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» Introduction
» The 1 um pressure interface
> LHI (Ligne Haute Intensite) facility

» COMIMAC table top facility

» Electron performances
» lon performances
» Spherical gaseous detector tests

» COMIMAC @IRSN-Cadarache

> Conclusion
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Nuclear recoils:

» Nuclear recoil produced

by elastic scattering are used to detect neutral

particles (Neutrons, Dark Matter WIMPS )

v Energy
v' Direction

v 3D Track reconstruction

lonization chamber

Recaoil

Gazeous detector

» For low energy recoils (few keV) only a certain fraction of the recoil energy is
deposited in the ionization chanel -> Quenching
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Working principle Lre

Accelerator

lonization chamber

Gaseous detector

mbar to few bar



Y Working principle L-PSC
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lonization chamber

Gazeous detector

Accelerator

mbar to few bar
Interface !
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@mzps 1pum Pressure Interface J—P,SC

e 13 pm stainless steel window 2
e 1 pm hole laser drilled ‘ \

> Allow a pressure ratio btw the source (1077 mbar) and the ionization
chamber (0-10 bar)

> Leave ion or electron beams entering into the ionization chamber

Developed
interfaces

e, %
Silver glue ¢
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Mass spectrometer
Faraday cup P
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@mng 3D recolil tracks on LHI @LPSC J_PSC
—— i oo SO

uTPC MIMAC
umegas (100 x 100 mm?) catnode /

512 channels : Samping
Fast electronic (20 ns)

Pol2-fit curves ZX Pol2-fit curves ZY

OF 30 keV OF 30 keV

z [mm] z [mm]
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Beam ligne: LHI @LPSC LPSE
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- Very nice facility = e e
- Very good ions selectivity with the dipole o
o CFs*
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But:
- Large facility, expensive running costs (5 turbo pumps, 200 A dipole magnet)
- Not dedicated to gaseous detector developments

- Need to use radioactive sources for calibration
* For low pressure gases, X-rays sources are inefficient due to gas transparency
* Sources must hide to avoid impact on datas
 Multiple sources are required to have several reference points

As we have a plasma source, why not extracting and using electrons for calibration?
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50 keV
lon & electron beam j_._\?__ﬂ“ g l
Linear \ l _ & |
Compact

Cheap running cost
Transportable

| &,

NIM-A 832 (2016) : A table-top ion and electron beam facility for ionization quenching measurement and gas detector calibration
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COMIC
Insulating  ;,,. lonsore
ring beam
e _ Faraday
Wien cup
Filter
\ Deflectors

Gaseous mixture

Gas > | . - l !
HF 5W 4. | T

10°° mbar
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0 to 1500 mbar
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COMIMAC beam line Quenching chamber
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Source
COMIC
Insulating ;..  lonsgre
ring beam

RRMEEE _ Faraday
Wien cup 1pm Gaseous mixture
Filter hole

\ Deflectors

| E— Y
vl & < o
HF 5W/ > B —
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COMIMAC beam line ( Zuenching chamber
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CTPFS - Highly Compacted Source
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COMIC “COmpact Microwave Coaxial” is an
highly compacted Electron Cyclotron Resonance
(ECR) source developed at LPSC by SSI Group.

Pulsed at 2.45 GHz (5W), the current density can
reached 10 mA/cm?2.

Source body Electrodes

Gas
High frequency BEAM =
2,45 GHz - 5W : g
: O \ k
Beam extraction i : B
electrode : l — 50 kV
| |
| |
Beam focusing : ; 50 kv
electrode - -
| |

Countersy of P.Sortais

A
v

12cm
JF Muraz 13 Bordeaux October 9th 2018



@mzﬁ Highly Compacted Source J—P§C

JF Muraz 14 Bordeaux October 9t 2018



®|N2P3 Miniaturized RF Power Eljg%

atoire de Physigue
de Cosmologie

eht Gar S - BAND GaAs FET
; - POWER AMPLIFIER

7 kueauaTx {@:@ |
|

KJHNE electronic GmbH 5

MICROWAVE COMPONENTS

MADE IN GEAMANY BY DSENT

PIN Amplifie
100 mW diode (BW)

solator

Countersy of P.Sortais
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Beam Monitoring

COMIC
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Im.

