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We calculated cross sections, stopping powers, and energy
loss rates for rotational and phonon-mode excitations
caused by the impact of an electron in an energy region
from 0.1 meV to 100 eV injected into liquid water. We
performed calculations assuming an optical approxima-
tion with the dielectric functions that are experimentally
reported in the literature. The values for rotational
excitation processes in the liquid phase are less by three
orders of magnitude than those in the gas phase because
of the screening effect of neighboring water molecules
on the interaction between the incident electron and
water molecules. These results suggest that the cross
sections in the liquid phase are significantly different
from those in the gas phase. The values for phonon-mode
excitations in the liquid phase are close to those reported
for amorphous ice. Furthermore, we observed that the
energy loss rates, which are derived from the stopping
power, depend significantly on the electron energy, par-
ticularly below 1 eV. The values obtained here will allow
us to precisely estimate the decelerating process of an
electron in liquid water to predict radiation effects such
as chemical processes in water radiolysis or biomolecular
damage induction strongly involved in low energy electron

processes.

Keywords: liquid water, electron impact, cross sections,
stopping powers, energy loss rates, rotational and phonon
excitations
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of the optical dielectric function.

line; square of the absolute value.
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Figure 2. Energy dependence on energy loss
functions. Solid line; rotation and phonon ex-
citation, dashed line; electronic excitation and
ionization.
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Figure 3. Cross sections of rotational excita-

tion and translational phonon processes by elec-
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a liquid phase, dashed line; translational phonon
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gas phase!®, [J; translational phonon in amor-
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Figure 4. Cross sections of stretching-

vibrational excitation by an electron impact.
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[J; for amorphous ice'?.
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Figure 5. Mass stopping powers for liquid wa-

ter by electron impact. Solid line; rotational ex-

citation plus total phonon (present), dashed line;

electric excitation plus ionization?".
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Figure 6. Energy loss rates for water by an

electron impact. Solid line; rotational and

phonon excitations for liquid water, dotted line;
rotational, phonon and vibrational excitations

for liquid water, O; experimentally reported

value for amorphous ice??.
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This aricle depicts a proposal of a novel DNA modifica-
tion mechanism induced by irradiation, and is written as
an award work from Japanese Society of Radiation Chem-
istry. The mechanism of DNA modification induced by K-
shell photoabsorption of nitrogen and oxygen atoms was
investigated by electron paramagnetic resonance and x-ray
absorption near edge structure measurements of calf thy-
mus DNA film. The EPR intensities for DNA film were
twofold times larger than those estimated based on the
photoabsorption cross section. This suggests that the DNA
film itself forms unpaired electron species through the ex-
citation of enhanced electron recapturing, known as the

postcollision interaction process.

Keywords: soft x-ray, DNA, electron paramagnetic reso-
nance (EPR), electron spin resonance (ESR), postcollision
interaction (PCI)
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Figure 1. EPR spectra for calf thymus DNA

during soft x-ray irradiation around the nitro-
gen and the oxygen K edge at room tempera-
ture. The EPR spectra were obtained at energies
of 395.48 and 561.06 eV. (Reprinted figure with
permission from T. Oka, A. Yokoya, K. Fujii, Y.
Fukuda, M. Ukai, Physical Review Letters, 109,
213001, 2012. Copyright (2011) by the Ameri-
can Physical Society.)
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Figure 2. Plot of the DNA film EPR intensity
vs the square root of microwave power. The
soft x-ray energies were 395 and 600 eV, and
the solid lines are visual guides. Hereafter, a
microwave power of 250 uW was used for all
EPR measurement. (Reprinted figure with per-
mission from T. Oka, A. Yokoya, K. Fujii, Y.
Fukuda, M. Ukai, Physical Review Letters, 109,
213001, 2012. Copyright (2011) by the Ameri-
can Physical Society.)
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A S AL 7% b D (R=RAF74 V) THBY, «a
X K RINHD 7L Ty P ORE, BIBERD X —
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BEEERT DL, %k ZIE appr FKED K 7K,
RED K i, EFEDLREMBED KBDH, Peer 1F
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Figure 3.

