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Example of the dose distribution in near Earth radiation
environment on the base of R3D-B2 measurements on Foton M2
spacecraft in June 2005

~— Inspace ——__

Aircraft
Flights
Berlin-Moscow-Samara

0.05-9.4 nGy’h !

Gamma

0.2 uGy’h
- at Foton-M2 + Dose

Natural backgrouna Linear fit of in space dose

2405 27.05 30.05 02.06 0506 08.06 11.06
Date 2005
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The space radiation profile from ground to free space was
experimentally confirmed by Liulin data

Free space
Chandrayan-1 (100%)

RADOM, 04/11- 1 | TTh=-t4d
06/11/2008 1 [ : GCRtsecondary
103000-252000 km| - . Outer radiation belt
i ' maximum

Chandrayan-1 ]
RADOM i 1-10 MeV electrons

26/10/2008 - I IRB maximum
Alt. 380-91000 km 3 23 MeV protons

BION-M,PO3-B3, | ... - BION-M No1 SAA
21-30104/2013 | L | " - maximum
TR i P R S ISS SAA maximum
ISS, R3DE
02/2008-06/2009 Piiﬂ:fﬂf;;‘:ﬁn
Alt. 345-375k
ik GCR + secondary

Rocket, Liulin-R | : Civil aircraft flight
31/12/2008 =T L - level = 35000 feet
Alt. 212-376 km | & GCR + secondary

NASA DSTB E P 3 SEP (GLE 60)
Balloon flight 1 ok : 15.04.2001
Liulin-4U MDU#1 ol o —
08/06/2005 B0 4 Flux minimum
Alt.upto37.3km| .= 1 | —— Fiux GCR + secondary
’ 1 |1 ol Ground natural

Aircraft flights 4 S
i il . radiation dose rate
Liulin-4C MDU-5 1.E-1 Eranmasi Sns I (15%) GCR

22/03-07/05/2001 _1E2 1EA 1.E+0 1E¥ 1.E+2 1.E+3 1.E+4 1.E#

Al 0021 |~ Dose rate (uGy h'); Flux (cm2 s-)
SD (nGy cm? particle-)

*Dachey, T.P., Profile of the ionjzing radiation exposure between the Earth surface and free space, Journal of

Atmospheric and Solar-Terrestrial.Physics, 102, September 2013, 148—-156, 2013, 1.596

(km)
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Bulgarian build space dosimetry instruments

“Liulin=isithermameroissmalismoelntainiclose to Soefia

R3D means “Radiation Risk Radibmetér*Dosimeter”
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Bulgarian space radiation experiments
on satellite and rocket
LIULIN, 04/1979 - 09/1994, Roscosmos, MIR space station, (Dachev et al., 1989); 1
RADIUS-MD, Mars-96 satellite, 1996, unsuccessful launch, (Semkova et al., 1994);

Liulin-E094, 05 - 08/2001, ESA-NASA exp. on the International space station (ISS), (Dachev et
al., 2002, Wilson et al., 2007, Nealy et al., 2007, Slaba et al., 2011, Badavi, 2014, 2016); 2

R3D-B1, 2002, ESA-Roscosmos, Foton M1 satellite — unsuccessful launch;
R3D-B2, 1 - 12/06/2005, ESA-Roscosmos, Foton M2 satellite, (Hader et al., 2008); 3
Liulin-ISS, 09/2005- , Russian segment of ISS, (Panasyuk et al., 2007) (Currently at ISS);
Liulin-5, 06/2007- 05/2016, Russian segment of ISS, Semkova et al., 2012); 4
R3D-B3, 14 - 26/09/2007, ESA-Roscosmos,:Eoton M3'satellite; (Damasso etialt, 2008);5
Liulin- Photo 14 - 26/09/2007, ESA-Roscosmos, Foton:M3 satelllte, (Damasso et al., 2008);
R3DE, 02/2008 09/2009, ESA Columbus module of: ISS (Dacheviet al., 2012) 6

" RABOMy10/2008 - 08/2009, Indian Chandrayyan=1-satellite around Moon, (Dachey etal., 2014);
R3DR; 03/2008 - 08/2009, ESA-Boscosmos, EXPOSE-R, Zvezda, ISS_, (Dachevietal., 2012); 7