>

» Make a g/m selection of ions

Combination of:

» 0.36 Tesla vertical magnetic field produced by 2 permanent magnets
» 3.3 kV/cm horizontal electric field

i N —1 Am38: +

A=19 : “F S
A=18 : *H,0
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Wien filter spectrum on the faraday cup
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Gaseous detector
COMIC
Insulating  ;,,. lonsore
ring beam
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COMIMAC@LPSC LP32

= i
- = [N
\ = -

1 um hole
__

JF Muraz

Setup:

» Chamber volume : 2 liters

> 128, 256 or 512 ym micromegas (J
60 mm, produced @ CERN)

» Drift distance: 60 mm

» Calibration using °>Fe source (5,96 keV)

RN

A\ '
WS
WS
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- - 7
55Fe source calibration 5,96 keV 00 mbar
= 55Fe X rays He + 5% C4H1o
! —
1 000 -
| mean = 219.17
sigma = 16.99
800 ~ 1,5 keV
1 Alu X rays
600 —
400 —
200 —
" _I T T T ! I T T T ! I T T ! T I T ! T T I =
0 100 200 300 400
bin
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1500 -

1 000 -

500 —

JF Muraz

700 mbar
He + 5% CsH10
12 keV
mean = 414.75
sigma = 17.64
|
|
T [ [ [ [ T [ T T |
200 400 600 800 1 000 1200
bin
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700 mbar
He + 5% CsH10

1500 9 keV

mean = 309.87
sigma = 16.15

1 000 —
500 —
b= T T T T T T T T T T T T T T T T T T T T T T
200 400 600 800 1 000 1200
bin
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1 000

800 —

600 —

400

200 —

700 mbar

4l He + 5% C4Hq0

5.96 keV

mean = 210.12
sigma = 15.28

ie: 4.1 % # >°Fe

24
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200 | 700 mbar
1l He + 5% C4Hq0

3 keV

1 M mean = 102.28
_ sigma = 7.18
300 —

200 —

100

. : , : : . , — : , : . . , . — , . . ; ,
200 400 600 800 1 000 1 200
bin
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800 —

600 —

400 —

200 —

1.5 keV

mean = 44.92
sigma = 5.16

26
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400
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100
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Ekin [keV]
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1200 4 350 mbar
He + 5% C4H . .
] "~ 55F@ source calibration
1 000 mean = 556.12
sigma = 27.62
800 —
6{}{]—- 1,5 keV 5,96 keV
Alu X rays >>Fe X rays
400 —
200 -
0= ! U ' I ' T T T T T ; T ; "H_l —— h|‘ T T . 1
0 200 400 600 800 1 000 1200

bin
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700 —
600 —
500 —
400 —
300 —
200 —

100 —
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1 350 mbar
1 He + 5% C4H10
6 keV
>>Fe
T T T T T T T T T T ‘|l_ = T - T T T T T T = T
200 400 600 800 1 000 1200
bin
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500 - 350 mbar
4 He + 5% C4Hq0

4 keV

400 —

300 —

200 —

100 —

0 200 400 600 800 1 000 1200
bin
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1 350 mbar
i 1 He + 5% C4H1o
1 2 keV
1 4
| He mean = 75.21
1 sigma = 18.68
400 -
300
200 -
100
>>Fe
ﬂ_| ' I ' | ' I ' | ' I ' T —T e I ' |
0 200 400 600 800 1 000 1200

bin
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400 { 350 mbar
1 He + 5% C4H1o
1 keV
4
He mean = 25.34
. sigma = 10.25
271 eV
200 -
100 —
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Quenching Factor (%)
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Drift

/ ,_.-:1/:\ Avalanche

\
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COMIMAC :

» Ion and electron beams up to 50 keV
> g/m selection of Ions with Wien filter
» Calibration with electrons

» Can be connected to "any" gaseous detector

Applications :
» Gas detector test facility (Gain stability, rate dependence (1 kHz/pum=2)
» Energy calibration with any recoil (proton, alpha, fluorine...)
» Ionization Quenching Factor measurement
» (Gas monitoring
> ..
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Set up :

» Electrons extracted from Nitrogen plasma in the source

> GaS . He + 50/0 C4H10

» Pressure : 700 mbar

» Mmegas : 256 um

» Drift distance : 60 mm

> Drift E field : 108 V/cm

» Gain : 471V (Grid : 650V, Anode : 1121 V)

» Energies : 1.5 -3-5.96 -9 -12 keV
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Set up :

> Ions : 4He

> GaS . He + 50/0 C4H10

» Pressure : 350 mbar

» Mmegas : 256 um

» Drift distance : 60 mm

> Drift E field : 166 V/cm

» Gain : 460 V (Grid : 1000 V, Anode : 1 460 V)

> Energies : 1 -2-4-6-8-10-12 - 15 keV
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