The dependence of the double- integrated EPR intensity of the calf thymus DNA film on the

soft x-ray energy, from 370 to 700 eV including the nitrogen and the oxygen K edges. The right-hand
axis shows the XANES spectrum of the calf thymus DNA film. The yields of the unpaired electron
species produced in the calf thymus DNA film were significantly enhanced by the nitrogen and the oxy-
gen photoabsorption. (Reprinted figure with permission from T. Oka, A. Yokoya, K. Fujii, Y. Fukuda,
M. Ukai, Physical Review Letters, 109, 213001, 2012. Copyright (2011) by the American Physical

Society.)
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Figure 4. The soft x-ray energy dependence of
the double-integrated EPR intensity of the calf
thymus DNA film around (a) the nitrogen K
The right-
hand axes show the x-ray absorption spectra of
the calf thymus DNA film. The dotted curves
represent the baseline of the spectra. (Reprinted

edge, and (b) the oxygen K edge.

figure with permission from T. Oka, A. Yokoya,
K. Fujii, Y. Fukuda, M. Ukai, Physical Review
Letters, 109, 213001, 2012. Copyright (2011)
by the American Physical Society.)

ZFHIZOWTD a & B DHE LU EPR & XANES @
It (EPR:XANES) % Table 1 IC¥ &0/, 22T, a
B7LZyPDIr V¥ —%, OIFNLF—IF a5,
o ZLTAFTVLBEL D b FoamEv e 25 %ER
L7, EPR DHEIZ A TH T 2L X —fHIKICE T
XANES Dz &k O b Eh o7, FiZ of THFTH
D, EPR:XANES 232 5 LR bE Bo T h
5, EPRHIEIZ 1s » o THLIWEIN D Z LD
»oiz.

DNA 7 ¥ 71 )UK X SRS IR 2 6B 1
EZNTED R Auger BT O X > TER I 1
5 EEZEZHNDD, TN TIE KA A ALEE X
DEDOZFNF =BT 2EL VT P AR E 5
WICEHT 2 2 LidTERhw, Ehb e, RIS
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Table 1. Ratios of {3 to a for EPR and XANES
spectra at the nitrogen K-edge (a: 395.48 eV,
B: 399.68 eV (i), 408.98 eV (0%), 420.48 eV
and 450.48 eV) and the oxygen K-edge (a:
526.06 eV, B: 532.26 eV (%), 538.06 eV (0%),
561.06 eV and 621.06 eV), for the calf thymus
DNA film. (Reprinted table with permission
from T. Oka, A. Yokoya, K. Fujii, Y. Fukuda,
M. Ukai, Physical Review Letters, 109, 213001,
2012. Copyright (2011) by the American Phys-
ical Society.)

EPR /. XANES f/a  EPR:XANES
Nitrogen K-edge
399.68 eV 0.39 0.20 1.93
408.98 eV 0.55 0.23 2.39
420.98 eV 0.33 0.19 1.77
450.48 eV 0.29 0.16 1.75
Oxygen K-edge
532.26 eV 0.56 0.48 1.17
538.06 eV 1.29 0.69 1.88
561.06 eV 0.71 0.62 1.15
621.06 eV 0.82 0.68 1.20
NI FOEFHECHEOZ ZORKEEZ D
3 E RTH 5.

i S S N7 VOLET OG22,
iﬁwm%bA bLIDK ) RBTHENRES &
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100 us & EFAFRTH H 19, SCHR [12,13] THE I NT
WL BHYINI O X ) R EERERY L IZRE L. s
DI EhL, BxIIREEEETFHEIZZDODNA 7
AR T A NEEDFER TR WwWEEZ -, b
I ODHEMERETEA4 AV OFBETH B, K

