
Curriculum 5
Space sensing and Instrumentation
National PhD Program in Space Science and 
Technology



Contents

1. The curriculum

2. Grants and operational sites

3. Flash talks – 39th cycle

Curriculum 5: Space Sensing and Instrumentation 2



Curriculum 5: Space Sensing and Instrumentation 3

Bridging the gap between scientific requirements and the technical engineering of satellite 
instrumentation – one of the 8 curricula of the National PhD in Space Science and Technology.

Focus
• Design

• Characterization

• Development

of advanced sensors and payloads for 
space applications

Areas of Expertise
• Ionizing Radiation sensors

• Radiation-Matter interaction

• Optical and Radio sensors

• Non-imaging sensors

Hands-on Mission 
Development
• R&D & Design

• Integration & Testing

• Operational & Managerial skills

The Curriculum
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Grants by Thematic Area (1/2)

Ionizing Radiation Sensors & Particle/X-ray Detectors

De Giorgi Giacomo – Advanced Silicon Sensors for Space Applications FBK, Trento · C41

Hincapie Tarquino Juan Sebastian – Development of high-sensitivity X-ray detectors for astronomical 
imaging, spectroscopy, and polarimetry

INFN, Sezione di Pisa · C41

Morales Sanchez De Lozada Samanta – Design and prototype characterization of innovative high energy 
particle detectors for space application

INFN, Sezione di Trieste · C41

Bez Baruah Suomi – Development of rad-hard, single-photon detectors optimised for satellite missions 
and astroparticle physics experiments

FBK, Trento · C40

Schledewitz David – ASI SPACE IT UP SPOKE 6 – Development of a particle detector for a CubeSat 
mission

Università di Trento · C40

Loizzo Pierpaolo – Design and prototype characterization of innovative high-energy particle detectors for 
space application

INFN, Sezione di Bari · C39

Trevisan Sara – X-ray & gamma-ray spectrometer for two space applications: high energy cosmic 
transients and planetary surfaces

Università degli Studi di Trieste · C39
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Grants by Thematic Area (2/2)

Optical, Radio & RF Sensing

Lecci Marco – Distributed radar sounder for mapping ice in the Earth's polar regions Università di Trento · C41

Fumagalli Andrea – Photonics for space applications CNIT, PNTLab, Pisa · C41

Brancadori Nicola – Development of high-performance microwave passive components for space 
applications

Università degli Studi di Milano - La Statale · 
C40

Lusa Samantha – Modular Antenna Systems for Efficient Long-Range Wireless Power Transmission Università di Trento · C39

Readout Electronics & Data Analysis

Summo Marcello – Development of Readout and Control Electronics for Silicon-Based Detectors Using 
FPGA Technologies

FBK, Trento · C41

Holzmann Airasca Aldana – Spectral and temporal analysis and simulation of high-energy astrophysical 
transient events seen by current and future space-based experiments

INFN, Sezione di Bari · C40



Samantha Lusa - Modular Antenna Systems for Efficient Long-Range Wireless 
Power Transmission

The idea: deliver electrical power without wires

How? Focusing electromagnetic energy (microwaves) 
onto small and distant apertures
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• Aperture partitioned into sub-arrays

• Amplitude and phase are controlled per cluster 
rather than per element

• High steering flexibility with reduced RF chains

DoF:

o Amplitude weights 𝛼𝑞

o Phase weights 𝜑𝑞

• Elements periodically switched on-off

• Beam steering exploits harmonic radiation instead 
of phase-control hardware

• Low-complexity, reconfigurable

DoF:

o Pulse duration  𝜏𝑛

o Switch-on instants 𝜏𝑛
𝑂𝑁

Conventional phased arrays deliver the performance 
but scale poorly: 
• Cost, complexity
• Power consumption of phase shifters and active 

RF chains

Long-range requires highly directive arrays 

Time Modulated Array

Tile Phased Array

Beam Collection Efficiency 
= Incident/Radiated

Wireless Power Transmission
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• Multiple beams generated simultaneously by different 
harmonics

• One aperture, switches only, no phase shifters → multiple 
receivers

• Three-beam case: 0°,10° and 20° synthesised together, each 
meeting SLL and beamwidth constraints

Time Modulated Array (circular geometry)Tile Phased Array  (N=16,M=8,Q=64, θs = [0 °,45°])

Reference fully populated 
array:

BCE = 99.93%

Tile Phased Array with 
best tiled configuration:

BCE = 99.83%

Control points reduced by 
50% at a negligible efficiency 
cost ~0,1%

High steering flexibility More details on the poster!

Samantha Lusa - Modular Antenna Systems for Efficient Long-Range Wireless 
Power Transmission
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PROGReX - HARLOCK project (CNR–INAF)

● Search for lunar resources: water ice, rare earth elements, platinum-group metals
● Rover-mounted X/gamma-ray spectrometer for in-situ geochemical analysis

TASTE - Terrain Analyzer and Sample Tester Explorer

● CubeSat-in-CubeSat: a 16U spacecraft - a 12U orbiter carrying a 4U lander to Deimos
● Goal: to constrain the origin of Deimos and its link to Solar System history
● X/gamma-ray spectrometer on the orbiter → elemental composition of the surface

HOW XRF WORKS

Atoms excited by X-rays re-emit 
photons at element-specific 
energies

Sara Trevisan - sara.trevisan@unitn.it

Sara Trevisan - Remote and in-situ XRF spectroscopy: from simulation to 
laboratory characterization 
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TRACE ELEMENT DETECTABILITY: REE are trace elements: how low in 
concentration can we still detect them? Tested on characterised
basalts

INSTRUMENT DESIGN: finding the tube-detector angle that maximises
the fluorescence signal over the scattered background 

SDD

X-RAY TUBE SAMPLE SARA!