Livlin=Phobos, Russian Phobos-Ground, 2011, —unsuccessful Iaunch, (Semkova et al., 2612);
RD3-B3; 04 - 05/2013, Roscosmos, BION-Misatellite , (Dachev et al., 2014); 8

RD3-B3, 07 - 09/2014, Roscosmos Foton-M1 satellite, (Dachev et.al., 2017a);
R3DRB2; 10/2014 - 01/2016; ESA-Roscosmos, EXPOSE- R2 Zvezda, 1SSy (Dacheyv.et al., 2017b);9

Liulin-MO; since 14 March 2016 working at ESA-Roscosmos, ExoMars TGO satellite
(Mitrofanoy.et al.; 2017, (Chklrrently at Mars orbit). 10
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Space experiments included in the database
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First Liulin dosimeter-radiometer was developed for the program of
the second Bulgarian cosmonaut A. Alexandrov It was successfully
flown on Mir space station between 1988 and 1994
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Figure 3. Global geographical distribution of the LIULIN flux datz for July 1991,

Nausicaa - Liulin Comparison - 12 August 92
Control Block:
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Weight:#10:5'kg
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Liulin-E094 instrument were used successfully on American
Laboratory module May-August 2001 as a part of German lead
Dosimetric mapping experiment

g 1l
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Liulin Mobile
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R3D-B2/B3 instruments for ESA Biopan 5/6 facilities outside of
Foton M2/M3 satellites. The spectrometers are mutually developed with the
University in Erlangen, Germany

’ Detector of 256 4 Channels UV
Channels spectrometer

/ UV-C channel
/ UV-B channe!

Size: 82x57x25 mm
- Weight: 129 g
Consumption: 84 mW
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Liulin-5 dosimetric telescope is a part of Matroska-R facility. The
telescope is jointly developed with IMBP, Moscow Russia. Matroska
experiment is a mutual between ESA and Russia and was Iaunched

toward ISS in June 2007. It was active till 2015.
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4\%

Liulin-5 in the spherical
phantom on PIRS module of -
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e

10th Solar Influences workshop,
Primorsko, 4 June 2018




R3DE instrument, which is a part of the ESA EXPOSE facility worked
continuously on the EUTEF platform of Columbus module on
International space station from February 2008 to September 2009

A close-up view of the'Columbus
laboratory
Credits: ESA/NASA

o,

Behind the
case SSD

UV diodes -

#The'detector of R3DE instrument
®is shieldedsby. less than
“material' including: 1 mm
aluminum ™+ 0.1 mm cuprum +0.2
mm plastic. This allows direct
hits 6n the"detector by electrons
with energles higher.than™ :
and protons with enerdies
higher than MeV *
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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-R2 facility
outside Russian “Zvezda” module.) (Picture credit of ESA/RKA).
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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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Orbital station ExoMars-TGO. The disk in the right part of
the figure is the EDM landing module
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Functional scheme and external view of the
"Liulin-MO" dosimeter

Coincidence1

Pulse
controller

nelant 1&>> . e

M508/2-13.
analysis Interfaces Serial s

Coincidence2

Board Supply Data and commands
ADRON-EM ADRON-EM
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Online demonstration of the database
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Home page of the site

PLANNING LIULIN DATA & LITERATURE GALLERY PEOPLE DATA SOURCES DATABASE

= o
L27 BAH

Project: “DOSIMETRY: Dosimetry science payloads for ExoMars TGO & surface platform; GE"T\
_ ¥ » )

unified webbased database with Liulin-type instruments’ cosmic radiation data”
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Software architecture