®%%*#fi%ﬁﬁﬁAi%x v, O
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Figure 5. Recapture cross section of the calf
thymus DNA film vs the photon energy above
ionization potential of nitrogen. The units for t
in the figure are atomic units (a.u.). The right-
hand axis shows the relative cross section of
DNA. The threshold peak of the recapture cross
section above the ionization potential is simi-
lar to the enhancement of the EPR intensities
shown in Figs. 3 and 4. (Reprinted figure with
permission from T. Oka, A. Yokoya, K. Fujii, Y.
Fukuda, M. Ukai, Physical Review Letters, 109,
213001, 2012. Copyright (2011) by the Ameri-
can Physical Society.)
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EIHRBIREA BRI RITH SR
AR 2, KiF AL SHBAZ, BHO XIE

We synthesized some room temperature ionic liquids
(RTILs) as the reaction medium, in which polysaccharides
could be dissolved to concentrations in excess of 10 wt%.
Radiation modifications of cellulose in RTILs under hu-
mid condition were carried out to obtain its gel material.
The reaction efficiencies of the crosslinking of cellulose
in RTILs by ionizing radiation were estimated under
different moisture conditions. Water plays a crucial role to
control crystalline state of cellulose and to be the source
of the reactive species for the crosslinking. The chitin gel

was also obtained in RTILs by vy-ray irradiations.

Keywords: cellulose, chitin, room temperature ionic

liquid, radiation-induced crosslinking, water
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Table 1.
perature ionic liquids.

Solubility of cellulose in room tem-

) ) Solubility of
Cation Anion
Cellulose (%)
bis(trifluorosulfonyl)amide Insoluble
m_/‘/ thiocyanide Insoluble
/W .
(BMI) chloride 10
formate 20
L formate 20
g
(DAI) acetate 20
chloride 10
—
NS formate 20
(DEMA)
acetate 20
ot
/NCN—/ acetate 30
(EMI)
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Figure 1. Water content dependence of the gel

fraction obtained by y-ray irradiation of 20 wt%
cellulose in EMI-acetate at 298 K under aerated
conditions at 10 kGy.
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Figure 2. Fluorescence spectra of the

crosslinked cellulose gel and DBI-acetate.
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—ion-beam Radiation Oncology Center in Kanagawa, i-ROCK —
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Recent progress of heavy-ion treatment facility i-ROCK in
Kanagawa

Eri Takesaira*, Yohsuke Kusano, Satoru Yamapa and Yuko
Nakavama (KCC, Kanagawa Cancer Center),  Takuji Fu-
RUKAWA, Kota MizusHiMa, Yousuke Hara, Naoya Saotome, Ry-
ohei TansHo, Yuichi Saraya and Koji Nopa (National Institutes
Jor Quantum and Radiological Science and Technology),
T241-0815 FiZ%) 1 FLREAE i X e 2-3-2

E-mail: takeshita.e @kcch.jp
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2009 FEEE D & 1X IR % O FEAFEF 0 R G 5 i o
Bt £ 0 AR E DM Th a7z, 2012 41 AT,
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SRR AT X o THEERDSHIR S 4, 2014 4 10 A2
T2 7% (Fig. 1 28). I6HREEEOM A X 2014 4
SH»SHEY, M1EMICEs sy a v I%
FET 2015 4 12 H2 6 1R (BRGAER) % Billa L 72,
2016 4 2 HiZ I3t ER oG 2 ho Tk D,
BE T2 20 Bl D RIZIR DS A TR # fT o 7z,

2005 2009 2010 2011 2012 2013 2014 2015 20186
I .+ Mar. Decision to introduce
.+ Fixed Specifications
Jan. Equipment Contract
. Dec. Start to constract Building
May. Start to carry
Oct. Completion
Dee. Pass Radiation Safety Test
& Jan Success to accelerate 430MeV/u
& Feb. Start Multiple-energy cperation
and scanning irradiation
4 Dec. Start Treatment (crinical test) I
& Feb. Start Treatment I
(advanced medical care)
Figure 1. Process of the construction in KCC.
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Table 1. Specifications of i-ROCK.

