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Akinori Suglura E;Kazutoshl Suzukl KatsutoTashlro , Akira Noda,
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iz, B, i%;@%ﬁ B F R R OB E IR S T b\é[l] TRT (Z AT 72 U PERIAL
JLF# (RI) DEGETIZ, BWIRED B —ANEREN TS, S4EEFEIE, 34 MeV He”' D b — A1
T, #—75v NER 20 euA DE—NFRAEW 2T Z LN TET, if_ HORL -8R D AE W R B AR
LR D HAEWFAFFETIL, 2 E T 6 MeViu DRFEIR L UOHRIC LD ERMTONATE T, SHICHE
BEREWRA 6 MeV/u @gﬂwz@ D, G ZATO ZENTE L, EEOEM A REITWRN D, 2
BOKEMRE LI Z 25T 5, Q-magnet DEHRL, ZHE THIEXII LR L LRRT v a A—F %
AW TV =FEEASHIER O PLC & PCIZ L D HlfHl~DOLER T,

1.34 MeV He? E— LR
FEE S RI il — 2 C-9 =2 — R |2BNT, TRT ITTelT 7= B e R T35 O 83 5 1EOMFZE 2 T
nNTnWa, 2oknTh, At @%Lﬁiﬁ@lﬂmﬁn_&b HILTHY . WEEE LV 34 MeV He?' v — Al

ﬁ%ﬁoTWéo;ﬂiT 15 epA O B — LFREOBRIIIT > TEB Y . HIZ 20 epA OFRETER I H X
FHEYENR 21T o T,
if\ME¢@B—Ammﬁ\ﬁﬁm&ﬁm#%@fvﬁkﬁﬂottb NVEN=E EiE
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A7 by OFLICHEINLTWDHA 7L
27 4 (Inflector) 7>5, HXY H UIERT & 72 5 e/
(R=920 mm) & TONIHEZNZIL 48%7> 5 50%IZ 72 30 -
ST, SHIZT 7 VI XD ESN—F=y 7 aA -0 1
JLOFHEE R L2 LD R=920 mm S HH L%
(Extracted) & T B — AHUH LA #IX, 83% 05 it L
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® % e 9 w

Beam phase [degree]
iy
NN

Phase probe number

X 1:34 MeV He?* v — Af7FE %%

TETHD,
F# 1. 34MeVHe” v — AR L O%)%
Inflector R=920 mm Extracted R=920 mm Extracted Extracted
[epA] [epA] [epA] /Inflector | /R=920 mm | /Inflector
AR 31.0 15.0 12.4 48% 83% 40%
A 50.9 25.5 22.8 50% 89% 45%
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[1] S. Hojo, et al., Proc. PASJ2014, 2014, p.331.
[2] S. Hojo, etal., Proc. PASJ2014, 2014, p.254.
[3] Y. Takahashi, et al., “Operation of NIRS Cyclotrons” WA02014, Germany
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PRODUCTION AND DEVELOPMENT OF MOLECULAR PROBES
USING CYCLOTRON IN 2014
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Ming-Rong Zhang, Kazunori Kawamura, Kazuyoshi Nemoto, Hisashi Suzuki, Kotaro
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STUDY OF FANDAMENTAL TECHNOLOGY
FOR HIGH PRECISION PROTON THERAPY
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SBEHT 272D DOBH#1 CT B ESEDOHENLIZ BT 5 B R R S 285k 2 24 5,

2. RBA&E
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[2] A. Miyatake, T. Nishio, T. Ogino, “Development of activity pencil beam algorithm using measured distribution
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[4] T. Nishio, T. Ogino, K. Nomura, H. Uchida, “Dose-volume delivery guided proton therapy using beam
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BHFROEMNRIDBBEICE 1T 5 ERMEHR
BIOPHYSICAL INVESTIGATION ON THE INITIAL PROCESS OF HEAVY-ION
IMPACT

KEXE ®iF2° EEXE . FHEZC
FiuFE—°, BBEREA . FAREC, HFEHHFEC
D. Ohsawa”, H. Tawara®, F. Soga®, Y. Iwata®, R. Hirayama®, N. Matsufuji®, A. Noda®, K. Noda®
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=
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NEBZIZSHETNEEWE[1-3], K112 CTMC 0% O o Blgmat R o A 2 ~3, Zp, ZtiZA
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B x VX —ZHETHZ L CTEHOAELZHE L, TOME, T7hbb, WEfEs 55, CTMC FHE
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DOUBLE DIFFERENTIAL CROSS SECTION OF FRAGMENT PRODUCTION
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Toshiya. Sanami®, Yuji Yamaguchi®, Yusuke Uozumi®, Yusuke Koba®
MEBEIRLF—IESIAEEE LEEBRUMEER BSR4 —
b N KRZB IR
¢ BMEHREFREMERR

B=

Epk 26 FEOKRIEMY A 7 1 b a L OFEERTIE, B AR D AR IC X DR E ORI %
HEgE LT, 50 MeV, 100 MeV ~V 7 A AHf & 50 MeV [RFEAFHTHTTH_Y U A, RE, T2
=T A, S, BE—T >y MDD O AR B WEAENE 21T o7, . WEAEOILRTEE
HIZHELT = > =D B 21T 72,

1. B®

18T AL X — AR O . UM R, SRR E e A IFSE T s B 72 5 4 7 )V — 7 CIIsZ ik v A&
B B W AE D AFPRLFARAFEEB O NI TH 2 L2 HME LT, EMY A 7a b 2RH L
TERT — X OBGEIT>T0D, ZRETOME[-101ICL Y, BT, BT, ~V 7 AR, R
FAFHZHT DRV Y T A JRF, TIVI =T L, TH X =7y 8D OB AR By
WIE RSSO TV D, T OERT — & EHEFHEOR 2 T2 2 L1k 0, Bl ARk
X ORTBEFE S 72 D T HELRBERE TOZ R X — LT OMHREFG LT D Z ERbiroT
T, BB BELRRER Tl S AR I . EG . ZEE . U U AR E O i
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RAIAICE T A MEBHFER-EMSMEBEDRIE
MEASUREMENTS OF CHARGED PARTICLE PRODUCTION
CROSS SECTIONS AT MOST FORWARD ANGLES

