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• 2U CubeSat designed by students and staff at University 
College Dublin

• Part of the 2nd round of ESA’s ‘Fly Your Satellite!’ programme

• 3 experiment payloads, each incorporating novel Irish 
technology

• GMOD – a scintillator and SiPM based 𝛾-ray detector

• EMOD – to make LEO measurements of SolarBlack and 
SolarWhite thermal management coatings developed for 
Solar Orbiter

• WBC – a control scheme for flexible mechanical systems, 
developed at UCD

• First Irish Satellite!!!
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GMOD
The Gamma-ray Module
• Based on previous detector built at UCD – GRD

• Uses several novel technologies:
• SiPMs by Irish company SensL 

(now part of OnSemi)
• ASIC by Norwegian company IDEAS
• Modern, bright scintillator – CeBr3

• In orbit demonstration and performance 
verification

• Many GMOD units can be combined 
for use in Compton / Compton-Pair telescopes.



Sample spectra taken with SIPHRA / GRD 
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GMoDem
Gamma-ray Module Demonstrator  

• Piggy-back flight on ASCOT 
(PI: Bloser)
• Launch from NASA Columbia 

Scientific Balloon Facility, TX.
• Short preparation time - few 

months.



GMoDem
Detector Assembly

• 25mm×25mm×20mm CeBr
from Scionix
• 4× 2×2 J-series SensL SiPM 

arrays
• 3D printed enclosure



UCD
MSc Space Science and Technology

• Satellite Subsystems Laboratory
• Student Teams build “TupperSats”



GMoDem
Gamma-ray Module Demonstrator  

● Detector
○ CeBr
○ J-series SiPM arrays
○ SIPHRA
○ Galao

● Bias Supply
○ Inhouse design & production

● Readout & Storage
○ Raspberry Pi (via Python)
○ USB Flash Memory

● Comms
● Iridium 9603 Short Burst Data Modem

● Telemetry
○ GPS - ublox M8
○ Pressure – MS5611
○ Temp (SiPM, internal, external) – DS18b20

● Structure
○ Aluminium extrusion
○ 600mm × 300mm × 200mm 





GMoDem - Flight
• Flight Number: 1600 P
• Date/Time Launched: 5 July, 2018 12:13:09 UTC
• Experiment Weight: 585 kg
• Float Altitude: 37.4 km
• Total Float Time: 05h 08m 26s
• Total Flight Time: 08h 00m 02s
• Distance: 735 km

gmodem.spacescience.ie



GMoDem

● Detector recovered with very loose 
and warped enclosure

● Preflight Sodium 22 calibration: 
511keV @ Ch1526

● Inflight: 511keV @ Ch 798

● Poor optical coupling explains bad 
resolution - reduction in scintillation 
light of ~2 = increase in resolution of 
√2 



GMoDem – Flight Spectrum



GMoDem – Flight Spectrum



GMOD - Physical Design



GMOD - Resolution
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for various durations depending on the source activity. This duration was typically 
around 30 minutes, though in the case of the weaker 60 Co source the integration 
time was 90 minutes. Figure 14 shows the uncalibrated spectra of the four nuclides 
processed from summed-channel TTEs recorded by GMOD. The spectra presented 
are essentially raw, with the downlinked data-set having been filtered only to ensure 
that all contributing events were internally generated by the GMOD detector assem-
bly. No re-binning has been applied and no baselines have been subtracted.

The main spectral lines from each nuclide were fitted to determine their cen-
tre position. The lines were fitted using a model consisting of a Gaussian curve to 
model the detector broadened mono-energetic emission line and a quadratic function 
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Fig. 13  GMOD trigger data format

Fig. 14  Uncalibrated spectra of 241Am, 137Cs, 22Na, and 60 Co measured using GMOD’s summed-channel. 
The summed-channel combines the signals from all SiPMs prior to digitisation and is the primary data 
which will be used during in-flight operation. Several spectroscopic lines have been fit as indicated to 
determine a calibration for the detector in this mode
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to account for contributions from background and non-photo-peak measurements 
of higher energy lines. A calibration for the detector was determined by fitting the 
known energy of the lines as a quadratic function of the measured centre position 
ADC value. Figure 15 shows an example calibrated spectrum of a mixed test source 
containing 241Am, 137Cs, and 60 Co processed based on this calibration from summed-
channel TTEs recorded by GMOD.

Having calibrated the detector, the spectral lines from the four nuclides were refit 
in energy space to measure their widths and determine the detector spectral resolu-
tion. The width of the Gaussian component of the fit gives the 1! width of the line in 
energy, also called !E . The full width at half maximum (FWHM) detector resolution 
for a given energy, E, is calculated as 2.35 times !E expressed as a percentage of 
that energy. The resolution of the detector at each of the measured spectral lines is 
given in Table 1.