Item Basic specifications

Ton co

Energy 140~400 MeV/u (variable)
max. Field 20 x 20 cm?
max. Dose rate 2 Gy/min
Beam intensity ~1.2x10° pps (variable)
Scanning

Irradiation type Extended scanning

Horizontal: 2 rooms

Treatmentroom  Hqrizontal/Vertical: 2 rooms
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Figure 2. i-ROCK’s photo.
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Figure 3. Layout in KCC; There is a catwalk
connected to the radiation therapy area directly
in the north side.
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Figure 4. Photo of the ECR ion source and
LINAC; The beam comes from right side in the
photograph.
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Figure 5.

Synchrotron’s photo.
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Respiratory wave
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time (ms)

Figure 6. Schematic picture of a flat-top ex-
tension operation; Utilization efficiency of the
beam is almost 100 % compared with the fixed

cycle operation.
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Figure 7. Equipment configuration of the accelerator system.
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Figure 8. Schematic view of the scanning irra-
diation. (referred from NIRS web page)
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Figure 9. Commissioning setup in the treat-

ment room; The QA phantom located on the
front of the irradiation port is used for the com-
missioning of the patient positioning system and

the irradiation system.
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Figure 10. Spill in one cycle with the flat-top
extension operation. (all 11 energy) a) BM cur-
rent, b) DCCT, c¢) Enable signal of extraction
and d) Dose monitor.
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Figure 12. Measured distribution of the uni-

form field. (150 x 150 mm?, 2 mm pitch,
290 MeV/u)
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Figure 13.  Depth dose distribution with the 3D
irradiation field. (60x60x80 mm?, 2 mm pitch)
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60~240 nm-wide grooves

Micro/nanostructures fabricated on poly(L-lactic acid) using 30 keV Ga* FIB.
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Figure 2. Photos of gel dosimeters before
(left) and after y-ray irradiation (right).

Conc. (wt.%)
O T Less than 10 Gy_‘ HEMA __ 9G
° 4 1
0.5 | L 3 2
Fooll g A 2 3
8 o04f & 4 v 1 4
c
§ P,
5 03Ff A i i
s f o e
=1 Fi "; -'.
< 02t ¥ S
iy -
01 -,*j":":'-'
L \ .
0 5 10 15 20
Dose (Gy)
Figure 3. Dose response of gel dosimeters pre-

pared with different concentrations of HEMA
and 9G.
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Gel dosimeter

Figure 4. Dose distribution of X-rays on body
surface for whole spine cord cancer therapy.
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Figure 1. X-ray absorption near edge structure

of oxygen K-edge of a DNA film irradiated with
560 eV soft X-rays (solid line) and the spectrum
of a non-irradiated DNA film (dashed line).
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Figure 2. Schematic view of the experimen-
tal setup of the measurement of desorbing
ions from hydrated sample film irradiated with
monochromatic soft X-rays.
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Figure 3. Desorbed positive ion mass spectra
of (a) dry dR and that of (b) hydrated dR film
obtained during the irradiation with 560 eV soft
X-rays.
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() BRSO P B fh 2
http://www.rada.or.jp

() 4= >— - A=

http://www.ece-ebara.com

(k) NHV 2 — XL —> 3 v
http://www.nhv.jp

MR 2ESE  (BR)
http://www.kyokuto-sangyo.co.jp

FERESRTE (KR)
http://www.sei.co.jp

E—sF L —ay (k)
http://www.beamope.co.jp

2247 LA (FR)
http://www.yoshizawa-la.co.jp

(R’ HEATAY b —=7He
http://www.jrias.or.jp

Gl (FR)
http://www.iwasaki.co.jp

() A7
http://www.ing-co.jp

(Fk) BRETAALOTZErT
http://www.kjk-jp.com

B BRI G FE A
http://www.qst.go.jp

R E (BR)

http://www.tohokinzoku.co.jp

(H) A —F—=7—1
http://www.eor.jp

L=~V (R)
http://www.leben.jp

(FR) FRET 2 /v
http://www.c-technol.co.jp
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