T 235 -
:f L (n,f) ,2250__ —a— X-Y Micromegas
.E 02 § ~ | == Simulation %
S 10° . FF 'E C Simulation w. shift -0.2 cm
P - o+ noise $ 500
c C 2
3 :
o L
o+ © 150
10 C
- 100—
i 50—
1 C
: 1 1 L I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 - iy A e .-5 : . y S A A
0 50 100 150 200 250 03 2 K 0 1 2 3
Amplitude (ch.) Vertical of EAR (cm)

CEADSM Irfu

Ref: S. Andriamonge ez.al., proceedings of ND2010, International Conference on Nuclear Data for Science and Technology
4 w
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/" DEMIN : Micromegas Detector for Neutron spectroscopy for
v, p MégaJoules Laser and ICF experiments ®

/ Prototype specifications \
v 80x80 mm? « classical » micromegas with 40 x 1 mm width strips
v 500 um thick drift volume, filled with He+10%C,H;,+10%CF,
v CH, converter
Front-end electronics
v' Fast current preamp + MATACQ readout (SEDI)
( 40 electronic channels /

CEADSM Irfu

< Ref: M. Houry et.al., NIM A 557 p648 (2006) /
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o

DEMIN : performances @ OMEGA (Rochester, USA)

DT SHOT, 31769; 4.10'3 n, ;v

~>

Pulse Shape I

~> Time of flight : 8E/E~1%

= Taadull S.(.:.a.ﬁ.e.l.éﬁa .................... ~> Low pile-up : pulse chain
T A s § R --Neutroprs o o [ He 80 +CF410 +Isob 10
I A SRR AR ) O A S — O the-target-bay-----
- by neutrons i : i
e S F :
I E W\ — . .
= - A > | Rise time ~ 1 ns
= Primary | A T T \ f © FWHM ~ 2.75 ns
R ORI it v | R e Erertary eutroris WA - |
C neutrons EHime - window. | 1/ D
R R R zf'f'l'f' "“"I'““"V“"'I o ‘V. ( (@)p)]
g o e e e e - Neutron 14 MeV
O 200 400 80OC 1000 1200

Tme Ens) —0.2 lllllllllllllllllllllllllllllllllll

—20
—~
S —40
g -60
S
= -s80
S —100
.20 120
N 440
~160
_180
CEADSM Irfu

Absolute efficiency

e

30 eV/mm stopping power of 1 MeV e- in gas
> the thinner drift gap, the better the y rejection

Voltage

cathode - grid (Volis)

~> 102 to 103

DEMIN

‘ n/y Discrimination I

Efficiency Ratio
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a The Piccolo micromegas

% 2

[In—core Nuclear plant integrated neutron flux measurement J

b

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

[ Specifications }

v’ Non-flammable Ar+2%iC,H,,

-22Th, En> 1 MeV

v' 2 readout modes :

for high reactor power

v Small sealed 10 cm? micromegas (160 um)
v Standard design, with woven bulk type mesh

v Wide neutron energy sensitivity with :
- 235U et 10B, thermal to several MeV

- H recoils , thermal to several MeV
v’ Designed for use in the extreme conditions of |c
a reactor core (heated water 300°C, radiation)
v" Use of stainless steel & ceramic materials

v" 4 individually polarized anode channels
- counting mode with fast current preamp.

+ 1GHz flash ADC + MATACQ (SEDI)
- current mode by mesh current reading

Detector

CEADSM Irfu

Ref: J. Pancin 7 al., Nuclear Instruments and Methods in Physics Research A 592 (2008) 104-113

<
alain.delbart@cea.fr / MPGDs for neutron detection applications (Industry-Academia matching event on MPGDs, Annecy, 26-27th april 2012)




(o)

(e =)
@@Q D08
)
050
0202
2090

00
N
@QQ@

SH1 @@
o 0
Q0

©-Q
SR
009

0o
090

(=)
&
@@

)
)

[ Counting rate Vs Vmesh @ P=0

Configuration 250

O

Fuel
Graphite
Piccolo Micromegas
Source
Regulating Rods
Shim 1 and 2 and Safety Rod
Irradiation Facility
Rabbit

Piccolo micromegas : performances
Piccolo inside a 1 MW TRIGA reactor (Gasaccia)

