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Proceedings of Meeting on Atomic Energy Research with Heavy Ions

Editor in Chief: Kichinosuke HARADA
Division of Physics, Tokai, JAERI
(Received January 24, 1974)

A meeting on Atomic Energy Research with Heavy lons was held
at the Tokai Research Establishment of the JAERI during three
days, October 25, 26 and 27, 1973.

In the meeting, about one hundred fifty researchers of JAERT
and other institutes participated, and following three parts were
held.

Pezrt I : Irradiation Damage with Heavy Ions, Channeling, Ion

Implantation, Radiation- Chemistry with Heavy Tons and
. Atomic Physics with Heavy Tons.

Part II : Large Heavy-Ions Electrostatic Accelerator, Heavy Ion
Source, Charge Exchange Process anc¢ Technigue on Beam
Utilization.

Part ITI: Nuclear Properties of Heavy and Super-Heavy Elements,
Chemistry of Heavy and Super-Heavy Elements and
Production of Radioisotopes with Heavy Ions.

This report is a collection of 52 papers of review talks,
short talks and comments, which are presented in the Parts I, IT

and IIT.

Organizing Committee

Kichinosuke Harada, Eiko Tekekoshi, Shigeya Tanaka,
Michio Maruyama, Takeo Kikuchi, Kenji Doi,

Kazuhiko Izui, Shin-ichi Ohno, Kaoru Ueno,

Hiroshi Baba, Ryokichi Nagasaki and Hiroshi Amano

Editors

Kichinosuke Harada, Shigeya Tanaka, Eiko Takekoshi,
Michio Maruvama, Takeo Kikuchi, Shin-ichi Ohno,
Kaoru Ueno, Hiroshi Baba
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Radiation Damage Studies of Reactor Materials
by Using Heavy-ion Accelerators

Shiori ISHINO
(Dept. of Nuclear Engineering, University of Tokyo,
Bunkyo-ku, Tokyo)

Use of accelerators in radistion damage studies is
reviewed historically and the significance of the use of heavy-
ion irradiation in various aspects of radiation effect studies
at the present time and in the near future is pointed out.

. Major problems to be overcome in the critical materials of fast
breeder and controlled thermonuclear reactors are summarized
and a discussion is made of how these problems. are soclved by
the use of heavy-ion accelerators. Merits and demerits of the
heavy-ion irradiation are summarized from the stand point of
simulation of heavy irradiatiocon with fast neutrcns.
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Table 2 Operating conditions for fuel cladding
of a FBR and first-wall material of
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Table 3 Problems arising from severe service
conditions of critical materials of
fission and fusion reactors.
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Table 4 Merits and demerits of simulation
experiments with accelerator,
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Heavy Yon Irradiation Damage in Metals

Kensuke SHIRATSHI
(Japan Atomic Energy Research Institute,
Tokai-muura, Naka-gun, Ibaraki)

Experimental investigation with heavy ion irradiation
are useful for evaluation of irradiation damage in fusion
reactor materials. Ion energies required for the investiga-
tion are discussed based on LSS theory and energy-range
relationship. Well-controlled jion energy in the range from
10 to 300 keV is demanded for the study on surface phenomenon
(sputtering); while high energy of about 100 MeV is favorable
for simulation for fast neutron irradiation damage in the

materials.
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Simulation Study of Void Swelling in Reactor Materials
by Low-Energy Ion Irradiation

Michitaka TERASAWA
(Toshlba R & D Center, Tokyo Shibaura Electric Co., Ltd.,
1 Komukai Toshiba-cho, Saiwai-ku, Kawasakl)

Recently the volume change of reactor materials caused by
fast neutron irradiation is recognized to be important matter
for reactor design., There is a possibility to obtain easily
and in short time the material state irradiated up to high
neutron fluence using accelerated heavy ions. The purpose of
this study is to develop the simulation technique for fast
neutron irradiation effects by a 200-keV accelerator.
Austenitic stainless steels, SUS304, SUS316 and AISI32l, are
examined., To take into account the helium atoms produced as a
result of (n4 a) nuclear reaction, helium ions are implanted
prior to heavy ion irradiation at elevated temperature. C+
are chosen as heavy ions. Irradiated samples are observed by
transmission electron microscope. By the bombardment of 200-keV
C+ ions the dependence of v01d formatlon on irradiation tem-
perature was studied from 400°C to 700 C. The irradiation
dose dependence was also studied at 62500 As a result it
was foundoin this work that the temperature dependence shifted
about 150°C higher compared to fast neutron irradiation as it
is expected theoretically, and the dose dependence showed
similar behavior to reactor data if pre-injected helium dose
was controled properly., Similar trend to fast neutron irradia-
tion was obtained taking into consideration of the nature
peculiar to ion irradiation experiment and the possibility
was shown of quantitative estimation for swelllng by low-energy
ion bombardment.
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Fig.1. Démaée Curve for Stainless Steel’

irradiated by 200-keV ¢* ions.
LSS theory and Kinchin-Pease
model are used. Threshold
energy of 24 eV is adopted.
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showing the distribution of voids in (a) SUS304,
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SUS304.
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Transmission electron micrographs showing
shape. (a) incident electron beam normal
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S50lid State Physics Studies with Heavy Tons
from JAERT 2 MV Van de Graaff Accelerator

Kenji DOT
(Japan Atcmic Energy Research Institute,
Tokai-murs, Naka-gun, Ibaraki)

S0lid state studies recently carried out at JAERI with
heavy ions from 2 MV Van de Graaff accelerator are described.
They are: 1. Studies of cclor center formation in LiF and
NaF crystals with N2* ion bombardement. 2. Channeling
measurements with H* and He' ions along [00,1) axis of
pyvrolytic graphite.
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Table 1 TFormation energies of an

F-~ center (eV),

LiF | NafF Ref.
“N jons .
(07 MeV) 232 578
O5¢ ions L
(3MeV) 1150 (1)
“He ions ]
(3MeV) 666 - (1)
protons
(1 MeV ) 420 1050
electrons
(2MeV) 30.00 oy
X-rays 620 1300 | 0
X-rays )
(50keV). 1800 . . an
{15keV) 850 . :
{(10keV ) . 3800
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Fig. 1. Growth curves of F-light absorption pro-
: duced by 0.7MeV N++ ijons in LiF {(——} and
E NaF (—x--).
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Fig. 2. Growth curves of F-, M-, R- and N-light absorption produced by 1 MeV protons in.NaF,
represented by (—-——), (—— X ——), {——A—-—) and (~——-J—-) respectively.

Fig. 3. Metallic films formed by N+ + ion bombard-
ment: (108N++jcm?): (a) Li-film on LiF crystal,
and {b) Na-film on NaF crystal.
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Fig. 4. Yield of backscattered protons when 0.% MeV protons
are incident nearly parallel to the [00,1) axis of
pyrolytic graphite.
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Fig. 5. Variétion of minimum yield ¥pijpn with fluences.

Data with 0.9 MeV H* and 1.8 MeV He' are represented
for irradiation temperatures of 0°C and 200°C.
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The Application of Heavy Ton Research
to Ceramic Fuels Investigations

_ Shoichi NASU
(Japan Atomic Energy Research Institute,
Tokai-mura, Naga-gun, Ibaraki)

Summaries of experimental results on the migration
of gas bubbles, the heavy-ion damage, the study of the
surface oxidation using the channeling technigque and
Mdssbauer-effect observations following Coulomb excitation
are briefly presented, and some general trends are pointed
out as the application of heavy-ion research to ceramic
fuels investigations.
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Table 1. Swmmary of reported bubble migrations in nuclear fuel materials.
Temperature! Temperature Bubble size Injected
Reference gradient i range Material Accelerater Daose
(Coom) range {'C) (diameter) ~ion
Williamsor nk 1250—1450 50-2504 uo. Kr? LINAC 4x107
Cormelt (2 | "ooown (Thin film) | 100KeV ions o
o uc He* Coekeroft 1~2x10"°
DeCrescente 500 750 100-2000 & _ : e e )
Selleck (3} (Sintered) 100KeV Walton ions
Wi (4 75~880 9851585 200-1400 A UN : He' Cockernft l';1%>2(>1<0]t;“
B - - ~3.
eaver (1) (Sintered) 250KeV | -Walton ions/om
Cornell 0 15001600 5o 22'03 Uo; Krt L INAC 4x10"
Bannister(s) (Thin film) .| 100KeV ions/ cé
Ervi (5} 000 8001500 2004 uce 29§e+ Cyelotren 3'?3:}(?1;”
fvin 6 ! ~ (Zone-melted ) ~3MeV i nna/em
Buescher 1030 a U0: Ht _Cycintron 107
1940—2020 ~200A-2
Meyer n 1038 #m { Bingle erystal) 14MeV inns. of
Table 2 Definition' of quantities used in calculations {7)
Symbol
D, Volume-selfdiffusion coefficient 6.8 X 10~ exp (—98 300/RT) cm? fsec
oy Volume-diffusion heat of transport 50 000 cal/mole
Dy Surface-seif-diffusion coefficient 5.4%10° exp (~108 000/RT) cmz,’sec
Q; Surface-diffusion heat of transport 100 000 cal/mole
1
& Depth of surface diffusing layer 2 =34x10"%cm
oy Total equilibrium vapor pressure 4.11 % 108 exp (—143 100/RT) atm
AH, Heat of vaporization 143 100 cal/mole
Q Molecular volume in sofid 4.09 x 10723 ¢m?
o Collisicn cross section 38.5 x 107'% cm?
m, Molecular mass of gas in bubble 0.664 X 10~**g (4 g/mole, helium)
16,6 X 10_23g (100 g/mole, fission gas)
my Molecutar mass of UO, 44.8  x 107235 (270 g/mole)
v Surface energy 626 ergfcm?
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Fig. 1. This is a schematic sketch showing
the movements made by the various
bubbles, during the fifteen minute
annealing period. For each bubble,
the circle drawn shows its positions
on successive plates taken about
three minutes apart (2)
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Fig. 3. Helium bubble migratlén distance
in uraniom mononitride as a
function of bubble radius (4).
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bubble radius (3).

VT= 1040 *C/cm
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4., Histogram that shows bubble-size
) distribution observed on fractured
surface of a sample, which was
annealed in a temperature gradient
(7). .
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5. Bize dependence of bukble wvelocities

in a temperature gradient of
1030 “C/em at 1940 ®c compared
with calculated model predictions
for the same annealing conditions

(7).
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Fig. 6, Bubble-diffusion coefficient as
a fungtion of bubble radius at
1800 “¢ (7).

(B)

e by .

(v}

Fig. 7. Micrographs and diffraction pattersm of UQ, films
{100 4) depsited on NaCl (11). 2
A} and {B): before irradiation.
(¢} and (D): after irradiation up te Art dose of

about 1016 ions/cm=2.



JAERI-M 55

67

exposure lime, d

—t 3 W
12t
& 95
x {80
In -
& £
enwrgy(Mes) s 5
oz 0®\ 03 1D v e 18 2
T s ; g i
2 T
2§ 3
@ £ 40 s
" 30 H
o E % I //_ b4
£ . // 42 ;
d om0 - —
k]
g aligred L 1 " A ]
5 5 10 W ™ b 50
s A sxposure hmo,(h)a
: .
provsre Fig. 9. Plot of the average oxide thickness
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21 °Ct1°C and various degrees of
humidity (0%, 30%, 60% and 95%).
The dashed curve is for a preliminary
run without control of temperature
J and humidity and analysis with a
! 20 ] % proton beam (12).
chanmel number
Fig. 8. Energy spectrum of 1-MeV He%t ions

scattered 150 in UC. The lower
curve is for aligned crystals that
had been exposed to air at 21°%

for 2 h, and 19 h, respectively. The
upper curve is for random incidence
and is roughly identical for both
runs. The dashed curve shows the
spectrum expected for an oxide free
sample (12).
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Fig.10. Energy spectrum of 1.5-MeV protons

backscatted from UN single crystals.
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of thin oxide layers on the UN surfaces

(13).
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BEAM AXIS
o 1 2 . . L T T
—— LIGUD NITROGEN TEMPERATURE —

I K;—THERMﬁL RADIATION SHIELD

TRANSDUCER

Lo KOVAR SEAL

BOTTOM VIEW
Fig.1h. Bottom portion of a Th-ThO,
. . (73-9—mg/cm2) Missbauer
Fig.13. Schematic representation of a absorption _dip. The simul-

"eut-away" view of the Méisbauer . taneous Fe calibration
eryostat system (14).

spectrum is also shown (16).
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Channeling Phenomena of Heavy Ton in Crystal

Kunio OZAWA
(Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki)

The channeling effects of heavy ions in crystal are
reviewed on the following four topics: i) the stopping power
of heavy ions and the Z] oscillations of the electronic
stopping power, ii) charge changing collisions of heavy ions
channeled in crystal, iii) oscillation frequencies of heavy
ions in planner- channeling in thin crystals and screening

parameters of the interaction potentials and iv) hyper chan-
neling and ion-atom potentials in solids.

1. L

B4 vBRFERACAE&ERD T+ £V v 7% Bz, Tandem Van de Graaff MERBic X5 1,
OLDEA 4 v E— & OMERMT, FELAZREREOES L gEOEF LR ELL, 47
PGS ERD 4 P, 7EHTTLrEL$3, ) B4 VlIEEL 2, EHDHE i) HELHR
EFe ) VBRI AF+FACBITARA A VOIEBBELERET v vl V)

hyperchannel ing & E5ga+R 7T v o v )Ly

2 EAA VIBERE L 2 RE

HBEMTFOF+ 42 v7HROBEEARE I, 7 v Ao TFOBELRABMIFENS D, HTFiE
SOEAAE & Coulomb HEMFM TEILK -T2, Fig 13K &H0 5 vy aFmi
EITT51 A4 VRO EREKFLERLTH 5, AFNTEEFNEETFEE LY AEVIBAET
# target WHEICA Blc o, 14 VREFREFORERY TN 5D T, Region IDHEET
i, WEORE L LTI EEZRY L, TEAEFERCLI STV, (BEILEL2F 50
1L/10008EE ) o 14 VHENKD L, BIHEREIENSSE, 2 -7, FVETOECE L
TVaHZE, IERBICTT 2RI OBENEB UMD 5, Bohr i LviE, EL A4 VEED, &
BRECETREREL LYV pavash, BEfFadq+ HFCi@asn, s ETEA LT - 0ERE
BiE~Z, vi (ALvy=¢e’/F =22 X 10° cm/sec ® Bohr EE = 25KeV_“nucleon ) & A5
BFER LT~ vy, BHQ O/ A VERLTQ v Z ¥ a5 5, BRIk E il S — iz v, 7,78
72 % Thomas - Fermi fE 28 A M THEAMBETRL, EE VAL 4 vOEBEERYQ, T~
vV 2 ) TREB, S A VEESFICBA L, Tig 10UOFERKCAS L, EFHILEE
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REVLESM + vEBROETHREY, BE0EM 4 v T, HMAEESEFHIEREEFNLT,
%%mmﬁwfffﬁﬁmﬂﬁﬁ&aé F o %Y v I HEAE, impact parameter AV E WS
RIS+ SRR AMIC A L, E=d A —F ¢ % ) v 7R FORIERTE CE T =
FAF—BEICOBEBEIED I EMHED, 2 TF+ 3V v 7OFRIBEIEED 2IHT 258
EHT,o :

H 4 A v OFEME = % 4 & 3% Lindhard, Scharff IC & D, Thomas - Fermi 7/ &
BEH S o EFRIEAE S ek%@owbn,v«:%z%aéxﬁﬁﬁfumﬁfﬁgnao

7y 7y v

5 1 dE s . ( \
e — - T — T -
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! Table I Calculated velocity of the orbital
; electrons with HFS model in units
of vg

i Atom Z 1s 28 2p 3s 3p - 3d bs
N 7 6.71 2.25 2.01

o 8 2.7  2.61 2.36

Na 11 10,7 3.7 3.5 0.83

Sc »2 20.6 8.6 8.5 3.89 3.62 2.72 1.25

Note that V{(1s) = 0.96 v, 2

Table ITI Curvature parameter and screening length
deduced from various ions in Au, Ag and
Si (from Ref. 10)

Curvature
) Energy parameter Screening
i . Target Ion ( V) (eV/Aj) Ylll/YlOO length
e
I A
} Y111 Y100 (a)(a)
Au e 3 64 ‘108 0.59
164 10 154 253 0.61
1271 15 837 0.91
: 21.6 915 1600 .57
60 1288 2077 0.62
Ag 1271 21.6 833 1420 0.59 0.91
60 1042 1696 0.62 ’
. Si 1y 0.4 14.5 30.1 } 0.45
10.9
| FETT A
; | i3 NUCLEAR STOPPING
! 1
; | X
| “.. | ELECTRONIC STOPPING
A
| x | | BETHE-BLOCH
| ~ I REGION
i w | |
? ® m '
| shell
orrections
|
: | ) Fig.l. Schematic clagsification of
LY | the regions of stopping.
& | 1 | The sclid curve represents
ol L ! electronic stopping and the

o} 2213 dotted curve represents the
nuclear stopping for a typical
heavy ion. (from Ref. 1)
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Fig.2.

Experimentally derived values of the
total stopping cross section versus
energy for well-channeled Xe ions
along the <100> direction in tungsten.
The dotted line is an extrapolation
of the electronic contribution to
lower energies. Crosses indicate the
nuclear stopping obtained by subtracting
the extrapolated electronic stopping
from the measured total values.

(from Rer. 3)

The electronic stopping powers
for the <110 >direction in Au
for different well-channeled
ions. {from Ref. 4)
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gz V=15 x 10" cm/sec %Mo
.os
3
Fig.4. Zjy oscillation in stopping power
for various heavy ions channeled
with veloécty 0.68 v, in the <1102
axial direction of Au. The curve
, ¢ . | ! \ o labelled "Firsov" is found from
6 20 30 40 50 60 Eq. (2) using impact parameter
z ' p = 2.03 A, {from Ref. 4)
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— Xe - Electronic stopping cross sections
aX (measured at a constant velocity
SE LINDHARD POTENTIAL | v = 1.5 x 108 cm/sec) versus the
L oe atomic number of the projectile for
24 mmm = Zd the <110 >direction in tungsten.
i FIRSOV ~ (b), Relative difference in maximum
- range along the <1003 and <110>
0 | | ] 1 | directions in tungsten.as a function
0 0 20 30 40 50 60 o0f the atomic number of .the projectile.
Z, (from Ref. 3)
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1w r¥m et
ot B Taon sows v

Fig.#. The, radical electron densities,
4rrne (r) for singly charged
ions from B to Ar. Periodicity
of the type required to explain
channeling data is readily
¥ = apparent at large radial distances.
ar a5 Le L5 ze t2] (from Ref. 5)
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Fig.7. Experimental arrangement for charge-changing
of heavy ions in crystal. ({from Ref. 6)
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- Fig.8. Charge state distributions of 1
ions emerging from Au crystal
in. random and channeled (100)
directions. {from Ref. 7)
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derived for 34 MeV O ions in (100)
channels of Au. (from Ref. 6}
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in 60 MeV 1277 jons transmitted
through a (lll) planer chamnel
in a 0.7-pm-thick gold crystal.
The beam was incident 0.5 degree
from the plane. The ditector
was collinear with the incident
beam. (from Ref. 8)
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Fig.16. Thé dependence of the. stopping
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transverse oscillation fre.uencies
in 2 planar channels of Au.

{from Ref. 9)
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Fig.17. Projection of some <0012 channel
trajectories out the (001l) face
of Cu. The trajectories are for (111
5-keV Cu ions injected at the :
peoints marked by crosses.

{from Ref. 12)
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Some Problems on the Channeling Study

Fuminori FUJIMOTO
(Colle_ge cf General Education, University of Tokyo,
Komaba, Meguro-Ku, Tokyo)

Several interesting papers read in the "5th international
conference on atomic collision in solids" held at Gatlinburg,
244 - 28, September, 1973 are reported.
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7&;CD%%T%K%CﬁC&ﬁLﬁM]Hﬂ?Iﬁ.Gwle)KﬁDT%v%UVV&ﬁ?éﬁ
%ﬁf%t%%ﬁ&okﬁ.%@m.?v$UVV®@,gfﬁvm;éXﬁmﬁ,m%g&,ﬁ
FUBRMEBEORME S HE AN, INERTF v R Y v I/OHEBEESH RO THAEL, £EO
EHBECEREA M LENA EETRLTOD, HEINSHZOBEKK Albuquerque K5
544 ve—bsDSB~0EHOEESSE ] L, TACIBMTHEgINLIA Y E -A4D
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An Automatized Goniometer System for Channeling Experiments

Toshtji NISHIJIMA Isamu NASHIYAMA and Eizo TERANISHI
(Electrotechnlcal Laboratory
Mukodai-cho, Tanashi-shi, Tokyo)

A two-axes goniometer is prepared for channeling experi-
ments in use of pulse-motor driving systems. The driving
systems are linked with a particle detecting and a data
storing systems, and measurements of channeling effect can be
carried out automatically following to a preset scanning step
angle in a set up scanning angle region. The step angle is
0.005" per pulse, and the accuracy of the angle setting is
better than 0.02 , which is limited by the uncertainty of the
gear mechanism in go-and-back motion. Several samples can be
mounted on a movable sample holder and an appropriate sample
or sample position can be selected out by sliding the holder
with a pulse motor driving mechanism. The vacuum in the
scattering chamber containing the goniometer is about
7 x 10-7 Torr during experiments. Some examples of channeling
measurements performed with this automatized system are also
shown.

1. 2UaHic

KMeVFm b vBIF~) 2R TRICEDF » 42 ) vI/FORRTIR, F o5V v I7HREE
I eBIT BERERANFETICNI VD, ABAORTO AHAELBFCREL TR oAE
bRV, BRLE, SIOBEREAVEBATORERAMILIELT T, L~ TOUENT O
xAELOE AL EHUENEER2S OFFCREBL T =A4 4~ FPEREIND, HREH
RTVWBRBADT =k 2 — FIFETERALSEEEEA LIREFT 2420, ABRFE R ECRA
ﬁ%o.itﬁ@@ﬁ%%ﬁﬁamouﬁﬁaﬁﬁﬁbantoLm%.%&%&A%E_Amé
LEBRFRBMFZEORI KL T, RBBICLLS I 0%, MEDABLIEHIEEND L
B ThA, CHOEDEARRETHLOIC. L ARBER =42 - FEERKLTEF 2 ) v
FEROHBEERERFLANOT, LOBKR, “HEE", ERAK VCTHET 5,

2 T=AF A4

IDT=A A — 2210 ~107 Torr DEEFICBNT, RO L) 2EEEAKEEHS 2
ELEEESETAH- =72 7 F0ATEEHBETE, LrdZoBBAERZT « 2 ARR T
HELB T ERTES L & BHEIC L, 0B AOFRE & RERRO ZMEERRE, 250K
HEORH *EEEREOTELRTEIAHAME, BIV -2 2 vs ) v IBBIEAZ-T



JAERI-M 5567 |

Why, KPB L UEEO BRI AL AT -5 2#BAL, 127 - 7520 0005 E2ERDICH
6:&%&%60$t.%@f:fz—a@%@towruv—#&%wf%immﬁ&t%%,

—ﬁ@@ﬁn%wrmawm&mmwﬁﬁm@ﬁmﬁurmmzgmﬁgf%é:&Eﬁﬁbto
IOKREBLIFEAMEGIIGE, A7 3kge-cm200 AT , 7 EdEEO AT FERL, [BlER
36007 4 ~AFYEFEATHIILILL ST, FO—|dEF 72000 27 5 FILHT, 1 25 4
M) 0005 EEEB, Eh, IDANAE—FFETERTONRY YR ETELIFETLAELTS
IOBPCEIEL, 2BBEREIRLTEINLDFRAAFYOXRT Y v /R BEMX AR
TY v IZEFRALTWS, P4—aFVE T2 - s ORBEYRETILERT CHIN T, @&
BIAUTEOBOLEFOBRLEEBNNILTELD, FYLv o7 b 2—ETHEL, HiowkLix s
CTANRT Y VIBLIFASA ST Y v/ ENTR2BERALT, FOHEVEEVRICBS R
7o FIBRABERRENE A1 ACEBRIN, £ A7y <7 U v 7 T40mm OHEAY 1 2

200g-cmD/EI L A E - 22 Lo TRETE, FHEHE20x60mm CEAICEMEZEE X, lmm/
288 AT » TOF VYW TEELEDI I LA KA ERABELMTED, E—atwv s ) v 7B,
EERAPSALTN T =4 2 — 2% EF, EE (ABE—AZH L) C+H10mm BE#IZITRS 2

EHTE, A - aflfbedBERHIC LA, Tho0MEMHB LUy - AadhLi3RBloRETHE
ALTWD, ¥/, ZOMAATTRERERZ 100 1 7= YUTIREELL, CALOMEELTE. %
— AN A TBIUVBREE- 2 v P EOEGES S, BB LrBEESD AL, EEP TR
B AZEHIAVEONBELVRTH D, TV Gt EEBLTANLFYETED
7L i HEERLL, £/, BEBIUEBRREUETOIADLFAMAFYOLZEDER
DICIRIEX30 : se vOBBKARETAY, FYoBAME L THEN b)) 7Y vBEKE
EHFT LR AR, £, S AE-2H) -~ FRAT 7 e YEEBEREFEA LTV S,

3. K 9 &

F o d ) v PERTH, COCHEIHOLAVE - AFROBTrRERCETELES Y L TH
5, F2RZOEBERLLZLOTHY, B1HYE, BRE4cm¢oFRIC6 oKD 255
T, FRWLCEAEEABEROILHRTES, FEECTA-=7GHEDHILLLY, £
DME* FTRCEGLED I L0 TE, SRt Eo/or ., /BEBERMATECEETED, T0X
BB LLT, BX30mmBEI 70 { 2a R v 2 KK 05, 10, 15, 20, 25mm$P DK Y K
PR O EEN, B2HNIE, 80mmx20mmd X v AAR (EX 703 77 v ) 2 05, 10,
15, 20, 25mm$ DR EFHEY, ¥—2lH L ETARIZEEFEARZEZBTAZRTESLOT,
EBILA— =7 ESLEEMAK) BV BT O LN TES, E—ARHL, AAICE10mn D
BELAKTHY, F7 0RGL VI E-adTh T T AR BARTEIOIBBLHEL TV,
R RICFIAALYE, 77— 20mmeBRT THY, F— aNBERERT I LAHRIELD
W, MO FREE - L0 0FLECHLEID LS MEABBC L -TVWD, IOKYREFHT S
YLD, E—AORRVAEYELVZEETHADI LAHMKD,

4 avirwe—-5%K

oA A - RABIUVREREEDIESRRc THIBTE, BHE, MCAERHE,. JTEAT
TRO=Z-SOBFELETAS L IVBEBNCRAIEZ T2, SIEfER~rF27r -5 -2 T3




JARRI-M 5567

xh, X\.Y7 v, F— R CHEENHEFINS, F+2 ) v 7HBRAEROFHIEFZROED T
P D, '
DHEEERELBTEAREAT » 7TROBEOROEREZT TG LI =4 A -2 0AEEEA
B, ®T=d A - ZNEELED LIESEIRRYAFATrT—F-DF » v T A E—DEDD, OK
IR AERIEHEATERE VL, tTE, DY —AE= A — (ALY b VT IL 2
pe— A EE LB 5 LA, EAEBEY - P EFT S8 DBD Y Sy ETAT . A
5 —-RTHET?, ®F— st =% - FHRHEEFEMEC LD LIEFEBRIEY - 2D, =
A A— R EEEIEROFT T 7 AT AD,

Lk HEaEEmeEE 22 TRIELTARY, ED51 8y —r v AEFIRITHEVT,
HIHTAARE-ZOEEL 11 747 LIl TWD DR, HSLAE— 2 ORMERAME
KRBARDIERLD, TOLHAOBRRBARIAZILENHDIHNLTH D,

5 B ® %K

HOMIEAFDELRETT, Tod At AfAF v, BY VI o F v —RUHZKIFRDH A
oy VIR, AR HAY 5 FEBNACSR L LEBWEOT Y A AEEY, TELEY
7Y — v AATREKREFEVET IR L, L Lads, MEBBSITF 7 r 0 RERICHIE
BT (~20008/ sec ) EFEALTWAIE, ALF7 + e ERTHERATILEVHDF
DEFEEHD 79— vAiF, vAEWHETE, BARET TRV,

-, AARE— ZREFEBORELAENSD, EOHCKRETABERCS, LrL, I
@%ﬁ&mmﬂﬁbrﬁmﬁzéﬁwmmﬁéitogﬁ.A»X%—amﬁﬁﬁm1ﬁﬁhﬁ
( 2B5MIC80 CRE ) ¥dH 50T, HENEEEHRT L AT 7 eBfFSE—EOBEH LE
TRt B, £, ERPOHEEMZHSHEZOTEBEIEI VAT 4 (FIXEM) L LT
PO LA E- 2OBELEARIEEAER G, Z0 L5 LEilHE (EHLE) #5252k,
AR E— AEREN XA A AT HEVEBR ALV, BE, SARE -2 0B THER
i IX10 T Torr BEETEIFS I &3 TER,

6. # R

HaFEY v Fr 77 NEBERAC, MUMeVEBETRTY Y 2 v<U1I>OF » F Vv 7T 1 9
FERAE LD O—FTHD, 1 AT » 772D 005 ECHELFTAV, Xe Y7 r » &~ T
RERFRTHE, CORBREALNDF 4 » 71 (110) BOEF » + V v 7 E<111> 8O BT
yRY VI DFA—Fy TERTEOEALH, MESAZ 160 SEEH DN, HI1005BE TH
FERT L, CORR, T2 ~3E0EREpTHLLELI, EREEoA LI TR LA

-3 fCo

[/ 5 T M/

AARBB T A A —FEACBIERED, KBREHCF 2 ) v/ AE0HBERI S S
TENTER, TOVATATR—ECSABEE: TRARS KB L., ERFILRHE, HEE
HAEEB LIUCHNERE AT » 7EOZS2EFBETLE, BIIESAKR» LRSI X VHEIESTTR
bh, "hoPETTFBEAF - v AL o 7 CIFEIEIET 2, TOVAT LEHELT, F¥+Y



TAERI-M 5567

vIEROREBIUVEBRBEIELIMET S Z LS RIEEIC L 57,

L LANS, SBREBANAEELLT, BEOT 42— AR _HTHHH =TS L
LD, BRET IVERCSHPEEIIICTI L, ZOREFEE A ALAE - FTITRLT
WAOTFD T P HADMENRED, 72V — viF, VAEEBEFIHTEDIEERRIUR L
BFLEDNANE D,

B, T=244—238{FT2Ch VBB EEELLr VRASH, LU
AE - ZFORETHBE VAL EZ LAUEEIKERNSHENER, 26U HFERT R EmE
MEEEEERCEL EIHOEEERT 5,

References

1) Gemmetl D.S. and Worthington J.N. ! Nuclear Instruments and Methods 91 15-28
(1971},

2) Engelmohr G.0Q., Mueller R.M. and White W. . Nuclear Instruments and Methods 83
160-164 (1970),

3) Durisch J.E,, Neumann W. and Rossel J. . Nuclear Instruments and Methods 80 1-12
{1970}, .

4) Holland R. E. and Gemmell D. 8. . Physical Review 173 No. 2 344-357(1968).

5) THE, f: HAHE LG HE 19714 10 A

6) Fig, fb:@ICAMETET R 1973% 10 A



JALRI-M 5567

[TZurrentlntgrater I—*IQ Count Setting J‘—j
Lwy
Control

i—bﬁ.lmll Angle Setting ﬁ i
§
rPulse GeneratorJ—! ! ‘ |

'——lgcnio Step Angle | ‘ Beam
! ‘ Direction\_,bjo—‘—

‘ ' Channel Advance
on 4off

¥

~ Singie Charved ]~ = +| Gate |~ == ] MultiScaler

Fig. 1 Block diagram of the automatized goniometer system
for channeling experiments.
Measuremments are performed autematically following to the
preset value of the incident particle gquantity, scanning
angle step and scanning angle region. The data are stored
in a multi-channel analyzer and they are read out and
plotted on a X-Y plotter after the measurement.

300 b 75

Gonio 5 ;
. cattering
é%%o/ chamber

Slit | Siit
4 ;
! )
M I

P.Beam Mirror

Laser lon. p Cryo.P D.P
Subli.P em)

Fig. 2 Arrangement of the goniometer, the angle checking
system in use of a laser beam, diaphragms for
incident particles and wvacuum pumps.

The diaphragms are made of tantalum plates of 70 gm
thickness having beam holes of 0.5~2.5 mm in diameter.
An appropriate diaphragm can be selected by sliding the
holder. Alignments of the dlaphragms can be carried out
easily in use of the laser beam.
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Fig. 3 The time sequence of the automatized measurement

system.

g L

The power supply .for the pulse motors are cut out each
time after every step drive of the goniometer in order

to minimize the temperature rise of motors and hence
the out-gas from them.

o 4. ' .
4000F . Lahen L e
o gt
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Fig. 4 A channeling dip observed in the back scattering
of 1.4 MeV protons from a Si single crystal
having the aligned < 111> axis in parallel with the
inecident proton beam.

The step angle of scanning is 0.050. Measurement with
a 0.005° step angle is also possible in use of this
goniometer. )
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Present Status on the Ton Implantation Study

Kohzoh MASUDA and Susumu NAMBA
(Faculty of Engineering Science, Osaka University,
Toyonaka, Osaka)

Recent activities in the field of ion implantation are
reviewed. Most of these have been presented at the third
international conference on lon Implantation in Semiconductors
and other Materials. New results on atom location of Cd and
Te in GaAs at hot implantation condition is also reported.
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Application of Ion Implantation Technique
to a Fixation of B3Kr

_ Susumu KITANT
(Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki—ken)

Ion implantation of 85Kr into aluminum has been
estimated for F-ray utilization and deactivation of the
radioactivity. The penetration of 85Kr into aluminum is
dependent on the crystal structure of the target. The
stability of 85Kr by heating was also _discussed. For the
deactivation of the radicactivity of 85kr by nuclear
transmutation the high level neutron flux is necessary,
for example the rate of deactivation by flux of 1015
n/cm2-sec is estimated to be ten times compared to that of
natural decay. '
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DEMERALE, FFRCIMBEHROBRIC 2L 2 L LTHBEREKOBAEXLELE RS
NTwd, FERINGE, BEE, BEASCESSBER ECIs0REREAFREELTH S,
l@ﬂﬁmkkﬁﬂigﬁﬁ%@.@ﬂbt“h%?%giﬂ%b,%6WMRRM%T6W?%
Do EDFED—2L LT Lon implantation M # @A LT®Kr #7141 =7 ABILEET 2

BEICOVWTHRHLTA LS o

2 PKrofB:as

ﬁﬂﬂ%ﬁZCF'@%ﬁNiKr EXe 020, 209 bKiizXe DRITHAEAR V. & HI¥Kr
REKrZE0IBO11L5%ITBEL V. fo T, RRMEY 7 YRV & 1 tonday AT 5 BAE
ITH» LRI ND K O FARIIHN6 2 dayic BE Lve 70 7+ vir b O PKr O RGBT
FEREAEICLDAEELEEA LN D
Bof®Krx, DR EABE (BAKAR=FA & - 067MeV) & LTHEMNCFHALR
HBh, BB RKAGET O THS « RIAHETRNC LI 2HBAERBEFIN TS, W
DPHES , BEL*KDBEEEVLEBTH L Fig. 1k ZhbD7eAd 78 -2 — b iR
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FAt =Y ABBAD®Kr A & AR Piercy (Chalk River ) 5 ek D BE XL TV o M
Bez®Ke 4 4 v &2 40KeVTIR L, 4X10" ions /M THERT NV 1 =7 ok, FEREDA L0,
EFEAVRTADRE - Fig. 2@IEmahibic, B2 HRO®Kr ik Ih s 2EOHWEC
BOTHEMNTH S0 AL,0,0BHFIC 1, random structwre iZ ¥ % Monte Carlo BHIZ & -
THLNAGHEROLNS —F, 74 127 L0BFICETOMLIIEROEELERD D
5 tailing K@ED BB o

T = ABERERHY, Kr A4 vy —aillwfT3EEAEE <Ry b L - s v EOBE
EOVWTHRBATAbNR Fig.20) KBELRD LI, " PV - vz vid<{110> <100
BLUFCI10> HAKI-TRECRBAS TV FRBHECET(EMAEELS, "KrD1*x
P U~ a vid<{111>, <211>, <100>, <110 > OJHIZEMT 2 L FEIh 50, EBEREZ
DFMERC—BEERL TS, | |

BN I A v —aDRE V-2 s VERNSHE T - FBERIN TV D, 71
1 =v Ao EOYAGR TR EAD IS RIAFCAx v —v avikEnZ L REHaEND
P, ERUAHBECEESTVWAVLSITH S

LLEOERMS, YKz 74 § =Y A FEATEREE, 22088 TRETHL ., —iFE
BEECERINTOIEBLEEARETHY, MrdkEl Lo 110> & 2BET2L 48R
BoMETHS, '

4. PKrBEEHROBBY BOREHR

Ion implantation CEBK M A /DTN I =2TAANDEI Y —va VidIE=% 14 -5
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Table-1  Neutron absorption of *Kr implanted in aluminur

BRI mBEERIR  PHImism  HRd

”AQ 230 mb ' 284 /3_ 2.3 min

85, 5 b Bk sfable
87

By 2b kr B 78min

Table- 2 Radioactivity of aluminum irradiated in nuclear
recctor

TA=T6BAR  BE A B % 3B

A A1 A 12.8h 64c, (12.8R)
. + M 28~30 h Teps (27h )
’ 2 M 2.5d 225 (2754 )
’ « (MEL) 45d ?2

B.C *u #8 30h Bas (274D
’ il 2.75~30d 1228, (2.75d)
g AEMI) 40d ?

Off-gas from fuel
reprocessing

l Recovery
Kr (ke Kr, BKr ;B Kr =0.115)

J Isotope separation

85Ky

|

Implanted 8%Kr

/\

Radioactivit -ra
dcactivatior%/ %tiliz)c(xt ion
3:0.67MeV

Fig. 1 Recovery, isotope separztion and implantation
of B%Kr from off-gas of spent fuel reprecessing.
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Fig. 2 Experimental range curves showing

the residual target activity
(percentage of ions not yet stopped)
plotted against the penetration
distance.
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Radiation Chemistry in the High LET Region
— Some Aspects of Heavy-Ion Radiolysis —

Masashi TIMAMURA
{The Institute of Physical and Chemical Research,
Wako-shi, Saitama)

Some aspects of the heavy-ion radiolysis studies are
reviewed from a viewpoint of the LET effect in the radiation
chemistry. Discussions are given of the track structure of
heavy ions and the results for agqueous solution and liquid
organic substances including aliphatic ketones.

L #
MR FERERAR EDEOHAFRACL L - TS EREI IS EERIEELOXND L5 H
HzEMEFDO—3FTHE, TORENRCERIZE 2 s bOT, MHRLFIEELRRE L
F. CETREFEOMTEOARLZ ST, YHFELEYF LS D2 LbIFELDEES 2 E
BRI HB R EL T D, RHBEFOFERZ LeLANS, OEETIREAEMNCo HH L
TR rREMESRZEFCIIETFHRERACTITLO TR, RHEB LS ) oI YRIVFE VR
FEEENELH THEH, ERMLAEEL A SANTFAACEHELED TH 2540 I0BE
B, ARTHR, BN FHREZAVCIEROBW LMES &, HHSRLELBRORERLLREOFTHE
A, BFEOT=Z0RERNDS I L0 T B,

o

2. WS EEORFTER LER
21 HEDOESE

BAHEE ORI, EDFCHTIRHROEE, 2 LT EEDEO I TERRS Th 5K
DR BIREBSPCTEIIELLHESRLEVCSTINVTSHS ) EFTKCHEHENRI Z N
fob & H, EH, 0, DR T2 LRI, ROBEBIINLOTTEER B2 b DA
FHLAICTE L TH T '

DD ETEL OEFENFE, £ AFH,PH,O,0RIBAESZZ LA HEFSOH 59
LERGHEED VbP B 7 27 viEEH ( scavenger ) &M A TEDOREE LA RHINE O oA
FrLb~, FEAOBASNGCESC OV THRFREFBELAVERET S . & Vot FEH
B THACHbAE, 1950ERCTbhL - 0lER, KftoE#Eahct < @A S R
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MET, #40d % L, 700nmMEREECRINE K Z S &, WHE» o BAT T rF TREALR
NEZ S SARMETOREA7 FADHECLVEHTE, TORICEEVHEELLEHIZ OV
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HE D% ¢ FEBEREMTA I LB TER, ZOLF3CLTESNWEHARET, (A vDAhlb
T 70 -5 oA RREFFLETRATY S,

B R E A ERRET Y 5 AR S ERLEDPRRECHREN, BILAS7
bA, ESRAEEOHEC L TEASDHRRIHEEEZ LSS Z N TED, HKARILFR
SOLIRLT, MOFHHETRESC S IARCECOhEEZS(Y, TOBHEELS
RLZDEBH THYAFRTHIZLERIELZDOTH D,

23 WHRILFNHARE

DEf~xmEernRER MR —AR TH 5, IR A TN SRR =+ 1F —

P ERTASRAADOE (>107" sec ) o BOMPHICE Lo HEDE ELTOS

ETHD, 12 L BHEEEER S oFHigsHETIOCBRFAAETHLICEVARVA, M
B BEEARINE T T CRBRLVES2FICBTLTVIEERL LN D,
H%ﬁ%iﬁﬂ%@%igoﬂw@ﬁ,W%ﬁm6@l$w¥—ﬁ5ffﬁé%o&ﬁﬁﬁﬁ“
ENER L, MHBORBICR-TTED CAOIEREOETH ThH D, i, RHFEOo=x1 ¥
—DKRBFEIEFHAGBRCAVOND LEALGNLGY, BEL VTSR ADERDOLDLEH S
5y Bz kL F — 00 TErIE, FARERE SHENEDLIAEE TR -IDDEL I 27
BENLIA, BLOFFIE2NTEHEL OREEA RNV KELZE (10~50eV )E2LEA I LTI
ILEHRTED, KAEFWHBERECHRS L, I0L)ECHERESNECHLOMREREL S
BLEEHORNTH D,

24 LETHE

B0 =31 ¥t Ea LT —EREFRET 5 L, BPHICE LETEPRA R
BHr WL, AL ABEAYC L EBRAIORRIIADDOTHDEH, Z0—ERHACEERED
HECRIEGESVWTHBEED L I 5bhbhdEEI hAVEBIFRES - TOAV, HEHEH
LA s m A F—FEED T GREIC—REE AN, Wb spur EMHT ST &, BE
PR L Lo 2 spur ALER L, EoMlicPRGREOBEFAVET S LS T LR EEN
CHR AN, FROCEEST LR T 5, '
WHBOBES= L F itk T, O spur FOBEBELSEMTLLICRZY, H-TRILEE
RN E ST+ 5, BEHRIELF T 2% linear energy transfer (B8 LTLET ) SR E A
TWb, VEFETIIAL VOERUPIRYE rBoEr7 e by, afifRYEHOTITbA, #E
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D% < id spur KA Lo THI S AT 0B COLETHROPIES . MR S IIBE
RELTH AR RMAEREST S 0B IR HETHDEEALNEDTH S, 10~ 20V A
BEODLETHEOEE» b2 bENS{0HMRREBOAAL 1,

L LLET A2 6 RELADEEBRER T spur IEHEHZOAT - THBP LA AVE TS
LI, MERLYWEOEIFRORENAMBEOA R oF, HAKEYY, REtEmEy
EDOBALE R -T2 b nlz, ELETHEOEBREHE,» LB LALLM BB LY 0E
EELETHEE WA OBBEIEH L2223 B e TA VA, £ 7FiE LA FEIEXATH
HOHSEBIEEOH LOSHFO—2THA I LE - LOTHD,

i%ﬁy%%vtﬁ%ﬁk%@wi@bk%towtdmnfééﬁ,ubema%%%%&
BRI RORBEMES OV 20 BF TR L, '

3 HA G vHESHRIEFEIC B S MBS
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mmgmnmmnfiwféﬁ?mi$»¥—21Wev&#6&,%@m¢ﬁ®ﬂ@~153#
FROBERICA S EER SN Do Mozumder B 0L 3 AEEESSEDE b 5 5 7 corel
WA TS,

EXRAEELL T ORI fid, BEER I OO0 =% ¥ — % glancing & knock - on collision 12
Lo THEID, BB - THBENE “RETO=FA % 2E,=2mv’ cos? 0 ( § : SEFH)
THEAOGNG, LW T, HFOrx2 A ¥ —DfKELEiC100eV FDzr L+ — 3 B
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iz /s 604)
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%?ﬂﬂﬁﬁ@#ﬁu%baw ERT ARV, EXZZRKBEFOO{ Bcore A0+ 7 » 700K 4 %Eﬁ
LOXEDTHEETH D, 5%, BRAH»CSERWL S I0SAORALNLETH S,
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BEEMFricke MEHOG (T ) 0B LETOMAL LSBT 55, B4+ vo=x
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Bond, ZOMBER T 57 core HicBH 2 Fe 27 >Fe “TOBRINKTHS & FBI, ®E A
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IOEBRMERG (—H, 0) ALET & L& CHFEMNICHIT I 2B RTE0TSEY, A0
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KOBLET HERTRICIBVTRABBEINTOAVEDG — D BES T 045 O aTAE M
BB, BFEFTTIFZ v 7 core ANDKRD I I BRIBC Lo TARTHEDETFTHIN TS,
OH+ OH — H,0,
H, 0, +0H — H,;0+HO,
HO,+0OH —> H,0+0,
HO, +HO, — H,0,+ 0,
S LETHEC B OBES T OLREHFAREYF BT 5MEDRL L £ RBE ( relative

biological effectiveness ) L BB L TEEALAMETS 3,
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T T B AR E AT TV AA . Mozumder 50IE T ED L AEE X ERIE LA
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T, = FAF-EF"RE"INDLHIELIILD,
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Myt voOBRCRESY, L Lk 3 COERICIB L i "M HErLANE, H,
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I ENHotntt, EETHTEESNIERETHIEEFEVE . '

36 EhEIKEBOER LRI
A ALEEOSCELET AR T v 2 TR, —AER LA A Y, BT ORTHA,
BEAC L-THEREOAR TIMERIREL AL ETFHEING, ELREPOBEAEB LT I
dHobH, BEABBRTTELBES FHRABNORE T SV BERE TREELGET S L
FTERL,
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LFAREMEo—DLE L LN D,
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4.2 HWHAAAVICE B AT 7 —NVEERIS

HRAEHES  FE—, B8 @
(R HBXEYE 3-8-1 )

Reaction of Methanol with Accelerated Rare Gas Ions

_ Eiichi ARAT and Makoto TAKAHASHT
(College of General Education, University of Tokyo,
Komaba, Meguro-Ku, Tokyo)

In order to study the chemical reaction of accelerated
ions, an apparatus for ion impact was constructed. Rare gas
ions (Ar, Xe and Kr) are generated by electrical discharge
of 70 MHz radio wave, extracted and accelerated up to 2-6 kV,
and injected into a reaction chamber of glass tube. Methanol
is used as target in the present experiment. The products,
H,, CO and CH) are collected and analysed by g.l.c. It is
found that the yields of the products per ion (Yj) are
proportional to the logarithm of the initial energy of ion
(Ei) as expressed by the fellowing equation:
sz(pjﬁx)ln(Ei/Ef), where pj is the probability for the j-th
‘process and @ is average logarithmic energy loss per collision.
It is proposed that the "billiard model” is applicable to the
ion impact process as well as hot atom chemistry.

