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IntroductionIntroduction

On 31 May 2005, the Foton M2 capsule, housing a payload On 31 May 2005, the Foton M2 capsule, housing a payload 
complement of 39 experiments in physical sciences, biology, fluicomplement of 39 experiments in physical sciences, biology, fluid d 
physics, exobiology, materials science and technology, was be physics, exobiology, materials science and technology, was be 
launched aboard a Soyuzlaunched aboard a Soyuz--U rocket from Baikonur Cosmodrome in U rocket from Baikonur Cosmodrome in 
Kazakhstan, spending 15.6 days in Earth orbit at altitude 260Kazakhstan, spending 15.6 days in Earth orbit at altitude 260--304 km.304 km.

Together with colleagues from Germany in STILTogether with colleagues from Germany in STIL--BAS was developed BAS was developed 
the R3Dthe R3D--B2 instrument, which was situated inside of the ESA Biopan B2 instrument, which was situated inside of the ESA Biopan 
5 platform together with other experiments devoted to radiation 5 platform together with other experiments devoted to radiation 
biology and exobiology. R3Dbiology and exobiology. R3D--B2 instrument measured the UV B2 instrument measured the UV 
radiation dose and the variation of the space radiation dose andradiation dose and the variation of the space radiation dose and flux flux 
at Foton M2 capsule. This is the first scientific presentation oat Foton M2 capsule. This is the first scientific presentation of the f the 
obtained results.obtained results.
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SoyuzSoyuz--U launcher and Foton M spacecraftU launcher and Foton M spacecraft

Foton Foton ММ11

ReRe--entry Module of Foton entry Module of Foton ММ2,2,
16 June 200516 June 2005Launch of Foton Launch of Foton ММ2,2,

31 May 200531 May 2005

SoyuzSoyuz--UU

Foton Foton ММ componentscomponents

Biopan 5Biopan 5
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Biopan Biopan 5 5 platform on Foton M2platform on Foton M2

Biopan Biopan 3 3 beforebefore
the flightthe flight R3DR3D--BB22

Biopan Biopan 3 3 after after 
the flightthe flight

R3DR3D--B(1)B(1) in Biopan 4in Biopan 4

Biopan 5Biopan 5 during tests, December during tests, December 2004  2004  

Biopan Biopan 4 4 after after 
the crashthe crash
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R3DR3D--B2 instrument for ESA BiopanB2 instrument for ESA Biopan--5 facility outside of 5 facility outside of 
Foton M2 satellite. On June 16 2005 it was successfully returnedFoton M2 satellite. On June 16 2005 it was successfully returned after 2 weeks after 2 weeks 
in space. The mission will be repeated in September 2006. The spin space. The mission will be repeated in September 2006. The spectrometer ectrometer 

is mutually developed with the University in Erlangen, Germany is mutually developed with the University in Erlangen, Germany 

PAR channel

UV-A channel

UV-B channel

UV-C channel

Detector of 256 Channels
LET spectrometer

SizeSize: : 8282x57x25 mmx57x25 mm
WeightWeight: 1: 1229 9 gg

ConsumptionConsumption: : 8484 mWmW
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LiulinLiulin--Photo was another experiment developed Photo was another experiment developed for for 
Foton capsule as a part of Italian experiment Photo IIFoton capsule as a part of Italian experiment Photo II

LithiumLithium--Ion Ion 
batteriesbatteries

ElectronicsElectronicsDetector and Detector and 
PreamplifierPreamplifier

SizeSize:: 100100хх100100хх50 50 mmmm
WeightWeight:: 330 330 g g ((together together 

with batterieswith batteries))

LiulinLiulin--PhotoPhoto
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Block Diagram ofBlock Diagram of R3DR3D--B2B2
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Main conditions of the Main conditions of the R3DR3D--B2B2 experimentexperiment

The solid state detector of R3DThe solid state detector of R3D--B2 instrument were behind 1.0 B2 instrument were behind 1.0 
mm aluminium + 0.1 mm cooper + 0.2 mm plastic material, + mm aluminium + 0.1 mm cooper + 0.2 mm plastic material, + 
RADO experiment tRADO experiment thermohermo--luminescence detectors, which were luminescence detectors, which were 
placed behind a layer of special glass, to measure the protectivplaced behind a layer of special glass, to measure the protective e 
properties of electricallyproperties of electrically--charged glass coatings against space charged glass coatings against space 
radiation. radiation. 

