
““““““““KillerKillerKillerKillerKillerKillerKillerKiller”””””””” Electron Fluxes and Dose Variations during AprilElectron Fluxes and Dose Variations during AprilElectron Fluxes and Dose Variations during AprilElectron Fluxes and Dose Variations during AprilElectron Fluxes and Dose Variations during AprilElectron Fluxes and Dose Variations during AprilElectron Fluxes and Dose Variations during AprilElectron Fluxes and Dose Variations during April--------May May May May May May May May 

2010 Magnetosphere Enhancements in the R3DR Data on ISS2010 Magnetosphere Enhancements in the R3DR Data on ISS2010 Magnetosphere Enhancements in the R3DR Data on ISS2010 Magnetosphere Enhancements in the R3DR Data on ISS2010 Magnetosphere Enhancements in the R3DR Data on ISS2010 Magnetosphere Enhancements in the R3DR Data on ISS2010 Magnetosphere Enhancements in the R3DR Data on ISS2010 Magnetosphere Enhancements in the R3DR Data on ISS

The R3DR (Radiation Risks RadiometerThe R3DR (Radiation Risks Radiometer--Dosimeter (R3D) for the Dosimeter (R3D) for the 

EXPOSEEXPOSE--R (R) facility outside of the Zvezda module of the R (R) facility outside of the Zvezda module of the 

International Space Station (ISS) is a Liulin type Bulgarian buiInternational Space Station (ISS) is a Liulin type Bulgarian build ld 

miniature spectrometerminiature spectrometer--dosimeter, which worked successfully dosimeter, which worked successfully 

between March 2009 and January 2011, accumulating about 3 between March 2009 and January 2011, accumulating about 3 

million measurements of the flux and absorbed dose rate with million measurements of the flux and absorbed dose rate with 

10 seconds resolution behind less than 0.4 g cm10 seconds resolution behind less than 0.4 g cm--22 shielding. shielding. 

After the Coronal Mass Ejection (CME) on third of April (09:54 After the Coronal Mass Ejection (CME) on third of April (09:54 

UTC) on fifth of April a shock was observed at the ACE UTC) on fifth of April a shock was observed at the ACE 

spacecraft at 07:56 UTC, which led to a sudden impulse at Earth spacecraft at 07:56 UTC, which led to a sudden impulse at Earth 

at 08:26 UTC. Never the less that the created magnetic at 08:26 UTC. Never the less that the created magnetic 

substorms on fifth and sixth of April was moderate, a huge substorms on fifth and sixth of April was moderate, a huge 

outer radiation belt enhancement was created. The R3DR data outer radiation belt enhancement was created. The R3DR data 

shows a relatively small amount of relativistic electrons on 5thshows a relatively small amount of relativistic electrons on 5th

of April. The maximum was reached at 7th of April with 2.3 mGy of April. The maximum was reached at 7th of April with 2.3 mGy 

dose per day. Till 9th of April 6.1 mGy was accumulated. Till thdose per day. Till 9th of April 6.1 mGy was accumulated. Till the e 

end of the period on 7th of May totally 9.4 mGy dose was end of the period on 7th of May totally 9.4 mGy dose was 

reached. These data were compared with similar observations reached. These data were compared with similar observations 

with American and Japanese instruments on ISS, GOES11 and with American and Japanese instruments on ISS, GOES11 and 

GOSAT.GOSAT.
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33rdrd Solar influences on the magnetosphere, ionosphere and atmospherSolar influences on the magnetosphere, ionosphere and atmospheree
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Place of R3DR instrument on the ISSPlace of R3DR instrument on the ISS Block Block -- diagram of the R3DR Instrumentdiagram of the R3DR Instrument

R3DR absorbed and apparent dose 

equivalent interpretation procedure

1) Absorbed Dose in Si is calculated as: 

D = K * D = K * ∑∑kkiiiAiAii/MD/MD, , where

MDMD – mass of the detector;

AAii – amplitude in volts of pulses in 
channel “i”;

kkii – events number in the channel i;

K K – coefficient based on We in Si

2) Apparent dose equivalent Happ 

(Ambient dose equivalent - H*(10)) is 
calculated as:

D(Si) above ∼∼∼∼ 1 MeV (Dhigh) neutron like 
component 

D(Si) below ∼∼∼∼ 1 MeV - (Dlow ) non-neutron 
component

H*(10)= k1*Hlow + k2*HhighH*(10)= k1*Hlow + k2*Hhigh

Coefficients – established in CERF fields 
and/or on the base of comparison with 

TEPC results. 
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3. Apparent dose equivalent  

calculations for different species:

Separation of the SAA and ORB

sources for 07/04/2010  

Data with dose to flux ratioData with dose to flux ratio

less than 1 nGy cmless than 1 nGy cm--22 partpart--11

R3DRR3DR

1 visible and 3 

UV diodes

The Si diode is

behind the case

Characterization of the R3DR 

predominant radiation sources

Well seen is the ORB enhancement in the period 5Well seen is the ORB enhancement in the period 5--17 May.17 May.

