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ICCHIBAN Project

(InterComparison for Cosmic-ray with Heavy lon Beams At NIRS)
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o Determine the response of space radiation dosimeters to heavy ions of
charge and energy similar to that found in the galactic cosmic radiation
(GCR) spectrum.

® Compare response and sensitivity of various space radiation monitoring
instruments. Aid in reconmlmg Ifferences in measurements made by
various radiation instruments during space flight.

o Establish and characterize a heavy ion “reference standard” against which
space radiation instruments can be calibrated.
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2" and 3 Proton ICCHIBAN

@ To understand responses of luminescence detectors for Low
LET components
» Main objects: TLD, OSL, glass, etc.

* To expose detectors with same conditions, the ICWG
(ICCHIBAN Working Group) prepared “Standard
Packages”.

» Construction of radiation field for low LET particles at
accelerators.

; G; e e
Standard package YYXIXXX)

2090586060606
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2" and 3 Proton ICCHIBAN

@ 2" Proton ICCHIBAN (PI-2)
 proton 70 MeV (Jan.29th 2010) @ NIRS-Cyclotron
* Proton 40 MeV (Feb. 5th 2010) @ NIRS-Cyclotron

See Uchihori et. al. “The preliminary results of the Proton ICCHIBAN 2

experiments for luminescence detectors”.
http://www.wrmiss.org/workshops/fifteenth/Uchihori.pdf

@ 3" Proton ICCHIBAN (PI-3)
» proton 30 MeV (Feb. 4™ 2011) @NIRS-Cyclotron
» proton 235 MeV (Feb. 7th 2011) @ NCCHE-Cyclotron

@ Covered LET(in water): 0.45 — 2 keV/um
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National Cancer Center Hospital East
(NCCHE) Cyclotron
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Place: Kashiwa-City, Japan 7
Establish: April 1997 *
Purpose: Cancer Therapy

http://www.ncc.go.jp/en/ncce/about/hospital_e.html

" @® ® ©
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Type: AVF-Cyclotron
Beam: Proton 235 MeV

http://www.shi.co.jp/quantum/eng/product/proton/proton.html "

@

Gantry Treatment Room

6
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3" Proton ICCHIBAN in NCCHE

Target detectors

4 standard packages were
exposed same time.

4
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Characteristic of 235 MeV beam

Bragg curve Uniformity
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Exposures of proton 235 MeV beam
in the NCCHE cyclotron

Result from range measurement, energy
of the beam is 203 MeV, not 235 MeV.
#But, | use 235 MeV In this presentation.

This is the first trial for the NCCHE
cyclotron to be used as “reference field”.

Exposed doses are almost 80% for nominal
doses and have large errors because the
nominal doses are smaller than the typical
clinical doses.

We will evaluate the exposed dose, again.
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Characteristic of 30 MeV beam

Bragg Curve o Horizontal
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Relative exposed dose™ for 30MeV proton

at positi

Type A
Package

.....

Nn

0.956
0.974
0.983
0.987
0.987
0.983
0.973
0.957

0.973
0.985
0.992
0.996
0.996
0.993
0.985
0.972

0.981
0.992
0.997
0.999
0.999
0.997
0.991
0.980

0.990

0.986
0.994
0.998
1.000
1.000
0.998
0.994
0.984

0.996

0.987
0.995
0.999
1.000
1.000
0.998
0.994
0.986

0.991 0.999 0.999

0.976 0.990 0.990

0.987
0.995
0.999
1.000
1.000
0.998
0.994
0.985

0.984
0.994
0.998
1.000
1.000
0.998
0.992
0.982

0.978
0.990
0.996
0.998
0.998
0.995
0.988
0.976

* Not available for 235 MeV proton beam



Exposure List

LET(keV/um) . 0.45
Linear -

10 mGy
(8 mGy)

50 mGy
(40 mGy)

100 mGy
(80 mGy)

300 mGy
(240 mGy)

Aluminum 50mGy with  50mGy with 50mGy with -
Plate Immt 3mmt 5mmt

* Values in brackets are typical exposed dose measured by the ion chamber.
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Examples of results
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Example of results
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Comparison between different
types of detectors
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Conclusion

In order to intercompare and calibrate luminescence
detectors for space radiation dosimetry, 2"d and 3
Proton-ICCHIBAN were performed.

We used two accelerators for PI-3. Addition to the NIRS
cyclotron, the NCCHE Cyclotron was used to expose
higher energy proton beams.

After the accident of Fukushima Dai-ichi nuclear power
plant, we must concentrate it. Now, we start to promote
ICCHIBAN project !

To ICCHIBAN participants, please send the data for the
Pl-2 and PI-3.
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Proton 70 MeV, Nominal Dose 100mGy
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Proton 40 MeV, Nominal Dose 100mGy
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Blind 1
70 mGy H 70 MeV
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Blind 2
50 mGy “He 2.2 keV/um
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Blind (Extra) 3
52 mGy 12C 11 keV/pum
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Blind (Extra) 4
200 mGy 'H 40 MeV, 20 mGy 12C 11 keV/um, 10 mGy 28Si 55 keV/um
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Specification of the NIRS-Cyclotron

@ Type: AVF Cyclotron

® Beams:
e proton 5-80 MeV

4He 20-110 MeV

@ This cyclotron is used to rproduc rad|0|sotopes for
SPECT/PET mainly.

@ It is usable for scientific experiments about one day
per a week.

® Typical experiment time is from 11 am to 7 pm (8
hours).
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Reference Radiation Field
(C-8 course)

Beam Plpe
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St Faraday ToF Scatter Wobbling Beam T
CUP  petector magnets monitor ToF
~ Detector

gaaam/ Beam monitor is an ionizing
chamber with 17cm diameter

aperture.
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Exposure list (PI-2)

Proton 70 MeV
1mGy, 10 mGy, 50 mGy, 100 mGy
50 mGy with 5 mmt aluminum
Proton 40 MeV
1mGy, 10 mGy, 50 mGu, 100 mGy
50 mGy with 3 mmt Alminum

Blind
#1 /0 mGy Proton 70 MeV
#2 50 mGy “He 2.2keV/u

Extra #3 52 mGy 12C 11 keV/um,

Extra #4 200 mGy Proton 40 MeV,
20 mGy 12C 11 keV/um, 10 mGy 28Si 55 keV/um
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Exposure List (Blind)

2"d Proton 70 mGy Proton 70 MeV
ICCHIBAN 50 mGy “He 2.2keV/um
52 mGy 2C 11 keV/um

200 mGy Proton 40 MeV, 20 mGy 12C 11 keV/pum,
10 mGy 28Si 55 keV/pm

3'd Proton 50 mGy Proton 30 MeV with 1mmt Al
ICCHIBAN 200 mGy Proton 30 MeV with Immt Al

100 mGy Proton 30 MeV with 1Immt Al
200mGy Proton 235 MeV
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