1. &

SETOMA v EFFORCKESHRR, FEEFNFCL2TRIN TS, BEDH
Gteo 4 v pFRICOWE TR, B TINERRIBER — K14 v, ZRA4 v LFEER T
Rons, £fc, COFBFKE 1+ vERADPSARIEARD 2 EEI T CAELEEOR &H 2
DIRHETH 5, '

BB EOFTH To14 v - FFRICREEAABRTH S0, EREATHE LA+ v &F
S re Bl A e

—H, E=FAF¥-—TOI A+ v — asfoEiT, Hengleinz,) Mahans,) Wolfgang4) 54
;orﬁb<ﬁ%énrﬁn,i&%4¢y@&%4*ymz$»#—%ﬁfﬁﬁﬁﬁtowr#
LOERVABLNDGS, SO LI ABEMNSTHERBRAD T OBEHFEC ATV D,

bubnafEa I+ - s e, 2 0HRAOL = FAF —FH (HkeV) T, 1
A tE Gy FOBBRICET L, TORMERDECENIHIFRCL-TEETL2ILER
ato:;T4¢thrm%ﬁZEﬁw,%W%?kbrd.ﬁ%ﬁmi?%ﬁi?gﬁﬁﬁﬁn
BETRIGHFELIHAEEIN TV D 4 27 —AEEALK,

2 £ B
9)
ﬁgltbﬂbﬂ@mwk%éEmbto4f7ﬁkbfﬁ,70Wh®%%ﬁﬂ%éﬁ%Lto
ToOFRCLBLE, BTHAD A+ vERVEECEOND, HEBE AL 7 AHFFAETSH
B, HMEHO Y v 7 OBREDTHEY, FEORIFCLoTiR A4 viHA VRS ED, &




JAERI-M 5567

B, Fodks b LTBCBE8E » L $RETRAO M4 vER GBS L., KE
@LTD&%@&%%W@Eﬁ@M%LTw@w#,ﬁﬁlfﬁmwﬁgkﬁbn,M%Eﬁo%
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Emﬁmfké<wﬁ6:kmawo:wfﬁye—Awﬁ%@,4ﬁv&fﬁxwwk®&mm
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7 Balmer 8 TH D
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BN (A4 v vy ROER ) 0ENIERERICHNEIN S0, HETCHY » &S 20
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PR AT T 5, BAAENLERBRET 75 —H v 7 CEBLTIF A7 vt 73 7 TE
Boansg, ¥A7e= 27574 -, BEHRIm ArF + IV -TH D,

3 ERERBLIUVEE
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SAEKBEEBLEDEC, bbb T 0 IEB TOMEDEREAE L, #5020 LLEND
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L7 —ANDAAVEBRIEEEI ~Teav:Ebnd,

B8 A G vBHERRE, 14 vERLMA vH20RE L OBF

Labni EVNEOHABECEEOGHEMEREL T o0, BHEEHE &INE OEFE R L
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BAEBEA L Toaaianan, '

32 RIGNEOTH =% & —KF®
LUDREF AR/ L EFTAA A OEBRIGICHLT, Ay P 7 raETICHvYLNS




JAERI-M 5567

"billiard medel FBATAZ LERBLE, TA DL, 44 vik2 2/ — A LERELTEHE
@@ﬁL.%ﬁ@@@%&fao:@%ﬁ,wnmwmmmﬁ%$yr7rA@ﬁmmﬁH5m§
DRBBEHTED LEL SN B, '

N, = N [P (Bn(BLE | | (1

N, R RIG IR0 1T A 0K, K ARBERCRIESES D%, nAE=FAF - LTO
B L ¥ - B 0 DTIEER (collision density ) THE, bObNOBFOL I, &
HAAF vEBVIERTH, RIEL LT A+ »BHEELTLESI T ESRRVELTIVOT,

n@uﬁﬁfﬁbéné?
' n(BdE= (QE)" dE (2)

o PERK=FF —BET, BERAEOHROBEE,

G mf M—m ® '
@ =1+ , = . ' (3)
1-42 d ( M—|—m)
CEDANS, T, BLP LA K= AF KRN VEFEETED LT E, VAORT
LT,
. E:
No= N, D (=) @
a Ef

ﬁﬁanéoﬂd4¢v0@ﬁ$$»¥—fan,%u4ﬁvﬁmewcwmﬂ§Ltﬁmm
AAF-TH D, T CTEHE KHENTNEL, BE—ETHOETHE, (4 Yok NER
A O = 2 AF DR CH L TERBESBONDIRT THS,

PhbiiAR RS T=sA ¥ T o KERERIA T 27D, 14 570 E LM
i$»¥—®%%&¥ﬁmm%&toit,Wﬁﬁ@@%@ﬁ%fé&,mim;oau@%fé
ﬁ%@ﬁ%ﬁtﬁﬁ&ﬁféo%:Tf*V@%ﬁ&%ifﬁ%tﬂf&%ﬁﬁ&ﬁﬁbto%%
zim%%mﬁga&7u%LtoH@Eﬁ@ﬁémeg/doﬁﬁﬁﬁénéo%@ﬁﬁ&ﬁy
@ﬁ&i&bfT@hQK%Lkoﬁ@ﬁ&&ﬁtf&éb,4%7@E§ﬁk3<ﬁémonf
a/m@@m¢g<aakw5ﬁm#&,00Jm4mowrﬁﬁLraanaomﬁ,:@ﬁ@
ERaE DS NDTEE S, RIGHE p; CEHokfiTH a0 6, ;05 5 BT MK DERRES
aum%2yM4ﬁE1;D%$éwt%iBﬂ6®T,aﬁ%m%t%Lt@iﬂmd%biﬁ
bﬂbo(kﬁb,Kimowfﬂi&w%ﬁmiafml;D%kéw%ﬁﬁ%i%néd

W@ﬁ@%mﬁfé,mﬁtxéaGﬂﬁﬁETmM3E%LtoT@mthmwswﬁ&m
ﬁfaa,4*7&(E%)@ﬁwuﬁf&ﬁﬁﬁ&&#ﬁféguhwcama,ﬁﬁz4¢y
k@%?é}ﬁ/—»m,ﬁwmﬁgsz&%iéind%@—%k%itﬁﬁﬁwoTmbE,
ﬁﬁszvkxﬁ/—wwﬁ%f,Eﬁ%@@ﬁﬁfﬁ/—»%?%%Tdﬁ<%¥®~%kﬁ

HhABLEERLLNB,




AAAAL ‘

(1)
(2)

(3)
(&)
(5)
(6)

(7)
(8)

(9)
(10)
(11)

(12)

JARRI-M 5567

References
Lemmon R. M.,: Acc. Chem. Rés.,_§;65 (1973)

Henglein A., Lacmann K., Jacobs G.: Ber. Bunsenges.
Phys. Chem., 69,279 (1965)

Gentry W. R., Gislason E. A., Lee Y. T., Mahan B. H.,
Tsao C.: Discuss. Faraday Soc., 44,137 (1967)

Hermann Z., Kerstetter J., Rose T., Wolfgana R.: Discuss.
Faraday Soc., 44,123 (1967)

Baxendale J. H., Sedgwick R. D.: Trans. Faraday Soc., 57,
2157 (1961)

Hagegi J., Leach $., Vermeil C.: J. Chim. Phys., 2,736
(1965

Wilmenius P., Lindholm E.: Arkiv Fysik, 21, 97 (1962)

Kotoyori 7T., Takahashi M., ITchinose A.: Bull. Chem. Soc.
Jap., 44,2893 (1971)

Kotoyori T., Takahashi M.: Mass Spectrometry, 17,619 (1969)
Hurley R. E.: J. Phys, E: Sci. Instrum., 5,1025 (1972)
Miller J. M., Dodson R. W.: J. Chem. Phys., 18,865 (1950)

Placzek G.: Phys. Rev., 69, 423 (1946)

Table 1 Product distribution in the reaction
~of methanol with 5 kV-Art at 10 m
Torr of methanol. Radiolysis and
photolysis of methanol for comparison.

H, CO  CH, (CH,OH), HCHO
SkV-Ar* molecusro, 77 15 065 — 20
CoY-ray G-vaiue 104 084 026 3N 56
1849A ™% 10 86 2 15 60 16

Table 2 Values of a/pj calculated from
slopes in Fig. 5, &, 7.

H» - CO CH,
Ar* 0.26 1.3 3.41
Kr* 0.09 032 o081
X 0.061 0-21 057

—78-=
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Table 3 Calculated a values for several
sets of collision pair in the case
of isotropic scattering.

methanol vapor

A r Kr Xe rare gas inlet ;;l::‘gri q intet
H 005 0.02 0.02
Ne 0.73 | 0.23 016 - i R reaction cell
Ar 1.00 0.70 0.50 §§’ =
Kr 070 100 085 ’
Xe 0.50 085 1.00 v
CHyOH 084 060 041 T N of Apparatus for fon impact
x10 molecule,
3.0& ) ‘x101 > see H, o
\\ 30 o/
;U ‘\ / X~
g 60’ OQ\ /O/x/ “
e \\ 20 07 CH,(x10)
3 \O\ -5
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(B EREFEHER2 -1 )

Spatial Distribution of Free Radicals Producedoin
Heavy Ton Radiolysis of Organic Crystals at 77 K

Kazuie KIMURA _
(The Institute of Physical and Chemical Research,
Wako-shi, Saitama)

Spatial distributions of trapped fragment free radicals
were studied by measuring the linewidths and power saturation
in ESR spectra after the irradiation with l‘He, 12¢, and 1hy
ions at 779K. The irradiating particles were accelerated with
IPCR cyclotron. The 51ngle crystals subjected to the radio-
lysis were n-eicosane O?%% ), malonic acid(II), and
trihydrated sodium acetate I) ESR spectra observed under
the given conditions are easy to ‘analyze, since the produced
radicals have simple molecular structures and most of them
were already assigned in the case of 7-radiolysis by many
investigators. It was found that the radicals produced in
heavy ion radiolysis of (I) and (II) can be assignable to the
same one as in y-radiolysis and have broader ESR line widths
and show difficulty for power saturation. These facts mean..
that the spin-spin interaction of the radicals trapped in the
heavy ion radiolysis is stronger than that in the y-radioclysis,
namely higher spatial distribution of radicals are expected.
As for (III), the characteristic reactions were considered
in the vicinity of heavy ion tracks by comparing the ESR
spectra measured in the ¥ - and heavy ion radioclysis.

HEAHHBBHC L >TE0L 8 BLeTdd 2 w) I LaWEEB LT 2 RAKLEFEC
EoT, MHARS D VRAHRCIIBEERBEIRIRKOISIFETHD . BRILV L I0E
BREEO=LV/ tr = 7 AKRNCEL) 2BRZETHHACKT T2 Lt ey, BEER
Bl AR LTk v, 228, HEOEINARRCL-T, COAREFELRORE, Tab
BALSEA AR SO TRESLOPBEL 0 TrAHLIEINTEREZ. LT, b6k
T BEOBECR I URREA>TERLELDI LA TE S,

DHRR IR T ACHE T, TOHAE2Z2EFT B L+, 1 DRI ROME— K
SBoORC LG TOETIECHEREOWEAL, 1 238HER TORE—1 7 FoBE
s ko, £ LCORERECME, 50k = i ¥ -0ffK L 2 3 EEELORH]
F—Th55. EERBBRECHAEKERE2LDOTHEH, COHROPFRCHARTE LTRES
AVvERCEIENEFIEELZ TS, L0, TR, EFRA2LYckL, B4 4 vid LET
BIEFEREC, DO ANERTRCET=FAF -BHEEOTHANECKRECLLSTH D,
+habb, BN ARSREAA vEHCNEHEETHSI LI EIND .,

LS EBEAPL, BELHBEH I rerrveMEan AR T, REA4 v, BEAA
vEEE (77TK) nS L ERBRACEBE L, £ A0 L0 EMSMEESREERC L D HF~X
. BoNEEHMAAERTHEBHOBECKL, EL{EECHCILFRETFEIND. TN
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2, MY —FEEREHCIL, THTOIROAACEIGSE, E44 VEHTREID Z L3R
BoHhf-. ESREBOVE ERO L S AR, ﬁi&H&nriksen“f Kevan(z,) Raitsimring)ﬁciof

Rubnfn, REAA VHUEOBEBI A VvEBOTHELARBREGLAIRLECLITHD .

1. ¥ B

- B L LT, n-eicosane{ GoH,,}, =v VB, 3KMEEE Y - FoBERER . Znb
DL S 4 mmX dmmX 1mm OFKCEABSEYOHL, BEHRB L L. BEx & ImmElL
o, AR EEETAHNTIAOTELAETHCHEFI LU 5TH D FUHRIET V17
B R VP LDAWT, REAA v, BEA 4 v TorA¥ —ZENFN 23, 85 82MeV ThH -
oo AR BIL AR EHHBO = FAF —1210°~10 eV ORATHS . chHDTF vOf,
HEoesH, @Rz TE o7, i

TTK CRET 5D k0L 5 AREEH . REHES 4 v+ LAFENRAME (1mmgTR S
10mm, &0 —#EE dmmx 5mmX 1mm OREHR D HFAORSR O G THE ) €W,
nE I ARARE -7 —CFEISVEL, ARNSEELEASERCRBLE. ARARY - 7 —0f
BEICREA A VBHBOLAET THY, REIIOBEA LTI A~k BHEOHASD, BE
ﬁhemwxagguxﬁs,ESRmﬁﬁmvnv—Ubttha:wyav—ﬁbuaﬁv
27—k, FOHEZAZ AF U ABABESRLEP R -TVT, BESEEFAT vV AFEHRB L
UEFNERED .7 - roBoOER LEACAZL IR AT VD AT YU ARBRABELE
DERZELADSL 5 FENTV S0 COY a7 —i L 077 Ko BESR IR BEHEE & &5
KLz, FALUEOEEOREORRAT Y LARBOP R ERAEErSLaE, AT
VIVABEBILNEECIIFRHMBENGHE, FNCHSHLLLORIGT Tholkt e - - KR T
ERCHME (TREERE L.
BHLEESRRAKEFIES~3E T, 100kHz ZH, BROBER 5 VA Fisv—&8
HRALETY vy ERVE. ESRY /7A@ TADERSBC LR T — 7o B L, BEFTEE
BT /P L EESFEHELE,

2. BIEFH

ESREAHVTS o A0 MeRET TR L LT, HIEBOHE, AfE, Advyr==
- BEERELIOND. CAKDVTHRRIFE, CCTHRE LEABRIEEDEETDT CHLD
ESRARZ PAKRDVTEBRABZILIETD., gTAL Yy~ iA =T vEEAEEL TR

H=gFHS+ 145 +u' (1

RO 1 FE € —~ VIE, L2z hyperfine splitting &% L, & 3H0x 35T M4
EfEAT, RBF-BEFHEMEATH DA, BCRAL v TREFIENDIIEGHD. T LT
SRFE-TOHEFEREBCBTIZ TS HADET AL VIR LEAEAE VL -TEONSR
AHREOHEISIE. FLRAEAC Y CHELLT -7 BEBARCTCHD, 4, cEEAETA
K HdAEYyDRIEBRTIEHCHEFH LSS . Loty BEET S L, BHRMEKE
nEEEISLOSUAAD ESR v 7 rA0@ENRTon, $28MLESCAD. ZNLS
LT, SUALDERIARACY-AL VyHEEFEROKEILLERDBIENTE D,
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—HNRNEAL 2HD hyperfine BREHWA 7 =4 iHEBKAL Y -BEFAL v LOE®
DETFHEFRE G202, CORFRHELEIBOIT v/ ADRTRG K L - T, BEERRE
ODESRv 7+ AEEEEATHL, RREREL Y 0LHIEEETDI. SOHVbIY 2 REHER
Lobnds 0T, LIt ORBEHEBTSD .

SUALOEESHIIHEE» SREZ DRV TY 7 F L OLEBr SRGHBRS £ 0 E
S T, EELEMLBELAD. LOHLI TR, B4 vBETHELEZCALDERMGHHET
AN TREHOBECHLEEAS L0 eErHD L eXAM LT 20T, ESRRE
CHAEE A LETK Lo T 0L 5B 0BT cbdd. THREHTELEZT S
ADESRY 7 FACIRBEBOME, ENFUNABET ENETHERSLZTEENLDOT,
E 44 VB0 EEEIHLEOMBALCY, EEALES v2RAE TR EDERC BT
HASEECHMEI NS 2 L a0

3 B R

ﬁ%ﬁéntnwwmme@EQR/ﬂfwzmglkﬁﬁTWTu;ﬂﬂ &hCHO%ﬁg
I ARMEBAECHAL LT, REONEAEDELEERS A7 FADBREB IUFERNER
PHEBLNTHB. ERRARLEER AN T, ERVRE A VEBH KL > TH 507 n-eicosane
*@?9wwmz&7bwvﬁén:nﬁrﬁo%%kﬁﬁ—mkﬁﬁﬂm-Kiéi&@ﬁ%m
ChDI e CHEDART bASE, T, AT, E44 v E LETHAKEL AL ONEED
BT A LAREN, SO ERERBRELEIK, BE44VBHTETII oA AR TR
BECEL, TELTWIIEEERLTYVE, —F, ABEEZ2 77T Kb o biFTtwd A7
r»quzmxoL,it%@ﬁEqusuTTEm&ﬁvuFgakumﬁmnmrﬁ%%

LtaﬁuowrtfuybLtumgznz«ab»£k2E6k77K?@mm@z«yh»
i 198°K KRR+ 5 FHEAHA L, FRECBIEAME D Fig 1 KR LAETROBE LRABEORE
mméu:nu,ﬁhu;orﬁtﬁﬁbtvyw»mﬁ%%Lrﬁz,m<%nn%@mﬁot
LA NS . cnZ kL, Fig3ito@Erwond. BE14 vBHEOBER 110~120°KKE 7
B aLorr BB ARCHY LEORRTEBHOL 0 LAV DA — TREE—HKT 5. &
1A vESos0, Fhr ~-FHEOLDELIBVEDE2BESHS L L, TADBT LN
BHEELEEHLEEFE R O EHD T EXHB L,

Wir<r vBEES R L LESROMAOKETFEANTH5 . Fig dRTREH DL,
REAA VBHOEDE &TT o n-eicosane TRONK LA, B4 vBHOLODREEZT
BRHOLOE LA ADECI ESbe S, KK TTK CHEREEFE L EE, =1 70l AE
DEMCHERS ESRY 7 FA08EE 7ny F LTA5 LFig 5885, Hohic, E44 /B
BodoRrBCcE LBl I ERRIhT 3. I b0EFF, B+ BETELL
FUNAEFELTEET kY, ALY —AC VAR M, ESRBIEIEND & 2HM
LESK A3 EERLTV S, :

Bty — S0 3KAMOBRERS L LTS ABOBEIEIENE 2, 00D TET
BMLEAAVETELLBASEANZ I ARBOALOTEAC OO THHELINTE S,
Fig 6 78 , AR F, KEAA VEBB LALEDASRZ b ERT. TREHOEOIRCH
SNTVA L5 -CH, BBIREET 5. LA, LET 0fVE TR eBs+aL, 0%
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" Fig. 1 ESR spectra of irradiated n-eicosane. Irradiated

with 7 {—— — » HHe (--—-- ), and_12¢( )
Dase: 1.68x1021ev for7r : 2.3x101%V for *He: 2.7x101%v
ror L2c. Spectra reccrded at 77°K. Absorption lines
due to Hn2+ are indicated by arrows.
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Fig. 2z Variations of ESR spectra with increasing
temperature. Irradiated with 12¢ to a dose of
2.7x101%vV., Temperature: , 77°K;-———, 1169K;
——, 198°K.

INTENSITY

RELATIVE

b5

| 1 |
00— 56 150 200 250
Temp. (°K] u

Fig. 3 Variation of ESR signal intensity
with increasing temperature.
Trradiatea with ¥ (©), 12¢ (Xx).

Fig. 4 ESR Spectra of irradiated malonic acid.
Trradiated with 12C (upper spectra},
r(lower). Spectra recorded at 77°K.




- e e

JAERI-M 5567

e
= /
o
e
E
§ 3.0f o 4
]
o] e ]
> bR
A W
) H H
] 44
= oy
@ RS
: L e
3 o™ 1 I M
0 N
H g ﬁ:
Pl
2.0 L dole
1.0 2.0 "
Log P P;mW
Fig. 5 Variation of signal intensity of i U
irradiated malonic acid with

increasing microwave pover at 77°K
Irradiated with 7(0), 12c(@).

Fig. 6 ESR spectra of irradiated trihydrated
sodium acetate at 779K. Irradiated
with ¥ (left side), “He{--—-- in right
side), 12¢( in right side).

The arrows show- the positions of
ESR spectra of -CHsg.
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4.4 WEAHEOLETARIc T2 &%

THEKERFHHRER /A
(BAETRE2 -5-1)

Some Aspects of LET Effect on Radiation-Chemical Reactions

Tatsuo MATSUURA
(Institute for Atomic Energy, Rikkyo University,
Nagasaka, Yokosuka)

Three new aspects are proposed in the aim of understand-
ing the LET effect on various radiation-induced reactions.
(1) The scope of radiation-chemical reaction considered should
be extented to include the photographic reactions, solid state
track detector reaction, and even the scintillation and
thermoluminescence phenomena; (2) Various patterns of LET
effeet are shown and discussions were made on the origin of
these effects, i.e., while the higher LET radiation may only
possibly favor the reactions of high thresheld, it should
favor the reactions of high activation energies; (3) In this
respect, the role of hot atoms the kinetically excited

atoms - should be considered in radiation-chemical reactions
especially induced by high LET radiations such as by heavy
ions.

1. 2CHic

BHHRO LET B R T A b b RMHBEOBEC & 3 RHRILFAREIC 2 VW2 LETERES 2 BR
FTES, KD EI3B=Z20H 1 Y PEDOVWTERETRETH D LIBRET S . WS IEFON

FELTEETRELFEREGOTEHRIZCOWVWT @ LETHRD A2 E2D0BEFIZ2WT ., 35
LET WHIESEEr BT 54 v+ 7 F 2 OBH DI 20T,

2 WSHRIEZEROE & LTER T XEHEHB 20T _
WE, BB EEoR gL LTEL SN THWAE¥ERGE , TONBN G (BRI <L
—100eV SV OELAGT TR ) H2VIRAIKEF LOBEEFEL AV BETIREK (BRI
Nk FoRELTIECLEGTER ) ELTHAEELSI VI ERI NI ARGIBOATY
2roiBbhd, '
SGEZZTRELLVOR, BRSO LET R EMBE LT 3854, EEEORIEOE R |, Fig.l
CARTEI CARENCEBRCS > THILFEABERBELY ZAVEBETIRILTH D
2, TOBEXHEVRERTIOLTRROMCLHRENES ZVEE, flads vy Frv—va
vRY —EL IR e v AR, TOMERFACESREBRHE LS A, HEBLLEMNBERCRE
T AR RO BSEDHE (BEFORSERE ) 2T or0Y B2 FES C{EEHR
B(RETAZAIBEMACLIBER ) Lo THELTRELSTWEC LTHERZEL, £0
CHEAZAEBEIORKEZAEFN—20EMPHF L LTEBR LATRIFRILEEN T LA YEGER
LB bDELEBORNRETRELLVWSZETHD .

Fig. 1l 2WTWARE, 5 =(1) =4), @) =) ZFNEFNHHFBLEFEREB IFRLEERET
HY, 6 oo Y v F U2 a v THD, F—FEA I F vk v AR 7 A BRI £ DG )
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Fig 4 it —BRZ LETSHRO A2 v RT -l c0EWFENARICET S RBEfEDO LET
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CITLETHREMAK ZO0RBEORCONRCHETITHS S o 2T MO BIRRILT
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ENE, LB TERIEORENET THAI I LR xFFHIND . TORIEK HFEL=H
AF o BERERGED A - FTh o CHlRE FARGOBAAgBr T280eVChd, SBEPD
knock oniC A =k A ¥ - ThH25eV.  THB L LBUEOKFEO = F 1% —IZHLELL
hEWHS, LET HOKRIMFELAFEERAVEELLNSY, PEVEA4 VEOFHLET
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WLIEDLET R0 L EABRETHA S &

OB S5 LETHREO 2 v zoRET

i) comicEL, LETHRZMBICT 254, Bethe O

dx
8 f.
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TABLE 1 Classification and Exampies of LET Effect
(1} Negative LET Effect
*
f G V¥alue Keferences -
h R t
Phase caction {Low LET—#igh LET)
Aq G(-H,0) in H,O04H, OH, II,, H,0,
Aq- GH, OHYin H,O-W=H_ 0OH
Aq. G(iq) in Agq. soln. “W“e.:q Gp= 282 Gg=1024 2)
Agq. GiFe™ Jin Fe'' aq +l"e;: Gpi=0.46
: Aqg. G(-(COOH),) in (COOH), ny #=CO, 1,0, Gr=49-+G,= 0.3~0.7 3
‘ COOH etc. )
! Org. Lig. G (e ) in CHOH 4=v Grp= 2.0 »G,; =0.2 4)
| Org. Solid. G (e} } in glassy system—w—e (trapped) Gr>Gg 5)
Org. Lig. (}('pu]ymer.'iz.) from mononer Gr=Gipg 6)
% Solid {vinyl or methacrylonitrile)
3 Org. Sotid Secintillation in benzene 7)
! Inerg, Solid Thermoluminescence in LiF 8)
]
! Inerg. Sobid AgBr WeApg +RBr ¢
E in Emulsion
I
1
: 20 No Effect
Inorg.Gas  N,U—f=N, . O, NO, G (- N,0)=10~13 10}
Inorg Gas CO,M=CO+ 0 G(CQ)=2~12 10)
8) Positive LET Effect
Aq. H, OMH,  HO,
Ag. Ce (LV),g¥h=Ce (111),, 1)
Ay Ta(NO, )—H=N, Gy = 0001 =G, |, = 0.006,
G = 0.06 12}
Aq. (lon Ca (NH, )** M= a? Gr=24~33-G=5"" 13}
Exchanger ) ¢
fnorg. Solid  Na(K)NO, ~=Na(K)NO,+ L0, Gr=027+G,~13, 14)
G = 6.0
Inorg. Solid LiC10,-W=LiC10,, O,, etc Gy=315—0Gy 7= 4.46 15)
Inorg. Solid KBrO, =—KBr+ 30, G=13-0G, = 23~30 18)
Inorg, Solid LilQ; H~Lil, 0, , ete Gr=094 Gy p=285 17)
i ' Inorg Gas' NH, H=N,H, G,=0.03 Gy =111 L2 18, 18, 20,
| G,.=05 Gy=1l01 12 21, 22)
: Org. Liq. Benzene M, 103
: Cyclohexane —f—H, 10
! THF W1, 23)
Org, Solid Pelymer — M~ Crosslinking Gp=0.034 G;=009%6 24)
Inorg, and Mineral or Polymer—w—-— : 25)

Org. Solid

Etchable Defect

)

A ‘and @ rays, deuteron rays, recoil particles from

respectively.

Estimated value

Gr, Gg, Ga, Gpt, Gayi, Gar, Gpile, Gur, Gy represent the G values.due to the 7.
“Bina)Li end *Li

(n, 2)T reactions, pile radialions, fast neutrons and fission fragments,
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Fig. 4 General patterns of LET effect in
biological systems
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Fig. 3 Scheme of radiochemical reaction.

Brackets represent the cage or spur.
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Fig. 6 Relation between LET effect
and activation energies of
the reaction.
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Tonization Yield Produced in Gases by Heavy Tons
(Classical Mechanical.Understanding of
Radiation Action on Matter. 2)

Shin-ichi OHNO
(Japan Atomic Energy Research Institute,
Tokai-mura, Naka—gun,Ibaraki)

Ab initio calculation of the ionization yield produced
in He by 1 of 0.1 MeV-Ar+ and -protons was made on the basis
of the classical collision theory developed by Thomas in 1927.
The ionization yield due to the direct action of the incident
ion and that caused by the secondary electrons: were calculated
separately.

A VBBORGR. (VEAF D7 — 0 AAERIC Lo THBTESERD L (D F vt
fﬁﬁﬁLt:&%%ﬁ;6ﬁﬁﬁmffééiﬁ%ﬂ%ﬂ%ihﬁéowb@éi%ﬁyﬁ%ﬂ
E . EREC LAY B AR E LS T LCEELTVA bbb i,
%WE%%%§®%~&%ELT,mﬁivmﬁmﬁﬁﬁiéiﬁ%mééﬁﬁé:kEﬁﬂbi
wéO%@m,1%;UQ1MW7»ﬁV{¢vﬁi§fubzﬂ%n%nﬁ%EH%Hmem
D s S A LTELET 5 £ T, (M6 LU 0@RTER S NS He DEREHEL
. BEORBIC, 0.1 MeVET AL Lk &0 He ARMBES KD,

L HEAE . L

PATEFEM L EE L S AEER KT RRRIHE RS, Tab b AHMRRT
BT« 5 FoRAERERERT BT - 5 FAETOAEE (BRI 7+ 7 4 — VBE)
FLTHEE S, CohAER, )\%‘]‘*ﬂ%@ﬁi*w’\ﬁ*ﬁﬁfﬁ%%%VJ’C. FrvEHErAREEICRWV
FUE S, ERAESERTHD ) |
- B Ze E%M@ﬁ%ﬁﬁéwv%%%%kﬁ%b,%wﬁﬁ;ﬁéﬁwm%k?aagm%
FOBERRMTHObL, HEHOEE (BEER ) v iR L v, KEs T 5, 0L
%@ﬁﬁl$w¥—@ﬁ%9=(h@}m(ﬁ—ﬁ)ﬁ%%%?@4f¥ﬁm$w¥ﬁl%iié
LE, A VENRID, EBriaF - - IOFRTHEHEN D, ' _

EENER q, £ F AT - S

(i)2V|2V2+V1-‘gszﬂVrvﬂﬂOké,

2z (1, amed )

12 €2 353

q .=
€ m\/;

;95_
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(1) ve-vi<2ZVi<ve vy, 2mVp (V- v ) <<e<2mV, (V, +v) D & &,
2 4
q,=;T,Z:2‘Z?* {4V13‘;—(V27V1)3} (2)
(i) e VMzm(ve+v) DEZE,
q =0 3
ETAMET (AB=FAF Ty) PHe A ToOXDECHELLTHET A VD= FAF - A
~ZbAyI(T) 2KDZ, vy (T) i Spencer-Fano i L w TEE S ﬂfc%@4)‘t“. stopping power
DY (em eV DT ) THBLPXND, stopping power iX, ecq  DEFHLHBLND

€ max

S=NJ:§J6 @
El
NizHe 0EEE, B\ E1ME=FA¥— 212eVThB, vy (T) S EnE, AR FIC X 5 Het
DEERE,
R
N =N§ Qo (T)y (T)dT (5)
I
TEHEIND, TR14 Lo rAF - 246eV,Q, (T) FAHNT (=FA¥-ToL& )LHe
DERIZE DN HTEIHERTHD, Q,,, (T a , PA»EBLID, TG (KEHR=F
AF D 100eVHRIL AN L & 0L RWEL) 2,
Gion = 100xN ;. /Ty 6
DEWEA A METRUZLEZEFRLISI A+ HEREERD D, 14 VETRUFLET IO =*
AE—s-Tik, 1, @, ORLy (T 2oZNHEELEBILRDBILENTED, A LE_KET,
S RETBIE LS4 b TR THECEH D, |
AB, T THERALEEEEFAOEZYMEIE, (1) 100keVEF 2 He L LIEH, R IC A
HT2LEnA 4 v BLUBRBRBEOHECHA L TERELRV—HVELIND }:5), E72(ii)
100KeV 7 = b v & He DEZED &0 S0 5~ KBF 0= %4 ¥ — BIEE HOR» 5B bh
BART P LI TS (Fig. 1) 2 bimahd,

2 & 2

HBEHERY Pig. 2ITRT, BBETOME THODL L, @R F L ¥ BB JITHTEIS
A OBEEC TERE LN THObANTWVS, 229FT3k, 2= AF¥-—FHET~T. A
DAFHFAA v (EERBEFICLEM4 vboRR, 20fHANOCR MBI L - TEHENIEE
T%BbénéoOiU%6l$m¥—ﬁ%®4fvgwbﬁ%m60§§ﬁ%ﬁﬂﬁéﬂéi
Fig. 26 2E0 Il kb b, 01~IMeV7 LT v A A4 vOBEE, AFI A+ VIZLOHEES A&
MR LT TR EFICEAM 4 VLR ERTES, 0IMeV 7 R b vOBFTH REFICLD
44 MERALAVWETADN, IMeV 72+ v ADEEHESIUBMBERCL M+ vibdEdE
FEREILAS, IRLEDTRKETEDOAS A, (AMeVEF 2 A EELLEIZBEND
ALY P AW EDTH D,

AAH vic L BAESEL F vk ( primary ionization ) B LU _KET &MU TOBES+ v
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{t. { secondary ionization ) @ G{H % Table ¥ . EELFET 2 DR 0AMeVE T OB S
FTTHd, HEMBEO 242123 L TEAME 236 TH 5,

3 E )

R/ D MEE ( linear-energy-transfer:LET 2272 % ) # Hlvhid, BHBRLERICONES
BRDONBHITS B, FRERHGOUAR TTE 34RY 0 B2 5 AREN LET offic &
STRAEDZEZHDTHHLELTHRBUINATWS, TA4bS, & LET WEHROSEE O FH4 i HE
LR T B, 20 nMECRET 388 MAL, BHSNBRERDOBIE ST 50
THd. LrLANFS, SEA0HBIMERDONEEZNRLE L, ERYOERTHOHRITE
ATRVWENTH D, TR H b, REROBEHEC I3NEOXELHEN AL,
LET®2oAEE, (R osmREZT a2, WHRERpOREAELEEBCAhziTh
oy, CUHATERR 0B ONERTH 5,
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Table Gjgp-values in He by different radiations.
"Primary" refers to ionization due to the direct
action of the incident particles and "Secondary"
refers to ionization caused by ejected electrons.

Eg;i?g?; Enérgy Primary Secondary Total
Art 1 MeV 0.59 0.02 0.61
Att 0.1 Mev 0.016 0 0.016
o’ 1 Mev 1.75 ©1.04 2.79
P’ 0.1 MeV 1.35 0.15 1.50
e 0.1 MeV .42
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Contribution of different peortions of the slowing-
down spectra of the incident particles ("Primary")
and the ejected electrons ("Secondary") to the total
Coordinate wvalues for 1 MeV-
incident particles should be multiplied by 10.



JAERI-M 5567

4.6 E%zyuiéfﬁx%v7ﬁ74w7—®¢ﬁ'

BEAETHSR i & = B, 04 % B R
( H R RS R AR )

Formation of Submicron Holes in Irradiated Poly-
ethyleneterephthalate Films by Chemical Etching

Shigeo Tsujimura and Yoshihide Komaki
(Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken)

Thin polyethyleneterephthalate films exposed to fission
fragments of U-235 were chemically etched by NaOH solutions
and the growth of holes was followed by measuring gas flow
through the films. Frontal and lateral etching rate of holes
were determined under etching temperature of L5-650C and NaOH
concentration of 1~5 N.

1. HUsiz _

19594, E.CHSilk & R.S.Barnes i, ERBOESHREO T 7 EETHEER THRES
B LI Lite FREE, HOPREN - T 5 7 OB LG LD/, 1962 FIC P B.Price
gmmm%mmm,;y+7¢m@m;orrsyﬁmﬁmkénéaaéﬁmbto:@%%,
A4 T o ONEEMEIT X AP 5 LAFC, B4 v B L DM ILE
pr s B Y, B OEATAR R, 7 (s —(EHAOERE Z0RERLY &
ﬁ@ﬁgﬂmbkﬂ@u1~ﬁum®£vﬂ—ﬁ%—r@m74wy—ﬁNmmmmanfkw
SEHTHBEINDICEH - 2o

LosLianis, 44 vIBE « = »F v/ HRK L DMARILOERRBE 2 FMc Lo~ HE
m¢a<,%ﬂtowrm%ﬁaéntﬁﬁféé?;ofﬁmaﬂmiﬁﬁﬁ%a<mfﬁz+
P ANTLENB I EE#ENELT, Fl=FLvyFL7ar—FEdgLr LESRFEAY
TERET -,

2 £ B
ﬁui+vy?v7avfb74»A§#$v&&ttﬁ?ﬁfﬁ%L,ﬁ?yﬁaﬁémﬁﬁ

EF (LU FRREHTE I M7 AL eTAmTILIC Lo ALOBWE 74+ 22 HAT D PFEEC
ZLL, RATHEAONRS,
n=2No$ 1AB (1)

nCALE, N U—235FETH, o BT VT AU 235 ORGHEERA, ¢ ¢ Aobik
TR, t cMEEER, A= (7oA ARASTOERE ) (ARERK), B=(7s1 488
BTAERE ) (74 A A ABT2ERE )
'AmémEEmtwf574mAA%FF@%%%%#%@T,vaytvfwA@E%KE%
S El T XEA2RTHEB, BREED 7 1 VAERART, REORE, 711 LDFES ALK
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Table 1

5567

bependence of Etching Rate on the Temperature

and Concentration of NaQH

Etching Conditions

Etching Rate (R/min.)

Temp. NaOH frontal lateral bulk
(oc) (N) vl v Vg
55 1 2.9 x 102 8.0 1.3 x 10
45 3 1.3 %103  3.7x10 3.7 % 10
55 3 2.0x103 - 9.0x10 6.5 x 10
65 3 4.6 x 103 1.3 x102  1.4x 102
- 55 5 h.2x103  1.5x10%2 1.2x 102
*
55  1{ethanol) ) 6.7 %103 1.9 x10° 2.8 x 102
*} see foot note of Fig. 2,
55
wnit I(— 39 —)I l‘_ —)' L Temg, MaoH
mmru
= 55t IN
_ sk o 45 3
o o 55 3
ﬁ% Q ® &5 3
Al — X0 o 5% 5
3gxtl o N N 55 I(Eﬁano.’__)ﬁ
Quarty — Em— /-
O, % |
— o E |
in g
ST ke L o4 2
T _ a
| &
® ST
2s0 220 240 2o 290 (A""/)’)
T v i 1 S 1 L :
0 20 4o 4o Fo  jes
* b Efching Time (min)
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1 wuranium, 1000 A thickness
deposited on Al foil,
2 collimator with 34 X 6 £
channels,

3 polyethyleneterephthalate film,

9pm thickness.
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5.1 WA AR

BEFEMER & H &

(MEBRMERLR 201 )

‘Accelerated Heavy Ions as a Tool
‘for Researches on Atomic Physics

Tatsuji HAMADA
(Institute of Physical and Chemical Research,
Wako-shi, Saitama)

Recent advances in the field of atomic physics where
accelerated heavy ions are used as a tool for research are
reviewed. A brief deseription on experimental techniques,
results obtained, as well as information sources is given.

L9030 REHE IR LEPCRALETHRO SH BT BWESSAOL I £ VA1 0
z%wt@mauru,?E%@ﬁ;U&@%@E%@%Ew#t5%%?49®$E&@ﬁ®%
%Wﬁﬁﬁenén:@ﬁ%ﬁﬂﬁwf&bnéﬂ%@%(@%é,m%&&u«uvAf%O,

FNLEEBETELEAAY BETEERZOBHASAROERE L LTV .

—ﬁ,1%5$£tD@Bﬁ{fymmﬁﬁﬁabnéiimﬁékk%t,E4%V'ﬁ?@
%nﬁ%ﬁﬁb&n,%E@@%EEéckw&atu:m%mu,E?&%&mﬂ%%ﬁﬁﬁk
:@%ﬁtﬁOQA,%mﬁ%kfé%%&mz%ﬁLt:&&ﬁﬁﬁff&dfaawu%wﬁ
ﬁm,um4¢mNmmmDmasmasﬁ;UTmms&ﬂﬁLtAmumcpﬁﬁnasgﬁ

7 it Atomic Data OHMMEWBH LI LRI EHATEL I,

%%m%énfwérﬁ%%ﬂjmﬁﬁmmwmﬁzagbrwéﬂ,::fu5—¥vrﬁﬁ

ﬁbtﬁ?kLfﬂnﬂbnbiﬁﬁ%ﬁmﬁorﬁ&éc&Kfén%@&mm%%,k&iﬁ
%?ﬁﬂ—fvb@ﬁﬁmgw,wb@éf#V-%?ﬁEKowfd1%1@@@4%vﬂ$&

%%K%ﬁﬁﬁﬂ,ik%&%ﬂ—fvhkLt%%@%v$uyﬁ¢ﬁ%ﬁﬁgmowrmﬂﬁ

x5 T Do

1. AFv BEFERCER-TBIDEAR

B4 EETLEOEEOERS I BHERERTHIN, Ing E2F0L S DD

LATED, $abb, ALEBENF, BEX -7 FRTELT,

i) & 4y FEFOEERHE | |

AP+ B - AT+ 8
(s TEPRPEBEC HEZ LEEDT)

i) ERE FoEERE
A"+B > AT +B

fii) B ORI 4
A e BoATB +e , A4BoA +B +e
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V) BhEE 72 5 AR BB
A'+B-A+B , A +B—-A+B

V) #5F ( quasi-molecule ) D4R
A"+B - AB

E@picit, BEO (B3] R4+ v OfEBERCCHVADOBRREHE0T, LERT LU ES
KEEREHETHD. £, V) BEA A VEROBEGE{CHBELL2BETH - T, ARHE
WiERE ORE #HH+5 electron prometion model DEBIE L -TE D, TOHEER, b3
MO ( motecular orbital } X#EOSHAK F-TiEHEN 0

2. BEoOXR

P < RECBOTEBCHAONR LA BDE, 280 LI 25D THD .

i) BEanks -7y VEFLORIBANGNT 34 - Y =BETORB L =52 F -5
fic EKEEEMNE DR, XFeA - -BFeRBCHAT 22, H3oadflcELps
EHETOIVEN NP L. EA4 v EEBETE LTHVESS, BCLEDRESES 50T, B
HORKBEOELRBA LSO LD BRABES ~LFEL(HRDLY, KT ERETA
CUDREEEE TR ), ThOOREIEMNELLAL HD.

i) BN TroRMBENRFORBIV =FAF —GMi. CHHREA A VY EEBERNTLELT
BHOABECHEN I LETHE. VWHWBIE-L7 4+ 4 LARNI e A2 E-TiE, 2 -% v IH
BEeopERanr-rEENFroolBETE, 8-y rtrbRHNBEECOREBOMEE L LTHE
ML, ~HEoRTRHEECL I, BEVHEREBECHS (Tabb, BRES) eROD 2 EH
TED. COBGCE, F-Fy toPEOMPEH X 0RMEL AL L,

i) llboEs, 2 -7y rRREOHEBN FOMESHIHELREF L LTHEAOTMTHE
THHH, CALDWTRABEHERNLAT S, £ -4 » tHEPO=F A5 ~H%, BRELDA
BEafigEdBAMONRLEL D,

3. FEBRoOTH :

FEREER R, HRETE, 2 -7 b, BITRBERNTORESR» bR >T0 5.

3.1 MEBHFiF

17 VHEEBS, MERFB LT -LHAFTEFT oD 14 Y, BT 28 R0OME
Br—rkhkEvoT, BALE0THELER LAV, INETO IO HHEOEHFICE, 14 V|
DREFHNBLD, FHA, TA2V&E, ~rr v 04t vEfleitboriten, S
B LE LRI A YEFAT I ENLE LR S D

EENFO=FAF -, § -7 NETEOFBEEHEOB IV LDD 10eVHED S S,
BRIGOBI 0 LHL2EMe V. amu TR SR OBAC b0, = 1 ¥ - H T, wbw3d
MERSHEC D
@xﬂ?@ﬁﬁﬁQW%Qﬁ«é%Ak@%WE{*/ﬁbéwizru,n—gﬁ;éﬁgm
HEH, COBBCHBERNEROMA vOREROHT S, € -aGHREEMNTIONSD
5TH5
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32 F—¥% ot

F—F g bEFAMTLERTELTRLADZ LD, 8 -7 » FRRETHEZ EHNFHE L
Vo — 4, BAA VREBCL > TEBLEDFAENEREA LGS b, TERA2HL ERB I 640
Loa@BOR—F s FHBEELL, SOEILEHAZ 2 v RITFHEETH L. ETRIT 10T
Torr UTFOHAETH VS BFEOHTE 7 + A A TRE=AAF ~OBEERE, TORHEH
FrF CERIBEAYTRETCHD . L L, FLOTHRECD0THAZ -7y b ERVD I EEAD
TEEs, HHVRTAETHEAVK LTERS (WNEALAOT, (hL a8 TFEE2 -7 » rEFERL
TVEFRFERECEO. cnLI3RBECR, EREROBRC YL -T, BN TONEROE
fto@EfEnpRerERBLATAEALACI ER>YUATHD .

2 =55 bk LTHEBERENET, BIRE TS 314 v A LLEFEIEER. 5250 bWD
vV - X EEFIHT 5. ‘

3.3 N FomHE

BB FREFEARETFTHIN, BEVEZIBRHEILERLAOT, LAY TEATF
AEIEAAT S ., £FO= 44+ —RAEXS SETEOBEXHE, T42H510~10 eV 0
ey, snfho=x A+ —§HEEIE CT, 79 XA, DK, Biffhas L0
=x AFKFRAPEEREEIA LN, XREOHEE I HECLr A I KECTIIELTEID
T, AN bt A -2 —DESARHETOMBEERSLR V. 7, THRECHTIBERIZEANCE
DTOBNAETHENN, LA AF -7 F #HABSCH YR, THRESLIUVIIEE H
Be R+ 58ERABLAND . BERED =+ A —KREKES TT b o T LELH L.

