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General Study on Heavy Charged Particle Irradiation System for HIMAC Clinical Trial
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HO005 is aimed at conducting experimental studies

to  further 1improve ongoing carbon-ion
radiotherapy (CIRT) and develop multi-ion
radiotherapy (MIRT) at QST-HIMAC. This year,
we have studied the following research topics:
Dose response measurements of human-derived
cancer cells to helium, carbon, oxygen, and neon
ion beams, Measurement of basic data for clinical
trials of heavy ion micro-surgery, Development of
a method for measuring the effect of heavy ion
irradiation using three-dimensional cultured

cancer cells, Research on beam quality
measurements using SOI detectors for MIRT QA,
Demonstration experiment of Arc irradiation
using a head and neck phantom, Research and
development of an optimal mesh ripple filter for

heavy 1on therapy and so on.
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Development of OpenPET for Irradiation Field Imaging in Carbon lon Therapy
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Abstract

The OpenPET geometry is our original idea to
visualize a physically opened space. The major
target is in-beam PET, which is a method for in-
vivo beam range verification in particle therapy.
Range verification PET is based on imaging
positron (4)-emitting nuclides that are produced
through nuclear fragmentation reactions
between the therapeutic beam and the irradiated
tissue. These f*-emitting nuclides are washed
out mainly through blood flow. Tumor blood
flow is closely related to factors such as
oxygenation and is regarded as an important
indicator for predicting treatment response. In
the 2024 HIMAC experiment, a '“C ion beam
was irradiated to a tumor rat model, then range-
verification-PET was performed by our custom
made total-body small animal PET system
(TBS-PET). The washout rate map derived from
kinetic analyses of range-verification PET
images showed a clear correlation with the
hypoxia PET image obtained by '*F-FAZA
administration. In the 2025 HIMAC experiment,
we performed repeated measurements and
confirmed that the 2024 result was reproducible.
This study supported the concept of the
washout-based tumor vascular diagnosis
evaluation.

Clinical research (jRCTs032220746) has been
conducted for the range verification of
carbon-ion therapy using the online PET system
OpenPET!, since 2023. The analysis methods
established through our small animal studies
have been applied to the clinical data, and the
current status of this analysis is also reported.
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Fig 1. Comparison study. (a-1) Setup of the range-verification
PET and (a-2) the hypoxia 'SF-FAZA PET. (b-1) Reconstructed
image acquired by TBS-PET after '*C irradiation and (b-2) by
Mirai-PET with '8F-FAZA administration (30 min summation).

Fig 2. Heterogenous structure of the tumor. (a) Tumor image
(30-min summation) and (b) washout rate mapping (k2-map),
obtained from the beam-monitoring PET experiment. (c) Tumor
image obtained with the hypoxia '®F-FAZA PET experiment.
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Fig 3. Washout rate mapping (k>-map) for patient data at (a)
the first week and (b) the fourth week.
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Development of Particle Beam Imaging Method Using Secondary Electron Bremsstrahlung

Measurement
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Abstract

We developed a slit-type secondary electron
bremsstrahlung (SEB) camera for real-time range
verification of therapeutic carbon-ion beams. The
camera combines a tungsten knife-edge slit collimator
(1 mm width x 40 mm length) with a GAGG(Ce)
scintillator array (~20 x 20 x 1 mm?®) and a TOFPET2
ASIC readout, achieving approximately 10-fold higher
detection sensitivity than our previous pinhole-type
camera. Performance was evaluated at the HIMAC
biological irradiation room on December 17, 2025,
using a 290 MeV/u 2C beam with 2x10' ions per
irradiation. PMMA range shifters (0—40 mm) were
inserted in an acrylic water phantom to vary the beam
range. The 1D SEB projection profiles clearly reflected
beam range variations. A profile-shift-based range
estimation algorithm achieved an RMSE of 0.56 mm
over the full 0—40 mm range-shift span. Statistical
analysis further indicated that, with approximately 10-
fold improvement in detection sensitivity, range
estimation uncertainty of ~3mm (lc) would be
achievable with 107 ions per irradiation—a realistic
near-term target for clinical monitoring. These results
demonstrate the feasibility of SEB-based real-time

range monitoring and suggest clear directions for

further development toward clinical application.
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Abstract— This annual report summarizes heavy-ion calibration activities for the Advanced Particle Dosimeter and
Spectrometer (APDS), a charged-particle module of the Lunar Vehicle Radiation Dosimeter for lunar surface radiation
measurements. Following the FY2024 Engineering Model (EM) campaign, an additional HIMAC campaign was conducted
in FY2025 for the Qualification Model (QM) to verify the reproducibility of the LET calibration under equivalent detector
architecture and operating conditions. The FY2024 EM campaign used He, C, Si, and Fe ion beams and established the basic
LET-channel response over a broad range. The FY2025 QM campaign used He, C, and Fe beams in the HIMAC BIO room
under low-flux pulse-mode operation. The detector count rate was maintained at approximately 50—100 pps, and stable count-
mode LET measurements were obtained without noticeable pile-up. The measured responses were in good agreement with
beam information from HIMAC and with Monte Carlo-based expectations. These results confirm that the calibration
procedure validated in the EM campaign remained applicable to the QM and support preparation for the final Flight Model
calibration.

1. Background and Objectives the corresponding energies were C 332.0 MeV/u, Fe 418.2
The lunar surface radiation environment is dominated by MeV/u, Si 445.2 MeV/u, and He 145.2 MeV/u. PMMA
galactic cosmic rays (GCRs) and solar energetic particles degraders of different thicknesses were used to vary the
(SEPs), and LET-based dosimetry is essential for incident LET at the detector. The EM campaign showed
evaluating both biological risk and detector response. good linear relationships between measured peak channels
APDS was developed as a stacked Si—CsI-Si detector and LET values derived from simulation, providing the
system to measure charged-particle LET spectra together principal calibration basis for APDS. The 2024 campaign
with proton energy spectra on the lunar surface or in lunar also included response evaluations of the D3 Csl sensor,
orbit [1], [2]. The detector concept also builds on earlier the D4 silicon sensor, and VETO-related characteristics.
silicon photodiode performance studies for particle The heavy-ion LET calibration procedure and its
dosimeter and spectrometer development [3]. The front consistency with simulation were later summarized in an
silicon sensors cover low- and high-LET regions, while IEEE Transactions on Nuclear Science paper [1].

the Csl and rear silicon sensor extend the response to

higher deposited energies and proton spectroscopy. The 3. Activities and Results in FY2025

purpose of the HIMAC campaign is to validate the LET The FY2025 campaign was conducted for the QM in the
response and heavy-lo’n’ characteristics of .APDS upder HIMAC BIO room on June 30-July 2, 2025. The
controlled beam conditions and to establish a reliable campaign used He 150 MeV/u, C 400 MeV/u, and Fe 500

calibration basis for the final Flight Model. MeV/u beams; the delivered energies were He 144.0

MeV/u, C 387.5 MeV/u, and Fe 424.1 MeV/u. As in the

N D 150 um s TED APDS EM campaign, PMMA degraders (0.5, 1, 2, 4, 8, 16, 32,

A~ 14um (1 T 650 um s 64, and 128 mm in combination) were used to modulate

Gu colmator gl ‘ [ psssemcn the LET range. The measurements were performed in
|

pulse mode with a beam diameter of about 10 cm. Because
APDS measures LET in count mode, low-flux operation
was essential to suppress pile-up. During the beam tests,
the current was adjusted so that the detector count rate
remained at approximately 50-100 pps, and a
, representative monitored operating point of 49 pps was
(a) ’ (b) - recorded with a plastic scintillation flux counter.

Fig. 1. (a) Conceptual Block Diagram and (b) Photograph
of the Space Radiation Detector in the 2025 HIMAC
experiment.

2. Summary of the Previous Year

In FY2024, the EM was calibrated in the HIMAC BIO
room using C 350 MeV/u, Fe 500 MeV/u, Si 490 MeV/u,
and He 150 MeV/u beams. Under actual beam delivery,
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Fig. 2. LET calibration curve of the QM model obtained
in the 2025 HIMAC experiment.

Figure 2 presents the QM LET calibration curve obtained
in the FY2025 campaign. The He, C, and Fe datasets cover
low-, intermediate-, and high-LET regions continuously,
indicating that the same calibration concept established in
the EM campaign remained valid for the QM hardware.
The measured LET responses were generally consistent
with the HIMAC beam information and with Monte Carlo-
based expectations. Accordingly, the main significance of
FY2025 was not to establish a new measurement principle,
but to demonstrate reproducibility of the calibration
method at the QM level using the same detector concept,
gain strategy, PMMA-based LET modulation, and low-
flux operating scheme.

4. Technical Interpretation for FM Design

The FY2024 and FY2025 results should be interpreted
together when defining the final FM configuration. First,
the 2024 EM campaign showed that the APDS D1 LET
calibration was highly linear and that the D3(Csl) and
D4(Si) channels could provide particle-response
information beyond the primary LET measurement.
Second, the 650 um Si branch may saturate for some very
high-energy-deposition Si and Fe conditions, the
scintillator channel requires final proton-beam validation
because of quenching, and VETO counts depend on
incidence angle and detector asymmetry. These results
identify the design and analysis items to be finalized
before FM delivery [1], [2].

Within that framework, the value of the FY2025 QM
experiment is that it verified reproducibility of the detector
behavior under beam conditions already known to be
meaningful. The QM campaign did not show evidence of
unexpected operational instability, and the measured LET
trend remained aligned with beam information and Monte
Carlo results. For FM preparation, this means that the
validated low-flux operating window, the heavy-ion
measurement sequence, and the basic interpretation of
low-LET He points and higher-LET C and Fe points can
be adopted with confidence. The remaining work is
therefore concentrated on optimization rather than on
redefinition of the detector concept.
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5. Future Plans

The next step is calibration of the final upgraded Flight
Model. The FM uses the same basic detector principle,
structure, and signal-processing approach as the EM and
QM units; therefore, the beam conditions and analysis
procedures already validated in FY2024-FY2025 can be
transferred directly to the FM stage. Future work will
focus on final gain optimization, completion of heavy-ion
response maps, and execution of the FM calibration
campaign under the same low-flux HIMAC conditions. In
addition, proton-beam verification of the scintillator
response remains important for final validation of energy
reconstruction because scintillator quenching depends on
particle type and energy.

From the mission perspective, the verified QM behavior is
important because LET-based dosimetry on the lunar
surface must operate over wide particle and energy ranges
while preserving stable low-rate counting. The 2024-2025
campaigns together now provide a practical chain of
evidence: the EM campaign established the underlying
calibration architecture across a broad heavy-ion range,
and the QM campaign showed that this architecture can be
reproduced in upgraded hardware under realistic HIMAC
operations [1], [2]. This reduces technical risk for the FM
stage and improves confidence in eventual derivation of
absorbed dose, dose equivalent, and charged-particle
spectral information during lunar surface operations. In
addition, on-orbit operation of a related Si-based
dosimeter has already demonstrated the practical
derivation of dose-related quantities in space, further
supporting the mission relevance of the present detector
development [4]. The requested final FM campaign should
therefore be viewed as a closing calibration step rather
than an exploratory experiment.
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Abstract

Just as radiation ionizes water molecules, it
also ionizes lipid molecules, resulting in the
formation of lipid free radical species (L°).
Generation of L" is simply a trigger of lipid
peroxidation chain reactions. However, the
radiation-induced generation of L' and its
subsequent reactions in the lipid phase has not
been well investigated.

Fresh and aged corn oil samples were
irradiated with 128 Gy X-ray or carbon-ion
beam at several different LET (13, 20, 40, 60, 80,
and >100 keV/um) under aerobic or hypoxic
conditions. The yields of TBARS induced in
corn oil samples were measured.

Radiation-induced TBARS generation in
fresh corn oil was not observed. TBARS
generation in aged corn oil was slightly
increased by irradiation. Since LET-dependent
increasing of TBARS generation was reported in
an experiment using liposome system, water-
derived free radicals are probably required for
TBARS generation.