Source Selector

Charts Module

Export module Charts Library

A 4

DATA SOURCES

Linear 1

A\ 4

CSV files

Logarithmic

| M
S
&
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DATA SOURCES

oads for ExoMars TGO & surface platform

cosmic radiation data

HOME PLANNMING LIULIN DATA & LITERATURE GALLERY PEOPLE DATA SOURCES DATABASE

Index of ./datasources/

View Edit
B LuLin_mir
B LiuLIn_eo94
B r3p B2
B r3p B3
B r3DE
[ RELT
B LuLins
M rp3 B3
M r3pR2
B Luun_mo
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LIULIN_ MIR data sources

sIMELry sclience payloads

iulin-type instruments

PLANNING NEWS LIULIN DATA & LITERATURE GALLERY PEQPLE DATA SOURCES DATABASE

Jdatasources/LIULIN_MIR

Date/Time (DD/MM/MYYYY hh:mm:ss); altitude (ALT) (km); longitude (LONG) (deg); latitude (LAT) (deg); L value (L); tota

magnetic field strength (BMAG) (Gauss); flux (FLUX) (1/cm? s); absorbed dose rate (DOSE) (mGy/hour); D/F (nGy

cm’particle);
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Source selection

Source selection

Wiew

O uuLin, Inside MIR 554

01/01.11991-311211 991

[ Liulin-E094, Part of ESA “DOSMAP, Inside American segment of 155

14 NS0 NI7r

A0S 2001-264072001

O R3D-B2, Inside ESA Biopan-3, Outside Foton M2 satellite ™
01/06/2005-1 2/06/2005

[0 R2D-B32. Inside ESA Biopan-6, Outside Foton M3 satellite O

1405/ 2007-26/09/2007

R3DE, Inside E5A EXPOSE-E, Qutside “"Columbus™ module of 155 i

= A RN VS SO
17/02/2008-03/09/2009

R3DR, Inside ESA EXPOSE-R. Qutside “Zvezda™ module of 155

19 A0S 0EL AT AR
AU LU .IE'_'_'- L 2 I:

Liulin-5, Part of "Matroshka-R", Inside Russian segment of 155 i

T
LA -

[ RD3-B3, Inside “BION-M" N21 satellite

19/04/2013-13.05.2013

(] R3DR2. Inside ESA EXPOSE-R2, Outside “Zvezda” module of 1550

23/10/2014-10/01/2016

Liulin-MO, inside ESA-ROSCOSMOS ExoMars TGO satellite U

06.04.2016 -
Submit Raset
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Choose “R3DR2” press “Submit”

DOSIMETRY: Dosimetry science payloads for ExoMars TGO & surface platform

Unified webbased database with Liulin-type instruments’ cosmic radiation data

PLANNING NEWS LIULIN DATA & LITERATURE GALLERY PEOPLE SOURCES DATABASE (BETA)

Source selection (DB Beta Version)

¥/ R3DR2, Inside ESA EXPOSE-R2, Outside “Zvezda” module of 1SS 0

¥ GCR ¥ |IRB(SAA)® ORB ™ SPE

23/10/2014-10/01/2016 Space Research & Technologies
Institute - BAS

Submit Reset

European Space Agency

© This project is funded by the European space agency under Contract No. 4000117692/16/NL/NDe “DOSIMETRY: Dosimetry science payloads for ExoMars TGO &
surface platform; unified webbased database with Liulin-type instruments’ cosmic radiation data”
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Choose the time interval* (in the example: 2015/10/25 00:00:00-
2015/10/28 00:00:00) and variables (in the example: Date/Time/; L
value (L); Flux; Absorbed dose; Dose to flux ratio) (* if the time
interval is larger than 24 hours than the software divide the output"
pictures at 24 hours)

PLANNING NEWS LIULIN DATA & LITERATURE GALLERY PEOPLE SOURCES DATABASE (BETA)

R3DR2, Inside ESA EXPOSE-R2, Outside “Zvezda"” module of ISS

Dynamic Fields Begin time End time

bl Date/Time (DD/MM/YYYY hh:mm:ss) YYYY/MM/DD HH:MM:SS YYYY/MM/DD HH:MM:SS
Altitude (ALT) (km)

Geographic longitude (LONG) (Deg)

Geographic latitude (LAT) (Deg)

L value (L)

Total magnetic field strength (BMAG) (Gauss)
Local time (LT) (hours)

Magnetic local time (MLT) (hours)

Flux (FLUX) (1/cm?Z s)

Absorbed dose rate (DOSE) (uGy/hour)

Dose to flux ratio (D/F) (nGy/cm? particle)
(Ch1-Ch255)

