- Earth magnetic field activity induced
variations of the ISS inner radiation belt
SAA region
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External view of R3DR2 ihstrument

(The current R3DR2 spectrometer-dosimeter onboard the ISS is
the same instrument as flown in the EXPOSE-R facility from 2009-
2010, but here is given the extension R2 to distinguish between
the data from the previous EXPOSE-R mission.
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WKHT External view of R3DR2 instrument (in the red square) as mounted
I 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-R2 facility
outside Russian “Zvezda” module.) (Picture credit of ESA/RKA).
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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 ’

: L Dst & SAA..., 22 WRMISS,
S JAS - ke : Thales Alenia, Sept. 2017
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The following four primary radiation sources were expected and
recognized in the data obtained with the R3DR2 instrument:

— Globally dlstrlbuted GCR particles and those derived from
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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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Global view of the R3DR2 flux and dose rate data for the period
18-30 June 2015
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Comparison of the variations of the R3DR2 daily average dose rate,
average flux and maximal dose with the averaged at the IRB
measurements altitude of ISS
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The dependence-ofthe praton flux and.the;dose’rate, respectivelyiirom-altitude in. SAA-
is caused-by the enhanced frequency-of:Coulomb célision:between:the IRB trapped
protons;and enhanced atniospheric neutral density at lower altitude, resulting to:the
extealosses of 'the inner béit protons. Dst & SAA.... 22 WRMISS,
SR, A 2. : Thales Alenia, Sept. 2017
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@Iﬁ Comparison of the variations of the R3DR2 daily averége absorbed ﬂ@ﬁ@%
rate, flux and maximal dose with the measured daily absorbed dose rate

for the contribution of the SAA for the DOSTEL-2 instrument*.
The oscillating spikes in the daily SAA dose rate are explained also by Berger et al. (2017)
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‘Definition of the Disturbance Storm Time index - Dst

The Dst index represents the axially symmetric disturbance magnetic field
at the dipole equator on the Earth's surface. Major disturbances in Dst are
negative, namely decreases in the geomagnetic field. These field decreases
are produced mainly by the equatorial current system in the
magnetosphere, usually referred to as the ring current.*
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Comparison of the short-term R3DR2 average per day flux
variations with the daily Dst index

Daily Dst index
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The decikease of the proton flux near the center of SAARS Caused by the enhanced
frequency of Coulomb.collision betweén the IRB trapped protons and enhanced
atmospheric neutral density during the'magnetic storm, résulting-testhe extra losses of

the i inner belt protons. >
S Dst & SAA..., 22 WRMISS,

SR, BAS - . Thales Alenia, Sept. 2017
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Linear dependence between the averaged per day flux and
Dst index
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Short-term variations of the R3DR2 maximal per day dose
rate and the daily Dst index
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Long-term variations of the R3DR2 average per day flux, daily Dst
index and F10.7 radio flux
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The F10:7 radio flux decrease means lower solar: activigy, -Which Ieads to decrease of the:
neutral temperature and-réspectively weutral-density decrease at the altitudes of ISS
and below: Lower Dstindexes also leads to decrease of the neutral-density. Both

effects caused fncrease ofSAA proton flux:neverithe less than-small altitude decrease.
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Comparison of the flux variations with the Dst index for the
period 11 June — 11 July 2015
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ﬂr Comparison of the shapes of isolines for the flux more than 60 &=
cmt st before the storm on 21-22 June and during the storm on
23 June 2015. Similar decreases in the maximal flux and area of
the SAA was published by Zou et al., (2015).*

21-22 June 2015, Fmax =228 cm1 s-1
21-23 June 2015, Fmax =114 cm21 st
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wZoU, et al., Shortterm variations of'the inner radiation belt'in the South Atlantic anomaly Journal of Geophysical
“ Researchr: Space Physits, 120, 2015, déi: 10 1002/2015JA021312.
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The dynamics of the whole magnetospher'e IS more
complicated than of single belts

)
(=]

- »
o o
o
Daily Dst index (nT)
o

—

-
S
o
—
o
Max. flux (cm-2 s-1)

AT A b LR A OO LR R LA

R

SPIRCIRG

U I R
W AT N P\
euﬂf\ﬁm\g 'b\s;\

N NN Q 9 Q
Date (dd/mmlyy)

; : Sy _ _ Dst & SAA..., 22 WRMISS,
SRIl, BAS B R ; - Thales Alenia, Sept. 2017



http://www.bas.bg/

Average L value of the points where IRB source was
obtained
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Thepicture shows that the inﬂné"“rwbelt size was reduced after
+ the magnetic storm on 15 March 2015 and later slowly returns.

