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(Charged) Particle sensors

* Principle of operations

Analyzer
Collimator > lonizer > Energy —p Nase » Detector
Analyzer Analyzer

‘ Analog Digital Ground
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Top-Hat Analyzer

* Enables simultaneous angle-resolved measurements over 360° FOV
» Selects particles by E/q (e.g., 1 eV-30 keV)
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Detectors

e Channeltrons (CEM) / MicroChannel Plate (MCP)

incoming
particle

amplified

* Secondary electron multiplication from one incident particle



Penetrating particles/Background noise
in real space environment

GEANT 4 simulation in red: electrons.

Of the full sensor removed in green: photons.
Signal: particles in a well-defined energy range
Background Noise: high-energy incident penetrating particles

+ secondary electrons (interactions)
+ photons - X-rays, gammas (interactions)
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THEMIS A @ Earth

Courtesy Laurianne Palin, IRAP
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1)

2)

3)

Physical understanding of
particle-matter interactions

Response of a simplified model (slab) under an electronic or
photonic beam (effects of material and thickness)

Combination of different layers of different material and
thickness (multi-layered shielding) under realistic
environmental conditions

Integration of the identified shielding strategy into a
modelled sensor and worst-case analysis (Jupiter)



Physical understanding of
particle-matter interactions

Gamma ray

Aluminum Detector

Sensitive part

Method:

Source:

Incident particle:
Target:

Detector:

Incident Particles source

= Target Material (Al, Ta, ...)

Electron

_——

Work done by J. Rubiella
GEANT-4

Planar

Isotropic, electrons or photons

Semi-infinite slab with variable material and thickness
Thick hollow cube of Aluminium



Aluminium & Tantalum under e- and y beams
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 Al:yproduced around 50 keV, from high-energy e- (>1 MeV); not very efficient to stop y
e Ta: stops efficiently very high-energy e-, but creates a lot of y around 60 and 300-500 keV



Multi-layered shielding

e-

A

X X Al 4mm
G

amma (20-70 keV)
El > 3 Mev / \ E Esec < 300 keV
L >4 X Ta 2mm
Esec < 300 keV\Y{mma (200 keV)
[ X | Al'lmm

Esec < 100 keV / \ Gamma (>200 keV)

73

X

Aluminum:

Absorbs e- of high-energies
Produces gammas of lower
energy (60-70 keV)

Tantalum:

Absorbs e- of very high energies
Stops gammas up to 100 keV
Produces unstoppable high-
energy gammas (>200 keV)
under e- beam



Multi-layered (Grad-Z) shielding

* Add a layer of high-Z material to stop e- >3 MeV & y around 60 keV
 Tantalum creates unstoppable gammas of 100s keV
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Passive shielding at sensor level

High Energy solid angle

Figure of the full sensor removed

IRAP proposed PASTELS sensor for JUICE (A. Fedorov)



One further step required to obtain
the real background noise

 GEANT-4 simulations give the electron and gammas/X-rays
count rate for an ‘idealised’ detector

e Efficiency of the detector to incoming particles
(heterogeneous source) to be taken into account to obtain
the real background that will be measured

i.e., to calculate the real detector count rate, we have to make a
convolution of this function with the incident electron
distribution, and normalize the resulting count rate to the real
CEM “effective aperture”



MCP

CEM

Efficiency of the detector ?

ML B I |

| gy Ty T T T

www. burle com

B Sicgmund o al., IEEE NS, 35(1), 1988

08
z
& n
206 |
7 ‘
2
204 -
& |
-~

027 1

o Sl s ol osd ol e s s sl

(

| 2 3 4 $ 6 % ) )
10 10 10 10 10 10 10 U 10 10
Energy [eV]

(a) électrons
1 bl |
08 -1
P
=
S
-
- 06
-
=
)
204
=
- —WWW S LS COMM
~ = = Baordoai (1971), NIM. 97, p40S
021 e Paschmann ctal. (1970), RS 41¢12) -1
Sharber ¢t al. (1968), IEEE NS 15(3)
Egadi et al, (1969), RSF40(1)
— A and DeForest, (1971), RS1 42(89)
0 " m " ul " ul sl
1 2 3 4 5
10 10 10 10 10

Energy [eV]

(a) électrons

hotons

ficiency for pl

CEM effi

MCP efficiency for photons

10' 10° 10 . 0% A0 ~ A0 10
Energy [eV]

(b) photons gammas

1
0.1
L¥
7w
[
1§ 77
1
I
0014
1
)
)
I
sl it andal A sl
10' 10° 10° 10° 10°
Encrgy [eV]

(b) photons gammas



Tests In

NIST/LINAC (USA)
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Effective Surface — Galileo PLS

1000.0F " T . | T 1000.0F

Environnement : Europe Environnement : Ganymede
Environnement Europe Ganymede
Coups totaux photons 1.50e07 1.09e06
Coups totaux électrons 2.33e06 7.43e04
Coups totaux 1.73e07 1.16e06

GEANT-4 simulation/modelling of the shielded detector



Comparison with measurements

° Ga|I|EO PLS The background rate for one spiraltron as
deduced from Galileo PLS measurements
during E15 is 4 kHz.

Method: GEANT-4

GALILEO PLS 31 MAY 1998 (E15)

Detector: CEM B "W CouNTs/s
Shielding: 2 mm Tantalum B | Ceey] 6 e 10
.- XS S i, B 1000
~ - o
Total counts for photons : 1.5e07 ™R ELECTRONS
Total counts for electrons : 2.33e06 ' - 10°
; ﬁ 1000
| .. " 100

With our measured effective surface: oo 208 A1 N 2l
L4 75 62 51 &1 532 27 27 31 39 4960 71R. Ros
Total counts for photons : 4050

Total counts for electrons : 629
hence a background rate of 4.67 kHz which is close to the deduced Galileo PLS value.



Comparison with measurements

GALILEO PLS, RTS DATA, 1996 — 2002 ALL LT

Penetrating background

Signal

The average background rates at the orbits of the Galilean moons are listed
below in units /cm”2 —s

lo 402071.3 42 SAMPLES

Europa 133236.1 483 SAMPLES
Ganymede 7786.524 325 SAMPLES
Callisto 195.9424 188 SAMPLES

Even with rather effective (passive) protection (e.g., Ta = 9 mm Al) the
background noise can be unacceptable (low SNR, saturation) !



Coincidence
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Radiation
mitigation

Benefices of coincidence
clearly demonstrated here
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Conclusions

The combination of

1. an efficient passive multi-
layered shielding,

2. a customized coincidence
scheme,

3. ceramic channeltrons
(CEMs) and

4. radiation-hardened ASIC
front-end electronics (FEE),

allows optimal science
performances for a low-energy
electron spectrometer in
planetary radiation belts

Figure of the full sensor removed

Protection Europa Ganymede
(raw/coinc) (raw/coinc)

Behind 2mm Al | 9000 51 /1.65-1 | 85051/0.015°!

Behind 8 mm Al | 35005-1/035-1 | 1505°1/0




