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Constituent ElementsConstituent Elements

■■ PADLESPADLES
( Passive Dosimeter for ( Passive Dosimeter for LifescienceLifescience Experiment in Space)Experiment in Space)

TLDTLD--MSOMSO--SS (thermoluminescent dosimeters)

MgMg22SiOSiO44：：Tb powder enclosed Tb powder enclosed 
a a pyrexpyrex glass with glass with ArAr gasgas
( Kasei Optonics industry )

Polycarbonate t=1.3mm

TLD
2φx12mm

AcrylicResin
t =2mm

CR-39 t=0.9mm

BEAM

CRCR--39          39          （plastic nuclear track detectors ）

HARZLAS TDHARZLAS TD--1 are doped1 are doped

with 0.1%wt NAUGARwith 0.1%wt NAUGARD 445D 445
( Fukuvi Chemical industry )



■■ ISS ISS Russian segment flight experimentexperiment
31/8/2001 31/8/2001 –– 10/11/2002 (7110/11/2002 (71--446 days)446 days)
Space radiation damage test of  Space radiation damage test of  
HDTV CCD device for HTDV imagesHDTV CCD device for HTDV images

Flight experimentsFlight experiments

■■ STSSTS--95 flight experiment95 flight experiment
29/10/1998 29/10/1998 –– 7/11/1998  (8.9 days)7/11/1998  (8.9 days)
Genetic change induced in human cells     Genetic change induced in human cells     
in space shuttle experimentin space shuttle experiment

29/1/2004 29/1/2004 –– (1 year)(1 year)
Simulation as exact as possible an astro
-naut while he leaves the 'protective' 
area of the spaceship to carry out work 
in space

■■ The MATROSHKA project.The MATROSHKA project.



2. PADLES system   ~ from 2008 ~2. PADLES system   ~ from 2008 ~

1. The first KIBO utilization solicitation1. The first KIBO utilization solicitation （（Dr. M. Dr. M. MajimaMajima Kagoshima Kagoshima univuniv..））

TitleTitle ：： Biological effects of space radiation and microgravity on mammalBiological effects of space radiation and microgravity on mammalian cellsian cells
Biological sample Biological sample ：：Human neuron progenitor cellsHuman neuron progenitor cells

Conditions Conditions ：： Experimental unitExperimental unit（（3737℃℃））,, 11--3 months3 months

2. The international announcements of opportunity 2. The international announcements of opportunity （（Dr. Y. Dr. Y. FurusawaFurusawa Kyoto instituteKyoto institute））

TitleTitle ：： Biological Response of the Silkworm, Biological Response of the Silkworm, BombyxBombyx morimori, in Space, in Space
Biological sampleBiological sample ：： The egg of the SilkwormThe egg of the Silkworm
ConditionsConditions ：： MELFIMELFI（（44℃℃））&&CBEFCBEF（（RTRT））, , 6 months6 months

3. The international announcements of opportunity 3. The international announcements of opportunity （（ Dr. T. Dr. T. OnishiOnishi Nara Medical Nara Medical univuniv..））

TitleTitle：：Gene expression of p53Gene expression of p53--regulated Genes in Mammalian Cultured Cell after      regulated Genes in Mammalian Cultured Cell after      
Expose to Space EnvironmentExpose to Space Environment

Biological sampleBiological sample ：：human human gliomaglioma cell lines, mouse lymphoma cell line cell lines, mouse lymphoma cell line 

ConditionsConditions ：： CBEFCBEF（（3737℃℃））,, 2 weeks2 weeks
4. The international announcements of opportunity4. The international announcements of opportunity （（ Dr. F. Dr. F. YatagaiYatagai RIKENRIKEN））

TitleTitle：：Detection of Changes in LOH Profile of TK mutants of Human CultuDetection of Changes in LOH Profile of TK mutants of Human Cultures Cellsres Cells
Biological sampleBiological sample ：： human human gliomaglioma cell linescell lines

ConditionsConditions ：： not yet decidednot yet decided



Load period Load period ：： 33～～6 months6 months

temperature temperature ：： --8080℃℃～～3737℃℃

2. PADLES system2. PADLES system

Biological sample

Culture chamber

Biological experiment unit

PADLE package for ISS 
( under manufacturing)

