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https://doi.org/10.1029/2018SW001920 
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Outline 

- Instrumentation 
 
- „Historical“ SPEs on MIR and the ISS 

 
- Measurements during the  
       Hungry Ghost Festival (中元节事件) event 
 
- Side effects / electron belt changes 

 
- Dosimetric implications 
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DOSTEL Detector 

The DOSTEL Detector Head consists two circular PIPS detectors (D1/D2) by Canberra.  

These two are forming a telescope.  

The thickness is 315 µm and the active area of the detectors is 6.93 cm².  

Mounted in a distance of 1.5cm this leads to an opening angle of 120°. 
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DOSTEL Data 

- Each DOSTEL can provide count rate profiles, dose rate 
profiles and energy deposition  spectra 
 

- The energy spectra can be used to obtain LET-Spectra 
because of the path length limitation due to its telescope 
geometry 
 

- The LET spectra can be used to get information such as 
average quality factors which leads to dose equivalent 
 

- DOSTEL-1 has an additional mode 2 where the PHA 
data for every single particle is taken 
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DOSIS-MAIN-BOX 

DOSTEL 1 

D
O

STEL 2 

DDPU – DOSTEL Data and Power Unit 
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© NASA 

International Space Station - Columbus 
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© NASA 

International Space Station – Columbus II 
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© NASA 

SPEs with DOSTEL type instruments: Overview 
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DosMap DOSIS 3D ADCP 



23
rd

 W
R

M
IS

S,
 4

 –
 6

 S
ep

te
m

be
r 2

01
8,

 T
su

ru
ga

, J
ap

an
 

11 

© NASA © NASA 
Russia’s Mir space station seen from Space Shuttle Atlantis during the approach for docking on 15 January 1997 

Space Station MIR (1997) 
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12 
Note 1: Contributions from SAA crossings have been removed from (b) and (c). 
Note 2: Data reevaluated based on Burmeister et al. 2000; Beaujean et al. 2002; Badhwar et al. 2002 

GLE 55 

~ 150 µGy in Si in the first hours 

Space Station MIR (1997) – GLE 55 
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© NASA 
© NASA 

© NASA 
The ISS seen from Space Shuttle Endeavor during the approach for docking at 30 April 2001 

ISS (2001) 
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GLE 60 GLE 61 

~ 340 µGy in Si for GLE 60 and GLE 61 

Note 1: Contributions from SAA crossings have been removed from (b) and (c). 
Note 2: Data reevaluated based on Reitz et al. 2005 

ISS (2001) – GLE 60 and GLE 61 
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© NASA 

ISS (2017) 
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© NASA 

ISS-RAD 

DOSIS 3D - DOSTEL 

Matthiä, D., et al. Space Weather,16.  
https://doi.org/10.1029/2018SW001921 

ISS (2017) – GLE 72 10 September 2017 

https://doi.org/10.1029/2018SW001921
https://doi.org/10.1029/2018SW001921
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© NASA 

ISS (2017) – ISS-RAD beneath COL Biolab 
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© ESA, DLR 

ISS (2017) – DOSIS 3D-DOSTEL beneath COL EPM 
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© NASA 
Note: Picture from early 2017  IV-TEPC instead of ISS-RAD (but same location) 

ISS (2017) – View into Columbus 



23
rd

 W
R

M
IS

S,
 4

 –
 6

 S
ep

te
m

be
r 2

01
8,

 T
su

ru
ga

, J
ap

an
 

20 

The Hungry Ghost  
Festival 

 ( 中元节事件) 
Event  

in Sept 2017 

Onset could already observed by 
GOES on 16:06 UTC on 
September 10 2017. 
 
 
The ISS transited through “safe” 
orbits until September 11 around 
04:30, then the first SPE protons 
were observed by both 
instruments at high southern 
latitudes. 

                                                                                 Overview Sep. 2017 
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(a) Count rates and (b) absorbed dose rates 
in Si for DOSTEL-2 and ISS RADB for 
September 7–16 as a function of L 

Four distinct populations which are clearly 
separated by L value can be seen.  
 
The first population is the crossing of the 
SAA for L values between 1 and 2.  
 
The second population is the nominal GCR 
variation due to the orbit of the ISS for L-
shell values 1–6 with the nominal minimum 
at L = 1 and the maximum at L = 6.  
 
In addition, a third population is seen in the 
count rate for L values between 2.5 and 4.  
 
The fourth populations for 3 ≤ L ≤ 6, 
showing count rates of up to 20 p/cm2s, are 
the protons from the SPE. 

                                                               7 – 16 September (L) 
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                                                               7 – 16 September (L) 

(a) Count rates 
D3D D-2  
ISS RADB 

Note: 
SAA cut using  
|B| < 23 µT and L < 3;  
(Rios, 2017)  
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                                                               7 – 16 September (L) 

(b) absorbed dose 
rates in Si 
D3D D-2  
ISS RADB 

Note: 
SAA cut using  
|B| < 23 µT and L < 3;  
(Rios, 2017)  
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DOSIS 3D-DOSTEL-2: Outer Belt Electrons 
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September 10 
 

ISS-RADB : 113.6 μGy/d 
D3D D-2: 103.7μGy/d 

September 11 
 

ISS-RADB : 244.3 μGy/d 
D3D D-2: 163.8 μGy/d 

                                                                                            10 – 13 Sep. 

