| Analysis of the first space radiation data,
obtained by Liulin Ten-Koh instrument on
Japanize Ten-Koh satellite
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Bulgarian space radiation experiments
on satellite and rocket
LIULIN, 04/1979 - 09/1984, Roscosmos, MIR space station, (Dachev et al., 1989);

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);

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);

Liulin-1SS, 09/2005- , Russian segment of ISS, (Panasyuk et al., 2007) (Currently at 1SS);

Liulin-6R, 31/01/2008, Rocket flight up to 380 km altitude from Andoya, Norway, (Dachev, 2013);
' 07- 05/2016, Russian segment ofiISS; Semkovea et al., 2012)¢ '
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Kyutech
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1 1 . . (\v.—_...
& Kyutech Ten-Koh satellite is a 23.5 kg small satellite developed under the philosophy of k&
Sywes]

low size and cost while trying to provide high output capabilities for space
environment effects research. Developed by Kyushu Institute of Technology in
Japan, in partnership with the Radiation Institute for Science and Engineering
of Prairie View A&M University, Holland-Space LLC and the Space Research
and Technology Institute of the Bulgarian Academy of Sciences*

. End of pass

(communication session) P =5

Communication sessions

(operation pass for downlinking data
& payload experiments execution at
9.6 kbps downlink and 1.2 kbps
uplink, respectively)

\ Starting of pass

(communication session)

Ten-Koh orbit /

*Fajardo I, et al., Challengesf development and operation of a small satellite mission to explore the space
environment and its effects on spaceborne platforms, Acta Astronautica, 2019. (in print)
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Liulin Ten-Koh spectrometer in the Charged Particle Detector,
developed by the Radiation Institute for Science and Engineering
of Prairie View A&M University, USA and Holland-Space LLC, USA

Liulin Spectrometer
-Similar instrument on ISS
and Chandrayaan-1 satellite

Communication with In-Flight
Programming Capability

2 X-Ray Detectors

2 Polystyrene Covered Sensors for
Skin Dose Assessment (not shown)

2 Polyethylene Covered Sensors for
Shielding Assessment

2 Open Sensors for Ambient
Radiation Measurements

PEKK Material for Static Guard

. 11th Solar Influences \Workshop
i Primorsko, 3-7 June 2019
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Completion, appearance and method of use of the
Liulin Ten-Koc (LTK) spectrometer in laboratory tests

(Dﬁtﬂctor Llulin Ten-Koh Sagant:
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p rrmeoey
am— Block diagram of the Liulin Ten-Koh spectrometer

Silicap Detector
2 cm® 0.3 mm

Charge sensitive
preamplifier A225F

Discriminator

Micro-
controller

12 bit Analog to digital Buffer
converter memory

+12V DC

Max 20 mA,

Microcontroler

11th Solar-Influences \WWorkshop
Primorsko, 3-7.June 2019



http://www.bas.bg/

Liulin Ten-Koh first data analysis
(Preliminany.results)
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Liulin Ten-Koh shielding

The semiconductor detector of the “Liulin Ten-Koh” instrument is
mounted approximately 2 mm below the 0.3 mm thick aluminum cover
plate.

Furthermore, there is shielding from 0.07 mm copper and 0.2 mm plastic,
which provided 0.3 g cm of total shielding from the front side.

The “Liulin Ten-Koh” instrument is additionally shielded by 2 FR-4 (glass
epoxy) plates with total thickness of 3.15 mm and by 5.0 mm carbon fiber
reinforced polymer (CFRP).

The calculated required kinetic energ?‘b'?bﬁrticl?s
penetrating-all the shielding’ s perpendicular

to the detector is 2.6 MeV for electrons

‘and 62.5.MeV for protons (

Liulir spacltrormaler inside Tan-Kob salelile

“The obtained kinetic energy values are’ T
apprOX|mat|ver because in the cited above
tablesithe FR-4 and CFRP

materials are not listed.,

ﬁ 11th Solar-Influences Workshop
: Primorsko, 8-7.June 2019
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12 December GCR data

—~GCR, LTK, 12 Dec. 18
—GCR (L>4), R3DR2

g
g

¥

Latitude

o
o

CRRESELE Ap15 Ronge 1 Flux > 2,00 MeV (¢cm™ s™") ot 630.0 km
CRRESELE Ap15 Range 1 Flux > 2.00 MeV (cm™ s™") ot 630.0 km

Longitude

Deposited per channel dose rate (uGy h)

0.001

0.1 10
Deposited energy per channel (MeV)

D/F (nGy cm? part')
O - N W kO N @ ©

Dose rate (uGy h1), Flux (cm-2 s1)

N L-Value | 11th Solar-Influences Workshop
e % ' Primorsko, 3-7. June 2019

14



http://www.bas.bg/
http://www.spenvis.oma.be/

Ten-Koh crossing of the Outer radiation belt (ORB) region on 20
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C:/2008 Konkurs I stepen/2A S impact factor v chujbina/Dachev, Precipitation bands, JASTP, 2017.pdf
https://doi.org/10.1016/j.jastp.2017.11.008

p i 20 December 2018 data comparison with ARASE/ERG and Van-
Kyutech Allen Probes data
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“i| Crossing of the Inner radiation belt (IRB) in the region of the South-Atlantic
anomaly SAA and ORB are observed in the 25 December 2018 data

The spectra maxima of LTK
are moved to the left similarly to
the R3DR2 IRB data.
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K Kyutech

Comparison of the spectra shapes, obtained by LTK on
Ten-Koh and R3DR2 on ISS

The spectra shapes of
equal color lines are
very similar.