AE AN B0 KBRS KRE XEAKC. EHEEERC. LO#E °.
oig B’

Yusuke Uozumi*, Taro Hashiguchi®, Hidenaru Yoneshige®, Akifumi Sonoda®,
Yuji Yamaguchi®, Yusuke Koba’
bAMNKRERFRIZMER I RIILF—=FIFEEM
LAMAKRERERIZFIRIILF—EFIFER
¢ AMKEIZEIRILF—FZH
D MAHRERREAEERBKIE<KHE TS Y
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AL 6°,9°,12°,15°,20°,30° Th o7,

6°, 9° ZHDORIHHETIE, E—2BREZBELSNZDLENDH DN, ML —LBRTIZ7 7 75—
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%Nb (p,dx) at 40MeV
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B FHROBRIBZER RIS D TRILF—IREFEIZET S RBHTIR
EXPERIMENTAL STUDY ON ENERGY DEPENDENCY OF
PROTON-INDUCED TARFGET FRAGMENTATION REACTIONS

IJ\ZF [[RRN jt*tj-l‘-é-]
Satoshi Kodaira, Hisashi Kitamura,

BETREFREMRAMARER L o 2 —HREB R EMSHRER SRR

B=
B N S35 B 7 RR 25 AR HIZ RN AE AR 3 D AZ BORERARL 112 K 2 RIS
BENTWD, HEHERERL 13, EREED /v 7 4 2 OIZDEIEIRIED & DI MFR 7 EHEME2 RN
M XD EN D, T O TRENEWIEF IZE W LET (e r L X —fF5) 2ok 2o\ T,
AW \ZHZ HMERBIIEHTCE RN EEBZ6ND, TEROBMEFHINE T —RE — 4 L FRIRFC A S
TR DORIFEFFHANEE LN 0, LET AXY MVOFERNPLETH L Z L Enn, ki1

ﬁi® B EHIIII T O TR VOREIRTH 5, AW T, Gw9772%/7l¢mwﬁﬁ
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W72 R BRIl DR 2 D T D, KUY A 7 v he v Z2 W T, mmww%nmmv&f@
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i%. ZKHT LET T 100 keV/um LLF O CTRIE IS & 2372 B R 2 fifgsd L7z,
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kbfw %o ZDOHFEIE HIMAC e[RRI A FERREE(H286) (2B W T H T L C#ED TS, HIMAC T
mlmwwﬁauz2wmvwmizw#—%ﬁf@%%%ﬁofkw A4+)74w&<m i
PMMA 7 7 V=) ZHWEZ XA X —EICLY, KFDOT T v 7 h—T - 1= ki O E %
ﬁﬁbfwéoi*W¥~®1Fﬁﬁny®ﬁ#\77/~Aﬁﬁfgﬁ% THAET DGR EER)
FTNRIICAERTH2HEL LR TEDTBHRE—LTHDLEEZOND Z LD | BRSO
T RNFX—RFPEICOWTIIIM A EZED Z LI3E LV, £ 2T, BFETIEY A 7 v be b fiih S
NHIET RV X —DG1# % 30MeV 725 7T0MeV (272> T2 X =Rl Z Lick v, Bt
R DOBERIRZBRE S D = RN — (KA 2T+ 2 Z L 2 B &35,

2. EBFE
C-8 a—RA|IZBWT, V7 T—EA & BELIRIC X - TEL 7Tom MERE O B — LA X TH—72 R
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KL DA E AR CR-39 B & ORI A KA E A MIET 2 7212 [2]. A AT 90 EA D 15
JE & T 15 EAN A DF 6 AETHRE Z1To70 (K1) , BEBREITY o 7V BBELE T IS5 L7 AT
SR O RIUEBEFR O 7> MEIZKX VHIE L72[3], ZOEBEBEFOE L., TOREIEICERE L
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v F 7%, CR-39 #[fi%Z AFM (Veeco Dimension-V) % FAWTHER L, WK DIEBREG 2 Bifs L
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The evaluation of the radiation quality dependence in heavy—ion dosimetry
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N. Matsufuji*®

Abstract

The extent of recombination on an ion
chamber is dependent on the radiation quality
of incident radiation. In particular, heavy ion
beams such as carbon shows complex radiation
quality. The reason is not only the energy of
incident ions is continuously changing in the
material, but also the beam is associated with
fragment particles of various species and
energies produced by nuclear reactions.
Therefore, it is essential to evaluate and
formulate of the recombination characteristics
of the therapeutic beams for the accuracy of the
treatment. However, few studies have been
carried out so far on the quantification of the
recombination effect. In this study, it was
aimed to experimentally obtain the
recombination characteristics of ion beams to
understand and  formulate  using the
track-structure model.
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Modified structure along nuclear tracks in etched track detectors
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Fig.1. IR spectra of PADC films before and after the exposure to 30 MeV protons in air.
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Fig.2. Reduction of the relative absorbance of ether, C=0 and CH groups in PADC films exposed to 30 MeV protons.
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Fig.3. Effective track core radius for the loss of ether bonds in PADC as a function of the stopping power.
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(~dE]/dx). 3)
FITIBRT= L 91z, Fx T o~ 28 MeV & a2 72 3B T L THED TETWAHN, 22
TIHZERLOMEL 7 ey FLTEY (AkEOMA) | #iEhiE LET I —HIETW5D, KIFETH
BT 24 LV GIEIZT ~HEV L RERMEIZR>TEBY B X—D7 1 k AZDONTO MRS
T EHED B Z LS PADC HIZIERR &N D b T v 7 OFHEFHl O 72 DI VB TH D . PADC 235 HJgk
FEDEWTRBMRHER TH D 2 & Oy 7 EOBE 2 T 572D L RAIKRIZ/R > T D,

4. £FE®
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Fig.4. Radiation chemical yields for the loss of ether bonds as a function of the stopping power.
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Investigation of biological effects after proton exposure.
BTEEF °, Cartwright lan?, BERE ", BRHAEKX . | FE—-
Jeddie o, BEFZFSEC. LRI, SRHEIE °, David Chen®, MEEEN®
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Hisashi Kitamura®, Akira Fujimori®, Mitsuru Uesaka”. Takamitsu Kato®
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Hm=

This study investigated the effects of targeted mutations in the DNA-PKcs kinase and phosphorylation domains on
cell survival to different qualities of ionizing radiation. These mutated CHO V3 cells were exposed to 500
MeV/nucleon of initial energy and 200 keV/u m monoenergetic Fe ion, 290 MeV/nucleon of initial energy and
average 50 keV/p m Spread out Bragg Peak C ion, 70 MeV/nucleon of initial energy and 1 keV/pu m of
monoenergetic Protons, and 0.663 MeV of initial energy and 0.3 keV/u m of Cs**’ y radiation. We showed that
sensitivity to high LET radiation is increased when both the S2056 and T2609 clusters contain a point mutation,
where as the PI3K cluster only requires a single mutation to induce the sensitized phenotype of V3 cells.
Additionally, we show that sensitivity to DNA crosslinking damage by cisplatin only requires a single mutation in
one of the three clusters and that additional point mutations do not increase the cells sensitivity.

