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SXRM Overview

SXRM is a concept of a compact multilayer space radiation detector. Its primary deployment area is the Earth orbit with a possible
use in the Solar System. The abbreviation comes from SpacePiX Radiation Monitor, as the active element is a silicon pixel chip
SpacePix ASIC.
The presented work consists of three fundamental parts:

space radiation environment analysis,

development of SpacePix and SXRM models in Geant4 [1] and AllpixSquared [2],

simulation of space radiation passage.

Radiation environment analysis

The Spenvis [3] tool, provided by ESA, was used to approximate the eventual radiation in the target area and suggest the energy
distribution of simulated particles. A polar orbit 400 km above the Earth surface was scanned to obtain energy spectra and fluxes of
present electrons, protons, « particles and j¢Fe ions.

Three main radiation sources are:

PCB layer Van Allen Belts - protons & electrons, models AP8, AES,

tungsten absorber Galactic Cosmic Radiation - o particles & M:FL ions, model 1SO1530,

SpacePix ASIC

titanium shielding

Solar Particle Events - o particles & ;¢Fe ions, model CREME-96.

SpacePix ASIC SXRM

The whole SXRM setup is placed in a chassis for whose
construction are aluminium and Inconel600 alloy considered.
The usage of multiple SpacePix layers interleaved with
tungsten absorbers improves energy resolution as shown

The active element used in a telescopic configuration of
the SXRM detector is the SpacePix ASIC.
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It is a radiation tolerant monolithic silicon pixel detector below.
designed in a 180 nm Sol technology with a 60 um pixel

pitch. Fach pixel has dimensions of 60 X 60 X 286 pm?. s
The whole matrix is covered with several thin layers ﬁ

of Si & SiO; underneath which a 30-um-deep depleted IS o
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zone is generated.

Figure: SpacePix ASIC and its pixel longitudinal section.

AllpixSquared simulations Geant4 simulations
a depleted area is generated by importing the electric field, simulations were conducted to E i [MeV]
4squareszlised phosphor implant A[[plequared tool was L{sed to Suggest.the. amount of energy T BpiRey ey B et e e e i
in cach pixel simulate the charge carriers deposition in the depleted area initial energy Fiy. Simulated using protons with Fu € (0, 250) MeV. The
electric field model of 3 x 3 transport a wide range of deposited charge was sharp peaks highlight the presence of a new sensitive layer.
SpacePix-pixel matrix was obtained (from 2 ke™ up to 10 Me™) . . o
simulated in TCAD usage of a logarithmic amplifier was Based on the analysis of the deposited-on-initial energy
inner-pixel field was extracted suggested depenz:!encnfzs for all investigated Pa.rt'lcles, tf'le first
approximation of the measurable initial particle energy
5 ranges was suggested:
& g
o electrons  0.1-10 MeV,
g protons  1.8-100 MeV,
i « particles 7.8 -400 MeV,
MFeions 0.3-40 GeV.
Figure: Propagation of free electrons ol : e e - As several designs are considered, the aforementioned
Figure: Cross section of TCAD electric emerged by ionising particle passage in analysis results are also useful when selecting the best one

Figure: Energy deposited in the depleted area on

field model converted to AllpixSquared. SpacePix ASIC pixel. rigt I
initial particle energy dependency.

with respect to the number of layers.

Conclusions and further development possibilities

Having detector models and thus virtually unlimited amount of training data, machine learning methods seem
like a promising approach to the data reconstruction during the detector deployment. In this context the TMVA
tool is to be examined in order to find the most suitable methods to determine the incoming particle energy and
species. The considered are

—

Boosted Decision Trees,
Multilayer Perceptrons.

A potentially useful data analysis style is demonstrated on the coincidence measurement of 100.000 proton beam
in the following picture. Hits in n-th & n + 1-st SpacePix layer are presented in the scatter plot and categorized
by their initial energy.

Muiltiple designs are currently being considered based on materials and geometric properties revealed by the
simulations. After choosing the final one, the presented detector concept is to be manufactured and tested in
appropriate cosmic environment.
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