••The total dose from all sources is 29.1 mGy;The total dose from all sources is 29.1 mGy;

••The total additional dose from ORB electrons is 12.4 mGy selecteThe total additional dose from ORB electrons is 12.4 mGy selected d 

by the requirements D/F<1 and D>15 by the requirements D/F<1 and D>15 µµµµµµµµGy hGy h--11;;
••The total  GCR dose is  3.13  mGy selected by the requirements DThe total  GCR dose is  3.13  mGy selected by the requirements D<15 <15 

µµµµµµµµGy hGy h--11;;
••The total SAA dose from IRB electrons is  13.5 mGy.The total SAA dose from IRB electrons is  13.5 mGy.

Measured by R3DR dose rates in the 

period 1 April – 7 May 2010

SAA~1900 µµµµGy h-1

ORB

GCRGCR

IRBIRB

ORBORB
SAA+GCRSAA+GCR

ORB+GCR

SAA+GCRSAA+GCR

Global distribution of the dose rate for the 

period 22 March - 10 May 2010  

EXPOSEEXPOSE--RR

ISS, ISS, ““ZvezdaZvezda”” modulemodule

EXPOSEEXPOSE--RR

R3DRR3DR

•• SAA maximum region is situated  on SouthSAA maximum region is situated  on South--East direction from the East direction from the 

magnetic field minimum (Isomagnetic field minimum (Iso--lines of the total magnetic field are yellow);lines of the total magnetic field are yellow);

•• ORB dose rates are extended along the LORB dose rates are extended along the L--value lines in high latitude value lines in high latitude 
regions;regions;

•• Southern hemisphere LSouthern hemisphere L--values reach higher values than North hemisphere values reach higher values than North hemisphere 

(L values iso(L values iso--lines are with  magenta color); lines are with  magenta color); 

•• In the region of the magnetic equator are observed the minimal dIn the region of the magnetic equator are observed the minimal dose rates.ose rates.

SAA

ORB

ORB

Space weather conditions in the Space weather conditions in the 

period 1period 1stst of Aprilof April--77thth of May[3,4]of May[3,4]
Data with dose to flux ratioData with dose to flux ratio

more than 1 nGy cmmore than 1 nGy cm--22 partpart--11

According to the TEPC data [1] on the ISS STS-131 the 
astronauts collect during the docking with ISS between 7:44 
hour on 7th of April and 12:52 at 17th of April 2010 totally 2766 
µµµµGy or 6663 µµµµSv. For the same period R3DR behind 0.45 g 
cm-2 shielding collect 14523 µµµµGy or 18187 µµµµSv. The additional 
dose according to R3DR data for the NASA astronauts Rick 
Mastracchio and Clayton Anderson collected during the 3 

EVA (see both tables) is 1067 µµµµGy or enhancement with 
38.6%. The equivalent additional dose according to R3DR 

data is 1170 µµµµSv or enhancement with 17.6%...

Dose accumulation during the Dose accumulation during the 

Extra vehicular activities (EVA) on Extra vehicular activities (EVA) on 

99thth, 11, 11thth and 13and 13thth of Mayof May

Comparison of data with the Comparison of data with the 

TEPC for 7TEPC for 7thth of Mayof May

1-3 April 2010

7-9 April 2010

http://seesproxy.tksc.jaxa.jp/fw_e/dfw/SEES/pub/SEDA-AP/GRAPH/electron_map_20100407-20100409.jpeg

Data obtained by the Japanize instrument Data obtained by the Japanize instrument 

SDOM at ISS for 0.93SDOM at ISS for 0.93--1.85 MeV electron flux1.85 MeV electron flux

•• The points into the diagonal of the figure is responsible The points into the diagonal of the figure is responsible 

for the dose rate values, which are in linear dependence for the dose rate values, which are in linear dependence 

from the fluxfrom the flux;;

•• The horizontally plotted points presents the D/F ratioThe horizontally plotted points presents the D/F ratio;;

•• Data can be simple split in 2 parts by the requirements for Data can be simple split in 2 parts by the requirements for 
the ratio D/F<1 and D/F>1 nGy cmthe ratio D/F<1 and D/F>1 nGy cm--2 part2 part--1. This will 1. This will 

generate graphics, which will divide the IRB(SAA) and generate graphics, which will divide the IRB(SAA) and 

ORB sources. ORB sources. 