34 2, 30F

Mglmﬁwﬂ—fyrm5@@1$»¥—ﬁ&xﬁ@mﬁmmwentﬁﬁuf@qr.@ﬁ
R FHAREAERINT VS, ORI ATT Y vEEH A KAP T, AIEHMI 150
~1000eV « SHREERRFEOKXEE (277eV) TFWHM14eV, BB X510 Ths. ZOEEEH
W, 100keVO Ne THl 2 -4 v FEMBLABECEBONLXBARS A E Fig 2R T

Fig- 31" Cf » o DBEDURMEFEACT= vy L3 (2B LB o RH a5 NiKX
ﬁ@ﬂﬁ%g%ﬁo,&m%&LTSiun)%ﬁ&ﬁm%(a4mwm365FWHMmem5
FRaANTVD. IOBEEE=FAF —HEGESHCOHETHI, "Conkt "Am 2 50
XEBIFTHBC »TEEBO =4 ¥ -WEHTADA L. CoEER, B4 vBHICLD
BEHEXHEoziiF¥ -7 rOfFCHH0, NIl DKy K20 T~70eV, ng &:ow-'c 210eV
KREY7 PR EINT D,

ﬁg4dE—A7*4wx&7hﬂxzfﬂﬁﬁwﬂﬁﬁ%%or,%W@Ezﬁotffva
—hBE—F oy ( COBE, A EMAGEOALL S —F VEAH LN I EAE V) BB
Bt Lo THEEN, 5 orABR T3 b0 ECRIETIETE, F—Fv b 6D
Pl T A s BT Dk 5 E T B . Fig 5 ik BoRME ST,

Fig 6 i1 £ — AHEOFT, He EdfEHE —AOLEIICE - THET D Lyman & (I

5
?ﬁ&?éiﬁt@&ﬂt%mf%éf

4 W ®
ﬁﬁ@&ﬁ&ﬁwt:@%ﬁuﬁnaﬁ%@m%u,1wn¢m5ﬁ¢mﬁmnrw5ﬁ%@%
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FHEE4£2% ( Intern. Conf. on the Physics of Electronic and Atomic Collisions ) @ procee-
dmgu'%énrﬁn,itﬁbnt?—z(mﬁﬁ@%.ﬁﬁﬁ$,mmamnmagua:
Wi, ¥E B2 NSRDS (National Standard Reference Data System ) DIFEC—FE L
LT, critical review BT &N T s . Ll, OFREES v (A2 )BTt ol
ERHEDH AL |

Llic, BAA victaREMEOFRIC DT, 1972F 4 BIRE 1 PIEESE (Intern-
Conf- on Inner Shell Ionization Phenomena and Future Applications ) 23820, £®
pmwmmﬁnﬂﬁénrﬁﬂ,it%ﬁo%ﬁ%&éu

AT 4 fARRg Pr Az B LT, it 0EESHE (Intern. Conf. on Beam—
Foil Spectroscopy ) 8 34T L4, proceedings BiFlfTEa N T b‘égn' 10, 1)

REDS 5, RREECH>CTRIBICEXENTVEOT, %nuﬂmﬁﬁmﬁﬁéaﬁLw
yDNE ., ZfREEEMLE I

EAA vEROBEO DI, HBRETERR 2~y FETOLERES 20 SEEHEIE
B EtThH b, SEBEETFOL LI, 77 BI autoionization TRTEDOEH DM, £53T
EOENEBONT, ENL IASEBRRT OEBEENFAONTOS. & A1 doubly
excited @ LiI, BIO, CV¥, OM, FVI, CIXV, Ar XM .

¥, BEEAAVERKC ES T, % {DEF2Thydrogen like ¥ /- belium Fike atom
BEBABH, TOLIAEFRED=FAF —BELOGFENEKENES CH 0, BRE L ERE
EOREATAbAL. FIAFA XM, ArXM - KA TE, 2L 574 bydrogen like atom @
sav7 tERMELLS &Téﬁ&m@én 12

A, a2 FAITEOET( SiL—Ar V) OEFEEMMOEBRRC 20T, BHRELE
BEOLE ST AbAT VAN, —HIAHEIRSAV,

5 & 0K

LAEKCHE 0TS, EFEECETIHRIEL D7/ A -7 E>THENHCTLALA T S8
EAAVKRB-TEAERLTEATEA V. IhEF, PEACE A4 YEOAEK 280 LE
bh, RAEGICEREr s RSB sN, TREADOBET Z AR END. COFFCELE
Fro R ROSMHAAS DT L, 3 rd Intern. Conf. on Beam-Foil Spectroscopy ak=F il
BRENEEBEORID, DEFOEENROLHE T D ! '

A few years ago a sophist might have remarked, with a tough of irony, that, "beam-
foil spectroscopy exists partly because there is not much else you can do with old,
obsolete Van de Graaffs"- As a contrast to this we now all know that BFS is one

important motivation for constructing new, powerful heavy ion accelerators.
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Fig. 3 Schematic diagram of an experimental
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where Ni target is bombarded with
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Fig. 4 Typical experimental arr'angerslent for
the beam-foil spoctroscopy.3
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Fig. 5 Details of a detection miait in the
beam-foil spectroscopy.“
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Fig. & Diagram of a crossing beam apparatus.-s)
(a) Sectioned through ion beam axis;
{b) Sectioned through H-atcm beam axis.
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5.2 WA AERICY ZNSER —HIC, KBEECBIT2AMNNTD
BRKAEIC DWW T | |

AMKFLHER & e
( % 19 i 78 B3 Y )

Innershell Ionization by Heavy Ion Impact
-Dependence of K-shell ionization on the projectile charge

Hiroyuki TAWARA
(Nuclear Engineering Department,
Kyushu University, Fu.kuoka)

Tt is shown that the K X-ray production cross sections
in low energy heavy ion impact are strongly dependent on the
ionic charge of a preojectile and the number of wvacancy in
the 2p shell, but not on the nuclear charge, as expected
from the electron promotion model. Meanwhile, at high
energies the K X-ray production cross sections are strongly
dependent on both the projectile ionic and nuclear charge,
which is not predicted by the simple Coulomb interaction

mechanism.

1L L s
41y@§ﬁ;5ﬁﬁ%%ﬁ§m,Gmwuk@ﬁmeﬁ%énrwéﬁ,ﬁﬁif*y%ﬁ%
mmﬁf,E4¢7®§Eiémﬁﬁﬁﬂﬂ%ﬁﬁBKQE%ﬁiﬁﬁcéﬂoo%&?
Farvnkd ABOAL vEDERC L ZREERE, 7 v v EAC Iz tF R LN, HR
mtﬂﬁﬂyﬁ@(WWA}&éwﬂfVﬁwxﬁﬁ(mmjfﬁﬁén,Wﬁ%%ﬁﬁ%ﬂxm
AR FoKERMR Z, 0 2RCHEAIT D! 0y o< Z (1)
—ﬁ,i4fy®%wiémﬂ%$&%m,%4%V@%na<&&r$ﬁ%wﬁan,%mz
%%Eﬁd.ﬁi$»¥—fu,furvﬁ<6&1&ﬂf%k%w?
N EE BT B L, R ELT, BT BRI A -V B 55 VR X R ERHT 5 HEE
ﬁﬁﬁ:éaxﬁmﬁﬁ%:6ﬁ$m,%%M%mkwhﬁ,&@Iﬁtﬁ%énfwé:

w=9%0,, o0p=0,+0x {2)

CIT, 0y, Ox A - =BF, XBAHOWEARTHE. T, ¥ - =BT HDCHXR
BB B EoT, NREECOVTOWENA BNB. |

s, KEEEoAREFOM 4 & (ionic charge) 2 WiFEREM ( nuclear charge )
&ﬁﬁwowro&,@ﬁﬂ—fyfvuﬁﬁ&ﬁ&ﬁﬁ:%wf,iD%$%&f—ﬂ%@ét
H, HAR-%y b COERVERAL L EHAT S

2 K=k aA¥—EA4 /ER _
£ =¥ —EHA A vEgE F5NREREST, Fano-Lichten it X S>THE XN electron
promotion —‘E:J‘:/Iza) TEMnMCEHEI NS, +abb, ARNTFRE -7 v FEFEREGETCE
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MEREHFWNOES T quasi-molecule # BH L, FOoFHE (MO)E o=k A ¥ TSR
KEoT, NREFIEEDS B3R A~RE ( promotion) L, TORKE, ARICLERRE L, B
BEAB I D, Ned A viiNe s —# » b iCERT oUFERC L5 Ne KRBT L 5.
Fm4wNeﬂw%@m$»¥—$&@§%TnA%Ne4¢yﬁ,ﬁ—fereﬁ?mﬁf<a
KRETII 2po MO E-TBEHL, BEXLAFTELTELESTF (Ne), ¥4bb5 Cal Z2=20)
B ENG . BREFE o8 585, 200 MO VEETO— ik 207 MORB > TER L,
EECTHELETIE, 20RCBEHTE. T, Ne DKBITHERERZLE L, £2 ANBE T
BELIAXBHI RS - v-BF R ans.

21 HAE—F oy b TOER
| Fig:l L EA0OHEWE» b 2L 5, KEEBC B 0 TREZRH O 2p7 MOD ZEE 5K 4 BRETE
FRAXAPBES . Fig 262, Ne'» Ne™ + Ne B ic & 5 XSAHEER &R+, =oT
A%Ne4¢yﬂ5-¢erekl@ﬁﬁ@%f&;ét,ﬁzEEﬁﬁU<<Lr&n(mmm
collision), AfiNe 1 # vOMBEROHERIZLEAL A, Ne ( 2@ )1 # v b 5
MKX&@&&&&T&&,?ﬁéné;ﬁw,MH@%nMN;Oﬁz%maorwéu?a
L, EA4 vERICLIIKBREER, AHNTFOIA vEHFEKETS .

oK, Fig28Hdk, 0x Loy, DA F=4aAF ~RERN L oT WD, HEDHH
5, Ne KROBKME O 2 AN FO=F A ¥ ~OEKE LTESN, Table 1 KRTES 2,
300keV Ne fff22 T Ne D i, S50keVOENDH2FBCHERLTVD. $ETELI LT
REiRog i —ETHL, ASRTO2AF -2 EKET 5. wogx OEMOERIZ, £ LLTH
REMLABCB I sAREHOEE L £1 Bnésn) LEZEOw OBz 2 512F Ly (Table 15980),

electron promotion € 7/t Barat-Lichtenic X DIERHE R ic ¢ HLEX nﬁ,) HEL nEBRE
KEFHHAHRK L. Fig3 i, WAIVARBEAF v THAZ — % » r 28 LR CKX 8 Kl K&
Moy &R+ 0 =0, N =0, C*—=N, Ne'—C, 0" > Ne fiZEic 517 % 2p7 MO 0 i K 25 &
ﬁm,%n%n,aaaLov,oxt:@mﬁfﬁwbrwé(U;Nemowrmyﬁ%%}o
IDBREIIZZ7 A PR~y b ERCEABOER L EEMHIC KT 5. & bic, JERKE =
FAAF-HEOERTE, 20 BOERABHLEE DR, KEEWNABZ BT LAEINE Y

uiocawa,ﬁm#»#—§4fy@§m;5Kﬁ%%mﬁwr,1)A%ﬁ?®&%ﬁu
HEDEHETAEY, 2) 0 HEEFHO 2p7 MODEFERIESLEKFET 3, 3) o, R AMEFD
A4 VEMTEETS, 4) og H—RThL, AHHTFO=2AF —CHLTE, Y e by
B { bRNKEAEENZOLND .

22 @EfEx-%y b TOER

INEFTTALALAREREOFRCE, TEXBAMEIN, LrsBECREER —# 5 F 2H
WHENRTWe. TOHE, WbiPD solid state effect D ®, FECHELBESBES, &

BECEGE -7 b bRETEXBBE Y RAD L 5 eEb in s

Ko

Y(Ro)”—*nf exp[—ﬂ(Ro—?')JO'XEE(T)]d’r (3)

INEMFTIIER L > TXBHELH AR Kb LD LMD

Sde Ly i4)
ox = dIE+ n 4
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TET, n A=y FEFE, RyIASRAA vORE, £ BEREBrO A vO=FAF -
wiE =%y rOXBRBREEK, SE:RIEMERTHD. @ LWX» 6, BEKRER o Ab L

B, MXSWIUETARIE, 1) @B—FTHd, 2) o, 31+ VvERHCLISAY, 3) 141
HM-EMTHSD, 4) 1A VvOFRAEBTHIBEOEELLETHD. b b LARET e b
vorsnBolF vEECH LTEF» N OT, B A4 VERTHE, L%%ﬁﬁatént
WIEBESHES L, AL —F v F TOR-BHRIC LN, Ekx -7 b?#iﬁ#%éfﬁ]%’éﬁ:io )
DT, EBAAV—[Ethz ~%» t CORRTRIRO L > nBEHLBENRB 5 !

LA%@%@Q—#thT@%Wﬁi—TK<.béﬁﬁ%m?a%oﬁﬁﬂﬁ%®1$»¥

~BER L, BRRtosHd i{or a2 THE L,

2, ik B EHR T & BIMRET % electron stripping 5V IRBEDO LD, A TO 2p &

COEFEBRERTD.

AEFHEEDEYD, ARETOES=FAX¥-—SBRL, ABNFEZ -y tERFORARO=

¥ —dEfroANnE R ( Swapping ) B I2.

Loz —EThRL, AHEF=FL1¥ - KEETS.

5.01, Ox EABHRI T O A A VEMICKET 5o

BARK FO=FAF - HLENKEL,

TARB FoORAKTEBTEL, FEFEZLTVS,
BERMENRAE . NeT=C (757 74 1 ) HEDBE, Ne' 14+ vio KBk & 0 IRREFC

Hio CLEETS. C>CHERER HhWaNFHERE T, RICHEEEKE V. Lird, <

DHEE, CREVCVEEHD CIHERECH .

ax%ﬁ?.a—fyrﬁ%@wfn@xﬁmggéaw#ﬁ&Xﬁﬁﬁifa%gﬁﬁaT
R EHOTH Loy iz, ARSI FOEGENTORMO M4 YEBHIC2CTOFHTH . A 60
Zog BAMHETFOA A VERCEBERTH S . LRI e b, BRAR, RE2FCRNL I
BEAARIEEGRNESS '

Y(&5:”‘Zf exp [~p (Ry=7)) - @(E(M) - F (E@) o L{EM}Idr )

TITF A4 VEHI o2kt IEAT, YF=1TH5. Z0hb, 0, EEHIKRE,
EERTO A4 VEE T, B A E BERERECHT 50 20 - THABEHSH 5.
&ZB)KOWTH,Twmﬂmﬂmmm$%ﬁﬁmmﬁﬁb,%m,S)Mﬁ;$m¥—fkg
¢, BAICLoTHox KRBT E, —HekE{ABZLdHB. KT, Ne¥, N', C"=C Hi%
EBWT, 75774 (Ef) kA5 HRZ =7 > b ED o BELBXD L, HIHSF LLES
HMBORD, —RHCEE LDRE VD ELERMICHER énk?

IOLSREEEAD L, BEX -~y FERCRIERRY> S, EANTNRERECT -5 &
BaifitotidrarBETHESI.

3. BEAAE @A 4 VER

EAAVEBEZERB TS, =32 AF - HSFHEF7s< 2D L EFELD electron promotion € F it
miba<&0sWﬁ%%@ﬁ*ﬂVWﬁﬁiﬁmﬁﬁékgi%ﬂ,Vﬂbygﬁﬁignkﬁ‘
RrHPF o 0CACHNT VS PWBA £33 WEBEABREA VT, o 25 HERZET TS
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5o Lol, B4 vBRCBOTE, AREF LARCBIIARERE LR OEEEBLE T
DT, Tk VOBB LD LR - AREREBESS BBV,

31 ABKNTFOAA4 v EEERTHE

FigdiC 80MeVAr 1A v TCNe #AR —# » + 2B LEERETHAr-K, Ne-XK X#ME
2, AffAro1 A+ BRI OERE L L,‘C;T:-s“lns)Si {(Li) S cdrolNe KXFEA2 b AR,
Ar-KXEBoznl VMAEL A0S AREH LR KREBHCL LT CHEDXKEL
DA -THWAZLETR LTS, Ne—KXBEE T, AB Ar o1 + VEA L EHITRT BRI 18
KL, ArTTEROBEOXBEER AT O ENOME0BEIAEL AD. —F, Ar-K XEHE
HASHAr 1 4 V2 BEECET  ConABIEA L, AlTTERO ArKX#RRATTDEA
NE 100 B dET 3. CoEMeERO Lo LT, ARBEH I Lo 0By HTFHN B,
Ne DBE, KEEFIRBISEH I ALEEOKREH O wg 10018 THE M, NARETHELA
PhliaokBnogit 1ITiffv. Thabh, BRlanzNe-K X oo —8ix, ognifk
KEBHRLTVYA3:0ad. —F, Ar-KXBoHEE, ox@EnFh 0122, 1 Tog 3BALTL
HNJERBE BT IS ThaA V. TR Ar-K X o, -4 » rEF260
&5 < (electron capture ) 8 FHFHE LT VA LEEZLNE. T/ibb, B EHCE W Ar 1
A i, TTCKREESFELTOLN, Ar 14 vHBEARETF A A0S, T ORF LA
ﬁ?é:&ﬁ&%aw@ FOAA vONBREE~, BEHDCAAREATE Y tDETE
e+ttt oT, A4 vEXBERETIZ E8HED. HE, ErH» BREOMEE
R KREENERCC o HUEAk&v. CORBEERZ LS A ARERELBIL L,
Ne-K X#EMmEdBAT 2+, BHINE/ERICOILERBIEE LTS,

3.2 ZeEEEA voOBREMKESE

samEkmo o N, 0%, PP a v CAr M AREE LK O A-K XEREY, AHK
FOREOERE LT, Figs RRTI8 L, 7 —r SEABETHNE, DRFRTES I,
Ar-KXBEIAHNTOESHNZ, 0 2B TRHATEIRTTHD. Fig. 5 DR, 77+ v
HTAHELTEDIATHD, COHRPWBAK LU BEAEREC L2521 THD. LarL, A
HE FOEERMARKELAD 20, HIZ 10 LKELSTATD ., IOEESd, DM AkRE R
SNBH, REBHMARA A YILLZZ -7y VEFPOOHEKRETFHIL(BKRESFELELT
waksicilbnia '

Exzal¥ —OREEHHLIVEFNCHEVERERECEA vBERC BT Z2AREHE LR, B
BERREMOfMIT, 2 -7 » FVEFONREFH» 2 L3 2 INREREIERLRE LI LT
WwAHEEROND,

33 FEBRORE

NERES BT A LE 2 o0 RBOEEE LRSI, KDL HIAKBET S OITHEENLS
55, N +ArEZE&Fc 3L, KO3D0OBENBE 5 (KRCHFHELELEOOL)

N™ + Ar 1L N+ ArK+ + eg g,
(ke KR EE)
2 N+ aAr” 7,
(KERETH» 22825 KREH
3 N +art o,

NBETR» I L AR EER)

—-112—



s

JAERI-M 5567

EhoXBRECSOTE, o,+0, 3gllan, —F, 6,+0; TAFEONELROERTHE
ENTENT, Fig 6 DL3E, X -WELERAF voRBAEERT, 0, Tabs, KRE
BBl sEFHrCAROESEMA I EAHEKD .

COBMOEREHRE -5 o F CE—BEREOD LTHIRETHSB.

4 BbOE
HRT, B4 VHEC LARRERC VT EENARRETICR, HEICIERT — 2
B AREHCHLTLIVEARAT — 22853, Bz -7 tE 0% (iR, B
-4y tEACERERECERISL V), ALy PEHCTE—EBREGETEEONT -
F—%y tOABET, LENLINERETO L, FolEr, ARERERE - ERET
c5LTeHEMEBbOS.

LEREERSM A brA -8 R ET, XA bAEBIEL, ARSENREEREE

LH~ND. '

24 U 2BFEXBEZEAEL, wEAVALETEBERT 20 21k ET 5.

3ETH MK 2L AINREFARNFTF EERNCL 5D,
—F, B ¥%E T3, electron promotion € FAK $ LTV TE=AAF - COMNKEECHETD
K%%%mﬁbfﬁ,—ﬁ@ﬁﬁﬁowan%%.#ﬁ%@%m%btuiﬁﬁﬂénrwawn
Barikoa¥—Ci, AEKSBEL, ETH»< s 5KBERLE BEABRICL LT VT
NHEFRA SR TS, LA L, RFEMLAEBERRR AN TwAY.,

BIERCE =2 ¥ - BETEIEAA vIERTE, COPFTRELELEFLOAKS
B5F - 2@ L NDAEENE V.,
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Table 1 Fluorescence yvields of Ne-K~-shell
and Ar L23-shell.

w K(Ne) % 10™2

Ne+—- Ne ‘e —=Ne 2 B
sokeV 2.0 1.8 1.55 1.82
100 3.7 £ 1.9
200 L2 £ 2.1
300 4.6 ¢ 1.8

@ % -4
L23(Ar) 10

ArT . Ar e —mAT B %
sokeV 17.6 2,40 1.9
100 31.7
150 v2.9
200 121
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5.3 HPHC BT 2 NZEE TS O EE

Be#HER T B & T
(BMERFMETHER2 - 1)

Experimental Studies on the Inner-Shell Excitation

Yohko AWAYA
{The Institute of Physical and Chemical Research,
Wako-shi, Saitama)

X-rays from target atoms induced by 70 MeV N-ion and
20 MeVa -particle bombardments were stud Target elements
were 2LCr, 26Fe, 29Cu, 385r, 47Ag, reBa, %QNd, 7i1Lu, g82Pb
and g3Bi. Energy shift of K and L X-rays, the intensity
ratio of Ka and Kﬂ X-rays and the ratio of K and L X~ray
vields for both bombardments was also obtained. The experi-
mental results suggest that the multiple inner-shell ioniza-
tion seems to originate mainly in the atomic direct Coulomb
interaction in this incident energy region.

HAAVTE -y rET2ERL, MRETFHRECHE - THRIEINZXE L FRERS OB
BEACTRETZ L, XTRBORT (FIALBFLE ) CHELABELENT=AAF - o
by ¥ -7 OFEBOEEY, KERKAR LV ERSOBEL T LENEHEINE . =
NoNRER, PENRETHECRETS LE2 5N T 05 Y T 0SENBAE L KR 6
KHROWTORFREEBRALTELATVIH, 0% < it Fano-Lichten ® electron promotion
mode] TAIRBHPCEB=AAF _FHTHADA TS o AMEA 4 v D=2 A F 318 <
(2MeV/nucleon), # -#% » PEFORTFESHAFHNTIERNTRE VRS, 5 FHEMR
tZHk % electron promotion BSEZZIC{ e ZOBE , atomic direct Coulemb interaction
NEBICRDEEbASLA, TR LrER, BRiEELny o 2Y
B A 0 b vy TR, SO=4ALF FHECOEA A vOIMERTRELD T, ERTF - 20
(. 0TI HREEROENEANE LTEBREAEL, £—BEOT s48860E0T, %

DERCHRCTRET 2

1L EE&H

70MeV N M vk 20MeVaRFETE -4 » PETEER L, 8415 XE 20 HRE
Si (Li) g™ gL

F -7y FIRTHE,Cr, 4Fe, 5Cu, 581, ,Ag, Ba , ¥2Nd, ,,Lu, xPb, ,Bi THB . 2L HDT
RERSBCRETHED Coulomb FE» LA LIXBEZERBL, RTRHOFE —BEMMA DL~
CEVHDOERY, PUBTEVEOEREATAEA LR VIR, 2078480 (Li BH
BTAETHETHBIICLT, MIEET 7o ELBBO=F 1 ¥ KEHBEOKE L AL

EL BRIy —Forr - BRET, BEZ T, MEBAL, S H, K2, TE%ES, it
H 2) Princeton (Gamma-~Tech#:H
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Tgbﬁ%éngFmEMJm,HuBi@5—?v¥ﬁﬁ%ﬁ%&f,ﬁ0@ﬁefwbﬁ%
B CfEolo Ag % ~7 v FERVT, WTNOHEOBFICEES 4am D Mylar 2308 7710
BE Uk o Agic LT Formvar O & oo 5 -7 v POFRER, #20pg/ /om* (Or)
~350 pg /om* (Bi) THBo

Si(Li)BEBEO K XEAELm, ES 3m, HREZ 6.4keVITx L 300eV FWHM, Zi
50 um D Be BE - TH B & — ALK L IO DMEIELN, IAAEZHIms THBo & 7 v
b=yt —OBR 50 umBe AN LL D, BHEBROELOMCH TmORBRRBYEHD &2 -7 v
e - A LRSI L, 2 45°1I0 8 D XA BV o BRSO relative efficiency curve
., cBOEREE LA CEETTRDZ o TOMECIT *Ma, "Co, ®Zn, Cd, ¥Os, *Hg
SEET AEOK XL, TEABESCETHREEEALE c ROALKERE Fig. 1RRT . 54
KeVUL FRERE B VAHEEN KTV, BEER, FAOREORELZTTHEET, £EO
B o7 o BEBO 7 -0 VRIER, SRRISICR D AR E NS HHERIITRO HRS 50
WEEF -y 7T BHRY, Ge{Li) BMEBEE 727 A7 PAORHESET LTI 70

X@BO=FAF -7 FEAETHE, ARRORERSEETHD . HEILTHERS LD
HMERNILF BB, 2 -7 v P ARCRIGT B X G 2 BPRRCTREHEL,
F oy b LOXEERETABEMELEBERL, TORMETIRBEACTAEL =L ¥ -
BEEFRotre N OOEER, Fiko £ -7 » P TRIHIE L T*Mn, ¥Co, ®Zn, ®Y, *Cd,
us1pm T MR T, Bi & —4 y FRATAIBBEFYALAOSR VD, FRLTVAEV.
%7 Ag, Ba, N OLX Oz, TNZhOEVE -7 v P #1mCi "0o THRAL, &
AT 3LXEERAV .

TOEBROT AL EfFoEE, Si(Li) RMHEBTHAEARZ bAO=FAF -DEVHEFE,
L$»¥-®%mmonrﬁﬁﬁﬁﬁmﬁwfé,éﬁz&ab»&%Tﬁyaﬁavaﬁﬁm‘
At cOERERARDLLDHOTF - EMEHoleo =X AF —KEREAXD D, FIEOA
%ﬁ%@ﬂK4MmVaﬁ%%ﬁ%btoitﬂ—fvbﬂt»7%£—b@ALAg%,4ﬂm
Mylar £ B H L7~ o 40Me VAR FTAIZ -7 » b &EBLARO A7 P A & Fig. 2ion L.
RHSED S w7 75 9V Fid bkeV~22keV DHEFA 7 + 1 OH G TH Do FeaF - T ER
BEFAOBIE, CHRANKTFILIVMEHIMARMET () #& -7 » PRTHTHE

ﬁ%ﬁf%ét@%ﬁ&@tb:nuowfmﬁmﬁ%ﬁ&éﬂé$ﬁfb6?

2. ERFER

A FI R T RBRERD preliminary K6 D TH Y, EEZELVHESKRINTD. KT,
mrped FRAKEONTRY, FMARHERETORMOSDILE, BHO LTHC. £,
%ﬁ@mﬁb@%ﬁﬂﬁoﬁmbmﬁﬁfbmwﬁ,:@%é@@ﬁnowféﬁuomHmﬁﬁ
BB LrELITEEENZV, '

F ey VEFALOXBORER, BHBOLZOMORREH B, Cr~Sr KHLTH
KXﬁ@&,AyﬂimﬁbruKﬁiﬁLXﬁmﬁwfﬁotommupm&6MMpmkﬁ&
BWES, ¥ —AnBRELREBENES -, BNk, LX§AX7 b+ O—f% Fig. 3,
Fig. 4 Mt . OMFTHRLASES, FXBO=2AF - v 7 RAZOFRATEDS 5L
WAL, NAK v OEELABAILE E - 7 5 EE R AF — i, BOlRER S T Ik
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BHHND. v 7 FORETARRTVES, NA* v TBLALY - 78 THEVANTH D,
o7 P RIZ, BAENDE 7 DRBH Y AGHTH B LEELTEORE y ~fit02 - F Vg
FoTe -7DNEEZRD, BELSOXBEFLTRBICKO LY - 7B ERC LTRD
HEE - /0GBC 02 - FEFEALE, Fig.5@3Ba 0 LXBESGHELIEFTHS . o
LX$0 %< OB b > TWB DT, %@%ﬁk@bTmSmhddDé&ﬁ$@ﬁﬁﬁ®8
2EZ Lo

NAFAVYTEE - P 2EHBLABEO=FAF -7 bofER%Y, Fig. 6 Fig TR LT,
Ka, & Ka; i3 Ba L VBEVWLETERSEIAETHIN, IO ERKOBOY 7 rBRELEOTH
T—KLTWHDOT, Fig. 6 THKA L LT—ELTHD. KA, BTz, Sr nKA, @
KB, Bramcaxiauvniy, K, B0 v 7 r¥EBIVXRE{FMIATHEEELLND (&
—BHOEE, Ka,§ OMERXKS, S0 13%55 ), LaL, Z=38 0H D T 7 bARAKR
RBLEATHIZITHD. RLIBRLOE, AR TTHBLABAICE, Boflc=
AAF D7 PRAD SN AN ST -

NA4v, OFCERLEBEOKY, KEROKEIE Fig. 8 10, KX§E L XROBEL
% Fig, 912" T o

¥, IO_EOASKTICHTHAKXBOBEELE Fig. 100K LTHD. ZOHE, Faraday
cup Tito RERMBEEME AMHE FOBRICERT 5 bR BEME, e FEALTIz2, N
A IR UTHE6IDHEEFSTVD FEN A vicEOTit, BloPBIc®KY Tobh
EHRTROERICEE 8~y r R BBt Vi PHEMGAE LTS LE AT o T
BTG Ao cBOHBDER ML, Wittkower & Betz OF L V570

3. ﬁ Bl

PEoEBRT - ﬁ@ﬂﬁ%ﬁﬁ&bf THEAF -7 PBERKS/KAEOESS, SEHNEE
BYRECABGOELORMNELARDDZILEEZATVWIN, 202 - VOMBEHERFS
THdo €-T, HEMBTIH, PENIDEEBC O OVTEEMBELITRASICLELED Do
Fig. 6 CRSNZHRIC, KARO Y 7 P FERIEFES ZoMMICH L, RSBV OERIEA LR
BRREBEZARV, —F, KB, , K, BTHERIAZDLYESHD. BOUARETOBS, A &
FRE#BHIEL LTASNFLARBET L O0EERN 7 —» YHEEFERICEC EFZ A RSBV, F£
By -2 eB{HBPLTS, £0FH % DI, Merzbacker O F@EFEA L Il (PWBA) 9 =
(Qarcia tZf% % Binary Encounter Approximation ( BEA ) 10)7.);3?) 5., BEAIHZ &, AR T
=HRAFX -%E, BREZM, EFO0HBEEm, FALTVAROFE= 41+ - % u L LR, %
DEICEBILEFAEERIZ Em, /Mu=1l DRRACLED . TOFKGFE, COERONA A V0
HDOVT, LBEEFRMYEDD L, SrlZACHENT S, —F, KERUKARKBNLEI +,%
NENL RUMBETHEOSHICKINEING . AEEF =34 ¥ 8 LT, REANROE
FOERMGBELERKE NI LEEAD L, LROEILOKOMBEIKAOFE D 7 P X VKA R0 7 MK
DE > EVBEDNETHDS . KA, D7 b 55,5r DYUDTHAICAS EVS I bid, Z0ER
R TFCBEA BRI IBEIVAPICZ-TOA I EREMITLEEATLVWERS . ALILKA, 8B
KoWwWTik, MEQEILOEF EHILFEET D, LEOFBHHEYTLZIOR, LunY¥ Y OTETH
50, LEBORILOBEUYREETIOT, v 7 POBEKESZOPIVEATRTEEALL A
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Wwo %7z Fig. 8 TKa, K OMEHORRA £31C, Hansen EHHRAL RIS LTRD X
EEHEEOLDICEETHHH, TOERTHELMEIR S, Ag DT CHansenFEzDHEL D AT R
TWd, chd LEOEILOBCHEHELABEHEZEAOND o

KiIZFig10 KRLA, NA+ v EQR FCHRBLASEOKXBONBENHE2VTEATH
. SENRBELLE UBE, BXDXo 0BV SMERHD, NI viaNFIRIHLT
e FRAICICLTEWVWEWSRIEZ AWV LA L, B AR OB S 0 e DfEil, Sr T3 065,
Ag Ti2 0.80, Pb TR 096 TH LD T, SraVvlAg KVEHVILRICH LA L:{E‘éé%é ki,
FARIBRAALCEAVWEELD . THEIN Ya i, TUEFNLOASKNTF TKRICELEES
MIEEOHIC/E 3. PWBA, BEAWThoBELd, TOMEARIAFRTFOEME ZpL L L
&, 20 CHHIT 5« CORE, Ly 2a=1225 £BY, REFARMITRHEITALS,
ERELF-oTWS,

LLEOER»S, TOMeVNA A v EASRFELAEZOERSEHGEDD & T, atomic direct
Coulomb interaction#?, %iﬁ%ﬁ%mﬂ%ﬁﬁfi%&ﬁﬁﬁﬁo‘CL‘é LEZXTRXES T
Do

LXEo=4A4%F -7 b (Fig. 7)) @F - 208030200 T, ZHED2OTORFITENL
WA, MBEALLEB~AOSBICfES LA, LA, Lg Bov7 rEE, NErDHLENDLS,,
Ly, Lr,, »>7 PRBERRHITEDS

KX$BoErHT 3 LXEOREOEE (Fig.9) &, NA4 v THBLIEBHEOH KT
REABE LD 22U ERE VW, TS NI+ VOBSLSERBHEFSEE TVA I EOEHET
BA555, LXBIHT 30 0B B KXKEHTHLIRECTREXSHDIIL FEZLDL,
bR O B .

References

(1) Qarcia J. D. et al. ! Rev.modern Phys., 45, 111(1973)and references cited there.
(2) Saltmarsh M. J. et al.. Phys. Rev. Lett., 29, 329 (1972).

(3) Hansteen J.M. and Mosebekk O. P. :Phys. Rev. Lett., 29, 1361 (1972).

.(4) Izumo K. et al. . IPCR Gyclbtron Progr. Rep., 8, to be published. '

() Katou T. : Reports of 1PCR(in Japancse), 48, 166(1972),

(G)I Scofield J. H : Phys. Rev.,179.9(1969).

() Tonuma T. et al | J. Phys. Soc.dJ apan, 34, 1(1973).

(8) Wittkower A, B, and Betz H.D. : "Atomic Data ", Academic Press, 5, 113(1973}.

(3) Merzbacker E. and Lewis H. W. . "Handbuch der Physik", Springer Verlag, 34, 166
{1958), _
0 GarciaJ. D. : Phys Rev. Al 280(1970), A1, 1402(1970),A4, 955(1971).

—-119—



100+

JAFRRRI-M 5567

Relative Efficiency Curve

: I 1 L |

2

Fig. 1

5 109 20 50 100 keV

Relative efficiency curve of the
$i(Li) detector. Geometrical
factors are included.

j0000 " g

o000 |

§o0o

4000

Looo

I i Ba L-lines

Fig.

|

—

2
Channel riumber

3  An example of the Gauss fitting

of a complex peak.

i A It I 1

5 o L5 20 25 kev

Fig. 2 A typical spectrum of bremsstrahlung induced
by 40 MeV @ -particle bombardment on an Al

tareget.
106— Cu [
K X-rays /

N& DL

=
.
|
‘H_‘-\—
T
<£1f14r

Counts in Arbitrary Units
=y
X
L8

| 1 1
100 200 . 300 400
Channel Number

Fig. 4 Spectra of XK X-rays obtained by
N-ion and d -particle bombardments

=
of Cu target and by the decay of 6)Zn.

—120—




JAERT -M 5567

10°F Ly
L X-rays
gwt‘“ | f Vo
[\ |
%'103— N& IV \\//
< / J
i
g 2 o4 /U Jf u/‘ /
e W
VA ,«\\\w
10! ﬂ“‘?f},’“j !
Yo
| | |

200 300 400
Channel Number

Fig. 5 Spectra of L X-rays obtained by
K-ion and q-particle benbardments of
Lu térget and by the decay of 1750f,

- .
@ Energy Shift of L X-Rays
150
1+]
®
x
[ ] L ] Q
100K x 3 Lﬂz
g % 1 > LV}
s0f °Lip;
=
5;- x o L«
- x
- f o o ! < Lh
- X
o o]
=
50:— o Ly
- o
C PR ! i |

50 60 2 70 80 90

Fig. 7 Energy shift of L X-rays.

-121-

ev .
Energy Shift of K X-Rays
300
70 MeV N#
200 % ; Kas
A % |
o L]
]00""’ - KF -
| +
i 1 I | L I
100
K (aEyu 4E kea)
50 + .. |
. o {
| { 1 i ] * ] !
20 0 40 50 60 70 80 90
Fe
Fig. 6 Energy shift of Ka, K#
and K§» X-rays.
03l
oz}
x N%
o o
ot ¢ RI{Hansenetal)
1 i 1 1 1 A 1
200 30 4 50 60 70 80 Z
Fig. 8 K&/Ka values obtained by N-ion

and d -particle bombardments.



P i s § et

YA,

JAERI-M 5567

1 | I 1 l

40

Fig. 9

50 60 70 80 90

Intensity ratio of K and L X-rays
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N-ien and a-particle bombardments.
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5.4 Zn, Sn, Ta, PbD ¥ MeV 71 b > E2He b1 & S FME X RO Ihike

Hibkymen  HE A, GHES
BwE, HIER
#
(B ER=THL1~1)

Characteristic X-ray Excitation of Zn, 3n,
Ta and Pb by Several MeV Protons and Helium-3

Susumu MORITA, Keizo ISHITI, Harumi KAJTI,
Takanobu SHIOKAWA and Hiroyuki TAWARA¥*
(Faculty of Science, Tohoku University,

Katahira-che, Sendai)

Absolute cross sections and eXcitation functions have been
measured for Zn XK, Sn K and L, Ta L X-ray production by proton
impact and for Pb L X-ray production by proton and 3He impacts
sver the bombarding emnergy range 1.4 — h.4 MeV with a si{Li)
detector. The results are compared with BEA and PWBA calcula-
tions and with SCA calculation for Sn L X-ray production.
Generally, a good agreement is obtained except for SCA. Ratios
of X-ray production, such as Ka/Kﬁ and Ld/Lﬂ are also compared
with BEA calculations. Cross-over behavior of Zj-dependence of
X-ray production cross sections is studied for Pb L-lines.

1. FF . : o

g, B1A VOB ERTEAVSY, B/ AYETTLI 2B, BT L He
HEOBIARoEREDVTNNE, AMBEN TR LIIHBUHEXROBER, K -XKCo20Ti
ELDERCDOTHEINTVE R, L -XBRE2VTEIFEELIZV. TI T, ZnDK,
SnOK:L, Ta®dL, PhoL -XEco0T, £ZL4—-44MVEEF L, & He B FTH
RN L, WELEHEE L, PWBABR L BEAHR LERNAERC 20 TO XD,

2 KK

HikASMV VAGHHOBF A *He Y — A ¢ ERE3mmD 75774 AV » PEEBL
TXBRIEEEANSG . RIGE& Fig IR QB0 T, #—% v PREE1SmmO G D& 4
3;@&&A#€0U“Cfﬁilﬁ$‘3‘59 2 =5y MISHELEE T o/ self-supporting ®
LNT, EXEH1004f cnf 25 2mf amd T, E—ACH LTLE L&D £ =7 » b5 5
90° HE ATA XM 10am mylar B, 22cmOZEKE, 25amBe BELB-TSI (Li )R
MBI A Do BEIIE LT 154mNALT 77 ~~ - #HAT 5. Si (Li) RILBOFWEED,
6.4 keV O Fe-K QRItx LT 205eVTHE o €~ ALK LT 136 FEK FI0FHHERLE
£y FLTHD, MERLIALBET® ‘He2HID, 20 v v rH b dE—aFERDE (H
PEECE 25 Coulomb M THD Z LREH L ). XBEEOWEHEIKATHFALNS,

 FUMFEET A (B AR ), Kyushu University, Fukuoka
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gy = — — 8

IITAQ BXBEHBEOUEAR, YEAHNTF1I 260 0XBRET E -~ v rhTo R
¥, mylar &, 258, BeZ@d X EPCiZ}%l&@?ﬁE?&;E\ET%én €13 Si detector DBHEHE

“moe“mm@ﬁﬁﬁﬁemwtmﬁbt(mg2)unm%&ﬁ%&no@a ¥ v FEF
BTHrsd.

IDIIRELTALNEXB A2 tAOFEFig. 38T T .. (BT, (a)idZn~K, (b Sn
=L, i Pb-LXBOARZ tATSn—LXRTCRFE - 705 E*nRE A H Ta, Pb
“LX#TH LR -x 0 tG@ians. GOROMBEIEL-72XVRGHERELT,
B2 - Lo T - GBETRERTH D

Po O LX#E, BBFE "He B FER CHE Lesl, SORERAMN TRXHR Denergy shift
BBV oNLok. ERBRED, BLHYR, WROHIE, YEAOKEE, 2 -7 » 1 OEINAE
EEERBLT~15% LTl N, HMAHERAE 2% LTEMN, Le® Ly O0X5A58CERT T
5-25%K 5. '

3 Zn BLU Sn DK-X§

EHBT & 5O XERE OM ER & BR T#ﬁéﬂtﬁﬁﬁ@ﬁkﬁﬁfétbkﬂﬂmmv
cence yleld o OEBSHET, bhvbihid o Offid +-<T Bambynek B DEEFMACE. o DfE
it electron configuration C X -2 TEL B I LHG-TWE M, BEFR He YD B 14 v TiE
FLAEREDLLARCEEZONTV D, RBEREMERFLEOEEE Zn k20T Fig- 4R Lk,
MMmms5)om%ubnbn@ﬁ%&kﬁ—ﬁLrwaﬁz$»¥—@%w&:5T$~ﬁﬁ
ZH15. Fig.512 8n DK — XDV TTH 5. S0 PWBA T AHE F0 Coulomb B ic
% deflection ML & E® L-HE T, BEA ( Binary encounter apporoximatin } i3 impulse
ﬁﬂ&ﬁthmmaeﬁﬁwﬁbéu:@ﬁﬁ?@—ﬁmPWBAJ%KﬁELtPWBAﬁ%ﬁk
F{—#,T 5,

H1EEK KA HOEES 2 COERMBBLIRNAZEDT, SORBR O =5 L% ~FHN ©F
—~ET7.04 L 4D, FHEHEHCPETFHERTALNALMEELE T LTS A, Scofield DHEHME X
N1 10-20%h& b5, L LERAEOBIICE 5—1020L804 a0, ChiENHEOL A
CREBLDLIMNT, BEAA v TR oTHEI LRERS S5,

4. Sn, Ta, PbL—-X

4.1 L ~XHELE LK

Fig.3tem Lzt i La, Lg REYORTETEEINDS, IALE ALKV DhD line
mHAaD, BHBEODSEEDTIDIT, 49 subshell D EWETHE 2 ER» RO LI TE
e TN THGE CHE &5 subshell %%&ﬁﬁﬁﬁl‘l 0‘,-['2, o }:.fluorescence yield W, ,
@, , @, ¥ Coster—Kronig vield fis, Fia» Sfos 55 L-XEEEOLMEE Ux EROER
BREKE T, TiabS
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L L eff L,
oy =W, ~0; 4w, -6; + @, - 0; (2)

@fﬂ 3(01+f;2 - Wy + (.f13+ -fl? -f”) Wy
@5 = @yt fry 0 @, ?

L

e dd
. 0,7 ¥i3 BEA L PWBA BB CEE &N, ©,, fi, % Lt Bambynek 5DRL 55 & o1
FEE TR S BB L — XG4 K ATk

L L L L Lg L
Gx - Gxd‘l’ Uxﬂ + oxr'f‘ Gx +Ux 7 (4]

trToChER, Ly R Rt EXBREGARONEETHS .

6, 7, BRitENENSn, Ta, PoOHRETT . WTFhoHEIKS PWBA TD Coulomb
%m;adﬂmmmn@ﬁmw%ﬁbr&tﬁ¢éwn&1Wmﬁ)o%ﬁmsoﬁﬁ§%%ﬁa
D—Hizbd {, PWBALBEARKAOHAZ I BRELTIHBO, FLEBEAFHBRLI —H L

Tvdo

4.2 L-XHMBEOTFEEE, _
Ld! Lﬂ&k’@%ﬁk‘ﬁﬂﬂﬁ‘ﬂénﬁb‘%<‘o11“93;%in15D' %n%’nmﬁﬂﬁ'ﬁﬁﬁﬂr

KATHEZND,
L L L, L, I3g
ox =0(00; "' (frs+ fras Fas) +0; “for +0; Ja)gr_ ’
3
LB r
Ox :EGEL‘ ( frs+ fia - fzs)*f'ailgfn"‘os['sj (”373’9
3
L I L r
+ (G:‘ ]flz'*'o'il2 ) wz_gﬁ“f‘ailah_lf !
_ r, T
Ly L L I L T :
% z(ailfm"'aiz}mz 2?’_'_0.’_1(01 T ’ (8)
. I Iy
Le L . L, L, T
ox =0, (flat fig- fou) +0;° fros+0; ) 0 T s
: 3
Ly Doy

L
Ox =(C’i1f1z"‘€7iLii ) @,

Iy

T CH A3 Ly —shell OBEFRAY A total radiative rate T, ['34id Ly —shell dvacancy
5 Zf=% transition @& TL, M E LN 5 transi tion @ radiative rate THY, THbHD
B Scofield MEEME &M ico = DFFEFX M Hartree - Slater BT retardation
effect EHA TV S,

SN HOEMSMEE OBRE L ERERE Fig 6,7, IMER L. ~ME=FAF -2F< AR
B BEA Lo—FiZ {30, E=3AF -CHHTEMBNHH systematic THE 0.
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4.3 HXBR7r—-7OBEH _

Lo/ Ly 7 EEEROFTE T, AR TO X —# v MZIZX 3 Coulomb deflection @ effect
RL-REFORBEHEOATRFIZL S distortion @ effect £ Fid < L4, ZoMICE
cancel T3, TAEBWIZE 2 -4 » b DE XD inhomogeneity ®, ¥ — ABROASEEE LY
% cancel L, BgR& OHELE ambiguity 232 <5, Fig. 104 Pb DB EOHERERT . L/
Lg, ba/Ly BR=43AF -DEVLEIATEBEA t—KT58, < A>T DL deviate T
Bo Lo/ Ly BHBETRA—ETIBE(@MAD 7y — 73, initial vacancy it LA b)) T
&5%,%&fﬁz%»%-m;orgbéu:@:Himmh6omﬁké—ﬁbrﬁn,ﬁ
HREOEMAE, Lae L LL— transition TiE, simultaneous outershell ionization 255 4% 5
tbfmaaborwéumeﬂkmﬂézadorwéﬁéﬁ&LtBEAE$¢D$kéw,

44 PboOL-X#HEFREDYZ, — dependence

PWBAT#% BEATH AREHONERE, ARKTFORBNZ, 0 2RCHATERFTH B 5,
Basbas 57;) Lewis 68).&:: p, d, He ORI L3 KX 0RiE &%«"ﬁ?&éﬁnﬂaﬁ-_”fr&‘nét &
EMELTVD. TADSHTM (0 (He ) /0 (p and d))RBECAS =5 AF —CHBRE L O

CINEL, =RAF —REMTICONTRECAA THBELI IS AELAD, TP LT

BB AT T T <o VWb 5" cross—over ” behaviour T, £OBHIE, Ev = A+ — Tl
ASET D Coulomb3Bic £ 5 deflection &, KEFARTS effective nucléar charge 3% Z,
Do L+ 7, EERBEDTHD, EV‘I-*)D*'—TGB")\%@?K L5 K%?E{_ﬁ@ distortion
BREL BB EODbRD. '
LREBT7, ~dependence & HNAEERITIALL, KEBECEXTEBIEEC A3, KR
DFHELELLITEVHDH 5L, LERBHD cross—over point i}

Vi _ 2 TS

V‘g : sz

Ed. ZZTvy, v, BENENAFHRFELETOHE, UURLETFOFE/ =4 AL¥—, R
' Rydberg T, Zp % effective tafgef nuclear charge © (Z, — 415 yTRbINSS

11k Po oo (He), 40, (H) & projectile energy ( MeV,/amu ) OBK & LTHRbL LA

EOTEV=AAF-TIZT1 L 0EYNNE, 25 —30 MeV amu Tﬁikbf 1, £Xi31 &
DA LRELSAESD. Lﬁ}:Lr Tit 329 subshell (L, Ly, L; ) 283 & 0T anT U4t
Ex bR ve TOTL, & Ly it &M Uiz. AR50 cross— over point iZ ~26 MeV,~

amu LR DEREEXE—FT S,

LEBBE® N7, — dependence & systematic ECéfSl’\"éC'kGi%ﬂE?)ZﬁCk rEZLNB,

5 & R

1.4 = 4.4 MeV DK T, Sn DK ~XBOREMBIT PWBA, B Coulomb3Bic k5 deflec-
tion DIFEEER LA PWBABER L X< H 58, Sn, Ta, PbOL-XTit BEA 0T 28
%ﬁ%ﬁ&;<ﬁﬁ%b°snmL—xﬁ@scAE%m%ﬁ&£bmwoznomukgwu:#
A ¥ —IZ independent 12 7.04 L %2 0, HBBHCETHERC L 5BLE—K 1254, BHRIELD
~10%h&ve Po DL, L, HIXBHRD L 5 —EiA 6%, Buch HOERERE L —F LT
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~3MeV TR AL D, PO L—-XEREEEmED Zzl*- dependence {2 T % cross—over
behavior /& 5H#, cross over point {& 2.5 — 3. 0 MeV '@@gﬁf@k—‘ﬁ'ﬂ“ég Shafroth
Bg)ﬁ;Au DOL-X#HTREHLTvwD energy shift id, BT L *He iz L 5Pb DL —XHT
A SRk ol

5)
6)

7)

8)

9)
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Table 1 Comparison of Ka/KB ratio ‘of Zn
in various experiments and theory.