1. FE

B RRE PR AW IR O KRB A 7 v b a Ufigg (NIRS-930) 1230 T, 70MeV (AN S Au7ohi
T, AR E (-8 TR AZ1To72 (1), MEMTIEIZ D=L X =D #a v T, mEl
BB IThNE (2), ZHE TS T3 ERIC T R ERE., BB OB E 0 Th
nTwiz (3, 4, 5),

BF# 0 Relative Biolgoical Effectiveness (RBE)IZTHAgICIS L% 1.1 F2E & S, fhd{X LET
(Lineaer Energy Transfer) JSHHRCH D X Sob o~ UM EE2 oL ST\, Lo,
T, 77 v 7 E— 7T, & LET iR & ORI IES B E T L oRELHY (6, 7,
8). WMEMOY A 70 bua OFEIZBWTO RBE Z2HBiET D20NENL DL EEXT-, Fxlt.
NIRS-930 T BN DR DM R ZWRFET 572D, T0MeV (ZHIE S 7=k % VT, DNA 18
RABAMAE, HFIZ DNA-PKes & /X7 BITHEA IRBeRER D N o -l 2 L7, fESIE. v #RIRFE
. BRIRE ST b 0 &l LT,

2. RBMHLEAE

A) Cell Culture Condition

For this study we utilized a wild-type Chinese hamster cell line CHO10B2, NHEJ-deficient xrs-5 and V3 cells,
HR-deficient 51D1 cells, and cell lines derived from DNA-PKcs null V3 cells with complemented human DNA-
PKcs cDNA containing amino acid substitutions at various positions that are described in Table 1. Cells were
cultured in MEM-alpha (Gibco, Indianapolis, IN) supplemented with 10% fetal bovine serum (FBS, Sigma, St
Louis, MO) and 1% antibiotics and antimycotics (Gibco), and they were maintained at 37°C in a humidified
atmosphere of 5% CO, in air.

B) Radiation Condition

Log growing cells were irradiated aerobically at room temperature. The radiation source was a J. L. Shepherd and
Associates irradiator that emitted Cs**’ y rays at a dose rate of 2.5 Gy/min. Cells were also irradiated using
accelerated iron-ions, carbon-ions, and protons at the National Institute of Radiation Sciences in Chiba, Japan.
The LET of the radiation used are as followed 500 MeV/nucleon of initial energy and LET 200 keV/u m
monoenergetic Fe ion, 290 MeV/nucleon of initial energy and average LET 50 keV/u m Spread Out Bragg Peak
(SOBP) C ion, 70 MeV/nucleon of initial ener% and LET 1 keV/u m monoenergetic Protons, and 0.663 MeV of
initial energy and LET 0.3 keV/u m of Cs™’ vy radiation. Additionally, the cells were exposed to various
concentrations of Cisplatin for 1 hour before being plated for survival experiments. Survival curves were obtained
by measuring the colony forming ability of irradiated cell populations. Cells were plated postirradiation onto 60-
mm plastic petri dishes and incubated for 7- 10 days for colony formation. The dishes were then fixed with 100%
ethanol and stained with 0.1% crystal violet solution. A colony with more than 50 cells was scored as a survivor.
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Table 1: Cell lines derived from DNA-PKcs null V3 cells with complemented human DNA-PKcs cDNA containing
amino acid substitutions at various positions in the DNA-PKcs constructs.
% Serine (S) and threonine (T)

substituted by alanine (A) in the Abered e Substituied Domains o
S2056 and T2609 cluster sites. e | e [ v e T T T | | TR T | e | o | o
b Vv3-KC23 mutant carries a frame- T | W

shift at position of amino acid 3715 [~ | == S .

that resulted in truncation of the I~ =T PR

protein after 10 amino acids and LS | Vvasma £

loss of the entire PI3K kinase [ s [F=* * R
domain. S -

¢ V3-KA4 mutant substituted lysine vz Ly

3752 (K3752) to arginine (R). il ¥
¢ V3-KB20 mutant substitited |pl e [ * F T F OF] .

leucine 3750 (L3750) and K3752 to

arginine (R).

® V3-KD51 mutant substituted

aspartic acid (D) to asparagine

(N).

3. /R

A) Cell survival curves Figure 1:

Figure 1 is a summary of cell
survival curves of each cell
line after photon and hadron
radiation exposure. Some cell
lines showed slightly increased
radiosensitivity in proton
exposure compared to photon
radiation. However, compared "
to carbon-ions and iron-ions, SN

Bl Fradion

proton radiation sensitivity is fg ai
much lower. i
l,icu.m
Figure 1:Survival curves of P
CHO mutant cell lines. Dase (G

CHO10B2, V3, XRS5, 51D1,
and all L-series cells were
exposed to 500 MeV/nucleon
of initial energy and 200 keV/u
m monoenergetic Fe ion, 290
MeV/nucleon of initial energy
and average 50 keVig m
Spread out Bragg Peak C ion,
70 MeV/nucleon of initial
energy and 1 keV/iu m of
monoenergetic Protons, and
0.663 MeV of initial energy
and 0.3 keV/u m of Cs™ y
radiation. @ indicates y
radiation, O indicates proton
radiation, A indicates Carbon
ion radiation, and 4 indicates
Iron ion radiation. The error
bars are the standard error of
the mean.