Comparison of R3DR data with the Comparison of R3DR data with the 

Japanize GOSAT satellite dataJapanize GOSAT satellite data
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•• The dose rates shown with red points (D/F>1) presents the IRB The dose rates shown with red points (D/F>1) presents the IRB 

(SAA) proton doses seen in the left and right parts of Figure an(SAA) proton doses seen in the left and right parts of Figure and d 

the upper part of the GCR dose rates; the upper part of the GCR dose rates; 

•• The dose rates shown with black points (D/F<1) presents the The dose rates shown with black points (D/F<1) presents the 

ORB relativistic electrons dose rates seen in the centrum of theORB relativistic electrons dose rates seen in the centrum of the

figure and the lower part of the GCR dose rates. figure and the lower part of the GCR dose rates. 

Using the (http://cdaweb.gsfc.nasa.gov/ [1] we compare ISS TEPC 
data on 7th of April 2010 with the R3DR data and find that even 
inside ISS the TEPC record some additional relativistic electrons 
dose rate on the Southern hemisphere crossings of high latitude 

region. The highest relativistic electrons TEPC absorbed dose rate 
(look at the red colour circles) occur exactly when the R3DE 

reached it absolute maximum at almost 19000 µµµµGy h-1 at about 
13:20 UT. The TEPC dose rate rises only from the GCR level of 

about 16 up to 40 µµµµGy h-1.

Figure above  compare 3D presentations of data from R3DR 
instrument on ISS and the Light Particle Telescope (LPT) [2]  on
GOSAT sun synchronize orbit at 667 km altitude and 98° inclination..

Major similarities in both pictures are as follow:Major similarities in both pictures are as follow:
••Decrease of the  equatorialward boundary of the relativistic eleDecrease of the  equatorialward boundary of the relativistic electrons ctrons 

patches after 5patches after 5thth of April from about L=4.5 down to L=3.4;of April from about L=4.5 down to L=3.4;
••Decrease of poleward boundary after 11Decrease of poleward boundary after 11thth of April down to L=5;of April down to L=5;

••New increase of the relativistic electrons poleward boundary aftNew increase of the relativistic electrons poleward boundary after  er  
11stst of  May magnetic storm.of  May magnetic storm.

•• The black heavy area in lower part of the Figure is generated byThe black heavy area in lower part of the Figure is generated by large large 

amount of GCR points with doses below 4 amount of GCR points with doses below 4 µµµµµµµµGy hGy h--11, where L value is less , where L value is less 
than 3.5;than 3.5;

•• After the CME on 3 of April (09:54 UTC) on 5 of April a shock waAfter the CME on 3 of April (09:54 UTC) on 5 of April a shock was s 

observed at 07:56 UTC, which led to a sudden impulse at Earth atobserved at 07:56 UTC, which led to a sudden impulse at Earth at 08:26 08:26 

UTC and creation of moderate magnetic storm shown with Dst indexUTC and creation of moderate magnetic storm shown with Dst index in in 
upper panel. This process continues on 6th of April and takes itupper panel. This process continues on 6th of April and takes its final s final 

highest value on the recovery phase of the magnetic storm on 7thhighest value on the recovery phase of the magnetic storm on 7th of April;of April;
•• During the whole period relative good correlation between maximaDuring the whole period relative good correlation between maximal values l values 

of the dose rate and Dst is observed.   of the dose rate and Dst is observed.   

•• Figure above presents the dose rates observed inside of the SAA Figure above presents the dose rates observed inside of the SAA region, region, 
which are relatively smaller than the ORB dose rates;which are relatively smaller than the ORB dose rates;

•• Well seen decrease in the maximal dose rates during the STS131 dWell seen decrease in the maximal dose rates during the STS131 docking ocking 
time with ISS is observed [5];time with ISS is observed [5];

•• Because of the reorientation of ISS during the Shuttle docking tBecause of the reorientation of ISS during the Shuttle docking the he 
maximal dose rates before and after the docking are observed at maximal dose rates before and after the docking are observed at the the 
ascending nodes of the orbits. This is in reverse during the STSascending nodes of the orbits. This is in reverse during the STS131 131 

docking  time [5].  docking  time [5].  

ORB Electrons + GCRORB Electrons + GCR SAA Protons + GCRSAA Protons + GCR

GOES11 Protons >2 MeVGOES11 Protons >2 MeV

•• Space weather parameters well characterize the Space weather parameters well characterize the 

conditions during the magnetosphere enhancement;conditions during the magnetosphere enhancement;
•• The daily dose rate well correlate with the GOES11 >2 The daily dose rate well correlate with the GOES11 >2 

MeV electron flusMeV electron flus..

The  ISS 0.93-1.85 MeV electron flux  is enhanced  in both hemispheres 
equatorward  from the magnetic poles in the period 7-9 April 2010. This  is 
in accordance with the R3DR observations shown  on the global 
distribution  figure.     

EVA on 9EVA on 9thth of Aprilof April