_Ka/Kﬁ ! excitation
present- 7.04 proton
Slivinsky-Ebert - 6.59 bremsstrahlung
Mistry-Quarles 7.52 electron
Bambynek et al. | 7.41 "most probable"
Nelson et al. 7.30 "sost probable"
Scofield 8.06 theory
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Fig. 1 X-ray reaction chamber.
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Photopeak etficiency curve for Si(Li) detector

Fig. 2 Detection efficiency curve
of the Si(Li) detector
measured with 57Co and 2%41Am
standard sources.
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% Fig. 4 Excitation curve of Zn-K shell Fig. 5 Excitation curve of Sn-K X-ray
i ionization by proton impact. producticn by proton impact.
! The curves show BEA and PWBA The curves show BEA and PWBA
calculations. calculations. The dotted curve

shows PWBA including the correction
by Coulomb deflection.
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6 Total and nartial Sn-L X-rav Fig. 7 Total and partial Ta-I. X-ray
production cross sections by production cross sections by proton
proton impact. The curves show impact. The curves show PWBA
PWBA and BEA calculations and SCA and BEA celculstions.

calculation for total cross section.
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1. KEVEE A A > 5586 ik 4%

1.1 KEIEAFY + FoT L NPT 7 I7—=T7 ke

AARFHHER B & X #®
( BB BV Gt )

Large Heavy-Ton Tandem Van de Graaff Accelerators

Shigeya TANAKA
{Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki)

Design parameters, special features, performances, etc.
of three large tandem Van de Graaff accelerators, i.e. HVE
20 MV Tandem Van de Graaff, NEC 20UD Pelletron and Daresbury
20/30 MV Tandem Accelerator are compared to each other from
the viewpoint of heavy-ion acceleration. The comparisons are
made on the following items; (l) whole size, (2) ¢olumn,

(3) acceleration tube, (4) charging system, (5) high voltage
terminal, (6) ion optics, (7) vacuum system, (8) seismic
protection and (9) performances,

1. ¥ & & &

2 UF AL UFE S - 7MEBRBUOAA Y - E-2D=RAF - BRBCELHEDL, QK -4
oiﬁﬁiwfTﬂb%meEmHMMeﬁ$éP,fmt&DCE—Aﬁﬁack,®;$»¥_
DESDEHRNIY, ALXOFOLEEEF TS, LrL, MEFTCREERELERELTD
=8, # LT stripper #{Ff T3y, E-rnBERBEIMMOEREEHCIMERCENT
RREE L5 THD . ME=FAF -—RELTE, MERORA LI >TEERFEEZ 54,
AR ODE=4AF —HRBoNdL 5k ol HBA G VIME TR, stripper "D AR =& A%
—FELTARY, HEROKEABEAA Ve ERTBZEHFTED 2L, MTEECHKALLE
P ED s A ool BEA A VINEAAEE LA D, & BT, £ v T AMEBK LD HMETH,
N ORECEE LB VEDIC, CERIEA A TEMETES. 2L 2O20RMKE
FoT, BEd@E DK v F A (FTEE20~30MV) RAGRD LI, ATRIECES
FYicHLT, 7—rvBELFEO=2AF -2HON LI ARTTHD.

B FANMBEBE L THBLNI =3 AF -—E20TH, IOFEORELLINDDEDTHSD.
LFCRAR 2 v 7 AIESB E LT, KEHVER D 20MV % v¥ 4, NECHD 20UD <v b e
J43 ¥ 07 3EE Daresbury SRR CiHE b 20/30MV 2 v F ik 20T, FFHE, WL &0 KR
o B g SR el i

+ High Voltage Engineering Corporation, Burlington, Massachuset ts 01803 U.S.A.

+ National Electrostatics Corporation, Graber Road, Middleton, Wisconsin 53562 U S.A.
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2 BEOLHOE

21 K&3AARY¥ohEg

Fig.1, 2 3@ FnFNHVE 20MV % v5 4, 20UD <V b= VL Daresbury 2 v 7 A
RETHB. SENHTAEAEECE HVE OO ABEN THI2OEH LT, fiod o3H#E TS
BrLTHB. Fig - 1HERHVEDI16MV 2 vF a0 THBHMN, 20MVOE NG, SDLIL
F% LTw5h, Daresbury ® 8 v F ASHE T it UHRHEEHRL L TRTFEEEZ 20MV £ THHT,
BehMEBREF T T IOMV ETHBT 2 FETH 5.

'hHelK%TiﬁK,PWE,NEQ@%@Pfﬂ%ﬁV?@Eédﬁ30mIhmwmyﬁV?
Auﬁ%%ﬁmmﬂbr,§<a9ﬁ4smfﬁanIWE@t@@ﬁ%@fﬁéoﬁﬁuNEc
N NEPABEHRTHELY, 8 v I/OBRKARHE NEC 0300w havcdrrbibt,
KEiIE NEC 0 0D FHAHVE Od DL DKE 0,

2.2 a7 sDRE

Table 2K =D 25 DB ETT. HVEO§ 0REATHELDLBOMBERRET 51
Bl oMEINE. BHAZ FFAEBECA-TVd: w27 vavORE, MEEFDE 7
s vORER L, 5T, #4654 dead section ( ERAMErNEZAH) £RRIATER
N5, 20UDNVEmv@asait, MEBGEICTHEN, FHLEO==» FOKER, ©
hWWBEr 2T HEFELLTVS, 274022y + ORIF 20H, T I1EK 1MV 0F
ERsprd Il bithd. MEIRZ, MEBLESTHAIH, TLIiF T iy 2bF2viitbE s
A AV FTCEELREENTHE. “Lte vOBECR 7 4sB8LUMETCr»2EEDD
L2 3" ¢ D corona tube EAVD . GEMFOBEEAMCAR /2 & &iZid, corona tube H
DHAEZBA L toTan+EHeHEATEILIC L >T Do Daresbury 8 V7 4D
25 A - £A Fid borosilicate glass £ A7 v L ABRD &M - T b, 4D H 5 A B0
EF 2 DR, SHED stress—free /2 borosilicate glass 2 b Lt t#HEINT LS.
Fig- 412 HVE # v F 4D 25 AQGEATH 5, Fig 5k vitrroad s EXEERT .
MEEE =25 2HOPOLOILEEL L SR ->TVE. 1D afRIIFECAD L JiTHi A
R AR T, I I decoupling M7 ¥ @ diaphragm OMBH, 14 v - K 7HOEFERLE
BEEIND.

23 MEE O

Table 3 CIEE OH#EETT. HVE 20MV D& D& 200D D DL THOD2PDRER
BEors s, £, 200DDEDPE Y 2F - HELASTELHI 2=y +43f15cm &I
FREC EABT NG, PDECEOARCHEM TIFULOECSEHE . ThEDECEE
Zm electron loading WEDER VT AWVICBEESH 5. electron loading £ 5 D IINEE D
T - A —HMOETFAENTHD. EEMETOEML 0" KETHR « EHNENTTE,
METOEELAr 3T, PUTRESEEEs S TAREEEFE TS, JnefiCREZE
FoESD path LT 3HE/RGNG,

HVE OIESTIZ & 07 inclined field BFALT VS f£- T, EMD aperture 2%
BB EH5112TmX 286m IR VERCAL - Tvd. XV e YOBFLIMEFTO=2 = v
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b fstic decoupling section BRI TV H. Tt 1"@D aperture & Ffo7c diaphragm 2 5= T
Wh, TCIR2FADORENEIATENLLS R, CONEECAFEYFEHIOA T RZCD
T, EEBCERERTIECL o THXASBEBE E Thake THZ L TEDLIKL L 2TV D,
Daresbury Tt IENMEE 2%+ T, electron loading ¥% & L T biased aperture system%
ForB@pirHorohR0e0eRAT LS THS.

Fig- 6 it HVE OMEENEE T+, BHEHEHE EFHF >T T, aperture iRV I &, Gl
FHOIKBELD spark gap B2 TSI EAREARALGND.

24 fEEE

HVE 20MV 2 v F A ORI BEBRMMOFNSMP 2 v 7 4 LRARCAGIE T <2 il k5%
NTHHDT, TITRHFMINN LB T, MEFETIIMATHD.

Fig 7=V IR v F=—vBIFE 7 - ) ~DEHERT. CNEFEROALFHFROREE
Bkt 2HDINECOHerb R X > THEINLZEOTHD., A FTREODTHAORE—Z
REoTERBINAHBERCS D254 10, POTHETEEDSL D& 240D EEENRT
BEDEEFLRCEELS dust DFEERBEZ A3 A M EWNEEIEIR AV TEDIC2R S
HEEHTOI0T, BB FAAE M LTEEYHEEF IR T FL IR SF AR L
AL, FT, 2Lty TRFig8ntinF7e vy TEINAEZBERL2M vF
DEB~=Vv b - Fa—-—vEEHT S,

AEFREHE EELIBEFEFR MBI Lick-T, ERaNIHERNLLO X
Wl FaLLdie, FAGRCIZ>EEDEOREEH VTV, Fig 9k Z0AAN0FEEK &R
3. (Z Vi Eid Daresbury ¥ v F 2D HATHDIHE, v brevOBREEINLiEE A ERET
BB by b F=— il ko TEIFTNS upcharge * downcharge F|H L, Power supply
EIHPIR, Lo T, MoEMc R+ L 52BMAV, . Vi, Vo EEDHF. VL,OHHTE<r» b
LeERINAENEIR vy VEESTEHEERFEBMAENSD. £ LT Pulley wheel 2256
R, o TEHERFIEL 6N B —F, idler wheel & R, ko> TEMV,, V, .V, 53EDL
h, V, LV, PBNMEC L -TADEZ S vy P ECFER &N, XLy PEESTBI TS,
power supply KX L CREBH AR VAR 0» SN OTL 0 ECSFlHEHD.

MESEEF =— V1IASDEHI00ATH S . HoTIATRMAEREAEI AL S, 200D
CRAAKFHTAILEA T WD, ¥MTFALEOREBOREC 2Ly b - F - v EHS
C L MERIC NS 50T, NCER10mOA -V 1 r O v 7 FERT TS,

HMEASRODARE S —TBHIC, Daresbury ¥ v 7 4Tt Fig 10 @ X 5 /2 laddertron &>
bHEF = —VEHRLTVA, 2K0<Vvy b F=-vEGBRTEZTBI L LT, &
MoORIERHEEAELT2. COEMBEIINS5504ATH 2. Daresbury DFHETIRH, In%
EEMFECELAHEERET, 2hFN1AETD, BA2AFRATETFETH S,

25 & w1 0 HE

Table 4 K TR FRORE s Rt 22T, F-2anBEE&Table 20 a5 4 -V Y7 DERE
LHEE LTHB L, HVEDS 0 it Lo 545, 20UD & Daresbury Db 0 254 - Y v 7
IDF-—anBEENHARKE 0. TOBCAARRTFREL 0ESCHAKEH 2. B L VEFD
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BEnHNESENL ) B AD T THD. gas-stripper canal D KIL D0 TH, HVED Y
NLE20UD L TE2HEUEDOECAES D, COBMEDCTH26 14 YEFOLISTHERSD.
Charge selection DFFHESE-T VB, HVED SO THRZR LA SOOI, HERD
deflector =L & charge selector % 2 . 20UD @ charge selection D HEIZ DT . 2.6
1A vEFDLEZHATHENDGTI LT do '

HVE® 3 B ® sector magnet i £ 3 charge selector & Fig 11 &md . FFMEER 8~10 RE
T#Hd e Fig-12ik Daresbury & v 7 & @ charge selector Zand o 14 v+ &£~ A low energy
tube fll £ high energy tube fil & CHA—F ELE@>Tw AR, TN LIHTTDH L, selector maget
NERELENFBEA S0 HVE 0RO D EXTHEFTT L E WS FEAS 505, #5
ARV EY —AFRIHTILATELAVE SERARSH D,

26 A4 viEF _

14 v EEASEROLRBC Y T, BEOHSTHETEB T, S THMNFEEB LUV SE
BMIHRTHOI A v HFILGesRaZItnTa., 23MEFOLKOLATHREZLISEC, HVE
& v F ACi inclined field tube #F HVWT VW ED A KEARFHE TH DL . Fig 1313 16MV 2 »F

. AIZXET S ray trace £75F » object point @ E I ATHLENL 0 Eo 2 RKDE N 2 Ky (KF

B), BEnTo 2K ry-HY (RERF)CHE LTS EAEND2KFT 14y - €
—LOBUOBESIEHIE LTS £ L inclined field 23 a1id stripper @ E T ATH IO ¥
~AOAKE D, inclined field & 213 B & i3 stripper canal ( 67m¢ ) oW L2 58T
BH oD,

20UD <L b v Tt Fig 14 iR+ X 5iC low energy tube DFRRIT triplet lens EFOT
stripper D E A TR2MBEIC 7 + - AIXTWB, ( 2Ot ray trace TH <, beam
envelope THB T LICES )o TORUEERENFARK 280 triplet EBVWERBEOFITS 525,
NEC Tt charge selection O7EHR3FHOL v A EEC I LEHBELT VS, INETFig 15
Cmt. M MTEE20MVTY S v - A4 vEMELASHAERLT S, (stripper 25D
beam divergence i3 44 v chargy state DAL &Y, 44 vOoHEK %fﬁﬁ‘ﬁ‘é@’f’,
high energy tube 8l T® ray trace OFHEICIEFA A vOEELZEET 2LEH»H D) Stripper
50 emittance lmmX Sdmr D E ~AREH LT, FDHO charge state 13 O DB A Y »
k Swi, Sx1, Swz2, Sxz 3 L 7F high energy tube # 9 {BAT AL HCIHD triplet & FHE]
L7384, charge state 638 LF 20014 VA3 AY » + Sw1 D LT A TN oT L E S8TH
‘beam envelope TR AN T A DX 512 LT, charge state 13 DA D1+ i £ —fA
AY y b Swi BB TAI LI AR, RV v b Sw2 LINEFOAOQD LI ATRELREY 28
W oLk o Tcharge selection AR ENB. 25 LTselect SN o — s DEHMELS
Table 5ITEA TS, & 2 T5FHA high energy tube B A% 557 harge state (KK
FAERMBETH S, NECTiZiz LHBEE © deflector i & 5 charge selector & FTH LT W
p, Bl FR o EHEL TV D,

Daresbury # 5 A Tix high energy tube iz K 2 PFI stripper & E VB HE O 14
O HEE D AWOATR 2T WA, S ODEEZid high energy tube D@ EHODEI A
doublet lens Efl ALt L oTAd v - - O@@AFEEALZEL>THE. LB L,
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Daresbury @& T, Mo, B3 stripper # 7 L D charge selection it L TWE o

2.7 HZEROHE
é4¢yﬁ£n@ﬁw4%yomﬁo%ﬁ;D%E%ﬁ%*éné:Emwﬁi?%awo%E
BMCERO S SMEFOFTREAA YO 4+ Y EFERHRMS 50 L% 5T, loading D HEMA
HdBEZENEEND

Fig- 16 L HVE 20MV % ¥ 7 4 & 20UD_Vv + v vOEZERERT. HVEDOE DHELSK
w7 LT, 101 ¥F O polyphenyl ether OILEE 7 (2 -AF - +7 v 7Y RO T
snistL, NECO DY » 2~ A4 -Fv72FALTvd. ELT, 14 VvEDED
At A —F Tl EdEaT— A 7EROTOS. TOM, "THIFEERTVBEMETO L
ZAITAA Y - HYyTEROT S, ?IJ%E%.@EP:I[EP:%EK LTHAHENTH S5, Dareshury &
FANBEEZOHBETAM T I ' '

2.8 HEXR

B FAMERNRHO BT NENRE LT, 14 ViE, EE 7 AREEE, ©-229E
W, E—h AAALEBEA L SRoTVEN, BHOMETEE T 0T 5. BEC, D
FETHEAERAVGEO L LT, MESONEEOMBECYLAEINSGI LTS,

b biIZHVE E NECic, static strength 2 LTI 1#&fif%, dynamical CHiFE 0 IIE»
53 505 X5/ natural frequency ST 020X 5 & BM LA . HVE DM critical
REEBDE L LS, EFBENAKRCES>TVAY, 20UDXV e T, 027 DHE Xl
LT, 25anTHRAMEEX 1 FEAIBILVIFERRIA 2/ SV bR VD 2T A
u:nmumianawma,wBM@<%%E%ﬁLT.g%mcv:aAaﬁiétbmﬁﬁ
BT e HREEAZ ECAotco Fig 17T R EHEOFF I vERLTOS. I0HELE,
FTEAFAD 2T AOPREBLEEEHRTF VLIS, AF3EFTCEATLLEIOFII LKL
TVa,

3 MEREOHER

Table 612 HVE 20MV # ¥ F & £ 20UD <L+t v v O@REEQRIEEERT . HTEE, EED
REE, BTFE—An=fA¥ ~-GEELBEC 0 TREEMI K#EZX 2. NECTREAF V.
@EaA@g@%ﬂ@giﬁﬁﬁbrwmw@v,imucmmHa@1MDmﬁf6§$4¢y
D& - NEEEEF T, Camberra @ 14UD & 20UD L CHEBEER TR 4 v EFHE 5
DT, chenEHEbENEECALLOIEHNLC.

cmyﬁxwﬂy?Amg%m;éiﬁﬁy-E«Am%ﬁx$»¥—2F@18K%TB
Coulomb barrier O HEN L EDHLBODECE 14 vECRNIEZELEB b5,

MP # v ATCl +Cl 7 0% T, 20MVEED &8 v F ATBr+Br 7 9 ¥ T, IH & double
foil stripper I L TAg +Ag H7- 0% T, 30MV % 5 A IZ double foil stripper & 2 T
Ta+Ta -0 ETOKNCFELESZ LAHfFFEnd.
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4 B
HVE 20MV 2 YT AENECO 20UDR Vv i v EDEBOEBEL 2T 5 EEdFEFCL2H

Lvve HVE BRFEASA v -7 - 75 -7 ¢ 8 IFLMUTHKLES THY, BE14 vIEOMHBER
DTS, L L MPRIZ v F oo HEdsE 0 L A L5 THD.. 20MV E vFan L JICA

Hob0 e TR L3 RABORERTEINLCEIAED D,
NEC OB L{HELEZSHAZOT, $LFFEAA VIIEOERA L O LEIAN, WA k-
THIFHETHD . L L, v b r v TR ERANLLIL, OEETOX v 7 AMEERIC 25 -
O OhORFHEAH D, MERRIFCHERNLE ZH 5001 5o Camberra ,
Institute , EKRKELAED L 2 O performance ¥ W0 ATH A,

Weisman

IOREEELHHINY, RKOEHERACE.
{1} High Voltage Engineering Corporation, % 5 & flss &R
2} Lewis FFA. . Private Communication
(3}  Chmara F. :
{4} National Electironics Corporation, XV t = &}
(5 Herb R-G-

(6) TFerry J- A. . Private Communication

Private Communication
. Private Communication

(77 Mourad W. (3. | Private Communication

® AT CFEHPTFE SV b e vERES 28, Private Communication

9 HFAEFH - Ailifak - HRTHE - BEE D 20MV 5 vF L ol vF 5 -7 E20UDE
v bR VINEEO L,

0y National Nuclear Structure Facility (Daresbury )

Private Communication

20/730MV 2 v F A MBS EE

TABLE 1

Comparison Between Three Tandem Van de Graalf Accelérators

HVE 20 MV Tandem 20 UD Pelletron Daresbury Tandem

type horizontal virtical virtical
tank length (m) 3045 3228 45.22
max- inner diameter {m) 7.61 7.31 8.14
. (dia. of intermediate shield: 448)
volume (m?) 0.94x10° 143x10"
pressure of SF¢ gas (kg em?) 845 (max-)} 8580 (max.) 745 (normally )
weight of tank (metric ton) 245 236
total weight {(metric ton) 372 323
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TABLE 2 Comparison of Columns

HVE 20 MV Tandem . 20 UD Pelletron Daresbury Tandem

length of ome colemn (m)J 122 13t ~1840
length nf one section (m) 244 0457 2.64-512
number of sections 5 20 4
’ puter dia. of ecelumn ring (m) 1.93 229 23
pitch between column rings (cm} .62 254 1.2
" materials of insulating post glass and stainleas steel alumina ceramic and glass and stainlesa steel

(trusa comstruction) Ti-plate with metallic bond with epnxy rcsin

eorona tube (3 inch @) resister breeder

{gas pressure . variable )

voltage divider reaister breeder

of metal nxide

Comparison of. Accelerating Tubes

TABLE 3

HVE 20 MV Tandem 20 UD Pelletron Daresbury Tandem

length of ome seetion (m) 1.83 0.152 082
piteh nf insulator {cm) 254 1.27
; outer diameter (em) 36.8 1143
|
aperture 127ecmX 2 86cm 6. 68 cmy

under development of
organic free tube

special feature inclined field tube bakeable ( nrganic -free)

with deenupling section biased aperture system

of 1 inch¢ aperture at dead section

max- field strength (MV./m) »>220 >2.46

' ) TABLE 4.

Comparison of Iligh-Voltage Terminals

i i ~HVE 20 MV tandem 20 UD Pelletron Daresbury Tandem

305 m 450 m

lehgth of dome
diameter of dome

generator

gas-stripper canal
fnil stripper

charge =eiection

305 m

193 m 244 m

6 kW, belt-drive 1.5 kW, insulator inaulator

shaft drive

6.35mm¢ X 8 60mm Jmm¢ X 750mm

9.5mme¢, 120 foils 30 nr 115 foils

3

a ° .
three sector magnets three electrostatic Q-

and a magnetic Q- triplets and slits -

dnubiet

3.00 m

shaft drive

w) Option
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TABLE 5. TRANSMISSION for 1#A U-BEAM in the 20 UD TERMINAL

wwm | 7PV The ] 3-VrAREAS | vox£eE | Lo <EGEE | RTAAE BHT
OE (p-nA) # W (p-na) |t g % M (p-nA) | HET L2EH( p-nA)

B 24 144 .0t4 .20z o

9 45 24 .02 .54 0

10 79 47.4 : . 025 1. 185 0

11 117 702 . 023 2 317 . 0 .
By 141 84.6 . 069 . 5 837 0

13 152 91 2 1 912 ] 0 .
14 141 846 . 026 22 0

15 11% . 70.2 ' . 0058 L407 0

16 79 474 .00z 095 0
7 45 27 , 001 027 6.3 X 10"

18 24 14.4 . 00056 .008 55 x10°

S0 6 0% TN,

B N IR N !

TABLE 6. Performance Specifications
HVE 20 MV Tandem 20 UD Pelletron
Guaranteed
Terminal vnltage 0 - 20 MV 6 - 20 MV
Total voltage stability + 2 KV + 2 kV
Proton energy range 10 - 40 MeV 12 - 40 MeV
Analyzed beam intensity(proton) JuA at 10 MeV 34A at 12 MeV
6xA at 24 MeV S5#A al 26 MeV
304 at 40 MeV JuA at 40 MeV
(chlnrine ion) 0.25 paA of the mnst 100nA at 6 MV™
prnbable charge state 30nA at 105 MV’

at 20 MV terminal wvn]tage
Design values

Terminal gradient 15 MV/m
Column and tube gradient 2.2MV./ 1n
Proaton beam intensity 204A 1 12-10 MeV .

+ Guaranteed values for the 14 UD Peiletron at Australian Nat. Univ-

Fig. 1 General view of HVE 16 MV
tandem Van de Graaff,

St
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Fig. 2 General view of NEC 20 UD

Fig. 4 Low energy'column of HVE

6

Pelletron accelerator,

Fig.

16 MV tandem Van de Graaff.

TInclined-field accelerator tubes.
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ViZTWING POAT

CENTRE TERMINAL

INNER LIFT - ——

CENTRE TERMINAL

CHARGING SYSTEM — -—

LCCESY

LIFT GUIDE RAILS-

| INTERSHIELD

|—— STRIPPER

L CHARGE STATE
SELECTION MAGNETS

~
. —QUADRUPOLE TRIPLET

—— — ENNULAR UIFT PLATFORM

3 General view of Darebury

20/30 MV tandem accelerator.

Fig. 5 Column plates and posts
of Pelletron accelerator,
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£ o
~
—feflon
N,
N
Y
\ .
= connecting
pin
~3.0cmp

Fig. 8 Cross section of Pelletron chain.

Fig. 7 Pelletron chain and pulley.

‘ e 228 ——
Pellet
T/ieBur .
_ 11/
Ve A
. V5—i- i
i - S0RY 1\, . Inside |
5 ? Tia Bar ‘
i TERMINAL Y
! V:,—ﬂ-—rH : AT 30MV
. E ' ! AL A

Bushing ‘Insulafor

B0MV_TJUMP i 4 LADDERTRON f+Va -V*e!,
Aluminium side Composite Cheaks

: , Plates / Carbon Cloth/Urethane
Vo“"ﬁ—l E .
~ 50 kY - 1 o
W= i _PULLEY
Vo INQUCTOR 1+ —YHEEL
Z ‘ l%w_ﬂssw
Ve 0 ]
RELATIVE VOLTAGES
POWER SUPPLY %

; r 1 1 |
| Aluminum Hub

Fig. 9 Schematic diagram of charging
system showing the relative

Fig.1l0C Arra ments of Laddertron
electrode voltages. e nge ° aqce

chain and pulley wheel.
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&
Foil stripper
60 t/s 25044
pump pumpx 2

/ ZGcls stripper

Low concuctance | Siit }

baffle | : “‘

I

I} .

! Resolution : 1in 10 \

j E Fig.11 Arrangement of IIVE magmnetic

i x charge-state selector.

h
.7, P=15m
Termingl Téa
i Charge State Seiector Slit
Foil Striper
To High
L latem Energy
Eg\:rqy Eeuom.mle Tube
ns
Tube | Pe1.5m
Uniform Fleld,Normal Entry "\
AmiEmeﬂqu E Fig.l12 Layout of Dareshury charge-state
u selector.
OBJECT POINT TERMINAL

—OF ACCELERATOR

{ LOW ENERGY END LOW ENERGY ENO—

P

rHIGH ENERGY START HIGH ENERGY END —y

o
3
1

>4
g
bd

CHARGE STATE oF 20°

l é"ﬂ ;i TUBE
DISTANCE N INCHES 0T

—

[\ %ijh ﬁﬂﬁ N

1000 SIZF
oy

BEAM RADILS IN INCHES
o
B o

. —
R

\/\—/ \ﬁﬁ-—_ﬂ

g
N

b
x- B mewr] il

|
v R Fig.1l3 Ray trace through the HVE 16MV

tandem Van

de Graaff.

- 591" — —— 591——-- — 3 555 a-:-e -11.82™
5m..'.p -

|

!

[

1
‘}F |

Ix=1135mm

7(" 7.35m.r.

12 §mm

250 KV INJECTION Y s
wuwasaﬂso
x Y= ISmm
X'= \(-5c>cumr1
uL
Decoun_me Veu 21KV “ 219,56k
i =20.44kY

DIAPHRAGM V= 24.TOSkV

| eomv
238L beam envelope in

Fig.lh
a two-lens system and

Il H HH

\I!

Ve 10 KV
vi:n.s45w

lm

e e Y

W07 KV Ve 9597
11 325kV| PERLEY

a low energy tube,
a high energy tube---20 UD.
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Fig.1l6 Vacuum systems of HVE 20 MV
tandem and 20 UD Pelletron.

~SHOCK PAD

‘.‘ e RAM
[RATCHET / ,—STOP FOR
/ LOSK / / RaM

]
Va=30.4keV
Ve=320keV Ve: 35.4keV Vi=37.2keV
Vi=34.0keV Vi=36.4keV uuu
mm mm
2 E‘S,“ =083™" 18,z=073™"
k) 1 mm ®
at 5 Sxe=083 X-ENELOPE 4 gmm
|
* Uranium Beam
o]
®  Y-ENVELOPE
] { gmm
o
]
-
‘ Ligmm T \ M= 1™
%sw:ftr?e"’"’
3 -+ .
Stripper \ Hﬂ
: H |
cm! | .
reg,ocQ‘ﬁ"“iL_mcL_-aoﬂK— 707 -3 ‘ 20UD H.E.TUBE—=
Ditferent Scale )
20UD : Terminal Potential : 20 MeV
Stripper 10 ug/cm? Carbon foil
. 238 .
Fig.15 U beam envelopes in a three-lens system
and high energy tube---20 UD,
o C Br Ag 1 To Au U
40 l_rl;[\\f‘l||lTTtll[1II[I||1lI!|
HVE 20MV Tondem 107 Torr in accelsrotion
Option G = —-— COULOMB
Hhm Tﬁoda G,IIP, 2508 fsec % 20 ., BARRIER —
LTt L L = = ’
< S~ _ A4 4 T "~ 30 MV TANDEM
106, G.LP 107diff ® O0f e 2 foil -
10" cold copped  2504/58c+ 21608 Aec % 8 -"‘ - . —
aift. {polyphenyl ather ) I s} \_fz.ggfzr =92 ]
£107° 107 Torr - for foil WL e e s e ]
20UD Pelietron =10 : for gos 2 4k N = " i
e A |
PN 1wl - ‘\
&L_%/ & EEI 3 ‘/\/z -z
a‘slp“f:elp a'G.LR o 2F A CTARGET T EPROS b
= - /e WP 1 foil
NN o) v .
Gt - .
i 1/llltil‘]"llt\Llllliilltlt
c 50 100 150 200 250

PROJECTILE MASS (u)

Fig.18 Energies of heavy ions accelerated
by large tandem accelerators.

T HIGH PRESSU
_ GAS STORAGE
/~ENCLOSING TUBE
/ BEARING AND ~ ° . FAST ACTING
SEAL— 3/ VALVE

— LOCKING TEETH
FAERY

— J—— .

EGUL ATOR \
VALVE FOR CUSHIONING CHAMBER -

~
™ - ACCELERATOR
TANK WALL

Fig.17 NEC automatic column support.
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1.2 KT T 2RSSO B & 58 DT

TMKRFEER 8| K -2
{ fa R R A )

Design and New Features of a Three-3tage
Tandem at Kyushu University

Akira ISOYA
(Faculty of Science, Xyushu University,
Fukuoka )

A scope of the project and new design features of the
10 MV tandem under construction are presented. In the
three-stage operation, ccmbining an existing single-stage Van
de Graaff, it will produce a hydrogen ion beam of 25 MeV,
The design is also made with a stress on the acceleration of
very heavy ions. '

BT, WHAECBOTEHE 2 vF o HRNOBEMEROBRXITbOAT S . THIBEMS50
EDFETHD. CHOFBETERMERE LTAACEF T HEO e MVBENESEERL,
CHEHMELTRAO 2 v FAMERERRLI=ZB v TLEER T3 0THD. 2V T AM
! HERNZ—IFAEFEBZIOMVTHY, KEM A VEF LTREH 25Me VO Y — ABTFE IN 3o
: it%§®i4¢v@ME&ﬁﬂwﬁ5twm,1MV@§®¢@ME£&%ELrﬁ7fA«@
ﬁ4*ye—A@A%&ﬁﬁu:@%Amu”c‘%4¢vmﬁbrsmﬂmmviﬁ%oai
WAF vEH LTI 100MeVEE ETOY ~a3 3602 THS I,

NATHCOHEEED K, REbls THEOBEMERC OV THELERLEAE DX
HOFREFT, FEOFHMEMAL TR SEO 2 ¥ FAMERHER, ORREZSFO
BHEMERCE T AR EMC LTER IR D THD ., ¥ ONEHCIEN 4 vINED
Hii» o84 @oRGEsZEB L TEFORHANBLE VAN GA TS LTI oMERORE e, #
Lk, MEELE LT 3MERLC2»OTHEHET . '

oo 1. IMEEF v DKEEXLSF, FARE

BYFax vy OKESE Super -FNLRABE (AR 7m, RE145m) DHOT, EEY
A I0KFE (¥=-2 ) nSF, ¥ 22l T3, IOMVEBITaRBES — 1 7ABERE ©
gross field MEA 3 X, BEOEABCE LA LRBAREH 160KV mE 25, T OBHOBW I HEE
GOKH 2 v F AR Lo TEE AL EDHIMBAERHYSTH4 0T, BECZOEELR
| Bzt d LB CRVESTHEBH, SEOHETCRTROBUGIEIHELEOGRIC X
| ST INEEREELI EZA TV, ‘

2. Tnsulation Column D#EfE

KFRFED Column OBIFIED THEARM TS, RFEHCBWT, Ritcd-L4HESE
WLAEFTThd. TOBEEFig 28 LU Figd (FER)ERINT S, FRE - A
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DN 254 (BE53m)B3522>a vEHHIN, Fr 2o a v ERFNLEDOKTE
AVvA-L1EKORD A v A A—oHITOLNT VS, TNEDOKFERE LURD £ vi—iF, # -
U VAR EF 2= 2 —AREERAE T AT VERET oS OT, Tk dHEERER
~30,000kg-cm THd. CHIRBEEOHNEN LTHEGRELBETHE EWVWAD. 75 A0
BoE, MEs A v BACONEH, K2 v a v EOLTHR EKTF 2 v5 —0fEESREIEITC
ToTtHFbn, £4L LT RamenEEIC 2 s T 0B 2025 AZHHRI D20 ton DKEH
BMOENEMAT, ENORHDICLTAFE2A v A —KEHHBLOEITELTY S,
BHCL38 270 4v A A—ORFEOEHBIEFED 2 v -ORSOBFARIC L - THELCH
FEANTOD,. 3B IIEHANEH e LTI, 1 FETCoBRNICE ZEHLTHL 50
ZrEoRBIHINTVE. CHEFEOHBHCHTRHTHD L, BERANHE~034 (<=
F=Fa—-F~5)ETCOBMBCHAZ CLEERLTVS,

3 Column BROELER

B, BEMERCBCT, EEMOBHE NG - LM M EEE2 ~ ¢ ST
525 A0RBEEMT D hoop KA THD. TDIH5 D stress multiplication factor A & &
. LT7T~20 %40, EBEF v I/BELOMOAA- 273 OIS - HECREET S,
SE D& v F AOFEICE VT, center terminal & column L DH K< LT, £DOMEnE
B~ 7Y —vHRiCX > CTeolumn OBREFROBBREF/HDI LI o & — I >+ LHHE
DB, L toE X, heopi@OEBRIC >VWTEEEEZT &R, Lo stress
multiplication factor D{E & 1. 27 £ CIEF A5 2 FAHE -, Z DB center termiﬁal /SRVA
EEDOESRH15cmT, £D A2 Y — vERIZ column O 50cm DFHERA TV,
Hoop it feMFKE O & D &FERT 5. ' '

center terminal @ shell BEEA PFRFTCES L, FE40FEFRAEHAHNL LT E -+
AN EEECERT A AR LS Rt ans,

4. Pellet Chain

AHED 2 vF A, ABIER LEUCEMOMEE L L Tpellet chain®EH SN,
pellet chain B4 FCHEXTEATVD IR0 TR BFPBOUINEREZVER? . LK
TR HE PR L5 pellet chain &, FHED V7 YF 73 -7 8B o TRENYyFobi>T
R L, chain {AOBPEE, chain DHEEEAY OV THRBEEATEL. Figd BRFO
Jtic £ B pellet chain DHEEEFTT. '

£ 42® pellet if endless v — PRtz T tryv - Fa A NHEIYLEYyr—TD L,
FV U vEBRACEATIHEC L-TBEEB AN TV 2. TOHERIVBEHTMANCE 2
DBV pellet chain #BET 2 = L3k A . pellet chain OEE LA A ~ARHEE
REzHLIER, Gz -FELTHRDIETHERO NI OB EELI L, EMUERNPLE
B —TOREBITHES LT NS D EFHATE I LBRTTHD. COL 58S 0 ERET
D LRFEROCIERECES» LOMETHIOT, BEMEELBOTEZOREWEET -T2,
HHANB pellet chain DARREMO 25 A 4ATHEH8ATHS ( Figd3). 1K
pellet chain & 5 2B IZH 504A THENT, LERBEIZFA00UA TH2. TORTG
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% resistor M TEMIZIOMVERBOTH2000ATH Do

5. Liner

ﬁﬁbv’—fﬂfﬁ'?—ﬂ:ﬁwﬂi, 2~ 3 FALBEOEELOFELLT, #v7RECLD
owent$ﬁﬁmnmx%@EﬁLrﬁﬁﬁﬁmibﬁﬁ74—Fﬂyazﬁorwéu5v?
AWE%EﬁwT%,ﬁuﬁﬁof%k&ﬁﬁa%@@%ouvﬁoﬁou%ﬁmﬁ4fﬁfm¥
RS Leb 0 gRvs (Fig2 )o TOTOFRD liner ik # vIOTFTHRCENTLEFEDT
B+ 5= 3o catcher £ LTOREERT Z LA anTvo. TOFOH KT T v 70
FieE L= i, 2v 2 FABREBCL-Tx v 78 ERrATRERT on e iE LD SF,
FAREF I Z IR A, filter KL -THREZINS.

6. Dust Catcher 34 ¢F Conditioning @7z OERE
NKOBBNELOHEERI, 2 Vv I/INBCBT 24 A tOFESBESEEFRE ( HEEERERR
DEBOEE> 150KV, cm ) KB OTAR-7DRKOFRTHE I EERLTVS, TS
05 vF AMEBORHCH T EVYIRDLFALOREFREBIRET DL IEEDH . L
L, BB a3 A RBEROORERTFA OB M ZT 50T, HBM LA A HHERTFR
PEZALENLD ., TOLEI A O E LTHENF RO dust collector OREZFHE LTS,
$r, REBEOHMNC O N TEERCER AN IH B2+ ¥ —ZRED 2RCHHA L TENT
50T, IOMVIUENEFEL BT B A - 73EHTHENOR VIO E A 5. -REFEERE
CHBEEEERCIHET DI, AS— 7L o TEMBRE® conditioning 21T 5 LEMXH DN
A FANL IR KNOEBL BV IREEEECECTAA-7EETHILACHRTHIONT,
HEpE CEEC B WIEBEEC BB HEoER e BT Y, ToRACAIMNCAEOESE
e TAA— 7 534 ZE®T, conditioning 8K €72 a vl tEDDIIENFEHTHD I,

.%@may%ﬁuavﬁwtﬁﬁﬁﬁﬁﬁﬁénaof,:n&ﬂﬁbrﬁﬁmﬁmmﬁﬁﬁﬁe

oo

7, #B column 2 3 EMARL K L T conditioning oD (E c‘:.b ThEED
conditioning ), column DK+ 7 a2 v T k R BEEEDPLTHT 22 EOHE S shor-
ting BBBOLD DT ETFE LTS, :

7. Dividing Resistor, # —# %+ 5 Guard Ring

Column (24} 5 BT AR ¥ —HE (£ 7 BIC resistor chain ZFHT 5235, ZHiZ column X
+ % ¢ Mk accelerator tube & D LD 2 RfAVEREND (Fig3), TOX 54T, MEF R
L TR resistor chain #{FHT5 Z £ X - T, accelerator tube OBREEFRSLENTE
rrom, BB ITLE column OHIET S ER B ESNE N ( Lo/ DT, accelerator
tube DIRER L HAGBOBRESKOCERINITH S, |

Resistor M= v b ik 500M@, ¥/l 1000M8 DSEHM D resistor T Fig 3LRINT
WBESIT, ¥ —FTsRERD annular ¥ v/ Lo TEDARHBPEZENT S

Ak CEBROY > v F 75 —7 B0 T ER OERD annular ¥ ¥ 7% SEFEMA L TE
#—%tﬁf&%%ﬁﬁﬁ@bfﬁ%fﬁé@f,%@bsvamﬁwrummmn@ﬁﬁi&
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MEFOEG ) v 7, BETXTORBYHICH LTRBEOguard V) v 78 L D252 LT Lk
(. pellet chain 4RI UEZEE S D system THD ).

8 Accelerator Tube _

Accelerator tube IFEMER OMELZEAUCRD L L IREREFZETH2OT, B
WO IMEE S O SEFEH R TOOTELOL ST, SHABREREL VI XE
HOREULEINDCRF > TRV L LIRADPNECO accelerator tube {574 D I O
HEEAJE22083LiBEEo NG . AKDLEADOHE T NEC T2 2T A L 5 ceramic
LEBLEDESEAZAR PR I-THH 2R LD, <-4 v 70[§E (200°C) THEEHEL
CBEACREFAZEVDATHZEZEA T, BTEMOL T 1 » 7 2 —» —EE L TAFR
fED, BEOTAPEfT-2Tvwd, IOBFCERE —FH T 2%, insulator-cathode ¥
BB 5 field emission DEREF LT 5. T EfHIET 50, B
ceramic insulator OERK 2OV TOIEBNBIZARA-TL 3, ALK THELTOEMET
D—D OFFEIE ring magnet Lo Telectron loading &MHE T2z tich 5. ZOHRRE
ETr V77 -7 TRATHFEREADREH T TvH. ¥EBOMHE L L THEALF £ =

=~ ABBEGEBOTTOMACH LTRELADEERT ILARS AT 20T, INHEHH
THEIER L.

utﬂiok,ﬁﬁ%%ﬁ%Lt%ﬁ%%k%ﬂe;—A%@OﬁﬁkioTZnyﬂ)/7k
$ £-3< ion exchange loading #83F L, ring magnet ®FHIC L - T electron loading &
FHL, £ ceramic ) Y/ BLUFEROBROBEHLEFZ I X L - THEBHORMMKE A
BMNEHETRLENBRBEETI>Z ECL S, 3MV./m BEEOESES 0P TELcERHFESM
EEEFI I LEHBFL TS,

9. Vaccum system

BIETHRRALSAMEECHEECEHFEIRIALOHK, Ti-sputtering ion pump % BRI L
molecular pump EHBINCER T 212 0 KEROBREEHIRVEHFant. MEEFE2E
LT oHREERNECDT, 2r7Fa0hits -3 +AFIC $20> 72 D58 7% sputtering ion pump
ERT SLESS B, METATLOEEER10 Torr BEETFE LTS, EhFEcEER
bR, FvFAnAORBIUHAMTHEBTCERLINSGE — A F 7 VA F - FOEZERZINE
%‘o_%mct{:«'r cleanness OESHMEVDO T, TOMy » oHl#Hh~ — -2 —?JIIJDE%:PC BATE
DEMFMERILD2»OMETHD. COLODEREOFAFHETH oW I FRBCLEHLET I
5 Y S5 BEM buffle system E3HEF L7

10. Ion Optics, Stripper $ X ¥ Charge~State Selector

COMEBTHELCMBEHES A4 YORBEEZ~50 (HERE TXTOREFES ) £CHIT
iz, £ —AFH D ion optics # beam envelope tracingZhic L - THEH L#. strippar
EEBA LY —4adDdivergence B VA F YEENXTIEEC K Z DT (<), BErOMEE D
B T® beam optics RBREAEBEETE. B4+ vyOBSICE A4 vHAEBREM LXITHS
RETHRIRI100BEOKREZAMBCAZNT, &AM TS stray beam 22 H Wi INE T =i
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Boload 252 2EMELED. COHEEB L Ustripper HHH T -2 W LTADIN
CHZVAF v v XERAVWTILI( 2 A —rEINEE—AeMEBTCXSIIEEHSHEELL, £
B (A VIR LTI stripper B0 14 ¥ 0 BREOFHRAK DT, BEDEHEDO S 07
T EBEATMETFCHATIZ LAMETCHAD load E5ADZ L &BTIERTEE L,
¥/, @ charge—-state selector DF|FEDO—2it, FBIREZNWI-EETOEME D14y LTH
O optics DEBT, REMEBC € ~A8EE - LAHMERIECHB. & L, EHFROKE R
REAAVHBETEZAGIE, optics CER LA CAEDEMETPBEE N K FHLTHFLETS
PETHD . LDV & charge—state selection DM OEEzELRFA AL AR E
LTWER Y v XABA T 0D, £, BREL D IBEFROS 00 L VBEMEROEHERE
RBLTVWELEEZLNBNT, ChoFRERILTVS.

AUEHAR LD, 2 vFAADAAA vE—AARTBOA A+ v v v Xt E-BEHOQ-L v X
EHERAT 5.

11. Negative Ion Injector

FvFACHEEABHEAA vEAREZE OO A VBB I UM IMEAEEL L TFig 5
KT & 5B pellet chain HESERLSEHF L. REEER 1MV £ CRETH
50T, JOEBRAME —ADion optics DETHEFECANATFREAD I BTHASS o
pellet chain DEF 32 EMRIWIMATHS. ZOKEOMERCIT 2 r DEVINEER # v
FLREEBEIATHED, PROEEE (D) i iz—F»rb A I N4 A4 »i23 T3 converter
PREZND . BNAM A v E -4 2 BasRETEQVAVSDHELEEL NS QFE 14
EHALT Li-oven # 883 %, B A VEFT RS, TOFHEEFAA D mass BRELARZITD
NT electron capture BT PHEE=FAF - mass (CHA LTHEMTIEEL LN
E0T, B kX Amass DA A YEH LTEHACADTHS 5. bAr (ExRBKr )1+ vEA
B &%, converterf i TA Sy &Y ‘/-?'GCJ: D, #-F o rHEOCEAA v EBEIHE (Cst v —
AEAFZHT, sputtering cone #MI{HFESEH 5 )o  {c) converter T TCAF -2 L 2T
'ggg@;g}ggaﬁxg?&ﬂﬂg, Z o dissociation £ E-»T BHO AT # vEED, TOMED
process i~ CHEE P KE VWO T, BHAFECAZD 55,
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Lavout of the three-stage tandemn at Lyushu University.

CENTER TERMINAL . ,PELLET CHAIN
[ DIAGONAL SUPPORT MEMBER

DUST CLEANER

Fig.

2

{ HORIZONTAL SUPPORT MEMBER ~ /

CARRIAGE w
COMPRESSICN SPRING

The basic :mechanical and electro-static structure
of the 10 MV tandem under construction.
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DIAGONAL™ SUPPORT MEMBER POTENTIAL GRADING BAR

ACCELERATOR

3 A cross section of the column of the tandeém.

tube from the column.

