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PADLES�Passive Dosimeter for Life science Experiments 
in Space �package

The PADLES package consists of two types of passive and integrating
dosimeters, a CR-39 Plastic Nuclear Track Detector (PNTD) and a 
ThermoLuminescence Dosimeter (TLD) .
� Data reading can be done only on the ground.
� Total accumulated doses are obtained. These are not obtained at real-time.

Plastic Nucrear Track Detector
CR-39

Thermo Luminescence Dosimeter
TLD-MSO Plastic Nucrear Track Detector

CR-39

After chemical etching, we can see the track of heavy ions > 4 keV/µm.

■The PADLES is a compact passive crew dosimeter without electric power. 
■ less crew time required (Just wearing)
■ maintenance free onboard
■ easy to attach to astronaut’s clothing and ExtraVehicular Activity (EVA) suits. 



1. IIntroductionntroduction ~ PADLES System ~

�The PADLES system was developed for routine analysis of many 
PADLES 

packages recovered from ISS every increment. 
� High-speed and semi-automatic analysis of CR-39 by the AUTO 
PADLES



1. Introduction ~ Measurement of absorbed doses by TLD ~
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KKprotonproton�Dose calibration constant     
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MM�Reader output
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temperature and period

Space radiation is dominated by 
proton above 90%. Thus, we 
determined the calibration constant 
by exposure to
160 MeV protons up to 2 Gy.



1. Introduction ~ TLD fading correction depending on the 
loading temperature and period~
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1. Introduction ~ TL response as a function of LET ~

( )
 39CR

m10keV/ 
)()(

−

>∑ ∆
=

D

LETDLETf
µκ

KEK Radioisotope Lab : 60Co-γ
IRM � 60Co-γ�137Cs-γ
NIRS�HIMAC:

Proton�160 MeV
C�290 MeV/n
Si�490 MeV/n
Ar�500 MeV/n
Fe�500 MeV/n

with PMMA, AL and Cu as energy 
degradator to change LET.

d

κκ��mean TL mean TL effciencyeffciency in the LET in the LET reagionreagion above above 
10keV/10keV/µµm)m)



1. IIntroductionntroduction ~ Calibration curve for CR-39 PNTDs ~

�Research project with heavy Ions  at NIRS-HIMAC

Calibration curve for high-energy 
heavy ions of TD-1. The curve can be 
applied to both the 5.5 h (SRP) and 
13.5 h (LRP) etched samples. 

C   290 MeV/n
O   400 MeV/n
Ne 400 MeV/n
Si  490 MeV/n
Ar 500 MeV/n
Fe 500 MeV/n
Kr 300 MeV/n

With Al, Cu and 
PMMA as Energy 

degradator
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LET obtained from the measurement of the major and
minor axes of heavy ions tracks. We have developed 
the soft ware ‘AUTO PADLES’ for measuring several
thousand tracks. 

(Elips fitting program, N. Yasuda et.al. (2005))

Binary images Oval fitting 

SS : Track formation Sensitivity : Track formation Sensitivity 
VVT T : Track etch rate: Track etch rate
VVB B : Bulk etch rate: Bulk etch rate
DD :Major axis:Major axis
dd :Minor axis:Minor axis
BB :: Bulk etchBulk etch



1.1. IIntroductionntroduction ~ DosimetricDosimetric quantities ~

■ Total absorbed dose : DTOTAL (Gy-water�
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2. Measurements of LET distributions

We detect the particles 
passing through the surface 
after chemical etching.

(b) (c)(a) (a)

Proton

CR-39 (TD-1) 
as radiator

CR-39 (TD-1) 
as detector

Heavy ion particlesHeavy ion particles

The surface for The surface for fluencefluence
measurementsmeasurements

Heavy ion particles

The surface before etching

The surface after etching ○ (a) selected

× (c) rejected

× (c) rejected



2. CR-39 correction for Dip angle dependence

Particle fluence F is calculated from a count factor Neff and track 
density NT . We must correct the Count Factor, because our CR-39 
plastic has the dip angle dependences in track formation sensitivity.

1. Without correction 
(In case that the detectable minimum dip angle is the theoretical one).

F(paticles/cm2�
� Teff NNF =

1
sin1 2

2
2

eff −
=−=

V
VN thθ
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2�Correction method by Doke et al.1997 using ηη.



2. New dip angle correction of CR-39 based on Ground performance test

Short range Particle
(SRP) etching sample

5.5h etching for 
LET≥50keV/µm 
θmin= 60°
∴ Neff = 33.1

Long range Particle
(LRP) etching sample

13.5h etching for 
LET<50keV/mm 
θmin= 80°
∴ Neff=4.0
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The MATROSHKA experiments : Phase 1

■ Location of three PADLESs
� Outside � Down link temperarure, -24.6�23.8� : the mean value -5.6��

: Head box on Matroshka phantom, mainly exposed area
� Inside �RT��on the wall inside ZVEZDA 
� Ground control �RT��DLR

■ Loaded period
From launch to return 1/29/2004 – 10/11/2005 �621 days�

→ Exposed area 2/27/2004 –8/18/2005  �538 days�
→ Inside ZVEZDA 1/29/2004 – 2/26/2004, 8/19/2005 – 10/11/2005 �83 days
�
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CR-39 LET distribution �10keV/µm

The MATROSHKA Results: Phase1
Comparative results between with or without corrected

ISS inside
Zvezda

ISS Outside
ISS Outside

ISS inside
Zvezda

Absorbed Doses Doses euivalent

STS-95 : High altitude ��574 km� and Low inclination mission�28.45°�, thus protons in the 
Earth’s trapped radiation belt had great contributes to exposed doses.