L

~10"' n (10°Y ) /cm?/s @ P=10 kW

40 - . .
. kW [ Current Vs reactor P in center } [ Current Vs reactor P in edges }
30 | | a ]
g 25 . 5000 - o~ 6000 [ o
ﬁ 20 4000 f— B 5000 ;
15 |- i - . i .
10 1.5 Hz + g 3000 . - 4000 f_
°r 4 = - - < 3000 |
| | 2000 - c
r e 2000 —
300 350 400 I E
Vm [V] 1000 — w0 B .
. g 0:;’.Mli...l...|...1...1...|...|...|...|...I..- Ozf;/%‘IIIIIII
- GOOd llnearlty and n/Y 0 20 40 60 80 100 120 140 160 180 200 0 50 100 150 200 250 300 350 400
discrimination P kW]

- Space charge effects & ageing
needs to be studied at high flux

good I=f(P[kW]) linearity

Ref: J. Pancin ef al., Nuclear Instruments and Methods in Physics Research A 592 (2008) 104-113
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=‘I Conclusions and perspectives
J v
More & more developments of neutron detectors using MPGDs for
neutron beam flux and profile measurements, neutron spectroscopy

(TOF measurements) and neutronography (Germany, Italy, France,
Japan ...)

[MPGDS benefits for neutron detection]

- Sub-mm spatial resolution for neutron thomography

- Sub-us time resolution for TOF measurement (see DEMIN, CASCADE)
- High MHz (and more) counting rate intrinsic capability

- Radiation hardness and

[Prospectives ]

* Novel transparent micro-bulk structure for X-Y 2D neutron beam profile and flux
monitoring detector (new 2D readout thin micro-Bulk)

» TPC for fission fragments, n-alpha reactions, or neutron elastic scattering.....
(micro-Bulk, Bulk, GEMs)

* High precision neutron radiography

(new 2D readout micro-Bulk with hidden pillars, GEMs )

 Large detectors for spallation source (neutron diffraction....) and for alternative to
3He based detectors (Large, low cost, Bulk detectors, multi-stage CASCADE GEMs)

CEADSM Irfu

4
alain.delbart@cea.fr / MPGDs for neutron detection applications (Industry-Academia matching event on MPGDs, Annecy, 26-27th april 2012) 22



a Backup slides

CEADSM Irfu
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. 4] Other limitations of gaseous proportional counters

Limited position resolution on the neutron J

interaction localisation

neutron 7 T

400ns/ div

amplifying electrode structure (MSGC)

Ranges of proton and triton of the n (JH,p)JH reaction and
charge-centroid deviation in some gases

Gas Trace length Trace length Mean deviation
(1 bar) (mm) (mm) {(mm)
proton Triton
He 61 20 36
Ar 12 4 7.4
Xe 6.17 1.85 3.94
C;H,, 3.38 0.93 23
CF4 44 1.6 25
CEADSM riu Ref: A. Oed, NIM A 525 (2004) 6268

[ The so-called « wall effect » }

The spectrum reflects detector response
rather than neutron energy ....

“Ideal” response: large tube, all reaction
products absorbed in gas volume.

dN |
dE
(Low—amplitude events
such as gamma ray
interactions, electronic Reaction product
noise, etc.) full—energy peaks
/ (excited state) (ground state)

Example of BF,
} | |
231 279 MeV

Deposited enerqy F ——»
Obs. response due to partial energy loss in tube walls

AN
dE

" “Wall effect”

continuum

Same effect in BF,

ST

0.84 147 2.3 279  Mev
Deposited energy . —

L

|
I
|
|
|
i
!

< >y
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. 2B B,C thin film deposition @ Thin Film Lab, Link6éping Univ.
v v
10B,C-Coatings Patent appl. #: PCT/SE2011/050891

TR 0B, C depositions for prototype #2

7? (LiU, may 2011)
» 1854 2-sided coated blades AL Linkdpings universitet
. 264 1-sided coated blades O mrmmite o menmoioor

- Total surface coated = 6.3 m? (0.16 m?2 active detector area)

Composition:

79.3 at% 1°B
2.4 at% 1B

17.1 at% C

1.2at% N,O, & H

Density:
2.25-2.30 g/cm3
(94 — 96% of bulk)

Ref: J. Birch, Development of Thin-film 10B-based neutron detectors, Saclay 2011-11-30

CEADSM Irfu

4 >
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/ 2D readout Micro-bulk manufacturing process

% v,

Bux/a’/n_q a Microbulk

» Kapton foil (50 pum), both side Cu-coated
(5 um)

» Construction of readout strips/pads

(photolithography)

» Attachment of a single-side Cu-coated

kapton foil (25/5 pm)

