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Physics Goals
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Statistical correlation between PBs and seismic events
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Space Weather investigation and GRB monitoring

CME example: Courtesy of NASA (SOHO)

e Severe space weather storms could cause power outages and
telecommunication alterations
e the construction of new instruments to monitor and (possibly) to
predict the effects of solar activity on Earth is crucial.
e Thanks to a CdZnTe mini-calorimeter, the LEM spectrometer also
‘ allows photon detection in the sub-MeV range, joining the quest
for the investigation of the nature of Gamma Ray Bursts

Example of
Coronagraph (201 3)7 g

https://heasarc.gsfc.nasa.gov/docs/cgro/batse/
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10.1086/186969
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https://ui.adsabs.harvard.edu/link_gateway/1993ApJ...413L.101K/doi:10.1086/186969

The Low Energy Module:

Geometry and Geant4 simulation
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Past detectors design? Not suitable

SSDA
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Aluminium Telescope

collimator.
s

Silicon -
detector Interface Cylinder

Aluminium
" window (foil)

Silicon Detectors
(A)

Anti-Coindence Array
doi:10.1016/j.pss.2005.10.019 DOI 10.1007/511214-012-9913-1 e DA
DEMETER - IDP RAD - Curiosity (Mars) HEPP-L (CSES)

- Light (~ 500 g) - Standard tracking bulky collimators

-1 direction monitored (multiple scattering) - Electrons [0.1, 3] MeV

- FOV 26° - poor ang.res. @ Low E - Protons [2, 20] MeV

- Electrons [0.07, 0.8] MeV - Csl scintillators - Only 9 directions

- NoPID hygroscopic, fragile. monitored at same time
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New LEM geometry concept

Aluminium mask (Thickness 0.8 cm)
Shielding of Trapped Electrons BKG

Active collimator (plastic

/ scintillator, about 1 cm thick)
7 (16 independent modules for PID\
y 2 \ e Passivated Implanted

t 4 Planar Silicon detectors :

100 um

e CZT detector: 1 mm

L Y,
e | ateral plastic scintillator veto
16 different e 1 bottom plastic scintillator veto
directions Within 1U CubeSat frame (10x10x10 cm?3)!
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The detection concept

- Shielded by - Energy is too low - Energy istoo large - Particle confined
Aluminium - NoPID (very difficult PID) within the thin

- orundefined direction - Direction OK - Veto activated layer and the veto

- Veto activated - not acquired (only - Rejected (or - Good events

- Rejected rate meter) prescaled)

Rejected particles
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. Drilled veto
Plastic <
scintillator veto /

Active
collimator

i i Plastic
~9 Silicon 300 um - CZTImm =B o ntillator Veto

*L—Zt;l):::ee;CPz:lTCrliystops. * Partial kinetic energy deposition.
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Aluminium shielding of trapped electrons

Energy | Differential flux | Integral flux - ~0.5 cm of Aluminium stop e- with energy below 3.5 MeV

[MeV] | [MeV! cm?s™] [cm? s] - SurViVing flux ~20 em?2 s’
0,04 1,96E+06 2,44E+05 - Expected Veto rate ~10 kHz
01 1,25E+06 1,51 +05 -[ Expected Event rate ~1-10 kHz (trapped electrons)
0,25 3,20E+05 4,48E+04
+ +
0(?'755 ‘1‘;_33;33 ;ﬁg;ﬁi Al -> Shielding trapped electrons
1 6,21E+03 3,38E+03
1,5 2,44E+03 1,46E+03 = |\ No shield (10 MHz)
2 1,03E+03 6,29E+02  10°- CSDA * Detour
2,5 4,99E+02 2,82E+02 £ increases with
3 2,09E+02 1,09E+02 g energy
3,5 8,56E+01 4,19E+01 o 10%1
4 3,23E+01 1,41E+01 = | _kHz->0.5 C_m_O_f_ A_\l =
4,5 1,05E+01 4,17E+00 % ol
5 3,06E+00 1,14E+00 5
5,5 6,87E-01 2,41E-01 £
6 1,09E-01 3,17E-02 2 ool :
6,5 1,57E-02 0,00E+00 g ° Al thickness [Em]
Table 3.1-1 Trapped electron spectrum :
Courtesy of TAS-| 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.

