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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.



http://www.bas.bg/

7p]
()
]
©
-
©
| -
o
o
&



http://www.bas.bg/

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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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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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

" ORB
IRB
* SEP&SP

SR, BAS' - o

ISS crosses the region of the SAA;

- 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

figure;

- THEmaximum in the centrum plotted
With bitrespoints.(ORB) is generated by
high=energy: electrons; =

- he maximumin:the upper_l_ett Co'Fner of+

thefigure plotted by, greenipoints (IRB)is-

created by high-energy. protens,when the

-lihe mﬁ‘genta points'spread from the .

centerstoward right'side visualize the
distribution of.the SEP"high energy

protons:.
PB andrinner belt.., 22 WRMISS,

Thales Alenia, Sept. 2017
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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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Comparison of the R3DR2 daily average dose rate and flux
with the >2 MeV GOES electron flux and MO2 index
obtained with NOAA SEM-2 instrument on MetOp-2 satellite
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Relativistic electron precipitation bands
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Intense precipitation band observed on Day 93079 when
the SSDs were driven to saturation*

SAMPEX 93079
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4
*Blake, J. B.,"Eooper, M. D., Baker, D. N.;Nakamura, R., Klecker, B., & Hovestadt; D.,-1996. New high
temporal and spatial resalution measurements by SAMPEX of the precipitatiencof.relativistic electrons:

Advances in Space Resgaseh, 18(8), 171-186.
o PB and inner belt.., 22 WRMISS,

SRTI, BAS' N : ; Thales Alenia, Sept. 2017
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SAMPEX/HILT data from the SSD1 (red) and SSD4 (blue)
detector rows during a pass through the outer radiation belt*

PB with
about 15 times

enhancemen{
|

|
I
|
|
1
|
L

03:36:00 03:38:24 03:40:48
Time (hours)

*Blum;, ;X Li; and M. Benton (2015), Rapid MeV-glectron precipitationcas-ebserved by SAMPEX/HILT during high-
speed stream-driven storms,_J. Geophys. Res. Space'Physics, 120,.doi:10.1002/2014JA020633:

- : PB and inner belt.., 22 WRMISS,
SRII;BAS . N : ! Thales Alenia, Sept. 2017
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The rapid flux enhancements was first presented in the grahics
(as the shown below), prepared by Dr. W. Schulte and his
colleagues from OHB System AG, Minchen, Germany, during the
EXPOSE-R2 mission support

EXPOSE-R2 Sensor Data

R3D Ionizing Radiation Spectrometer: sum of all channels' counts
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Comparison of daily-averaged electron fluxes plotted in L-versus-
time format from R3DR2 instrument with about 1 MeV MagEIS-B
iInstrument data on NASA'’s Van Allen Probes

—1.06 MeV MaiEIS instruments data on the Van Allen Probes
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0.9 MeV MagEIS tnstruments data on the Van,AIIen Probes ,

W’t 'F| b -;; Ik _H
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UT (MM/YYYY) _
*Claudeplerre SHEHEEl aI (201739 he hidden dynamicsiof relativistic electrons (0.7:1:5 I\/IeV) in thesinner
wzone and Slot reglon JrGeophys.-Res. Space Physics /122, 3127— 3144, 6 0j; 10 1002/2016JA023719
s*Turner, Dl et al-(2017)g Invest‘@atlng the sourcelofinear-relativistic and:relatiVistic. “electrons in.Earth: S
LJdnner: radlatlon belt; J Geophysz Space Physms 1224695740, doj:10. 1002/20163A023600. v
ﬁ _ PB and inner belt.., 22 WRMISS,

SR, BAS Thales Alenia, Sept. 2017



http://www.bas.bg/

Variations of the measured with R3DR2 instrument: Sum of all
channels’ counts, maximal flux (L value versus time plot), daily
average dose rate and Dst between 24 October 2014 and 11
January 2016
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Identification of PB

PB was identified as rapid enhancement from the
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The R3DR2 data in EXPOSE-R2 mission covered the périod
between 24 October 2014 and 16 January 2016 WhICh was

SRTI, BAS
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Results of the investigation of the potentially PB numbered
from 1to 16

Date Result Dst |Maximal dose| Delivered
(dd/mmiyyyy)/ value [rate (uLGy h')|dose (LGy)
Time (hh:mm)/ (nT) |Flux (cm=s1) No of rel.