» Construction of readout lines

\%

Etching of kapton

» Vias construction

\ Y

2nd Layer of Cu-coated kapton
» Photochemical production of mesh holes

» Kapton etching

\%

Cleaning

CEADSM Irfu
-

STETEIE

—t ] e
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a4

Comparison of bulk & micro-bulk technologies

/ o )
Table 1. Comparison of some bulk and micro-bulk specifications and performances. Gaps of
64 pm for bulk and 12.5 pm for micro-bulk need to be tested.
bulk micro-bulk
Standard amplification gap 128 pm 50 pm
Other possible amplification gaps (64)-100-150-194 pm (12.5)-25 pm
Standard Mesh pitch 63 pm 100 pm
Standard Mesh openings 45 pm 40 pm
Standard maximum size 40x40 cm? 10x10 cm?
R&D maximum size 500x1500 cm? 30x30 cm?
Best IM.S 5.9 keV resolution 8% 6%
Currently in use in experiments T2K/TPC Axion CAST experiment,
nTOF
Current R&D programs ILC/TPC, ILC/DHCAL, NEXT, MIMAC, ...
SLHC/Muon chambers upgrade,
CLASI12 spectrometer, ...
- Large size - Low-budget material
- Large scale production - Excellent energy resolution
Ref: A. Delbart ¢t.al., GLLA2010, proceedings of 1st International Workshop towards the Giant Liquid Argon Charge Imaging Experiment
CEADSM Irfu
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/ The micro-bulk micromegas
% v
Same manufacturing techniques as GEM :

Copper & Kapton etching of a copper cladded Kapton

@ CEA-CERN Patent 09 290 285.0 (2009) Lower capacitance
Under development

 “All-in one” structure mesh+anode

« Excellent Energy resolution 11% FWHM at 5.9 keV
Ar + 5% Iso at 1 bar
11% FWHM @ 5,9 keV, 6 % @ 22 Cormmvmmmens iy
keV, 1,5 % @ 5 MeV) e o
« Good uniformity sool s o
- Low materiel budget detector e
- Flexible structure
* Low intrinsic radioactivity | N VT
 Fabrication process still improving
.
* Fragile Better mesh transparency &
+ Limited sizes (<100 cm?) | 12 um gap under development
CEADSM Irfu
J Ref: S. Aune et al. NIM A 604, 15-19, 2009 J

alain.delbart@cea.fr / MPGDs for neutron detection applications (Industry-Academia ma&ghmg’@dmmﬁbg, ﬁfnéd, zyﬂﬁzgrﬂzoA!)PGD2009 COl’lf p”OCeedingS 28



=‘I The bulk-micromegas

* First prototypes in 2004. CERN-TS-DEM/Irfu collaboration

« A woven micro-mesh is embeded between 2 layers of
photo-imageable material. Amplification gap of 128 um is
standard, 104 um should be ok, 64 um is tricky

* No farme, no mechanics = % level dead zones : ——
63 um pitch, 18 um wires

i Up to 40x40 cm? is standard Base Material Copper segmented anode
TR, era

* Robust, Industrial process

Lamination of Vacrel

Ty Photo-imageable

polyamide film
ositionin of Mesh Stainless steel
WlﬂlHﬂﬂlﬂlfﬂﬂﬂﬂl woven mesh

Encapsulation

SARAEEANER R BRI ARG ANSES

Border frame

DW Spacer

Contact to Mesh

e Ref: . Giomataris ez.al, NIM A560 (2006) 405

CEADSM Irfu
-~ 4
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The T2K/TPC bulk-micromegas

_ PCB 342,3x359,1 mm? 359 mm (neutrino beam direction)
|| final cutting AA 335,9x352.7 mim '
1726 active PADs

FR4 + 25 um Cu
4 layers PCB
PCB thickness = 2,2 mm

| 430 LPI woven mesh >

128 um amp. gap

Zoom on 6,85x9,65 mm?2Pads
0,15 mm gap

connection vias 3,2mm

coverlay
coverlay pillars border

2mm wide BFM

$=0,5 mm
pitch w=2,45/H=2,33 mm

------

m Strong source holder ;
with motorized head

%P::

[ g 4‘-—§

1 year production of 10 m?
- bulk-MM produced @ CERN-TS-DEM
- 115 PCBs produced

- 86 modules produced (6 rejected)
Finalement, 72 détecteurs + 8 spares
- 10 faulty pads / 124000 !

Bulk-micromegas detector cost : ~10 k€ /m?
( 80% of the cost in the 4 layers PCB !)

Readout
electronlcs

Gas connections W _

CEADSM Irfu

~ ~
Ref: A. Delbart ez.al.,, TIPP2009 conference proceedings NIM A preprint doi:10.1016
tohing-oventon-MREDS ARRosy—26-27th-apHk2042)
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/

2K/TPC Module calibration : a uniform production

1726 pads scan @ -350 V

Map of the gain (mean value)
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