1. IEOEBENNYITSIUR

AR IAIARE & M T S TR D |
T2 HAM &AL > THER I LTV
% AERIERR S I O HE B 0D 5~10%
o, MG R T 72 TR <
W5 X EBERET DT O DL THEH D,
AEARIERR I AR FIAR R 3 2 < & F 4.
Z DIEME A F U v IR T D AKRE R 11,
ERefxi Lo (C(OH) b Re~L
XTI (HOY) REDT7 IV —7F
T J1)VFE (free radical species: FRS) (ZX »
TRHITHIEHE 5, FRS (R) [ IAAZFN
NEWEE D D AKFIR 725 <&, IBE7 Y
—Z v (L) 24725 1),
LH+R — L +RH [1]
L33 (02) & Ut L TIRE VA F oL
7 Vv (LOOY) kT 5 (2), &6

99

(2. LOO" [ZJEPHD ARG NI 5 17 6
KFBRTE5&Hh&E, JFEE Ra~r4x
> R (LOOH) 4T 5 & & bIsHi-7e L
AT S (X3), ZOXHICLTREER
Fe b OB SS D BRAE S 5,

L'+ 02 — LOO" [2]
LOO"+LH — LOOH + L° [3]
DT DAERBIEE X, LA N L ADE
TR L LA BRI TV D,
TGRS Koy 1 % EEBET 2 D &[RRI,
HEE b EHES IV, ZORELE LT LA
RS D, LOAERKIE, Ak L2 & 5 22 fBHE
W ES A S (R 1~3) ZFlxk =,
LIL7eln s, BRI E > THEEIND
L' DA L E D% DOIFEMIZEIT DX
JRIZOWTIE, 2N E THOICHIZE ST
X LITEWER, TR O E BNy
FIIESHL< DNA EBX LN TEZN, I
L BB O R MRS D E TR
BB D E R L O LN L T 5,
WG £ > THE SN AILFES D EY
IR BAETT R A BT S 72D
%, L'OEEMRIE &b S Emimnd 7e SO g
MR METH D,

2. EEEETIIHONTLSHER

2020 H-FED 19H426 FRE T U AR Y — 4
REIE,. DFE DK &N AT HIREEIT IR
Fpa A L, IR FIZ4 U7z TBARS
(FA ey — VERROSEWE) ZHIE L
2o TOREFR, LET NRKEXL 2512251 T
HE'E DR LM AR DN 2 < 72 DAEB) N /LS
ATy, KRESGM T EAKEEE SR F TR
HCIEENR LN 2o T,

2021 EFE X, EPR A ¥ o — 7 VEA G
A LCHEHRRC LD a—mPicAERT 5
Lot zikAlz, ZE=trXx LI7Y
J1)VTd 5 carboxy-PROXYL % &iea—



M, (KERFE S T TR 2 Y TR
42 U % carboxy-PROXYL @ EPR 2" F /LD
R REIZESWT, a—lPIicETE L
AN L7z, FORR, LAEMREIT X #
£V H LET ORWIRFEMTE L, £0kFE
BECIZLET O8N & & HI2 L AR B9
DHZEMNGMoTmy L LIRS ZE
ETEDERIINECTH T,

Z T 2022 1%, o-phenyl-N-r-
butylnitrone (PBN)Z A B> F T v 7 Al & L
TEPR AV b T v B LD L AR
HaeRiiz, A NI v JIETITI L
DEENFREIZRY, AT r—Tikt
RIS, LRI X B XD & LET O
IRFARTE L, ET2RFMO LET O &
E IR R DERDPEL N,

20232024 FEIL, X BB X ORERN
a— MR T D L O R REE D
RFAM 2 3 AT, & DRGSR L O RPT AR
X, COBAL 338 mM L E (1.7 nm BLF
Doy {HHEBECAY) ThDZ EN TS
iz,

3. SHEEOHMERNE

AWFFETIE, a— W IRFERE BE L
THA U % TBARS #iE® L7,

B #% 3 4R LI Bk U7z Ry o o —
VM E BREME 1 AT O BRI L3 —
ilEHE L BREZEMED PE HoRIz =
— Ul EZ A 600 uL B AL 72, KR
FORRF S TIX, PE ”oSIcE A LR
B2 iR FEWINARS L OMFERRIE L &b
WICERRIEEBIEDO I T % i S 7= PE
DIRIZE A UTe, #UBHZ X & 2 W T LET
D% (13,20, 40, 60, 80, >100 keV/pm)
IRFMRE (290 MeV/nucleon) % FREF L 7-%%.
F ALY — Ll (TBA) 12X 5tk
12X Y TBARS ZHIE L7=,

a— U EE 150 L A X ) — L U
Frxz—7 1 (1:1) IREHE 600 uL THAR
L7, AR L7z — skl 200 uL (2,
8.1% SDS 200 puL. 20%Ef#E 1.5 mL, 0.67%
TBA1.5mL Z /% CIEA L. 95°C T 60 %y
FME L 7=, 3Bt 2K L7c%, |IRC
milli-Q K 1.0 mL & n-7% /—)L« U

v (15:1) IBRAWIK ANz T L <SIEE L C,

TBARS & TBA Ot CTH Lok tatid %
n-7 % =)L U M~ FHE L7z, 1000
xg T30 pELL, BB -7 % 7 — -
EY V) ZHY 532nm OWIGE A HIE L
7~ FEUE SR A FE DT AW AREL 1.56 x 10°
M'em! % IV CEUEH O TBARS &4 #L
LD,

4, SEEOHARRRLEBHER

LR Ly o — 2 Jhake Tk, R
® TBARS k23 5h EA Uo7 (Fig. 1
B, i wvwa — 2l T, gix o
TBARS &0 LW E DT TEL, 72,
TR ICE T Tldd 525 TBARS EOHIIN
ToHMmR RN (Fig. 1 T), VARY—
LDFRTIX LET IZH&A(F7 %5 TBARS AR D
HEIASEH S B TE =0, ARl il
VN — Tl TBARS AERRDNHERR T & 37,
T a— 9T TBARS AR O
FThV . LET IKFE LM TR &
o .TBARS A2 3K R%T % FRS O
MENDOEGNLETHA D EEZ LN,

50 , -
Fresh oil
- m Aerobic
o Hypoxic
E
© 30
£
£
220
<
o
=
10
0.
SN Y I KN
& N A R A
& NN SN X
Irradiation
100 - .
Aged oil
80 -
)
E
S 60 -
£
£
2 40
<
o
[=
20
0
é”b & «’0 «"q‘“ «’)'Q «"Q'Q «"Q’Q >
O AR AICABIR AR
& VoV VYV V¢

Irradiation
Fig. 1. Amounts of TBARS generated in
fresh or aged con oil samples irradiated by
X-ray or carbon-ion beam.

A S B LAIRL REE 4S ek

b AR AR AL RTL By s %




BERTO—ZMALIZKPICE T EER FHRRIATIRIEDHZ
Example of Report on the Research Project with Heavy lons at NIRS-HIMAC
(25HH019)

INKRIERR 2.

By EEE . HEE . R

IR

M. Kobayashi?, O. Okudaira?, N. ShikazonoP, S. Kodairab and K. Terasawac

Abstract
We investigated the interaction between heavy-ion
beams and pulsed ultrasound in water. Previously, 500

MeV/n iron (Fe) ion irradiation at HIMAC revealed bright,

point-like echoes near the Bragg peak. We proposed a
model where radiation-induced microscopic voids serve
as cavitation nuclei that grow during the negative-pressure
phase of ultrasound. This work was published in JJAP,
demonstrating quantitative agreement between a
probabilistic model and experimental data.

To further validate this mechanism, we conducted
comparative experiments using a carbon (C) ion beam at
Yamagata University. Unlike the Fe-ion experiments, no
significant echo signals were observed. We attribute this
difference to the lower Linear Energy Transfer (LET) of
C-ions. The energy density deposited by C-ions at the
track end is likely insufficient to form "voids" large
enough to exceed the cavitation threshold under the
applied ultrasound pressure. These results strongly
suggest that radiation-induced cavitation is an LET-
dependent threshold phenomenon, providing critical
insight into the physical processes occurring at the end of
heavy-ion tracks.
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Abstract

We conducted heavy-ion irradiation testing on atom
switch-based Field-Programmable Gate Array (AS-
FPGA) under high-temperature conditions to evaluate its
resistance to atom switch rupture. As a result, atom switch
rupture was not observed. Heavy-ions irradiation has been
revealed that the radiation effect of AS-FPGA.
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Formation and alteration of organic compounds in possible space environments
by heavy ion bombardment

(25HH004)
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K. Kobayashi®®, Y. Kebukawa ®, K. Nakajima®, H. Shibata® and S. Kodaira®

Abstract

A wide variety of bioorganic compounds, including
amino acids, have been detected in carbonaceous
chondrites and carbonaceous asteroids. Several
hypotheses have been proposed for the formation of
these organics. One possible scenario is their
formation in the ice mantles of interstellar dust
particles. In this study, we irradiated ice mixtures of
HCHO, CHsOH, NHs, and H2O (interstellar ice
analogs) with carbon ions (290 MeV/u) from
HIMAC. Amino acid precursors were detected, and
their molecular weights were estimated to be on the
order of ~1000. This result strongly suggests that
amino acids are not formed via the Strecker synthesis
pathway under these conditions, but rather through
complex precursors with relatively large molecular
weights formed in interstellar ice. It would be of
interest to examine the roles of such interstellar-
originated complex organics in reactions occurring
within the interiors of asteroids in the early solar
system.

1. AEOEE NNV TSIUR

IRFEEa FTA4 M9, /h%E Ryugu X
Bennu 6 V) H— v S iE I T
PR EEREIL - BT VR S, ER b
EHER ECoOAMmOFEA & OB HE N iR S
TWD, ZNHOAEERERESFDOERDE;E L
TIE, B FEFOREMET A A~ MLHR/N
EENE R ENB 2 N5, AiEOLEIXFEH
BRI, BB DOLAINL, XAl DL DH =
OB PN EBERI XL LB LD,
UTAE, 1% & FE L 7= 928k ¢, HCHO,CH;OH,
NHs, H,O OIRGIRIRIZ y &2 RE 35 Z LI X
v, 7 FEEIEMAR(Kebukawa et al., 2022)<CH#
(Abe et al., 2024) 3 ZNRANT AR T 5 Z L b
ST, —F, B ZEE L T CO,NH;, H,0 {RH
LRI TR L7235, By TR0/
P AT B 23 A2 %9~ % (Takano et al., 2004), Zi1%
HCHO,CH;0H, NH;, H,O IEEEIRIZINZ 5 &,
T D7 X 8 RIBRE) OESLEZERMEN K
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IEIZHE = & AR S hu7z(Tkeda et al, 2006), D F
0, BRTAR LA N RIEN TOH
MAERRIZ S RESEET L Z ENREBINT,
ARG TIL, BT EFOREMET A A~ b
NP CEEHBRIZ LD ERT D7 I BERTERR
IZOWT, L EMICTWEREE COREELZ1T )
720, B EBET A A~DER RS 21T
W, A OX 7 7 2 ) EB—va B2 {ToT,
275 3k

Abe, S. etal., ACS Earth Space Chem., 8, 1737-1744
(2024).

Ikeda, L. et al., Int. J. Astrobiol., in press (2026).
Kebukawa, Y. et al., ACS Cent. Sci, 8, 1864-1871
(2022).

Takano, Y. et al., Bull. Chem. Soc. Jpn., 77, 779-783
(2004).
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\Z, FEx OFLEk® CH;OH, HCHO, NH3, H,O @
BAWREBREEFT CHEELEZLD~DR
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Single Event Transient Pulse Measurement on SiC Power Devices
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Abstract

Wide bandgap semiconductors such as SiC are
promising for radiation-hard power devices, and
we have investigated single-event effects in SiC
MOSFETs, revealing strong dependence on gate
structure. Using a high-speed measurement system,
transient currents induced by heavy-ion irradiation
were directly observed, and gate-structure-
dependent charge dynamics are being clarified
through comparative analysis of trench and planar
MOSFETs.

1. ARE=LEMW
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— TS AR FH - ) - IR R 2 £
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(23T D H— A A R EE D W B R i B
BHED TE o, TORR, H— oA 4 il mkEE
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P — NREE IR T b L TR — NS
%A% MOSFET @ J5 73 @& B EEERFIZ I\ T
O B 2 o RIB 3 5 M R 215 T\ 5,

S DICHEREE L, 7 m ZEE 15 GHz #kod
R EREREE L, A A AFHTEED F L
T MOSFET 7> 5 O & it O E BB 217 -
7o T OFER . WP TE 10~20 ns £ DY
WA — L TCTINERTHZ &, F-BR -0k
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Abstract

This study aims to develop a high-precision Single
Event Transient (SET) pulse model for radiation-hardened
design. This year, we verified the measurement
environment using a 65 nm bulk process. By accounting
for energy attenuation in the ion chamber's acrylic cap, the
Xe beam energy and Linear Energy Transfer (LET) were
accurately determined. The results showed high
consistency with measurement data obtained at another
facility, validating our estimation method. These 65 nm
data will serve as a baseline for future current-source
modeling. Our future work will focus on collecting
extensive SET data for a 22 nm process to realize a high-
precision model applicable to diverse radiation
environments.

1 Research Objective and Background

The purpose of this study is to develop a high-precision
Single Event Transient (SET) pulse model to optimize
device model parameters for radiation-hardened design.
As semiconductor processes shrink, the impact of soft
errors caused by SET pulses has become a significant
concern. Therefore, it is essential to accurately evaluate
these effects during the circuit design stage. This research
aims to establish a modeling method that can precisely
reproduce SET pulse widths in various radiation
environments, contributing to the development of highly-
reliable integrated circuits.

2 Summary of Results in FY2024

The research in FY2024 was conducted under a
separate research project. We encountered difficulty in
identifying the beam energy of Xe ions due to the
influence of the acrylic cap on the ion chamber. This cap
is used to protect the Al-Mylar entrance window of the
chamber. However, its presence caused energy attenuation
and led to a discrepancy between the estimated Linear
Energy Transfer (LET) and the experimental results. This
experience highlighted the importance of considering the
cap to accurately determine the energy and LET.

3 Research Activities in FY2025

Accurate identification of beam characteristics is

essential for developing a high-precision SET pulse model.