Comment

21/12/2014 |10-s PB 14,547/ 40 in 10-s.
21:20 6,075 121,480
See Fig 3
20/03/2015 13.623 101 in 30-s
| *0garc P2PB| s | smse | a1ssa0
22/03/2015 14,003 70 in 20-s
07:53 20-s PB 6,035 220,500
o121 liosee| a3 | Sars | tonaso
01:21 10-s PB 5,413 108,260
5 08/05/2015 19,481 54 in 10-s
11:36 10-s PB| -18 8,326 166,520
Not clearly seen PB at low L value.
04/072015 73 in 10-s
12:47 15 205,940
14:24 32 230in10s

18:59 -7 91,380
See Fig. 4 464 in 70-s

1,365,760
10| 27/08/2015 - ¥1in 10-s
18:21 10-s PB| -77 10,532 210,640
08:40 30-s PB| -92 21,997 157 in 30-s
See Fig. 5 9.314 478,840
08:23 O-s PB| -13 5,684 113,680
] PBET sesre o | etz |oesauco
13:45 50-s PB| -33 7.412 633,400
01:12 20-s PB 9,408 305,800
15| 09/11/2015 28,840 117 in 20-s
15:12 30-s PB| -52 11,813 348,920
16| 31/12/2015 132 in 30-s
11:52 5 399,120
31/12/2015 82 in 20-s

11:55 249,660
See Fig. PB and inner belt.., 22 WRMISS,

Thales Alenia, Sept. 2017
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-33
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10-s. PB occurred after a small magnetic storm with minimal
Dst=-65 nT on 22 December 2014 at 05:40 UT.

December 2014 Dst (Provisional) WDC for Geomagnetism, Kyoto
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The left side maximum, which contains 7 points above 10,000 uGy
h-t was identified as PB on 4 July 2015.
464 uwGy was delivered in 70-s. This is the largest PB in our datal!

Dst (Provisional) WDC for Geomagnetism, Kyoto
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The right side maximum, which contains 3 points above 10,000
uGy h-1 was identified as PB on 9 September 2015. 157 uGy was
delivered in 30-s

September 2015 Dst (Provisional) WDC for Geomagnetism, Kyolo
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@ Two large PB on 31 December 2015. Totally 214 uGy was deliver in

December 2015 Dst (Provisional) WDC for Geomagnetism, Kyoto
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Statistical analysis of the 61 measurements (rhagenta circles
in the figure belov) with dose rate higher than 10,000 uGy h-!
(flux higher than 4,000 cm=2 s1)
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Only 3 PB were observed in the less disturbed period till middle of
March 2015. The PB flux and dose rate values were higher for
more disturbed period
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Differences in the ORB dose rates L value dis'tribution for
North and South magnetic hemispheres

-
o

PB occurred more & -
frequently in Southern
hemisphiere(44= |
occurrences out«f 61)
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PB andrinner belt.., 22 WRMISS,

SRITI; BAS Thales Alenia, Sept. 2017
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PB occurred:

- More frequently in
Southern hemisphere
(44 occurrences from 61;
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Longitudinal distribution of the R3DR2 ORB dose rate in
Southern hemisphere compared with shifted models data
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PB covered L coordinates from 3.5to 5.5 with well seen
tendency of maximum at L=4
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PB were observed more frequently in the dusk local
magnetic times and the values were larger for the same
period also
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PB and inner belt.., 22 WRMISS,
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Magnetic local time plays very important role in the
formation of PB
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According to literature analysis made by Blum.et.al., (2015): “the PB during more active
times may be induced by electromagnetic ion cyclotron(EMIC) waves... In the inner,
magnetosphere, these waves are observed primarily-in‘the afternoon: sector, where
anisotropic ring current ions overlap cool, dense plasmaspheric plumes.”

R B PB and inner belt.., 22 WRMISS,
SRI1, BAS B ' . Thales Alenia, Sept. 2017
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EXPOSE-E* mission in the period 17 February 2008 - 3
September 2009 was the quietest mission from
_—_— a . : ) ﬂ

SRTI, BAS
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First PB in R3D data was observed on 28 February 2008 with
single point PB, which delivered 49 nGy. PB occurred in the pre-
phase of a small magnetic storm with minimal Dst=-52 nT on 28

February at 23:00 UT

February 2008 Dst (Final) WDC for Geomagnetism, Kyoto

(21-29 February 2008)

Dose rate (uGy h)

—e—Flux
—e—L value

\

—

—
(=]
o
o

Flux (cm-2 s™)

-
=3
o
=

Dose rate (uGy h)

-
L=
(=]

Countrate / 100 milliseconds

o
3

1
1 1 :24 1 1 :25 1 1 :26 1 1 :28 41120 41160 41200 41240 41280 41320

UT (hh:mm), 28 February 2008 : Time, sec UT
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EXPOSE-R(1) mission was performed in the perlod 11
March 2009 - 20 August 2010;

SRTI, BAS
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% 0 Pb were observed RoODR data C 0 010 e

Mav 2010 Dst (Final) WDC for Geomagnetism, Kyoto
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Relativistic electrons in Earth’s inner radiation belf

Earth’s inner electron radiation belt has long been considered a very stable
population compared to the highly variable outer belt...