TTotallyotally this gives about 0.6this gives about 0.6--0.9 g/cm0.9 g/cm2  2  shielding, which is about shielding, which is about 
1010--30 times less shielding than the shielding of Liulin30 times less shielding than the shielding of Liulin--E094 E094 
experiment on ISS in 2001. From other hand the altitude of R3Dexperiment on ISS in 2001. From other hand the altitude of R3D--
B2 experiment was 260B2 experiment was 260--304 km, about 100 km less than Liulin304 km, about 100 km less than Liulin--
E094 experiment.  E094 experiment.  
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All available data in the memory for UV and All available data in the memory for UV and 
temperaturetemperature
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All available data in the memory for doses and fluxesAll available data in the memory for doses and fluxes

R3DR3D--B2 60 sec expositionB2 60 sec exposition

Aircraft flightsAircraft flights



Space radiation...Space radiation... 10th WRMISS, Chiba, Japan,                    10th WRMISS, Chiba, Japan,                    
7 September 20057 September 2005 1212

Aircraft flight AmsterdamAircraft flight Amsterdam--Samara by R3DSamara by R3D--B2 dataB2 data

R3DR3D--B2 60 sec expositionB2 60 sec exposition
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Aircraft flight AmsterdamAircraft flight Amsterdam--Samara by LiulinSamara by Liulin--Photo Photo 
datadata

LiulinLiulin--Photo 60 sec expositionPhoto 60 sec exposition
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Comparison of aircraft  flight results for 3 hours and Comparison of aircraft  flight results for 3 hours and 
9 minutes 9 minutes 

0.01250.0135Sigma dose

3.9774.041Total dose [mGy]

1.2631.283Mean dose [mGy/hour]

Liulin-PhotoR3D-B2



Space radiation...Space radiation... 10th WRMISS, Chiba, Japan,                    10th WRMISS, Chiba, Japan,                    
7 September 20057 September 2005 1515

Comparison of the R3DComparison of the R3D--B2 and LiulinB2 and Liulin--E094 mean daily data E094 mean daily data 
with (Johnson et al, 1993)with (Johnson et al, 1993)
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Data close to launch Data close to launch 
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DescendingDescending AscendingAscending

pSAApSAA
pSAApSAA

pSAApSAA

eSPeSP

eNPeNP

pSAApSAA

pSAApSAA

Sequence of descending and ascending Sequence of descending and ascending 
orbitsorbits

pSAApSAA

pSAApSAA



Space radiation...Space radiation... 10th WRMISS, Chiba, Japan,                    10th WRMISS, Chiba, Japan,                    
7 September 20057 September 2005 1818

EE--T grams from Liulin MDU#1 and MDU#2 on ISS in 2001T grams from Liulin MDU#1 and MDU#2 on ISS in 2001

19 May 2001

19 May 2001
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Sequence of descending Foton M2 orbitsSequence of descending Foton M2 orbits

Descending orbitsDescending orbits
pS1pS1

pS3pS3pS2pS2 eS1eS1

eNPeNP eNPeNP eNPeNP eNPeNP eNPeNP

eS2eS2
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Descending crossing of SAADescending crossing of SAA

Inner proton maximumInner proton maximum

Outer electronsOuter electrons

Inner electrons and bremsshtrahlungInner electrons and bremsshtrahlung
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R3DR3D--B2 and LiulinB2 and Liulin--E094 spectra comparisonE094 spectra comparison
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Typical descending node crossing of SAA as seen Typical descending node crossing of SAA as seen 
by Liulinby Liulin--E094 MDUs dataE094 MDUs data
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Distribution of LiulinDistribution of Liulin--E094 phenomena inside of SAAE094 phenomena inside of SAA
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Comparison with Comparison with SpenvisSpenvis modelmodel
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Comparison with Comparison with SpenvisSpenvis model 2model 2
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Future space experimentsFuture space experiments
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LiulinLiulin--ISS Instrument is a part of Russian segment ISS Instrument is a part of Russian segment 
service dosimetric system and will work on ISS for service dosimetric system and will work on ISS for 

15 years after September 200515 years after September 2005

LiulinLiulin--ISS:ISS:
WeightWeight: : 22229 9 g incl. 80 g batteryg incl. 80 g battery

SizeSize: : 110110x80x25 mmx80x25 mm
ConsumptionConsumption: : 8484 mWmW
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The R3D spectrometer is mutually developed with the University iThe R3D spectrometer is mutually developed with the University in n 
Erlangen, Germany and is expected to be launched first to RussiaErlangen, Germany and is expected to be launched first to Russian n 
segment of ISS segment of ISS in 2006 and next to ESA Columbus module in 2008in 2006 and next to ESA Columbus module in 2008

R3D DIMENSIONS:R3D DIMENSIONS:

WeightWeight: 1: 1889 9 gg
SizeSize: : 7676x76x36 mmx76x36 mm

ConsumptionConsumption: : 120120 mWmW

PAR channel

UV-A channel

UV-B channel

256 Channels
LET spectrometer

Flight unit mounted in the  Flight unit mounted in the  
EXPOSE facility (May 2003)EXPOSE facility (May 2003)

EXPOSEEXPOSE

ColumbusColumbus

UV-C channel

Vibration tests in ESAVibration tests in ESA
May, 2003May, 2003
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4 more experiments are under development4 more experiments are under development
LiulinLiulin--F instrument for F instrument for 
Russian PhobosRussian Phobos--
Ground satelliteGround satellite
2009/2011 2009/2011 

Satellite at 100 km Satellite at 100 km 
over the Phobos over the Phobos 
surface for 2 yearssurface for 2 years

WeightWeight: : 400400 gg
SizeSize: : 100100x100x50 mmx100x50 mm
ConsumptionConsumption: : 520520 mWmW

SSD instrument with 4 SSD instrument with 4 
MDUs for NASA DSTB MDUs for NASA DSTB 
(Deep Space Test Bed) (Deep Space Test Bed) 
missionmission
2005/2006 2005/2006 

Balloon over Antarctida Balloon over Antarctida 
up to 40 km altitude for up to 40 km altitude for 
2/4 weeks2/4 weeks

Weight of MDUWeight of MDU:: 9090 gg
SizeSize: : 8888x40x20 mmx40x20 mm
ConsumptionConsumption: : 120120 mWmW

LiulinLiulin--R instrument for R instrument for 
ESAESA--Norwegian  rocketNorwegian  rocket
Launch in February Launch in February 
2007 2007 

Rocket launch up to Rocket launch up to 
280 km from 280 km from AndoyaAndoya, , 
Norway (69.3Norway (69.3°° N)N)

WeightWeight: : 110110 gg
SizeSize: : 88x40x20 mm88x40x20 mm
ConsumptionConsumption: : 120120 mWmW

RADOM instrument for RADOM instrument for 
Indian ChandrayaanIndian Chandrayaan--1 1 
satellitesatellite
2007/2008 2007/2008 

Satellite at 100 km over Satellite at 100 km over 
the Moon surface for 2 the Moon surface for 2 
yearsyears

WeightWeight: : 110110 gg
SizeSize: : 88x40x20 mm88x40x20 mm
ConsumptionConsumption: : 120120 mWmW
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WEB based Liulin spectrometer  WEB based Liulin spectrometer  
(at ALOMAR observatory, Norway at (at ALOMAR observatory, Norway at http://1http://12828..3939..135135..66//))

Weight:Weight: 140140 gg
Size:Size: 8484x40x40 mmx40x40 mm

Cons.: 200 mA from 5  V DCCons.: 200 mA from 5  V DC

Internet module Internet module Master controllerMaster controller Slave controllerSlave controller
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ConclusionsConclusions

 2 different modifications of Liulin type spectrometers was devel2 different modifications of Liulin type spectrometers was developed, oped, 
build and flown on Foton M2 satellite. The differences between bbuild and flown on Foton M2 satellite. The differences between both oth 
instrument data during the aircraft flights do not exceed few peinstrument data during the aircraft flights do not exceed few percent;rcent;

 R3DR3D--B2 spectra data show presence of 4 different formations in the B2 spectra data show presence of 4 different formations in the 
region of SAA: First is the maximum of protons with high energieregion of SAA: First is the maximum of protons with high energies in s in 
the norththe north--west side; 2) The protons lower their energy in the southwest side; 2) The protons lower their energy in the south--east east 
direction; 3) In the southdirection; 3) In the south--east  side of anomaly, where maximum of east  side of anomaly, where maximum of 
electrons with energies larger then 0.1 MeV is predicted by AE melectrons with energies larger then 0.1 MeV is predicted by AE model is odel is 
observed a pure electron  or bremsshtrahlung spectra; 4) Pure elobserved a pure electron  or bremsshtrahlung spectra; 4) Pure electron  ectron  
or bremsshtrahlung spectra are observed in the region of outer or bremsshtrahlung spectra are observed in the region of outer 
radiation belt also;radiation belt also;

 The comparisons of R3DThe comparisons of R3D--B2 with LiulinB2 with Liulin--E094 data allows us to confirm E094 data allows us to confirm 
results obtained with Liulinresults obtained with Liulin--E094; E094; 

 Future experiments in space are under development and will be Future experiments in space are under development and will be 
performed up to 2019;performed up to 2019;


