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Liulin radiation sources selection methods

The ISS radiation environment observed during EXPOSE-
mission in 2014-2016: -
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External view of R3DR2 instrument (in the red square) as mounted
in the EXPOSE-R2 facility. (Picture taken by Russian cosmonaut
G. Pedalka (only his arm is seen in the left-upper corner, while
cosmonaut M. Kornienko is seen in the left middle plan) on 15
August 2015 during EVA for examination EXPOSE-R?2 facility
outside Russian “Zvezda” module.) (Picture credit of ESA/RKA).
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Liulin radiation sources selection methods

- By the dose dependencies from flux;

- By the deposited energy speétrum shape;
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Selection of the R3DR2 predominant radiation sources by
the dose rate from flux and specific dose (SD) from flux
dependencies during the period 17-30 June 2015
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The Heffner's experimentally obtained formulae (Heffner, 1970)*,
recently published by Dachev (2009)**

Dose to Flux or SD calculations

(Heffner, J., Nuclear Space Radiation and Protection,

M, Atomizdat, 115, 1971.)(in Russian)
-=D/F(Ee)=6E-9*Ee*-0.9+2.5E-8*Ee”0.15
-o-D/F(Ep)=4E-8*Ep”-0.8+6E-10*Ep~0.85
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*Heffner ¥ Nuclear radlatlen and safety in. space M, Atomlzgat 1971, pp 1
**Dachev ] SHY Characterhzatlon of near Earth radiation envwonment by L|uI|n type Instruments,

Ady, Space Res., 44, 1441- 14&9 2009. edekoret $1,2000¢
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Example for unselected by the radiation source R3DR2
dose rate data for the period 17-30 June 2015
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Example for selected with Hefner’s formulae R3DR2 dose
rates, fluxes and SD variations for the period 17-30 June 2015*

The GCR source is
seen in the bottom
of the dose rate bars
for dose rates

below 20 uGy h-1
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*Dachev, T.P., B. T. Tomoy, Yu. N; Matviichuk, PI. G. Dimitrdv N.G. Bankov, High dose rates obtained
outside ISSin June 2015 durlng SEP event, Life Sciences in Space Research; LSSR 2015 11 (2016).
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Examples of the selected 10 days latitudinal distrib.ution profiles of
the dose rates measured with the R3DR2 instrument
against Mcllwain’s L values for the period 10-20 and 21-30 June 2015

- These 10 days plots were used for the
selection of the all 441 days data;

- The selection curve is'the black line in
the middle of the plots;

- Galactic cosmic rays (GCR) are situated
by red points in the lower part of each
Hgure;

- Thermaximuminithe centrumplotted

" ORB :
IRB with blue points (ORB)'IS generated by:
" SEP&SP ~NMigh-energy-electrons;

- Themmaximum inithe upperleft.corner of
the figure plotted by greenpoints (IRB) IS
created by high-energyiprotons when the
ISS crosses the region o thesSAA;
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- The magenta pomts Spread from the -
center.toward right:side visualize the:
distribution of.the SEP highenergy
protons.

7k Overview R3DR2, 21 WRMISS,
SRT, BAS R, : : ESTEC, September 2016



http://www.bas.bg/

23-31 Oct.

SR, BAS'

Separation result for 42+ ten days R3DR2 data sets
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Verification of the radiation sources selection procedure
with the form and shape of the energy deposition spectra

255
D=K) ik, AMD™
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The deposited dose rate according to
formulae (1) is the area between the
abscissa and the curve of the deposited
energy spectrum;
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Each source did have well defined curve in
the expected LET(SI) range;

he high energy.depositionipartiofithe
“SEPR”s spectra are similar. te.the “Pro*
Spectrum, Which Was*obtained during the ™ =
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MeVimonoenergetic proton beam atithe-—
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Louvaln Belgium; :
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Comparison of the RADOM GCR free space épectra with
RAD and CRaTER spectra*

+ CRaTER D1/D2
* CRaTER D3/D4

AE/Ax in silicon (keV/um)

Zeitlin, C., 2014. Results from the MSL-RAD Experiment on the Curiosity
Mars Rover, NineteenthWRMISS, Krakow, Poland, 9-11 September
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Results from the selection
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The'separation statistics of the R3DR2 data shows the
| - following results:

- 441 days were really covered;

- 3,810,240 points were separated;

- 2398 were lost (0.062%) or in average Iess than 6 pomts per day
- 313 pomts were counted twice.
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Selected dose rate results

The predominant radiation source in the R3DR2 data were sorted into four
- Separate categories:

- galactic cosmic ray (GCR) pérticles and their secondary products with an
average daily dose rate of 71.6 uGy d-4;
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Final result of the separation of the R3DR2 instrument data for the
period 24 October 2014-11 January 2016 in four radiation sources
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Variations of the GCR daily averaged dose ratés and flux in
the period 24 October 2014-11 January 2016
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Variations of the IRB daily averaged dose ratés and flux in
the period 24 October 2014-11 January 2016
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Average L value of the points where IRB SOUrce was
obtained
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Thepicture shows that the inner belt size was reduced after

+ the magnetic storm on 15 March 2015 and later slowly returns.
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Ty Comparison of the of the descending and ascending fluxes
N in the region of the SAA
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The R3DR2 detector that was located on the left-side of
the ISS “ Zvezda”™ module.against the ISS vector of:
velocity; was heavier:shielded by the “Zvezda’ module
body on the descending orbits from west to east drifting
inner_belt protons, when the ISS was in the nominal
“1XVVZ orientation ’
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Comparison of the R3DR2 ORB data with the sum of counts
In all channels as presented by Dr. Wolfgang Schulte, OHB,
Bremen, Germany
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Variations of the ORB daily averaged dose ratés and flux in
the period 24 October 2014-11 January 2016
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Example of the meaning of “radiation bands with the
variations of the ORB flux in the period 12:00-21:00 hour UT
on 4 July 2015

100000
o L value

10000

-
=
=
o

O
P

L

=
A
=
Dst index (nT)

o
=
©
>
-
an
»
o
=
8 o
S
X
=
L

—

0-1I I I
12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00

UT (hh:mm) of 4 July 20135

e S | Overview R3DR2, 21 WRMISS,
SRT, BAS R, b : ESTEC, September 2016



http://www.bas.bg/

it



http://www.bas.bg/

Variations of the SEP daily averaged dose ratés and flux in
the period 24 October 2014-11 January 2016
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Global view of the R3DR2 flux and dose rate data for the period
18-30 June 2015
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The global R3DR2 dose rate and specific dose data are
compared with the world map of the 1 MeV energy proton
flux predicted by the AP8 MAX model at 420 km altitude
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Conclusions

The EXPOSE-R2 mission (2014-2016) GCR daily averaged dose rate of 71.6
mGy d-1is the smallest in comparison with the EXPOSE-E (2008-2009; 91.1
mGy d*; and EXPOSE-R (2009-2010, 81.4 mGy d; missions, because the

solar modulatlon lowered the GCR doses; ;

The daily averaged IRB doses from the 3 instruments R3D/E/R1/R2 increased
as follows: 4 : '

ghest in comparison with the other 2
cause it occurred at the highest sola
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