Proton contamination muddled results from the inner electron belt until
NASA’s Van Allen Probes mission was launched in2012...
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Different examples of the slot region dynamics

(21-31 December 2014) N
. ) (21-31 March
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. : S PB and inner belt.., 22 WRMISS,
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Locations of the relativistic electrons in the inner radiation belt
(Data are presented in an appropriate scale)
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Detailed analysis of the inner belt and slot region
relativistic electrons existence in the R3DR2 data
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Discussion and conclusions

The most important achievement of the paper is the discovery and
proof of the existence of precipitation bands in the relativistic
electrons dose rates outside ISS during the EXPOSE missions in
the period 2008-2016;

PB was identified as rapid enhancement from the usual (100-2000
pGy h'1) ORB dose rate level and similar fast return to the same
low level:; '

Only rapid (in 10-20 [ ime profile above

c EAPOSE-CE data.din T 3
magnetic activity point of view pe R 2008-200
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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

" Slave
Charge sensitive L .
o Discriminator Micro-
preamplifier A225
controller
12 bit Analog to Master Micro-
digital controller

converter

Amplifier
shaper 12 bit ADC

Amplifier
shaper Amplifier
shaper Amplifier
shaper
Amplifier
PAR uv-C

Photo Photo
Diode and Diode and Temperature
Filter Filter sensor

Blockischemalofithe R3DE/R/R2 devices
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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

" ORB
IRB
* SEP&SP

SR, BAS' - o

ISS crosses the region of the SAA;

- 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

figure;

- THEmaximum in the centrum plotted
With bitrespoints.(ORB) is generated by
high=energy: electrons; =

- he maximumin:the upper_l_ett Co'Fner of+

thefigure plotted by, greenipoints (IRB)is-

created by high-energy. protens,when the

-lihe mﬁ‘genta points'spread from the .

centerstoward right'side visualize the
distribution of.the SEP"high energy

protons:.
PB andrinner belt.., 22 WRMISS,

Thales Alenia, Sept. 2017
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Electron differential fluxes from the MagEIS instruments on the
Van Allen Probes spacecraft. Data are shown in color binned in
time and L shell September 2012 through February 2016*

Van Allen Probes RBSP-EC1 MagEIS Electron Flux
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MagEIS-B daily-averaged electron fluxes pl'otted In L-
versus-time format*

MagE|S-B | Background Corrected Electror] Flux | a= [84 96] deg | B/Beg=[1.0,1.1] | [erq

0.90 MeV

n s Mo

18
1.06 MeV
B

lf’iwwm'w T
1

L
1.58 MeV

3
2
é4
5
4
3

=] h
=]
o o= M

[nT]

sYmMH AE

8..
=100 (

-200
w 800

FEs WWNWWWMMWJM

2013-Apr-01  2013- Aug 29 2014- l'—1r'| 26 2014-Jun-25 2014-Nov -22  2015- -Apr-21  2015-Sep-18 20 th 15 2018-Jul-14

[ﬂT]

*Claudepierre, S.- G., ‘et al, (2617) The hidden dynamlcs of relativistic electrons: (O 7= 15 MeV)
in the'innerzone.and sIot regLo‘ﬂ y. Geophys Res. Space PRYSICS , 1227 312/ =2
3144 doi:10: 1002/2016JA0237 ¥
SR, BAS e £
4 e - | i

PB and inner belt.., 22 WRMISS,
Thales Alenia, Sept. 2017



http://www.bas.bg/

Comparison of daily-averaged electron fluxes plotted in L-versus-
time format from R3DR2 instrument with 1.58 and 2.3 MeV

MagEIS-B instrument data
1. 58 MeV MagEIS instruments data on the Van Allen Probes
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Log(flux) cm2 s-

DT AT
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' q | T 'I"L 'Y W1

01/2015 04/2015  07/2015  10/2015  01/2016
UT (MM/YYYY)
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