Cell Biology Experiment Facility
(CBEF )

The Minus Eightys Degree Celsius 
Laboratory Freezer for the ISS (MELFI )

Japanese experiment module
‘kibo’

■■ PADLES is located close to biological samples in ISS KIBOPADLES is located close to biological samples in ISS KIBO



GroundGround--based experimentsbased experiments in HIMACHIMAC

■■ TLDTLD--MSO MSO ：： The dose response between load period of monthsThe dose response between load period of months

0.1

1

10

100

0.1 1 10 100

Fe ion 204 keV/µm
Ar ion 94.4 keV/µm
Si ion 57.9 keV/µm
C ion 13.5 keV/µm
proton 0.54 keV/µm

R
el

at
iv

e 
TL

 y
ie

ld
  (

a.
u.

)

Absorbed Dose in water (mGy)

TLD-MSO (Mg2SiO4:Tb)

1 month

6 months Absorbed doses on a space shuttle
(An altitude and An angle of inclination areAn altitude and An angle of inclination are
equivalent to ISS, STS-89,-91) 
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GroundGround--based experimentsbased experiments in HIMACHIMAC

■■ TLDTLD--MSOMSO ：：Fading effects for heavy ionsFading effects for heavy ions

H 0.54keV/H 0.54keV/μμm, 10mGym, 10mGy He 2.3keV/He 2.3keV/μμm, 50mGym, 50mGy Fe 200keV/Fe 200keV/μμm, 50mGym, 50mGy
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ProgramsPrograms –– PADLES analysis procedure PADLES analysis procedure ––

88μμm short m short ethingething for SRPfor SRP
23 23 μμmm long long ethingething for LRPfor LRP
7N 7N NaOHNaOH



Programs Programs --anan improvement of the precisionsimprovement of the precisions--
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CRCR--39 data39 data--basebase
・・A calibration curve
・Calibration curves at
various incident angles

TLDTLD--MSO data baseMSO data base
・The calibration factors
（Co-60、Cs-137、Proton）
・LET response functions
・Fading effects



ProgramsPrograms--HighHigh--speed and semi automatic analysisspeed and semi automatic analysis--

Chemical etching,Chemical etching,
Washing, drying : 5daysWashing, drying : 5days

MaterializationMaterialization of high speed analysis by JAXAof high speed analysis by JAXA

TL reader measurement : TL reader measurement : １１minmin

Manual Manual calcurationcalcuration : several days: several days
Auto PADLES Auto PADLES ：：within 30 sec within 30 sec 

Manual measurement : monthManual measurement : month
Auto PADLES  : several minutesAuto PADLES  : several minutes

30 min /30 min /１１cmcm22

Data input, file output  : 1minData input, file output  : 1min

The maximum analysis and data offering time to about 2 weeks forThe maximum analysis and data offering time to about 2 weeks for each experimenteach experiment



PADLES demonstrationPADLES demonstration

■■ TLD PADLESTLD PADLES

Handy for reference and selecting automatically
・The serial number, Lot
・Response rate for gamma-rays, High-energy protons 
・The history of use
・Available/Non Available
・Under use/ Preservation



PADLES demonstrationPADLES demonstration

■■ TLD PADLESTLD PADLES

Managing the individual data of TLD elements
and make the output files for AUTO PADLES
・Tserial number, Lot
・The calibration factors obtained for

gamma-rays, High-energy protons 
・The history of use
・TL readouts on past flight experiments 



PADLES demonstrationPADLES demonstration

■■ AUTO PADLESAUTO PADLES ・・The Experiment dataThe Experiment data--base sectionbase section
・・The CRThe CR--39 processing section                                           39 processing section                                           
・・The dose estimation section The dose estimation section 

A  large amount of A  large amount of 
microscope imagesmicroscope images

The dose estimationThe dose estimation
(1) LET(1) LET distributionsdistributions
(2) Absorbed doses(2) Absorbed doses
(3) Dose equivalents(3) Dose equivalents