1 8mm —

One diagonal
member is set on the center line of the cross section of
the column, providing, at both sides, ample spaces for
accommodating an accerelator tube and four pellet chains.
Hoops are siid into place from the side. Two sets of
dividing resistors are used for decoupling the accelerator

INSULATOR POLYURE THANE
CORD

STAINLESS STEEL PELLET

Fig. 4 A new model of the pellet chain.
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I MV PELLET CHAIN
GENERATOR

i
il
4 L
IRERR
==

= 5 i | e

NEGATIVE (ON INJECTOR

Fig. 5 An independent negative ion injector for heavy ions,
incorporating a small pellet chain generator,
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2. WAATE

21 ® A A v K

REMRZELER |8 K X #
( HUES th A Bt X 3 FH ACHT )

Heavy Ion Saource

Fumio FUI{UZAWA
(Dept. of Nueclear Engineering, ZXyoto University
Yoshida, Kyoto)

A Teview is given of fundamental processes which lead to
the production of wultiply charged ions by electrcn-atom
collision in heavy ion sources. Experimental and theorstical
results on ionization notentials, ionization cross sections,
direct ejection, inner shell ionization ani confinement time

“are discussed in order to obtain the knowledge of ionic

nmopulations in ion sources. Hlectron affinities are important
gquantities for produection of negative ions, and briefly
surveyed.

EAAVINESBHAA VIR E LTRAEROREVIA Y ETELIHEISHEL DM EL
{, ThECEBOHMOLOAERINTE TS . FRTRINLAAVERTOS + v BRI
HHOEBHNEBr O M4 VEBEHEER L TOBTR L2,

BIEERILLEATVEAM 4 VBERTAXTETLERFLOEERCL T/ A vLETR T D,
EoTE@T<ELRIAMETF v, 14 AMHEARSLF 1 F LD 2 =X 4, F
FHRETEEICILINT VAN T AL UAHER ( confinement time) THLH. EFE D
4 YETCIRH Y - FEDREC I I A vFEoFm, 1A v —afliLo=i v 2 vy AREEL
BELraspohc-2wTikinsge, 2y FaflmERcl g4 vELLEBIR2DHK, 14
VERC O TRETRMNNAREC 25,

1. AFbET 74
BEFeA+ vttscdEzoq+ v biZrvorallbo=3aF -s510Exbhv. BT
HNOETFEBRIBESEL - TRBIAREFELVEICET I =4 A¥ -3 eV THDIHBAR
EFOFNHECEFTE keVRESET S, 14 VERT v o7 L ORESREROKEN A A4
YEHLTRFECHE L 2V FAETHETINR L. Figlid Oarlsonéwé—fﬁﬁ%)f. z
NEREREFORTFIFHT — 2 0AeE 5 RUACHALLLOTHE M, FRT -5 Ed X<
ﬁw,hmAMmﬁmklﬁﬁmHm#%tbﬂbEHFSﬁﬁb%ﬁ%@%ﬁ?%ﬁnﬁofl
DEREERFR T ETHSELVWEEATEITHA . Fig2iCniFHEES LZCh 56U
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EFTCONKDPDEFED2OTOL0EaMERBERILDCLELEMF AEAT v 7k
7nvrbkéﬂfﬁéf)

HEHBRECAA v EFEIDCET LOBRHMET—ECECHERECETE - TIL
( single impact ionization) 4, IfE(/ARKBEOEFOIE LV £BE L TREOWEREC
45 (successive ionization ) L THEETOLE= 2 AF¥ —2HE 2T Do FIRENe
#PF5 iz single impact ionization Z 58 720eV AETHSE 2, Fig3d Dt )& successive
ionization Tz 207eVHhiFL v ko 6?%1&‘%@ 14 vEBETro#BrECEsN1 I N
LOERENTAI A VL EEsERE LT tRE 2ol s, BERI LR HbnT s8] o
HOTERT —2BE, T8ROSR T2EDLICERA LGNS

. Type 7T-72ERE 778 B A A+ » HEER
Duopl asmatron I~ * Successive ionization
PIG, Cold cathode X I Single impact ionization

NEFEEFEESTHL
P1G, Hot cathode a3 X %Ece;i;i:]se iorlé;zat?on

2. A F AEWmE :

BRI ~E=FAF - OEFELLE THRIERECTELIEI A vEEDHLZ LICL D
G f 4 AEREARES. COL5a HFECHE Ll + ABEROEF= 41 ¥ —ic L5
ZiFFigdil Ne @20 TRIML, 1A fb=FAF¥-D2~3FTRAMEEL) =F1r ¥ -
FRELBEE THA TS . HoBETFreo0Te coERREALTHS ., 4 0EERIE
EoEELTE0E G 2ANEES 1 4 VL EEA S o505, Figs 56 7k k4 Ne, Ar, Kr T
DHEHETH 5. '

CHHOMERKEZ Born L THETS I LATE,
HERMFEER R L Tt

A
UGZT‘&L CE

Y EE | BRICH L T
B

Uf:E

@%Kib?lkﬁ?gép:CKAV&Cdﬁﬁﬁééu%?@%K&%{%medﬁgﬁﬁ
AETHD LOHREERAGE TA A (LT

. : . . . )
DBICELENRTED, CHITERTHONAZHERD =4 A F - KES LI H b LT3,

B =y PRFHTUTLL S SMERECHILEE, TADEA A vEEFH S - THERHE
REZED I HIAEEIER T -2 5R S5 TH D, crossed beamBETORHTHEICHEZD
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BTHB. —FiETigs CRT. COBEGMERD =215 —REOHFRIHE FO 14 ¥
ft@%ﬁ'klﬁlt'@&iﬁn =4 9 b 'f?f“/ﬁ)ﬁ'iﬁﬁij(gp\kg@ﬁi_ﬁu%ga<,r71_./,ftw:[
EERHEC X > THET LA 2.

vt

A +6—'A(V+l)++28

DAA AKEBT A+ b= 1F —gF-THbTE Bomfiflco ¥ ER 2.

2

o(v—ru—f—l}:c?(%) %ﬁnf .
¥ V
L
6 K
E . AHfETFO=FTAF -
Eyt vilio 44 v b 1AOEFE LV EICRET S F A F—
E iz ¥ shell 5B F 2 LV EZHLRI->TERD, E,]E OFXTHOEBEFICO2CTHBEE
masdBENSH B, E,~ E>0Tik Born fAEL A IoRNEHEAR V. o THK
EENEDBOETCHNLTOE s EXCHE-THROEBER 0 CB LABTLE S DHEEETH
%o |
coXp LB e REICKE CAERBCL 2B 4 VLETEEIE A T 5. %/ shell gap
Tt E, K ESE O A A vEHEE AT ThAE&LAD 2T successive ionization TA A
YHSCE DR HIE shell gap ML 2T OWMEREN S 0RBIFFC AL LD2ETHLI. BE1F ¥
=A% —DENBEFRELOKELADZ YL, Thbb E - E,>FT. oL &idv+1 fio
I v OEERIERCPECR>TLET . BEEPIGIA vITAr 14 vEFIBHEFAD L
¥ 20KE (ARKKORR) T AT, <3006V TAr 5 At DA+ YE=AAF~RED
FN152eV, 396eVTHBAH IO L 5 AKABERD, successive ionization LIFho &l 1+
HRBEA VR 9T LEN S DOBA BRI A ABETHE .
BE@EET 1ENENEF 1R ELoNIRE

+ +p )+
14 _’A(v #)

4 + e 4+ (u+1)e

ERLTRELEIDAA=ALRCIGE LTA A AMLBHERO =2 ¥ —KFEESR S .. BERM
(direct ejection) FALLEFERT HEL uBOEF 0 & £ 6ND L X EFHREES
X LT -

G(Vav+ﬂ)2%
DHERD, —FHHNZREE ( inner shell ionization ) TAbBARETLH 1@z ants
5 Auger BRI shake of f BB CHEHSEATI LI 94 LEF IFOEFORBCHETS
BRTHIDD

4 ,
o(u—»v-{—,u)ocgj,n.c FE

FRDETHD, FLLORBABR- TR 2CE0EL 40 £ EHLT Ry FLTENR
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EHorEAD . SOAKELRERC ATEERY, BRleb oL xHABERC LI ABLE

A B LB TED. Figd i Pigb KM LToDLESR Tr s b & LIELDT, cd BNl Neoo

- . ., . 8 )
HEERE, Ne'', Ne' HASREE DT 0B EES - bnTE 5L R Figs, Fig 7.4
5 Ar, Kr B4+ v R EEr £ 588580 Twd EEq 5

3 HEERCLSBMA A RO« » = XA

HBAERETEHEMAA v TEZ A= XL L LTHEERALODEAREE CH 5. HAEKROE
FEI@AAZEH LART TAuger @BV EEE LTEMNESEMA A w23 ond. Figld id Xe
A4 v 2oV TOFT 1s BTt X E AL LT T A¥ BT Xe EERSEAH S L
ﬁﬂﬁ?&é? Auger BB CHER AT A8 electron shake of f 385 . CHIZHRE
FormETECHLELE, NBRETORT 2EHERLTHC BT o0 AREF 45 L
DA AVELAEIT2RRTHI. SRAREE L U & & Auger BB & electron shake off
Lo TRROAEMNEEs. TARCETAREIZ10 secOBRE LHETANT VS,

Figll i &@H»y 2 LXBTK, L MBOANREREE I LEREMHCE LN BN
GHOMEHRTHSS Figl12 i &RROBIC L - THET s PHENOEEMETHS. o h
L bREFHEBSLZFARKECETFHEMARECADI I LN LMD .. KEEILCRFHEROZL &
DHEMOEER DI R, TNRFLZFKCED EBRNEIERTEDHTH D,

4, BH UABEFE ( Confinement time )

BFEOEBHCAA vHF1EIT O DETFEL-THMMAA vATER DT EE, 757X <tk
TAF vOBUMFHAPHIETIE TR S 225, EHEEWFH RO 0IC LTE
model { local thermal equilibrium)##% 54 MR ZEEEREShC F O BE LA LEHE

TR-TWALEET?. tiabb

ATH_—}-}&V: _‘4(n+l)++8

An++ e = ‘4(n+1)++e+e
DFEEHFBITEETEOTHEE. O b A VvOEEERTIHe RO 5L SahadAsnBon
D CHEFARPENT 2B 75 XA-BENHAYAKE{(ATNTA LT, TAED M A+ VB
HLTREG LAE2EDL 5814 VL AB LEEEBBRLADIBILELTRDENETHSD I

( Corona model )

n-+ (n+2)+
4 4e - 4 +e+e

AT e M hy
b A A VBN FEICETSE TORE (IEL < relaxation time ) T 23k 6 5 &

12 -3
n,T>= 10" cm sec

LR B LR R ETEETHSY FEOA 4 ETE Me~10Vert DEECHEMISGT
oz, ' .
BT OBHOELEHEL AR 20b 5. EFERTI4 LD 2025 £ LTEHE
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TEERERERFAVEIA A vic s E COBRIT (V)R

v 1 v . ']
TWw)l=-}-7(n-1->n) = — _
n—1 ReVe oy g(n—1—-n)
LB B. TN, Ve BENFOBTHEE, BTFEETCo(n—1-n)@F (n-1) fli41 44
A VAL, T (n—1-0 )i (n—1 )14 w25 rffi 14 vicx 5 & COFHRHE & ST
Figl3, 14i HIPACIKHLTNe L UDBHSMEFE L é 0T, EFEE ne = 2x10/end
%?1$»¥;1&GMVEkofééyNE¥?ﬁ50%ﬂﬂpféﬂﬂ%&lﬂh U CHER»
PBILBbNB, CO2O0F —amnd kT, = 10keVOE FHAAPCHEFH50% strip T35

¥ CoORMET R

lﬂwgne‘fglﬂu e’ sec

FATIOTH A, Figls I L5 AHETEERF (RTES L) C o TATEOMER
Zeff @4*?2%5&%?5%@&*@&%@?56@

EEOAA VETIDL IR A YHEROAESBHEN TS .. Figléidpulsed cold cathode
P1G THMEO 1 4 VEBMTICEA T TS Z LA X 0RANTH D, FE TR DR
Tl LERMICE ECB-TODs {4 BT — s ERELA A4 v OBHHH WA
EEALRADRET 2 —ECEFEE ne &R AL LRAE DA, TOLENELS LR UHEET
nBETHE. FiglT DPEFER ENE LRLTV D,

5 AA Vs I+ OEFHMA

Dl a2 LTA4 vE»OH TR A vOBERGHEAETSI LN TE S,
Fig 18t cold cathode PTG iz o> T Bennet and Gavin OMIE & Fuchs wIHE 35 & TF

DmhwamDmmmﬁﬁW%kﬁbk%®T$éuth@ﬂﬁf@&@?éﬁ%ﬁ@4i7®
gEaeF oA v EBAB LA A VEBEEAOBALTEEATHE O, HEKEIZ Born AloRA
EE 0T De COFECHBMAA v OBIEEBEBEL O &3 A >TLES A, Darling and
DnmME%Q&A@H%%&3B&k%ﬁmkn%§fﬂﬁéﬁﬁf§:tmﬁ%bt,%%w
6wémﬁﬁﬂﬁLﬁﬁﬁﬁﬁﬁ%@@ﬁ$+%f%éﬁ,4ivﬁﬁtnif®;5&§%W%
BOBHE» SHENBEOEE A AR LLERADTHD I .

6. HAM1#A E

2 yFARMEETCEIAAA vVOAHPLETHEN, 14 vOER TS OTR

0 A AYENALGEGDEE LTETES > TRIF VEIFS,

2 A4 vEOFTTAHETCIHBIA v ESHLTHEI .
D2HERH Y, KEREBEEEEOIIFFCTHD, Lo L, BIAK He 0 L5 %% DR
HRETHDLHERT L2 TETUOHAE L ED 8LV A14 v EFIBRICERLZ2
DETFEMD (electron affinity ) T, ik

Electron Affinity (4) = Ey {4) — Epy (A)
P2l Epe(d) RN T ADR= R ¥ -
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Epy(A) i BAF v A OE=FAF - _
TEBIND, REAAAA VB TEILDEREFHEMNAFTAINEL 5B Figl9 T

F S RRED TS RAEOEFERNES T 5.2 L LANEFEMNOS 0T HER

RETAAA vEERT20085 0 (il ), htEHEELTAMAVEFSZ L TE
5(FAENH , ArF ). ch oRBEEREBONERMEOBZTEELTANETS TH B,
CHRBEROD 25 DCTE TRXTUMEHAODEANA vEELI I LB ETETHD 5. Tin
BOEBIROBEAA Y LrBONACTHESIBH ¥ - s AT THE L THE22mA &
TEHLNTWAZLEZANTAMA VEONERIZEB LT LV THEASS. nBEMiolal 4

FEAIBRNEAEINTHE D Heidelberg TO , F , O, Bi , Br , I7, TI""#i~1nAfBo
22
ntkmﬁ%ﬁ@&f

o | .
Kﬁ&i&bém%toTASwﬁmw%éﬁ%)&kwE§%MLta
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versus £n E!  for the partial
cross sections for single
and multiple ionization.

{({B. L. Schram et al, Physica
32 185 (1966) Fig. 5)

A conceptual vacancy cascade
in xenon, showing low suc-
cessive Auger transitions can
displace twenty electrons

from the atom.

(F. Pleasonton and A. H, Shell,

Proc. Roy. Soc., 241 A 141

(1957) Fig. 3)
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Fig.17 Variation in the output IX*
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dicated against each curve.
Pulsed indirectly heated
cathode source, side extrac-
tion, of Pigarov and Morozov.
(Yu. D. Pigarov and P. M.
Morozov, Sov, Phys. - Tech.
Phys. 6 336 (1961) Fig. 4)
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Variation of arc current 1, arc
potential 2, and output of mul-
tiply charged nitrogen ions
(3 - nl+; 4 - N2+, 5 - N3F;
6 — N4+; 7 _ N5t) as a function
of the time during the pulse.
Source of Pigarov and Morozov.

Note the sequential rise of each

charge state indicating that
ionization is as a result of
multiple collisicns.

(Yu. D. Pigarov and P. M, Morozov,

Sov. Phys. - Tech. Phys. 6 3136
(1961) Fig. 3)
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2.2 o T AR OEEG U RIA A 4

Bk EYS O b M =
(R B XA T -3-1)

Direct Extraction Negative Ion Source
for Tandem Accelerator

Yozo NOGAMT
(Department of Physics, University of Tokye,
Hongo, Bunkvo-Ku, Tokyo)

Performance of a direct extraction negative ion source
(abbreviated to DENIS) for the Tandem accelerator of University
of Tokyo is reported.

HRAYEFNFEREG v 2 -0 8 v ForRIMEBL AT, BEEEHLAEAC+ V7
(DENIS L BRFR )i L B 0044 vOMEETR~T20

BAF VEOBEL g 10T Te £230F 477Xt mvThaH, HFA+YARLL
s TBHEETARLGT I LR L THEERCOMEBED 0L ERLIEDLZLENTE S,
(EFEA A v OMEOREICEKEN ALERE 10~20% €0 EEMAT 0%, BalL L
THASH - Er = R Lledd 4 F 427 -Fid - LdRBVWEREL 5 R 100 fREL Eo&
SEHANTETHD (A +H A FOR-ALCENEORYFAEEE THEEH VA ) o
DENIS 0T EM{HEZ Table 1 iIZFT o ZOBFICFAToTA U—7 L ERLATIZERA
btiﬁiﬁiﬁ%%énrwtﬁ,ﬁgménéf*Qoﬁfmtbmﬁﬂawf%@ii&m
L7,
Fm.zm¢ﬁ%@®%(fﬁfﬁ®%)g%@ﬁﬂkéﬁﬁagmbmﬁ@mg&éng2%
(BA+ v EBF) LAAF OO BHATRULES DT, 005 08~09m oA B A &
T B, s ' '
Pig. 3 B3IZ M LEEZBARIED lop DEOELTHS o

Fig. 4 BAAA vEAF vEOFHBRAL Lo TOBLROAS7 L ERT o
EMe2@:@%4¢VEMEbk%®ME%D%ﬁ?,IIMMVQO” B —aDE 5 g
FTOKE XR2mMBEO AL » F CERTI LA TEL. (BPFOE -2 BROMEIRFERTE
e
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An Example of the Operqting Condition (1873, 7. 4)

llon Source Gas | OntHi 27T G V1%
Filament Current 1041 A B ) 7“_:
Solencid Current 0.5 A

Arc Vollage 77 v

Arc Current 0.16 A

Displacement 0.9 mm

Extraction Voltage B Ky N
Extraction Load 1.5 mA

| nec N o O, OH; 35, OO Ol.63, LA

I negative

Arrangement of DENIS

5567

Table IT

4n Example of the Operating Condition (1973, 7.5 )

J L —
! Injection Voltage I LB KV !
Injecied Beam ‘
! Current 3 4A
Stripper Gas N, ,

i Terminal Voltage

CZA5S MY | 35 MY | 456 My ‘

Analysed Beam

) |
100~110nA " ~-120nA 15 ~ 20nA

Current
"Charge Siate S & 5t |
| Injection Line 21K10_G Torr
e
‘ Acceleration. Tube  4~5X10 . Torr
Yacuum ; .

L Terminal ~107
E Analysing Duct ~3x107° Torr

Torr

Fig. 1

Arrangement of DENTS,
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Fig, 2 Extracted beam current  and Fig. 3 0D~ current as a function
0D~ current as a function of extraction voltage.
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2.3 PIGRIAAVIRICKEBEE, Thay - £ 4Dk

BERTHHAEN 4 K T B, 8 H 51

F B # =
{ KR A B HB S )

Acceleration of Nitrogen and Argon lcons
from PIG Ton Source

Chiaki KOBAYASHT, Susumu KANDA and Koji YOSHIDA*
(Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki)

The results of nitrogen and argon ion acceleration by
the JAERI 2 MV Van de Graaff accelerator with a cold-cathode
PIG ion source are given. The beam currents of N' and Ar<t
were 3.5 %2 A and 1.25#2 A on a target, respectively. The life
time of the ion source was about 200 hours for nitrogen and

50 hours for argon.

1L iEUdic
AXEFDIRIEyBEE - HREC b5 2MV VdG it , B, #REEFTO- 19724
6 ALVEAA vOMELREB Lz, 19738 6 H LT AKFETER LB NBRREH£ED T D
PIGEH A+ vt XV EX, T voMEETHE 7.

BT, A4 viEofBE, VIGIR LBEHE, 7L v A4 vONET -2 S2@H 475,

2. AAVEBEEPIGEFFHLAER

—BCEENAF v IHICERT 2 EBEMESH A vEO&FL LT, BENE S, HFi,
REHOMIZMBEN IS0 &, METORKBCHRAT S7eb F AR BRI &, AR
Bhasid, 20 2MV, VdGit High Voltage Eng. O AN L w3 N OBETH 4T A
VERELTOENZISONLT, 742 % 1MV TETIESO0MBETNENDEER LB
LA X VvERSONT AKEERE~Lce /AL TREBEINS .

DEoBHcLy, BEOBEARBEH PIGR 14 vIHERB L.

21 A+ vHEOEE

Fig. 1 CEEE2TRT - B LTRETERBEERLRS £ -1 - AMCEBE N -AE BB
2~3kVOEOHEBKEBELEEZHML , 1A fELESET D2V ARESBOIRIIMER T 2. 77
AwidBRRCER N, THREGCHT O LIV A A v —a kg BRI ETLES
20mm@ X 1mm B 5 ¥ 5 A B CTMEBEIE 1mme 0 —ad|HANHF ATV 3o BN
£14mmoXxX20mm D AF VVAH%T%%-% AL OREFEAND

FTEEME 30mm TCHEBE ~5007 vARE TH DS . RERHZ 2~3mA, ENEHFADEE
Lo THPEI 25X107° Torr~1%x10"° Torr b2 TH 5

*  RERRE TR (GUBRATE SHAFT ) : _
% Dept.of Nuclear Engineer ing,Kyoto University, Yoshida, Kyoto.
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Ton Sources for Negative Heavy Tons

Mikio YAMANOUCHI
{Dept. of Physics, Tokyo University of Education,
Otsuka, Bunkyo-ku, Tokyo)

A negative heavy ion source recently developed by
R. Middleton and C.T. Adams is reviewed briefly. Some
measures are proposed to improve the ion source. A pilot
ion source has been constructed in our laboratory and the
investigation is in progress. Characteristic curves of an
ion gun equipped with a front-feed-type ionizer are presented.
Although the result is not conclusive yet, the front-feed-
type ionizer seems promising for its simple structure and
long life.

juil

1. 8
2 vTFABBMEBOEf A VvEELTR, chETTELT, KB 73Xl 4 v 2R

HIAROBOREOHNTELY, ZOBOM 4 yETH, TRELZLEDERGB L LTA
VB BATALER DD, EVHEEA A4 voBERIELN L DL S, HEOESN A v
AEDTEEET, LodTgay —A2BHABONISDELTR, Aty v7REEMALE
1+ YEIEOENT VDo £ v aHEEMEBROAI A VELELTRLHTAARy 7Y v 7 o A F
‘/ﬂfi'é?ﬁ’\h.?ft@iiﬂortig%mf% 505, ﬁiﬁl’urserz)é 512k Middleton :':Adamss) 5 i
HBEMA, electon affinity M EEETRTIREA TR ToOLELLILEHOVT, £0
BEA 4 v EAR LB AIRELETREL TV S,

T a—tF -~ 7 Tid, Middleton —Adams OF LWBROR A2 ) VI AEA A ¥
B(LUFMAA A VRLERET ) oREE2HN L, £2bbhoWRZECED SN TV ERBAA
A vBORBEFEILOVTHRS,

2 MAAMAvViE ‘ .

MAA 4 vEB OB Fig. 1 KRt b1 14T, XEBEERA IV A I A o 1
FUEERL, A0 BV v E -y, SEHRLTVWS, 2RELE2 Vv I7AT VB
ionizer T1500KIEFOREICHERENLT VD, 3PV VLADMBMFETHD o 50 HAy 8
v I VEBaNSE A A v RE, 4B LEAY VAR EEFARTIRICHELTRLER,
6 DEHICL-TEHAND, TREBEBAQT, Z2hbkE, BELLOIHBERANL, 40
RECBREEE, Ol A vEERTIROOEDTHD . SHHBELREREADL I DT
T BT A7) SBROMBIFCH B o

Middleton %t , Table 1R T LI, 2014 vBEFETHEBEIA VEERL, £
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CBEICOVWTREN -2 v 7 A (R FEE4MY) THREREZ LTV D

MA A & »HoEE L L TMiddleton #it,

1) BEG TSI A4 VAT 9A549 v+ -2 TI000EHME, Aty 2y vy 2 -
Yy bk 100 REELA L

20 Ay AU VS B -8y OEBERBELS THBFig 1D RTEER EICH -7 5 b 2R
HHEEFELTICE -7 » b BB TED,

3) HZEHTAOAMPBBDL TP THE. RBETHALTILEIFZIEILBBALTHELN, &5
i, AV TARY v 2 -k LTERALEREBERET S -

4) HMBENLNTHD, Table 1 o — s B NEBIDICETIE I, 400W.

S) HEPEASTHBR T, »OBfFREEL TV S . 14 VvBLELTHET 4 O, N JF L ionizer
DBEDHRTH D, L%, ionizer DI OBEREN T, —EREMU LTt ERBEERTE
5. NESEHTTE, 2035, AIEDOF LA F A VETHI LI Z Lid, KT
BEI1OMVE CTHEMERTEAA vEMNETIBERAOHELEEAD -

3 MASMAVvEOHKE -
MAA A VIR o L5 2FE2 552, MiddletonEBEDH T WD X 50, REMEEL
DEDTHETREEHEFRL TV S, HEBTNE T ET, '

1) AFv#HBLUFAato &) vy o8 oy tOFGERLIFD L,

2) Ay ) VIHREEDEAD, FRETLLTK CAR0sSEMUB Lo 20D b,
14 vHOBNEBRE S LCHPDIEDIFECE 220D .

3) BEAA vSHERS (Fig-1,5-6) 0144 vy RFELNHETHS .
bR EogES» 5, Fig. 2 KATEBECI VA vEOSvF . FA+E2HEDH TS

FoOEEENZ T,

1) A+ v ionizer £ LT Fig. 2 /R front —feed HOEOE[ 0, 1+ vEoHHH
MEI2A % . Wilson & Brewer' (2 LhiZ, LB s v/ AT v GBRTBSE D 2L ChH R
%, front feed DHAKFTHB L &N T B0 H/, front —feed BTl ionizer D7
AH)EBALDOMBAEL, SHIBE Vv I7/AT v BRREINCKE L LND 28 Fig. 1,
B RTHMHIPRABLEASD)

2) Cs #@EBETELTHEATIZ LD, K ek LE25HDA-y 2 Y v/ HRE LA

_ﬂ%énéi):@%é.tvamﬁ@H;ﬁi4¢y-E—Aﬁ&mm%ﬁétyvA-
P T ORELRNREEEITIVLENRSD o

3) & -F o rOFGERMTLINELLTE, BN Y 2 2MABREEALTE —¥ v FIZ
BT EHRAEES (Fig. 2, 6) &#F%iF 5. ZoKEG, BRMAOXEsEbagsLick,
A I LEBHERL, REOHEIB LRI AN TH S 0 DEATHD o

4. Tront feed 4 & v OB NEH

CHNETCHEEREORELS front —feed 1+ VB EHAFELESABE LT TERK, T0OR
ﬁmgpg.su%foiﬁ@u,xﬁysuvf-ﬁ—wy$®i§m77§f—-w77&ﬁ
WTHEIE LD THD. 204+ V38T, ionizer IEX 03nm 0 v 727 VAKET, B
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E1SmmOEDEBVT VS, Os DA+ vER 1 nd D&, + 2 v AFEBLY ionizer OB
HEHTFNFRIOFBILE2ION THB, v 7 ADOWEBRII 1y TL100 FFEEE LEE2 L
5. REEHICH-3HGRBIELT- TAVY, 30 BEFEREOCRZFE L TH~IEHE,
ionizer DEW, WL rRLAboharsr, '

bhbhofi 4+ vERREIEC SV EERY OBETH- T, 14 VT2 T4, RIBEGH
FREMEABINT VS A, front —feed ¥ ionizer R{ERME, ZOBEVHEMTHDI L, B
ECHHIENLRETBROTAHDTHIEERS -

BE, AROHEC-THREED TVEHE, RAEBELOEER, BEEL 530 TH D,
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Table 1. Negative heavy ions produced with

Middleton-Adams ion source.

Ions Ion current Accelerated
(pA) . beam current Bemarks
(nA)
H.,D 10—-15 (inss feed, 10 atm. cc./hr
D 3 0.75° aAnalyzed d° beam.
Target deuter ium was
absorbed in Ti cone.
Li —-2
B~ 1 0.25° b:Anslyzed °B* Beam,
- 20
0 100 Gas feed, 2——50 atm, cc/hr
Ca 0.5
Ti~ 1
Fe 1
Ni~ i
Cu 2.5 Amlyvzed Cu't , 0.224,
ottt , 0.08uA
Au 3 )
Bi 0.2

7

3 M4 displacement \ 5
\\

l,—»f“"}

4 \ 6
2 RN . \\_

' \’/ Ne at ve Heav
Karium [ —— g;éé \? £ons Y

-

= | T \TU

-30 RV _ -
. A4\,

Fig. 1 Schematic diagram of- the Middleton-Adams ion

source. 1 ion gun, 2 porous tungsten ionizer
49 potassium vaporizer, 4 surface of sputtering
target, 5 sputtering target, 6 heavy ion
extraction electrode, 7 .gas inlet, 8 auxiliary
vaporizer and 9 rotating wheel.
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Fig. 2 Schematic diagram of the pilet apparatus for
heavy ion production. 1 tungsten-plate
ionizer, 2 Cs vaporizer, 3 ionizer heater,

4 extraction electrode, 5 sputtering target
and 6 circular deflector.
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Fig. 3 Characteristic curves of the front-feed-type
Cs ion gun.
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Performance of Multiply-charged Heavy Ton Sdurce
and Acceleration of Heavy Tons in the IPCR Cyclotron

Isac KOHNO
{The Institute of Physical and Chemical Research,
Wako-shi, Saitama)

The design and performance of the multiply-charged
heavy ion scurce which is,now ﬁsed ﬁn the IPCR cyclotron are

described. At present, cHt, N and O ions are

produced in the source and accelerated in the rangeb of
energies 48 ~10C, 56~ 100, 70~ 95 and 70~ 125 MeV respectively,

by the cyclotron. Production of multiply- charged ions of Ne,
Ar, Kr and Xe has been studied by use of this ion source -
Several ions, such as Ne™t, Ne3+, Arb+, Ar7+, Ar8+, Kr7 , Krd+,

Kr?+, Xe?+, XelO+ ana Xellt have been observed.

1. &
B 160y A 27 b Vi, FOBBESKGAVL20kGE, HEHEHSMHz 2L 13

MHz IR EA BhD L CEGNTVD o o TH-ZEBNMEDLL (M) R oHT2, Fig
limand=—xr ¥ —WETMHEE NS, chvooH, C, NOKE@E%%V@WE@,&K
HRBEA A VEORMBLHITLT, 1966F oMbl ah, BETEMESTNLC, NAF
v EEBHEORERICHEL, TS re e vEABHNOKAZVLYELDTWD . E0H,
EAA VEORERROLYD, Ar, Kr, Xe AaEDQ L VBVEA A vEFSI 7t m VEXL 5 TH
HEME s, FRLHEA A VOSHA A vERCETIHME LB, JITH, Zovr 7R
Fe vHOEEA A vEE, PR RAEFEREAA O A 7 e bR D EDMEOETICOVT
XD,

2. EAA VR

21 BEAAVEORHE

EA A4 ECE Y EO Dubnaff BFHOFA 72 e b e VAR TVD Morozov® OB L7
LRAOE O EEV . ZOMAERE Fig. 2Tt e 747 4V PO OOBETHH L4KY, 0.5
ADEFHELY, FEEBLHER/L T, Th AL, BROKFHA»OHETF2REZIES.
BEEFEOPIC KELRELT, ETORBORIIKECLS 77 A7REMFD, ZZTHEY A
A A AL TEEAA v 2D o A4 vOF XIBLABEBEAFOK A Y » PROFLERT T,
IS . 7T - BB 250V"~500x’, BWE 3A~TA, 7-7BNHLLTIL
kKW~3kW Thd, £/, ¥AOBAFEEBRAGOAE» ST, FARIHAOBRICL -
TEAH, ®¥H 0.5 cc/min~15 cc/min (EEEN ) THholco 14 YEoFEaIR, EHERO
W L o THE - THDA, FHLTH2ARETH S Ve AL, 24EEORITKEY k
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ME® (2727 v8, 10mexX10m) CEFCERBTIAVEE, 14 v BEOBGBE -7,
BL, co04 vERPIBMOIEETRBETRL, A<y 2 LaBNe&r LIHr# I
L5 o BIBIRA K TAMIAAITIEDR, 3IZH LAY » Fi2E) 75 v 8ITH 5.

22 EAA vEoBERE

LA EA AR TRig LR LR TIME LB L5 2 %M1 4 v &2 RIERT 201,
T o7 BANEHARARS RS KECEET . 7 - 7 BHEOVTEFig.3@), Biemtisic
7 - BHRKEOBEWAA VORNE V. s, AT - 7 EDOBCEF ARARMNPVE
B4 v OENE LD (Figda) LoL, ¥Y2HABRIHEVEOT L7 -2 WEABAT
L% 5o I oM 4 VBT EAR SR A v 0 N N 0% 0% K ET, 2ol
VAR Kr A EOAREINAET A4 v &, FOMEMHLEBERFig. 50Tt o

3. EAA E

FA 7 e w sCEEEA A Y ENET SR, TR, BB EEERIMA ofov  sabe
YHREERL S BT AEA SRV, BF0), QR TR THCHEIL 25 0H, BEF AL A
A VvEDERTR SHBERICIBHEETHS  FIAIT, CUNT A4 v, 3 AL 5 MeV
Snucleon IZIE AN TVEEE, Z0 562 C°Y N5 i & 2 (FE FRE ERE 0.5~1.0x10 "en? ©
HY, $M 7t e YNTESEHENEI100mAD T, MEFOBEFHSTICE P LS 5%10°
Torr LT HEICRZZ AT NIT AL AV, ZOBEOHET # Fig. 6 07T o

VA e be VTR TEMETS L&, ARKNAETE LIRBORE 3 E25 L, ZORBO®
SRHELTHS 7o b e v REEEAL T q DHEOKTAMEIN Do o T A+ Vils 4T
LT, 0B EEATVE, 32 EROL A CMEIRTELA A VERIELT WA L, 1
A VPP DS output ENDFWA A v OMAQAR7 b ABBLNE . ZOHETHELEAr # A
DFEHEDOM QA7 A EFig. TIERYT o ZOHArY O A2 normal mode = £ 3 IE T, fiid
BEFARASMHEAARCLIMEEIW AL DTH . BHOBEH M 7t e v Tk, Thoi
HABRMEDOG QI FA 72 b o LRI HEA V. £/, Ar® 4 4 v 4 defiector BENORG
BORYMT I EMTER V. Ne, Ar, Kr, Xe # AR DV T H ABARIE ST b, 2050
BREXLEDHT, Table 12T o ZIRCEINCHEME, FHAIATHSC, N £ LXORIH
LEBOHBEIZDVWTERLTVS

RO, By 7e bt ey TOEAA YRNECHLTOSEOREL, SREMEI LA +
VEMBROMT I, BLUBEIVECEROMOTEDLMA & v &ED, 4 78t e v
THEIHEBZZ EThD,
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Table 1 Projectiles, energy range and
particle yield.

Projectile c3 (0 N4+ N&+ O 05+

%;ﬁ;%y ‘ 48-75 48-100 56-100 56-125 70-95 70-125
[nternal(b;Aar)u current® 30 22 < 30 ' 5 1o 20
E}.(tracted(;‘:%m current 5 4 5 1 3. 0.4

#) Internal beam current was measured at the radius of 70 cm.

Internal beam current measured at the radius of 55em

Arc Charge State
Particle
VaV)[Ia(A) |2+ 3+ 4+ 5+ 6+ T+ 8+ 9+ - 10+ 11+
PNe 380 5 12 7.5 0.55 0.04
04r 400 | 4 1 7 1 0.1 0.052 0.035
B4y r 420 7.3 0.65 0.26 011 0.04
128y e 400 7.5 ' 015 004 0.01

rmA J
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4 SP = slit plate (M)

~ source aparture

~ distribution plenum
= exhaust window

~ insulator (steatite)
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z harmonic number of radio frequency.
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Produciion of Multiply Charged Ions by Laser Beams

. Tatsuhiko YAMANAKA and Chiyoe YAMANAKA
(Institute of Laser Engineering, Osaka University,
‘Suita, Osaka)

The ionization of atoms in high temperature laser plasma
is promising method from the point of view of obtaining
multiply-charged ions and their use in accelerator injectors.
High power laser system is briefly discussed. The properties
of multiply ionized ions are surveyed. Ions with z = 25 have
already been obtained by bombardment of high power glass
laser to solid target.

1. FAHE

1060 .00 Maiman o £ 5 A & — v — ¥ — 0 RIERI LR & CHRE &5t (R,
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o BFIC 1961 ENOMcClungB il LB QAT v F U v A7 v A0 AR @E}ZI)JE:I:X H 7w b L
L@%»wx0%iéﬂ% L%%%k%&otk%Eﬂmkﬁﬁﬂﬂ DR EFE Lo V—F
—%mi6%h7ﬁxv%£,@ﬂ% @ﬁanWﬁkﬂP%@&wmutu~%—x*»¥—
EENBLBEMNREN TH Do L A7 F AME LEEE X FB LagloiE BT EINAL
LCH ¥l Y BT A7 b — F5HE T DRSS B

s hEEE A ot TV o LARER T AREREOBEL
TRAPbATER~E, BETEIMEBRANA 4 vEHE LTHERTADATH S, SEE A 4 V3
£EBBIETTF AL SN, BAITHELSERE,SCoT25fin 1+ 2 THLNTW S,

T THAEBHA A v RECLEL Y - OREREVEN L, SEA A vRAFROBRKC
DT N B o

2 KREDv -

RIBCH LTVWA V- F-OREET =4 A F—@E 43 VTHIOEENEETTH S
Na{4#+vid—linsNETs Hd. 2OEHIFFKBENLY — F—FEERKL —» » FIZEPL,
SENTFRIC L 5EM, FHBRGARC L 2EE, A3 LERCLIEERERECLY 77X
“EBRAEL, A4 vEFED. FIRTHTOIA vOMERR 77 X vORECABEINDLD,
SHBEBHNA 4 v ERETALHIZEBR 7 A EE2LENH Do

BEBRINTWS V- F-THE 75 X <BEMACHAHRks KB DY —F — ZEfH v -+ —
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TEAF - UNAEMETAAE -V F—TH B H T AL -~ DREIRERHRIE 1062 (~1 V),
ME b — 3 06943 (~2eV) Thdo —HRE LV —F - Tk [REEVZAOEREE v~ &+ FH
LR ALV —F—0EENTH5 HBIEFERIZ106p (~0.1eV) THBo Table 1iIZKH
Al ¥ — DR Tt o LV~ L — ¥ 30 S OIS I L TH AN S ot A& & A8 5 h
BWEHTHE. BEBREBFOH 7 A V- F - ORKHE I 2500 T4 AR 2nsec TH Do %
T REE A L — F— i 1kJ , -S4 ARE 100nsec Th B o

21 KHHHFIAL - -

M NDINEHE L D K A HIER v —F—FTAe » FERBELXe 7 v 7 CHET E G L —
F-RTELRIENEEAK100kWTH 578, Fig. 1mt X5 aRBhcEEX >
- FEELEQAL v F LV —F—  HEO10MW~50MW, -4 A08 20~50 nsec ? b — ¥ —
FREL, V- —HMERCLIVAEOHN NI CHEEST S, L - %%%ﬁ@%%%& 73R R
AHBOmMIY RIEE LY - F - N EroEy, E—-a2RBEEOPIV{ 1 nradBF ), B—
#=—F(TEM ., ZHECT 7AGHELAE-F)OSOHRBEELV. IOLHQRTL » F
%Hm%‘é;%&m‘mv o Rhkw L - P U H - AR 2 Fy oy FTERIEE V- - TEIES
&, BE&AHorn el oy o X —CHIML, vv o8 —BfEEREE, L—F— Yo E VIS,
SAARAHBEL( PTME VS ) BERICEIHT . AL AR Fig. 1OF» ravil o
P - YA DREIICLIVREED. Fig- 2 PTMEICLD AL ABF Lizv—F -1 AER
To

V- —RSE V- F—F TP TO L - - RWEE V7 AORBEM ORISR L5 TR
FEHFAR » P ORERE(I D MIBBRBAG TOHERIRZ LT 2 vy FORFMNEHE 7
)=~ AZ —HBELGRECAELRLE 5. SHTHBREERO S - 7)) v YL BT AT 4
vy PRIEPH VR ICHEIC L AEF AL F —0iBEEIEL, TRz FAF - LFEXO =
¥ —LERCT 51O BERBOEHEEZ T LV F 2, PALOFREHET b ¥ 75 X<4%
WEFD 77 A~ oD RE v — - KX INBR AV EMEI N, v - F-—RFEBETIH 7 »
—AEFECLARHG LN FEETSETALENH S > Table 2 KRAZE L —F = T3
MR rE IR TUAHTI250], 2nsec D b —H -0 R+
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Table 1. Property of high power laser
Beam Efficienc
Laser (wave length) Energy Pulse width | Repetition | divergence ¥
) (rad)
CO laser cw 25kW .
(10.6p m) Pulse 800OMW 80 ns 10/s 1073 10 ~25%
1kJ 1ms 1073 5
U
: ‘ . 2 x 10 L1~0.2%
Glass laser 50nJ . 30ns 20~ 1/min x 5 C.1~0.29
{(10.6 g m) 2503 2ns 10 0.1~0.2%
110 ~30J 10~ 1ps ? ?
-2 o
nJ OOus 1/s 10 0.2%
Ruby laser 3 500 / -3 _
3J j0ns 1/bs 1077~10 0.1%
(694.3nm) _3 2
1J 30ns 1/4s 1077 ~10 0.1%
YAG laser cw 20W 10-1
(1.06 5 m) Pulse 0.14J 25ns 50/s 1072
Table 2. Properties of 250J0-Znsec glass laser svstem
Oszscillator Section Amnlifier Scction liposter Secection
TEMap Preamp
1 11 I11 iv v Preamp Disc laser
Osc T T
Glass LGG11 LGG11 LGGLL | LGGLL  LGGIL LGG11 LGG11 LGGI1 | LEGY91  LEG9l H
Nad (wed) 3.5 3.5 7.5 | 3.5 1.5 3.5 3.5 3.5 | 1.5 g
ol X 104 1ng 15¢ 20¢ 2 J0¢ 30 ¢ hng 606 gngell
ass size NL50 £ 1504 «330£ | xI30L wII0L <330L K304 X AGNE | xA00L x23%k12
Flash Lamp 1 1 1 L 4 6 6 10 10 30
Pump. Energv{kl)| 0.8 1 4.3 11 11 17 17 72 40 140
(Max. Pump. E.) {2) (2) (e} | (z0) (20) (30) {20) {200) ) (100) {300)
Gain 3 3] 16 14 10 - A 5 2.4 2
Inp. 0.3 n.g 2 20 180 1.5x103  5x103 | 2.5x10%  Gx10t
Power , | ]
(Mw) | outp. 0.3 n.o 5.4 32 280 1.8x102 6,7x103 2.5x10% Ax10%  1.2x102
Table 3. Production of multinly charged ions
2 z 36 107103 181 18%,. 200 .
Targets fee e i e TTipre paTa g TggP
‘Mag z 4 A 13 25 16 20 19 19
Laser intensity == 1l

W oem™

Laser pulse
shape

nseo

/Q\ 15 nsec

Focal spot

d = 0.0Ll~0,1 cm
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Fig. 1 High power glass laser system.
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Fig. 2 Laser pulse tailored by PTM method.
(a) Laser pulse at LTSG. 10 nsec/div. Fig. 3 Electron temperature versus laser power.
(p) Tuilored pulse. 5 nsec/div. Target; (CHp),, laser; glass laser
N
T
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Fig. 4 GEnergy distribution ol Be ions. Fig. 5. Number of recorded ions as a function
Ta = 230--300 eV. of charge for laser intensity
Laser; glass laser, 1047W em™
pulse width; 2 nsec. Laser; glass laser, pulse width; 15 nsec.
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Fig. 6 Energy of lBﬁW ions as a function
of charge per ion for different
values of laser intensity.
Laser; glass laser, pulse width; 15 nsec.
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Fig. 7 Angular distribution of ions
cf different energy (g Nb).
lL.aser; glass laser, pulse width; 15 nsec.
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Kyotc Beam-Plasma Type ITon Source

Toshinori TAKAGI, Isao YAMADA and Junzo ISHIKAWA
(Department of Electronics, Kyoto University,
Yoshida, Kyoto)

A new beam-plasma type ion source has been designed and
evaluated to obtain a high density and high current ion beam.
A highly dense plasma which is stable in density is produced
by a beam-plasma discharge, in which the gas is ionized very
effectively by the microwave power of the electron beam

through the beam-plasma interactions. In our experimental
apparatus the plasma density of about 1011em=3 has been
obtained. This value will increase by a factor of 10~ - 10°

with the electron beam current and the magnetic field. This
suggests that an ampere of ion beam can be obtained by the
ion scurce in the proper operation. The electron beam is
injected near the ion extractor, resulting in both a high
intensity and highly neutralized, well confingd ion beam.
The very low normalized emittance of 3.8 x107° rad.m was
obtained for the 1 mA ion beam. The operation for the
multiply~charged ion source is alsoc given.

1. EAHE

S OWE TE ORI TS R b L s, FERERS, 1AV EALEDS
BB TKE,rSENWTRCHEDIHLWATLENA A VRLBLINDLIICE-To X
REEA A VENERIATETHARIALESTFOER 2 MOl T Lz AT, S@ (1) &8
Ek%b%*vﬁ.ﬂﬂ%ﬁ,iffyﬁ,mH%%ﬁ%¢ﬁ4*vﬁ.Gw4ﬁymfv—%4
yﬁ@4¢ymxmx5@4*y1$m§@m@ﬁmtﬁbk4*Vﬁmgm%%ﬁﬁﬁaénf
WhHo UPFRBETHEFNHMKE-T (a) GEERERA A v -2 2B AL LT ¢
—Af%fvﬂfﬁyﬁj”Hﬂif*vﬁtLT%E%Wﬂ%KF%%@E@*5W4*Vﬁ?
(VA% b T LT g v P E B E LR [ SBER s 5 % a 44 Vi) D 3EDA + 1 £B
RPTHD, 2N THR2~3MOSHBHEAF vELL TEE, S B L — & 77 X<HAF vFID
WTEOBEER LabE TEHE Bl +5 - -

2. A4 viEDEE

EHEERERAA v 4BI-HCd1 4+ YBEHCBWTIREEN 753 A Bond e8I
TR NGREEAF VO BLEBI ARSI EBUETH D -2 77 AHIA
7@4*7ﬂﬁbﬁﬁﬁ%%%ﬁ—hikﬂéﬁélktiof,E—Af327%%Ki5%%§f5
XL, BT —aNAOEMERNCL A4 4 v — a=MEMPMORLHCAH DL A A4
Vﬂ&bﬂiUk%ﬁ%*vE~AEﬂﬁT:k#ﬂ%fﬁéoLt#ofk£h4*yﬁmﬁb

—-192-




e ——t
H

JAKKTI-M 55867

RFLWEN A4 VB LT AD, Fig. 1 (a)inT EHocAEEReF B 2B E NS & -
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Fig. 1 Schematic diagram of beam-plasma type
ion scurce (a), and energy-flow
diagram for the ion source (b).
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Fig. 2 Calculation of the real frequencies {a), the wave
numbers (b), the imaginary parts of the propagation
constants (c), and those of the frequencies (d) in
the five interaction regions of A, B, €, D and E
witheout collisional effects as a function of the
plasma density.
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Charge Change Processes in Energetic Heavy Ions

Hiroyuki Tawara
(Nuclear Engineering DPepartment, Kyushu University,
Fukuoka)

The experimental results of the charge change processes
of heavy ions are reviewed, giving the emphasis to the
following topics: equilibrium charge distributions in gas
and solid targets, effective charges in targets, charge
change cross sections, angular distributions of charge
fractions and doubly charged negative ions.