Thickness of Alluminum layer [cm]

The Low Energy Module: ECU23 9



Angular Resolution

- Large FOV (60° x 60°)

- Resolution of about ~7 degs (rms)

Angle projection Y [deg]

30 20 10 0 10 20 30
Angle projection X [deg]
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Study of the Energy Deposition
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Effective area for gamma: Silicon vs. CdZnTe (CZT)

T F Area = 25. mm? x 16 — 500 um Si iag:
S, 10k CZT properties:
- OF TN AE :Si 100 pm prop
2 F ~~_ E :CZT1mm =1 mm GZT .
< T \\ Density 5.7 gcm?
z TE T Z(Cd) =
O m - _
::q:) Em : 3 w Z(Te) =
L 1071 =V Area =50 mm?x 16 W
5 . AE Si 100 pm i High voltage
E *W : PIPS 500 um required
10_2 g :
: »l H ’ o ~ 74
10—3 1 I | TR ’”I’I’l’ [ | ] Ph E
-1.2 - -0.8 -0.6 -04 0.2 :
Logm( Edep[MeV] )
Detection Yield for Silicon is low Improved Detection Yield for photons with CZT!!
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Silicon detector
characterisation at TIFPA
(Trento INFN)
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Voltage [V]

Passivated Implanted Planar Silicon

Particle generates electron-hole pairs
Electron - hole pairs separated by electric field

Charge collected proportional to energy
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Partially Depleted at 15/24 Volts
Silicon Chip Active Thickness >120 pm

Fully Depleted at 70 Volts
. Active Thickness 300 um

Entrance Window
—<1.5pumeq. Si

— Light Tight

— Varnish Protected




Calibration with y

Counts

— LYSO spectrum
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Counts

Calibration with muons

- MIP atmospheric muons
- MPV measurement :

K1 = (37.2 40159 £ 0,395 v/ MeV

- Design performance is verified
—}— Data
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Conclusions and outlooks

- PIPS characterised and Monte-Carlo simulation validated

- Current efforts on the development of read-out for 300 um PIPS (Mirion)

- Future efforts on the testing/characterisation of lon implanted Silicon
Detectors 100 um thick and CZT detectors

- LEM is under construction ...
Test on sensor prototypes are ongoing at INFN-TIFPA and FBK
laboratories
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Backup
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Characterisation with highly ionising particles

i i For a 3-5MeV alpha, 3y~ 10" —10""
- Alpha Stopping power is ~ /ora35 eV alpha, [~

500 times larger than MIPs

https://dx.doi.org/10.18434/TANC7P
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https://dx.doi.org/10.18434/T4NC7P

Characterisation with alpha particles 4 )

To remove the dependence on
the calibration constant we
5.4-5.44-5.49 MeV « produced by ?*'Am decay compute

Energy loss: ~ 1 MeV/cm in Air (degraded to 2-3 MeV) 1 OV 1 OF
Measured energy distributions for different path lengths — = ==
Estimation of 9V /9 , proportional to JE /dx (V)ox (E) Oz
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Characterisation with alpha particles L oV 1 OE

= ES
- Experimental data (*) compared with Monte-Carlo (V) Ox (E) Ox ( >
simulations (GEANT4)
- K, in agreement with previous calibration (37 mV/MeV)

0 GEANT Simulation % SE .
\\ i Experimental data using 37 mV/MeV 4.53 D Muon
0 \ ® Experimental data using 80 mV/MeV = .
4 - ‘:’ Gamma sources
asE il
100 No - :
g N Cmn. 2l 3 0
= = = Ji=E VEDESES & VNI ENUN SN SRR S—
60 SE KT
50 \ 2 : ~ 2 ®. i ri
40 o Y R ] P T o
_*_ \k 15 :_'
[ i S i 1 4Stat | asysty | MNa\/
e e — —— K gy = (41 £ 4576 £ 3955 v /M e
¥4~ 110 y2~2.5 - Caliibration consitant
0.8 1 LY 36 38 40 42 44 46 48

Calibration Constant [mV/MeV]

4 5
Energy [MeV]
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