4. EE

we have shown in this study that the whole DNA-PKcs protein is required for repair of high LET induced DNA
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damage. As seen in L-5 and L-6 a single point mutation is able to decrease the sensitivity of the cell to a value similar to
the DNA-PKcs null cell line. However, when both the S2056 and T2609 clusters are both damaged the sensitivity of the
cell to high LET radiation is increased as seen in L-4 and L-2. Additionally, unlike high LET radiation and low LET
radiation (photon and protons), cellular sensitivity to cisplatin appears to only require a single point mutation in one of
the three clusters investigated. Likewise, when a second cluster is mutation, the cell does not become more sensitive as
seen in cells exposed to high LET radiation.
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ANALYSIS PROTON-INDUCED CELL DEATH BY THE MICRODOSIMETRIC
KINETIC MODEL (MKM)
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Masao Suzuki®, Taku Inaniwa®, Shinji Satou®, Hisashi Kitamura®, Takeshi Murakami”

A RABREFREHRAENFERF V2 —ERENFERFHEI 1) T4
B: MAHREFHREMERENFERZ V7 —RERENFAEHIEI 1) 74
C: WA MREFREMEREMFERFE V7 —YEIFEM
D : MEHREFREMERARERE L > 7 —HRE BRI

BE

HA A DT O RE P DR BB ©— L OGO B R BRI A 7 V2 —
IALRD I DI IR IR TSR B O BIRIHE DS 2 A& AR L LT, F7 VT - v 22 b —
voa U T DS L 2 D AW B SRR T — 2 R A D T D, TR O 26 I, E
TOVIRITICAE N 5 & FHESRBS AMIIEZ VT, SRk 25 SEREICROE L7 — RIS TAAFERDHKI 5% L 72
LA 0705 3 RFRHIFREE o Ll A IR R AIRR C B L, 2k 2 MR Bse sk 2~ 4
FIRGNI X 2 REBR R 2 5N L,

1. BH

IRFBA T R07 1 b AL DD ATERDERIEIRIRIEA 7 Y 22— /VIEEEO T2 DI, R A &
DEIRGHEZ WL T 5 2 E DRI TH D0, KB Z S B W o B GHI X9 5 AW i) JL
T —HIFFEFIROEN TV ORI TH 5, ABFERE T, R SR B — A OGO
TRy BIRN A ¥ 2 — WSRO T DI AR R BRI T — 2 D5 6, 7'a hATxtd 555
F—HEHERL, IBEET L MKM  (the microdosimetric kinetic model) [1]iZ3@H U CHIFESES)
RSOMPARIBERICEE T 537 A =2 —%E L, R IREOEEICE T DB OMEICHF 5T 5
ZLERHEME LTCEE Lo, BoiieT —# S BIUEHIMAC T L TV D RFEA A4 B — L RE OEER
T ARG, Ta b ERL TR E DR BN ARIR OB O — b Z b . RIS T
DRLFHREHIED A X 2 — RER & & B LT 5,

2. EBAZE

SR 26 AEFE D FEBRIZIE, R 25 AR CEH L2 M HSRHIAON B EER R SR 2N AR ER (Human
undifferentiated carcinoma cell line from floor of mouth : HSGe—C5) %AV /-, C8 =— XA TS
D T0MeV 7' k& FWT, SRR 26 HREEICERE L7 RT3 D A F 30 6% FRIE & 7 D
HEGy D 3 R O A B W R CEOFIRN 217V, 21 = —BREIC TR FESE 2 i
HL., Whwd Elkind recovery [2] ZFH~7-,

3. ERRER

[ 1 12 HSGe—C5 AMARIT Xt 3% Elkind recovery HhfRZ "7, 7'm b A% 3 2 %I Tid, X#
THAEZN TV EIRIFE 100-120 43 TEIEDEN S OEIEN K L7225 L 5 72 Elkind recovery i
L FRE R BOERED S DEERBIZE S 72, 100-120 O EIRIFRTIL. 0 4 (OEREHEL) (oxt
LTC2THEEWETFRER LI, 72 HIMAC DIRFEA A OFT —H L OEN G, A LET O/l S0
IREA A ERIL L DGEIRE NG DEIENRH D Z &1~ 7,

4. F&OH

Wpk 27 FELIEEIT, (1) b NEFMIICKT 208 AR, (2) {BEEEET S L9 RIEK
7Ty =7k D BRI R., ([T T A ERT — X 2L, EIRAIC X A BRI O
B8 AY LET DT Ko THIE SN2 O0ED 2 IEFHIIE & 03 VBRI TEN & 5 D2 2 H 2N
L. Bon-ERT—%% MM (the microdosimetric kinetic model) (23 H L CRIF#E D Fl i ESE
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3 [BIDISE U 7= B SEBR O A & = OIEHERR 22 %2 T,
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2. HIMAC JR3EA A v B — ABREHZ %7 5 Elkind recovery HEfR, Z4EIRSHIE. REA A4
(LET 13keV/pm) (2 % L T 2.5Gy-interval-2.5Gy ., jx 3 A A4 > (LET 56keV/um) {2 %f L T
1. 1Gy-interval-1. 1Gy D A7 ¥ 22—V TiT o7z, T —Z 1%, 4 [EOMT U 7= FREF SR O 5 E &
T DOIERERR R T,
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CELL KILLING OF MAMMALIAN CELLS AFTER EXPOSURE TO PROTON
BEAMS UNDER OXIC AND HYPOXIC CONDITIONS
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A7 v b b S 70 MeVin [B51-# 2 T, NHEJ RABHRIIE TH 5 xrs6 ffE O #ifa s
BT AT HROMEIEREZ, FUINAIR Dy —5HWTHE L, B80St Tsic o
WML OBLE N B H 2N Lz,
1. BW
KT C xrs6 AR T4 4 RS L. OH T ¥ B L sk ORI E R 2SI BGEIC EORRER 5 LT
WD MNEBENZT 5,
2. EEBFE
Fx A =— AL AL —JEE KD CHO Hife 2 BRI FF-> NHE) &1E KB CToh 5 xrs6 Hifu 2
PR 12 IFREIRIIC . W7 AT v — L B CHRER L7z, B 1 RFERTIC DMSO 202 (R 1% 0.15, 0.2, 0.3,
05 1M) . BBt (70 MeV/n) % CHO M@l RES L7, FREHEREIT 1, 2,3 Gy & L. HELE M
Mz 7T A v —LnbEIL L, 20 =—akE TR O A FRZHIE LT, 4% DMSO JEIZH W T,
PR SN TR Z R, DMSO & AR #E RO M) 5 DMSO i M R K HF O fie KR
HERERDD LT, ARBIEE~OBEHERZ AL 5 2 12 Lz[1-4],
3. ERER
3-1. {ilERFE
Xrs6 #lifd 2 % DMSO J E CHLERZ I~ 7= MR A 17 R ORR R BEFR 2 X 1 12~ L7z, DMSO 2
FEHEIMZAEN, OH T U ARt &, MIRAGTREN ER T2 2 LR TE, £2. BRED
DMSO TIIHIafRED R I BFRIBIC e > TV D Z & bR TE T2,