1. B#LHE

GEENTHrHEPEEATIL, ARNTRYEPORTFLHEEL. EFeLL-1D, HrL<
L-D LT, BEEONFOBMIT, AHBOFNCLXEA TS, I0LIAHMETHRB
BREFERCETIEAHET — =0 o THIA, FAEK, KAPHE, 75X <, Es,
B FMESB A EOICHGTFCHBEOBES S 5, KR A v oBEEFBRCBEL TE, BE5 05R
ﬁi@ﬂ%ﬁbnpit,kﬁ%ﬁb4¢vmﬁ?6%%%—ﬁﬂikb6“1“5? —h. B
14 voEFREIFECEMET, BROCELE{THTH), EBIT( RNt DTH D,
cD kAR, MERFTF LoBERCIEL, FE LT, ORNL, Heidelberg, MIT Z & Tx*
vFARIVAGERA T AL TS, TOHETE, 100keV amu (¥ v F AVAGD 2 — 3 F
ATHOMBETROKE) 25 1 MeV amu (4 7ot e YAHOK ) o=2 A ¥ -REOCHELH

KEICHEE RS D, 2T, 2220 OESA 4 YOV TORANHETROEREREZ SIS
3,4)
%D,

2. fBIEFEOLE | _
FEHP+OEAAVARPED 2 -4 » FEFBLEZELT, AHIA VvOBHAnt+ % —%
v FEFA N+t E, (mtn—p) EAOEFHKEING !

AT B A"+ B + (mtn—p)e. 1

COBRORGHERR, o tEbanss, ER0B” BIUETEERCHET 52 L0
PEONEETSHO, BEB HERLTAMA+ v OEMREORE L6~<3 (0p ) P>m ok
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rrifnsHkss e, EnEn, 0, é’apm, %(p‘m) apm}jicg) LW e s, Livl, B4
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Kb OTH DB,

3. KB

HBETROEBRIE J{FHINIEBO—FEFiglicmt, ¥17atuvribdeld s 7 A
VG ¥ ThdaNeB\EA 4 vik, DECIE L TENEMELA Db, VAELZ 7+ 114D
EH LRI charge converter Rl w/th, EEO THEEME b o A4 v &2 A HUHT, & 57
HENLEEHOAA vid, FRAE ¥ o PEBEZR VD, COF ¥ v +EQEHZIE T, EHHAE
E it Baratron 0N £1T7 77 ABEEFAEIEDbND , 7 xaAVEFIBG, HAE
BEBCHZIN, 053058307+ A AGEEREC D23 ONT VD, # -7 v tEE
Wi a#F it B GHE ¢, BRI CTHEM 4, position-sensitive—detector (PSD) i,
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A M ADBEIOREKE LTAET 2, EFNERTE, 14 v0EHEZER0RL5T, 14D
BREREFZEII LD EFERIND,

110MeVO I A3 v HBEGEVH, FA % -4 o t BIFREZ7+ AL EHRBLEEOPSD @
Hhdabs, 144 v0ERFMEFig2icriT, 2O PSD 2R LTEMLHER, TXTD
B O 4 v ERFCLRT 50T, £ -2BHWEOHAREIFTEL I L THD, PSDONESRE
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YEQ, FAE -y PIEAHHLT, O ¥AENEELEED L, Fig3kRTLoZ, 14D
BHOME B T2, #AENE WK TR, —EIEZL single collision #E T, #AEH
ER@ndl, A4 v3SHOEETLEZOT, FAECLHZEMGHOT I nS, oKk
REid T FE charge equilibrium & kign, A1 4+ voBEMcEEBETHLD, '

4. BEFETOERT M
ENEERETCHIF v OERTMIE, most probable charge EhLICEEHF Y AGHELT
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2045 (Fig.1l, #¥v A3 HLGHEBERCAD ), abK, RYRE Sub-shell OFTHH-&
0&5n,F@42t%?;5u,Kr{fve%ﬁ,3d—3Pﬁ¢U3&%—M@é%?$,

 —201-



JAERK]I-M 5567

Firlp off&w, do&0 Lagesiannsd,

2) HMREMBTOTH

Lit, #9FRcorgd, ERSHR—BECESOENOI A4 vOE5A %0, BEOLDLVITS
FALRKLOENTARLLTFig 130L9K, FELEVERNOM A v 2{ bRATB I Eiibd
Do LA, FHEM i=5+ ThH a0, b¥r A s i =25+ o1t v@EHan tvs,
TOEOFEHHTMR, H, $50E HeD LS5 HAZ—# 5 PTG LNAT, Kr®PHe D3 12E
CE =Ky P HATOLBIN, SEETHEBBEZ T2 LEA NS (B—BETHEAS S
VR DATH I, WO Ed ), PEETHAABIIERLE LTRD2OH8ERG
N5 1) ~BEEHOEFERIETIEEME, 2) ~Beld 1l ~2F0ETF Lokt Lawvs
AAY ~FER->TEHE LTHEROETERETERBAEE. 1) 3FTcAREFCHEL, 1
BMOERTEFOBFE—~BCRHET BRI NI 0, —F, 2) BEcAREFEEL, vE2
DHBETHRBENE L, -2 2 BBEL - THAFr ~FEESEOAREF &R 5, E14 v~
*iwﬁ—th&%fd.2)@ﬁﬁﬁﬁ:éﬁ%d%ﬁﬁt@wﬁ?if#v—&wﬁ?fﬁ
2) DBEBERBILAV, BV A Yy—F ¥y tEEOHET, 2) 82 0T 0w, Pano
Lichten i £ 5 electron promotion & F /A THEH & naiO)

Ao, EAAVEIARRERCHE, MFFC2LOABRERE L 4252k, C0EOER
THEINTED), NREBLSOEMREBOM A vofRic KE0BREAEZRAZLTVWE I kit
BHCEZOND, $h, FECHFCEHOM A AR ETIEEN, b5 violent F% T,
FARECEABRLT0DZ LR, 14 v EROAGTMELTE b2, L, 8MeVIA o viXe
HABECET ZERO[GAIR, SUETRECT con, maArsxo, ' MLTH
20D -7 8 H b0 BE, 12MV [ OFiH 0" HATOFEHERiZ T =5+ CH505, 2°¥Fn
o ATHIi=23+icka5 ( THER), Fig 13 &R LAEGHIR, T LoEEcE &R
14 e LT, REFH TAL, BENYEOYAENLOEE P 0y AET, TOMERR
KLz, TabL, COBSEHO It Vi, FEERI VO LA HRCHEREINLE D
LEX LD, , :

e, HHLOEEMI A vorcAREREIBDCH T LT ail, AREEOPRT
LEATVDLEIIE, 2%y b bAA v )< HAEDIILE LT, aHE2IVEEND
14 vEDILBIELAHES LBbND,

43 BXAFFToONMELR

7 A ATHPHER I S5REOH, 71 AOBRDHRE 0, —H, FRE -7y F TRHHO
AOMEE VS, THha v, MERBCEETIBCE, 1 4KE<, BASRVEELMR 2 -
o BB BETHD, COBMDEDIE AR 2RARNHEINTR, EFRBLTAV, X US
BEWORIERZEROGFTEOOTLONEN/AN, | BELAFERLAL o, BHEDT — 2T
£33k, GFHhEAFEEF S0 E5LEZ1LNTV B,

B, BERIYROE KRG F (L RF, Cu Py EFEE462) OFRAE~F v FTAL
N3 1A v i, BEOHVALVEGKECVR, 741 4L 0@ pE 0 ( FigdBR), coE
HWeELT, 2~ 3 F0eAIKECDNT, 1BEOGTFEOBEEOMEZ, SRECET LEH
L, BIAOHEEDRCLAREIB -T2 rEz 60D, COBOERGFFES=» PRELT
RN, EHC i BAABFRERN B, Lo L, EBECEHETOCHELT - 8T+ HTH B,

—202—-



JALRI-M 5567

4.4 SFHEMS O REX
A4 v ORBESTOTEER #5ET 2R/ &2, Bobr, Lamb , ZOfic L »ThH &N,
Linl, THENBA-REERREN G LETEATVINT, 2ANCAHFORR L O—F
BunFLs ey, —F, ERACE, PLF>F —z2nHEFan-26 0, BRGHAOIED
CIE R — 7 P EARAOBOE V EERTAR, 0BG, THEM T EAHIA v
DA F O L LT, ¥ ~F o biCEB2~3D T4 -8 —EFHNBI LKL LT,
BATEDAND, Fig- 140 ROH0BER A4 D7 1 ABBHEOFHE & RFREOBK
L LCRE LT B0 Mt oFfRit, Nikolaev-Dmitriev'” 12 X5 HBATRD L 5 KFb NG
7= L1+ (2B a ey )
7 EAAVOETES, v A4 vOEE, k=06, ¥=36x10 cm/sec:
—F, #AE—=F v rTHEE-DOOEBRATEDbEIND !
/7 = 04702 v (5)
v'= 2.19%10 cm/sec { Bohr HE )
Lal, gl LzwasnsaiRord, FRoRBEefETs, Mo toERE L A0 N
Kok, i, LRTR, 4i=12 OREAT, 14 v OFHER I £ EHBHR S,

5 &2 -4y FRNTOEEN
2 — by FHTOEAA vo =5 % —fH% dBAdx| a2, 14 vDoBEHKOLCKEFL,
Bethe AR L AL, BLgED 7o b votn dBAax|prkon k5 4Bk THEbAND .

B dx |t = i.,, 9B/dx|e (6)

mrd4ﬁ7@ﬂ—¥vhﬁfm€%$ﬁ&wbn,%%K%ﬁvﬁﬁ—fwhﬁfﬁ?é?%%
FTLERESLOLERABND, ERCE 00T, B A Vv0=3A% -HRMEL S, £ -7
s PRATO 1A v ORYEFHZHS - km&%éohglﬂu 14407 ABLFEE 2 -7
y PR TCORENERMEA A v O =R F ~ @@&abrrfo HpoEEBL UV SRITRE T +
AABIT Ar P 2EBBLABROEHER ¢5T, AHEMNE, 2%y t X AHDIVIFE
R EBETHY, Lid, ﬁzﬁﬁﬁw¥%£ﬁ: LIS LA, B fEE B o P,
FOmaD a0, cOoLE, BEBIUFALZ -y PRTOM A vEWE, FEMCESL
wgwamtzm%kaaadwégmf@n,E%ﬁ—fyrf@$%%ﬁ75ﬂkgwom,
@%Emtﬁﬁ,%w@@m$»¥*2%01w6417ﬁ,%(@%?E%ﬁkwﬁ:&?ﬁ%
ARhBD, Ao, VAVARBEEPTOHBr UAdHd vio0TsRigEaBRIAREEINTEY, 2
ey, tHTOESEMEREL TR, FR & -F o tTOTHENEROTHRALELALT
LYy

6. fif AR R

RETRNEREONER, CONEOHRECRSEANZS O THB L, 4T TO FHEL
PEIEIE S HRIZBMEVE Y, —FE LT, Fig-16, 17 1 14 v4iHe BEUO, # A 230
+AEOWEEREER L, AHI A vOEFORMKE L TR, FRAFETFHE» CHER 0.

—203—



JAERI-M 5567

RREE FRENEE 0 25T, B—H s (EEE, o 214 vEF L Qe
L, BiHe % =% » b CRE LV, 77, SEE THENERG, 4n (n22) 6, O, #A % =4
v b T, WG HERN R B THE, TabE, SEETREENEVE — ¥y FTHBC
LTI EERLTOS, CoERERE, B/ vEEOE ¥y FEFOBROEERINDIES
%m%rmm%me(422@%)w%&f<ﬁﬁ%ﬁ%¢5$@f,Wﬁ%?ﬁ%ﬁén,w—
Cx@EREATEROBFRI4 vob~REENE, 22D, COAREHLFEKCK - 34RE
A RELBFESLTvAILEGEDH L TRLARVETSHD, Kite, BoET TR - 0BEZE
LD T, HFEETRAEIRBIIELL, 14 vENMoOENLtc, $EEFELAFEE TS
W MAT B,

ERMFENOBRIAAEV S — 7 v b TENBCAS (4 2HEB) 03, CoSEETHEE
HEEARKE I LIKE D,

CHBOBLBEMOAA ERHTEO0; 1y, 04 E=FAF -0 E LT ig 18wt C
ahoBFROEEREZI A vEFOMME L RMP L, —F, ETHANERIBATS
Laibhd, BEE, 1A VEELTFBELCOAEFOMEERE LIS LABHATRAL A
D, TOBREL LTI, “BPEEELT, 14+ 0FHEE 6XT, BEEESAE VETFR
1A viEEEE S, M, BECETRAA VS LLZ0BLANDEERTEO, fE2T, 14
VOZAAF-—ORBME LR, 14 YOEERERNEI®MTS ( Fig- 14 ),

7. EHOBESM
PEoRfzDRTXTHIHC FRCHETELEA A v OBRSHCET 25 -2 THD, Aid
NES5&, BIAVOBTFHRCEIARBEI PEHELT2 20, BRLEAL Vid, AY
KEVAHAELHALINAIRZT THD, 14 v - BEFEETELEAA voBEHOATHEITE,
100 keVEEOE=FAF - TR 2~3TALALN, CITEATOIEO=FIAF—DEIA
VK%LT@,~ﬂﬁ%ét?€tw?&mwlMwéwéﬁl$w¥—ml4¢7kXeﬁXk
DEETRELLEIAA VOBHOATHERNE L (Fig-19), ¥ -2 AHFRA» LSBT
2~3° N5 L, FECECERNO A A VARE LTS I LD D, Lk i, 12MeV 11
v 0 HETOFPHERIHAT i, ~5+, BHTi, =10+ THIDILL 6, 20 Farh
ATOT23+~24+ 2,80, 2T+ D144 v& 0AaDH D, 26, L5MeV 144 v TH,
O HET i, =2+, Ts =3+ <=, 8 HETHTI=16+RKETE, CnLIBIA B
NEGHIELEZOER, B4 vyORNRERE S BEELTVAILEERLTVWS, ZollER, EN
FEOBELY THBH, COBORGHEK S o5 Lk, EBEHAEOHL 6F, MRS
~NDIEHAETERRERS 0 02 kW2 G THE, EBES»SHD L, 3MeV VAG T, £~ & HH
B2~ FREEOAA vEFEIE I 23+ T, i/m=018 A0, tH¥ 170 e viC
AHEELIHETHD,

8 _EEMBIA
CTHRWETBM ERBEBRGE AV, BEE v FAVIGC THE INTOIAT+ i, PBRET
- IEOETEETHODOTWVARAIFALIFHFNDA A Yy Thd, CORIA 2, ELRKI1IEOE
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A vz iAA¥ - ALKERTS, (BEMeH dFFELAVEbRATHSH) R LH %
10MV & v FAVAdGTHIET 2& 30MeVO=AAF—PALN, BEOCH 4 vH Tabild
20MeVE D8 50BMC ERBE,
IkMﬂmmde,PIG%ﬁvﬁ#%ﬁ%U%&éﬂéﬁ4ﬁ7E%41wé5%K.%(0
IHORAMAVEE LT, 2HOAIAVERBLA, chET, O, F, G, Br, T,
TI™, Bi THEnARZBNTWVE, ChonEEEBREFEHIN TRV, 7-7FTO
BIERCLIBENOTHDH, CO2HOAIA VERMEFHR (ETH < ) ARTIEREND
EETHD, 50 LEEMAF —2XA560 51555, A1+ vk, electro-negative ZEE
ODETTERERINIEES DV, L, U A4 2260l T, 30MV & 7 AVdAG
(Ez$w¥—M@¢Em1@7*4wéﬁ<YTWETék,?%%ﬁé%oU4f7KﬁT5
T AAF —1L 1050MeV {45 MeV amu ) 2420, 0, BEGHEELD L, pAIOEED
10 MeV/ amu BEDOUA A v 032 S 0B R[EEESRH 5,
COWOATA YEDCTH, EXRELHETNELSSES O,

9. EBbHOK

HELBEARL, HFERCSTIEBFREOTF — <= ThH 20T, BE44 vINEHOH
Hpw AR AL LD THS, F—F v F COERFEHEEOEHENC 20 TRERACE 2T 0T
A DOEETHS S EARES S, B4 vORELRABIEE CEET, BRMUCIE LA
PR A AN TOACE I ARETH D, o<, ERE LEF - 20 LERSNETHE, £,
NREESTCEMOAA vEDLDLTAUARE ZLTHED, MACHFEZLONDZ LA
B B TH B, |
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Measurement of Equilibrium Charge Distribution
with a Thick Target

Joji OZAKT, Akihisa NAKATA, Yoshiaki KIDOC,
Masatoshi ASART and Fumio FUKUZAWA
(Dept. of Nuclear Engineering, Kyoto University,
Yoshida, Kvoto)

Combinations of a position sensitive detector and an
electric or a magnetic field are shown to be suitable for
measurement of the equilibrium charge distributions of the
scattered ions from a thick target. Experimental results
agree well with the semi-empirical estimations. Measurements
at different scattering angles show that the inner shell
ionizations caused by violent collisions do not affect the
charge distributions in this measurement.

1. LI

Pk, B @Bt s+ vOEBRSMORMER, BRLBHIEL SN EWEL T .
NAEEHE TR, B=F 1 ¥ HAETIHREBH THEIETH2BFF, IoHMURRA»L, E
{1 % vOBEMV U FCOBFSHORET — 54 itrntro £72, BHEROF v v 7Y v 7
BHREBBLE G, BOBRERLSLECTHY , CHEEARMIEES L oT, VEECHE
AT - AREEAER G RAR, COLSBRREBABFLAERAEERM Lo £
@,Emﬂwﬁ—fyru;5%ﬁﬁﬁéﬁﬂ1%ﬁ%ﬁ%m%¢5ﬁ%faéo:@%%%ﬁﬁ
FTHD, SEDTF - sRAFHCHMBIREENTH Do 272, HIALATIC L - THEREH RS
TERELZOABD, HEABEL10°, 90°, 135 FATHELLEIA, BHI5EVIER
{, TOHENEH THE ZELNEHEIN ThK L~ TE-RZAF-—FHAF vOBRGHOF
— 2 ET X TOBEEEEPCOWTHETES RALAE>0 TR, BE, 207 -84t
AD0H Do ' '

2. HIEHE

frraid, BEnWg — 5% 5 b hHlrolrdd vE W HERREC > THETI2HBE2EZA L5
90° HEKBAL & Nid 4 vit, KA ENAEREC Lo TR e R A ¥ b TE Y, £7,
Ha nBRRBICHS. SOM4 vEBBEVLEBK Lo RABEEBIL L, TO=FAF
—, EATREEICIE U THE % 2 FIC BT 503 0 T L% Position Sensitive Detector (PSD) T
Ji7bT A (Figure 1} REBEHELA VA L, FRBC LM 8T KEL AV EE,
EffZe, =FAF-LEDA 4+ VvOPSDDAHHEBNTH x 2KATHEL B '
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S(EY = kE (kB8 > ()

S{EYEP (7, E)YoBRRrRERSTEAONS.

a,0+x . .
P, (Z, EY =~——m— 5{F) 3

P, (Z E) = ———— S(E) @
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a 2V 2 vm
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Pgl(Z,E) = (1— Yy S(EY — — Vi —— VS (£}
. a 242 vm

CORBES A ¥-FE ERTHEE S ( TR PHA) RARTR S L S HEsCIE Lk
RIS A EGACE LILah, TRRREBIC L 3RABOBA, Figure 20X 5 CAERH 5
B THBe 2o T, AEL ECAERENBHEIhAVOE, 14 vARRSBTHY TX,
PSDA AT - bERIE LTS thbn A2 — v LBHIHE RO ORIHETHN &
5 B0z iAE - (THbLEHZS(E) )DL ANEEMRBCH T 2 REL LTk
WNThDo tORMEFENHERBER, ©- % LIESAY « FDKEX, PSDO=FAF -
GEREE, WESREICIL-TEE5, INSEBSCESI L L TENREBE o0 L:
REECHS R REEBE LA TE D BB, B2 F - HATHFHCEL THOENEDD
B TEA IS AR TACHD, =i ¥ BMEESDEEADL, BEALR
REEEMTM2HELLLEADLS I

EERIE B AR OMEIS L Figure 3I2/RLZ@D TH So

3. ERER

Ky e F e T TIEEALD52MeV N A v EEWCu A —F 5 PZHTT, 90°BA
SO L d DA K EEWHEEEEE o R e Figure 4R Toe ZOF -4, 20 H
RCE LD TEASNT, AV » bid Immx 1mm £ 9 %15 <, HMBEROFBRHE L RACE-
T Ve FRTHEEMREN FFTBLATHBEIN 4 - v2B LA TV 50 OffintIE >
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REHELPILTIILL L THEBEEOND ZDAE - VB 520~30Me VONT A v
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T, BEELTHAEIBO—HERLTW S,

NEEHODE LR HI, Bad 2MeVN A4 vEEWAuL 7 » bIZHTT, 135°
HOTELEL, 90 HAEEL, 10°HIAHEL 2B TCEZ e o2 A ¥ —RBCHIET A8 HE 0¥
FHEEM % Figure 6 (230 10° 4, 90° /M, 135°H@a#t, BRECLCAK LTV,
Efo, 90°HE, 135°H MO FEEN DA% Figure 7Rt HESL, BRHECHZ Y B —
HERLTWA. £/, Figure 84, 10°KH[A, 0 HAOEHEEN A 2R LITa D TH Hor
Yy MELEBBECLIE-THWS,

¥£f2, #—% %+ %Bi, Sb, Ag, In, Sn, Cd, Pb, Au, Ta, Ni, L EATNAF vOEMD
MEBE LA, Helco W TOER JLFEIC, 57 » bic £ BI(LIRA 5o Fe o

4. T .

BT -HFEEC LT, AR (ZEARKR)EFHFEHE I I L, -2 - BRCLI-TESH
DAMER I AT A LM H S50 —F, Dnitriev DB KR, AREFOBEENEHESFEE L T
Slcd), BARAK L- CAREE S B il ERERLERLEABRVEIITTH Y, BALH
KXo CHEERSMRES 3T Thb0 L L, ERERE, Figure 7, Figure 8iCE 6 H
Bk, BALFAK 02 LT EEEMIMR TR ERECLICERLTHED, 2O kh
5, ID=FAF K TCOETHICHEAREHE B D, WHw3 violent collision DR
TEEAFEHETED LERST LGS .

DLERTEzLS K, BHhToE+ voOPEEATAELHTET 5, ZoBd THBA FER
HHTHsd o LAHELE,

P ti =D ETRERE, E AL oTx— 4 bOERICH = onfE L, EBRMC A -
FURLBEMOMHERAETAIETH b0 COZLEEBHCHBIE, F = v - kEmEANEEL, &
—Fy rOERBEENVET IR EDHBEEB CLALENH B .
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Fig. 5 Plot of equilibrium charge fraction
of nitrogen ion stripped in copper as
a function of the projectile energy.
Those of circles are estimated from
the data shown in Fig. 4. Broken
lines show the semi-empirically
calculated values by Dmitriev.
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Plot of equilibrium charge fraction

of nitrogen ion stiripped in aurum target
as a function of the projectile energy.
Measurement at the two scattering angles
of 90° and 17352 shows no appreciable
difference, and gives the results which
apree with the semi-empirically calculated
values by Dmitriev shown by solid lines.
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Plot of equilibrium charge fraction

of nitrogen ion stripped in aurum target
as a function of the projectile energy.
Measurement at the two scattering angles
of 10° and 909 shows no appreciable
difference, and gives the results which
agree with the semi-empirically calculated
values by Dmitriev shown by solid lines.
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On-Line Experiments at the V.d.G. Accelerator
of Tokyo Institute of Technology

Minoru ADACHT, Kusuc ASHIBE, Eiichi ARAI and Masao OGAWA
(Tokyo Institute of Technology, Oh-Okayama,
Meguro-ku, Tokyo)

Functional descriptions of the on-line apparatuses and/or
programs which are used at the V.d.G. accelerator of Tokyo
Institute of Technology are described briefly.

HLKRKOAMV AV F /5703 USC-3 (HEH ) W3/ RoF— 2 NBEBIFEINT
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FohbLlbicF o 44 L/ORE LTBRE £~ 2 & of £ 1T 50 FEREICAR 27 F AT 2B
L, =% BHBOHKEIREHCETLIETHELRET T . =4 - HHEIKETS &,
MEE LS, BIBEANAZAX 7P L EEDALES (BIEXERS ) WIET A7 44 2 ) KR
T3, >¥CAELR (NECE, BIE, MEHEBE) 251 FTHIT3. BRc T 241,70
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4.2 E, BEEARUHH L RS L A Y TR E O

K kEEpBEHEr & — B E & K
( ABR FFWC F TR £ )
A First-order Theory for the Design of Charged

Particle Spectrometers and Spin Rotators with
Crossed Electric and Magnetic Field

Hidetsugu IKEGAML
(Research Center for Nuclear Physics Osaka University,
Yamadakami, Suita, Osaka)

Several mew principles govering the design of optical
systems with crossed electric and magnetié¢ field are presented.
In particular, the dispersion and the resolution of mass,
velocity, energy, and momentum are expressed as simple
integrals of particular first order trajectories characteriz-
ing the systems. It is shown that non zero entrance and exit
angles to the electric field boundaries are useful parameters
on the design of the systems as those to the magnetic pole
boundaries. As useful examples, the systems of zero velocity
dispersion type and of zero mass dispersion type are discussed.
It is seen that the former is suited as a recoil nucleus
spectrometer while the latter a spin rotator.
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Table 1 First-order focusing coefficients
(matrix elements) for deflecting systems
with crossed electric and magnetic field.
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1 Cross-sectional view of conical magnet poles.
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4.3 HA A UBRKIGERICBIT 2 5—5y bR

HAES Ot %K B & F
( ZRBRE B B g 4 )

The Target Preparation Technique in Heavy-ion Experiments

Sumiko BABA
{Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibarakinken)

The target preparation methods for studies of heavy-ion
induced nuclear reaction are reviewed. Discussions are given
on their advantages and disadvantages.
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Table 1. The target thicknesses for the 1 %
energy loss (mg/cm?
Al-target Au-target
Incident energy 12 4o, 12 4o
of ion (MeV) P ¢ Ar P ¢ Ar
50 50 0.217 0.0275 85.7 0.465 0.0719
100 176 0.714% 0.0613 276 1.39 0.1473
200 565 0.161 861 0.336
Table 2. Methods of the target preparation for
heavy=-ion experiments and the list of
elements applicable in ‘each method
Method Elements
Eveporation Li,Be,B,C,N,F(CaF,),Na,Mg,A1,51,5,K(KC1),

Ca,Sc,V,Mn,Fe,Co,Ni,Cu,Z2n,Ga,Ge,As,Se,
Rb(RbCl),Sr§Sr203),Y,Zr,Mo,Ag,Cd,Sn,Sb,
Te,I{KI),Cs(Cs;N,CsCl),Ba{Ba,BaCl, ),R.E.,
W,Ir,Pt,Au,T1,Pb,Bi,Ra,U(UF,)

Electroplating Cr,Fe,Ni,Rh,Te,Au

Rolling Al,V,Cu,In,Au,Dy,Tm,Yb,Th
SEputtering Sc¢,V,Hf,Ta,W,U
Deposition P,Mn,Rb,Nd,Sm,Tb,U
Spraying Mn,Co .
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Fig. 1 Stopping-power curves for heavy icns in
aluminum (from Ref. 4)
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Fig. 2 An example of the uniformity in the thickness, K for
a U308-target made by the deposition method15 .
The number shows the thickness of 2X 2 mm square
normalized to average thickmess {29.37 mg/cm2)
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Bombardment Accompanied with a Large Heat Evolution

Tadashi NOZAKT
(Institute of Physical and Chemical Research,
Wako-shi, Saitama)

Counterplans for a large heat evolution during a high-
flux charged particle bombardment are discussed. It is
emphasized that the impedance for heat flow from the target
substance to the coolant should be made as low as possible.
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Fig. 1 Counterplan for a Large Heat Evolution.
(from Ref. l)
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Fig. 2 Allowable Beam Currents of Protons and
Deuterons on Thin Nickel Foils .
Foil : 1.2~1.4% pm Thickness, 4 mm Diameter.
Beam Diameter : 2.4 mm.
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Techniques for Short-lived Isotopes
with Emphasis on Chemical Treatments

Shouzow FUKUSHIMA
(Faculty of Science, Osaka University,
Toyonaka, Osaka)

HI reactions are probably the most convenient way to
proeduce n-deficient nuclides far from the f-stable line.
Highly excited compound nucleus formed by a HI bombardment
should decay via multi-particle emission processes, which
make the product to include wvarious by-products over a wide-
range of atomic number. Therefore in a HI reaction, measure-
ments must be preceded by some chemical- and/or mass—-separa-
tions. Importance of 6as—phase separation is discussed for
rapid dechniques of 10Y sec order. A rapid irradiation system
used at the cyclotron of Osaka Univ. is explained and a
proposal is made for a 'by-line chemistry station' provided
with a 'vertical beam duct' for RI production.
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HAPIZCOl, ERELHI LS, BETRAAODHEOBHICEE LGNS S - LR R A,
CorkihhEERRESENE, FRCREKS 2RELF SN IEL 22 TH D50 35, KBk
RFDs - bSO EFRHETLHE TR, RMBREOBEGE CIEFEITHE L —# 5 b LoF
ATEY, RENELALBKEARH D0 LELIDHEEYPWTEAA VRIBOBE T, Kk #
AF-—HBIFBELRKELAY, pAVBEVwE - FHEHAVBA S,

2) Zvara b 104 BLEOREICH G HE TR, Fig. 2015 AEEE B,
" Pu+ ® Ne — 104 RICERZEORBE N, GH D T thermalize 272 %, 45 o NbCl, ,
ZrCl, MR LR S, FRNEIIC LD, 104 2@80EEMAELRE L THEE L 104 2 HID
AETHSS LORECECELEDOBRELZFBA L0 THBH, Cly, ¥ A& HTEECO-
hlorination 2175 L9 AL VW AEZ L 53, Nb-Zr - Chioride & DEEKIE # BRI £
nNoalfke LTHWE EZIACER Lz,

3)ﬁmﬁ$ﬁ§w%ﬁzmﬁm&Lrﬁ@t%mf%éc&m%ommtﬁénfwéﬁ,f
i, Tomlinson, Hurdus 'k U & bk IS LT, 7 URERIC H, Se # = 20 & A 1y
L, ABBERPICEHEHFT S fission product O Se Rk, FEEZMEIEIC L ->TH, Se $hic
MTKD I L EFIM LA SORKTT, =041 sec® ¥Se A EGMA TS0 BA 4 L JREH T
REERGEEE L SREGAR I LRERIET 2 BEOBEES I H S s oA v,
kol X3 A dBRRICOME THYE RESELTELRESTHS 5 o

4) F R RERLERIETY, VL Instrumentation 2+#E, Mo RESSH-HMATESL -
k%%?@%k@%f%éoT&bBKmual%i“M(T%:W9mcL5%ﬂTW:%wd
LEHRR LAKRTE, VORGSR ITESHERBOb» L As RfitE2 KELhicTr , 208
AEEZFALTRIE Y. IO EREBOHEHV S, TN Fig. 30k ABB+HVT,
B LA UBRERHCIK ERELWE, ZoBERATIEVIEMANEEZAVCTO S, 2D
T, AsDI#ic g Te, Se, S a EAB U KFEMB L A - TRHCBALTHRL20% 4D
BEASHBEFERLTREL, HHECANO, LB LAMAKL v B KICAsEHEL TV S,
WA EEREEOR DR ENLASDOTHEH, H00 LORICERBHICBV 7 7nHBEEE - &~
AT - VIROBER VLK DELED, =, 275BA LY T 50 %, BEINIZ Sequence Control
EhAEV v /A VEROTHY, EFEABREMCRI LTS, 208 EFREYOERC, B
HLEORBRTH), TOFE s EA 4 VIBHCEATED > AF A TREVTRE S, BE(LE
58 Tastrumentation ¥ Rt FM LS A L 5 o |
LNEDFERAOELHLE LT, BUuohT0AEERILRENEREAZ SO THA VI LEIEHL
Tco EESZ EE, A -4 —{b¥ESEy, AYAEEZBEOTEICLOWVT, ThFLCH
LI AT L5 EBSR LTSN SSILEBRTALDTH S,

4. HEA 4 RIGORES, -7 bR DL AR

FHEFREOBET ERLZY, B4 VYRIBTERHAS -7 » bERTWERDI, EHEYEE
BE{OVXEBTHDI. 20, Hifi1) TONALLEHIC, RSBTE— %o b o RIEB L~ £/
HEHALDPELBE TR 2y rERAVIoTRTNE, BEENT 2 -7 rERIBLT
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GET S FWEASLE LA D, CORFICALAEER S s 5o FIC. BHATH target E87 AN
LALAZIETSHD . thick target ZFHVTREREOREEMA I BERILT I OEEE REL
AFNEE SRV LD HTHEER - 5 P ORER D LEEA EOFMIT, K TRICTHS
NAEVOTENEOEFEH LA TR V.
uTK@bnbnmfwufﬁwk%4?ﬁ%ﬂvﬁwﬁ%ﬁﬁﬁﬁﬁmtﬁﬂaﬁb,Eﬁ%
CEA LT AEE R EE D0 EERE LR
Fm.4@EEKW7ﬁWﬁLfﬁmfvb%ﬁ%%ﬁﬂ@&TAJ&O@E&%E%f%@?
Bhe £ -y FHBEEERICHRY DT, KSEATWE 7 e - FRIEET D0 TR -7DR-7
o FEA T M AR BB S Ea R T, Fig. 5O LORHAgErEbETSE, £
NEBEENTIE S CREET, RESN3, 7o - 7ORBIEMER YV v & - ERCTIT
W,5*fyFW&%@@&LW@VV/4FE@DTﬁqTWéﬁ,ﬁ%%T%,g;fvbg
Sy NeRETAETIWIBEEtT S, 5 227 v 7RE ¥ EBELRZEOADL
A THETLEY S b ABCENALESERATS Do 7€y FOIHE 4 0om KX LRAXEAF
60mmic kD, LkW oS 7 m 7 — 2 B BEfx AR TH B8, BEEEEH 10m “secke
gfﬁéoﬁmmmﬁﬁﬁﬁmﬂﬁ¢ék,Fm.ﬁt%%?ﬁvb§HkU§Eﬁ%oT%ﬁW
K%Evbiﬁ%%®ﬂK&UﬁTC&ﬁﬁgéoLmb,?Eymeﬁ-Evbéoiﬁﬁb,
miﬁﬁuﬁxLf@%&%@éﬁﬁu%ﬁﬁﬁatbﬁﬁsmcﬁﬁﬁﬁ@ﬁmxé%%f%éo

5. EHaoMERRE, CELRERB~0—, TOHEF _
%%m@&km<,ﬂﬁ&i%@%@@if@ﬁbii&fék,%%ﬂ—fqb&aev%t
be,Eﬁﬂkiiﬁﬁif%%L,%:Tﬁtﬁﬂfvb%ﬁ@&?kwﬁ%%®$0ﬁm,
el # BAAST B AIIC, HARBOBMERT I L EAD. ChERT IR, BB
bR oG BB, s—7 » FERDB LK, 7y MHRXLAVT, BECFLE
%m@%mﬁl%éoﬂﬁmnd,W$¥%§m5—Af7réﬁl?ém,itu,%%%w—
B2 RS LA~ EDC B (L A S LU RSRBEO L Rl € 7 v 5 v LT Do =7y
N h oA E T A LEAORREELL Y, BUNGES, BHPO TR, FETRO S 7
p g R EABBCED BRI ADT, vy b RREOFTROB LT, - 22 RKY
i, C—AREDBET 2 I TF—H e Ty - A VEEEHOCTHRADNRILE o

it,a—fwb@ﬁﬁﬁiﬁ%tbmd,ﬁ%ﬁ@%yi»%ﬁa&<@waw;5m¢5®
ﬁ&wﬁ,a—Aﬁmﬁuﬁ%énéﬁvd,a~fyb%ﬁﬁt%ﬁ¢émﬁh,%%:ﬁnt
w;ﬁmﬁb@btn,A%vﬁ—f@bé;ﬁ&:k&bf@ﬁ%%ﬁfwécE—A%Lﬁw
5%@mﬁbfa—wyr%m#u%%#a%ﬁfu,@%ﬁa—fwb%gé,%ﬁﬂﬁohm
A%A%kﬂ&éﬁﬁf%%ﬁfé,ﬁ%%fokﬁﬁn,aﬁtbﬁé%vééo%%RIﬂﬁ
ABE O — afimidEE R T RELEEI o

i ARBOBEHCELEZBEC A SBRERKCE (BLALET L
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atmosphere

-« D

{A) irradiation pasition

(B) intermediate position

(C) target uniocading

Fig. 4 The valveless operation when the target

1 taget probe

? spring hinge

3 nolder frame

4 target (falling)

5 solenoid driven hook
6 rakbil (target container)
7
B
]

position

rabbit lid (ping pong ball)
probe is puliled out (Rapid irradiation rubber string
system at OULKS) (from Ref. 13) 1ail string

10 clamp{solenoxd griven)
1 garget port 2 sheath tube J 11 pneumatic pipe (PVC]

3 O-ring packing seal

. . . 1o R} laborator
4} irradiation chamber 4

Fig. 5 Target demounting and waiting rabbit

{from Ref.lj)

preumatic pipe

rabbit in flight

" rabbit at rest

raboit detecting neecle
screen net

raboit outlet

pelyethylene lid

air streaming

piston valve {in upper position )
pisten vaive {in [ower position)
piston Stopper { soieneid driven )

Fig. 6 Rabbit receiving station (from Ref. 13)
A) before arrival of the rabbit
B} after arrival of the rabbit
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Exit Gas anolysis

1 " Trep for carriers
P o

saCSnnnnnn
Nsm _____E--i'_‘"_cil_e-.[*:sézjﬁ'_éﬁc_@_ﬁéi I

=

Ny + 0.2mm carrier vopor /

N +NbClg, ZrCl; (3:1)

e kI Ry - ————
i Ty S
! Glass tube
; 4&m, 3mme
N
Cyclotron chamber: 201 /min
1.5atm

Fig., 2 Apparatus to detect the element 104
(from Ref. 10)

Pneumatic
tube systern

U-soin
saompie

——a== Selective
Abscroer u

Solenoid

Solenoid

Fig. 3 Apparatus for hydrogenation of As 1in
thermal neutron fission of U
(from Ref. 12)
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1. & - BETEOBENE

1.1 “IAEAFEIMETHOME - (LFHICET 5 R RP2—24 (1973)7
PHEDIE Y 7R

ARREOHESR M B K T
(GBI BRI )

Some Topics on IAEA Third Symposium on the Physics
and Chemistry of Fission (YAEA-SM-174) (1973)

Eiko TAKEKCOSHI
(Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki—ken)

Some topics on TAEA-SM-174 (1973) are introduced along
the following subjects; l), static potential energy, 2),
nuclear structure in the secondary minimum, 3), dynamic
fission process, and &), nuclear fusion and nuclear fission

in heavy ion reaction.

1. FAHE .

TABA FROBEHEOYE - ¥l vAEv. s 4EBCREING, 20 v v
HL o —siZ 19604, Vienna B THEI N, TOELETO L » 7 AL refi 1 £ O
EATVEN, B LTKRKEERIECOND, F2EY v HEL a -~ T2 b RELFE Y 71
BoBoH TARED eF AlE, TADEN Bohr KL oT 1930 KRR I N30 FH 0
WES 5 % SWiEE A (LDM) OHifg s 3B Fa £ ( Saddle point ) i TAMCEBIES
Afec L CHB, SO LT 19624 Dubna ® FlerovZ i SRR anx """Am BHHRT 1V
< { Fissioning Isomer) ORI HER Lr:02)1969¢uc;1®7 2 F 74 FEBZE O Pu~Cnic
BERBELOBHBT A7 <0RER, OHFESY vEL TORSHEF O BEEEC BT 3RE
BAVTEBEVRE - 7ER, Qb TFHREFRE TCOMIBMEROCT -2 B 3HRE S -
L RESE LOEREEL LTBBELTE L, CNH0HFLCRAREERD LDMOBEGHE Y
4 (Barrier ) OB TRHEE T I L oRAgEL D, RTHEEHMNCHES LDM I8 & TF
B DELGLEE Lot BHLTELERFHECHTIHLOET AR LDMERT ¥ ¥ v -
EAAFEDN—AE LIt 0T, JHACKHFEORGR (Shell Effect ) EXcMin L
Strutinsky €74 ( 19675) 'Cn?;é:) COEFANEGHUBRECS L DERIREED LDM®
L OBSHE A ) YR LT 22U I Y2522 L THD, 1969F v F 2 —-4T
i3 Strutinsky € FA BT LRROO@CBE¥ 2 H Lok BB o R HRE £ CERMIC
S A, Strutinsky 47 ORI AEREK & 0k, | .

