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1 FDTV radiation darmnage test 1) space
Weloaded PADLES along with the High-Definition
TeleVison (HDTV) camera and its CCD elementsinto

the I SS Russian module ZEVEZDA.
Objectives:
1. Correlation between absor bed doses of CCD elementsfor
space radiation and the number of the white deffects

2. Correlation between the white deffect spots and
the HZE-particletracks
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4 Exarnplefor whnite spots
on theimage getting by HDTV
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Pascsive Dosirmneter for Lifesclernce Experiment 1n Spzeee)

The PADLES syetem has been originaly developed fior biological
experimentsin space by NASDA.

On the basisof ground performancetestsusing HIMAC heavy-
lon accelerator, the PADLES can also be applied for radiation
resar ch of electronic devices and the personal dosimetry for | SS
crew members.

1. Absorbed dose (TLD-M SOs),
2. LET distributions for > 10 keV/u m-water (CR-39),

3. Doseequivalent (TLD-MSO + CR-39),
4. Tracking of HZE particles (CR-39 stacks).



2. Flight Experimei DAdIES
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2. Flignt Experiments

1 Flignt concditions
Altitude 400km, Inclination 51.6°
2 Flignt durations
Launch 21/8/2001 18:23 J Russa PRGRES5P @ Baikonur

Thelst recovery 31/10/2001 71days  Soyuz-TM32
The 2nd recovery 5/5/2002 257 days  Soyuz-TM 33
The3rd recovery 10/11/2002 446days  Soyuz-TM34



P CR-39 (TNF-1)

> Pre-exposed
CR-39 ( TD-1)
for Calibration

CR-39(TD-1)
for dosimetry
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2. Flignt =Xperirmerits DQA\ES
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A Consiltuent Elarmernt
| Nateral Iype Wanufacturer No. Note
Dosimeters
TLD TLD-M=20-3 KEasei Optonics 10 Absorbed dose
CR-39 TD-1 (0 9mmE ) Fvkvvi Chemical 3 LET distribution
Absorbed dose
Dose equivalent
THF-1 (0.9mm® ) Fvkvvi Chemical 3 LET distribution
Absorbed dose
Dose equivalent
TD-1 (0.9mmE ) Fukuvi Chemical 8 Tracking
BARYOTRAE (0. 45mm ¢ ) Fukvei Chemical 16 sheets Tracking
TD-1 (0.9mm *) Fukuvvi Chemical 2 zheets Si1. Fe irradiated.
sensinrity correctoon of CR-39
CCD device
CCD ICZ230A8 ESO2 SONY 3 HCCAM CAM CODE 2 2million
No. 2037 pizxcel. 213 inch FIT type CCD
No. 2038
No. 2039
C-MOS PB-1024 Photobit 1 1million pixcel. 145pin Ceramic
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W 3 Dosimetry - CR-

B LET distributions of heavy-charged pa
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3. Dosirnetry -
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m Total absorbed dose : Drgra
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A high-speed and semi-antmatic analysis system for track
detectorswith an dlipsefitting algorithm developed by NIRS,
SEIKO presision, KEK and NASDA.




2. Doslmetry - LET distriputior) -

1 Measuremenis of LRP and SRP for consiruciing LET distriotuions
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3. Dosimetry - resulits- QAAICS

. Duration: 31/8/2001 31/10/2001

LRP+SRP ( 71 days)

reader 15.3 + 0.7
proton equivalent absorbed dose (mGy) 19.3 + 1.0
Co0-60 equivalent absorbed dose (mGy) 18.6 + 0.9
the absorbed dose 10keV/um 2.4 : 0.2
dose equivalent 10keV/um 32.4 + 2.7
Dtotal (mGy) 20.1 x 1.0
Ht m 501 S 2.9
Dtotal (mGy/day) 0.283 x 0.014
Htotal (mS /day) 0.705 + 0.040
QF(ICRP60) 2.49 + 0.19
LRP

reader 15.3 + 0.7
proton equivalent absorbed dose (mGy) 19.3 + 1.0
Co0-60 equivalent absorbed dose (mGy) 18.6 + 0.9
the absorbed dose 10keV/um 1.6 x 0.1
dose equivalent 10keV/um 18.1 x 1.9
Dtotal (mGy) 19.7 x 1.0
Hb 36.1 d 2.1
Dtotal (mGy/day) 0.277 2t 0.014
Htotal (mS /day) 0.509 + 0.030
QF(ICRP60) 1.84 + 0.14
SRP

readertoutp 153 + 0.7
proton equivalent absorbed dose (mGy) 19.3 + 1.0
Co0-60 equivalent absorbed dose (mGy) 18.6 + 0.9
the absorbed dose 10keV/um 2.0 - 0.2
dose equivalent 10keV/um 30.6 x 2.6
Dtotal (mGy) 20.0 + 1.0
Hb 48.6 + 2.8
Dtotal (mGy/day) 0.282 x 0.014
Htotal (mS /day) 0.684 + 0.040
QF(ICRP60) 2.42 x 0.19




