Earth and Moon Radiation Environment
Results Obtained by RADOM Instrument

on Indian Chandrayyan-1 Satellite.
Comparison with Model
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STIL-BAS space radiation measurements eXperiments

since 2000
1. in-MDU1, June 14, 2000, ESA balloon flight up to 33 km over Gap, France;
2. i-MDUS, more-than 10000 flight hours on Czech airlines aircrafts from 2001 till
2009; |
3. Liulin-E094, May-August 2001, ESA-NASA exp. on the International space station

(ISS);
4 2 Liulin-MDU, June 2001, NASA ER-2 flights at 20 km altitude in USA;
5. R3D-B1, October 2002, ESA Foton M1 satellite — unsuccessful launch;
6 R3D-B2, 1-12' 10112005, ESA Foton M2 satellite;
7 3 Liulin- MDU June 11, 2005, NASAballoon fllght up:to 40'km over New Mexico,

USA;
8. o= ,ALluTn ISS, ROSCOSMOS, launched to ISS in September 2005 (actlve now);..
9. ‘Llulln.-GR, since October 2005-working in Internet (active now);

f

10. Liulin=Mussala, since June2006 working in Internet (active now); =~
11.  Liulin-5, ROSCOSMOS since June 28, 2007 worklng atISS (active now);
- 12. R3D-B3; September 14-26' 2007, ESA Foton M3 satellite;

13. Liulin=6S, since October 2007 working at Jung_frau peak in Internet (active now)';
14. . Liulin-R, January 31, 2008, ESA rocket experiment up to 380 km _fror_n Norway;

- 15.  R3DE, since 20 February, 2008, working at ESA Columbus module at ISS (active

ST g as TOW); o] 14th WRMISS Workshop,
1G RBADOM cincoa Octnhar 292 2009 Mnnn cafnllltn (‘hnndrn\lpllbbrllml 'V@lﬁ@ﬂlﬁ jrprﬁmt 200)S



'Participation of STIL-BAS in eXperiments on the
International Space Station (ISS)

Liulin-ISS, 2005-2019,
Russian Segment ISS

Liulin-E094, 2001

"'

||||

US Laboratory module

S
R3DR, 2009-2010
Russian Segment ISS

R3DE, 2008-2009
ESA- EuTFF, Columbus

Liulin-5, 2007-2009,
Russian Segment ISS

| oE— | ]

Langmuir probe,
2009-2019, Russian
Segment ISS
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space radiation on aircrafts are used by scientists from Japan, USA, Germany,
France, Canada, Spain, Australia, Poland, Russia, Czech Republic and others

(.;PS re..celver; Spectrometer with GPS receiver
and display for monitoring of
the space radiation doses by

aircraft pilots

: More than 4 days
yANS..20-35 V DC _ Internet based working time from Li-
instrument lon accumulator

Liulin - 6SG
LET Spectrometer

DC Power
e
Off On Status
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Gaographic Longitude {(deg)

Altitude above the see levellas
‘measured by L|uI|n type spectromefer

11 L|uI|n type*spectrometers during
calibratloné*ﬁ CERN; October 2006
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Chandrayaan-1 spacecraft was launched from the Satish
- Dhawan Space Centre, SHAR, Sriharikota by PSLV-XL (PSLV-
C11) on 22 Octpber 2008 at 00:52 UT
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http://www.isro.org/Chandrayaan/htmls/objective_scientific.htm

o T Mission profile

- Chandrayaan-1 Mission Phase

CAPTURE ORBIT at 1000km

ETO: Elliptical Transfer Orbit

Lunar Orbit
{initial) 200km

MCC: Mid Buur:-l- Correction

EPO: Elliptigal Parking Orbit

LTT: Lunar Transfer Trajectory
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— - Scientific Objectives of the Cha'ndrayaan-1 mission

High-resolution remote sensing of the moon in visible, near infrared
- (NIR), low energy X-rays and high-energy X-ray reglons
Specifically the objectives are:
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http://www.isro.org/Chandrayaan/htmls/objective_scientific.htm
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Chandrayaan-1 satellite

R

Spaceeraft for lunar mission is:

-« Cuboid in shape of |
approximately 1.5 m side;

» Weighing 1380 kg at launch and
675 kg at lunar orbit.

« Accommodates
payloads:
/26 from Indian ISRO;
o /’)f_L‘Q”J ES2 ;
. 2from'NASA;
ZAifrom STIL-BAS.