1969 — 1973 ~DESHC T2 ERN - BHROHEOERAD T FE L, T0EEFHD
WG EER, TAbbE 4 v L OBBERILOERBMES 77 v ADALICE, Dubna
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DABHS 7 m b r v+ AVFHA A2 mbr v, TAVADA -2 ~4 % 52 (Super HILAC)
REDKRIEA 4 v MEBOBRTREFKC AL - Lk, 2oL 5aRN T TRIS LEMEE
BT 2T, R FEBE RSN TR T2 LML L - T &,

19734FF 3y v HYa—a i 8A13H~17 8B, 74 Y nvRochester K¥ THIE &N,
IHNSHILET I OGHOMEDOKE f;jf_ﬁ';ih: EB VS rBLBARE TCHhol LixEME —
FAZCERETH o, LTCI1973FEIMr vy#HPa a0 Py 7 ARD NS,

2. B3mevHEY L —ARBRAMNE Yy 7 A

Fig-1, 2830y vF .- sDEFOHRERT, Fig- 1, 2 TR FEOBE =
FAFE, BBCEFEOEH A A -—55L0, o2o0RBRECH T EHTFEOKENTAN
T3, Fig 1l TREFH -V YCHOEFEEORBE = F L ¥FEMTER 25 4 — 20558 1 B
fBELOH 2 AV YOS FAEEE LeHAD ETORE (phase T EEFET D), ZHH0HE2 .
Yy o Fadbryrav{scission) i'@@;‘ﬁj: (phase I LEFHT D ) AREINT i 5,
‘phase TICH L TR AET v o v 4 - 22 A F N 1969 FEREFCTHEIN A 2710
iCé ESKH BB R Lt phase I, Tom@flic 20Tt "SERCE S 7 iy 5"
e BRI O TORARA" B0 ARE - LSO YEL 2 —AD1 DD E 2 bR
5T 3, phase I DO THEFHE CHTIBENL VBT — s 0ERSBEE N,
phase T IEBH 2 2IURTH-) YOF 28 ME (EW -5 4 -5, €~06 )} 8T 3ETHIE
ERBREY LToBerc &N, INLNERF -2 44SMA0 Y vy H S a ~ADIODFE v 4T
séoﬁgJK%ﬁbfﬁg??@ﬁ?ﬁﬂﬁﬂl$w¥ﬁmaD%wﬁ%ﬁ%énrwﬁo:n
LORME =+ A ¥ OEERHIE S 4 VRS L THIX SN, Fig 1O phase I 24 524 CH 7
T35 ECHBNAELEDDOb D, MOH LA L BB T AN KEE 1 4 L INES
DEBBAE EH R 2 CHETPTHIEIHOBHRCEE LT3 "ETHOME" L3P0
BHLOHWEECHT SRMSP LOoMI 2055, CAREIE Y vED .~ A TOSKOT
MERTHALLT, EEEANINETHD, UTFHEy 7ED0TONS,

21 BHET L =FAF
1 BRI

BB S ) v DERWTIE I L 197 3ERLC B0 5 A EHE ORI Table T 2R &
NnNTd,

2B GBS v e EB 5 ) i3 Strutinsky #15, TADLERKMLDM KB F&%D
Shell effect OFRMEEMHE LA ETAB1967TEHL S BHELEIETCREIPCH AT B,
(Table I TH2WemT ), FEFEOMERIOC 2B 0HE S Y, @ETHKE | iick
SEHE. O FiE 2R IHE, CHBBILAEHKD, @ TRETRIBDI B DT
B L CEsE A O KB > THnF 388 5HR, K5 2 -2 L LTitEgE» 0¥ g
Xt e, sRBOFRARAOE 10 (c) ELFaDKE(h) A6 TV 5, THHRT
B2V YDE2-Y YT 5 Saddle point OFBEORKELZBH R LTRHEOEE
WEO, IOLIRRETH, BB LB B0 EABETEILEH0 5560, 0L
B it Cassinian oval FvbhbnNaEHELZZ LERALNTOE, OTRESB v A7
A EEBTEHETY v« s vEDbF VA S EEE L TRIBRANOREROBT ERTT 2
TrEHEADLNTEY, MOBAORGEL LABENCNBT 2 EFALTHD, 20T
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ARV —vaviNIxEEBATA Y E—ra v B EAHEDH, BTER 2E 0T
o nt, $REELFHESOTAATESE UBBEREL AL ~ACREEEINT VD, LI
o L BEGH, B4R EE L TOD 2 RS NixD A7 4 1) -5 2 Jc kB
HENE oL EBEUTHILICER ONBFRIHEBEC L - TRE, DRET IO TALEMR
wﬁﬁm%ﬁw;w%%%@ég:ua@&f»&mwr1w3$u@ﬁ§#ﬁ%ﬂa;-yg§
AtBILrdERAN, ToF A FEEEOEDERCHTIEEFNFC DL 2 UKD EA
uwﬁﬁﬁﬂ%&tok?mgsmkﬁaumxﬁﬁxru&—yayu;52NM@%m£?y
S TRAK A THREINTOD, SHAERNE T 4 -2 L2 b0, ERSHEF
WA — B EBEDTHSE, F2 ) Yo sHEMNFLIERFL ORINDEFIREH
SRR OBEE 34 MeV (L 2B, Bl AV YRBHIEZ NI, BB BH2 VT
CHt 2B AREREI AR VIO-BELEA T3,

( BER -+ BB ) # o Strutinsky UHHERF - 22 RP T ZEF T CNTO B0, HEL
LTRHETHENR IO TH B, FHEMAZRE LTH self-consistent ZHHPAFTT
%T%T@6ﬂk§@kﬁ%&F%ﬁ%Bﬂé'kﬁwfiLwo:®i5¢ﬁ5m6ﬂﬂsi
(el = 2‘°Pu h_i’j' LT self-consistent microscopic prescription I 258 Q&R R
énnoh®MﬁH EERONEERT BT HET vy Al -TAZ -+ LHartree-Fock
FoHECE > TSHHEFLRD Schrodinger FRAEGWLI L THD, THIR2ETHEET -5 4
FORANERT -4 2rBEBELYBLIFARINTOBVTY AT » 7 2 RT vy v A EH SR,
5B WL, BEMRELFERE LIS LICABEIN TS effective interaction EMTITH
PDIEONED, TI/F /A FEOLILECERZLR L TE, HE, ref6Emansd >
io, HEH{E & 17z Skyrme’s interaction LEENDH O effective interaction LT
Hu o, EBRETF vy v L =32 AFEFETS Z enia“iﬂon'cwéﬁo) Fig- 3o FERic it
rel- 6 BOEEATANTVE, Ffor —7orscBREFEAHRIEEEbA TRV SL
TOHENHENEDIC H<THEL, H24) vHAkFefEphlth s, La L, LEFFFEEEH
kmEH b0 LTHEBET 22 b8 HIFEIN TS,
Eﬁmfr»@LDMmour%ﬂﬂs¢irnmfkﬁﬂnﬁbbﬂtoTmbalwﬁai
%LLDM@?EW@E?@cLMwmz:%mwwlmLDMiaﬁamz»#ﬁ%ﬁﬁ%ﬁﬁ
snrBEIMoTBcRLTrsnA T ((N- 7.) /A1) @ power DRBASE BN,
A%[(Nﬂzbﬂszﬁwf@%ﬁ%ﬁanrwtoLmbﬁ%u%ﬁLDMmﬁwr%mma
BEE, hhTF O BTFEE0L s CEERTLIILR LD, LERMC BT RKAEIVLIE
f»szLko:nmﬁ%@LDﬁEg%er@wtm@ﬂ“awﬁﬂfwao:mf%»m
LDMIOEEDO LN THANBROEOKGH, £, BoN0Y »y ¥ a VI, $50RE
14 vRIECETOMoERSL Y05y 70 NS REEF L TRELCHENO range £20T
PEESLEE AN D,

(2) ERHIRE

2y T2 — R ORBART I Los Alamos 74 -7 & D@Aaﬁnﬁjjmu AR gl
2 m (a, pf), (ty pf), (He, df), (p, p1), (He, @f)(t,af) REOHE
R 5B ond Th~Bk O D even—even, oddA, odd-odd NE%E{NEFECHT S
fission probability data OFEHHIEMT 5 U ¥ @ curvature hwa, Top ERD I,
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fission probability & P;, T, & - penetrability factor “"F%{T,,, Vit
fission channel, neutron channel, gamma channel 2 ¥ ) &+2 &P ORI Fig.
£CRaND, RPBT A Vi T o BEBROF» b3 2 i MEQMRE =% 4% ( Er),
HF2-0 Y DEX R nigzmenr:g’m] XA Fig 5 anT 4,

EERPHCEHONEEERHE( Nix T £ by H—vav | LOKENE & By €20 T
Fig- 6, 7&:7:3:11»%"? MR even-even R T 540, ERR EX#Tc L0
ENLHEOTNTEHT 68 DHERTEIN T2, Fig 6, 7o Ep CHLTAAENE A
HiEELEETHY, BEp KM LTEU, Pu, Cn LT 2A VDL —HAFBLN T D,
Ep €OCTRBMEATOIHSHT 1V 42T LR 2B MEDRERBETEVBESDH Y
55 -LTHDI NGO EEMENGVESCNBRLTS EEBbHbo
22 H2E/MECRTBEFEBS

Fig S HE2AMECH T B3 RAEP o SNARTEEEIMRTINT S, I 60T
TR VT A AvF 77370 SZHEFR THEOLEDTH D,

1) HEEREEEZ S F - 2w _

197 2% Munchen Z A4 — 72 X0 7Py O 2B/ MAE T B DAERBRER S~ F - £ vl
2%, 4", 67, 8 AU L, 20 ) RUGEMC T Ay - FONBERETWEE & ORE S
ﬂfcon)::n EOLr~AAF —AFRPECRENTE D, CULOTEONTERET RS | BME
EBEHIADEEBERTIO BECHCED, BOHTA Y2 00K 3 RN L OBERKTHRICL
DEIEAAIBE L Bmteo DAY — K - A=2 bAn 6@ 0L /2] (T moment of inertia)
£33 keV THOH LB NMEOKEEREMNEG X v FiIct+5H71 keVORYE G THD, 2O
Sobiczewski ZiT X 6%1*%2{@_12) (RTU 7O ~EOBE) ELo—FemL, #82HD
EOEER 54 —8i3e~06 THHI LRI,

2 BERECRERTIZEFHT IV <

1972~1973 kBT 23BESH7 s v<RAEOH P Puci¥HEE05ns, 65ns D225
BEMANTOB A OBLHEI 65 ns X+ BHE =52 % E~13MeV TH5 C & 45 Copenhagen
ya—-7ek D%E%éﬂf:?)f LTENGLRFEIENMICHE 3K—isomer (K=4", J = 4,
Ex = L1MeV=24d, ) rREHEzs b0 LfEF N, AEORFHT 1 7 =08 P Puich
LTRBMEN o COHE Ty = 35ns, Ty = 40x 15ps D22 FEES NS RFRMO
FnK-isomer EHEIAT S, N H6DK-isomer HLOBERENT KEHEST AL
#iMunchen, Dubna ZA -7 LD an, %n»‘;@%g%ﬂ;ﬁ%:énf:.olf"lﬁ)%ﬁﬁ&}i&%%
TA4Y=ho0EGHN OASE - AHACHT IAEITORMETHS, T DHETERTNEZ
LIz a2y P ORI SRS T 1Y AR HRCES, BB EFEL LI AERTRT A
Ve RENEL ML A VI HBEEAS L TH D, Minchen 74— 7R INEIT DI,
=5 LERERBEOY Y FI yFEEM L, chRAHC cwdic BFEAEFMEIL ST VLD
R+ HE85506THD, Dubna A - 73BGHTA v~ ez 2 ATEPC T
BHEER VL, ES5L0oMERBTES, Kid=2=-7CRESNARD >7o Munchen 700
=7 PU{a, 2n) ¥TPu(Ty =5ns), B (@, 2n) PPy ( Ty =11as, 82ns),
9Py (&, 2n) *"Cm( Ty =20ns) K2 T, X Dubna 7~ 7 **U(A, 2n) **"Pu
{(Tg=11ys, 82ns ), *'U(a, 3n) ***"Pul{Tp=34ns), By (a, 2n) z*omPu(T.%
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—4ns), *Pu(a, 2n) *'™Om(T4 =20ns ), **Pu(a, 3n) " Cm(T4=80ns) &
DO THE T -7,

B =7 T4V

even—even OEBM AUV - AF 22D TRk ref. 9 ERTHSNTEH6, U
CHE1, B2V Y0E a3 @ERLM, ThCRELIASVIHFE2 AV VIR A>T D,
THOLrS A EETh, UTREBSHUTA v=ponfle— Ve LT, #1E/IMEORREC T8
BEAHFLEGHAE - FEBRPEIAFOIEEERTIILLAD ), IOT HRE LD
rERTERNREESES COMSPHFCEIBET BB I UBRER OO r oy 2277 v F
FeflET st s Thra VRETHS 15Seattle ZA—TFEFNZ VT AP LD AR
E%%E—gmxé2”UuLan“”U&ﬁwr%ﬁm§ﬁ§74yvm¥ﬁﬁ(1%nw x
ﬁ¥ﬁﬂ&%02m%IﬁmMﬂTﬁ&ﬁ&fé:kﬁﬁ%bt@zm4mwm%2@$ﬁ@§%
Wrav=nb, F1EMCBETIPHRELZ#ALT, HI1EMEREEKMRE v F 2 v 0
2 AD T, L8TIMV T REF 1B IMEOK=0, =1 OLv_A~D7BCHYT5LER L
N, TOZERBOHEUTAVIRE Y A7 - TA 7= ThHDTENFERINAEEZLIE
BT AX¥ Ed=18MeV B N TESH £ — FAOKEKIZ 64bTH D, 1 e — F~OWEH
it 2514MeV 780w L TiEE 904, L879MeV r I LTHH404b THY, fhoT 4 E
BTaLT RBEOSMEEIN 2504 LEEEN, ZOI LN HE 2EB/MENTE=195ns O
ﬁ%mﬁbfﬂrﬁ$®%%¥ﬁﬂH%H5m.&%ﬁ%~F«@%%¥ﬁﬂﬂmswmuﬁﬁ.
AN, v AT  TAVIBRABEINALILTY vED 2 —ATDINLWIE Yy 7 THhal,
2.3 BREsZEE

Fig.- 1 ER AN T3 phase I, T 0K T35 HRE OB IR OB 238 OFHR 7
w—ft;oﬁ&&n%ﬁBmﬁ%ﬁ&énko%Wﬁ?yy*w-m$»¥wowru21f®
RIEEr A EFAL S EILRELFTEFH O L, SHOARAAELTEHHAT vy L
A AF ORI OBFHCIHELTO 2, HOUBRE, ViR O<DES & VR KB ©THER
mmﬁ%@ﬂ@w%ﬁmﬁaaorgt:améﬁwyyﬁyJ—A@xgmﬁ@kgziao@
BERE B LTHREa N v - ik Fig S CALAIN T d, '

{1} phase [ 2T
m%e1@Aufﬁﬁuowrmmwi%m;n%ﬁﬁﬁﬁﬁﬁ%ﬁfﬁ%ént?ﬁ%£?
v e - =ARAFOERER Strutinsky LS E R, ground state spontaneous fission,
isomer fission, isomer de-excitation (L% 3% "least action trajectory’ ni
kBB, ZORLETStrutinsky L5 K& 3 LDMAD reduced fission parameter
¢ (= (ZE/A)'()%) ¥iz fissility parameter ) #% ground state spontaneous
fission, isomer fission OM¥HEAsrsERHEEBELN, FOBRELRENTS
{:Q(l—KP){Q,Kmﬁaxaﬁ,I:EEE)ﬁMﬁUaﬁﬁf—aoﬂ K »EH&
172, O L LT ground state spontaneous fission o TEesNEARE U, Puic
HLTHC=490(1-1.87T"), CmiER LTR{=4941(1-2121") C;, Fn EXHLT
HC=5047(1-2841%) THd, SN HEMHOT least action trajectory KHBITHE
mﬂUfﬁﬁﬁénto:@ﬁ%ﬁﬁglow%énrwéﬁﬁzﬁuvm%éEnmﬁmmtm
REES L S OIS LTI 2 MeVIES £ T3, (RFERERO, ATxRahln
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LREN AV TORIELIC—HRERLTVWS ), F1 -V Y0E3E, 1} WAL OFFTEBEN
FRELO~IMeVEER VBN AS ORI BEEIAERE IV~ IMeVEES

Isomer de-excitation & isomer fission KT AR EFHEINAL, Zhid Pig 11
RRENTOS, 228 TONLEBEGHTI V=2 o0 BELESH s - Fe#E LT, UTH
TR KELS, Pu, CmTREZESHEPELOKE NI EER LTV S, FELOBREET
TR ELZHOHVEINBHDEHEIN TS,

Wilet EDHHE T phase I iL BT 2 EFEHOMBPE L LD TNOBE B LZIN TS, .
20 phasell L2 T
Fig. 9 CRaENB L5 phasell i Tit, Nix i L D045 89 T saddle pointd 5 .

scission point T, £/, iﬁj@ﬁ@ﬁ;‘@r)i@ﬂ’gs:%énrfy B L LT, 2880, TR 84T

oA E saddle point THH 1 MeVo#ifi=* 124 O, scission point £ TD
OB ORME{RLFig 12 TRaN, £/ U+ P U0HA 4+ vEUMSRICKFOBECERD
HRIEZEBRPDO AT LD 7 —ay - ) YL ) EOERH =R AFOL0 0 LD Fig 1387
ENTHd, 14BN DABOL I DI ANTEGHEHORKENRINTHES, Tk
SHEEBEVETH 2HFH ISR FHER L FHCEL RAE L EB% T2 THA9, £129F
BBWIRE LTHEZEET 2203 EFRHEERETEITEHES S, Saddle 5 scission ~id
10" sec ®order, B A4 AERME T 10 sec @ order HHAHME LLTELATHSH
BA A HREOBCERAOEROBOBENOEE (S DEASLELEASNED TI0 sec
DorderFRELS A EHHFGEIND '

phase I CIEMBMK & L Tnuclear viscosity, EFREROKECHIE T2 L oA2BE L
T nuclear temperature 23 22dLEF AL BT S effective potential energy #
Schmitt i k Uﬁﬁénr:?)%nuc[ear temperature (£ BT 5 2 Oﬁ)%fﬁfﬁiﬁ‘d)ﬁkfﬁttf:
Wt AFWM=—F A FH, scission point &+ saddle point ~DEETHE I, EBR{FEL
Nt rHREINT VS, Fig 14 TH ®**U® LT neck radius D=25 fm® scission
point, D=235 fm® scission & saddle @FfE, D=501fm @ saddle pointiZD
TH& nuclear temperature KN T 3FE=4xAFHEERBREINTC D, T=1 8 MeV (BIE =
FAFH GOMeVERIETE ) BB LTT<1.8MeV TRERZIENH, T> 1.8 MeV TiHER
WP LB EHBMREINT S, SHNEERT -2 LEMIEEG-2TD, T=1.8 MeVE®ILET S
ERTF -2 85 LELEINTH S,

nuclear viscosity constant % hydrodynamical R H A A Hasse I L D%
éﬂf::z) 30 E @Saddle 55 scission ~ (dissipation energy OEFE#S
E=-1737,dd cEbantes, a, i deformation co-ordinates , 7;; i e &
depend 3 bydrodynamical viscosity coefficient, E i saddle % scission ~
Of 4 D dynamic fission path EDOTHEZ&ENS, EXT5~20MeV EF LV EBHP N,
7 it time independent nuclear viscosity constant TH 2 ) OF 2B/ MBEORESH 5 ik E 2
Ay EOEE L A0 y FAPLELLLIEIBRNECETSE Y vibrational state
DI, © giant dipole resonance @1 { hydrodynamical flow @ damping (SR &N D) 55
7 AKDEN, 710 MeV. sec. fm = 10" poise @OV TFAMBECIEEIN T S,

BRRco0 TR, EFEFROSHELOEE THO scission 22 {EEHiC Norenberg X
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NEREINTVARNMEC BT 5EIESRARE 2 &, (Nix ﬁicnb:’)h“cdfbéxn'twézo)) Lo
Bk 5 LA THEL I, FOMBRRCHETIREINLHZ VR Fig STTAINT VS,
24 HEAAVRIGECBEIEKEHE LEGH

MoZophase TR, L CBHNBCHEME LTEAA VEBERBEGHATEININETHE, IO
O EKBETF 2075 vADALICE B iy oan Super HILAG%‘”OR[ 0 at e-nitad
FRHOCAEERrofGINL, INL0FROERE Table T EALNT WD, ZHFALICE
OER FEHAEEE critical angular momentum 20 THND,

1l ALICE &

ALICE 7u o = 7 pCiZEA 4 v *"Ar (E=150~300MeV), E14+ ¥ K (E=450
~500MeV) EHOCE -% v P BEMo~URHTEZHEIHAEMBE, £ <& complete fusion
FRET IO MUMER BTN 2SNk, Table DX complete fusion&ﬁiéaixénms
5, complete fusion EEMTIETAET, TOFHUrMKTHEUTHIERETHE2 2DG
MURBOBEHEMASE SN 5, Au + Ar (E=250MeV ), Th+ Ar ( E=250MeV )20 T
BonAEHEEE Fig 1scnd, MPEHRNixO=FAC L35 EETH D, ZHEEAC-
WTEB BN total kinetic energy FlanzBoHE LOBEFELFig 16, 17 Eman
T B, Fig 1611 8b+Ar ( BEen=1223MeV ), AutAr ( Eqn= 249 MeV) OHBH TFigl?
iTHo + Ar ( By =226 MeV} OB ETHZ, WTHOESC /B FRIIRIN, T HITHY
4% total kinetic energy B TVE, AHEA A v, £ —4% » r OHBCHYT3E
R ENFNoSEEHOIUBRONIBENHEF N3 ESN4+ v OBERA, BTFRTEG R
ERRED R LR TH D, B4 Y ORBIER o) =7 (Rp+t Rp)? (1= %), Ry Ry HIEA A
LR —F o b HEO¥ER, VEs—e v )Y, ERELEBHIEN A vOZEAFTHIN S,
complete fusion FEFEI® fission cross section , O fusion— fission: 75 0p PHEELTRD A
LKL, EA A vAr FHOEES TR, HEEOCBEMN 2000 T TAbLE R -4 o F K
AF S0 ETE (Fppcion—fission |~ 0r PREFEFC I 0, Sh GO AT R TRER
A FEZ A D (Ofigion — fission |~ Or PIHEFH 10T TH D,

Table I & B2 ALICELANERZ I AGEBET 240 TH 2, B4 VArEGHOHE
25200504, ENALETRESEOAESIE complete fusion— fission TH 0 B 5o id bk
¥, HERNTFORREEE LD, EA 4 v L0 B £k angular momentum 3 &8 &
fnzxAFEHEX, ThH &ﬁ?ﬁ%&ﬂﬁﬁﬂﬁ’)'\’ﬁﬁ_l‘_éﬁéo CORGHEUY & effective

" fission barrier PR T EH, HEHEOBEN 200 F OB icid 2 effective fission barrier

bl T oS =3 A TFIRECET L, complete angular momentum BFO D fission
cross section DRIEETHIE L, E1 A4 ¥ EX —% » D complete fusion BEOERETEREE &
B, THhitog L it/ &y, effective fission barrier #F+5 angular momentum %
critical angular momentum (£critical } LEBTNIE, £ £ jtica) Tl complete
fusion ZFEME LAV fission B84ELBZDT, INL60EE I MNogoFEEREINREALA
Ve THHDOEE [ IREAA VO AAFSEL LD EERKTS, ArE/F vTCEREINGHE
BHOEES 200 LB D E (0100 fission )/ 0r BHI60%B L 5D, 200 FoBa K<
ERTIEFIEREL D, Kt EAF v (E=450~500MeV)K L3BHAHEOEE 200 L0
B (0f,6i0n — fission )7 Tn BFI20BLATie 20, MG H 52 -2 (X)) B 09k S
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P, BAEB +Kr, U+Kr o0&l TolEs AUTEMISL A>T S, U+Kr DR
RS Z =128, A=322%t10, 2@&&%5&2%55&%&&;}3@&%%: 10mb BLFE
WEINT S, OB S critical angular momentum HIEFE HE 10U TTHE, Dk
SAREBVETHESHEE - FR2EIVEEARDUN=ZFAFPCEETH I LEAONLOTE
NEIRZLEFE LT 200N, Bl +Kr RT3 288 =20 ¥ L RN ©
BEOMFZIIFig 18emanNTWAA, it Fig 16 17k T5LZ2—=119 A=293D
complete fusion DT M (B om ~260MeV ) B ooBgcrifgicesd, D
BR- 52—y b, BREGHEFFEI A vOFNFOOEBCAVIERGEGBEERLT S, #
VEBGE, BTFBITRGKE 258513 Br gq ~350MeV HA0RHEND, TOHEOHRE L
TR, BEROEESFECEC 23 LEFTREO I ABFAER EINTITHHI ¢ FEADL
Na, FLT220ESSFDEE YT v+ L OH BRI <, FEERED configuration
KERFZELTVWAVEEISND, I0L5 AHRBFEFCEROHDL2EOTHY, BELHEZ =
114, A=2934BEBLTRRE AL 08orcanal knilliffanid,

Complete fusion B DM A (HEXH ) » total kinetic eergy & Z0IM, LEE M
DMES 4 v BHES, BoHUc B3N BCEELZRB THS, total kinetic energy i3 Fig
19 CE/-BRGAL kinetic energy @S MAMiZFig- 20 TREANT VD, TN TiHER
BHENixEFAEQHBEMBARE N T3S, total kinetic energy R OKIES» HHE LN AR
FrstERc L <Ay, INABERABELIEARLG 2T 0E, EHER D TEIERED S
PEBEINEVRE 0, ME2W TRERERERMEL 9222 KE <, nuclear viscosity
BEDEX 5 2EAOLERSBEILERLTRE0EBbnd, $42b5, frictional
effect #% 2dynamic model ¥\ T compound nucleus formation < Z L DKHE
P2 Swiatecki ZR I VREINTVAL I ThHEBNROFEMITECHL, L 15 0ER
F-EHBBETHS,

(2) EERE@E#E (critical angular momentum)

BEIT critical angular momentum KBIE LTHHEC AN TEL, @EAKO FRRENES
bR Lk 5 ref. 28 @ Cohen, Plasil, Swiatecki PEHEK, TabLELIFNCE
{4 @ angular momentum 9 % HICEHERE D effective fission barrier 2FIC T 5 critical
angular momentum : L, @ES A v & & ;’7"7 b A% complete fusionZ 43 BFF 2 DD
T8 < attractive nuclear force #2220 repulsive Coulomb & centrifugal force D E
LOWEEH LA L EZCEEEND critical angular momentum ai@aozg)ﬁ%@ttiﬁi;t Fig. 21 &
RENTVA, §EEE critical angular momentum, HWEIIAHEAA v 2 -7 » tHO
EF&ESOMTHD, SHEQ, ERROOHEBERT, DOBEEAHEI 4, C, 0, Ne,
Kr TRANTVSE, NthoA, O, , BEXA20HEAF vENTIERED Ipmplete fusion 2
SEE ANS feritical ETLTOD, C, 0, NeZg EOBECEATA vffi@bﬁ—ﬂ;@bw -
FED—iciEL, Kr TRZ, +Z;,~T0LLTE, @O -77FIL—FHLTD, X0 #» -
FOC, 0, NeRWT 26 OREREFRABFHH LTV IL I THS, Kr DBELRIRBESIOHH
@, B -7 L0K&E v, METEZ=114 0% LTidleriy PHEBERINIONTH S Lerit
CRT A ER, BRES SOURASEROEIA VEIICK E->THECEECHD, HETRE
R b > TABNLMEBEEsELIEREI>ETH L,

—254 -




e

3 BHOK

JAERI-M 5567

WE OHE TR A LA EFTE S <, B, ARCERLTTCEHIT THEL HEED
BEOGET Iy 7 AR L, BESLEAEAKL DA CRFERLEEM L TEES
NEEERFRFAV LIz,
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Table 1. Present status for static
fission barrier calculations

method Status at 1974

femii Myers & Swnoieck D 1966~ 67

Liguid Drop of 1971_'73

macroscopic (LD) t) One body model
gi . Ch , cassinian oval

2) Two bodies model
- a. Two center parametrization
1967 >[om}>{Futre] | [Nix shape parametrization |

microscopic { § shell)

Self consistent Effective interaction
Microscopic Skyrme's interaction )
( Hartree - Fock) {
1972 {1973} {Future]
Table 2. Present status for studies on the nuclear

fusion and the nuclear fission in heavy
ion reaction
Tachine | Bearns (Mev1] Reoction
(Mo, Sb,Pr,Ho. Au, Bi, Th,U} + Ar — Glission E
ALICE  {*Br (150+300) kS,
(France) My, (500) (%"g,%ma.%).m_, Ghusion>Ghssion |,
(N Tm D9 gy P81

{"I-b'“w Wi M) )+ Kr —> Glusion>Gission ::'
:"‘Lw g ”’:19’"1201 Br,

m Oy 208] s‘Ni*N—'qup' Gdirect —> OR

UsA) g + Ar > Gwp + Otission — Gr thaor (0 )

[USA) | Nel110~108) ‘"’Ag;{:-ﬂ'dfm'd’rm ¢ ORoale.

Yol 118,710 [ Ry B g %) P P g Ty

(USA) | 2Ne Jerit. (0% Yo , (B e 0107 MV
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£y Lemt Divect Fission

Efit

(Ma¥] | Complete R-n* Lo
it

Rot. LD di 7 o0
~50

~20
Scission

° ® o
~0
Fig. L and 2 Impression overlooking TaEA-SM-174 (1973).
Fig. 1 shows a potential energy as a function
of nuclear deformation.
Fig. 2 shows a relation between nuclear fusion
in heavy ion reaction and nuclear fission.
Fission Barrier { Static) Calculation
{ Results at 1873 for““Pu} £xp. Fission Barrier Parameter
PE} II.III. 1. Direct Reaction Fission
P It
=2 { —————
A R
Tr = ${Ta.Ta)
LB
+ LEa, hwa, Es, His)
Deformation Parameter
3 Calculated static potential energy Fig. 4 Schematic illustration of the major
for “*Pu as a function of nuclear feature of direct reaction fission
deformation. Upper part is referred {(from Ref. 9}

from Ref. 5 and lower part from Ref. 6.
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Exp. Fission Barrier Parameter
2. Fission Isomer E* Function

Cisomer
Oprompt

~ f( Te. TeL, T T&)
«g(Ta ™, TETH)
~ f'{ Es, B8, Ex’ )+ 9

Fig. 53 Schematic illustraticon of the major tYig. &
feature of fissioning isomer
population (from Hef. 9)

T T
b T‘?‘_ . Thaory B
F o
5_ Th o m Exp. Bjsrohelm-_]
4] -Lyon 4
r O @ Exp. Bl st ol
2 ]
& Exp Bockh #tal 4
0z
o weeee——
¥
4+
g 1
= o®h 3
3¢ Py 1
=
=,z
]
1
w4 _/Q——c'fo'_\\ )
(] Cm 1
21
o-
G, %
2 ]
Fm 1
0
? No
o 1 . 1 .
140 i50 186G
Fig. 7 Height of the asymmetric second

barrier as & Tunection of neutron
number N {from Ref. 5}.

See the figure caption in Fig. 6
for curves and all of symbols.
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T
— Thaory T_
C®h Exp.
]
.——\\\\\””’/’f:‘—‘hnﬁ
5
E
=]
Py 4
P
Cm
A
R
/—_/x\
3
2 -
! Fm I
] L i ) |
40 150 160

Height of the secondary minimum as
a function of neutron number

N (from Ref . 5). Curves are the
calculated results in Ref. 5.

Symbols of O . @ . & mean experimental
data; soclid symbols are used for even
nuclei and open symbols for old-
neutron nuclet,

Nucitear Structure in 2nd well

240m
Sedttle Pu 9.SREB
1973
Fig. 8 Recent studies on nuclear

structure in the secondary
mi ntmm.



Dynamics of Fission
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Qdiabatic Penetration {P)

‘L,

Deviation from Adiabaticity (W)

(Ne) UNIFIED THEORY
@0 COMPRESSIBILITY
(F) cons. OF SRQN

3567

Fig.

9

Studies in TAEA-174 (1973) on

8 I u wlogf?‘;%i%-
- - .
o} \ ]
- . . » -
0 ——l\-
- L -
il Pu --__._“h--—“‘._,——' )

the dynamic fission process.

1 I I L) 1 1

-l

A

Fig

Cm ‘-,———“h\h“-'—ﬂ“-—-'- E

1

1

Time L units of 10225ac)

140

Fig.11

144 148 N

Branching ratios for isomer
de-excitation and isomer fission
for some U, Pu, and Cm isotopes
as a function of neutron number N
{from Ref.18).
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.13 Calculated seguence of shapes at time

intervals of 10722
of 238y . 238y,
tangent spheres at t = 0

sec for the fusicn
The nuclei are
{from Ref.20).

Fig.1lu

% %8 N %0 0, ®e N

Dynamic fission barriers for U, Pu, Cm
isotopes as a function on neutron
number N (from Ref. 18).

Fig.l2

Fig.l4
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Calculated sequence of shapes at time
intervals of 10-21 Seﬁ for the
symmetric fission of 76184 and 236U,
The scission configurations are shown
by dashed line (from Ref. 20)
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», VOLUME RATIG

&

The deformation energy Epgp as a function
of volume ratic for various temperature
T of the nucleus 236U. The lower, middle
and upper parts are for the shapes at

D = 5.0 fm (at the secondary saddle pcintL
D - 3.5 fm, and 2.4 fm (beyend the saddle
point and close to scission), respectively
{from Ref. 21).
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@ 1 Au+ Ar Th + Ar ‘ a0 '
not
z 250MeV 250MeV 253 | 550 4 pr 296Mevi223Mek m;
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o zo0} 8,= 32 :
w 1000F S00r { '
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. 400} 1501 ]
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g 3001 >
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¥ .
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o ' 5 50 1 | b 4 )
" 5 4
40 60 B0 40 &0 80 S ean® 160 122
<,
0%y &% A& ar300Meviza9Mevem) .
72 18
Fig.15 Angular correlation between fission G&=60°
fragments of Au + Ar {227Bk) anda 200
Th + Ar (27210B). The arrow in
figure indicates the correlation
angle for the symmetric fissien,
which is obtained from the teotal I30H 1
kinetic energy by Nix (UCRL—17958,
1968) {from Ref. 23). i
L I i L
4050 100 130
Product Mass {a.m,u,)
, r Figﬁlé Contour diagrams for.the mass-total
T kinetic eneﬂsy distribution for the
165, , 40 223 MeVg,q “YAr on Naturalsy gase
Ho+ ~Ar 226 MeV &upner pégt) and for the 249 MeVe m
Oar on 17%Au case. Measurements are
made by using two detecters, which are
placed at a given angle and at
corresponding teo the correlation angles
to the projectile direction {from Ref.23).
IS
T T T T T
‘e vl
ook _ % 4 L o} ! = .
40 50 10 150 165 -~ sp—
-
Product Mass {g.m.u.) E I S
2ok o .
. . ol -
Fig.l7 Contour diagram for the mass-total ot
kinetic enepey distrébution for the o Hia
182 MeVe,m 'YAr on 165Ho case ; 200} 5 = -
(from Ref, 23). n ¥ Pvsm
. - : 3
=
175 .
E
. S
5
9 154+ - .
S
350+ j
— 1 125 1
> 1 =
@ 1 .
- P
— r 1 00 9
- 290 ] 2
o
3 .
2 o s Qs ﬂ; O; Qh aE
W 230[ ; ] , '
L ! Fissility Parameter
L | ]
L ,'I p { i (X)
- ! K e ! Fig.19 Variatien of the total kinetic energy
1700y by v 200 0 v v vt s for the symmetric fission as a function

33 3 68 B7 105123 141 159 77 195 23 23 M9
A

Product Mass {a.m.u.)

Fig.18 Contour diagram feor the mass-total
kKinetic energy distribution foer the
357 MeVC’m Bixr on 20981 case
(from Ref., 23)..°
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of fissility parameter (X).

Scolid line is obtained from the prediction
by Kix (UCRL-17958, 1968). Dotted line

is obtained from the prediction by Schmitt
and Mosel (Nucl. Phys. Al86 (1572) 1).
Ezch symbol is experimental value, and

the results in the present work are
indicated by symbol of ¢t (from Ref. 23)
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-] o8 - or 0B

Fissility Parameter
(x)

The widths of mess distribution and of
the total kinetic energy distribution
for the fissien of different cempound
nuclei.

Closed symbols mean experimental

values, and open symbols mean the values

caleulated by Nix {UCRL-1795&, 1968}.
{from Ref. 23)
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Fig.21

T
10 20 30 40 S0 60 70 90 90 100 WO 126 130
Z{PROJECTILE} +Z (TARGET)

Critical angular momenta calculated

from measured values of complete fusion
as a function of the Z-value of the
compound system. The solid lines show
the predicticn of this model fer €, 0O,
Ne and Kr projectiles. The dashed

line shows the limits of angular
momentum for the compound system
predicted by Cohen, Plasil and

Swiatecki (ref. 28). {from Ref. 29)
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1.2 BRI T2EA AV EBRE

WE AT R PR E B OE & OB
(ERHHETRKEI3 -2 -1 )

Heavy Ion Reactions for Heavy Nuclei

Kajiro SHIDA
(Institute for Nuclear Study, University of Tokyo,
Midori-cho, Tanashi-shi, Tokyo)

Some of topics on the incomplete fusion and the direct
process are reviewed from recent studies with heavy ion
reactions in heavy nuclei, and some interesting problems for
the interaction radius and others are pointed out.

BEb L RPEMEE S -7 » MCULAEEAA YRIBE, ITNETHRACHFREINTHELM, &
BRTERVANSH Ty, BB AORE, 520V T0@RC 20T, BEFRH5 2%
HETHd, chETHSNTYS, Coulomb barrier il % TOHE@[ T, B EKE L -7 » b &
WO OERIIESE0R, Hy s e v OHEFRAc L IREL, AEDEOHEL LY
ThHD, MiIBRUE IOV EY2nEHBEATH D, BEOEHENLS bk, Complete
Fusion DProcess BIEFICNIhE v, HA20id, BEFERELAEWILTH D, T habbb5HE
BEMELCRALVEIH S, BITES + YREMEARE LTEL LN D 0, BESARE L Incomplete
Fusion Process TH S,

1. TIncomplete Fusion

BRICHEEO KT a0 0T, THEILOSVS T, HEVFL D Ly, HahBREE
SdDTHD, = @ process DEFEM 1210 F{iic Oohen et a!ll)h’.I DI ANT WS, &
AT D EE Z)ii%iﬂ‘u_{:}:, Complete Fusion /AR WI E®#RLTWS, (Fig. 1)
S0 processE B D LGB bt LE 5 LT IR, SHETDubna’ T, LR Orsay’
CHHEbNE, AL RBTh A x— vy b L LCAT R COBA 4 vEHTABLREM A R 5
BRI BT L T8, WEAE, Excitatien EnergyHic>WToEK L LTHARS
&, TOHEBIZREIED local /s Fusion #&dH L, %@Fﬁﬁllfﬁ%%ﬁﬂgﬁ BHe £ LT, HERAEL
LT, BTRFRFC LD, ATV LH2BOFEHRESS S LV I HERCAKTE Ly
E5ThB, EVECAL Y EACEBAR Symmetric K FEEFHBOLEL BATHD )
fission O PECLI T D3dDEELI NS,

2 EEAE .
& .
BERE -7y rE LA O THBEDRVWEREZ P EBOLTE S )oFig.,ZP:m‘i‘J: 5 g—
7
B TRETE VRO discrete LI T< & Dk, Fig3waT X512, Brink )co semi-—

calassical TR TR C HBHI N B, ZOMII, recoi D EEM S MBI R L T W5 ,Fig 2TOE

- 262~



JAKRI-M 5567

VIR = R A F — R pE T A 1. Tih 7 Incomplete Fusion #& M Lz d DI
8 ' )
HLTHETH D, BFO .ﬁ*/‘lr—7° )fi:GDJZ a5, EESERARTO level densityil #124

TEHH0EFMEI LRLTDHLI THONR, %@%%ﬁﬁ;ﬁ%énéo

3. Interaction Radius

Rutherford LI ER E R F & AV THEHE D 7 — v vEEASP O THEFARD Z LR X VKD
KE X 2o dERALINTER, BEEMA vEAOTORRTE, ZOo0KBEKNEALT
mﬁﬁﬁ%ﬁbé%%EXbiatbfwao%@ﬁ%m,@mmcaﬁﬁﬁwﬁﬁfﬁaﬂ

‘Ttb%,%ﬁmy—p:WJ%@ﬁ%ﬁm;ﬂ%<&émh£ﬁmfééoLdmﬁ%mm¥

B, BB A, TVWALIAEREBRAT0ERIC VTR, E=s -7 2O HE
5 TH D, RS RORETHS S, Ko s D LI LTE SRR R AR 2 0
TEHMT D, cHRTOP S Cu e T5EDA A v &R 8o DEMJEFE E @ interaction radius ,
RI % Rutherford &EL# S0 FhE L THRBERT40° RT 150° TOMEL» 5RO DTH D,
EHYREZLFECAA4 vOBRSSn OB LER HER2HEMTSIC>0T, RIAEATHI
LTH B, (Table. 1)

a BT 5 B [ O TR A Saclay CH STV B DTEDERERi TS, N TE, R
i Sn OEETETRERREL LA SAATEY, SmORMLETREELRERNRLED LK
It A Ebe b, SnoMnRFEVHERETRICCRIBETEY, EL B2 ES,
moabh TV aEMRpE: - V2T TRIOEAHRMATEI 00 Y I 0 EKRHIBATS D,

4 = O

41 afi#Ea KU "Be Transfer -
| mETORIGRE TR, EENTENET AN, R AAF - HEESCHED S SBA
AT B ORI AEEVIONERTHI, I afiBEAVCTRICABREZHAXLENL VAR
%ﬁ%612HUM$mWi&5—Vyb&L,”C%fVE@P,Inbwm@tﬂﬁmfﬂlﬁ&%
#HAWT, a-emilter D AT, recoil energy, HEBBFLZAET I LIV abdvid
*Be Transfer Process DEEMEZB LMZ Lzd D TH B, Fig. bRt L I1*Be OBTEAT
BEOKHARIELURELLEOTH o

4 2 SubCoulomb Transfér T Virtual Coulomb Excitation DFE

A AV EMORIGTIE, 7 -8y IBHRVOT, 7 - - YREOERIERICRE S, BN
NEE L R AEMRH B A, O EERBHCHAET S EAMETHAE, AAETKRTET
R B 0T, NEEESEBEC LTI I RVE#R» Boh2THDI, Fig. 6 RLELOR
WP 3T A s — v VREEERT S E, | ETBITRILT7TMeV M OAR = & 4 & - TRED
PAEER A, 3T O MESREANSESS L BRIETHD L OHEORE,
BEIHNCLT, S5 AiEEISEECERINEIRETHS I,
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Table I. Tnteraction barriers, Eb, and interaction
radii, RI, de?gﬁed after the manner of
Lefort et al. The figure shows the data
obtained with the °’*Fe bombardment.
The lines on the figure have been drawn to
guide the eves. {from Ref. 11)
Sn
o Proj. Mass Eb(HeV) Hl(t'n) d(fm)
16
0 116 50.4 11.4 2.1 £0.2
- 16, 392 50,7 1.4 L9 £ 0.1
[+3-] &0
Ar 116 104.0 12.5 2.0t 0.1
40,, 118 1043  12.4 1.9 0.2
40,. 130  105.6  12.3 1.8 £ 0.2
£ 40,, 122 106.9 12.1 1.6%0.1
[
! 1or ) 40,0 124 106.9 121 152 0.2
Oc, 116 1147 12,6 2.12 0.1
Hre . 250
o 4, 124 117.0 12.3 1.7 2 0.2
56p. 116 l44.4 13,0 2,0 £ 0.2
560, 124 148.9 12,6 1.5 % 0.2
25 35 nate, 116 166.3 12,7 1.5£0.3
Bombording Erergy MeV}
| nate, 124 168.9 12.4 1.0 £ 0.3
. 208pb(1 18.1058)2098'L 250
200 @ 19Be"(337) 283 »
100 1
L1, 14
o ; < -
- 208pky(118,108)20%Pb 36°
O 479, 32
2001 1.42.j1c, 079144
; 100t .
; * ” o] MM Qe ;
T : = ® [T 208ph( 16,128297Pb 40°
8]

80 %0 100 110 120
208py11g,12C207 71 27.5°
G 1675,
1.34N1,2

[ 2]

) CN.massh

0 wo 180 200 150 00 100 11I0 12l0
PARTICLE ENERGY (MeV)

Fig. 1 Cross section for coemplete fusion

as a function of A of compound Fig. 2 Energy spectra for singleé—nucleon
nucleus, Aaccording o the rotating transfer reactions on Wipp, induced
liguid drop model. Bxperimental by "B ions of 113.5 MeV. The bold
ratios enp/ep are for oxygen: @ ayrows, labelled Qp in (a) and (b),
Argon at J00 MeV : =, and krypton denote the excitation corresponding
at 450 MeV: 4 (from Ref. 1) to the predicted kinematically

. ' favoured @-value. (from Ref. 6)
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| .
§ T @[ . (B}
i
& ot -
a .
£ * e o -
o o -
E 10““ ey ney
3 * ("B,'Be) ("B,"8)
s (°C,"B) ¢ < .
Lok + .
1 L 1 1 1 ¥ 1.‘ I_‘ 1 T k 1 — —
h% 4 % f% p% p4 P% [o% i% 1% h% £
‘ fog =3 -
STATE IN ™Bi STATE IN ™"Pb '§
Fig. 3 Comparison of experimental crecss sections X 7

with semiclassical theory, {a) for proten
stripping and (b} for neutron pick-up.

In {a) the ( **¢, -''B) data has been
normalised to the { "B, '"Be) data.

The sclid line is the theoretical
prediction based on eq.(l), and the dotted
line shows the effect of omitting "recoil
terms" by setting k, = 0. (from Ref. 7)

I3 YT I ™ 1 PP |

3. 3.5
Al3 —

v T Fig. 4 Ropt(fm) values as a function of AL/3!
from Ref. 12)

B

T rrirnmr

L] 100 120 140 [Le] 80
T T T

.5
e (0. 01 P

F8)
IOOE
| - 3
: L. 5 ot -
: 0L 4 g
E “‘\ 2n E d
i : . ] i .
ac O 80 90 I
Elgp (MeV} E
Fig. 5 Execitation functions for °Be transfer.

(A) In the case of a Bi target, the o8
cross section of ®Be transfer is obtained

by summing the cross sections for the
mechanisms °Be-2n, °Be-3n and ‘*Be-kn.
(E) In the case of a Au taraet the cross
sections for production of Bi isctopes
are-summed, when the ( '*C, xn) mechanism

: is excluded.  The resulting curve includes E = 89.1 MeV

‘ the possibility of ( '’C, axn) reactions,
the a-particle being evaporated. ] L 1 i
{(from Ref. 173) 80 100 120 140 160 o

C.H.Afﬂ_c

Fig. 6 Angular distribution for 'O with
the virtual Coulomb excitation in
the *Pb{ "0, *'0) **"Pb reaction.
(from Ref. 14)
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1.3 B DBALF

HART h#zEm B 8% =
( TR H EL R AT )

Nuclear Chemistry of Heavy Nuclides

Hiroshi BABA
(Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki)

Nuclear chemistry studies using heavy ion reactions are
reviewed. The content consists of the fission studies
(part I) and syntheses of known and new nuclides (part I1}.