September 12 
 

ISS-RADB : 129.1 μGy/d 
D3D D-2: 111.4 μGy/d 

See: 
Matthiä et al. 
23rd WRMISS 2018 

ISS-RADB : 146.2 μGy/d 
D3D D-2: 67.8 μGy/d 
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(a)  Energy deposition spectra recorded with the DOSTEL-2 instrument for the day 
 before the event and the day of the event. 
(b)  solar particle event spectra from the subtraction. 

DOSIS 3D-DOSTEL-2: Energy Deposition Spectra 

∆ ∆ 
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DOSIS 3D-DOSTEL-1: Single Event Mode Data 
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ISS-RADD: Proton data 

Proton flux from ISS-RADD sub-detector for the three proton channels (20 – 35; 35 
– 72; and 72 – 122 MeV) for 9 to 16 of September 2017.  
Note 1: SAA-like contributions have been cut out  
Note 2: The data are selected for values of L > 3 in order to account only for SPE-
like contributions. 
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DOSIS 3D-DOSTEL-2: Daily dose 
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DOSIS 3D-DOSTEL-2: Daily Dose 
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© NASA 

ISS (2017) 
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GLE 72 

~ 68 µGy in Si for GLE 72 

Note 1: Contributions from SAA crossings have been removed from (b) and (c). 
Note 2: Data based on Berger et al. 2018 

ISS (2017) – GLE 72 

Hungry Ghost  Festival  ( 中元节事件) Event  
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© NASA © NASA 

Ehresmann, B., Hassler, D. M., Zeitlin, C., Guo, J., Wimmer-Schweingruber, R. F., Matthiä, D., 
Lohf, H., Burmeister, S., Rafkin, S.C.R, Berger, T., Reitz, G. (2018). Energetic particle radiation 
environment observed by RAD on the surface of Mars during the September 2017 event. 
Geophysical Research Letters, 45. 5305–5311. https://doi.org/10.1029/2018GL077801 

 
Zeitlin, C., Hassler, D.M., Guo, J., Ehresmann, B., Wimmer-Schweingruber, R.F., Rafkin, S.C. 
Freiherr von Forstner, J.L., Lohf, H., Berger, T., Matthiä, D., Reitz, G. (2018). Investigation of the 
Radiation Hazard Observed by RAD on the Surface of Mars during the Sept 2017 Solar Particle 
Event. Geophysical Research Letters, 45, https://doi.org/10.1029/2018GL077760 

Berger, T., Matthiä, D., Burmeister, S., Rios, R., Lee, K., Semones, E.; Hassler, D.M., Stoffle, N., 
Zeitlin, C. (2018). The Solar Particle Event on 10 September 2017 as observed on-board the 
International Space Station (ISS). Space Weather, https://doi.org/10.1029/2018SW001920 

Schwadron, N. A., Rahmanifard, F.,Wilson, J., Jordan, A. P., Spence, H. E., Joyce, C. J. et al. 
(2018). Update on the worsening particle radiation environment observed by CRaTER and 
implications for future human deep-space exploration. Space Weather, 16, 289–303. 
https://doi.org/10.1002/2017SW001803 

10 September 2017: SPE ISS & Moon & Mars  
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© NASA © NASA 

Schwadron et al. (2018) concluded “… that the lens and 
skin dose on the surface of the Moon would approach the 
NASA 30 day limits, however even moderate shielding 
would reduce the radiation dose below the limits.” 

Dose:  146 µGy in Si ISS-RAD instrument 
 68 µGy in Si DOSIS 3D-DOSTEL-2 instrument 
 110 µGy in Si (GEANT4 calculation) 

Dose:  418 µGy in Si for  
 MSL-RAD 

10 September 2017: SPE ISS & Moon & Mars  

Zeitlin, C., et al. (2018). GRL, 45, 
https://doi.org/10.1029/2018GL077760 
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© NASA © NASA 

10 September 2017: SPE ISS & Mars  

Zeitlin, C., et al. (2018). GRL, 45, 
https://doi.org/10.1029/2018GL077760 

Berger, T., et al. (2018). 
Space Weather,  16 
https://doi.org/10.1029/2018SW001920 
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© NASA 

SPEs with DOSTEL type instruments: Summary 
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- The Hungry Ghost Festival Event has been measured on 
board the space station at least by DOSIS 3D and the 
ISS-RAD instrument 

- Changes in the electron belt could be observed with 
minor / no impact to dosimetry inside the station 

- Additional dose due to the event was about 68 µGy for 
the DOSIS 3D-DOSTEL-2 location and about 146 µGy for 
the ISS-RADB location  

- GEANT4 calculations showed 110µGy 
 

- For more details see: 
 Thomas Berger, Daniel Matthiä, Sönke Burmeister, Ryan Rios, Kerry Lee, Edward Semones,  Donald M. 

Hassler, Nicholas Stoffle, Cary Zeitlin (2018). The solar particle event on 10 September 2017 as observed 
onboard the International Space Station (ISS). Space Weather, 16. https://doi.org/10.1029/2018SW001920 

 

Conclusion 
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