This verify the right
Interpretation of the LTK
data.
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All LTK and R3DR2 spectra
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Comparison of the dependence of the dose rate and D/F
K £yiioc from flux at Ten-Koh and BION-M No 1 satellite

Never the less, the
smaller statistics on

Ten Koh satellite, the
features are very similar.

Dose rate (uGy h),
D/F (cm? nGy particle-'),

It is seen that the maximal
LTK relativistic electron flux
with energy above 2.6 MeV is
12.57 cm2s1.

")

Dose (uGy h'); DIF (nGy cm? particle

10
Flux (cm2 s™) 11th Solar-Influences Workshop

Primorsko; 3-7.June 2019 17
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Comparison of the L profiles of the dose rate and D/F
values at Ten-Koh and BION-M No 1 satellite
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Never the less, the
smaller statistics on
Ten-Koh satellite, the

8 10 12 14 16 18 20 22 24 26 28 30 EEREAVEIINIERCITIIICRCENIITEES
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- Dose uGy/h - D/F nGy cm2 particle-1

BION-M No 1 data The Ten-Koh GCR dose rate
Value is larger because
the smaller solar-activity.
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Av. D/F=1.061 cm? nGy part.~
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L-value

1th Solar-Influences Workshop
Primorsko, 3-7.June 2019

18


http://www.bas.bg/

Comparison of LET spectra, obtained by different instruments
at different carriers inside and outside the Earth
magnetosphere

K Kyutech

The figure shows relatively good
RAD agreement between the shapes of the
+ CRaTER D1/D2 g P
. CRaTER D3/D4 different spectra. The RADOM, R3DR2
. CRaTER D5/D6 and LTK spectra are shorter than the RAD
RADOM and CRaTER spectra because they were
R3DR?2 obtained with single silicon detector,
Liulin Ten-Koh which covers only the LET range between
0.233 and 29.8 keV mm-1.

- . The RADOM spectrum is below the
~RAD and CRaTER spectra because
Smaller shielding.

The LTK. spectrum is .below  the
RADOM spectrum because these data are
obtained inside- the magnetosphere in
relatively small geographic region. -

-

11th Solar-Influences \WWorkshop

Primorsko; 3-7 . June 2019 1
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The Liulin-ML dosimetry telescope is under development for
the ESA-Roscosmos lander on MARS in 2020 p
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Kyutech Liulin-AR spectrometer for radiation environment
observation on Argentinian-Brazilian SABIA-MAR 1
satellite

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 45 possible primary, SOUrces: ofi space radiation: outside the
satellitesThe liulin=AR dimensions ared 00X40x 20 mm and Weight 0f:0.092)kg;

—

Products

* Normalized Water leaving radiance

) » |
maps 5% uncertanty [0.5% in blue for open Module | 8
ocean)

+ Chlorophyl
0% uncertant

The SABIA-Mar satellite’ The Liulin-AR instrument:

.

ddth Solar Influences Workshop
. Primorsko; 3-7"June 2019
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R TR 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°

Kyutech

30)-83
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S Y| 2 Liulin-AF instruments are part of the Matroshka lll research project
lasabadl \vith 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

R3D-LS1
LED
Spectrometer

Expectedsappearance.of
“Liulin-AF” spectrometers

"Liulin-AF“ spectrometers
locatjon in the Matroshka-lll'Phantom

14th:Solar Influences Workshop
. Primorsko, 3-7-June 2019
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W B The Lyulin-MKS-2 is being developed from 2014 to 2018. The aim is
skeadll {0 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!

Dally Dose [hh:mm]: 16:20
289.69 uGy | 489.49 usv

Dose Rate [Gy/h Sv/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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Kyutech
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I{yutcch
- The Liulin instrument database contains space-born data from 10 Liulin
type instruments flown in space between 1991 and 2018. More than 11
million dose and flux measurements are available together with their
time and space coordinates. The user manual is at:
http://esa-
pro.space.bas.bqg/sites/default/files/Liulin_database_user manual Auqgus
t_2018.pdf
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fydlech Conclusions

Different sources of cosmic radiation form dangerous human health
conditions in the Earth's, Moon and Martian space environment;

The analysis of the preliminary LTK data shows that they are reliable and
can be used further for the comprehensiy udies of the Ten-Koh satellite
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