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Micromegas concept

_ Drift field
Two-region gaseous detector typical 1022 Vicm 1
separated by a Micromesh
Amplification field

. . i 4-5
* Conversion region typical 10 \Vjcm

> Primary ionization
» Charge drift towards A.R. Amplification

gap: 50-100 um
* Amplification region
> Charge multiplication MICROMEsh GAseous Structure

> Readout layout Giomataris, Charpak (1996)
Strips (1/2 D) Y. Giomataris et al., NIM A 376 (1996) 29

Pixels In 1st Micromegas

. . Fishing line spacers have been used
[JVery strong and uniform electric
field

* metallic micromesh (typical pitch
50um)

* sustained by 50-100 um pillars
* simplicity

* single stage of amplification
* fast and natural ion collection

* discharges non destructive



MICROMEGAS description + technologies (i)




MICROMEGAS description + technologies (ii)




Neutron detection with Micromegas

Neutron detection [] neutron to charge converter

> Solid converter: thin layers deposited on the drift or mesh electrode (1°B,

oB,C, 6Li, LiF, U, actinides...)
v' Sample availability & handling
v' Efficiency estimation

X Limitation on sample thickness from fragment range

= limited efficiency
X Not easy to record all fragments

> Detector gas (3He, BF;...)
v Record all fragments

No limitation on the size = high efficiency
Gas availability
Handling (highly toxic or radioactive gasses)

I SENEN

> Neutron elastic scattering
> gas (H, He)
> solid (paraffin etc.)
v' Availability
v High energies
X Efficiency estimation & reaction kinematics

Thomas Papaevangelou

No energy loss for fragments = reaction kinematics

Neutron detection with
high efficiency (~50%):
» 3He crisis

> Increased demand

for neutron detectors
=>Science

=2>Homeland security
=>Industry

Micromegas for neutrons

> Micro-Pattern Gaseous Detector
(gain, fast timing, high rate,
granularity, radiation hardness,
simplicity...)

> Low mass budget
Transparent to neutrons

Large area detectors cheap &
robust

Y VvV




Ingredients to build a simple counter

Thomas Papaevangelou

in Boron depos
h B powder @ SEDI
, Sputtering @ DRT (Ph.
h DRT & Linkoping Unive

ng as a simple, port
LICORNE)

Microbulk glued
on a metallic plate

10B |ayer (thick!) deposited
on the inner part of the
chamber

The 1°B layer is the less
trivial part to build
> Material availability

|24 > Deposition methode
v Sputtering
v Evaporation
v Electrodeposition
v

-
Teflon / kapton
joint
-
Gas tubes



The Schlumberger neutron counter

Thomas Papaevangelou



Performance

> 2 High voltages (+300V & +500V) for
the mesh and the anode

> Single readout channel ) )
» Operation in sealed mode (since July) - Sim. via
no gain loss FLUKA MC

> Measured efficiency: 4.3 -5 %
(reference 3He tube)

Sim. via
FLUKA MC

DATA

Thomas Papaevangelou



The multilayer concept (i)

10
L/ B

Micromegas
crom

=\1OB on a

Ni mesh
-—
““Micromegas

licrom

................................................. <&

Thomas Papaevangelou 10




The multilayer concept (ii)

Thomas Papaevangelou
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Concept
» Use developments of
Micromegas technology in
Saclay to demonstrate
the feasibility of a large high-
efficiency neutron detector with
several *°B,C thin layers

mounted inside the gas volume.
 Built a single detector unit
prototype with overall
dimension of ~ 15 x 15 cm? and
a flexibility of modifying the
number of layers of *’B,C

neutron converters.

» Evaluate bulk (NMI3) /
microbulk (SINE2020)
technologies for the
construction of large sizes
detectors made a mosaic of
such detectors.