CSV | TXT
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OPTION 1: Receiving graphics - press “Next
page”. (Page 2; 27.10.2015)
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Future Liulin type space experiments
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@‘ﬂ Liulin-Ten Koh spectrometer for radiation environment
observation on the Japanize Ten-Koh satellite at 600 km orbit

2018

Kei-Ichi Okuyama, Kyushu Institute of Technology, Japan
Premkumar Saganti, Prairie View A&M University, Prairie View, Texas, USA
S. Douglas Holland, NASA / Johnson Space Center, USA
T. Dachev, Space Research and Technologies Institute, Bulgarian Academy of Sciences, Bulgaria
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Liulin-AR spectrometer for radiation environment
observation on SABIA-MAR 1 satellite

T. Dachev', A. Zanini2, M. Colazo3, D. Caruso?, V. Ciancio?*

1Space Research and Technologies Institute, Bulgarian Academy of Sciences, Bulgaria,
?Istituto Nazionale di Fisica Nucleare, Sez. Torino, Torino, Italy,
3Comision Nacional de Actividades Espaciales, Buenos Aires, Argentina,
4Universitad National de La Plata, La Plata, Argentina,

The SABIA-Mar (Satélite Argentino Brasileno para Informacion del Mar) is a dual satellite
joint Argentine-Brazilian Earth observation mission, which objective is to study the
oceanic biosphere, its changes along time and how it is affected and reacts to human
activity. The Argentinian SABIA-Mar 1 satellite is planned to be launched at 702 km sun-
synchronous circular orbit in 2021. The platform; and the instruments for ocean
color observation and sea surface: temperature determination; are: 1. developed and
built in. Argentina. A Liulin instrument for determination and quantification| of the

global_distribution of the 4 possible primary.sources of space radiation_outside the
satelrte The Liulin -R dimensions are 10x40x20"mm and:weight-of 0. 092 kg

Products

+ Normalized Water leaving radiance Service

maps 5% uncertainty (0.5% in blue for open Payload e ——> —~ Module
ocean) Module = MMP

PL

» Chlorophyll-a concentration Maps
30% uncertainty for open ocean with
concentration in the range 0.01-10 mg/m3

+ Diffuse Attenuation coefficient Kd (490)
§  25% uncertainty on a daily time scale

* Photosynthetic Available Radiation
20%, 15%, 10% on a daily-weekly-monthly

time scales

. Turbidity The SABIA-Mar satellite The Liulin-AR instrument

35% uncertainty

* Sea Surface Temperature
0.7°C for 400 meters gsd

10th Solar Influences workshop,

Unufied database... Primorsko, 4 June 2018




The Liulin-ML instrument is under development for the ESA-
Roscosmos ExoMars 2020 (ESA project: “DOSIMETRY:: D05|metry —_—
science payloads for ExoMars TGO & surface platform”

20. 07. 2020

: ES A's ExoMars Bovar 4 . Roscosmos ExoMars Surface platform

10th Solar Influences workshop,
Primorsko, 4 June 2018
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The Lyulin-MKS-2 is being developed from 2014 to 2018. The aim is
to create an service dosimetric system for monitoring the personal
dose of crew members in the Russian segment and outside the ISS

The instrument's priority is to measure the dynamics of dose
accumulation during exit into open space. Similar measurements of
“MIR" and ISS have not been done so far!

2020

Dosze Rate [Gy/h,Sw/h]

17:13:00 17:13:05 17:13:10 17:13:15 17:13:20 17:13:25 17:13:30 17:13:35 17:13:40 17:13:45 17:13:50 17:13:55 17:14:0
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2 Liulin-AF instruments are part of the Matroshka lll research project
with participants from Germany, Japan, Poland, Hungary, Russia and
Bulgaria to study the dynamics of cosmic radiation accumulation in
tissue-equivalent phantom in the Russian segment of ISS

2020

R3D-LS1
LED
Spectrometer

Expected.appearance. of
“Liulin-AF™ spectrometers

-

"Liulin-AF* spectrometers
location in the Matroshl{g_—lll Phantom
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IKIT-BAS in cooperation with the University of Erlangen,
Germany and IMBP-RAS, Russia will participate in the
experiment BION-M-2 satellite with the P3D-B3 instrument in
2021 at an altitude of 800-1000 km and orbit inclination 62°
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Conclusions