From the results in FY2024, we accurately determined the
Xe beam energy by accounting for the ion chamber’s
acrylic cap. Using a 65 nm bulk SET pulse measurement
circuit, we verified the measurement setup and obtained a
comprehensive dataset for SET pulse modeling.
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4  Experimental Overview at HIMAC

The overview of the heavy ion irradiation conducted
at HIMAC in FY2025 is as follows:

®  Jon species: Xe

Energy: 290 MeV/u

Target: Semiconductor chips equipped with an SET
pulse width measurement circuit

Beam time: 8 hours and 30 minutes

5
5.1

Results and Analysis

Energy Estimation

Using SRIM (the Stopping and Range of lons in
Matter)!' and accounting for attenuation in the acrylic cap,
the energy before passing through the binary filter (BF)
was determined to be 188.6 MeV/u. Furthermore, after
passing through a BF with a water-equivalent thickness of
10.818 mm, the energy was approximately 21.6 MeV/u.
The range in air corresponding to this energy is 390 mm.

5.2 Measurement Circuit and Results

To verify the energy estimation by SRIM, we
measured SET pulse width distributions by varying the BF
thickness and the position of the irradiated chip. Multiple
types of SET pulse sources were used for the measurement.
A Time-to-Digital Converter (TDC), shown in Fig. 1, was
used to record the SET pulse widths.

Table I shows the estimated LET and the measured
peak pulse widths for each condition of BF thickness and
chip position. Under the condition of BF = 10.818 mm
(water-equivalent), almost no SET pulses were observed
at distances of 430 mm or more behind the reference
position, making it impossible to identify the peaks. This
result is consistent with the SRIM calculation, which
estimated the range of Xe ions in air to be 390 mm from
the reference position. Additionally, Fig. 2 plots the
relationship between LET and SET pulse width
distribution for two different types of SET pulse target
circuits (Type A and B). The peak pulse width increases
with increasing LET as the BF becomes thicker.

30 buffers

PULSE_IN : : : : :

_IND————

TRIG_IN

=)
CLKD
> delay buffer

SEL
Fig. 1 : TDC. It converts the input pulse widths into

digital values and stores them.

TRIG_CLK



Table I : Dependance of SET pulse width on BF
water equivalent thickness and distance from the
reference position. LET was estimated using SRIM.

BF Distance LET SRIM Peak SET
[mm] [mm] [MeV-cm?mg] |width [ps]
7.081 0 159 245
9.361 0 22.4 280
10.491 0 33.1 333
10.491 100 355 350
10.491 200 38.1 350
10.491 290 41.4 350
10.818 0 42.5 350
10.818 10 43.0 350
10.818 100 47.5 385
10.818 200 55.3 315
10.818 290 65.5 385
10.818 430 - -
T m . i fﬁ“

J
% 10 20 30 40 50 60 70 o 10 20 30 40 50 60 70

LET [MeV-cm?mg] LET [MeV+cm?/mg]
(@) Type-A (b) Type-B
Fig. 2 : Relationship between LET and SET pulse width
distribution.

Furthermore, the measurement results obtained at
HIMAC (LET = 42.5 MeV - cm?*/mg) were compared with
results from another facility (RARiS?) conducted under
similar measurement conditions (LET =40 MeV - cm?/mg,
Kr). To evaluate the susceptibility to SET pulses, we
calculated SET Cross-Section (CS) defined by Eq. (1).

NSET (1)

ions]’
Neapoer X N [—]
target on CmZ

where Nggp is the number of measured SETS, Niarget is
the number of SET targets, and Nj,, is particle fluence.
Figs. 3 and 4 show the measured pulse width
distributions. As shown in Fig. 3, the distributions are
consistent in both shape and peak position. Since the pulse

CS [cm? /target] =

width depends on LET, this result demonstrates the
validity of the LET estimation using SRIM. On the other
hand, as shown in Fig. 4, the CS at HIMAC was smaller
than that at RARIS, with the total CS approximately 2.2 to
2.6 times smaller. This discrepancy is likely caused by
secondary particles generated when the Xe beam passed
through the BF. Table II shows the particle distribution at
the scintillator position calculated using PHITS (Particle
and Heavy lon Transport code System)?]. The ratio of Xe
ions was only 43.7%. Most of the secondary particles
generated were protons and alpha particles. These
particles have low LET and rarely cause SETs. Therefore,
the influence of secondary particles on the SET pulse
width distribution is relatively small. However, it is
possible that these particles were counted by the
scintillator. The smaller CS at HIMAC suggests that the
beam fluence was overestimated.

05 05
HIMAC e
RARiS

HIMAC e
RARiS

0.4

03

Normalized CS [a.u.]
Normalized CS [a.u.]

9 100 200 300 400 500 9 100 200 300 400 500
SET Pulse Width [ps] SET Pulse Width [ps]

(b) Type-A (b) Type-B
Fig. 3 : Comparison of SET pulse width distributions
normalized by total CS between HIMAC (Xe) and
RARIS (Kr)?,
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Table II : Particle ratios at the scintillator position

obtained from PHITS.
Particle Ratio
132X e 43.7%
Proton 45.5%
Deuteron 5.9%
Alpha 4.2%
‘He 0.6%
Others (°Li- 2C) 0.1%
Total 100%

6 Summary

This year’s work successfully concluded the
environment verification and data collection for the 65 nm
process, providing a solid foundation for high-precision
SET modeling. These 65 nm data will be used to establish
a baseline for current-source modeling techniques, which
is essential for our future work on more advanced nodes.
The results of this beam characterization and 65 nm
verification have been submitted to the RADECS 2026
conference and are currently under review. In FY2026, we
will shift our focus to the 22 nm bulk process. By applying
the modeling methodology refined through our 65 nm
research and utilizing an improved scintillator setup to
minimize secondary particle counts, we aim to realize a
sophisticated SET pulse model applicable to advanced
technologies in diverse radiation environments.
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Abstract

In this work, a 3D silicon-on-insulator (SOI) microdosimeter
was investigated during high LET ion irradiation using a 500
MeV/u °Fe ion therapeutic beam. The new MicroPlus2
probe is compared to its predecessor in these experiments, for
active layer thicknesses of 2, 5, 10, 20, and 50 pum. The multi-
channel ASIC readout electronics aimed for space
application is also compared to multiple MicroPlus probes
for out-of-field measurements. The results demonstrate the
performance of the SOI microdosimeter when measuring
high LET particles, with some attributing low energy events
observed in the extremely low energy region. However, these
events did not substantially affect the microdosimetric
spectra nor the y, values. This demonstrates that the SOI
microdosimeter with its improved readout -electronics
(MicroPlus2) is suitable for high LET ion QA applications
and an ASIC can be used for the simultaneous readout of
multiple SOI microdosimeters.

1. Purpose and Background

Microdosimetry is an extremely useful technique for
estimating the RBE in unknown mixed radiation fields,
typical of heavy ion therapy. While the absorbed dose is
routinely measured with an ionisation chamber,
microdosimetric quantities, such as the dose-averaged lineal
energy (yp) or dose-averaged lineal energy transfer (LETp),
need to be measured with high spatial resolution for RBE
prediction. The gold standard detector for microdosimetry is
the tissue equivalent proportional counter (TEPC), however
TEPCs are not ideal for routine clinical microdosimetry due
to pile up in high-dose rate clinical therapeutic beams. A new
mini TEPC with a smaller sensitive volume was successfully
developed to overcome this [1], but both types of TEPCs still
have several limitations such as high operating voltage, gas
supply and wall effects.

The Centre for Medical Radiation Physics (CMRP),
University of Wollongong, introduced the concept of SOI
microdosimeters, based on micron-sized cylindrical sensitive
volumes (SV) in an array. The SVs in the microdosimeter
mimic the dimensions of cell nuclei and require less than 10V
bias supply. CMRP has developed multiple generations of
microdosimeters on silicon-on-insulator (SOI) substrates
which have been successfully tested and summarised by
Rosenfeld (2016) [2]. The latest development of SOI
microdosimeters at CMRP is the 3D array microdosimeter
(called the “mushroom” microdosimeter) fabricated using 3D
MEMS technology at SINTEF MiNaLab, Norway. This
latest design provides improvements in charge collection
efficiency (CCE) and well- defined SVs through 3D detector
technology compared with previous generations that used
planar technology [2]. The well-defined SVs demonstrate
minimal charge sharing and much more improvement in
terms of low energy event reduction.

Currently, ions such as He, C, O, and Ne are being used in
clinical scenarios of multi-ion therapy treatment plans [3]. Si,
Ar, and Fe ions were also investigated to link to space
applications associated with GCR particle sources. When
measuring these high LET ions, especially for low energies,
events with very low energy were observed. These low
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energy events may deteriorate the real signal and result in
underestimation of the microdosimetric quantities used to
determine RBE. This must be investigated to address if any
effects by low energy events are observed in microdosimetric
measurements with high LET ions using the SOI
microdosimeters.

This work focuses on investigating the response of the SOI
microdosimeter to Fe ions when the microdosimeter was
placed behind different thicknesses of PMMA layers.

2. Materials and Methods
A. Structure of 3D “Mushroom” Microdosimeter

The 3D trenched-planar Mushroom SOI design used in
this study features 2, 5, 10, 20, or 50 um thin active layer
cylindrical sensitive volumes [4] [5]. There are 40x40 SVs
connected in parallel, and the diameter of each SV is 18 um,
with a total active area of 2x2 mm? [5].

p+ trench (walls doped)
(a ®)

wopsteon [leowe Wl W

Fig. 1: Trenched-3D Mushroom with planar core SV: (a) Schematic of
single SV, (b) Cross-section schematic, (¢) SEM image of SV array [4].

The silicon surrounding the cylindrical volumes has been
etched away to form the 3D SV structure, with a planar n+
inner core produced by ion implantation. The SV is
surrounded by an outer trench with p+ doped walls, which
has been filled with polysilicon [4]. This trench acts to isolate
adjacent SVs, providing well-defined geometry and allowing
no charge collection between SVs (which was observed
minimally in previous generations) [5]. Another
improvement in this design is the addition of p-stop
implantation, connected to the p+ doping of the cylindrical
trench. This allows conformal charge collection to the SV
during high-intensity irradiation, by avoiding the effect of
positive charge build-up in a field oxide layer above the p-
stop between SVs [6].

B. MicroPlus2 Probe

The new microdosimetric probe, named the MicroPlus2
Probe, was developed at CMRP in which the microdosimeter
is inserted. The MicroPlus2 probe connects the arrays of the
Mushroom microdosimeter to the low noise spectroscopy-
based readout charge sensitive preamplifier (CSA). The new
MicroPlus2 Probe now features a built-in pulse shaping
amplifier, integrated on-board in the PCB. This addition is a
significant improvement over its predecessor, which greatly
simplifies the setup process and reduces noise.

Fig. 2: a) MicroPlus2 Probe with SOI microdosimeter inserted. Built-in
shaping amplifier indicated in orange region. b) CAD render of
MicroPlus2 Probe inserted in rectangular sheath.

With the microdosimeter placed in the MicroPlus2 Probe,
it can be inserted into a dedicated sheath. The sheath material
is made using tissue equivalent resin, with different sheath



options prepared for various applications. These include
cylindrical and rectangular sheathes, with options for
open/closed window, depending on whether the application
is in free air or water. The sheathes are wrapped with
aluminium tape to reduce any external RF noise pick-up by
the microdosimeter.

C. Irradiation Facility at the Heavy lon Medical Accelerator
in Chiba (HIMAC), Japan

In this experiment, mono-energetic °Fe ions with initial
energy of 500-MeV/u were used to irradiate the
microdosimeter at HIMAC, Japan. The primary aim of the
experiment was to compare the response of a new ASIC
readout electronics system wused with multiple SOI
microdosimeters of different thicknesses (2, 5, 10, 20, and 50
pm) with that of 4- MicroPlus probes connected to similar
types of SOI microdosimeters under the same high LET field
conditions and operating simultaneously

The microdosimeters were connected to respective
MicroPlus probes, which output to the TechnoAP APG7400B
USB-MCA4 and Amptek 8000D MCA. The MicroPlus
probes were mounted in free-air, facing the beam on the
central axis. PMMA range shifters upstream allowed
measurements along the BP in water equivalent thicknesses
(WET). Four SOI microdosimeters were connected to ASIC
readout electronics and signals were digitised and processed
by a Galao board. Up to 32 detectors can be connected to the
ASIC readout however only 4 channels were tested in this
experiment.

4 x MicroPlus 2
MicroPlus 1 in 4 probe
sheath

ASIC System

Fig. 4: Experimental setup at HIMAC Bio Beamline for central axis
measurements. MicroPlus v1 probe is inserted in a single sheath, detector
is 29 mm lateral from the central axis. 4x MicroPlus2 probes are inserted
into 4-probe sheath, detectors are 29 mm lateral from the central axis.
ASIC based DAQ system were placed at the same location to compare
with 4-probes setup.

3. Results and Discussion

T . .
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— 5760mm Vo =269.6 keV/um
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Fig. 5: The microdosimetric spectra response of the 10 pm thick active
layer Mushroom microdosimeter connected to MicroPlus v1 at various
WET depths to 500 MeV/u *Fe ion. The spectra were converted from
silicon to tissue.

