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• 2U CubeSat selected by ESA Fly Your Satellite in 2017 
 

• 3 experiment payloads, each incorporating novel Irish 

technology 

• GMOD – a 𝛾-ray detector based on design developed at UCD under 

contract to ESA 

• EMOD – to make LEO measurements of ENBIO’s SolarBlack and 

SolarWhite thermal management coatings developed for Solar Orbiter 

• WBC – Wave Based Control, a control scheme for flexible mechanical 

systems, developed at UCD 

• Critical Design Review phase currently being closed out 

• Ambient Test Readiness Review has begun 

• EQM assembly beginning soon 

The EIRSAT-1 Mission 

The EIRSAT-1 project is carried out with the support of the Education Office of the 
European Space Agency, under the educational Fly your Satellite! Programme. 
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The EIRSAT-1 Mission 



GMOD – The Gamma-ray Module 

• GMOD is a scintillator-based 
gamma-ray detector 

 

• 4×4 pixel SiPM array 

• Based on SensL J-series 

• Custom in-house array 

 

• Scionix Cerium Bromide Scintillator 

 

• SIPHRA ASIC by IDEAS 

 

• Custom in-house GMOD Motherboard 

• Onboard Data-processing 

• Support Electronics 



Sample spectrum taken with SIPHRA and logic analyser 
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GMOD – Performance Simulations 

• Simulations of BATSE 4B GRB catalog indicate 
detection of ~20 GRBs / year at a significance of 
10 sigma  
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• Monte Carlo simulation of 25mm × 25mm × 
40mm CeBr3 crystal in EIRSAT-1 spacecraft 

• Effective area shown is a measure of sensitivity 
to 50keV to 300keV photons from a typical GRB 

 

• More GRBs can be identified at lower significance 
by coincidence with other instruments 

Simulations: A Uliyanov 



• Flew piggyback on the Advanced Scintillator Compton Telescope (ASCOT, PI: P 

Bloser) as Flight 1660P from the Columbia Scientific Balloon Facility in 

Palestine, Texas. 

• Float altitude 37.4km for >5 hours. 

• Hardware: SIPHRA ASIC, CeBr3 Scintillator, SensL J-Series SiPMs. 
 

 

GMoDem 

Detector Assembly 

GIFTS – GMoDem: 
The GMOD Demonstrator 



• Results from flight still being analysed, but initial results are promising. The detector 

functioned well throughout the entire flight and after landing. 
 

 

 

GIFTS – GMoDem 

Stratospheric Validation of a Novel Gamma 

Ray Detector
Joseph Mangan for the GMoDem Team; Space 

Science Group, UCD

GMoDem (the Gamma-Ray Module Demonstration) is a γ-ray detector validation test for future space based technology. GMoDem was flown as a piggy back on a NASA high
altitude balloon from Palestine, Texas on the 5th July, 2018 to test its operation in the near-space environment. This validation test is designed to study the performance of the
UCD built detector. The concepts of this design will be developed to allow low earth orbit detection of transient γ-ray burst events as a payload to a CubeSat spacecraft. An
example of its use will be onboard EIRSAT-1, a 2U European Space Agency Fly Your Satellite! CubeSat which is currently in development by students of UCD. EIRSAT-1 will be
Irelands first satellite and upon launch will be equipped with one of the few SiPM (Silicon Photomultiplier) based γ-ray detectors ever launched into orbit. The design of EIRSAT-
1’s Gamma–Ray Module (GMOD) will be directly influenced by data collected from GMoDem which is not only the prototype of EIRSAT-1’s γ-ray instrument but also acts as a
heritage of this technology for future space based instruments produced by UCD. This technology is capable of detecting γ-ray bursts from the most violent and energetic events
in the Universe. In addition to this, the findings from the balloon flight will be used to validate the viability of small scale, low cost SiPM technology and the ESA funded ASIC
(Application Specific Integrated Circuit) readout, the SIPHRA. This miniaturised technology is essential for future CubeSat γ-ray detectors.
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Abstract

GMoDem and the Balloon Launch Campaign

• GMoDem is a validation instrument built by UCD to test technology to detect γ-ray bursts in
space. γ-ray bursts (GRB’s) are created when stars enter supernovae and when neutron stars and
black holes merge, emitting intense beams of high energy radiation. By studying these γ-rays it is
possible to learn more about the mechanisms which produce them.

• On 5th July, GMoDem was flown on a NASA high altitude balloon from Palestine, Texas, USA. This
was done to demonstrate future γ-ray detection technology for space based applications. The
balloon flew GMoDem to ~37km altitude over an 8 hour flight.

Secured to the 
Gondola

GMoDem
Launched from 

Palestine, Tx
And Recovered Over 

1000km  Away
• The balloon flight proves GMoDem can function in the near-space

environment validating the use of SiPM’s and the SIPHRA ASIC
• During the balloon flight, GMoDem produced a spectrum showing

a clearly visible 511keV peak (Fig.2a,b)
• This is produced in the upper atmosphere by collisions with high

energy relativistic particles from cosmic sources like supernovae.
• This leads to a particle shower and the production of neutral

pions. These neutral pions decay into a pair of γ-rays, initiating
secondary particle showers through pair production producing a
pair of electrons and positrons. As the positron travels through the
medium it interacts with atoms losing energy through
Bremsstrahlung emissions. The positron ultimately interacts with
an electron undergoing particle-antiparticle annihilation producing
two 511keV γ-rays as seen below (fig 2.a). This is a simplified
explanation as there are a number of other particles created and a
verity of modes of interaction not mentioned.