- 3-axis stabilized spacecraft
Using twWo star sensors, gyros

~ fourreaction wheels.
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http://upload.wikimedia.org/wikipedia/commons/1/11/Chandrayaan1_as_updated.jpg
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- | S(:ientific objectives of RADOM instrument

To measure the particle flux, deposited energy spectrum, accumulated
absorbed dose rates on the way to and in Lunar orbit with high time

- resolution, and evaluate the respective contributions of protons, neutrons,
electrons, gamma rays and energetic galactic cosmic radiation nuclei;

the flux/dose
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o ~ RADOM Flight model external view

RADOM-FM

> TIL-BAS
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First screenshot of RADOM-FM.exe prbgram
for initialization and quick look of the data

Present the data Spectra Tables

. in Ta@Ie, form |
_ - L RADOMTM | EEX] /

Text Doze Text Spectrum
Graph Doze
Graph Spectrum

Spéctra graphics

Dose and flux Graph ET
. _— 1
graphics

Gelect HEX Data

| ".Z_-.z_".3-D__'_graphi§s_,_.-_ e

gaaseg vnrnndiidiind

Fail selection = | < A P T

5 IiADOM—FM.exe software is develobed by STIL-BAS and was_d'elivel'"e'd"'igeter
= with'the instrument in middle of September 2007 to ISRO
. ;o _ ” 12th WRMISS Workshop;

| STI!‘_BAS N ol T . ' Ii Dublin;ireland, 8-10 Sept. 2009



Instrument performance

The solid state detector of RADOM instrument is behind ~ 0.45
fg/cm? shielding from front side of 21T, which allows direct hits on
“the detector by electrons with energies in the range 0.85-10 MeV.
The protons range is 17.5-200 MeV. On the back 21 angle where
- the satellite is the shielding is larger but not known exactly;

e RADOM was switched ON about 2 hours after the launch. Since
this moment it works almost permanently. First the resolution was
10 sec and this was a good decision because no over scaling was
observediin the Earthrmagnetos phere Slnce December 3th it
works in 30 sec resolution;

= . o .Inside of the electron radiation belt'doses reached 4 104 pGy.h-1,
= while the fluxes are 1.5.104cm-2s:5

~ o Inside.of the proton radiation belt doses reachedthe highes_t;
values of 1.2.105 pGy.h1, while the fluxes are 9:103.cm:2.s;

e The galactic cosmic rays (GCR’)‘“Ldoses around Earth was about 12
- uGy.h:'. When the satellite was away from the Earthi GCR reached
#12.2 1Gy.h-'. Close to the Moon the doses'fall.down to about, 8.8

HGY-h;
e. The total accumg!ated dose is abouti1.3 Gy till 12" of November
STIL-BAS 2008 12th WRMISS Workshop;

e : A Dublin;reland, 8-10 Sept. 2009
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Overview of the near Earth radiation eﬁvironment
obtained by RADOM instrument

Chandrayan-1, RADOM 22 October 2008
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Variations of the doses, fluxes and spectra shape in near Earth space sz

~—

Chandrayan-1, RADOM, 22 October 2008

[——— Ailtitude (km)]

| The highest doses of about
\

130000 nGy/h are measured

~

—e \ inside of the proton belt,

never the less that the

%

highest fluxes are measured

<i>

i

inside the electron belt

/

Dose (UGYH); Aux(aris22sN-1)
M \ \HM L

The different

| spectra colors

180 360 540
Number of measurements
18:55 19:25 19:55
UT (hh:mm)

720 coded different
20:25 positions along
the orbit

000-120
300-360

360-420 he position of the maximum
120480 alongithezdeposited-energy

Déposited Dose (u@lh)l

480-500 spectra depends.by the.type
andenergyofithe measured

540600 R )
domihating particles:
600-660

iy
660-720 X

775-828 Asthigh.themarea limited by._thé '. : ;
835850 FSpectrumiisiiasinigh the:deposited. =

icl
050,856 dose is!

GCR spectrum The red spectrum;in“the bottom:-is

1.0 10.0
STIL-BAS Deposited energy (MeV)

obtained by GCR particles

12th WRMISS Workshop;
Dublin;-lreland, 8-10 Sept. 2009



The Dose to Flux ratio, (Which is in fact the specific dose
per particle.) characterize the type of dominating particles

Chandrayaan-1, RADOM Proton belt doses

23-26 October 2008
1E+5

1E+4
VP £y, il .
1E+3 -2 L] Slot region doses

L ApogeelGCR doses
1E+2 F

dfsDIE_ratio is abeve®
1E+1 nGy.emé/partithe dose iS2=3
: e deposited mainlybyaprotons=

1E+O — 1! ;» r.“; : : P s B
If-D/F ratio.is below 1

1E-1 -lIIIIIII-IIIIIIII-IIIIIIII-lIIIIIII-IIIIIIII “nGy.cmé/part. the dosesis ks

deppsited mainly=by

Dose (uGu.h”-1); D/F (nGy.cm”™2.p."-1)

1E-1 1E+0 1E+1 1E+2 1E+3 1E+4 _e'_ectrons*
FI_,UX (CmAZ'SA'l) “Hetfner, 1971,

a1 r.f'F

FLBAS N e G Dubliniireland, 8-10 Sept, 2009
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g2 Dynamics of the Equivalent dose distribution '(H*(1 0) along
the Chandrayaan-1 satellite orbit

256

Hecr *(20) = Hyg, +5H g, =3.357.10° {ZIA+5§'A} He *(10)=H o, + H,. Hpg *(10) =1.3H
| = ow g ’

End 26/10/09 06:04:14

+1.3H 1

low

—— H*(10) (uSv/h) If D/F ratio is above 1
Hlow (uSv/h)

_ nGy.cm?/part. the dose is
« Hhigh (uSv/h) . .

