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1. Introduction ~ PADLES system ~

m Dosimeters (CR-39/TLD)
m  Dosimetric quantities : LET(keV/u m), D(Gy) , H(SV)
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2. Some problems to be solved for the analysis of CR-39
used for space radiation dosimetry

m Etching depth dependence of LET distributions above several keV/p m
and its effect on dosimetric results

m  Thresholding of bitmap images to get etch-pit mouths as binary objects
and its effect on calibration curves of CR-39

m Bubble-like etch pits increasing with the exposure time in
space and its effect on dosimetric results

3. A future plan for PADLES experiments inside 1SS JEM




1. Introduction ~Dosimeters (CR-39/ TLD) ~
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1. Introduction ~ Dosimetric quantities ~

B [otal absorbed dose : Dy (Gy-water

ICRP60 QF-LET relation

mEioualfdese equivalent

PN\ AN =\ \ AT —

1 10 100 1000
LET (keV/um)

mean L efficiency for nign-LET particles from TLD
I LID-IVISO



- 1. Introduction - Exclusive hardware and software for PADLES ~
. We will realize a data offering time less than 2 weeks per experiment.

Chemical etching,
Sample return

Washing, drying : 5days
Flight Experiments ——— >
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2. The present problems on CR-39 analysis

s Etching depth dependence of LET distributions

above several keVV/um and its effect on dosimetric
results

m Thresholding of bitmap images to get etch-pit mouths
as binary objects and its effect on calibration curves
of CR-39

B Bubble-like etch pits increasing with the exposure
time In space and its effect on dosimetric results




Comparison of RRMD-I111 and CR-39 (STS-84 and STS-91)
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Motivation

The particle fluxes obtained from
RRMD-I11 were two or three times
higher than those obtained from the
CR-39 plates.

Bulk Etch = 33~40p m

Selected only conical etch pits

for LET measurements

— Were short-range particles lost in

CR-39 measurements in this study?

Mission

Absorbed dose rate (4-200 keV/ 2 m)

Dose equivalent ratea (4-200 ke ¥/ pm)

= liawara et.al. 2002

(it Gy/day) {1 Sv/day)
CR-39 RRMD-III CR-39 RRMD-III
STS-84| 1 T 46 899 14 *+ 30 427
226 + 30 na 174 + 26 405




W Eich Pit analysis for LET measurements
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1. Manual measurement (before STS-95 in JAXA)

Operators selected only the sharp-pointed conical etch pits by observing the bottom
of the etch pits with adjusting a focus. As the results, short-range particles
roughly R < Bulk etch) were rejected in LET measurements.

———————————————————————————

X

{a) a Pointed tracks (b) a Rounded tracks

ment (the present method In JAXA)
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The ellipse fitting program developed by NIRS, SEIKO precision inc.
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. Etching depth dependence of LET distributions

STS-95 : 29/10/1998 - 7/11/1998 8.9 days, Orbital Inclination: 28.45°, Orbital Altitude: 574 km

Joint research between ERIL resarch and JAXA using STS-95 sample
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1E-01

The high altitude caused a hlgh Intensity of
protons,and consequently, increased target-
fragments (short-range and high LET particles)

In measurements of LET distributions.
LET-water{keV/|Lm)

1.

Detected particle fluxes
Increased with decreasing
bulk etch amounts.

ERI results (B=46um, semi-
automatic) well agreed with
JAXA results (B=23um,
manual).

B=8 um measurements was
effective for detecting short-
range and high-LET target
fragments (> about 100
keV/um).



Measurable range of space radiation by PADLES
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Comparison of results from B=8um and B=23 um inside 1SS

ISS Russian segment :launched at 31/8/2001 71days ,51.6°, 400 km
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For 71-day flight, the LET distribution
from B=8 um agreed well with those
from B=23 um.
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Thresholding of bitmap images

Motivation : Optimum threshold levels depends on:

Loading periods =~
igh track density causes Q
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B=23 um calibration curves
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B=8 um calibration curves
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& Bubble-like etch pits in a long-term flight
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Motivation So far, we have participated two long-term flight experiments.

31/8/2001 — 10/11/2002  71-446 days

Space radiation damage test of
HDTV CCD device for HTDV images

1.8 year
8/2005 539 days




Bubble-like etch pits increasing with exposure time in 1SS-SM

ISS Russian segment : 31/8/2001 — 10/11/2002, 51.6°, 400 km
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Bubble-like etch pits increasing with exposure time in I1SS-SM
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1. Thedensity of bubble-like @~ { |[446days: SRP( B=8jum)

etch pits increased with

(R<23um.)
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Bubble-like etch pits increasing with exposure time in 1SS-SM
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Both etch pits (blue and red) are
recognized as the same LET
particle, if the same calibration
curve.

However, the LET of rounded
etch pit (blue one) must be
underestimated.

So, we could not conclude at the
present study that the bubble-
like etch pits are attributed to
low-energy protons.
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A future plan for PADLES experiments inside 1SS JEM

Cell Biology Experiment Facility
(CBEF)

PADLE package for ISS
(under manufacturing)

Sy W
e l

Biological experiment unit

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

ISS biological research experiments

m A personal dosimetry for Japanese astronauts inside ISS and during EVA

m  Monitoring radiation environments inside JEM



W Conclusions

Etching depth dependence of LET distributions

Considering Short Range Particles (SRP) such as target fragmentations, we
Introduced the double detector method (combination of B=8um and B=23um)
through the joint research with ERIL Research (Dr. E. Benton).

In the low earth orbit around 400 km such as ISS, LET distributions would be
measured by using only the 8um-etch sample.
Thresholding of bitmap images to get etch-pit mouths

as binary objects and its effect on calibration curves of CR-39
Optimum threshold levels depends on loading periods, depth of etch pits ,track dip
angle, etching depth, and so on.

We need calibration curves corresponding to different threshold levels to obtain the
consistent dosimetric results.

Bubble-like etch pits increasing with the exposure time in space

and its effect on dosimetric results

The density of bubble-like etch pits increased with increasing a loading time from
71 days to 446 days in ISS SM.
These etch pits contributed to a LET region less than 10 keV/um.

The bubble-like etch pits must be short-range particles (R<23um.)
The bubble-like etch pits are probably attributed to low-energy protons.
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