GMoDem Analysis

Fig 2.a: The balloon flight proves GMoDem can function in the near-space environment by producing a 511keV peak

Fig 2.b: The variation of counts as a function of altitude showing the 5 hour float period broken into 1 hour increments. This shows that the
511keV peak does not vary with time as well as the relative amplitude over time.

• GMoDem uses a high resolution, low background
CeBr3 scintillation crystal to indirectly detect γ-
rays by emitting visible light upon interaction
(Fig1.a).

• Light emitted by the crystal is detected by an
array of miniature, light weight, low voltage
SiPMs. This creates a signal which is a record of
the energy of the incident γ-ray.

• This technology is necessary for a CubeSat
approach to future space based GRB instruments.

• The recently confirmed relationship between GRB
events and gravitational waves has created an
urgent need for cheap, short construction time, γ-
ray missions to complement the large, expensive,
costly missions like SWIFT, Fermi and INTEGRAL.

What is GMoDem?

Fig 1.a: An example GMoDem Detector: (Bottom left) A CeBr3 crystal
below an example SiPM array built at UCD. (Top right) The assembly of
the detector (Lower right) The ASIC readout, SIPHRA used on board
GMoDem (Lower Right)

The Future?

Fig 3: GMoDem is one part of a much larger picture. EIRSAT-1, the FYS, Fly Your Satellite! CubeSat (upper corner-right) is currently under construction and is
expected to launch sometime in 2021. UCD has also achieved separate SFI (Science Foundation Ireland) funding to design and build a BurstCube (Lower corner-

right) like γ-ray instrument and is expected to do so in collaboration with US and EU research institutions over the coming years.

• GMoDem radiation testing.

• EIRSAT-1 the FYS, Fly Your
Satellite! CubeSat and
Irelands first satellite.

• The SFI (Science
Foundation Ireland)
funded GIFTS (Gamma-Ray
Investigation into the Full
Transient Sky) with US, EU
collaborators

Fig 1.b: The GMoDem Detector: Schematic showing the detector, the
SIPHRA and the flight frame used on the 2018 balloon flight (Source
D.Murphy)

References and Acknowledgements

J.Mangan would like to acknowledge support and guidance from D.Murphy, A.Uliyanov,
S.Walsh and S.McBreen (supervisor). The GMoDem team would like to thank the ASCOT team
(P.Bloser, T.Sharma, J.Legere and C.Frost) and the entire technical support crew at the
Columbia Scientific Balloon Facility CSBF, Palestine Tx (in particular H.Franco, CSBF Campaign
Manager). Finally, the GMoDem team would like to thank IDEAS (Integrated Detector
Electronics AS) Norway for their contribution to the project.

• Ulyanov, A,et al. (2017). Localisation of gamma-ray interaction points in thick monolithic
CeBr 3 and LaBr 3 :Ce scintillators. Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 844, pp.81-
89.

• Dirk Meier. et al. (2016). SIPHRA 16-Channel Silicon Photomultiplier Readout ASIC,
Integrated Detector Electronics AS (IDEAS), Gjerdrums vei 19, 0484 Oslo, Norway.

• Albernhe, F., Vedrenne, G. and Martin, I. (1979). The positron annihilation line at 511 keV in
the upper atmosphere. Journal of Geophysical Research, 84(A11), p.6658.

• Judith Racusin, et al. (2017). BurstCube: A CubeSat for Gravitational Wave Counterparts,
Instrumentation and Methods for Astrophysics.

• LIGO Scientific Collaboration and Virgo Collaboration, Fermi Gamma-ray Burst Monitor, and
INTEGRAL (2017).Gravitational Waves and Gamma-rays from a Binary Neutron Star Merger:
GW170817 and GRB 170817A, The Astrophysical Journal Letters, 848:L13 (27pp).

Energy (keV) 

C
o

u
n

ts
 

Analysis: J Mangan – MSc Thesis 



GIFTS – Future 

• Funding has been secured to design and build a 1U sized instrument. 

(with many thanks to BurstCube team for support!) 

• Would ideally form part of a 4U instrument collaboration in a 6U CubeSat. 

• Capabilities at UCD Space Science Group have been significantly increased in 

context of the EIRSAT-1 project. 

• 7 graduate students in group now working on spacecraft design and 

assembly – many more at UCD in Mechanical and Materials Engineering 

collaborating on EIRSAT-1 and potential future projects. 

• 2x new cleanroom facilities: 

• one focusing on mechanical and vibration testing, 

• one focused on gamma-ray instrumentation and final spacecraft 

integration. 
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EIRSAT-1 Comms 

• CPUT VUTRX Transceiver 

• UHF uplink 

• VHF downlink 

• Data rates up to 9600 baud with GMSK 

 

• Ground Station will be constructed at UCD School of Physics  

• Nominal ~29 minutes of contact with EIRSAT-1  
per day 

• Performance considerably better than ground stations in 
equatorial regions 

Latitude (degrees north) 

ISS Orbit Communication Suitability 
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