DIF (nGy.cm2/part. . deposited mainly by
—— 3 per. Mov. Avg. (Hhigh (uSv/h)) protons and H,, ., have
— 3 per. Mov. Avg. (Hlow (uSv/h)) major contribution in the
— 3 per. Mov. Avg. (H*(10) (uSv/h)) equivalent dose H*(10)

Afdd/FE ratio is below:1
nGy cmzlpart the dose IS
~deposited malnLy by

electrons and have
major: contribution in the -
eduivalent'dose H*(A0)

8
I
=
2
£
I
S
T

eltd

g

Apogee’GCRdoses' (Hexs 7(10)

roton |

Q@
Electron belt doses (Hgg *(10)

-~

[

116 231 346 461 576 691 806 921 1036 1151 1266 1381 1496
Number of measurements

12th WRMISS Workshop;

BB Dublinlreland, 8-10 Sept. 2009




Variations of the doses and fluxes in dependence by altitude and
by the longitude /UT of the satellite

When the magnetic axes is to the right of the When the magnetic axes is to the left of the
raphic the satellite is going trough the geographic the satellite is going trough the
gecenter of inner radiation belt periphery of inner radiation belt
22/10/2008 20:57:30 - 23/10/2008 00:36:57 23/10/2008 03:48:51 - 09:44:55

N >

>) : - 1

N W MO O~NOO

0 0 0
A0 00 ) ® 0 2 a4 6 © o©o® 00N ) ® 0 2 4 6

600 ,LoO D/E A2/ b ? 600 O A
Flux (cm”2.s7-1) ¥ (nGy.cm”™-2/p.) Flux (cm”2.s7-1) v D/F (nGy.cm”™-2/p.) B

Dose (uGy/h) Dose (uGy/h)

The outer belt doses are practicallymotiafiected

.

Long=-96° Long=156°
UT=21:20

. 2009

STIL-BAS CRRES dosimeter data@rJul 90 to 12,0ct.91. FennellAerospace Corp., 2003. DublifIreland, 8-10 Sept
-3 EY ] ol ! J )



m Expla-.nation of the different doses in proton fadiatio_n belt
- on previous slide |

Rotational Magnetic axes
(geographic) axes

Low doses

T

h WRMISS Workshop; .

blin,reland, 8-10 Sept. 2009 -
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Deposited Doée (uGy/h)

Comparison of Chandrayaan-1 - RADOM spectra with

ISS - R3DE spectra

RADOM, PRB
RADOM, ERB
R3DE, ERB
R3DE, PRB
RADOM, GCR
R3DE, GCR

The shape of spectra obtained
by RADOM are same as spectra
obtained by R3DE at Int. Space Station

The RADOM proton radiation belt
(PRB) spectrum is with same shape as
R3DE spectrum but at about 1.5 order

of magnitude higher because higher
flux and respectively dose

The RADONelectronradiationbelt

(ERB) spectrumisiwith"Same shaperas
R3DEspectrum but about 4 time
higherlevel'because highef dose: -

ThetRADON ‘galactic. cosmiG.irays

(GCR) spectrum practically overlap:the

REDE‘Spectrum; because .Qf same flux
and respectively'doses

12th WRMISS Workshop;
Dublin;reland, 8-10'Sept. 2009
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Oulu Neutron Monitor

pressure corrected data

October 27-28, 2008; Perigee = 348 km
Apogee = 164600 km; Period = 73 hours
Average GCR Dose = 12.89 mGy/h

1-hour data -» 1-day averages

D

(uGy/h)

H*(10)
(uSv/h)

How*(10)
(uSv/h)

Hhign*(10)
(uSvih)

12.89

3.14

26.48

7.40

19.08

03 1 2 3 4 5 3
Octoker - Movember 2008, days

Dose (uGy/h)

Flux (cm™2.s™1)
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>
o
3
Q
n
o
(a]
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WP o MR T
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i N
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loe. e e
e e %t

152000 156000 160000

Altitude (km)

144000 148000

164000

28/10/2008 04:49:26 27/10/2008 08:34:14

12th WRMISS Workshop;
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Comparison of RADOM flux data (10 s. resolution) with

Oulu neutron monitor count rate data (1 min. resolution)