The values for the detector resolution were fit using the model

which is adapted from [75]. The coefficient a is a constant term representing limit-
ing electronic resolution which is not expected to be an issue for scintillation detec-
tors and is therefore set to zero in the fit. The b term is proportional to the square 

(1)!E =

√

a2 + b2E + c2E2,

Fig. 15  Calibrated spectrum of a mixed test source containing 241Am, 137Cs, and 60 Co measured using 
summed-channel data from GMOD

Table 1  Spectral line widths 
as measured using summed-
channel data from GMOD

Nuclide Energy (keV) !E (keV) FWHM(%)

241Am 59.541 4.0 15.9
137Cs 32.061 4.1 29.7
137Cs 661.657 15.3 5.4
22Na 511 13.5 6.2
22Na 1274.53 22.3 4.1
60Co 1173.237 20.6 4.1
60Co 1332.501 22.0 3.9
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root of the energy, representing statistical fluctuations in the number of charge car-
riers which in turn is related to fluctuations in the number of scintillation photons 
or number of photoelectrons produced by the SiPMs. The c term is proportional to 
the energy, representing non-ideal transfer efficiency associated with the transfer of 
scintillation light to the SiPM. The fit coefficients were determined as b = 0.583 and 
c = 5.033 × 10−3 . Based on this fit, Fig. 16 shows the detector FWHM resolution as 
a function of energy.

7  Discussion and conclusions

GMOD is a miniaturised novel gamma-ray detector combining a CeBr
3
 scintillator, 

SiPMs and SIPHRA readout in a CubeSat and will be the primary payload of the 
EIRSAT-1. This paper gives a comprehensive overview of its design, including its 
electronic and mechanical interfaces which are compatible with many off-the-shelf 
CubeSat systems and structures. Table 2 summarises GMOD’s key characteristics.

GMOD demonstrates several promising technologies which have been identified 
as potential key components in the future generations of space-borne gamma-ray 
instruments, such as Compton or Compton-pair telescopes. While several of these 
components have been demonstrated by other missions, the specific combination of 
scintillator, optical detector, and ASIC utilised by GMOD is unique. Table 3 lists 
various missions and instruments either in development, or recently launched, utilis-
ing comparable technologies. While CeBr3 is currently in use as a scintillator paired 
with a photomultiplier tube on the BepiColombo MGNS instrument [76], GMOD 
will demonstrate its use with SiPMs in low Earth orbit.

EIRSAT-1 is primarily an educational mission, being designed, built, tested, doc-
umented and operated by an interdisciplinary university student team. Its three novel 

Fig. 16  Detector resolution as a function of energy. The labelled data points indicate the FWHM res-
olution as a percentage of measured energy based on measurements of spectral lines from radioactive 
nuclides while the solid line indicates the best fit of these data to Eq. 1

983Experimental Astronomy (2022) 53:961–990

● Resolution at 662keV: 5.4%

● Preliminary results based on engineering model.

● Flight model characterisation beginning next week!



Simulations - MEGAlib



Simulations - Effective Area
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Simulations - Effective Area
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Simulations - GRBs
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• 50 – 300 keV for a GRB with α=-1.1, 
β=-2.3, Epeak = 300 keV.

• Based on BATSE4B catalog.
• ~18/year at 10 sigma.



GMOD / EIRSAT-1 Next Steps
EIRSAT-1 Flight Model Assembly

• Done

EIRSAT-1 Full Functional Testing

• Ongoing – finishing this week

GMOD FM Characterisation

• Beginning 11 July 2022

EIRSAT-1 Vibration Testing

• Beginning 18 July 2022

EIRSAT-1 TVAC Testing

• Beginning 25 July 2022

Flight Acceptance Review

• September 2022

Flight Model Delivery

• October / November 2022

Launch

• Vega-C VV23 – estimated January 2023



COMCUBE
Compton Polarimeter on a CubeSat

People:
● CNRS-CSNSM Tatischeff (PI)

● UCD - Hanlon
● CEA - Laurent
● INFN - Morselli

Goals: 
• Simulation of GRB Compton polarimetry capability within a CubeSat footprint & 

prototype balloon flight
• Qualification of technologies for future gamma-ray missions in MeV-GeV energy 

range

● CNRS-IRAP - von Ballmoos
● UMainz - Oberlack
● LIP - Da Silva
● CNRS-IPNO - De Sereville
● MPP - Mertens



COMCUBE
Simulations

Polarization capability: With 4(16) spacecraft 
5(20) GRBs/yr with MDP99% >30%



COMCUBE
Balloon - Current Mechanical Design

Christine Le Galliard 



COMCUBE
Next Steps and Balloon Flight

Final Mechanical design

• November 2022

Mechanical Manufacture

• November 2022 – February 2023

Electronics and Firmware Complete

• March 2023

Instrument Integration 

• March 2023

Software Complete

• April 2023

Functional and Environmental Testing

• April – June 2023

Ready to Ship

• End of June 2023

Balloon Flight:

• Application submitted to CNES

• Planned launch from Timmins



Thank you!
Questions?