I ∝  ∫   I₀(E₀)   ·   Cᵢ τᵢ(E₀) ωᵢ pᵢ   ·   1 / [µ(E₀)/cos α + µ(Eᵢ)/cos β ]   ·   ε(Eᵢ)   dE₀

source       atomic physics × concentration     matrix absorption + geometry                detector

MODELING AND SIMULATION

Physics-based forward model of the observed spectra, built 

on the fundamental parameters method, to compute the X-ray 

fluorescence emission from a planetary surface

● One code, two observing modes: orbit (Sun as source) 

and in situ (X-ray tube)

● In situ: source integrated over a grid of points to model 

its finite footprint

Fig. Forward-model output for the in situ configuration

LABORATORY CAMPAIGN

Sara Trevisan - sara.trevisan@unitn.it



Pierpaolo Loizzo - Design and prototype characterization of innovative high-
energy particle detectors for space application
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• Robust and versatile 

material

• Used in particle detection in 

space since decades

Scintillators Photodetector Front-end readoutCharged particles

• Rich radiation environment in 

space

• Charged component as a 

background for gamma-ray 

astrophysics experiment and 

gravitational waves 

observatory

• A lot of questions related to 

their origin, composition, dark 

matter candidates
• High voltage required 

(kV)

• Flight heritage

• Sensitive to magnetic 

fields

• Low voltage (tens of V)

• Limited heritage

• Compact

• Immune to magnetic 

fields

• Radiation damage

SiPMs

PMTs • Power budget driven by channel 

count

• Thermal dissipation constrains

• On-board FPGA for processing

SiPMsPMTs
In this work:

• Anti-Coincidence 

Detector for ADAPT

• Radiation Monitor for 

LISA



Pierpaolo Loizzo - Design and prototype characterization of innovative high-
energy particle detectors for space application
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The Anti-Coincidence Detector 
for ADAPT

Design

Prototyping

Laboratory and 
Beam Tests

Why an ACD?

• ADAPT is a MeV gamma-ray 
telescope demonstrator that 
will fly in Antarctica (summer 
2026-2027)

• The ACD vetoes the charged 
cosmic-ray background

Trigger efficiency for 
Minimum Ionizing 
Particles 
0.999919+0.000043−0.000041

More than 60 tiles!

SPS April 2026



Pierpaolo Loizzo - Design and prototype characterization of innovative high-
energy particle detectors for space application
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Design

Prototyping

Laboratory and 
Beam Tests

Why a Radiation Monitor?

• LISA measures gravitational waves 
by tracking free-falling test masses 
(TM)

• The RadMon monitors the charged 
particle flux to correlate TM noise 
with the radiation environment

Coincidences and signal 
cuts define energy 
channels in the 100 MeV – 
500 MeV range

Energy channels 
validation with 117-
480 MeV proton 
beam

The Radiation Monitor for LISA

HECTOR, its 
smaller cousin

Pierpaolo Loizzo



Thank you
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Grants - Cycle 40th
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Bez Baruah Suomi – Development of rad-hard, single-photon detectors 
optimised for satellite missions and astroparticle physics experiments

FBK, Trento

Brancadori Nicola – Development of high-performance microwave 
passive components for space applications

Università degli Studi 
di Milano - La Statale

Holzmann Airasca Aldana – Spectral and temporal analysis and 
simulation of high-energy astrophysical transient events seen by current 
and future space-based experiments

INFN, Sezione di Bari

Schledewitz David – ASI SPACE IT UP SPOKE 6 – Development of a 
particle detector for a CubeSat mission

Università di Trento



Grants - Cycle 41th
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De Giorgi Giacomo – Advanced Silicon Sensors for Space Applications FBK, Trento

Summo Marcello – Development of Readout and Control Electronics 
for Silicon-Based Detectors Using FPGA Technologies

FBK, Trento

Hincapie Tarquino Juan Sebastian – Development of high-sensitivity X-
ray detectors for astronomical imaging, spectroscopy, and polarimetry

INFN, Sezione di Pisa

Lecci Marco – Distributed radar sounder for mapping ice in the Earth's 
polar regions

Università di Trento

Fumagalli Andrea – Photonics for space applications CNIT, PNTLab, Pisa

Morales Sanchez De Lozada Samanta – Design and prototype 
characterization of innovative high energy particle detectors for space 
application

INFN, Sezione di 
Trieste



Grants - Cycle 39th
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Lusa Samantha – Modular Antenna Systems for Efficient Long-Range 
Wireless Power Transmission

Università di Trento

Loizzo Pierpaolo – Design and prototype characterization of innovative 
high-energy particle detectors for space application

INFN, Sezione di Bari

Trevisan Sara – X-ray & gamma-ray spectrometer for two space 
applications: high energy cosmic transients and planetary surfaces

Università degli Studi 
di Trieste
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