1 1 1
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001 f

0.01 L L 0.01 L L 0.001
0 0.5 1 15 0 0.5 1 15 0 0.5 1 15

01 f

01

Surviving fraction
Surviving fraction
Surviving fraction
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B1 % DMSOREIZEITS xrs6 fIlADEFFEER

3-2. MEEADHEEE
175 A fRaE R 2 B H L % DMSO (2361 A Al 2 [X] 2A 127K L7-, Alla =13 DMSO
BRI B U, SREFER CIfafnd 2MHm 4R Lo, [LEOME 3 SOEWITBIZE I
MoT=DT, BEEFENTEND L 2R TE T, 72K 2A OO MiE %X 2B ([CHY B L (i
oy ME) | BEIREBROUT OWED HRIIEEEEIZI T D 5RO MBAER % 53 % 46 +/- 10 %
(U X 100%) & HEE L=,
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4. FL&H

Xrs6 ffi 2 K& T Tl BRI S L7235 4. MESEDK) 46%1X OH 7 ¥ /VHSkDMEER TH 5

Z L Rbhoiz, CHO Ml CTIZMBAER D EFHRITK 80% Th 7= T, DNAHBEEEDO —>TH
% NHEJ & BBAERIC X 2B FEDORIEMED B 5 M2 o 72, A %ITIERESRE T COMmBSEICBIT
HBEEH OREREZRD D TFETH D,
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Developments of Radiation Detectors for Charged Particles in the Space
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HIERIKEIESC A % CHRAT 2 FHM T OFERIT L IX. AMRICEL 2 X A — T OJFIK & 72 5 FH
HOERL T2/ ) FHBERICS 5 &b, TOX D BRBEREZIET D7-DIT, HEHEELO KB R
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1. BW

FH O HRERBE D 72 D A 1 X SR FH #(GCR: Galactic Cosmic Ray) T, A7 MR TH)
98U EH T RN X —DG-RHERL FNH Y N> TWD, S LIZEINLDONRIZES 25 87%., ~VU &7
LEAKE (TV7 78 D 12%, O TR N 1% TdhH D, T DT RLF—ALT kLT, 1-10 GeV
ZE—7 L LT, TRUTOZRAXF—TEHRAKICTHEL, TR EOZ R LF—TEZR/LF—(C
BL TREMOBIRTHA LT D, DL, FHEE COBFHAEIZENTIX, 7R
ELTE, BT V7 7O MNEDIEEAEEZEDTEY, 26 LETHER= 2L ¥—1ff5)
K12 D HERE X, WIREZIRET D L TRELSEET L, 20D, FHAGRHBR L
IZRBWTIEL, MEZRN L O TR —E— L THRELZFHMET 2 Z ENEETH D,

Frx o7 N—T T3/ OEFFEEBINRA AT "V A =2 DR EIT->Tn5 (K1) ,
A-DREAMS-1 4P bn-fEiHT. SV avBtiRzs bbb, FHEERICLE Y ar~nx
AINFX—fTHEDARY N EEDLZLNTED, £, BREWVRERANAYy TV —LT7 T v a AT
—%FH, USB #kt T/8— Y rar B a—Z(PC)LBEARETH D, PC % AW THRAEF OHIHE &
T—HNENFRETHD, FEHFLERIICE LD D,
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Evaluation of Detection Technique of EPT and HET Detectors for Solar Orbiter using
50 MeV Deuteron Beam at NIRS
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Abstract

The Energetic Particle Detector (EPD) suite for ESA's Solar Orbiter will provide key measurements to address
particle acceleration at and near the Sun. The EPD suite consists of four sensors (STEP, SIS, EPT, and HET). The
University of Kiel in Germany is responsible for the design, development, and builds EPT-HET and STEP. The
Electron Proton Telescope (EPT) is designed to cleanly separate and measure electrons in the energy range from
20 - 400 keV and protons from 0.02 - ~15 MeV. It will cover the gap with some overlap between suprathermal
electrons and protons measured by STEP and high-energy electrons and protons measured by HET. The EPT
relies on the magnet/foil-technique. The High-Energy Telescope (HET) on ESA’s Solar Orbiter mission, will
measure electrons from 300 keV up to 15 MeV, protons from 10 - 100 MeV, and heavy ions from ~20 to 200
MeV/nuc. These measurement capabilities are reached by a combination of solid-state detectors and a scintillator
calorimeter that allows use of the dE/dx vs. total E technique for particle identification and energy measurement.
To evaluate EPT anti-coincidence technique 50 MeV deuterons were used, as well as to estimate HET scintillation
crystal response to 50 MeV deuterons by utilizing the facility of Cyclotron of NIRS, Japan. Preliminary results of
this experiment are discussed in the report.
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1. Basic principle and Design of EPT-HET

EPT: The Electron and Proton Telescope has heritage from STEREO SEPT. SEPT and Solar Orbiter EPT are
designed to cleanly separate and measure electrons in the energy range from 20 - 400 keV and protons from 0.02 -
~15 MeV, and will cover the gap with some overlap between suprathermal electrons measured by STEP and high
energy electrons measured by HET. The proton measurements will cover the gap between STEP and HET. The
Electron and Proton Telescope relies on the magnet/foil-technique, adapted from STEREO SEPT.