/

detector
Cathode V3= V2 + FMIE*D V3
B,C
Ni meshes with imm V8- \2l=10V
B C-layers both sides ]
) V2 = V1 + F"2E*D 1 V2
_— e e === =
n=3
E=-10 V/Imm
1mm ]
V1 = V0 + FEYE*D 1 V1
- e e e e e =
Imm
~MiCromegas amplification stage
— Anode
]

\

Micromegas neutron \




The NMI3 prototype

> Bul
>

Thomas Papaevangelou
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Detection efficiency - FLUKA MC (i)

Simplified geometry of a Micromegas prototype

2 mesh of Nickel: 4 um
3 Gas layers CFs4: 1-2-5 mm
5 layers of converter B4C: 2 um
Neutron beam of 25 meV pencil-like parallel to z-axis
Energy Deposition is scored at the gas volumes
Calculated efficiency of detection : 19.6%

5Cd

000 Entries

Mean
RMS

#

D
-]
—
=.
D

185815
0.0004775
0.000288

Perpendicular o0 with 5 x 19B,C layers

3000

Eff. 19.6 %

2000

1000

Spatial distribution of ALL-PART fluence (tracklength density) % G'tooz 50004 0.0006 0.0008 6,001 00012 00014 00015 0.0018  0.002
- - 2 -
normalized to particles/cm?/primary using FLUKA MC

0.00z2
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1.00 -1.25-1.5 - 25|JmBC“‘°°”_

45 deg.

1 -

45 deg.

Detection efficiency - FLUKA MC (ii)

A >50% thermal neutrol
stack of transfe

proper eIectrlc ,/

. 38%

12CIDEI

10000 |-
BO00 :
6000 [h
4000 :

2000

sc3

Entries 570649
Mean  0.0005166
RMS  0.0002948

Eff. 57.1 %

GeV

{IIJGDZ {IDG[M {IIJGDIE {IIJGDE CIDCII 00012 {IIJGH {IIJGHS ODCIIE {IDCIZ ODCIZZ

using FLU/64 MC
A “2-double 3-mesh detector unit” (28 B,C layers)

1-15-2.0pmB_C

. 45.30% 18.82.%

el <{nm————)

16000 == Eniles 641782

o . Mean —0.0005297
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O_III

Eff. 64.1 %
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[ Measurements / simulations \

Vdl =-200 V

smm| CF,(100%)

H E I B E I EEEEEEENEEDR Vm:o
‘ Va=735V
-

Cf-252 source
Total Rate ~ 13.16 Hz

Scint3

scd
Entries 62595
Mean  0.0006871
RMS  0.0004396

20% resolution
E > 20 keV

o All
500 He4d
) Li7
300 e/g

jd

Sim. via

K | -ﬂ-_mgué-ﬂ'_m'm;'n'.uéﬁﬂéfjf(l”ﬂﬁ!ﬁ/lé;Iﬂl'u&élmm a.002 j
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Data mee
eacn

Data measure
run, using

"
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5-layer prototype performance

Thomas Papaevangelou
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Alternative 1: Kapton mesh (GEM-type)

12.5 um Kapton mesh
double-side cc
double-si

GEM-type kapton mesh

Thomas Papaevangelou 20



Simulation / box model (garfield-nebem)

V2=-60V Vi=-50V Vm=0

Ne - C, H_(10%)

0)
Box diam = 40 um 6% transparency

Hole diam =40 pm

V2=-60V Vm1=-50V Vm=0 vz=-60V V"‘}lz'fosgv vm =0
Vm2 =-45V me =-

0)
20% transparency 2% transparency

21

Hole diam =40 um
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Data mea
equi
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Alternative 2: Microbulk stack

] I memmssmsm  Copper

Kapton

Copper
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SINE2020 Work Program

Original idea :

Move to microbulk to h
and enable the s

improve t

The main advantage of the microbulk detector is that there is
no PCB and the readout pads are supported directly on 50 pm
pillars which support the micromesh. Neutron scattering from
such an arrangement should be very low and thus it should be
possible to stack several layers one behind the other without
adversely affecting the incoming neutrons.

* Micro-bulk micromegas — Novel geometry of large scale neutron detector: a
mosaic of micro-bulk micromegas coated with *°B,C.

« Simulations: of first concept by placing 4 back-to-back microbulk micromegas
detector units, the neutron efficiency is 40%

* A prototype was designed and built: a modular 15x15x2 cm® chamber in
which up to 4 kapton micro-bulk micromegas can be stacked

- Tests to deposit B C on Micro-bulk raw material are on going

« Simplified concept : Start testing of a prototype where mesh is replaced by
micro-bulk layer

26



Outlook

Thomas Papaevangelou



Summary

We are examining possible ways to increase the detection efficiency
for thermal neutrons, using solid neutron-to-charge convertors:
» A Micromegas equipped with several metallic (Ni) thin meshes
coated with B,C in both sides
v' Efficiency improvement as expected by the simulations
X Small electron transmission for thick (robust) meshes

