
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 19, 2023

3D mapping of the Earth’s trapped radiation particles using ASC: from the inner zone
to the magnetosphere

Herceg, Matija; Jørgensen, John; Jørgensen, Peter S.; Denver, Troelz

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Herceg, M., Jørgensen, J., Jørgensen, P. S., & Denver, T. (2019). 3D mapping of the Earth’s trapped radiation
particles using ASC: from the inner zone to the magnetosphere. Poster session presented at The General
Assembly 2019 of the European Geosciences Union (EGU) , Vienna, Austria.

https://orbit.dtu.dk/en/publications/84240d66-f4dc-4f76-988f-9b45cdb609ec


 

 

 

 

3D mapping of the Earth’s trapped radiation particles using µASC:  

from the inner zone to the magnetosphere 

Matija Herceg1, John L. Jørgensen1, Peter S. Jørgensen1, Troelz Denver1  

1DTU Space, Measurement & Instrumentation Systems, Technical University of Denmark, Copenhagen, Denmark 
EGU2019-17883 

References 
Jørgensen, P. S., Jørgensen, J. L., & Denver, T, 2004. μAsc: a miniature star tracker, Proceedings of The 4S 

Symposium: Small Satellites, Systems and Services (ESA SP-571). 20 - 24 September 2004, La Rochelle, France. 

Editor: B. Warmbein. Published on CDROM., id.55.1, 2004ESASP.571E..55JHaagmans, R., 2005. Swarm: The 

Earth's. Magnetic Field and. Environment Explorers. Mission. Requirements. Document  for. Phases B, C/D, E1 

Burch, J.L., Moore, T.E., Torbert, R.B. et al. 2016.. Magnetospheric Multiscale Overview and Science Objectives 

Space Sci Rev (2016) 199: 5. https://doi.org/10.1007/s11214-015-0164-9 

European Geosciences Union, Vienna, Austria, 07th – 12th April 2019 mher@space.dtu.dk 

micro Advanced Stellar Compass µASC 
 - Designed and produced by the Measurement and Instrumentation (DTU)  

 - One of the most successful star tracker worldwide  

 - Autonomously calculates attitude based on all bright stars in the CHUs 

 - Absolute accuracy of < 1 arc second 

 - Operating on many satellite missions without a single failure 
 Highlights 

 Introduction 
   As a pioneer of the fully autonomous star trackers, the micro Advanced 

Stellar Compass (DTU Space) has been operating successfully on 

numerous satellite missions ranging from Low Earth Orbiters (e.g. ESA’s 

Swarm) to Deep Space missions (e.g. NASA’s Juno), accurately providing 

absolute attitude reference. Besides its primary function of attitude 

determination, the µASC is also capable of detecting and monitoring the 

population of the Earth’s high energy particles.  

   The particles with energies high enough (>20MeV) to pass the heavy 

shielded optics, will leave a temporary trace on the CCD sensor. The 

signature of these high energy particles is eliminated in flight by the 

instrument software ensuring full performance even during the most intense 

CMEs. 

 

 

 

 

 

 

 

 

 

 

   Mapping the rate of the penetrating particles on the CCD sensor enables 

the monitoring of  the high energy particle flux. We present compilation of 

detected particle flux, its global maps and radial variation from 400 to 

10000 km altitude. We further present a view of the dynamic part of the 

flux, from injection sources such as CMEs, which gives a detailed profiling 

of the direction, injection time scales and relaxation times. 

Trapped particles detection 

 Ionizing particles spectrum shield depth analysis 

DTU Space µASC 

Swarm Integral Proton Flux East-West gradient 

 

• Swarm mission profile: Two spacecraft at ~450km (A 
and C) and one at 530km (B) to provide lateral and 
radial gradients  

• Solar quiet times flux: Few protons and no electrons 
fluxes with penetrating energies, except from over 
the South Atlantic Anomaly 

• Shielded flux for 20 mm Al Shielding (from SPENVIS), 
incl. trapped and solar protons, ~10 p+/cm2/s. 

• Field of view solid angle should be taken into account. 
Quiet time flux will result in a few p+/cm2/s 

• Peak flux conditions several hundreds times higher 
(yellow circles , magnitude is shown by circle radius). 

 

 

 

 

 

• Silicon carbide structure and metal CHU 
housing provides shield length of >>35mm Al 
eq. in all directions except through the lens 

• Lens shield depth is 23-35mm Al eq. 

>20 MeV 

• P+ < 100MeV omnidirectional sensitivity 

• Particles > 150MeV penetrates 
omnidirectionally 

 

CHU shielding stops 

charged particles 

<20 MeV 

• Global map of p+ in 40MeV to 100MeV 

• The radial and East-West particle flux gradient 

• Seasonal variations in high energy flux 

• Scatter times of protons migrating from trapped to SAA loss cone 

• Magnetosphere particle population  
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Swarm Alpha 
Proton flux 

Swarm Bravo 
Proton Flux 

Magnetosphere particles population 

MMS  (NASA's Magnetospheric MultiScale mission) investigates how the Sun’s and 
Earth’s magnetic fields connect and disconnect, explosively transferring energy 
from one to the other, regulating the geospace weather. It consist of the four 
identically instrumented spacecraft measure plasmas, fields, and particles . Each 
spacecraft is equipped with four µASC CHU’s which continuously precisely monitor 
spacecraft attitudes  and tracks population  of the energetic particles. 

MMS particle population (~8000km) 

South Atlantic Anomaly Proton Flux radial gradient 

Highly elliptical MMS orbits 