Dst & SAA..., 22 WRMISS, Thales
Alenia, Sept. 2017

SR, BAS'


http://www.bas.bg/

Statistic data
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Statistics for the sources observed during the Expose-
E/R/R2 missions

IRB parameter Minimum Average Maximum
value value value

Hourly average flux rate (cm?2 s?1) 22.8 35.8 50.2
(measured and obtained per each day)

Hourly average absorbed dose rate
(unGy h1) (measured and obtained per
each day)

Daily absorbed dose rate (uGy d?1)

Maximum observed flux rate (cm= s1
~  srl) (measured in 10 s and obtained
« = per each day)

Maximum observed dose rate (uGy h1) 1,244
(measured in 10 s and obtained per
each day)

Becau"se the hlghest altltude durlng the EXPOSE RZ aII the of IRB SAA reglon
parameters shows maxn'nal values. iy,

F 3

A ; = P BT e . . ~ Dst & SAA..., 22 WRMISS,
SRT"B/_\S. nlie] SR |\ B FT e . “Thales Alenia, Sept. 2017 -
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Comparison of the daily averaged absorbed dose rates
measured during the EXPOSE-E/R and R2 missions

Daily averaged absorbed Minimum
dose rate (in Si) (uGy d*) (WGy d)
R3DE/R/R2 prel./R2 final

GCR 76/79/68/

IRB 110/326/340/

ORB 0.25/0.64/1.66/

Average
(MGy d?)

91.1/81.4/71.6/

426/506/567/

8.64/89/278/

Maximum
(Gy d)

102/90/82/

685/704/844/

212/2348/2960/

2846 (on
22/06/2015)
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Comparison of the accumulated absorbed dose =
rates measured with R3DE/R/R2 instruments

Measured accumulated dose (mGy)
Source R3DE R3DR R3DR2
IRB 181.1 for 425 days 144.7 for 263 days  250.7/ for 442 days
ORB 3.2 for 432 days 22.9 for 286 days 123.1/ for 443 days
GCR 39.4 for 394 days 23.3 for 286 days 31.8/ for 444 days
- - SEP (inCI. second. 4.04 for 444 dayS
- protons)
Total (MGy) 223.7 190.9 409.5
F-' : y r- " I g i I-.- s d * 3 _ .}: _. : 4 ( i :.' _ ek -} ; 'l-'.-r_:- —.-.:_:;'i—---: E R L il
SRTI BAS' o i f % s YRR . S Dst & SAA..., 22 WRMISS, Thales

-~ Alenia, Sept. 2017
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Discussion and conclusions

» The most important achievement of the paper is the discovery and
proof of the existence of short term variations in the energetic
proton fluxes of IRB SAA region outside ISS during the EXPOSE
missions in the period 2008-2016;

During the main phase of the magnetic storm was observed
decreases in the maximal flux and area of the SAA region'

The correlatlon between the SAA fluxes and maX|maI dose rates
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The R3DERZ2 instrument is active, low mass and small
consumption device, which measure solar radiation in 4
channels and space ionizing radiation in 256 channels. Measurements
have 10 s. time resolution. The spectrometers were mutually developed
with University of Erlangen, Germany
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Blockischemalofithe R3DE/R/R2 devices

‘ﬂ Dst & SAA..., 22 WRMISS, Thales

SRII; BAS & . Alenia, Sept. 2017



http://www.bas.bg/

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;

" ORB : - -

IRB saiHe maximum.in.the centrum plotted

= SEP&SP with'bltrespoints. (ORB) is generated by
high=energy: electrons;

- Themaximumtinitheupper.left corner of+
thefigure plotted by, greenipoints (IRB)is-
created by high-energy. protens,when the
ISS crosses the region of'the SAA; 7
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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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