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Mission overview
Orbit inclination/altitude 53° / 500 km
Launch type Piggy-back (e.g. PSLV)
Duration 2 years
Payload mass 25 kg
Payload volume 48×53×70 cm3

Payload power 30 W
Downlink (S-Band) 150 MB/pass. 1 pass/day.

Pointing Quasi-zenith, 3-axis 
stabilised, 0.1° precision
0.1°

Phase A baseline design

InnoSat 
Platform

SPHiNX



GRB property Measurement

Jet structure Time evolution of PA within a burst

Jet magnetism Distribution of PF for a population of 
bursts

Emission mechanism
- Distribution of PF


- Energy dependence of PF

- Time evolution of PF

Instrument performance
• Observe ~200 GRBs / 2 years 

• Field-of-view ~120°

• Geometric area ~800 cm2


• Determine light-curve and spectral 
shape (<10-600 keV) 
• dE < 30% (60 keV)


• Timing to ~1 ms (UT synchronised)


• Instrument design is optimised for 
polarimetry 
• Determine Polarisation Fraction 

(PF) and Polarisation Angle (PA) 
with ~10% (MDP<0.3) precision 
for ~50 (long) GRBs / 2 years 

• Energy range: 50-600 keV 



X-ray polarimetry
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“GAGG” = Gd3Al2Ga3O12(Ce)

(high Z)

EJ-204 plastic scintillator 
(low Z)

- Fast (88 ns decay)

- High density (6.6 g/cm3)

- High light-yield (LY=5.6×104 γ/MeV)

- Low LY dose dependence/activation

- Self-luminescence issue? (SAA) 
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Landing
July 18th 2226 UT

SSC

Launch
July 12th 0317 UT2016

Crab: M. Chauvin et al., Nature Sci Rep 7 (2017) 7816,  MNRAS 477 (2018) L45  
Cyg X-1: M. Chauvin et al., Nature Astronomy 2 (2018) 652

Future? Stratospheric balloon flights for testing Cubesats



ASIC = IDEAS “SIPHRA” 

Weeroc Citiroc

MPPC = Hamamatsu S13360-6050

PMT = Hamamatsu R7600U-200. 

Aim to transition to MPPC

Challenge: 50 keV 
polarisation requires 5 keV 
Compton scatter detection 
in plastic 

preamp/shaper/peak det/(digitise)

But…



Background mitigation 
• Periphery of scintillator array 

covered in Pb/Sn/Cu shield 

• 1 mm CFRP shell covers 

sides/top of array  

• Albedo attenuated by InnoSat 

Geant4 simulations
Prompt

+ Delayed (platform activation) 190 (after 1 year)

Segmented design 


• Stand-alone 
localisation 
accuracy ≲5°


• Important for 
polarimetric 
response



~55 GRBs / 2 years

Example: emission model discrimination

3σ

PF(E) needed for discrimination



Outlook
• SPHiNX is a small satellite payload for 

GRB polarimetry proposed for the 
Swedish InnoSat platform 

• Phase A studies were completed in 2018
• Space Agency selected atmospheric/

climate-related missions for InnoSat-1 
(launch 2019) /-2 (launch 2022)  

• SPHiNX technology developments are 
applicable to CubeSats 

• We will try again for InnoSat-3! Call 
expected later this year.
• Background is manageable but 

challenging
• Lower inclination orbit beneficial but 

launch opportunities are rare

KTH student satellite (“MIST”) 
3U CubeSat 

GAGG-based X-ray monitor

Launch ~2020 

UHF ground station at KTH 



Pearce et al., Astroparticle 
Physics 104 (2019) 54.

(astro-ph/1808.05384)

Heckmann et al., SPIE JATIS. 

In review (2018)

In preparation: paper describing lab developments
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