3. Dosimetry - resulits- QAAICS

Duration: 31/8/2001 5/5/2002

LRP+SRP ( 257 days)

reader 46.5 i 13
proton equivalent absorbed dose (mGy) 58.8 + 21
Co0-60 equivalent absorbed dose (mGy) 56.7 + 1.8
the absorbed dose 10keV/um 6.5 : 0.5
dose equivalent 10keV/um 79.8 S 6.0
Dtotal (mGy) 60.7 + 2.1
Ht 134.0 + 6.4
Dtotal (mGy/day) 0.236 : 0.008
Htotal (mS /day) 0.521 + 0.025
QF(ICRP60) 2.21 + 0.13
LRP

reader 46.5 i 13
proton equivalent absorbed dose (mGy) 58.8 + 21
Co-60 equivalent absorbed dose (mGy) 56.7 + 1.8
the absorbed dose 10keV/um 4.4 + 0.5
dose equivalent 10keV/um 41.5 + 8.9
Dtotal (mGy) 59.6 + 2.1
Ho 96.7 x 9.2
Dtotal (mGy/day) 0.232 + 0.008
Htotal (mS /day) 0.376 * 0.036
QF(ICRP60) 1.62 x 0.16
SRP

reader 46.5 + 13
proton equivalent absorbed dose (mGy) 58.8 + 21
Co-60 equivalent absorbed dose (mGy) 56.7 i 1.8
the absorbed dose 10keV/um 6.2 * 0.3
dose equivalent 10keV/um 76.3 * 55
Dtotal (mGy) 60.6 - 2.1
Ho 130.8 + 5.9
Dtotal (mGy/day) 0.236 + 0.008
Htotal (mS /day) 0.509 + 0.023
QF(ICRP60) 2.16 + 0.12
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5. Dosirmetry - results- DQAACS

Duration: 31/8/2001 10/11/2002

LRP+SRP ( 446 dayS)

reader 65.0 + 2.6
proton equivalent absorbed dose (mGy) 82.1 + 3.7
Co-60 equivalent absorbed dose (mGy) 79.2 + 3.4
the absorbed dose 10keV/um 16.3 - 1.9
dose equivalent 10keV/um 173.4 - 30.3
Dtotal (mGy) 86.2 S 3.8
Ht 2433 + 30.6
Dtotal (mGy/day) 0.193 - 0.008
Htotal (mS /day) 0.546 + 0.069
QF(ICRP60) 2.82 + 0.38
LRP

reader 65.0 + 26
proton equivalent absorbed dose (mGy) 82.1 + 3.7
Co-60 equivalent absorbed dose (mGy) 79.2 + 3.4
the absorbed dose 10keV/um 13.0 + 1.3
dose equivalent 10keV/um 120.8 + 22.1
Dtotal (mGy) 84.3 x 3.7
Hb 192.0 + 22.4
Dtotal (mGy/day) 0.189 x 0.008
Htotal (mS /day) 0.431 + 0.050
QF(ICRP60) 2.28 * 0.28
SRP

reader 65.0 + 2.6
proton equivalent absorbed dose (mGy) 82.1 + 3.7
Co-60e 79.2 + 3.4
the absorbed dose 10keV/um 24.7 * 2.0
dose equivalent 10keV/um 194.6 * 30.5
Dtotal (mGy) 86.4 x 3.8
Hb 256.3 + 30.7
Dtotal (mGy/day) 0.194 + 0.008
Htotal (mS /day) 0.575 - 0.069
QF(ICRP60) 2.96 + 0.38




3. Dosirmnetry - Surmrnary - DQACS

2 LET distriputions
LET distribution = LRP (10~45 keV/um) + SRP (>45keV/um).

Dese equivalents and quality factors increased.

B D, ,H,.,.0F

(mGy/day) | (mGy/day) | (mSv/day)
1 2001/8/21~2001 /10/31 (71days) | 028340014 0.202 050910030 | 2491019

2 2001/8/21~2002/5/5  (257days) | 0.236+0.008 0.156 037610036 | 2.21+013
J 2001/8/21~2002/11/10 (44fidays) | 0.19310.008 0.179 0.431+£0.050 | 2.82+0.38

* R-16: Russiun ionizing chamber on | SSZVEZDA

Recovery Dates QF




1 Metnod

(1) Analysed package:
Package #01 CCD 2097, 2098, 2099 (71 days)

(2) Anlayzsd HZE particles:
Relativestic and semi-relativestic particles (S ~Fe)

A5 B
BARTO

TD-1
BARTO

Arrangement of CCD elements
and CR-39 stacks.

AR 22
BARTO
TD-1

BARTO

Dtect HZE particleswith heavy
etched BARYOTRAK sheets
Estimatethe LET with TD-1
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BARYOTRAK surface after 61.5h etching
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HZE particles penetrate to the effective area of CCD elements
2.2 million pixcel/CCD) wer e analyzed.
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4 Tracking

CCD 2037  7ldays
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O CCD value from CR-39

® CCD White effects




O CCD value from CR-
39 measurements
@ CCD White defects




4 LET valusso

SM trakking
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4 Tracking - results- DQAACS

Thenumber of HZE particlesand their LETs measured in
the CCD areas 1920x 1080 pixsels, 0.52 cm?

CCD 2037 tracks 120.7 LET 721.1keV/y m
CCD 2038 tracks 1155 LET 1057 keV/py m
CCD 2039 tracks 1542 LET 590.2keV/y m

Most of these HZE particles are Si to Fe nucel.



5. Surnmary & FutureWork | eleYe |25

We conducted spaceradiation cosimetory for theradiation darnacge test of HDTV
CCD dlementsusing passive detectors (PADLES) In ISSZVEZDA, 21/8/2001
10/11/2002.

I Doslrmetry

We measur ed the absor bed doses, dose equivalents, QFs for space
radiation in theentire LET region by a combination of TL D-M SO and
CR-39 data.

The LET distributionswerereconstructed from SRP and LRP
distributions.

4 Tracking
We conducted tracking of the HZE particleson CCD elements using
CR-39 stacks.

4 Futureworks
Development of AutoPADL ES system
-high-speed and semi-autmatic analysis system for track detectors -
Tracking for correlation with HZE and white spot of CCD elements.
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