~—~
-
~~
)
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>
@)

RADOM Flux (cm”-2.s"-1)
Now s s
HAN N o (e}

=
o

RADOM flux

Running average fit

Linear fit

Oulu NM counts

Running average fit

i

06/11 11:53 07/11 21:10 09/11 06:24

Date (dd/dd) UT (hh:mm) 2008
ISS Workshop;
Dublin;-lreland, 8-10 Sept. 2009




Because the increased shielding of the GCR by the Moon body the
dose and flux levels decrease when Chandrayaan-1 satellite
moves closer to the Moon on 9-10.11.2008

10000

-
+  Altitude (km)
. o A
1000 4 Flux (cm™-2.s"-1)
Dose (uGy/h)

— 100 per. Mov. Avg.

(Flux (cm™-2.s*-1))

H —— 100 per. Mov. Avg.
(Dose (uGy/h))
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— Comparisons with G. De Angelis model at 1000 km altitude

Data Particle Flux = 2.73 cm-2s-'
Average Data GCR Phys. Dose = 10.02 uGy/h
Average Data GCR H*(10) Dose = 20.94 pySv/h

GCR 'r"‘( J) JJse

i
"a_‘. !..J L . ;
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Variations of the RADOM count rate and respectively dose
by the altitude above the Moon surface

—— Counts
—— Altitude
=50 per. Mov. Avg. (Counts)
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o Comparisons with G. De Angelis model at 100 km altitude

Data Particle Flux = 2.29 cm-2s-"!
Average Data GCR Phys. Dose = 8.77 uGy/h
Average Data GCR H*(10) Dose = 18.54 uSv/h*

-

ait, 3 e I | — L
1 = e & ;. £ . = ( . AN
H A ’ - et e L

[ e = -5

- 14th WRMISS Workshop S
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Chandrayaan-1

RADOM-FM EXFOSITION=30 Sec

is at 200 km circular orbit since 19t May 2009

[Start:06/07709 22:15:02
Stop:08/07/09 01:55:20

Time Dif: eI}
Total Avr. Dose [uGy]: JEEJIRISE]]

Avr. Dose [uGy/h]:

Time: E!l]?!Zl]l]B 22:15:02 BJ'I]?!ZI]I]S 01:54:02

[Humber of Measurments:3319

Sigma Dose: 0.0188

)
-
=
E
2
i
=
=
o
T
=
5
2
5
=
o
7]
Q
(=]

Humber of Measurments

File:C:\4 RADOM data\2009 .ﬁ.ur_Just'nF:DM_U?U?_OnIy_E:yDrbit.dU1

Left Axis Hange

Max: |1.0E+2 ~
Min: |[1.0E+0 -

Axiz Values
Dose/Flux: [11.02
Msr. Index: 3313

D ate:08/07/2009
Time:|01:50:52
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The averaged per day RADOM dose around the Moon is
rising in linear way in dependence by GCR
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Comparison of the R3DE dose rates obtained at
5.0<L<5.05 with Oulu NM counts/min.
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Long-term GCR doses obtained on differen-t satellites
comparison with Oulu neutron monitor data
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Comparison of Liulin absorbed dose rates with Oulu
neutron monitor count rates
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Observations during the first cycle 24 Sun flares
March 12-17 2009
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Dose (uGy/h); Flux (#/cmz.s)

GOES11 >2 MeV Electron flux
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Comparison of the RADOM dose/flux data with the GOES11

>2 MeV Electron flux data
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Liulin — Phobos

engineering model
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Liulin-Phobos

Objectives: Measurements during the cruise
phase, on Mars’s orbit and on the surface of
Phobos. Estimation of the radiation doses
received by the spacecraft electronics and
assessment the radiation risk to crew of
future exploratory flights to Mars.

Cooperation: STIL (Bulgaria), IMBP (Russia),
NIRS (Japan), Lavochkin Space Association,
Russia

EiulinEShnstrument

Objectives: Measurements-during the |
descending phase of one “Orlan” type space |

suit “thrown” from International Spaces™
station.

Cooperation: STIL (Bulgaria), IMBP (Russia),
Lavochkin Space Association, Russia"
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R3DB3finstrument

1 Objectives: Measurements dUrfhg the about 1

month fllght of BION-M satellite aroupd the

Earth.” : ¥

Cooperatlon STIL (Bulgaria), IMBP (RUSSIa),

- | FAU, Germany, Lavochkin Space Association,”

Russia .
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3 new space experiments are under development

Phobos - Soil sample return apparatus

BION Y/ satellite

12th WRMISS Workshop;
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Conclusions

”', DOM spectrometer proved its availability to characterize the

different radiation fields in the Earth and Moon radiation
environment. The proton and electron radiation belts in the Earth
magnetosphere was well recognlzed The electron radiation belt
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