Fig. 5, 6 show the microdosimetric spectra obtained with the
SOI 10 and 20 pum thick, respectively. It can be observed that
at the BP region and distal part of the BP, lineal energies of
up to 4000 keV/um were recorded experimentally. The
observed expansion of the microdosimetric spectra to higher
y-values for 10 pum SOI is explained by particles passing
through the 10 um SOI (crossers) while stopping in 20 pm at
the distal part of the BP (stoppers) but still divided by 20 um
thickness. The main improvement of the MicroPlus2 probe
is ability to record much lower energy events (due to lower
noise threshold).
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Fig. 6: The microdosimetric spectra response of the SOI 20 pm thick

active layer Mushroom microdosimeter with MicroPlus2 at various

WET depths to 500 MeV/u **Fe ion converted from silicon to tissue.

—— 50 pm

Counts
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Fig. 7: MCA spectra acquired using ASIC readout system at the BP WET
depth and a lateral distance of 10 ¢cm from the 500 MeV/u **Fe beam
edge utilizing the 50, 20, 5 and 2 um thick SOI Mushroom
microdosimeter.

Fig. 7 shows the MCA spectra acquired using the new ASIC
system utilizing 4 of the available 32 channels. SOI
microdosimeters with thicknesses of 50, 20, 5 and 2 pm were
inserted into the system and the system was placed at the BP
WET position, 10 cm laterally out-of-field of the primary
500MeV/u **Fe beam edge.

— Microplus2 A
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— AsiC ydly)
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Fig. 8: a) MCA and b) microdosimetric spectra acquired using the
MicroPlus2 system (blue) and ASIC system (orange) utilizing the 50 um
thick SOI Mushroom microdosimeter 10 cm laterally out-of-field at the
BP WET depth of the 500 MeV/u **Fe beam.

Fig. 8a shows the MCA spectra acquired using the 50 um
with the MicroPlus2 and ASIC system and Fig. 9b shows the
corresponding microdosimetric spectra. It can be seen that
the spectra acquired with the ASIC system is truncated at ~3
MeV, which is the end of the linear dynamic range of used
ASIC. Because of this, events above 3 MeV have not been
observed.

4. Conclusions

The results demonstrate the performance of the SOI
mushroom microdosimeters when measuring high LET
particles (up to 4000 keV/um), with minimal attributing low
energy events observed in the extremely low energy region.

A proof-of-concept study of the new ASIC systems aimed
for space radiation monitoring for radiation protection of
astronauts, demonstrated the feasibility of simultaneously
measuring signals from SOI microdosimeters with different
sensitive volume (SV) thicknesses, each connected to a
dedicated ASIC channel, in a low dose rate mixed radiation
field typical of the space radiation environment. This
approach enables coverage of a wide dynamic range of LET
events associated with solar particle events (SPE) and
galactic cosmic rays (GCR), while also improving
measurement statistics for more accurate dose equivalent
monitoring. Further characterization of the system is still
required.
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Abstract

A series of response studies has been carried-
out on PET, PC, PI and PADC as etched track
detectors, paying a special attention on each
detection threshold. Structural modification of
latent tracks around the detection thresholds
were examined by FT-IR spectrometry. It found
to be difficult to apply the conventional model
for the detection threshold to the response of
PADC, in which the etchable conditions appear
intermittently along ion tracks. In the cases of
PET, PC and PI, the segments that were etchable
and those that were not had a boundary as a
single point on the latent track, which is able to
understand to be the detection threshold.
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Response of a position-sensitive tissue-equivalent proportional chamber to heavy ions
(25HHO005)
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S. Kodairaf, M. Kubota b, K. Miuchi ¢, A. Nagamatsu ¢, D. Nakanishi®, S. Sasaki®, K. Takahashi

Abstract

Response of the space dosimeter PS-TEPC for
helium beam was obtained and was compared with
simulated data. Through this experiment, data of
detection efficiency for helium particles, which had not
been available, ware able to be obtained. It was found
that the detection efficiency for heavy particles heavier
than helium was nearly 100 %.
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Fig.1 (a) Distribution of collected charge (a) and LET (b)
for 230 MeV/n helium beam irradiation in an experiment
and a simulation, respectively.
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Abstract

Nuclear emulsion is a solid-state tracking detector with
extremely high spatial resolution. In particular, the Super
Fine-Grained Nuclear Emulsion, known as the Nano
Imaging Tracker (NIT), achieves the highest spatial
resolution among such detectors, with the ability to image
at the nanometer scale. This technology has been applied
to a wide range of research fields, including dark matter
searches, neutron detection, radiation therapy, and more.
For calibration and performance evaluation, heavy ion
beams from HIMAC are employed. During this fiscal
year, we approached the development of new method to
directly evaluate of AgBr(I) crystal sensitivity to high —
and low velocity heavy ion for understanding the radiation
effect in the material. This method is important for
understanding of detection mechanisms, especially non-
trivial effect for low velocity ions with O(100) km/s.

In this studies, we estbalished the method and obtained
result for Si ion beam with HIMAC was approximately
consistent with previous studies. Further investigation is
NOW On progress.
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BaTiOs BFBHER VBB REICH TS LET REH ORI
Evaluation of LET dependence in dosimetry with BaTiO; ferroelectrics
(25HH014)

Bl Effa R OBEP PR &P FEE $RC
M. Ishikawa?, K. lzumi®, X. ChenP, and T. Inaniwa®

Abstract

This study evaluates the feasibility of using barium
titanate (BaTiO3) multi-layer ceramic capacitors as
dosimeters for proton and heavy-ion therapy. Previous
work demonstrated that BaTiO3 capacitance decreases
linearly with X-ray dose due to crystal structure
changes. This research investigates the response to C-
12 (290, 400 MeV/u) and He-4 (150 MeV/u) beams
using a custom real-time measurement system.Results
show that BaTiO3 dosimeter readings align well with
ionization chamber measurements in low-LET regions
(below 150 keV/um for C-12). However, a significant
sensitivity drop—to approximately 60%—occurs near
the Bragg peak for C-12. This degradation is attributed
to the high effective atomic number (Z.#~45) and mean
excitation energy (/=350 eV) of BaTiO3, which causes
energy-dependent response variations similar to those
seen in silicon detectors. Despite these challenges, the
study suggests that by estimating LET during spot-
scanning irradiation, correction factors could be
applied to achieve accurate dosimetry in particle
therapy.
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Abstract Q(E) = dx¢dE (1)

We use imaging plates (IPs) to measure ion 0 1+KB- T
energies in laser-driven particle beam experiments, S Sl FL—g PN
which requires accurate knowledge of the IP KB : 7t 2 F o IS RLTH

response for various ion species. While ions of the

i dE/dx : IP ~Df} 5T F/F—
same species and energy are generally expected to ) . ‘ \
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6 MeV/u Xe ions revealed a clear dependence of the  (C. Fe, Xe) U EERICLD 7 > 6 OEAA LT
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Annual Report for 2SHHO011 in FY 2025

Novel Dosimetry System for Mixed Radiation Fields
in Aerospace Applications
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O. Velychko?, M. Davidkova*® , H. Kitamura®, S. Kodaira®

@ Nuclear Physics Institute of the CAS, Czechia, ® National Radiation Protection Institute, Czechia,

¢ National Institutes for Quantum Sciences, Japan

Abstract

In FY2025 (March 2026), we conducted one
successful experiment at HIMAC using 160 MeV
hydrogen beam. The experiment was essential for the
development and validation of the PARDAL
dosimetry system—an advanced hybrid detector
tailored for space applications, particularly in LEO
and deep-space environments. Our main focus was
to characterize detector response over an extended
energy range and validate LET measurements in
silicon and tissue-equivalent materials using high-
LET ions. These results support the system’s
readiness for future satellite deployment.

1. Background and objectives

The PARDAL (PArticle Radiation Detector At
Low-earth orbit) project aims to deliver precise,
energy-resolved dosimetry for ionizing radiation in
space. The detector integrates silicon diodes and
scintillators to provide time-resolved spectra of LET,
absorbed dose, and dose equivalent. Extending the
measurable energy range of the system is crucial for
capturing the wide variety of particles encountered in
space.

In FY2024, the awarded HIMAC beamtime (C 400
MeV/u and Ne 400 MeV/u) allowed us to
characterize and validate the performance of our
upgraded readout system and assess LET
measurement capabilities under known conditions.

2. Materials and methods

The PARDAL project aims to deliver precise,
energy-resolved dosimetry for ionizing radiation in
space. The detector integrates silicon diodes and
scintillators to provide time-resolved spectra of LET,
absorbed dose, and dose equivalent. Extending the
measurable energy range of the system is crucial for
capturing the wide variety of particles encountered in
space.

In FY2025, the awarded HIMAC beamtime (H 160
MeV) allowed us to characterize and validate the
performance of our upgraded readout system and
assess neutron measurement capabilities under
known conditions.

3. Summary of previous years

Our HIMAC-related activities began in FY2023,
when we were granted beamtime on April 24th, 2023,
using a 150 MeV/u helium beam in the BIO exposure

room. This session served as the initial validation of
the PARDAL system components.

Low-fluence irradiations with variable PMMA filter
thicknesses and incidence angles were performed for
individual subsystems—CTED (Combined Tissue
Equivalent Detector), LABDOS (standalone silicon
diode system), and Liulin (a legacy dosimetry
instrument). These tests aimed to assess basic
functionality, energy response, and angular
dependence under well-controlled conditions.
Additionally, LET measurements were carried out
with CTED at HIMAC using Si (290 MeV/u), N (350
MeV/u), and Ar (500 MeV/u) beams. The objective
was to verify the LET response of both silicon and
plastic scintillator channels. While the silicon
detector yielded reliable LET values, the scintillator
channel showed signs of signal oversaturation.
Despite this, we successfully extracted a “LET
equivalent” by normalizing the signal amplitude with
respect to track length.

For each ion, the calculated LET in polyethylene (as
a tissue-equivalent material) and silicon was
compared with the experimentally determined “LET
equivalent” obtained from the scintillator and silicon
diode detectors. The results demonstrated a
consistent proportionality between the measured
“LET equivalent” and the expected LET wvalues,
confirming the detector’s ability to distinguish ion
species based on their energy deposition
characteristics.

Building on these initial validation experiments,
significant progress was achieved in FY2024
through two dedicated HIMAC campaigns using
high-energy heavy ion beams—carbon (400 MeV/u,
July 2024) and neon (400 MeV/u, March 2025).
These experiments enabled further validation of the
PARDAL system over an extended LET and energy
range and marked a transition from component-level
testing to system-level performance characterization
under conditions relevant for space radiation
environments .

A key advancement was the upgrade of the silicon
detector readout electronics, which significantly
extended the measurable deposited energy range up
to approximately 100 MeV. This represents a
substantial improvement over the previous
configuration and is essential for capturing the wide
spectrum of particle energies encountered in space .
Experimental validation with heavy ion beams
confirmed reliable detector response across a broad
dynamic range, from approximately 40 keV to 30
MeV of deposited energy. This extended sensitivity
enhances the capability of the PARDAL system to
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accurately characterize both low-energy and high- validation toward a robust, high-dynamic-range

energy particles, which is critical for comprehensive dosimetry instrument suitable for deployment in
dosimetry in mixed radiation fields typical of space complex radiation environments, including low
missions . Earth orbit and deep space.

These results demonstrate the successful evolution of
the PARDAL system from initial functional

type 1 type 2 type 3
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Figure 1. Signal registered with the silicon PIN diode in H 160MeV beam for three types of analysis.
4. Results in FY2025 detection..
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March 2026: H 160 MeV in HIMAC BIO
Instruments: TPX2, TPX3, 4x Spacedos (2x large
PIN diode, 2x small PIN diode) + conversion
layers °LiF.
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Figure 2. Si-detectors at test positions of the
HIMAC BIO exposure room.

X [px]

In FY2025, our experimental focus extended from
primary heavy ions to the investigation of radiation
fields generated by proton interactions, with
particular attention to secondary particles produced
along the beam path. This scenario is directly

Figure 3 Clusters detected with the TPX2 pixel
detector. Top: detector placed outside the beam;
bottom: detector positioned behind the Bragg peak.

relevant to space applications, where interactions Track imaging with the Timepix (TPX2) detector
of primary cosmic rays with spacecraft structures enabled visualization of individual interaction
and human tissue lead to the production of complex events. When positioned outside the beam (Runs
mixed radiation fields, including neutrons and 1-6, total acquisition time 104 minutes), only five
secondary charged particles. thermal neutron-induced events were detected via

the °Li(n,a)T reaction. This indicates a low flux of

The experiments were performed using a 160 MeV thermal neutrons under these conditions.

proton beam in the HIMAC BIO exposure room.

The PARDAL system was operated in In contrast, when the detector was placed behind
configurations sensitive to both charged particles the Bragg peak region, a significantly higher
and neutron-induced signals, including the use of density of clusters was observed, corresponding to
SLiF conversion layers for indirect thermal neutron secondary charged particles produced by proton

interactions in the medium.
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The position of the Bragg peak was independently
measured by HIMAC staff using an ionization
chamber and determined to be at 165.02 mm H,O,
in good agreement with the experimental
configuration.
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Figure 4. Energy spectra obtained with the TPX2
detector in the region behind the Bragg peak (Run
17, 168.01 mm H,0), separated by particle type
based on cluster shape analysis.