CR-39 response database 
for heavy ions from ground
-based study

An An elipseelipse--fitingfiting

Measurements ofMeasurements of
the major and minor axisthe major and minor axis

The TLD PADLESThe TLD PADLES
TL readout output filesTL readout output files

TLD-MSO response 
database for heavy ions 
from ground-based study

The Experimental data filesThe Experimental data files

inputinput inputinput

outputoutput

outputoutput

The CRThe CR--39 processing39 processing



■■ The CRThe CR--39 processing section39 processing section - microscope image scan -

AUTO PADLES  for CRAUTO PADLES  for CR--39 analysis39 analysis

ＬｕｚｅｘＳＥＬｕｚｅｘＳＥ

Focus : Auto-focus with an infrared marker 
Scan speed : 0.4sec/image        File form : BMP

30 min/1ｃｍ2

( 4000 images)



A highA high--speed and semispeed and semi--automatic analysis system for track automatic analysis system for track 
detectors with an ellipse fitting algorithm developed by NIRS, detectors with an ellipse fitting algorithm developed by NIRS, 
SEIKO precision inc.SEIKO precision inc.

AUTO PADLES  for CRAUTO PADLES  for CR--39 analysis39 analysis

■■ The CRThe CR--39 processing section39 processing section - an ellipse fitting -



3. 3. DosimetricDosimetric results in ISS ZVEZDAresults in ISS ZVEZDA
using AUTO PADLESusing AUTO PADLES
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■■ Differences of LET distribution caused by measurement methodsDifferences of LET distribution caused by measurement methods

1. Manual measurement 

2. Pit analysis measurement (automatic)
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■■ Differences of LET distribution caused by measurement methodsDifferences of LET distribution caused by measurement methods

3. 3. DosimetricDosimetric results in ISS ZVEZDA results in ISS ZVEZDA 
using AUTO PADLESusing AUTO PADLES

71 days 257 days 446days

Absorbed Dose 2.0% 1.2% 2.4%

Dose Equivalent [mSv] 6.6% 5.6% 10.4% Contributions of total absorbed dose≧400keV/μm



4. A support for life science experiments     4. A support for life science experiments     
on ISS JEMon ISS JEM

■■ ISS biological research experiments proposedISS biological research experiments proposed in the first KIBO 
utilization solicitation （（PADLES for experimental unit M type PADLES for experimental unit M type ））

1PADLES / １ unit  → total  8 PADLES will be needed.
〔Without ground control〕

1 PADLES : CR-39    16 sheets
（minimum analysis area 1cm2 )
TLD-MSO     160

Analysis time required :  26 days （208 h ：8h/day work time）



MicroscopeMicroscope FocusFocus Size of sensorSize of sensor resolutionresolution Scan methodScan method Scan speed forScan speed for

typetype （（pixlpixl）） um/pixelum/pixel 1cm1cm22

LeicaLeica
Contrast of image 

processing 764764××574574 0.33 0.33 Step scanStep scan 7h 1min7h 1min

LuzexLuzex
Auto-focus with 

an infrared marker 768768××493493 0.38 0.38 Step scanStep scan 32min32min

HSPHSP--10001000 Cylindrical
2^32^3××1^51^5

(0.7(0.7××35mm)35mm) 0.350.35 Line scanLine scan 30sec or less30sec or less

■■ The comparison with scan speedThe comparison with scan speed

1 1 lifesciencelifescience experiment need up to experiment need up to 10~100 sheets of CR10~100 sheets of CR--3939

・・ 1 sheet of CR1 sheet of CR--39  : 17839  : 178μμmm××132132μμmm /field, /field, １１cmcm2 sample
→→ 4800 fields/sample4800 fields/sample

・・PPlurallural life science experimentslife science experiments will be conducted on board at the same time

We will reduce the maximum analysis and data offering time to the maximum analysis and data offering time to about 2 weeksabout 2 weeks
for each experimentfor each experiment

4. A support for life science experiments4. A support for life science experiments
on ISS JEMon ISS JEM

We need more and more speedup of analysis time !!We need more and more speedup of analysis time !!