Effect of correction for dip angle dependence 

Does value Efficiency of  
correction

Absorbed dose rate [mGy/day] 0.60 ± 0.05 0%

Equivalent dose rate [mSv/day] 0.81 ± 0.06 6%

Mean QF (ICRP60) 1.36 ± 0.15 6%

Absorbed dose rate [mGy/day] 1.76 ± 0.09 0%

Equivalent dose rate [mSv/day] 2.66 ± 0.13 8%

Mean QF (ICRP60) 1.52 ± 0.11 7%

STS-95

Matroshka
Outside

By dip angle correction,
1. Total absorbed doses didn’t change practically,
2. Total dose euivalent doses and mean QF showed 

an increase of 6~8% .



Effect of correction for dip angle dependence 

When protons had great contribution to exposed Doses, it is 
necessary to do ‘dip angle correction’ for LET distribution 
measurements above10keV/µm.

In case of CR-39 measurements �10keV/µm

When efficiency is large,
● STS-95� High altitude and Low inclination 
→ The contribution of Flux from trapped proton is bigger than 

cosmic ray.
● Matroshka outside: Shielding is very thin.
→ Low energy protons mainly contributes to exposed dose in 

a high LET reagion. 
When efficiency is no low,

● Shielding inside ISS is thick
→ The contribution of fluence from cosmic rays is siginificant.



The MATROSHKA Results: Phase 1 LET distributions
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The MATROSHKA Results: Phase1 Results

* ICRP60
** With subtraction of the dose from the reference package on Ground control



Plan of Presentation

1. Introduction  ~ The PADLES system ~ 

2. Correction for dip angle dependence to improve 
accuracy in LET distribution measurements 

3. Reevaluated results on MATROSHKA Phase 1 
using the new correction method 

4. Results on MATROSHKA Phase 2



■ Location of three PADLESs
� Inside Phantom Head box �RT�
� Inside �RT��on the wall inside ZVEZDA 
� Ground control �RT��DLR

■ Loaded period
From launch to return 12/22/2005 – 12/23/2006 �366 days�

The MATROSHKA experiments : Phase 2



The MATROSHKA Results: Phase 2 LET distributions
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The MATROSHKA Results: Phase2 Results

* ICRP60
** With subtraction of the dose from the reference package on Ground control



Supplement 

PADLES Activity on board �KIBO

�



Area Monitoring – Area PADLES from 1J�Inc17) –

� The Area monitoring aims to perform a survey of the radiation   
environment at 12 fixed locations inside JEM by Area PADLES.

� Area PADLESs is to swap out every 6 Increments throughout  
JEM program. 

Location of Area PADLES on JEM

PORT endocone

STBD endocone

The direction 
of movement

Stand offStand off

Area Dosimeter consists of cashing 
holder (46 x 46 x 9mm) containing 
dosimeter package, tether with clip 
and Velcro.



Area Monitoring – Area PADLES -

2008.06.12  Mr. Gregory E. Chamitoff astronaut onboard KIBO



Stand-offs
PORT endcone

Stand-off  
DECK

Stand-off  OVHD

�-2 Operations   – Locations in 
KIBO –

STBD

POR
T

Stand-off

STBD endcone



��Flight Schedules & Expectation

The results of Area PADLES are expected to:
■ Support the planning of the life science experiments 
■ Contribute to risk assessments on space flights
■ Update of the space radiation models.

Area PADLES results obtained by all Area dosimeters will be opened     
to JAXA Web site, PADLES database.

http://iss.sfo.jaxa.jp/kibo/kibomefc/srpds/srpds8.html
........ now under constructing.

� It’s a free access site in Japanese/English
� We also have expectation to use the control exposed dose of 

Japanese astronaut in future. 

http://iss.sfo.jaxa.jp/kibo/kibomefc/srpds/srpds8.html


Radiation dosimetry of Biological samples – Bio PADLES -
�Radiation dosimetry of biological samples aims to investigate the 
correlation 

between the biological effects and dosimetric quantities in a space radiation 
environment by Bio PADLES.

�Bio PADLESs will be installed extremely close to biological samples of 
Silkworm,   

human cultured cell and so on. 

Cell Experiment Unit�
CEU 

Plant Experiment Unit: 
PEU�

Measurement Unit: 
MEU

Cell Biology Experiment Facility: Cell Biology Experiment Facility: 
CBEFCBEF



Bio PADLES used for biological research experiments 
p r o p o s e d  i n 
the international announcements of opportunities and the first 
JEM utilization solicitation.

2-2 Radiation dosimetry of Biological samples – User of Bio PADLES 
-



Personal Dosimetry – Crew  PADLES –

� The personal dosimetery aims at dose records of the each     
astronaut for the increments. 

� Crew PADLESs will be provided for continuous use during 
their missions throughout EVA and IVA. 

� Dose records are applied to asses radiation exposure limits 
defined to individual astronauts in future. 

PADLES package 

JAXA’s strap for a portable 
telephone

Crew PADLES dosimeter

Launch / Return EVA
Light : 14.4 g
Compact : 52.3 X 45.1 X 9 mm 



JAXA Crew PADLES Cooperation

We evaluated portability and operability of Crew PADLES using 
four Shuttle flight opportunities participating Asian astronauts 

for   
15S, STS-123, 16S and STS-124 flight. 

2007 Oct,  15S Soyuz for Dr. Muszaphar (ANGKASA)
2008 Feb,  STS-123 for Dr. Doi (JAXA)

Apr, 16S Soyuz for Mr. Ko (KARI)
Apr,  STS-124 for Mr. Hoshide (JAXA) 

2009 Feb, 15A for Mr. Wakata (JAXA, Expedition crew ) 

Dr. YiDr.Muszaphar Dr. Doi Mr. Hoshide Mr. Wakata
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