The TPX2 detector, using its cluster shape
recognition algorithm, allows classification of
detected events into particle categories:
photons/electrons, protons, and heavier charged
particles (“ions”). The measured spectra show
clear differences between these components. The
photon/electron contribution dominates at low
deposited energies, while proton-like events
extend to higher energies. A third component
classified as heavy ions is also observed; however,
in the present configuration this contribution is
likely influenced by event pile-up and overlapping
tracks rather than true heavy ion presence.

These results demonstrate the capability of pixel
detectors to distinguish different components of the
mixed radiation field based on track morphology
and deposited energy. It should be used for the PIN
diode Spacedos detector recognition algorithm.

4. Conclusions

The FY2025 HIMAC campaign extended the
experimental validation of the PARDAL system
from primary ion measurements to more realistic
mixed radiation fields generated by proton
interactions. Using a 160 MeV proton beam, we
investigated both secondary charged particles and

neutron-induced  signals  under  controlled
conditions  relevant to  space  radiation
environments.

The use of the 6LiF"6\text{LiF}6LiF conversion
layer enabled detection of thermal neutrons;
however, the measured number of neutron-induced
events was low, indicating that the thermal neutron
component in the given experimental configuration
is limited. This highlights the need for further
optimization of detector placement and conversion
layer geometry for efficient neutron detection.

At the same time, measurements performed with
the TPX2 detector behind the Bragg peak clearly
demonstrated the presence of a complex field of
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secondary charged particles. The ability of the
Timepix detector to classify events based on
cluster shape provides a powerful tool for
separating different radiation components. The
observed spectral distributions confirm sensitivity
to photons/electrons and protons, while the
apparent  heavy-ion = component  suggests
limitations of the classification algorithm under
high flux conditions, particularly due to pile-up
effects.

Overall, the experiment confirmed that
semiconductor-based and pixel detectors can
effectively characterize mixed radiation fields
produced by proton interactions, which are highly
relevant for space dosimetry. Future work will
focus on improving neutron detection efficiency,
refining particle classification algorithms, and
combining multiple detector systems to achieve
more accurate decomposition of radiation field
components.
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Abstract

In FY2025 during the HIMAC research project
H474, DLR was awarded two beam times: Kr400 in June
2025 and FeS00 in Feb. 2026. Both were carried out in the
HIMAC BIO facility. These irradiations substantially
contributed to the development of detector technologies
planned for human space flight, focus on deep space
exploration and subsequently for cancer radiation therapy.

The two beam times were used for finalizing the
development of a single-channel position-sensitive
linear energy transfer (LET) spectrometer M-42
POSITION and for the operational assessment of two
novel active DLR detector systems the M-42 BIG I and
IT under penetrating radiation.

1. Introduction

In FY2025 two H474 beam times were carried out.
The dates and ions are provided in Table 1.

Table 1: HIMAC beam time (ions and energies)

Energy
Run Date Ion (MeV/n) Room
1 2026-02-23 Fe 500 BIO
2 2025-06-24 Kr 400 BIO

2. M-42 POSITION

The M-42 POSITION detector (Figure 2) is a new
development by DLR. It is a system capable of detecting
not only the deposited energy of each incoming particle
but also its incident position. This is achieved by a
position sensitive diode rather than a pixel detector (as it
is the usual case). It promises to be a low-power
alternative to pixel detectors. Our aim is to be able to use
this detector in a telescope configuration. The telescope
configuration will then be able to determine the incident
angle and track length of a particle, allowing the Linear
Energy Transfer (LET) to be calculated.
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Figure 1: M-42 POSITION: measured deposited energy
dependence on bias voltage, Kr400.

Figure 2: M-42 POSITION at the irradiation table at
HIMAC-BIO.

In FY2025 the M-42 POSITION, equipped with
updated analogue electronics, underwent characterisation
regarding the dependence of deposited energy on detector
bias voltage. The bias voltage sensitivity of the sensor
diode used was characterized by changing the bias voltage
during the irradiation and comparing the measured
deposited energy. The results showed that with a bias
voltage between 120V and 140V, the measured energy
only varies by 0.3% - Figure 1.

Using a pinhole collimator, the exact spatial resolution
of the collimator holes was possible - Figure 3.
counts per area 110MeV to 130MeV

Figure 3: DLR M-42 POSITION: measured point-spread
function using a pin-hole collimator, Fe500.
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Figure 4: M-42 BIG I unit

The M-42 BIG 1 is a detector system developed by the
DLR which features a silicon radiation sensor with a large
surface area (see Figure 4). The device encompasses an
advanced and fine-tuned analog electronics, processing
the detector signal in one signal chain that covers a wide
dynamic range. This eliminates the need to combine two
(like e.g. the DLR-RAMIS device) or three separate
dynamic ranges. This system in current configuration
covers an energy range up to 500 MeV. In the course of
FY2025 the M-42 BIG was upgraded (also thanks to the
HIMAC irradiation campaigns) to the M-42 BIG II. This
new system can recover from signal pulses caused by high
energy depositions in the detector fifteen times faster and
eliminates the need for a peak detector — a signal-
processing unit known from legacy nuclear electronics
systems that usually negatively influences the system
linearity.

During irradiation of the very first version of M-42 BIG I
in June 2025 (Kr400) the system performance was overall
good. Nevertheless, we identified a discrepancy between
the energy-deposition spectra recorded with the previous
instrument - Figure 5.

Figure 5: Orange M-42 BIG Il distorted energy-
deposition spectrum compared with our previous detector
M-42 BIG I (blue). Kr400, June 2025.

This behaviour was not present during electronics tests in
our laboratory, as we cannot completely mimic all
processes, particularly within the detector and the front-
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end electronics. The real-world irradiations are
necessary for identifying the root cause of the system
behaviour of the newly developed signal-processing chain.
In FY2026, we will verify our hypothesis regarding the
root cause and will evaluate steps to mitigate this adverse
behaviour.

Figure 6 compares energy deposition spectra of Fe500
recorded by the upgraded device M-42 BIG 1II at two
different particle rates. The clear peaks are proofing the
high energy range of the device. This comparison led to
better understanding of the underlying processes in the
detector signal chain and helped to develop an alternative
approach that will be evaluated in FY2026.

|h11 ifh Il

Figure 6: M-42 BIG Il energy deposition spectra of Fe500
(Feb. 2026). Blue:100 particles/cm?/spill, orange: ca.
6000 particles/cm?/spill.
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4. Conclusion and Outlook

The HIMAC beam times of H474 enabled us to
develop a completely new type of position sensitive
detector, the M-42 POSITION. The outcome of the
HIMAC irradiation will lead to a future system consisting
of two such detectors working as a telescope, which will
act as a LET spectrometer. The underlying working
principle has recently been patented by the DLR. For the

characterisation of the future telescope system,
penetrating radiation will be crucial.
M-42 BIG has successfully proven increased

detection surface area together with the upgraded
dynamics. Improvements in terms of detection at elevated
count rates are deemed necessary, to take the larger
surface area of the detector into account. This requirement
gains importance, as we envisage the use of the M-42 BIG
II as a reference instrument for treatment planning and
beam monitoring in cancer treatment.

Overall, the results gathered during FY2025 at
HIMAC enabled the development of novel radiation
detector systems with heritage from space missions and
with the aim of applying these systems for Earth-based
applications in cancer therapy and radiation protection
dosimetry.

3DLR, Germany; "QST-NIRS, Japan.
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The relevant outcome of the results for our HIMAC Research projects and from previous HIMAC
Research projects which helped in the characterization of the relevant detectors has been published
in:

M.J. Losekamm, T. Berger, P. Hinderberger, M. Kaseman, T. Kendelbacher, C. Kuehnel, K. Marsalek,
D. Matthid, L. Meyer-Hetling, S. Paul, T. Poschl, B. Przybyla, M. Rohde, M. Wirtz and H.J. Zachrau
(2025) First Results from the RadMap Telescope. Proc. 39th International Cosmic Ray Conference
(ICRC2025) 15 — 24 July 2025, Geneva, Switzerland https://doi.org/10.22323/1.501.0073

The following presentations were given in relation to instruments tested at HIMAC within the
relevant HIMAC research projects at the WRMISS (https://www.wrmiss.org) in Cologne, Germany,
September 2025

e Thomas Berger etal. “DOSIS and DOSIS 3D — active and passive radiation measurements
in Columbus from 2009 — 2025~

e Moritz Kasemann et al. “Update on the DLR M-42 instrument family and future missions”

e Maximilian Radenhduser etal. “Almost 2500 days in space — the RAMIS radiation detector
on the DLR Eu:CROPIS mission”

e Matthias Meier et al. “Between Sea Level and the ISS: Radiation Measurements in the SAA
Region at Flight Altitudes II”
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Abstract

The space radiation environment in geostationary
orbit is an important factor for space weather
forecasting. The National Institute of Information and
Communications Technology (NICT) is developing
Radiation Monitors for Space weather (RMS) for
installation on Himawari-10 satellite.

In particular, the proton measurement system is
designed to detect protons in the energy range of 10
MeV to 1 GeV by combining a silicon semiconductor
detector with a Cherenkov photon detection system.
This approach aims to significantly extend the
measurable energy range compared to the instruments
currently onboard geostationary satellites

The developed engineering model (EM) is evaluated
by irradiating it with proton beams of known energies
to characterize its detection performance. From the
experiments, we found the defects from the EM
detectors, and it could manage by further experiments.
In addition, irradiation tests are conducted on the
electron measurement system, which targets radiation
belt electrons, to assess proton contamination effects.
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Abstract

We are developing a solid deuterium target
(SDT) for reaction cross section (GRr)
measurements. In FY2025, we measured a
reaction rate between the SDT and a '2C beam.
The present results suggest a feasibility of the
SDT for or measurements.

1. HROBBENNYITSIUR

FOSWrEfE (or) & IXHAMEEGEL 2 bR < R
TS DISERTH V| O
BOEHIZE > T, or PIEITH RN 72 TR T
EEENTWD, ZOFEOFMEIL, £
BPRREW (b)) 1ZEor b RELS U
) B L EBHICHMTE 5, BT, R
TIOR3 88 (rp) & W10 8%
() ZRH &8T5 2 &, FHETE
72 8 DI E DGR & > THET
Hob, PRI, 1 & m ZBER EH
THFIEE LT, BHERN & & EN %
A zor HIENEREINTWS [1], 21
151851 & - TP O A
ERNEL L Z LITESL, Frx DT —
TR IER & LT, BEICor HIE IR
L 7= EAKFERER) (SHT) #BA% L7 [2].
BAE, Fx X2 SHT OFEL LT, FHiE
HKFEMER (SDT) OB E D TS, &
7 FEEOFERIT, BFF O SDT 124 A4
E—AE N L. ISR E L Toa M
BRI HZ AL L,

2. SEEOHMEANE

X 11X SDT v AF LADEBETH 5,10
K (23R L7 O R) VI IR O EK
FHA%EHKI180 Torr THHGT H Z LITX D,
MR OEAREAKSE (050X 50 mm®) 23MES
ns, Efh, ©—2BL2b 07 MK

MEEICL>TEND Z L Z2MA D201,

142

BT h 7 s U REEE S BNk L
DEO TN TERY, EARBENTAEEE
DY T LT AN ED L DI > T 5D,
K 1DXoiz, /LD EERIE SDT 23ME
B, ERE AL O FEITEER Oy 7
77y RUETHA SN, BB /VILE
o —n FTHEN, BEET = =N
ANBND, BEZEF = o — (LA 3%
EINTWHDT, FAE#E LT85
& T, SDT 2 &7 <, AR TR
WA EELEZOIVIEZ D Z LN TE D,
X 2 13EBRCTHEHA L7 SDT DEETH 5,
D EFN OO X IR 2D b
DIE SDT VERRHFIC AT HBETH D,
TR T AW G TR =TT i, HIMAC
MNHDOEEFHT-V 400 MeV O ’C BE— L%
SDT [ZHEG U7z, R B3 & FIticix,
ETNEN, TITAF I oFlL—ay
NG oE— AT T NN —HRKE L.
SDT ~OD AFHhi 1%k & SR 75 &2 FH 4L
e AF TN =9 DT /) — K&
WEHL, 3KTo5% 1 DOEFLLTE
EHHZ LT, #H3ODEEERATZ
EINTED,

3. SEEDMEMRBRLMBITHER

X3 1L SDT 2 12C & — A% BREF L 7= flz .
A X T2 NN—=THLNTEZOFEMT
HD, REFEFENARSLCA 0 CRIMIEOE—2
DR TE 5, AR L7z 2C &K 3 (Tr-d
R S [RINLAR DR 1B b 2y 53R D 7= OGS R 1T,
B2 LRETE NNy 7 T R
LB £ 8% TH -7, Metid#E4a2%E
BT sE, ZOMRITHEIEE T D,
TR K2 IR 535 SDT OEE ) or HI
TENWCRKE /2B 52702 L aRIB L,
AWFZEIZ L BAZE D SDT 2vor HIEIZE
FORISERE LTAITHDL Z EE2RL



TWb, £/, M 7THEEDOFEBRTIE, X
JEER DN ERIFEZ MR T D720z, 2
A= HZHWNT, SDT OB HMEICHE
— LE RS U7e, FERI e MEAT X B T H
ThH b, 5%I1%. SHT & SDT % v 7=or
EEHED, & madOEHERAD,

)RR
1:[EREKFEFER) (SDT) DFERE IV () |
HIEF " — (R, 7&K BT o
FH,

2 FEBRCfEAH L7z SDT,

143

g

g

£

g

Signal 2 [ch]
g

~C isotopes .
B isotopes '

AP PRI T T PR PPN P
0 500 1000 1500 2000 2500 3000 3500 4000
Signal 1 [ch]

3:12C % SDT |[ZHEH L7=HRICAE B
A F T == DOIEEDOFB,

2 3K

[1] W. Horiuchi et al., Phys. Rev. C 102, 054601 (2020).