Liulin type spectrometers proved its availability to
characterize the radiation field from different
radiation components (GCR, SAA, ORB) in the Earth
and Moon radiation environment;

Main advantage of the Liulin type spectrometers
are: low weight and relatively high scientific and
application value of the obtained datas;

‘s, The Liulin instruments databasgeiinclude 10
experiments performed in space between 1991 and
2018; |

| F g ..,"' e

o The'Tiilly operable database is expected to be
available on-line till the end of June 2018.
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More significant experiments with Liulin type instruments (1)

No Instrument, Platform, PI, Platform |Instrument| Scientific
Time period result

V. Petrov, IMBP-RAN,
T. Dachev, SRTI, 1988 - 1994

UMBI1-PAH, =
CNES and IPRSN, France 5% 3 Ksanuduum-
16/11/1996 . e R

F. Spurny, NPI, Czech Rep.; ==*|—
=~ Gap, France, 14/06/2000

e

, NASA aircraft - ER- (FS
2 - (U2S), Y. Uchihori, NIRS sdapars
Oct.-Nov. 2000

, CSA aircrafts,

F. Spurny; O. PlocsNPI, Czech R

REp:, from;01/04/2001

- G. Reifz,
DLR; Germanys; April-August 2001
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More significant experiments with Liulin type instruments (2)

No Instrument, Platform, PI, Platform |Instrument| Scientific
Time period

G. Horneck, DLR, D.-P. Haeder, UE,
Germany, 1-12 June 2005

E. Benton, OSU, USA, 8 June 2005

E. Fluekiger, UB, Switzerland, .or.}.
cent. 2005 r. December 20165 |

"\ )

J. Getley, UNSV,
Austarlia, 2005-2040"

Saez Vergaray CIENMAT, Spain, oTgsh
2005 '

V. Petroy, IMBP-RAN, Russia,
T. Dachev, SRTI, 2005

#

10th Solar Influences workshop,
Primorsko, 4 June 2018
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Unufied database... _ ﬁ_
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More significant experiments with Liulin type instruments (3)

\[o)

Instrument, Platform, PI,
Time period

Platform

Instrument| Scientific
result

V. Petrov, IMBP-RAN, Russia,
Semkova, SRTI, 2007 - 2016

G. Horneck, DLR, D.-P. Haeder, UE,
Germany, Dachev, SRTI
14-26 September, 2007

= e £
" '-""T._‘- N

Dachiev, SRTI 22/10/2008-29/09/2009

from Andoya, Norvey up to_380.kim
31/12/2008 r.

G. Hornecks#DLR; Di=P. Haeder, UESsisSg fien
DacheV SR, 17/02/2008-02/69/2009 :

G, Hornéck, DILR, DR, Haeder, UE,
Dachev, SRTILR03/2009-20/08/2010

Unufied database...

10th Solar Influences workshop,
Primorsko, 4 June 2018




More significant experiments with Liulin type instruments (4)

\[o)

Instrument, Platform, PI,
Time period

Platform

Scientific
result

Instrument

K. Kudela, UPJS, Slovak Rep.,
from 2009 to 2014

J. Hwang, KASI, Korea,
2010 r.

E. Wissmann; PTE; Germany;s s

July2011"and July/August 2092=

S

Y. Uchihori, NIRS, Japan,
22-28 March 2011

V. Petrov,
IMBP-RAN; Russia,
Semkova, SR, 09/11/2011

o

V. Shurshakoy; II\{IEP-RAN, Russia,
1. Dachev, SR, 19_/04 - 19/05/2013

Unufied database...

b

150

10th Solar Influences workshop,
Primorsko, 4 June 2018




More significant experiments with Liulin type instruments (5)

No Instrument, Platform, PI, Platform |Instrument| Scientific .
Time period result

V. Shurshakov, IMBP-RAN, Russia,
T. Dachev, SRTI, 08/09 - 20/10/2014

G. Horneck, DLR, D.-P. Haeder, UE,
Germany; Dachev, SBII
24/110/2014=1117/01720165 s===——_g

I. Mitrofanov, SRI
J. Semkova, SRTI
22 April 2016 — till.now:

10th Solar Influences workshop,

Unufied database... Primorsko, 4 June 2018