Housing

Magnet

Collimator

BB BEREEREER | J_UT_TU_IJ

Proton
Bimm Electron
‘|i||i|iJI.I|_Ii_.i'|| IVMW
12 mm
6 mm

£

Polyimide layer Sum thick Silicon Detectors (A & C)

(Thickness: 0.3 mm)

Figure 1 . Schematics of EPT sensor head.

EPT has 300u thick two silicon detectors, and are place very close by, as shown in the figure 1 (A and C). One
of the detectors has a 5 thick polyimide foil/layer. The sensor head has a magnet system in front of the non-foil
detector. The telescope is design such way that, at magnet side detects low energy protons and deuterons and foil
side mainly detects low energy electrons. During proposed experiment, it is evaluate our design capability and
anti-coincident logic using 50 MeV deuterons at magnet side of the telescope. Preliminary results are discussed in
the next section.
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HET: HET is one of the instruments in the Energetic Particle Detector (EPD) Consortium of Solar Orbiter
mission. HET helps to understand the sources, acceleration mechanisms and transport process of high energetic
particles. HET will measure electrons from 300 keV up to about 30 MeV, protons from 10 — 100 MeV, and heavy
ions from ~20 to 200 MeV/nuc. It is achieved by combination of Si and high-density scintillation detectors. HET
is designed with Si tracking detectors and a BGO crystal as stopping detector. dE/dx vs total E technique is used
for particle identification and energy measurement.

Si Si
Detector Detector
BGO Crystal R \

Figure2. Cross-section of HET sensor head.

As it is mentioned above and shown in figure 2, HET has 2 cm thick high-density scintillation crystal, BGO. To
estimate the quenching effect of this crystal and understand the phenomenon, it is planned to evaluate with proton,
deuterons and heavy ions*®. This time the NIRS Cyclotron facility was used to expose the detectors to 50 MeV
deuterons. Preliminary results of this experiment are discussed in the next section.

2. Experimental and Results

The EPT as well as HET sensor heads were evaluated with 50 MeV deuteron utilizing Cyclotron facility of
NIRS. Different thickness of PE material was used as an absorber as well as to get fragment (proton) of 50 MeV
deuterons. Analysis of data is in progress and preliminary results of both sensor head are shown below. In the
figure 3, one of the silicon detectors of EPT results are shown. In this plot energy seen in the silicon detector
along x-axis and counts along y-axis are shown for three PE thicknesses 0, 10, and 11 mm. As the absorber
thickness is increased, incident energy of deuteron decreased. As a result of this, energy deposited in the silicon
detector is increased. Detailed analysis of this data is in progress.
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Figure 3. Deuterons seen in one of the centre segment of the EPT detectors.

For HET scintillation crystal evaluation experiments were carried out with 50 MeV deuterons and two different
thicknesses (0 and 3 mm) of PE material. These thicknesses were chosen such way that, deuterons are seen in and
stopped in the crystal. In the figure 4 the energy depositions are shown for two thicknesses of PE absorber. In this
plot x-axis shows energy seen in the BGO crystal (in ADC channels, in mv) and y-axis shows counts. By using
these measurements estimate the light quenching of deuteron in BGO crystal by comparing with GEANT 4
simulation results. Light quenching is one of the important properties of scintillation crystals/detectors for particle
detector application; hence in our work we are characterizing light quenching of BGO crystal using HIMAC
accelerator facility with different ions. Detailed analysis of this data is in progress.
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Figure 4. Deuterons seen in HET BGO crystal.
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Abstract

In June 2014, we performed an experiment at
the NIRS Cyclotron to help us better
understand the calibration of the flight spare
unit of the Radiation Assessment Detector
(RAD). The flight unit is aboard the Curiosity
rover on Mars. The flight spare has previously
been extensively calibrated in the P2 course at
HIMAC with high-energy heavy ion beams,
but one of the interesting observations — first
during the flight to Mars and later on the
surface — has been the relatively large fluxes of
deuterons and tritons. It is important to be sure
we are measuring these particles with the
correct energy scale, which is non-trivial due to
the fact that the energies are mostly measured
in the RAD “D” detector, a Csl(TI) scintillator
in which quenching of the light output may be
an important factor.

Background
The RAD flight unit [1] has been making GCR
and SEP measurements behind shielding since
the launch of the MSL spacecraft in November
2011 [2]. The “sensor head” portion of the
instrument (the part that contains all the
detectors) is shown schematically below. The
A and B silicon detectors define a telescope
geometry; particles in the telescope may fully
penetrate, or (for low energies) stop. The D
s (etector presents
Jeo 126 g cm? of mass
to incoming particles,
so it is by far the
most likely location
for particles to stop.

om

X During the cruise to
Mars [2], RAD was

shielded by other
components of the
spacecraft, mostly by

the Descent Vehicle which was immediately
above the Curiosity rover. Average shielding of
the upper field of view was about 16 g cm™. On
the Martian surface RAD is under an average
shielding of about 22 g cm™ of CO,. In both
situations, isotopes of hydrogen and helium
with energies below about 100 MeV/nuc can be
identified in RAD data using the AE vs. Eio
technique as illustrated in the scatter plot below,
which was made using a sample of events from
the last 6 weeks of the cruise phase. Here we
have selected stopping particles by requiring
hits in the A, B, C, and D detectors, but with no
hits in E or F. Energy loss calculations predict
that protons with energies up to 95 MeV will
stop in D. At higher energies, they penetrate at
least into E. Similarly, deuterons up to 64
MeV/nuc should stop in D.

deutergns | < .

10—

Pulse Heightin D

electrons

il I |
3 4
10 10

Pulse Heightin A+B+C

The importance of stopping particles is that,
during solar quiet time, they are dominantly
secondary particles produced in transport of
GCR ions through shielding. Therefore they
can be used as a sensitive probe of transport
models. It is essential that we are confident in
our identification of these ions and we must
assess the accuracy of the energy calibration.
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Quenching in Csl(TI)

The relation between the pulse height and
energy deposited in scintillators is not simple
due to the effect of quenching, which has been
described by Birks [3]. The light output, dL/dx,
is given by dL/dx = n dE/dx (1 + kg dE/dx)™
where n and kg are determined empirically.
There is a complication when applying Birks’
formula, namely kg is in general a function of
the particle type, so that different ions show
different quenching behavior. There is also
some controversy as to the applicability of
Birks’ Law to inorganic scintillators, but that
debate is beyond the scope of this report.