[2] T. Moriguchi, et al., Nucl. Instrum. Methods Phys.
Res. A 624, 27 (2010).

BURKTY  HOEME R
Univ. of Tsukuba

wEREZEET
QST



25HHO009 FE Al S —E
PUERY: AR

(1) 55

1.

(2
=L

(3

1.

G. Takayama, M. Fukuda, M. Tanaka, M. Fukutome, M. Takechi, T. Suzuki, A. Homma,
D. Nishimura, T. Moriguchi, D. S. Ahn, A. Aimaganbetov, M. Amano, M. Amitani, H.
Arakawa, H. Baba, S. Bagchi, K.-H Behr, N. Burtebayev, K. Chikaato, H. Du, T. Fujii, N.
Fukuda, C. Fukushima, H. Geissel, T. Hori, S. Hoshino, R. [gosawa, A. Tkeda, N. Inabe,
K. Inomata, S. Ishitani, K. Itahashi, T. Izumikawa, D. Kamioka, N. Kanda, I. Kato, I.
Kenzhina, Z. Korkulu, Y. Kuk, K. Kusaka, K. Matsuta, M. Mihara, E. Miyata, D. Nagae,
S. Nakamura, M. Nassurlla, K. Nishimuro, K. Nishizuka, N. Noguchi, M. Ohtake, T.
Ohtsubo, S. Omika, H. J. Ong, K. Onishi, A. Ozawa, A. Prochazka, S. K. Sakhiyev, H.
Sakurai, C. Scheidenberger, Y. Shimizu, T. Sumikama, S. Suzuki, H. Suzuki, R. Taguchi,
H. Takeda, Y. Tanaka, Y. Tanaka, 1. Tanihata, Y. Togano, T. Wada, K. Wakayama, S.
Yagi, T. Yamaguchi, R. Yanagihara, Y. Yanagisawa, A. Yano, K. Yasuda, K. Yoshida, T.
K. Zholdybayev, Interaction- and charge-changing cross sections for neutron-rich
03-80Cu isotopes toward the derivation of neutron skin thickness, Nuclear Physics A,

1065, 123261(5 pages) (2025).

) EPRIIEE S 7 & D Proceedings

) EAROWRESO OEELR, KA X —FE
ARV EA, “hmdgs & NLEIFIE”, KEK-day, FUH KRS (2026 45 3 A 19 H).

Hayato Kobayashi, Tetsuaki Moriguchi, Akira Ozawa, Daiki Nishimura, Masaomi Tanaka,
Miki Fukutome, Soshi Ishitani, Ryo Taguchi, Gen Takayama, Asahi Yano, Kazuhiro Adachi,
Hidetada Baba, Shun Endo, Mitsunori Fukuda, Naoki Fukuda, Yi He, Yuto Ichinohe,
Chinami Inoue, Rinon Kageyama, Yuta Kikuchi, Nobuyuki Kobayashi, Kensuke Kusaka,
Keita Maeda, Kento Matsuyama, Shin’ichiro Michimasa, Mototsugu Mihara, Misaki
Mikawa, Maoto Mitsui, Daisuke Nagae, Satoru Nishizawa, Masao Ohtake, Takashi Ohtsubo,
Claudio Santonastaso, Rena Sasamori, Fubuki Sato, Toshiya Shimamura, Yohei Shimizu,
Hiroshi Suzuki, Takeshi Suzuki, Hiroyuki Takeda, Shoko Takeshige, Koki Tezuka,
Yasuhiro Togano, Kohei Watanabe, Takayuki Yamaguchi, Yoshiyuki Yanagisawa, Keigo
Yasuda, Ibuki Yasuda, Masahiro Yoshimoto, Wei Yu, “Nucleon Removal Cross Sections of
90Sr Using a Thick Solid Deuterium Target”, RIBF Users Meeting 2026, RIKEN Nishina

144



Center, Wako, Saitama (Mar. 4-5, 2026).

NI, “ MR B SRAR I &2 F o 72 4% 1 RIBERTIERR ", TRIP UC JURA . KRR v

— 7S, KREA v e RUHERFATEF v v Y2 18 (2026 45 3 H 2-3 H).

SHES AR Ca [FNAAR DR EZ{LWILAE O HIE”, TRIP UC JuRAfR Ehi

TN—T5EE, REA v e RUHHAKRFH R * v v X #1i8 (2026 4E 3 H 2-

3 H).

REFHIG, “Xe & — L% Fl 7 AR - KRR O —kkIE D FFHl, TRIP UC JT

RAEM BB — RS, KEA v 2 LR RFALHEF v Vo 2 TR

(2026 4£ 3 A 2-3 H).

Kobayashi Hayato, Moriguchi Tetsuaki, Ozawa Akira, Nishimura Daiki, Tanaka Masaomi,
Fukutome Miki, Ishitani Soshi, Taguchi Ryo, Takayama Gen, Yano Asahi, Adachi Kazuhiro,
Baba Hidetada, Endo Shun, Fukuda Mitsunori, Fukuda Naoki, He Yi, Ichinohe Yuto, Inoue
Chinami, Kageyama Rinon, Kikuchi Yuta, Kobayashi Nobuyuki, Kusaka Kensuke, Maeda
Keita, Matsuyama Kento, Michimasa Shin'ichiro, Mihara Mototsugu, Mikawa Misaki,
Mitsui Maoto, Nagae Daisuke, Nishizawa Satoru, Ohtake Masao, Ohtsubo Takashi,
Santonastaso Claudio, Sasamori Rena, Sato Fubuki, Shimamura Toshiya, Shimizu Yohei,
Suzuki Hiroshi, Suzuki Takeshi, Takeda Hiroyuki, Takeshige Shoko, Tezuka Koki, Togano
Yasuhiro, Watanabe Kohei, Wei Yu, Yamaguchi Takayuki, Yanagisawa Yoshiyuki, Yasuda
Keigo, Yasuda Ibuki, Yoshimoto Masahiro, “One-proton Removal Cross Section of *’Sr
Using a Thick Solid Deuteron Target”, Joint Symposium on Nuclear Data and ERATO
TOMOE project in 2025, JAEA Tokai Mirai Base, Ibaraki (Nov. 19-21, 2025).

Mitsui Maoto, Moriguchi Tetsuaki, Ozawa Akira, Nishimura Daiki, Tanaka Masaomi,
Taguchi Ryo, Takayama Gen, Yano Asahi, Adachi Kazuhiro, Amitani Mei, Baba Hidetada,
Fukuda Mitsunori, Fukuda Naoki, Fukushima Chihaya, Fukutome Miki, Ichinohe Yuto,
Ishitani Soshi, Ito Nao, Inoue Chinami, Kageyama Rinon, Kikuchi Yuta, Kitagawa Naoyuki,
Kobayashi Hayato, Kusaka Kensuke, Matsuyama Kento, Michimasa Shin’ichiro, Mihara
Mototsugu, Mikawa Misaki, Nakamura Yuki, Nishizawa Satoru, Ohtake Masao, Ohtsubo

Takashi, Sasamori Rena, Shimamura Toshiya, Shimizu Yohei, Suzuki Takeshi, Suzuki

145



Hiroshi, Takeda Hiroyuki, Takiura Kazuki, Tezuka Koki, Togano Yasuhiro, Tomioka Nao,
Tsujisaka Tasuku, Watanabe Kohei, Yamaguchi Takayuki, Yanagisawa Yoshiyuki, Yasuda
Keigo, Yoshimoto Masahiro, Zhang Hanbin, “Measurement of charge-changing cross
sections of ***Ca”, Joint Symposium on Nuclear Data and ERATO TOMOE project in 2025,
JAEA Tokai Mirai Base, Ibaraki (Nov. 19-21, 2025).

8. Moriguchi Tetsuaki, Nishimura Daiki, Tanaka Masaomi, Fukutome Miki, Ishitani Soshi,
Taguchi Ryo, Takayama Gen, Yano Asahi, Adachi Kazuhiro, Amitani Mei, Baba
Hidetada, Endo Shun, Fukuda Mitsunori, Fukuda Naoki, Fukushima Chihaya, He Yi,
Ichinohe Yuto, Inoue Chinami, Ito Nao, Kageyama Rinon, Kikuchi Yuta, Kitagawa
Naoyuki, Kobayashi Hayato, Kobayashi Nobuyuki, Kusaka Kensuke, Maeda Keita,
Matsuyama Kento, Michimasa Shin'ichiro, Mihara Mototsugu, Mikawa Misaki, Mitsui
Maoto, Nagae Daisuke, Nakamura Yuki, Nishizawa Satoru, Ohtake Masao, Ohtsubo
Takashi, Ozawa Akira, Santonastaso Claudio, Sasamori Rena, Sato Fubuki, Shimamura
Toshiya,Shimizu Yohei, Suzuki Hiroshi, Suzuki Takeshi, Takeda Hiroyuki, Takeshige
Shoko, Takiura Kazuki, Tezuka Koki, Togano Yasuhiro, Tomioka Nao, Tsuzisaka Tasuku,
Watanabe Kohei, Wei Yu, Yamaguchi Takayuki, Yanagisawa Yoshiyuki, Yasuda Ibuki,
Yasuda Keigo, Yoshimoto Masahiro, Zhang Hanbin, “Measurement of Interaction Cross
Sections in the RIKEN TRIP-S3CAN program”, Joint Symposium on Nuclear Data and
ERATO TOMOE project in 2025, JAEA Tokai Mirai Base, Ibaraki, (Nov. 19-21, 2025).

9. T. Moriguchi, “Measurements of Reaction Cross Sections with a Solid Hydrogen Target and
Development of the Target System”, International Symposium Commemorating the 40th
Anniversary of the Halo Nuclei (HALO-40), Beijing, China (Oct. 12-18, 2025).

(4) zofth
7L

(5) “Fram

L ZHEE, BT@HF Ca FfLAOmEL LB OHIE, B1amsd. PR EHYH
PRV U A6 7 0 7 7 2 (2026)

146



HAT 7T 4 THEHNC X 2 98 O Y TENT 5%

Study of matter property of the nucleonic system using gaseous active target (25HH015)
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Abstract

We are developing the active target CAT-M
to investigate the bulk properties of nuclear
matter through the property, in particular the
incompresibility, of the atomic nuclei. In order
to evaluate the finite system effect to the
nuclear property, the systematic measurement
of inelastic scattering on both stable and
unstable nuclei are required. The CAT-M is
employed in the measurement for the unstable
nuclei. In the present study, to further improve
measurement accuracy and high-rate data
acquisition capability, we continued the study
for the reduction of ion backflow, which causes
electric-field distortion due to space-charge
effects under high-intensity heavy-ion beams,
and carried out beam tests of a newly developed
streaming  readout waveform  digitizer,
SAMIDARE. Data analysis is currently
ongoing, and this report summarizes the current
status of the ion backflow studies and the first

heavy-ion beam irradiation test of SAMIDARE.

Understanding the equation of state (EOS) of
nuclear matter is fundamental to elucidating the
properties of finite nuclei and neutron stars. In
particular, experimental constraints on the
isospin-dependent incompressibility Kt are
important, and require systematic measurements
of the isoscalar giant monopole resonance
(ISGMR) over a wide range of nuclei, including
unstable ones. To achieve this goal, we have been
developing the active-target time projection
chamber CAT-M. In previous studies, we have
achieved ISGMR measurement for Kr-86 at
HIMAC by installing a dipole magnet inside the
recoil TPC in CAT-M, we successfully suppressed
background events caused by a large amount of
the delta electrons. A tiny TPC (Beam TPC) was
recently introduced, which is located as close as
the recoil TPC, to measure the beam position and
direction precisely. In the present fiscal year, our
research focuses on two major themes: (1) studies
of ion backflow (IBF) in the TPC gas
amplification stage, (2) performance tests of a
newly developed streaming-readout waveform
digitizer, SAMIDARE, using heavy-ion beam
irradiation.
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The CAT-M consists of a Beam TPC for beam
tracking, a Recoil TPC and silicon detectors for
recoil particle tracking, and dipole magnets for
suppressing delta electrons. In both the Beam and
Recoil TPCs, ionization electrons produced by
charged particles injecting the field cage are
transported by a uniform electric field formed,
multiplied by THGEMs [5], and collected by readout
electrodes. Particle trajectories are reconstructed
from the measured drift times and hit positions.
However, ion backflow—ions generated during the
gas multiplication process and drifting back into the
field cage—induces electric-field distortions that
degrade tracking accuracy. In the Recoil TPC, such
distortions can result in trajectory shifts of
approximately 1° in the center-of-mass system,
corresponding to energy shifts of about 1 MeV in the
excitation-energy spectrum. In addition, the
previously adopted data acquisition system for the
CAT-M has been discontinued, requiring the
development of a new readout system. To address
these issues, we conducted experiments to evaluate
ion backflow using two types of THGEMs with
different hole configurations and to assess the
performance of the newly developed waveform
digitizer, SAMIDARE.

