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Water radiolysis with heavy ions has been investigated through yield measurement at

conditions which are important in practical uses such as cancer therapy, and temporal

behavior of water radicals in heavy-ion tracks has also been extracted experimentally.

Primary yields of main water decomposition products, ‘OH, e’,, and H,0,, have

been determined for water radiolysis with He, C, Ne, Si, Ar and Fe ions of energies

from 10 to 500 MeV/u (energy per nucleon) , which showed validity of an existing
theoretical simulation of water radiolysis with high-energy heavy ions.

+ Based on details of the simulation, it is implied that reactions which are not observed in
low-LET radiolysis can be non-negligible in high-LET radiolysis and that relative density
of *OH in heavy ion tracks, of which tendency was similar to RBE, could be estimated.
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Fig.1 Track structures at 1 ps after passage of heavy ions
(Monte-Carlo Calculation [4]). Left and right panels are for '“C®*
290 MeV/u and *Fe®®* 500 MeV/u with LET of 13 and 185 eV/nm,
respectively. Red dot represents e’,,, and black dot does other
products such as "OH.
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Fig.2 Primary yields of main products in water radiolysis. Upper,
middle and bottom panels show primary yields of €7, “OH and H,O,,
respectively, in terms of G value. Symbols are experimental results
of the present work, and solid lines are Monte-Carlo simulation
results in literature [4]. Colors identify ion-types, and black dashed
lines show well-established values for low-LET radiation.
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Fig.3 Yield of MV*" as a function of scavenging
time scale. Similarly to Fig. 2, symbols and lines are
experimental and Monte-Carlo simulation results,
respectively. Solid and dashed lines are results before
and after taking reaction (12) into consideration,
respectively. Note that only experimental results for
low-LET radiation are reported data.



B, LR RIS (7) — (10) BISHZ & | 50 & 5 K6
(R (11) 2 E)FETERLE L7,

"COO + "COO =45t (75X 10°M's")  (11)

ZOFER, K3 IZHH TR TRERSH/ L, MV
e PHAFi X h2 8D E LA, 2T TR,
X A M 2720 He DAL THD T, 7
ZCMELET AR CIdBll E h A WKIB TH - T
SER T 7 v 7 CIREHTEAVZERI DA
5]eE72 B (12), (13)ZEMLEL L,

"OH + "COO = (5X 10" M's")  (12)

"OH + MV™" =43 (3 X 10" M's™) (13)
PSR AT 2L 2AFBMTRNTRERLE S
. Y UARLEDROW—EKD S 505 & ITHIER
ROBIIZRIIL - 54, BV T HLUETRICE
54 DRIBDZFFG &R E L7z, RIZLETO
EWER TN Ty 2 TR, RIS DEF 5 Ak
ELhkoTWELE, ZORIBORZ 28, T4
HBHIZORIETTEZERMONERIE, + 592N
TO[ OHDFERE | 2R T L MHTE 3 GHIIE
3])) 2OWREAEX4IZLETOREEE L TRLZ
¥, LETH#NNZ > CI OH OB HERE 13 3415128

- o
285 +144+ Arf&v !GFezs+ ]
zoNgm ./I 0.16 ns
v/ -~
12(::s+ V/://Ay—‘\‘l\e ns

Typlcal RBE curve

10 100 1000
LET /(eV/nm)

4 RIS (11) OERYIRED LET KFHE
FRER T —ILH0.16H L U6 nsOFETHOEY T HILOG
iR T T4 = (LET 22,13,31,54,92, 185 eV/nm) [d7=h
5’|IEL:4He2+, 12C6+’ ZONe10+’ ZSSiM—A—! 4OAr1 8+, 56F926+®ﬁ%%?‘§'0
Fig.4 Products yield of reaction (11) as a function of LET.
Data are results of Monte- Carlo simulation with scavenging
time scale of 0.16 and 1.6 ns. Data points, of which LET are
22,13,31,54,92 and 185 eV/nm, correspond to heavy ions
of “He™, '2C®, Ne'%, #85i"*, “°Ar'®* and *°Fe”®*, respectively.
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