RAD Calibration

In flight, RAD performs real-time event
processing that relies on calibration parameters
stored onboard. For simplicity, it was decided
that the onboard calibration parameters would
be those determined from minimum-ionizing
particles (MIPs). For the silicon detectors in
RAD, there is no difference between
calibration parameters from MIPs and those
from heavy charged particles. However, for the
scintillators, there is a difference, which may
be quite large. Of particular importance, the
deposited energy scale for D based on MIPs
appears to yield incorrect deposited energy
values when applied to stopping protons. The
data taken at the NIRS Cyclotron are the first
clean low-energy (E < 100 MeV) proton data
the RAD team has been able to obtain. Other
low-energy proton beams were obtained by
moderating higher-energy proton beams; this
technique vyields a broad distribution of
incident energy not suitable for precise
calibration. Also, the H data obtained at the
Cyclotron allow us to verify the identification
of deuterons in flight and to make a careful
check of the energy scale, which — due to the
dependence of kg on particle type — may be
somewhat different from that of protons.

Experimental Protocol
The NIRS Cyclotron provided protons at 30, 50,
and 70 MeV, and H at 25 MeV/nuc. A beam

counting scintillator 3 mm thick was placed in
between the exit of the vacuum line and the
RAD entrance window for most runs, but was
removed during a few of the runs with 30 MeV
protons. The rate from the beam counter was
used as feedback to the operators to keep the
RAD trigger rate low, as it can only process
events at about 100 Hz. RAD has two operating
modes: flight-like, in which the data acquired
are  highly compressed before being
telemetered; and streaming, in which the raw
data are output on a USB port connected to a
PC. Either mode can be used on the ground.
Streaming mode can also be used in two ways,
one with RAD set up as in flight (using the
onboard calibration), and the other so that RAD
IS in “unity gain” mode and raw ADC values
are passed. For each beam configuration, we
ran all 3 ways (flight, streaming with
calibration, and streaming with unity gain).

Results

The unity-gain data can be wused to
systematically check the internal calibration
values, which are set to values close to those
used in the flight unit. That analysis has not yet
been performed. However, previous
comparisons of the flight spare and the flight
unit have shown that their performance is
almost identical, so the results from the
Cyclotron runs can be applied to flight data in
ground analysis. In the histogram below, we
show the total energy deposited as determined
from the onboard calibrations. The five
distributions shown are for (from left to right)
protons at 30 MeV, ?H at 25 MeV/nuc with the
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scintillator in the beam, 50 MeV protons, °H
with the scintillator removed, and 70 MeV
protons.
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Measured Total E (MeV)

20 30 40 50 60 70

Calculated Total E (MeV)

Comparisons between measured energies and
calculated energies are shown in the scatter plot
at the top of the next page. Points for *H are in
blue, for H in red. All but the lowest-energy
point are off by at least 10%, with measured
energy being greater than the expected energy.
The total is dominated by the energy deposited
in D, so the offset is mainly due to quenching.
The offset of the measured vs. calculated
energy for 'H is in the same direction as the
offset seen in RAD flight data. That is, when
we select stopping protons in flight data and
apply the MIP calibration, we find a maximum
energy of about 110 MeV, whereas the range-
energy relation shows that the actual maximum
stopping energy is 95 MeV. It is also
interesting to note that the 2H points are further
away from the expected energy than the 'H
points by an additional ~ 5%, which seems to
indicate that kg is, as expected, somewhat
sensitive to the particular isotope. The only
point that falls below the black line in the plot
(which indicates perfect agreement between
measurement and calculation) is the one for 30
MeV protons. For that point, the calculated
energy is greater than the measured energy.
This may be because the calculation does not
take into account the exit window at the end of
the vacuum line, which has a stronger effect on
the 30 MeV proton beam than it does on the
other beams.

Comparison to Flight Data

The scatter plot at the top of the next column
shows the same flight data as above, but now
with data from the NIRS Cyclotron
superimposed (red points). The three clusters of
events that fall along the proton band are the *H
data, as expected, and the two clusters on the
deuteron band are the *H data. This confirms
that the second band consists of ?H, and
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10 10
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confirms that the flight unit and flight spare
unit have very similar calibrations.

Conclusions

The experiment performed at the NIRS
Cyclotron in June 2014 has provided very
useful data for the calibration of RAD. The key
findings are: (1) the difference between MIP
calibration used onboard and actual energy
deposits by stopping protons is off in both units,
in the same direction, by about the same
amount; (2) confirmation that we have
correctly identified the 2H band; (3) apparent
(small) sensitivity of quenching to isotope; (4)
confirmation of the similarity of response
between the flight unit and flight spare.
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AAEREL, TR BINGIR S EL0 0T AT 4 VW E~ORET A N &21iT-72,

2-1. BHASRXT4J)L%E Schott BG3 ~DEHt

JEM-EUSO TiE, FHMZER T ¥ V—IC L2 KR&KEE BB 5, ik, msEsMRaEg co
%%ﬁﬁ@bfﬁb\xgﬁﬁﬁtﬁ%%%ﬁét (RS E W~ ¢ /L Z Schott 4Ll BG3 7 «
A D)EHERTHTETH D,

1
0.9 N

o
-1

=
—
A

Internal Transmittance
n
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X 1.5mmE®D BG3 7 4 V% DNHA B BEDORE i,
WEERZ BB L, AIEEREZFBIETHARNI ERbM1D

AEl, BG3 7 4 /v Z DGRBS 21TV, D% OBBEOEALZW]E LT, M7 ré L
TlZ. 0.01 kGy, 0.03 kGy, 0.1 kGy, 0.3 kGy, 0.7kGy, 1.0 kGy @ 6 FEE/ERL L7, 2 b DY T D4y
JeFmRERE L, FERF > T OB RRE Ok EIT o 72, TOREREK 2 27T, BG3 7
4 VB DB TR KT D Fm B ORI, SEAMRER T 7 A L0 b L, EERIZR D122 T,
FHRROWD L L 220 . 300nm £ Tlk, 0.3kGy LLEDORRE TIZ 20%LL T/ 5 Z & 2353hho
7=