Used for IBF

Mini | | Mini | | Mini
TPC || TPC | | TPC

LP-MWDC

SR-PPAC
LP-MWDC

Used for
SAMIDARE
Figurel: Experimental setup. Two Beam TPCs were used for
SAMIDARE tests and one for IBF measurements. Two LP-
MWDCs and a SR-PPAC were used for position reference  with
aDAQ independent of SAMIDARE.

The experimental setup is shown in Fig. 1. Three
Beam TPCs are located between two LP-MWDCs
and one SR-PPAC, which gives the reference
tracking detectors for the beam trajectory. Each
Beam TPC consists of a field cage, a multiplication
stage, and readout electrode. In this experiment, we
used a 3-stage stack comprising two Normal
THGEMsand one Flower THGEM, alternately
layered at 2 mm intervals.

The negative voltage was applied to the readout
electrode by a N1470 (CAEN) voltage supplier,
and the current monitor output voltage was



recorded by a V1740 (CAEN) waveform
digitizer. The current from the cathode plate,
which corresponds to the backflow ions, were
measured by using a 6485 Picoammeter
(KEITHLAY), and the monitor output voltage
was recorded by the V1740. The acquired
waveforms are shown in the Fig. 3. The ion back
flow rate of the 0.4% is achieved in this
measurement. The further analysis is ongoing.
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-

LWJ

1 1

4 6 8 12 1
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| |
4 16 18

Current (nA)
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Figure 3 : anode signal (top) and cathode

signal (bottom)

The SAMIDARE test was performed using two
Beam TPCs together with other beam-line
detectors. Beam-line detectors were acquired
using a streaming DAQ. This DAQ synchronized
clock using the reference timing distributor
MIKUMARI. In this study, DAQ integration was
achieved by adopting the MIKUMARI as the
operation clock of SAMIDARE. The acquired
waveforms were analyzed to extract pulse timing
and event reconstruction. The reconstructed pulse
demonstrates pulse without distortion, and the
linearities between pulse height and pulse integral
indicates that no pile-up effects (Fig. 4).

Figure 5 shows the timing structure of the beam
particles. The top panel presents data acquired
with SAMIDARE. Measured time structure was
consist with 3.3s operation cycle of the
synchrotron. In addition, the bottom panel shows
the timing structure within a spill, derived from
data with the streaming DAQ and SAMIDARE. A
correlation was confirmed between recorded by
SAMIDARE and those detected by streaming
DAQ.
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Abstract

To overcome the current stagnation in measuring
the magnetic dipole moments of unstable nuclei, we
have begun to develop a measurement technique using
the dynamic nuclear polarization (DNP) method. As a
first step, we have applied the DNP method to *!Si (/*
= 3/2%, Typ, = 157.3 m) produced in P-doped Si and
attempted to measure its magnetic moment.
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Measurement of isotopic light ion cross sections with a nuclear fragment spectrometer
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T. Campbell-Ricketts'?, S. George®?, J. Norbury*#, C. Zeitlin'?, D. Laramore'?, and L. Stegeman'?

1) Leidos Inc., 2) Space Radiation Analysis Group, Johnson Space Center, 3) NASA, 4) Langley Research Center

Abstract

The nuclear fragment spectrometer is being developed to count isotopically-identified light fragments in heavy-ion
beam interactions with various target materials, in the few-hundred MeV/u velocity range. The spectrometer consists
of a sequence of pixel detectors for particle tracking and LET measurement, together with an assembly of permanent
magnets in a circular Halbach array. In 2025, experiments were conducted with the system at HIMAC, to investigate

its tracking and particle identification capabilities. In July 2025, we operated the system in a 400 MeV/u carbon
beam, with and without a thin graphite target. In November, 2025, we performed tracking experiments in a 150
MeV/u helium beam, with and without a 32 mm PMMA target.

(1) Introduction

In the field of radiation-related astronaut safety,
perhaps the greatest source of physics-based
uncertainty arises from the marked lack of
consistently measured light-ion production cross
sections [1]. The lack of this information, for example,
has made it impossible to verify if and where exists
the long-hypothesized optimum in shielding thickness
for a space vehicle exposed to galactic cosmic rays.
These light-ion fragments have a relatively dominant
effect on biological hazard, yet are impossible to
accurately quantify in transport codes, due to the
historical difficulty in measuring the relevant cross
sections.

Pixel detectors are a powerful tool in high-energy
physics. For more than a decade, NASA has been
using Timepix devices for detailed measurement of
the space radiation environment, and it was realized
that these detectors could be brought into service to
address this knowledge gap
important nuclear cross sections. Providing this

in dosimetrically

information would not only serve the space-radiation
community, but would also have impact on terrestrial
activities, such as treatment planning for ion therapy,
and possibly in shielding design and other aspects of
nuclear engineering.
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(2) Methodology

The nuclear fragment spectrometer uses a sequence of
three Timepix3 detectors to track particles
downstream of a beam target. The Timepix3s allow
synchronized time tagging, precise to within a few
nanoseconds, high spatial resolution, thanks to their
256x256 array of 55 um square pixels, and deposited
energy resolution, due to a time-over-threshold
mechanism. Two of the detectors perform a precise
measurement of the trajectory of an individual particle
before it enters a circular Halbach magnetic array.

[
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Primary Fragment Magnetic

counter timing and filter

positioning
(TPX3)
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and LET
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Taraet I—— Synchronized detectors 4I

Figure 1: Schematic layout of the nuclear fragment
spectrometer

The Halbach assembly consists of eight 100 mm long
neodymium magnets in a circular arrangement. In the
central region of this ring, where the tracked particles
flow, a uniform vertical magnetic field of 0.5 Tesla
provides a deterministic lateral kick to all charged



particles. With this field strength over this distance,
deflection of several mm is reasonable for most
species, at energies below 500 MeV/u.

The third Timepix3, placed about 1 m downstream of
the Halbach magnet, registers the deflection of the
previously tracked particles, as well as their LET. The
magnetic deflection is dependent on the charge to
mass ratio of the particle, together with its velocity.
The LET measurement is also determined by velocity
and charge. Thanks to the discrete nature of Z and A,
with these two measurements it is in principle
possible to solve for Z, A, and kinetic energy.

A fourth Timepix3 can be placed upstream of the
target material, to record the number of incident
primary particles, thereby allowing normalization of
the fragment counts and determination of the desired
double-differential cross sections.

Finite-element calculations of the Halbach assembly
have been performed, indicating a highly uniform
magnetic field of just over 0.5 Tesla. We use Euler’s
method to solve for the downstream deflection of a
given particle at a given energy due to this Halbach
magnet (see Figure 2).

/76 25 Q —25 —50 —75
X-axis, mm

Figure 2: Calculated deflection of a 200 MeV/u a-particle
moving towards the viewer. The deflected (red) and
undeflected (blue) trajectories intersect a reference
plane at predictable positions, allowing the lateral
deflection to be determined.

The downstream detector is rotated (typically to 60)
to give multiple samples of the measured particle’s
LET, denoted F; for the retarding force in the j-th pixel
of the track. Denoting the measured deflection as D,

then the maximum likelihood point in
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species/velocity space can be derived from Bayes’
theorem, and is given as

Linaz(S:, V) = argmaz(P(Fy Fs...F,,|S;VI) x P(D|S;VI))
where V' is the particle’s velocity and S; is the i-th
species in a list of particles with unique (Z, A)
combinations.

The first term on the right of the above equation can
be determined from the Landau-Vavilov distribution,
or an equivalent model of the energy-deposition
statistics:

m—1
SVI) ~ [[ Puv(F|S:VI)

j=2

P(F\F;...F,,

where m is the number of pixels along the length of
the track. We ignore the first two pixels as we are
uncertain of the exact path lengths through these, but
with 18 or so pixels in total in a 0.5 mm thick detector
at 60, the product of m-2 terms gives a far better
estimate than a single cluster-wide LET measurement

(2].

The second term in the maximum-likelihood formula
gives the probability for a measured deflection based
on species and velocity. This deflection consists of a
deterministic component, as illustrated in Figure 2,
and a random tracking error. These errors are
dominated by scattering in the tracking detectors and
in the air between the tracker and the downstream
detector. In previous years, we have measured these
error distributions at HIMAC and other facilities for a
variety of species and energies, allowing us to
interpolate a general model for the Gaussian tracking
errors, based on S;, ¥, and the total flight distance.

Using these measured tracking errors, and assuming
that the dispersion in deposited energy registration is
dominated by the Landau-Vavilov statistics, we
performed the
maximum-likelihood The
results for particles of 200 MeV/nucleon are shown in
Figure 3.

a Monte-Carlo evaluation of

identification scheme.

We studied species of H (A=1, 2, 3) and He (A=3, 4)
(10,000 of each particle type) and considered all
reasonably likely hypotheses up to lithium-7. With the
setup examined, we never saw a particle assigned the
wrong atomic number, while errors in assigned atomic



mass were infrequent. When errors do occur in
determination of A, they are no greater than +1, and
appear preferentially in the upward direction. This is
because lighter isotopes undergo more diffusion
during transit towards the measurement plane (i.e.
greater tracking uncertainty), and so are less well
localized at the detector, and more easily mis-

identified than a nucleus that is heavier by one neutron.

Figure 4 illustrates why this is the case. It may prove
possible to correct our measurements based on
understanding this bias mechanism.

60°, 200 MeV / nucleon

mm proton
deuteron
triton

86.7% helium-3
a-particle

100004 _ssex

8000

6000

frequency

4000

2000+

) T T T T T T T
A

> . .
© o
- & -

ID estimate

Figure 3: Monte-Carlo assessment of the maximum-
likelihood particle ID scheme. Each color represents a
true particle identity, while the x-axis indicates the
assigned identity based on simulated, noisy
measurements.

(3) Recent Progress

In 2025, we undertook two beam measurement
campaigns at HIMAC (C, 400 MeV/u and He, 150
MeV/u) and one set of measurements at Thomson
Proton Center, in Tennessee, USA. Each measurement
added valuably to our collection of tracking error
distributions, showing areas where our parameterized
model of diffusion in terms of species, energy, and
flight distance could be refined.

As an additional measurement with the carbon beam,
we attempted to generate and register secondary
particles with a 5 mm graphite target, but were
unsuccessful in generating statistically significant
numbers of lighter particles.

With the helium beam, we again verified the
performance of the Halbach magnet, achieving a mean
deflection within 1.6 mm of the predicted 16.7 mm
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Figure 4: Illustrating why atomic-mass errors are
preferentially towards the heavier isotope. Probability
distributions show the likely arrival points for a heavier
(blue) and a lighter (green) particle, deflected by the
Halbach  magnet. Maximum likelihood favors
assignment to the particle whose probability is greater at
the measurement location. The shaded region
represents lighter particles mis-diagnosed. This region
clearly includes more mass than is associated with
errors in the opposite direction.

lateral movement at the downstream measurement
plane. The standard deviation tracking uncertainty in
this measurement was less than 4.6 mm. This
compares well with the 4.2 mm standard-deviation
tracking uncertainty we measured in the same beam,
without the magnet, confirming that the magnetic field
is indeed highly uniform over the region seen by the
tracked particles.

We again attempted to record secondary particles with
the helium beam. This time, we inserted 32 mm of
PMMA upstream of the spectrometer, but again we
saw no significant population of fragments.

We have also performed various Monte Carlo
simulations of the experimental setup in Geant4. In
Figure 5 we show results from a study aimed to
optimize the species identification precision by
changing aspects of the Halbach magnet. Figure 5
plots 2D LET-deflection histograms for a system with
two of our standard Halbach magnets in series. The
overlap,
compared to using a single magnet. We have

results indicate much reduced species
subsequently built a second magnet assembly, and will
conduct beam experiments with the two magnets back
to back in 2026.
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Figure 5: Simulation of species separability for flat
particle spectra between 150 and 400 MeV/u, using a
double-magnet system. Each panel shows a 2D
histogram with deflection on the x-axis and LET on the y-
axis. The lower-right panel shows all simulated species
together, showing that each isotope inhabits its own
distinct region of phase space.

We have developed simulations to estimate fragment
production yields, using the state-of-the-art cross-
section data available at present (see Figure 6). This
code maintains the history of the fragment from
generation to detection with sufficient detail to allow
us to separately count (1) fragments created by the
primary in the target - the orange bars, (2) fragments
created by non-primary particles in the target - the
green bars, and (3) fragments generated elsewhere in
the setup - blue minus (orange plus green). Term (1) is
the true signal indicative of the desired cross section,
while terms (2) and (3) must be considered error terms,
which should be corrected for. We imagine an iterative
process in which differences between prediction and
measurement are fed back into the cross-section values
used by Geant4 to obtain refined error corrections until
a point of satisfactory convergence is reached. Further
development work is required to determine if this is
really achievable.
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For 2026, we have secured a helium beam at HIMAC,
using which we will again attempt to generate multiple
secondary species. Through analysis of the particle hit-
rate statistics observed during our previous HIMAC
experiments, we have observed that the instantaneous
particle flux remains much lower over the spill
structure than at other synchrotron facilities we have
used. Consequently, we expect to be able to utilize
much higher particle fluxes than we have previously
used, while not interfering with the system’s ability to
track individual particles. This, coupled with an
optimized experiment, based on the simulations
described in the previous paragraph, should make it
possible to see adequate fragments for our experiments.

ton hits, C12-250MaVn Primary beam
3 TP

Deuteron hits, C12-250MeVn Primary beam
e

002%

£ aoton |

¢
2 0.008% -

Figure 6: Fragment production yields for 250 MeV/u
carbon on varying thicknesses of aluminium, calculated
with Geant4. The orange bars show fragments created
directly by the primary, while the green bars count
fragments created in higher-oder processes.