X Deformation & fragility for thin meshes. Problem for large surface
detectors

> A Micromegas equipped with GEM-type meshes coated with B,C in

both sides
v Good electron transmission. Amplification during transmission easy

v" Small voltages
v Robustness. Large surface detectors possible with low cost
x Deposition of B,C on the foil is difficult. Under study
» A stack of Microbulks coated with B,C
v Low material, thin detector
x Deposition of B,C on the foil is difficult. Under study.
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Micromegas R&D

Experiments @ CERNs: New detectors &
Continuous improvement

» CAST[]
“ Microbulk development

> nTOF
0 Microbulks for flux measurements
0 Microbulks for fission measurements
0 XY-Microbulk

R&D for other projects
> NMI3

» Schlumberger

> Picosecond

Detector technology R&D
Piggyback

Thin mesh

Kapton mesh
XY-Microbulk

Small gap Microbulk
Resistive Micromegas

VV VYV YVYV

Thomas Papaevangelou
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Micromegas R&D

People involved at SEDI

Thomas Papaevangelou

+ Fabian Jeanneau, Alan Peyaud, George
Tsiledakis, Paul Serrano, Mariam Kebbiri...
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Micromegas R&D

Close collaboration with the detector Lab

Of De Oliveira, Rui PH-DT-DD 102/R-018
tel: 73745 163931 (Rui.de.Oliveira@cern.ch)

Thomas Papaevangelou

Main building - R1
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https://phonebook.cern.ch/phonebook/#personDetails/?id=385925
https://phonebook.cern.ch/phonebook/#search/?query=PH-DT-DD
https://maps.cern.ch/mapsearch/mapsearch.htm?n=%5B'102/R-018'%5D
tel:+41%2022%2076%2073745
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Micro Pattern Gaseous Detectors
(MPGD)

Best technology for gaseous detector readout:
Micro Pattern Gaseous Detectors

Micromegas GEMs

* high granularity

* more robust than wires

* no ExB effect 70 -100pm

* fast signal & high gain Tt
J an 9 [ 50-100um

* low ion feedback

* better ageing properties
* easier to manufacture

* lower cost

* big surfaces



Bulk Micromegas technology

pad
Readout pl + h all i
B I
Well established Readout
technique pads

Result of a CERN-Saclay collaboration (2004) Base Material

FR4
Process to encapsulate the mesh on a PCB | ,ination of Vacrel

(mesh = stretched wires) Photo-imageable
polyamide film

Positioning of Mesh Stainless steel

Motivations for using bulk Micromegas
woven mesh

the mesh is held everywhere: ,
. Encapsulatio
> the mesh is held everywhere n

> robustness (closed to dust) Border f
oraer rrame
» can be segmented Development Spacer
> repairable
> large area detectors feasible and Contact to Mesh
robust!

I. Giomataris et.al., NIM A560 (2006) 405
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Bulk Micromegas technology

Bulk Micromegas: The pillars are attached to
a woven mesh and to the readout plane

Typical mesh thickness 30 um, gap 128 um

Uniformity, robustness, lower capacity, easy
fabrication, no support frame, small surrounding
dead region []

v Large area detectors feasible and
robust!

v Curved surfaces
v Mass production!

Mesh thickness & bigger gap: some
disadvantages in special applications:

X Good but limited energy resolution (~18% @
6keV)

X Restrictions on materials

36



Microbulk Micromegas technology

Readout plane + mesh all in one / -

O 0000 A HHHHEH Kapton 50 ym

. H B 1T K&~

Microbulk Technology By I. Giomataris and R. De Oliveira Lower capacitance
== Under development

The pillars are constructed by chemical
processing of a kapton foil, on which the mesh
and the readout plane are attached. Mesh is a
mask for the pillars!

Typical mesh thickness 5 um, gap 50/25 um

v Energy resolution (down to 10% FWHM @ 6
keV)

Low intrinsic background & better particle
recognition

Low mass detector
Very flexible structure
Long termstability

SN X <

x

Higher capacity
Fabrication process complicated
Fragility / mesh can not be replaced

X X
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Micromegas applications

—
COMPASS NTOF KABES/NAA48 MINOS CLAS12
1996 2000 2001 2003 2009 2014 2015 2018
Micromegas ATLAS-
Invention CAST T2 NSW

10 7 K
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