A A, B R IREHC X D2 b &+ ICiER T 5 72012, 1.0 kGy F TOMRS %17 7273, JEM-EUSO
%@f%%éﬂé&x74w&®mmomeiﬁﬁé@uwﬁﬁkﬁﬁ%%nfwéo:hm\é
B D FAK D 0.01 kGy DR THK) 10 FFAHY ITHYS T 5 2 &2/ b, Lzdi-> T, JEM-EUSO DA
TEBLIHI 6 4FTlX, BG3 7 4 M H DHHFRIC L DBLITEWIETEZ DLV TH D Z Enbnoiz,
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3. F&EH

JEM-EUSO Tl &2 T L CWAERIEZ IR 7 /L% BG3 IZxT % 7T0MeV [5F# B — LD IREHZ
X B SRR E D T A - & FEhE LT, #uE E T 10 45500 Eo K— X2 M5 LU, iddhikic X 5 BG3

T ANADHTERTE DLV THD Z & a2lER L, JEM-EUSO OEREE T T 5 Z & 2R
L7,

3
FATRE SR ATIGERT MY A 7 1 he v 2WT, ARBROIT O ME 25, A n Rz
B2 ENHEE L=, ¥4 71 he s OERICE T A b 5 4 IDR#E L ET,

S5 X

[1] Y.Takahashi et al.: The JEM-EUSO mission, New Journal of Physics, 11, p-065009 (2009).

-71 -



-72 -



8. AHE—LIRH

NIRS-930 [Z& 1+ S5 ARt DO FI AR



NIRS-930 [ZH T 5 FFHEFEDF| AR R
PROPRIETARY RESEARCH AT NIRS-930

AiE BRI, JtiE BA B @A SRR Bk BR RAA K MEA
HH = EE S8° BB E-° # #E° #a BE BE #3°
Akinori Sugiura®, Satoru Hojo”®, Ken Katagiri®*, Nakao Masao”, Katsuto Tashiro”,
Kazutoshi Suzuki®, Akira Noda”, Takanori Okada®, Yuichi Takahashi®, Hiroshi Ii®,

Takashi Kamiya®, Koji Noda”
AL EHEESZRATIERR EHFERPtEU4— PEIPE
B EBTIUC=TY) ook et

[ZC&®IZ

TR E 2R B FEFF O KA 7 1 b 1 (NIRS-930) Tlk, FAEHEHtD~ v Z A L L LT, %
SRS S BRIEF AN THOI T D, T OAEHREHI AL 14 F0 DM &, BIE CldkiEss
FFf O 1 82 5O TW\W5,

1. FABM

FIHBRE LTIE, EICFEBEBRIC L2 E TR ~ORBOFMN S b d, FTHZER TIETF
RS &0 T30 2B LOMEOL TR EEN G S Z S b, Z OFHEBEHRRO
ORI AR K TS NS Em T XX — 1L b —Z L R— X8R & Eh 568k
PR TN R MR EMEEN D AR T ORREESCKANBESE 2 525 2 b T
WA, ZD78, FHZERICB W THHSIEEO RWE T2 FHEM CERT 2B, o0
U O R D 5B 2 A+ 5 LB 8 5, NIRS-930 7> HEEME S 5 B R 2 FH O R IC & £ 1
LB TFIC RS T CETHEERICIRN T2 2 LIk 0, MO AT iz,

2. FARKHR

Rk 26 FEFEIAT - T ARHEME B BT 24 B L7 o7, BHIFEHEMICE ST~ o2 A AR
1226 B Tho7-, 3ESDOXF Y BARHY . 1 BAINEINES &,

AEHREHHC BT D, 2 h BIFTEEEE 2 G723 A 7 v b r o OEiEEEIL A 218.9 B & 7o
oo 2O BARE 72D E— AR ARREIL, b EFREBEEMEZE £, £ a— X THREFIRZ R
LT E— Ll E TE TL oo TV D, EEOFELE 72 o 7o B — LR HIREE OA 51 149 FFfE
=7,

AREHECBIT AR SN 1 & =RV X—F 70 MeV B DT - 72, 80 MeV 51 % fRET L
TWEDEENRS 12N, v 732 F v 7 F ¥ RV OHHKREIK T X 0 #2083 W Ic 22> TV b,
80 MeV DRt HH CX 2 L 9K EZITo TV FETH S,

3. FP—Lad—ZXABLUVEHEH

FEHEMLCIX, C6 =— A L C8 = —ANFIH &iiz, C6 2 — A XMFEFN ¢ 1~2cmFEED ' — A
EHETE5a3—ATHY, C8 a—RIMHITFE ¢ 7 cm BREIZIET7-a—RA 7> TWn5b, FITH
HAENlza—RE, C8a—AThY 2104 K] TH 7=, C6 =— A TiX 85 KFfEjFIIH 7=,

C8 a— A THIH SN —AMEIL LpALL 75 100nA THH ,C6 2—ATIX1IpALLFOE—
LR R STz,

4. FHE—LRHEOFHESIZOWLT

NIRS-930 Z# i L 7= BHEMLZ1T 2 12X, MEMFEFIHBER TR ZZDOTHLERH H, Tk 26
FRET 6 tFDEKZ TIZ 8 FHEDOEBR DM TN T, WE 5 FEMOZMFEIL 1 FH Y 4~6 1L 70-
W5,

F iz, EBRICBINT D IIIEIHC RSV T 86k & M EEE EE Bk e THO0ERH 5, T
% 26 EE 1L 70 44 DBEREFTV, DR T2 4 OFHE DA EHRIE O EBRIZ S L=,

FHUCRIAZ ZHEDOFITY A 7 v ke L EfiRE (cye_sec@nirs.go.jp) £ T & < 7230y,
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£ 1 EAAXMERFERFR, FHREFTHM, 2014 £8 A 9 H~11 H, SUP012 p.959.

AR R, dufE 1B, PR BX, #F £, FH & FH HE:NIRS Y400V -RI £AE—L
R—rDF-HDE—LEESADERET, £ RBANERFRFR, EARETHM, 201458A9H
~11 H, SUP118 p.1360.
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Takahashi, H. li, CUSTOMER SATISFACTION IN RADIONUCLIDES PRODUCTION -present and future-,
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