Later in 2026, we hope to take measurements with
oxygen on a carbon target, to try to replicate some
recent cross-section results by other workers.
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Abstract: This report summarizes the results
obtained during a beam-time campaign June 25, in
medium energy and bio rooms. Yields of the main
water radiolysis species and of biomolecules were
measured along the track of 230 MeV/u He ions, and
with a special focus on the fragment region, as well as
under 6 MeV Protons at various high dose-rates.

Introduction

The aim of our proposal is to better
understand and describe the radiolysis
mechanisms of protein biomolecules under ion
irradiation and with dose-rate. We focus on
indirect effect, that is, reaction of biomolecules
with  water radiolysis reactive species.
Therefore, we measure also yields of most
reactive water radiolysis species in the same
conditions: HO’, eaq and H202. This allows
deconvolution of LET and dose-rate effects on
water radiolysis from that on the biomolecule
radiolysis mechanisms. Data gathered will be
used to improve simulation codes, such as
Geant4-DNA. The biomolecules studied are
amino acids, the elementary building blocks of
proteins and small peptides containing these
amino acids.

Results
Medium energy: Water radiolysis

In previous experiments, we have
measured the yields of HO®, eaq and H202
under various high dose-rates C an He ions, in
the medium energy room. During 2025 session,
we performed similar experiments with 6 MeV
H', of lower Linear Energy Transfer (LET).
This would also allow comparison with
experiments performed at lower dose-rates (0.1
— 200 Gy/s) with protons at IPHC Cyrce
cyclotron. Hydrated electron yields and OH
radical yields were measured with two different
probes for each species, at a scavenging time of
74 ns. G(eaq) were measured under argon with
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Glycil-glycine and with a solution of NaNOs3
and NaHPOs;. As for HO", the yields were
determined using terephthalate and solutions of
KBr and formate. For hydrated electron, both
probes gave similar results, with yields very
close to that measured with He ions (Figure 1).
As with He and C ions, G(eaq) decreases with
dose-rate, most likely because of inter-track
radical-radical recombinations. For OH radical,
while both probes show a similar trend, there
are discrepancies between the values of G(HO")
measured (Figure 1). Therefore, it is delicate to
conclude on the actual values with these data.
However, there seems to be a dose-rate effect
on HO’ yields, similar to that on eq yields.
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Figure 1. Yields of HO" (dots), and eaq (triangles) under
irradiation by 6 MeV H* (green), 41 MeV C ions (blue) and
21 MeV He ions (orange). HO' yields determined with
terephthalate (green dots) and KBr/formate (green dots
with red lining) are shown.

Medium energy: Biomolecules

Phenylalanine and aspartame yields
were measured under the very same conditions,
and the yields of radiolysis products were
determined. The most accurate way to compare
radiolysis between various conditions is to
determine  relative  yield  G(radiolysis
product)/G(HO"), which is independent of
variations of G(HO®). Here, the value of
G(HO) has not been unequivocally measured.
However, when data  obtained  with
KBr/formate probes are used, we obtain a



relative value for the main radiolysis products
of phenylalanine, tyrosines, which is quite
close to that measured on IPHC Cyrcé Cylotron
(Figure 2).
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Figure 2. Relative yields of radiolysis products of
phenylalanine tyrosines, measured with 24 MeV protons at
lower dose-rates (Cyrcé) and with 6 MeV protons at highest
dose-rates (Himac).

Data obtained during this session have shown
that there is most likely a dose-rate effect on
HO" and e7aq yields at ultra-high dose-rates, as
was observed with Ce and He ions, with a
limited impact on biomolecules.

BioRoom: High-energy He ions (230 MeV/u)

Experiments performed in  the
BioRoom aimed at reproducing and completing
previous work done in 2023 in the physics
room with 230 MeV/u He ions. Yields of HO",
€aq and H202 were measured along the track of
He ions, and after the Bragg peak. A series of
targeted experiments was designed to quantify
the yields of these species beyond the Bragg
peak, in the region where radiolysis is induced
exclusively by ion fragments. Data were also
extended to longer scavenging times, with
measurements at 74 and 740 ns.

Data obtained for HO" at 74 ns along
the track of He ions show evolutions and values
similar to measurements from 2023. H20:2
measurements could be extended to the whole
track, when they had been previously measured
only in the plateau region. In the fragment
region, terephthalate and KBr/formate probes,
used for OH radical, also gave similar yields.
These follow previous values, with yields that
would be between 10 and 12 species/100 eV
for G(HO") (Figure 3). Such extremely high
yields, far above that under low LET X-rays
(2.8 species/100 eV at 74 ns), could not
represent real values of G(HO"). Nevertheless,
given that comparable values were obtained for
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€ag and HO’, and that these results were
reproducible  across  two  independent
experimental sessions and irradiation facilities,
it is reasonable to conclude that these
observations reflect a genuine phenomenon.
Therefore, the high value measured could be
the consequence of a dose under-evaluated by
the ionizing chamber in the fragment region.
The project CLINM, that we are currently
developing with IPHC DeSls team, aims at
determining the nature and quantities of
fragments produced in the ion track, and will
help better understand these results.
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Figure 3. HO® yields measured with KBr/Formate at 74 ns.
Black circle: data from 2023. Red Dots: data from 2025.
The Bragg peak occurs after 31.8 cm water equivalent.
As for biomolecules, phenylalanine and

aspartame radiolysis products were measured in
the same conditions. When comparable, data
were very close to that from 2023, with the
exception of the Bragg peak, which position is
very sensitive with our setup (Figure 4).
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Figure 4. Average G(Tyrosines)/G(HO") measured in 2025
(blue diamonds) and 2023 (orange dots).

For tyrosine isomers, the relative yields
G(Tyrosine)/G(HO") are quite the same in the
plateau and in the fragment region, which was
also the case with 400 MeV/u C ions. This
would confirm that the reason for the very high
HO yields determined is most likely the
estimation of the dose in the fragment region.
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Abstract

Radiation detectors under development by OSU
researchers for use in dosimetry at aviation
altitudes and in space were exposed to beams of
230 MeV protons, and 400 MeV/n Carbon ions in
the HIMAC BIO as part of an effort to develop a
method of combining measurements from two
different types of radiation detector: 1) a tissue
equivalent proportional counter (TEPC) and 2) a
Si PIN diode detector. These two detectors are
both incorporated in the Atmospheric ionizing
radiation Tissue Equivalent Dosimeter (AirTED).
The two detectors were exposed to the bare beam
and behind varying thicknesses of water (Binary
Filter). lineal energy/y and energy deposition
spectra were measured.

Introduction

The OSU Radiation Physics Laboratory is
developing radiation detectors for use in
dosimetry  aboard  commercial jetliners,
unmanned aerial vehicles (UAVs), and high
altitude balloons, as well as aboard spacecraft like
the ISS. These detectors can also be used for
characterizing the ionizing radiation environment
in the upper atmosphere and space. In order to be
able to use AirTED on high altitude balloons, the
size and mass of the detector must be reduced.
This has led to a redesign of the TEPC detector
head and the use of a new 4 input channel
spectrometer replacing the two 2 input
spectrometers used in the previous version.
AIr'TED A major innovative feature of the
AiIrTED instrument is the combining of data from
two dissimilar detectors into a single measured
LET spectrum from which total absorbed dose
and dose equivalent can be determined. This
approach is being developed in response to the
fact that no single detector currently exists that is
sufficiently sensitive to ionizing radiation over
the whole of the relevant LET range.

Tissue equivalent proportional counters are
sensitive to high LET radiation including recoil
secondaries produced by neutrons interacting
with the C, H, and O nuclei of the tissue
equivalent plastic walls of the proportional
counter. However, the TEPC, being a low-
pressure  gas-filled detector is relatively
insensitive to low-LET radiation such as x-
/gamma-rays, electrons/positrons, and relativistic
protons. Si diode detectors on the other hand are
unable to accurately measure the energy
deposition from high LET radiation and are
relatively insensitive to secondary neutrons.
However, they possess excellent sensitivity to
low LET radiation.

Tissue Equivalent
Proptional Counter
lonization Cavity Si PIN photodiode

detector

charge sensitive
preamplifer

Pulse Shaping Pulse Shaping
Amplifier (high gain) Amplifier (low gain)
\ [
High Gain Low Gain Si
Spectrometer Spectrometer i spectrometer
\ \

SDRAM Single Board sensor
storage drive Computer array

pulse shaping
amplifier

Figure 1. (t) Block diagram of the AirTED
instrument. (b) Photo of the AirTED detector for
use aboard high altitude aircraft.



2. Description of Instrument

The AIrTED detector uses two complimentary
detectors, the first needed to measure the high-
LET (stopping power) charged particles and
secondary neutrons, and the second needed to
measure low-LET charged particles and x/y
radiation. Figure 1 (t) shows a block diagram of
the AirTED instrument, while (b) is a photo of the
current version of AirTED. We are developing a
second detector, the Atmospheric ionizing
radiation Silicon Detector (AirSiD) to meet the
second need. AirSiD uses a Si PIN photodiode, a
custom designed charge sensitive preamplifier
circuit and a custom designed pulse shaping
amplifier circuit. This version is primarily for use
on stratospheric balloons where power must be
provided by batteries and the total payload cannot
exceed 3 kg.

3. Results

In order to measure the LET spectrum over the
entire range of relevance and from that to
determine total absorbed dose and dose
equivalent, it is necessary to combine the LET
spectra measured at the upper end of the spectrum
by the TEPC with that measured at by the Si diode
at the lower end of the spectrum. This requires
first converting the lineal energy spectrum
measured by TEPC to LET spectrum in water [1]
and to convert the LET spectrum in Si measured
by the Si diode to LET in water [2], so
measurements from the two instruments are
directly comparable. Then the spectra from the
two instruments need to be matched in the region
where there is good overlap in LET, roughly
between 1 and 30 keV/um.

Figure 2. LET spectra measured in the Si diode
and in the high and low gain channels of the
TEPC in exposures to the 400 MeV/n C The
primary peak with LET of 10 keV/um is visible
in the low gain TEPC channel and partially
visible in the high gain TEPC channel. Two
distinct fragmentation peaks are visible in the Si
spectrum, likely due to protons and alpha
particles, but cannot be resolved in the TEPC
spectrum due to the lack of sensitivity of this
detector at lower LET.
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Figure 2. LET spectra measured in the Si diode
and in the high and low gain channels of the
TEPC in exposures to the 400 MeV/n C beam.
The primary peak is visible in the Si diode, but
cannot be resolved in either the high or low gain
TEPC channels.

We are currently investigating why the main
ionization peak is not visible in the LET spectra
measured in the TEPC high and low gain
channels. The explanation likely has to do with
the non-uniform chord-length distribution in the
spherical TEPC cavity. However, a broad peak
would still be expected and this is not apparent in
the data. Similarly results were seen in AirTED
data from the 230 MeV proton exposures also
carried out at HIMAC. In this case, the efficiency
of the TEPC to such low LET (0.2 keV/um)
particles may play a major role. Further
experiments need to be carried out in order to
better understand this situation and to determine
what corrections might need to be applied to
account for this effect.
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Abstract
We have been developing a stripped-readout parallel plate avalanche chamber (SR-PPAC), which can
measure the trajectories of beam particles. In this study, a new type of amplifier-shaper-discriminator chip
named ASAGI was employed to the cathode readout circuit of the SR-PPAC, and its position resolution
was compared with the result obtained using a readout circuit of RPA-132 which was originally employed.
In addition, the dependence of the position resolution on beam intensity was also evaluated. The results
showed that the RPA-132 cathode readout achieved a better position resolution by several tens of
micrometers compared to the ASAGI-based system. Even though there seems to be room to be improved
for ASAGI-based results. On the other hand, regarding the dependence on beam intensity, it was found that
increasing the beam intensity from 1 kppp to 10 kppp caused almost no change in the position resolution.
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High—energy ion diagnostics for demonstrating GeV—scale ion beam generation
by laser—driven ion acceleration
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Abstract

The project is aimed at demonstrating GeV-scale
ion acceleration by laser toward future compact ion
sources. Carbon-ion beams at HIMAC were
successfully used for energy calibration and
background characterization of several diagnostics,
including scintillation detectors and solid-state
nuclear track detectors. These diagnostics are
employed in laser-driven ion acceleration
experiments conducted at the J-KAREN laser
facility at the QST Kansai Institute for Photon
Science (KPSI). The obtained calibration data
support results from our latest laser-driven
experiments, indicating carbon beam generation
with record energies exceeding 200 MeV/u. In
addition, a new time-of-flight detector with
improved diagnostic capability is almost ready for
testing. Therefore, we request additional beam time
at HIMAC in 2026.
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