A Y MERERCIBFEORR— B ER AR LA —0 X BEAN TR R
THY, KOTHEHEZKOAGH L EFDLHLVLE, ULTEFOLRIIHILETSTEIOTHS I,
SOBACYOALE, BROOEA A YEFERTEo - 2, 1960 4 OFiFIC B 2Ky A
OPfEIc B5 2 LA RS, T oz, Sikkeland #H 0k 4 5 Berkeley 70— TOEES B
WoB, 60FREE S SBAKLITOAD LA eAFA5 24— 2 - ERVBG RN TR
R Bk, BAA VESHEREEEBT Lo L o7,

R THA A VEAE¥EEROEHOBIC W0, HLOLTEOER R LT, 60F L
% Dubna & Berkeley L OMIT@ I 0 2 S KBA VB HATH S, Dubna BT 5 1k
O EE, Berkeley ERAZYD, FLOALHLFEEHEOGH LI BN FXR@E 0072 L 5T
5D, BEA 4 Y EFBEOBEE, °L 5 Berkeley £ DfOFET THA EfTbh i {2760 FR
BECASTERDOND LIRS, 60FERED L CHECHLIETOEET —=F—EL T
A EEEGR TH o EVAS, TOZ LN, FHROCRE T, 102F2 5 105 FBHoFHoHEER
@%@%wtﬁwaxmme%a,wwfE%&ﬁﬁﬁﬁﬁ%@%ﬁﬁ%ﬁowt@?uﬁw
THA DD, :

GOEMRDEN LT, BEA A4 VRO 7~ 5T % Ly phase CHEHET 5 L v 3 EBWAZAH
LR ETEBUEA A VL ARG HOERCHUVELYEEEOND L3R TEKEZ, 2D L5
ZEF LV phase @ —2id, AHEA A VHRALELAUDBSTAEABZEHBRODRTHLY, £7,
FAA VvER—F o b EOBItE L RER — v YRBHODRE TSI, T, A4 v
BOANENE _HESBREVEL IR EFNENT EDAL LI NREEFICH 5,

$4ﬁv&%ﬁ@ﬁ%ﬂﬁbfﬁ%braaﬁw:ku,ht@&t;éa§4*v@ﬁmaﬁ

CEABREOEERG A EANS, BHBEFEORP L0 ACHHELTE, MOTRK I3

%%ﬁ%tm%ﬂﬁ%ﬁofwélkfﬁéot&k@.mwi&ﬁd%ﬁbﬁabﬁ%%%Eﬁ
BILAEES, COER., BRESLERT I L THBIRLLELINAHBLRSTRL
TV Ra 0D BEOBSTHEMTETIFEIBLNDS ZLEERT 5,

FEEOHEREL HIHOESHIT, Bo=f ¥ - TOBRFHUERLZIBMEETRL, L1d
BEDHEEDBMA S AT 7 4 ZJALKS ZEPHSN TS, BE=FAF -FF5HFLD
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BMAEHERT AN, v A BRDEH THEEEELLNDLL, SxiAX- TOERE, -
DY VHRBERS B CRELRITERDTH D EE LA, EENABREASC, S0
CRLTEEAREED IO, FRF— 20 RELTVIE =A% BHMOTREEA
KT RLERSD, TOERTHE, LOMBABS MRS R DE N & DRI FEAL S0hE &
- T D,

1 &5 H

L1 EA4 YR E-TIESNIEFEAR

“HEESROBCE, RSB ECCELR TI8CONEM SN S, Lis T, BeHE
DHERE EHET T, REBOEES 0BT/ S Teeh 285 2 L HES,  Sikke
la_ndfjl);i. BT Y0 # 10MeV D =5 L F — 020 20Ne # ASHF L+ 5 ECEFHOHGEN O
EAMEE Lo~/ E, ISR TR T Ab s HaHBRAENL XD -
ENTESD BN, AUHICORTIZ, 1005 THY, HEHOEI T OV TRBCIESH
BHOETRHOFES BT, REBECPULNe RICBTE L OEIBIRE 2175 TH - 7o,
Ff o v E DRIGK £ TR S N BA KD FEOBVCRF 2/ L0 5121k LT

l}}%ﬁ:@wg—o ﬂ%'ftiﬂfﬂfc;kb C#ﬁﬁ@&%%ﬂigji—_ z Ef_ﬁu\-c' - m&%ﬁﬁmﬁ%é%&g
R RBBFE Hb D, Fig LK. A0, DREDTF -2

D&z o Fmic g TR L

BERETY, Fig IO GEMEERO 7Y APHCEMT - 2 £ RDBET 15 b S LB
DEEREL BB EEMSAMEOMNES A 3, 2 20RA2KEHFTT A5 H5—HEFMHUCD
aﬁﬁﬁﬂc;&ﬁﬁﬁ@(me&ﬁibt%ﬁ@%%ﬁgﬁbf%@)%¢@%Eﬁ®%mg
DHUBIE S ETORMBEEFA Th o, BB S LVRER RO BESCHIET 5, 20
HMICBAFRFHHB x0ER8THY, LidisT, ZOHKR'UPITH 5 LERIN S,
BA A vEEESHOBEMS T LUHE S MIC >0 THE, Oganesian%”@{ﬂfﬁ;{;;%éof&%
2 &0 PBU (B Ne, f ) RIEOBER S iz Wb W 5 equal charge displacement( ECD )iz k { &
5 LEINTV D, Oganesian bid £/, BEMGAEHBOGTEHORAAELELRD TV D,

12 HEEEDHR

FANVREOBEED 1 . RIEOBCIERC A AEEGE S EaICELAENE D LT
b, BHMICRTSHEDEOBER, EFESMEEOETL VI HTREbRS T LAk
N7, Fig 2 104, Hiskes DREHE F EiC Gilmore D EEBBEOBEE LTEHRH T LTI 0k
%ﬁ@@%%fﬁ:&fﬁﬁ?Ngm.%Eﬁ%ﬁﬁé@mm@@%cKﬁétﬁﬁﬁﬁﬁféﬁ

. "C“ﬁ) By ThHbb, ZOBBOMIUESHEEZ TIZARET L BHE SIS TSI LitHET,

HBH 2 2 BNT LE 5 —BOFBERAUIES LEABNS, Sviatecki &, ZOEALE
CEDTFig3Ilmd £ AR LD/, Woitdhid, By-b FEE 3AOMRIC L, TH
Bland, T3 T By B3HEFLRCHITSEH=F A F —, biL impact parameter & EHT,
FUGAHE S 7 i id, ASRIAF LRI R & Bl LeRFC B O LEDOFMLACE T rad 2 S
Vo BUTEOWE r | EPEOMIZFE LY &) B '

2

( b )217 Vir . ) | "

l—min EC‘.M

A, B 1 OMBRAN A D, VIORMEFRET v vt EbT, DX, EESE KSR
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B#OLtéﬁﬁﬁqultfﬁ.ﬁ%&ﬂ%&btwo?mbE.ﬁ&ﬁ%EMME?éhé
2
b? = ecnt R 1 ' %)
My By :

B2 OMBBITH D, KREIC, ~BARLAEGRVEIRI DI, BEPRUNO KRS
B, TR0 FRIEBEC L > TRERBLEL >0 REA LAV, LT, B AN TOL
B R A —ICELUVHENE 3 OBRO K LD,

smmum.ﬁﬁt@ﬁ&%itﬁ@&ﬁﬁ&ﬁ%btﬂ Mg = A A F — 230 ORI e
THHHRFE, RELMA SO O WTEFRFCAY, 2WVTHERMIZH - TR CEAR
AL, LEAESAETE -+ Y RICEDZEDHBR I Tmah, TOERMNLFEADL,
BAHCEALAHBESRCHBIRCERGREREL T XL EEELARVWTH S I,

Gilmore 51, BHHEOEY B (fissibility) CHPNSAEBRODRICEL L, o
W, BN o, OB A RHIER 0o KT S ERE= A A ¥ — K LTHBY . [ LK
LERESASEAA YRIEAET, ARE A vEBEVHRAEWHE LI 2B L,
Obukhov &'kt , o, 0 & RISWHER o) A+ B HAMOE T & 57 LEERAD 51547
A B ZEADBEBE L TRD I HODOERE Fig 4 i0mt, o AGREBFBA0SEET, £
ﬁ%ﬁ%ﬁ%@ﬁ%&ibﬂﬁﬁﬁ%@%@d%ﬁf%éoit,Pmmmmﬂﬁﬁﬁwmm e
DV PO O BE O capture-to-fission D20 B OB E oM 3 hEHEL.20 L
SEBIEIZHLT21 L5 EEH~,

Sikkeland ¥ Z n&%xﬁﬁégnfaﬁvék%ﬁ%@ﬁ;A@%&kamzt
B, BROHEEB X LT )

B, =676 (0.75-x) A% @
BBAGRA LB, I xiE fissility parameter TH B, @RiIFEIE L TV AWEKRBIC BT 5
o ame i g e n 6 e o LA EEE R,

o B DR O shielded nuclei iKW THEETRAE L AEREOEMIL (m/2g ) 2 HE
TOHIELCL L THGEL ORGSR~ BAEBRROBITE DV TOMAMRE SN D I L A5, Van-
denbosch Hiz £ » TRENE™, Wb MO DV TO m/ g L E KD . EORRS 5, 5 IR
KELAEZND FHOBTAESHREIBTRAEORA L TOAAERHREL Y RKEV EV I BHRES
oo T oI, BRORBROAEHEIBENTIE, ToBRGOoL L — %iﬁﬁﬁﬂﬁﬁﬁi
maehdaZdmLli,

%ﬁﬁ@ﬁﬁl$w#—kﬁﬁﬁ§t®%%ngaLt@u&nmmdef@otoﬁ%@.ﬁ
0, PHEOEBR =AY SRR AAF TR EA EEOB VS L ZAR LA A, F 0B
JYRBELRAEDER, %ﬁﬁﬁ@ﬂ—ﬂ/Eﬁﬁkﬁﬁ?ék%ianéﬁﬁ%@mﬂ.Wﬁi
FL - By KHBIT BENHB L &Embtosmmm@m%orﬁﬁﬁﬁl$»¥eﬁK
EFHELIECE, '

) = DES

Ty =0.00422A%+0075E, @
E%B, Ex MEYAEBED 2RFHHMATIELL, HF@AN
Eg =V, +BE? (5)

PEDRRETSH D, Litio (HIF2HROESDENREEDLTOA LHL TS, 04
KOWTREROGNLDEEZATHH S,
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BEGEPEVRSEEMNC, LTI VBAECRELPNIOE, BORAFOAESTTS 5,
WMaSUmmuﬂﬁEEW&&LT@&@%4#yéﬁft%mﬁé&%ﬁw%ﬁﬁ%gﬁﬁg
MEL, EhroRO-AEREOPHEYATRELRE L, TEER. Figs Cny LIORE
NEAAE - TPITE, BOFAF-TAETEL LV BRIBOLN, BOEFIALOR
—HOBEREL T, MECH L THEETHEPSTREOFEESHR, 3405 fissibility O HE
BEEAEELHEL, BEC AL TREZARNELETERL TV,

RO BFH. B s 0¥ - KA MK T SEEN 2 20 LB HT S HBE BT s
PIRELELLN TS, Vandenboschiz, BIG MR OHBESFEtRET I ERO 1 >TH 2EHE
REREHMAMCEHEL, @E&EukmmﬁmX»*Ahﬁbr@%mmvb»i%%%%bt
AL%‘&#%& < HFIEkER L 2 L L, EoBEFHEIh TWAVWERICE, AES
fimoBoh 5K DEOBERBD THEL B BThH ), -OMECELTEALHLE
HCRMENMOME:ARCESRZRELAVEBIL I AKRETII LELETH DS,

FofMoEESRESRELL TR, BoUAEESTCRONSEERH S, Ford & Leachmanid
ECEBHREICH L TRHBSBOBEHSE 25T Lk, £ David i FEEK B\ A BRI 3
LC valley-to-peak HASAE < 25 2 £ 2 BE LTS
1.3 BRAAEHE

BHAA NGRS L TRASESHRE L O MBCBELIFLAE Lo BENRI TH 5,
Kowalsky 53, Al OPNeRT™M0K & 5 WAMBRRIGICH L TABBHEOECRRAS 52 £
28R L, —7F, Blann ¥ Plasil i Gf/GR DOF—F B L TEBTREI LRI OORRE
EEBICOWTHUTOE, Mo ORBEE Fig 6 R,

LI BTRig3KBHLELS . BRAEHREL V- T, BAKIHRLE S ORRME
(Bi=0) L. —HANLAHGEF\ZONETICELEZRIALHORAM (B, >B,) 28I DEHR
WD, Kowalsky BOERIZFBFEICHBLAZSNDTH Y, Blann SOFERTRATZFERD TS
Plasit DI E i, fissility parameter DI ¥ 23K b - T, V%%owMW@gﬁ:a
AE—EHATHIEAA /OB BACAEHBEC DV THRAAENET*ER TS LAHEEA VT
EERLTWD,

|ﬁﬁﬁﬁﬁgnﬁfé¢;@§ma%$abr KMmMnBDﬁ% ﬁ%éoﬁB@.mUﬂ
BEAAVRIGDEBOT, ARA A v ES R 2B, HEESHUOEEHBTI L ERLE, HHR
e, BEWOMLHAESHMOSHOPCRAAENE L EBAFTROBENRL S5 LHEL
Twa,

14 7—=vEiEE7—r VEGH

AREA & e BEREOMICA CSIFFCRER 2 — = Y HIX, Fig.3 Tdistant collision
RO NAMESEBLAVER TS, BIIRCKEREME 5 A5 20 Trd, ENZER
RREBCHLETS, Wb 7 —= vEIROBEESHEDONE, 207 e viiRLETFOBIL S
AONBR LR, YREOBROBZSHEBEOEEEFET 5, LI 07 -7 ESHENENH
REAR B, TNRRSEROALLY, BOHOF v+ 7 A2 02 VBEBCHRE LELERT - 2
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238 22 : 248 13 29 _ ' ref. 52
U+"Ne —no Cf+°C—""104 T, =38

242 Pu'+20 Ne —*no .249Cf +12‘130_>35-8 104 7 Tl/z =]1ms
: 242 22 260 _ 248 " %1 _ ref. 53
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Table 2 Spontareous fissioning isemer 2*™Am

Reaction TL/? Remarks Reference
BT 4+ ¥ Ne (20H10)ms Z <2100
B+ (138 dms ' 58
232 2z

Th+%2Ne — Iy < JU+0/30
7+ Ne (1747 dms 135MeV-Ne 63
Rl gy (14.3+1.9)ms
U+ Ne (9.7+0.8)ms
" . (141 )ms 64
B+ ®Ne {12.9+2.1 )ms
By 4lip (15.642.8)ms Z << 97
242—240Pu+a
ves.2al 7 <095, A< 242

T Am+a (12611.1 YJms
130 39.6MeV-a

Pu +L ) 65
238 U +a
HEEDY 44 (1442 )ms 19.8MeV-d
Hmin,2n)"?Am  (13.1140.1 Jms 66
2434 m(**Ne, ®Ne) **Am 67

Table 3 Results of the heavy ion experiments for the search of

superheavy elements

Reaction Remarks Reference
e U+tig Ar fission fragments from “° 110{z) 73
B Gt g Ar =" 7 114 £ 30 7<<5 %10 Pom’ for T>10 " 8 74
232U+1:iXe ) fission fragments frem 37_‘146(?) 75
2‘;:U+§g 70— 994 v 0<25x10 Penf for 10" s 76
22 + 5 Kr —>° 126 +xn high energy a from ™ 7126(2) 77
%4 b(GeV)—rbuild-up in target—""112 92 X107 b for 7, =1month . 78
0y, 3K a1 ib 79
2;;’2; Th+§; Kr ags ub 79
U 4+ Er 7580 ub 79
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———= UCD Fig. 2 The barrier for fission of T1
0.7+ -1 and '97T1 as a function of
1 I i 1 i 1 angular momentan (from ref. 7).
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Fig. 1 y-sguare analysis of the radiochemical

: vield data in th? fission_ of gold with
; 120=MeV carbons The ¥< values are

plotted versus the dispersion in the Gf/sﬂ

' charge distribution. Two types of the Aﬂ’

charge distribution are considered; F
uniform charge distribution (UCD} and
distribution,computed with a liquid drop U'”
model (LD){)2 . Various compound decay : pﬂzw
modes considered are self-explanatorily {09 -
given in the figure.
i -1
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N
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| Fig. 4 Fissility s ¢/ o versus the para-
Fig. 3 A classification of nuclear meter Z2/A of the compound
cellisions in the b vs., E mucleus in 280-MeV protcn bombard—
plane., Distant collisions give ments of nuclei from Th to Ta
prlace to close collisions along (curve a) and in Ne ion bombard-
a diffuse region of grazing ments (curve b) (from ref. 10).
collisions. Close collisions
are subdivided inteo three
regions, as shown (from ref. 8).
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Fig. 5 Ratioc of experimental to calcu- 20 - a, Ki
lated average angular momentum { \ :
plotted against center—of-mass q. !
kinetic energy of the projectile 10 4 fus :
in excess of the Coulomb varrier :
(from ref. 17) :\\ kh;
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J{h)

Fig. 6 Calculated cross section surviving fission as
a functicn of angular momentum for two systems.
The solid curve represents the partial reaction

1
I cross sections versus angular mementum.
The dashed curve represents the cutoff imposed
by fission as given by the calculations.
H Also indicated are the sharp-cutoff J value
‘ (which gives the same fusicn eross section as

Y| e,

041 the calculated result), and the J values for
which the fission barrier becomes zero, for
which the rotaticnal energy of a rigid rotor
equals the excitation energy, and for which
the rotational energy of a rotating drop at

0y / Ty (%)

equilibrium deformation equals the excitation
C101 energy. the latter two values are not shown for
the Ne + Ag system since both values are

at J wvalues higher than theose populated in
the reaction (from ref. 24Y%,

0-001:)1

A

24
0'00010 00 200 300

Ex (MeV)

Fig., 7 Calculated and observed ternary fission
probability as a function of the excitation
energy Ej . BSolid curves represent calculated
values of ajf/azf based on the cascade
fission mechanism, for different 22/A values:
I. 43.%, TIT. 41 and ITI. 40 (from ref. 41).
Open circles and arrows represent observed
values for systems with various ZZ/A vg%&es:

H)

3

1. 35.8“55, 2. 35.8 - 38.239), 3. 38.2%

G, B0 aB3)) 5. halshh) T 6. 43.573),
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multi-nucleon transfer reactions
of the reactions being indicated
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(the types

bg the
133¢cs and

129a with 170-MeV 22Ne (from ref. 4}.
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Fig-10

Mass distribution of the fission fragments prior
to the neutron emissipn from the bombardment of

232U with 12¢, 20ne, “Yar (experiment) and
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1.4 BEALT Ik B 70—

AAEFHHEFR £ 1 B &
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Coulomb Excitation with Heavy Tons

Yasuharu SUGIYAMA
(Japan Atomic Energy Research Institute,
Tokai-mura, Ibaraki)

Some of recent experimental results on Coulomb excitation
are reviewed. In this review some of the difficulties with the
method are stressed.

1. & U ®H

EFHEEELS S 2 20R FHOBHNHEELFROAZC L >THRE L, TOBEINIRES
DE»LEFEOERENDGEEEANLILTEO0H 7 ~e VHIEORBOR S TH D, TO
B AT FASMBCERNTH IO AHEDP LR OB OHTE, BEORCIETHROR
WABEHEDIZ LehB, 2HONTHOBELIFA MR ERY CHOHORMEL LT2H
nf THIORELE#FEZRLY O L

R>R +R,+S

YOS EESLETHE, T STR, R @& 40K TORYE, Sw2EoNTOoMNTsREA
ﬁ@ﬁ%f%ﬂﬁﬁ@%%mesmym<&%5fmaﬁn@a6aw:&ﬁﬂ%Lrwéf
r—w vERCH TS BRMBR VB E LTRHER semi-classical BAMPSELNTE 2,
DR Bl 48 < point charge @ time dependent TBEHBL L - TEMESBE
ANsLTs30T, TOMERIROL SICBT B, '

dﬂ'f:Piﬁ;de'R . (1)

- zTdog it Rutherford BELOKER CTH D P, i initial REED> S final READEBHE
%fﬁéo:@ﬁﬂﬁlﬁﬁ?@@IhmueﬁﬁﬁZﬂ?ﬁ@ﬁ%ﬁﬁ%wﬁ&f+%ﬁm<
EFEopR=aA¥ —HBASNFOAH =F AF SN CHHECRCR 0L FEbh BN
EEFETHNEL I OEUTEARET, EFHEO0BREZFRCANZTAELZ LRV, L
PLonpLNELEbr 0+ T57% semi—classical BELKETOTEL &ED TT
Rutherford B E oMEBRIECEs0T, WRERATHh»S L5 7 — v VEHEIC & 5K
BEHETABE L > THETEO initial REEAS final REE~OBBRELOHFREBIFHTE
B,

R s —n VEOWER 2 M5 HRKEC 20084 8B E 5, —2REEEONTO
ALK AR IAEMBHETH Y, MEKELEREEANS TREMIHETHE, ATH
NESE IR I M L EROE - s7oBankEAnE L 00T, BENCEBERSKRED
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WEOROCERVIBOLND, a2 AF —SRECRESS), BUECAFHN Fe B LBS
KidsgEDAwLGN L, JHER LTEHEERIHEORV Ge(Li) BEBRAHLNE L HE
ABB TOBREGIKE LT 55, Rutherford BEOEEELRBCAECEAVED, THO
vield 67 —s yRiEONEBE sk 2T NTACA G, FORFICE 20 correction
calibration ARELEINDIAEDBEENKEL BRI RCINETRANT ELTA S - v V)
BEOSBHERNTD, '

21 $1BRkE2 ORG 4 BEEEOHE

7 - yHIETEABROE—HRERErHET 2 BEBIEECEFig lETTL5CE 40 BRS
HDs COFTES»C2BEBRTANTVIABFIERLEBEFT CBET 3B TE2D reduced
matrix element <2T1m(£2)112"> 284 TVWE , BS54 EBELQIL, £2 reduced matrix
element L KOG 5 '

eQ:~% 3§<2ﬂHMEanf>- (2)

:@%dZ&@ﬁET%éﬁ,E@ﬁ%d@@ﬁﬁ@2%?%i&n5#60unymﬁwﬁﬁﬁ
KHIKRE2ROTHRE LTRbND, ARRNTO@EEEE A Ly, BITAEEELD L%
PHEOEREF IHC L o> TEBBIREO 5 5Mgne My (B UMp+ Sz <2 lim (E2) 110™>
FETRT )HRBE It 3HD T4 -8 —L LTRESD, Myys, My+sr SEfEOERES
%E%ﬁﬁm;ofﬁentﬁﬁmwaﬁn@&Bmwo@@%ﬁma%mﬁﬁbmotwé%ﬁ
THBRRW OFOMOIEICX T 2% %0 phase iz o 52, & 0 phase DFEMAEHNES 4 T
EEERDD COFRCN CTORKNBEFS| ZRTERO 2K 25, - 0ENERIT ERT
B 160 DB A0 > BT 40 3 1 BEHEAI N TS, Fig 22t Pittslurgh THibh 7
O Py KT 2RBEREERT S ABNMTFRA L "0OS/ALonTs, Mbickhs P,
P.= Mg g Myt Mty s My + TH A SR EFOHF S0 ANBOERELARE S, FORIEELC
REANTHD, Hobbrd L3P, NEDKLaoBoEcRKEL TSNS 3, B L L Fig-2
KIUFHIT A Ay 7 S REeBC-ERERSRIN TS0, Z Offi £ Kumar and Baranger
ODHRIE P oHPNLP, CHNTI2ADHFLER T2 L B0 RE S Ly, F5T 5L
CNRFETROENS O TH prolate B9 5 oblate BB EIEERLTH 0, TR
0EDTH D, '

22 (H4BEEORERGECET 5470 £4 moment

BEHE OGS BT 5 4 R~ F4 moment D{E iz OREDFELY, BEHEHI L
TEELHETH ) HLIETRCH LTR2 L0 LKA<LNTEE, 4 REEHET > BBE
BEPig3TMt, ABNTFAECADL 2ROBBICEHT 25 BRIEIE SR ICEMT 20 -0
HMOoERIFICONTEORE VN THABEVLATEL, COBESEVHE-FAF —sF oo
WRREZE C TR AR LSS 0, TELIETELDUVLEEZEBCANDILERH D { Fla1F "8,
T ERECH CTHEESE O 10 REE TR EBCANSILEN $5 ) 2ORECHT 2BR
R DEL M B LB H 5, BBEIEIE O phase i3 rotational model CESOTHEIN B0 Th
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0P ER AN TV ACEITHS, MCHEEC ASMBERARTFI¥OPROMETH OFAEAE
PoIBHOBSECETFNFOREOMEL LTSS £ ®'Th OHHF £4 D reduced matrix ele—
ment DA 10BELT D, LECHEREEZE TR 2K0BREHTIRBTNFOHROM
FoEELELON, FTOHREAEFETS L £4 moment O sigh BEZ ZLdH OB, 50
iEodE el ANz canenle,

284238 23824
¥

Fig .4 & Oak Ridge CTiibns 2% Th, Pu, T O0n B %ﬁ%%&%-ﬁ-i)
TOERIT 1T O TEHCTTbnL, ERIKREIHAL S OTH D SHFHE Nilsson
model iZ & ZEERM TH B, 4 PR FRfs CEERD s A TEOEHFAigRET LB
HB, Fig d DBEOEMP AL Deformed Fermi Distribution THD o Z X DEFE O —
LTS, nERBEORE FRCHT AEESBRMBCHTIELLIXRECE IRV ET ON
2.

3, EAAVE-AEBROLBORE MBS

PETCHN LEERARICACNTF LA 0 AFR FLELTHCAROBSTHL K. 36K
FOAHBNFERACESSEOEABHE L LTROEL LT b1 5,

1) BRI recoil energy A RKEW

=) B spinRET THIBRE 20 2,

1) OBEOEME L LT Fig. 54 7 # D doppler broadening H-S v life time OBIERZE
éfﬁ-ﬂ-;}: NERIZ 36MeV D B0 & “No LEEAELFATHEL, ok PUNb OFOEKRD
recoil energy H 18 MeV THI, ZOREET 1 MeV DT MHFH 2R A D energy shift i
20keVick D, ASHE THEL £0EAZ 2 E recoil energy 3K ECAD, L DElife time
 CRETEEL LD, - OBORKRIITHO singles spectrum & MIE T 0 B0 TIF CHH
B, EH LB 2D 0l recoi | BLOBE P T slowing down process (FF range O
ook ) OEMAMBRATELETH U, TOLDBERERCTE, SHELDS,

&I m) OBSKE L THh~NE, Fig sﬁhgﬁmiff A v BUCHEE LR, - v @Jﬁh
otgﬁ&%ugfal&m@a@ﬁwiswxa/ifﬂm@énamert@é e
A sas —HEans—o JEEOEH THELS, Hr ol Tor 2L 5 Pb FEHT S L
AL VR IOMETD LA M OERETHEENS, LI CEIAVERGEEIN
ETHAL N T LA - high spin REEE THRAFBEC LD, fExoEECREVRAVIES
NS T 285, TOMITCHE«OMBAZ S 5, EOMBEAEHMT LD Fig 7
EA A ER A DTBHCHRE Lo 7 v YEIE & 2D B sequence DEAXETRT,
coEohTEAiF 7 —band CET S 6 REERISHT S E 6 REERHRET oMEAKE R
ThhB Lol dhbb, o0 6 RE,SELband O 4 RE~OBBHERERD L ST
HEicit 67 REEZHRT M ORBEOBBEESSH DY > TuATFEZ SRV, R high
sin PR 2 LIS 75 I E 7 ORARE IE T 5 R A B 0T O HEEC L TH - TE
ADBREFNCBLLENSHE, b9 —-DOKEAMBLCAD DR high spin BB 23 Y& T
ﬁ%mﬁ%wﬁﬁﬁ'ké?( KBETHE, FOMHEE factor 10 OFT ELE ETHFHHTS
Do %ﬂ:’!&a?ﬁ% 5 O EHT code BALE L2508, BT ¥ EH 0 couwled channel O
HECR T 42LED level # A FBEREAEOHER TIHBARHI»29 +ETETTHE
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TH{AED, £ D effective BRI code DHBAES AN T O 0HEDOLS ThH B,

4 BbHOKE
S —m v NEREBOTEREC FOFNOEC S ELE 2 0MBEARSHD, LHELET
AV RO MESOREC L - TNEK FOBHIMA, NE=F ¥ -OfASE R L
ABDT, HACREBCLZDLVANET = A F - ELHILL T, TOREOTFES
HERLBON 2ESIFEIND, Flaif Th £ secound minimum OFF 2 % 2 1R BE O 13 % 5 B
Aot REOTFRELAAFBRELASHN FLEAH —F AF - OF YA GbER L -
THONIFRLHEINSBOEI A Vv NERORENEE N T D,
ﬁf&i::ﬂif“%ﬁéﬂf:ﬁ*ﬁ/ﬂjﬂ}@ii%@“ﬂ’é@ﬂf:lxt’:wbﬁ%&%ﬂ, SOELCEHE S

,4~6)
%Uﬁi%n6é§ﬁkéﬂtbo
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Low-1lying Excited States in Wide Actinide Nuclei

Kenji KATORI
(PhYSiCS Department, Tokyo University of Education,
Otsuka, Bunkyo-ku, Tokyo)

Low-lying excited states (Ex < 2 MeV)} in wide actinide
nuclei (Ra to Cf) have been systematically studied with the
transfer reactions of (p,t), (d,t) and (d,p). Two topics
are discussed here: (1) Two quasi-particle states in even-
even nuclei as well as in odd-odd nuclei; (2) Excited OF
states and coupling of one nucleon to their states.

R ETHOh TR EOETFHORR—7 77 1 71 FiE— ik, BFERIGEAV A <7
bE AT E—b 0 MTRAMOEETH S, T OETROERREERE LT—BSHEONT
EE T BET, EIRE VSRS REH b 58, BE LAnBENEOHRRELS 5b
NBLEALNTVS, ALY AEOEOMT, KR LB DERESHE 5 5b05

CEAHBETED, CHREVBEVENS, BOOBIY 23X THE b s A BEREBEE TSI O

OB LBLRE, NIDERTOB-RFEMN( = -1 7 vl ) 2 ERICED DI L, ¥
KAV FOELLTVLIHERK (72~120) OHEBEEHANT IO ELVEELESADI LR
5. 4 : .

T IrT 4 YRR S E TGO L ASEBHYE L LT 0B S SHEIHA L
KEhT&R, E<i2{n, 7), (n, { ) OHEBROAELEETNC LA SEMOBBETH S, X
AN, aBBARACIERNEICAINTERY, BEEOWME LV 2 S0 51 I RV EHER
B (E,<C1MeV)ZhEF¥LNTVSE, I TOXDIHERBIE, <2MVOEDT, e =
VIREBC BT 5, _

I TRELZOT AT yNENHRIEES (1970~1973F ) KT 7 727 1 714 FE&CHE
TE5ERNPIBT, 2290y 7 AE LY HIT, TOREEENT S, 20 1 23 —NTBTK
ECHET S BBEERCEHEO 2B FREBE DVWTOFL, £02 HERE 0 TR ABIC DV T DEE
TH Do

L 2BENFREB-OVT

72T 44 VGOE—EETRECDVWTRBEINAHES 74 = »RNEUWEARTRENT
oo TS A7 B P Th, FLETE G e py s On' ©, g Lrce
WEo= v oiEds T 615, Bt 622), % (620), 5T 613], % [734], 5T (624,
%*Y622), ¥ 6311, % 0743), %1 (6333, % T (631), %" (752),% " (501), % (503),
YXT(750) Th b, EBRT 20 SLBAEHOE—ERN TREOHE= AL ¥ -RUFAL Y, <Y T
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Potential Energy Surface of Nuclear Fission

Shota SUEKANE, Shuhei YAMAJI*,
Akira IWAMOTO** and Kichinosuke HARADA**
(Faculty of Science, Osaka City University,
Sumiyoshi-ku, Osaka)

The present status of the study of the potential energy
surface for the nuclear fission is discussed critically.
The total potential energy has been calculated for the
symmetric and the asymmetric fissions of ¥ U based on the
medified two-center oscillator potential, and the results are
discussed.
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Stability of Superheavy Nuclei

Masami YAMADA, Masahiro UNO and Toshio TOMINAGA
Waseda University,
Nishi-Okubo, Shinjuku-ku, Tokyo)

Stability of superheavy nuclei is investigated by the use
of a new mass formula and a phenomenological theory of
spontaneous fission. The fission half-lives of 114 and 110
are estimated to be roughly a vear and an hour, respectively,
though these values are susceptible to various uncertainties.
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%ﬁb,%:mﬁwﬁfuﬁﬁﬁﬁ%ﬂ%ﬁéﬁﬁLf%%&#ﬁ%mﬁbr&&ﬁu%%%ﬁﬁ-
TV EELD, M 0 LT, REMES

M, = P, + Q | | @)
LS D EE afe DITP, EQuE ENENOB TR E b FEICHRE SO ER ST A4S
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kB ~HM kLT, AEORR ¥ E0 A - TEE L, 35, BEEEP,
QIEHTLES0 . -

BREORRME L OHE R, GAHKEFRIDE 2V TT o, toBHE, HA4HTRREVOB
FrhFOBARLL-TLOBOBDEG SO FAN LA VEET SO TH Do BEO 1 MeV
LIFoReEse v, g2\ RICELY, ROARVBE LI,

Mg = 7.68046A + 0.391221 2 ‘
+MM'A+MA%\H+CMJTI+EJA,Z)

a(A):-—16.945+f25745A_%-9.45A_%476.12A”
h(A)= 15 DA 7S
c(A)::35.9178-—87,5067Af¥é4~749626Af%5/(1%7&484581A_%)
E,: AR5 HAD 7 —m vz i ¥~

P,, QR ENFNFigs. 1 £2IRT,

@ROM_ i, HEZCH LTRIAESVERESA MBIV, £ LA I4H LT
Bz oBoroHEER, 2L{NMOAROKBEBITOERL Y HMeV 5 HR MeV K E L,
—Ji, P QP55 VREEMNR VA, 2{AENLVASELETREAY, L& AFN= 82
FEDQAE I AL (1 ~2MeV) FAD, {bDVIZZ=60DP,2RARE L AormARVES
KRAB, (ZH9LTHERED—HKEZARCEL AV ) LRI EVEKT, P, #F
AMEATFRAZG, QW EF L2 LTV a0s, HEKOHBRZMBC T LERKA
BETHD, Ldbh, P, rQuidt, BEHT -5 M VEEETTANDZ L5 240 -Z 0D
NETHAI. 29 LTHBEKROHEBR HETEMEE LT, il

114 203. 37 MeV + M|
#1110 191, 69 MeV + M _ (4)
M,= —(5~10) MeV

MBHAf, T I TM, ELTH —RErd EOBBERIC T 5B EHA Lee (M, OB L5
HEEHETI I L Ebo THELEAD, )

aﬁ%@Q@u%%%uk8<mﬁiéﬁ,bhbhu%g&om%%ﬁbfwawwvﬁm
BIEEFCRAV, £, M B2 50 Q ~0FLR, MORKARNICLS$DL00.5~1MeV
BEAEDHICAEY, THAE¥EEP L1052~ 10" EEBELBRALTH it 5, Lal,
KICGERBBF <D L, a B0 —BEBEGHEEIAD T TH S,

3 BRETH _

IhECOREGEOEGR, BXIHEFAELTIE0AE 0, bivbhiz, $-LHBOX
BARHEDSDILERRD EBICB (DI, $251Tbhd LI, WKBHEIC L 5 FiEE
HKoR

- _2 _ %
A=2,exp [~ fV>E£ 2M  ((V=E ) } "dx ] (5)

THDH, THETOEHELOBMIFBVTR, FUEDPOFLFLOE (R THx TRE)ICHLT
RPpOHRT vre Vo &R, THUEHIETIAYDEEM (2B -3 #E LT, HEREEX
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FRHT O, L L, 29 LTESAAM,, i, BRAARNMIT 2o bIRELOMACHT D

M, DEfEbHD, EIT, #7 vy 4 DL oL GOAEBIAOTICM, (VB ) B

C+BEOLBENFHIILELD, LI slippage R IDEFEALNLINT, %@Lﬁ& | %
B Lt b AR, fragment OEEORRKEC L - TR LLTEERD I 29 L
Thabiit, “multipotential model ” & & W\ H & £ F LIt EE LI,

phbiit, x & LT fragnent 0EOOESEES 5, £ 2T, fragment OFFFE L KEL &
Wil MO REEREIET A, FRCHIET 2V EM 2 x0BBe LT RO AL
Wy FALIEEIIREE L scission KEEDRIZ 2 SCPET D 2 LiC L > TETT 2.4 - T, B
kﬁmmmﬂﬁﬁd%ﬁéﬂéﬁ.@%@¢®@ﬁum@énéo%:f79+/4Fﬁﬁﬁﬁ
%ﬁfyy#wﬁzommﬁqfwé’k%ﬁﬁbfbiéo:nu%%ﬂ%ﬂﬁiém@ﬁna
vt AREEASBO L IC= AL F NE2OBNEL) AR VEVEECE, BV BHELT
LlTs A9,

VM, 0 KREOBT & Fig 3R x Ot ko T, So0RRFT DI LA TED,
S5 KT i fragment 35 AR T, EOMICENN@A LV E IS THS, scission BT, _
@ fragment it protate Z BIEFEMME T, MH@ERA LTS T 5, FReDEWMOESIE a,
ap E LI EE, x.—art a + AOFCENSONG ET 5o T TIHBETESD AT 4%
ChB, BHIIO AT v a4l fragment OEEREOHE, £ =+ %, ¥ LU fragment
BN EMEF NI L VREANS, £/0, HOBBRXBRBEHEE L 25, FHIE, B Lscission
ERB LMK CEST, BT Ve LR xDZRA, E@E%d!\lm(x)z a (_f.:—;(:ﬁ-%-p}_'
Ltoccv,uﬁ&ﬁﬁ%,a,bmﬁ@vmﬁﬁb%%ﬁ%w@&%mxmﬁféﬁﬁﬁui
UﬂﬁénéoﬁﬁIﬁﬁ&ﬂ@ﬁ%%bfW6%%Tﬁéo::T@ﬁ?vyywd,XQE&
K6 Gauss WOMBTFFTH 2, COWE x, AFRHOWERLE — 4 v - 5RD, FTHroE
uNnﬁmamoﬁﬁE1$w¥-&.it@aaﬁﬁﬁx$w¥—&§%tbrmibto~ﬁ,
FHEER, RCEO Gauss BB TAHAR L, x BN TIBE LOBSD 25D LK LT,

ToER T, EHEBOERMICLOPOREIETLC LAMTED, 12k 2T fragment OH
B8 fiid, fragment DEWBLE=F AL F — ﬁé{%k%ﬁ<ﬁ€ﬁ%’éo %%6&?&1%#%31!_&5[35{%%
%Wékﬁ%%ﬁm—ﬁ%<ﬁofbi9m,&L%ﬂ%@ETé;&LiU,%ﬁkﬁbﬂéﬁ
WHESHULrEHTESLIICRA D, fragment DEpR = 0¥ —i, fragment O FEH = A F—

FLTAHD) Ol & %k, SHEMEHRNESTEDD, e A F -2 L ELTYVD
P hiFERCELELND L I TH D

< CRISE O EHLTT H 5 H1, KEOE L fragment CHHEHLEE-TE L0EHEA NP0
T, BHEHI=FAF — @ﬁ&&lsowvaLtﬁﬁﬁﬂuioﬁhéféo__fﬁ%kaéom,
FilcEA L3722 —dTHDo FFERAEEIC Loy (d=380fm) & Lk EDFEME

;%%@k#kﬁg4_mfo»ﬂ@%ﬁotﬂiﬁ@%k@ﬁ?%k%%bLf“é”ﬂk%
ﬁ&ﬁiﬁ@&éiwm%ﬁ%ﬁfnﬁﬁanéo%:f

2

7,
d:=5824+-02562——u70927 (6)

abfatﬁﬁﬁﬁmg4®%ﬁm@&6ﬁ,:nﬁ&%%@em—ﬁmﬁ;%zmum&ao
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THEBEIREEDELEVAL I,

1. HBEROBREESHE

k0B A RERO A EESECEE LGl g Pig 5 0mt, o TREEEERECH B
B%, HENI Fig 3OEMI KBTI ET vory A0 Gauss HITOTFTAIFEAMS TEDLL, £
OF L L (B RE) o AN EERTECTH D, /27X LEBEEE & L

A, Bod cofEoREZ TR dEKERIUAL LY T o Lha <, @RS D
dz@of%%%u%nﬁgkg<gbgawoéT,U~cf$tU@mmwnﬁ)mﬁﬁEl
$w¥_&bnbn@Mﬁﬂﬁzmﬁgofwéﬂf,@ﬁmMJiﬂgSQﬁﬁw—(FAZNﬂ
cEIEY A LA ARG, 29 LTOROEREIR Fig 5 TOWHETITA D, LIHT™1144,
NETOMOFRICLD L " EBEEBOTEEAEIZ I EDI0T, BETORENTOETICLD
LB AR, fo THE I 1L BREL TS ENTED, —H™110i1CH B
HEMOTREMA ST Vo T, KEN EoHTofEr L T, 1RHEFBRICZ 2,
PhbAOHER S OREETERLGL, FHPOTHELRELD TREVLERZTLES
SAGCTH ST L LEOERS S, BYABEKOFEMIZ, ZhoB "HFELEZVTIZERS
uawawacaﬁvgxaoit,E%m#&%éﬂ%&u#ﬁtwéwfﬁéﬁoﬁ%m.
PAPNIBEAR LT HUOBERIKBACLIFEELL22HD L EATMATE <
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Calculated Production Cross Section of Superheavy Nuclei

Nobutsugu IMANISHI, Tomota NISHI and Ichiro FUJIWARA
(Institute of Atomic Energy, Kyoto University,
Uji, Kyoto)

The production cross section of superheavy nuclei (SHN)
through the compound process is calculated and the most
probable combinations of projectiles and targets are presented.
In the calculatioen of the complete fusion cross section, the
Coulomb barrier and a critical angular momentum are taken
carefully into account and it is found that the complete fusion
cross section is some orders of magnitude less than the total
cross section deduced from the usual semi-classical sharp-cut-
off model., A simple spin-dependent competition is introduced
in the de-excitation process of a compound nucleus and the
overall production cross sections are obtained.

1. RLsHic
HEBROFEBIUVZOEROHRRESHOBEL KELBLEN—2TH S, TTLHEEKNE
FHECoWT, BROCVonoB RS2 shTY WFRERTES 2~114 EHKEESR
"B'ETFELTVS, LADSERATHE, RARTOBEROFERER L UMEREH VAL
BRSOV TENNCHLZOA D53V ERELITFRI TT ARV

HEMEREL LT, W otDHEMEINTVS Do oBETRENLD S b S RIF L
E£ioh, Lrd, HEFAELrERTIBC s ToES 4 vEIL,» 0N G N KENER T
HIFEEBEHRBRCET VT, HEZENOMEROHEEELTA .

2 emANER |
ELR=AA¥ B, BREA,  BTERZ, 0B+ v b HRHA,, BPER 72,0008
L&z, B
Z, 7, et v > 1 { vigfeERE ) _ _
FEE AN, (EDOBIEIBEDE (4(4+1)) AR LA SRBEOIHICRES N,
RICEHERRZLD FToXcEkband,

ﬂm ax

o, =%’ ¥ (24+1)=mR*{(1-V_E) ()
Z
11

R=r, (AJ+A}) (2)
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Vo =124,-Z,e*/R (2)
ry =FFEST A2 -

L2 L, BEEAROBERIUTOL S A A TEF OLENEVCE 4 YRIBL D EFRVERY
FORBELED, | -

O BEFESLIOBMORETHID, 7 -r YREBHIVEECKELRD, BREMOK

RRHERERERIL, 7-r vy LEVWEIBRER EHADLVBELIIE LS
@ HMETKROFUERLSSEBLIEFCDS VRS, BRRTFHEOHR 72 2 -0LD 55K

EaAHR LD,

@ EEELLIThIAERBRCHEARAIHE=FAF -LRF vy et . 2ALF - LOhDH

WhHL, LI ADAERREVIERICHRING .

CLIRBEAGENBERD S
@ BELTEERCRABHEACET(EEIL, RELECET(EEXHZOLATHILELD

NTOB Y Lietin, TR OB = #AF -3 MT 1 oh, BOHBENSAED, boRE=%

A LA ETREBINAD ETFHREINS,

LTFofitconbnl L ERHT S,

2.1 7 -n /EEE .

LARTASHE F & LT CAr E TORBENBVEA A vEAVWASRE, 7 - /EELZE.0) TH
HBbULikX, r, PfEEF 1.45mARYEZNTER. L L, ki, “Kr+1%Cd L2 ¥Kr
+RGe RIETIR 7 —» VEEDT r, =145 IimETHVWAEL IR IPKES, r, ELTEr, =
132 fm ¥ AVARDERS DL LTVD oD s LIZEMRNICIE, 2 OWMREMICE 7 —= v
REBHCETE, RS2 GHFEBE T L5 ARBRRELIEB L2 LTFHEND . Z0ERD
BEZ, o yRENDBIUBOEHO LT IEFET S WED B AN TFHRES AL,
r, E7e v b L, HETHET L, Xe 2 AR T LT3 6 r, =12fmkAh D,

22 HBAHREHE

HELTEREE O HAAEHRE LU TO 22080 6HET S .

{} Nilsson B LUNix bR LT AONTEALBERKOET v v+ AERMONER LD LE
EREORERREHTOMBICH) , EFEDRCBAFEC NS 2EH CEFAIBULTLE

50 LIetio T2 00EZNERL T, BETREEE CHAKEBRT 5ok, HE15

AR DTGNS, 2O0OHRBETROKTALRNCRIEI0EXE S5, COFEE T

AR -DRFEEP, LTDE, LV 58EHEI, 1T

; _
dp=[2pu{E-V)] p, 12 (4),

THEABND CITuRBABETH Do 2L AT, “Cd+¥0m 116" RETIE, 7 — =

VEBRHE TOAH = XA ¥ —E,,=48MeV/ATI,=9, E|;,=50MeV/ ATI,=31Th5,

H)ﬁé&%&ﬁﬁtBiintﬁﬁﬁﬁﬂﬁﬁﬁﬂtﬁbnéo@EE@K%&5;$»¥;ER
i3 |
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-hE
Ey = RS (5)
21 ()
f%iané?;<ﬁ6nfwé:5m,@ﬁ%—xvr1@&é@%A§X—ﬂﬁ®2%.

L7=% T, Bolsterli E?%}ﬂw‘fwéﬁ*}{éﬂax 2 -y D2FIEKFAT I EEE=- 2 v D
BRI A E = A F ~Ep i FECNEBILTERLE Ll hbd, Lt - THEGRE

I RKEVEERHAKELADCHOAT, BlE=FA ¥ - Ep BAECHIT 5. AEHE .

KEd{ A, HE5—POBEHE], FHAID AT vy el cxFAF - kOl F L F—D
FOCH D S AR S AT R T, LA o THAERER I AT, BEZSEIL WL S,
BEE -4 v 1 @&ijﬁ?uﬁiﬁ'@@f ="
=1, (44,0 (B/8,)° {8)
E%wf%ﬁf&:&#?éé?::f A, I, B HEFOHIGOEER, BT -2 v
b, REREBEM CTHE. 77F /4 YLREOEZEECHV L, B £ = 025 A T Ax
300 DEEOOEETHE W, 2T id~6keVELD ZHREEFAVAELEEEHE 22 AL F -+ EFT ¥

vl =R LE —OERBEFEO —FlE Fig. 1 R T . ZITHEF VYL - 254 F-H R
i3 Bolsterli 62)0)@7‘:%@&% LI Lo cOEALHEB LA, EAE, ¥ Ca + * Pu>
W14 CTED LFHINIEEKOHIHR/, IEKI12BETIALN Lo b tBREHETH
FRITH, BTHRHCOWZDFICTHTIEELZLOND o« ®*Kr H%Th **126 TTFEH A h 5 #
LR AEENMECED, T, ELTRENEP I ~3BETHD.

Bl b @AM E ST EERHROB KM Jory FIhETHENTERL 2 20HEB
B/, /)09 b05NMETHD. Fig.2 LI s, 2 20fBEBBRTHB LA LEOT LM
aﬁﬁﬁﬁ;ﬁMMMU”@£ﬁ{m%ﬂﬁbrﬁbkfc?ﬁ@btté@ﬁﬁ%@ﬁﬁ@wm
ELHT o T TASRTFCa, "Ge B LU "Kr DREESF 42 -7y BTHETH, 145, 1.32
BELoF145, 132 B L7 132imEFFWVWin o 65 i Bg- (W SHEINDE, 0,, 0,4 BLU 0,
2, TREN, %E@%J I, BLEUV/ TCH-BEFEINIZTLMEHERE TS 5. It
O QifiE Fiset 5° D DBEERED B ED IO SHS LS BETRBER TOREGRIERA D
SeleEh SRR ERS L 0p ICEN 100 BESLSVIENALFIE LS. 12 & AE¥Ca+#Cm RILTH
10mb, "®Ge + 22 Th 5% T 5mb, ¥Kr+ 2 Th T » 3mbBE TH S,

3. AT LB ROBF S & U R B
Morreto BB B LU BCS ~in bt =7 vic KB EESHTNFETHEZOERERL S
TR IR Ly B & C AT RINR D, R B =% 4% - OB E LTRD 7% Morreto ® (I /
o DIEREED JREBRBA - T £ 2 TIEHICHERIII

(7

J{J+1}h? 1 1
(I‘f/l“n),ccexp ( - )
' 2 Tod, Ts iy

EELB IITT, Ty BEREOPEABLIUETATOM, [, {; BETNTAPEAB LY

BT ETOEEE - A v Thde £5+5L, BEBETOFEO, Ty id
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J 1 1
2‘(2J+1)exp[1( *1)h { _TI)J
ry /o 2 Tedy ri (8)
' Y (2J4+1)

THAOND , COJRKEWEERL T, Morreto @RS (M Tp), EvdE, £l RE-
oSt eI 0 > HE T E R OERKERVCHE TE 5 AGH T ERMZOMAEGE D5
BRERFEELONDIVL O OBEFOBECEENMEHOMR & Table 117 T o BEFS
ﬁxﬁuwﬁmu@&k@&mwtjﬁme@@mwtQ)@ﬁﬁ%%u§$wtoﬁ%&%
CRTEY 5 BRAOAERE . 1 '

Jerie =min(J, J,.)
ThDo Ongy RESMMEWTEOBGAM | Epns BEDLEDAS =¥ -, E,  dEEHKEO
A F —THd. I, /Ty i EClfixi=r/ roposRdrce o, dhpitFHRHEEBET
FUREERBLBELO(HHBECORAXBETH S,

4 E =

EAA VRIETREME R THAZVBRIN 2 vicd, b En2AEHEVEREE
BELUT TR LR REREVERFOMEBEL S, T LOEH THSHCHIEE
LERBEEOBEE, £7 vy vl - =¥ - LBEldRs A F - DRFIC L2 EER R O HIR
BRHKEV, Ld->T, E2MEHHERERS RES X2 A5 T LEMZOoHEGER, 22
CEAZABESEN PSS, Lrd R IAIEGBOSABELIE VLD TH B,

N Ty OESFHEBEEOFICHEFCHRIRE TS, WP LTS D REENE N ETME
NEFRCHEGHEEMR T SI0, TOHETRLALI R, “Ca k2 TCen & 5 RIEFHITHET
CBEAE ZOE0m L0 5 VY Ra 2AVETh O & 5 2T AR AT 5 2
Ehhd, Lid, AMNTeEBREOHEGEN B o4 BEEIND , 20k 5ICRET
BHREELORKEVEE AT E LTRATE D, AMGHFEELOER T DI CEEARRT LT
5&%%56:5,$tﬁﬁ:nif,biné{*vaermenam5tﬁiﬁ55&£@
Ao LTHELROAIMARBEFCHELEOLFHEND,

SR GHUEECHBEER S 20F1 20, ThHoDERIMAEICL»RVRAY, FOER
BRI 2~3 MV Dk Zh Bl b dEZT 2, chidF e LTHVW B —RFRENOHT v
YA ADHBEFERCEFTE ST AL —OHVEVAR LS . LEMaT, ZOERBGES
HEEOSHIHNS L 2MeVEERBE LT W 3N, £/ /Ty H Table 1 OfED 1100 BRI
D, LidisT, ERIEES 140 BEZ T8, Al LTS, EREERRMKE 5
BEMOSHBEEOFHICKE{EKELTVDI LA S, |
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Table 1. Calculated cross sections for the production of super heavy nuclei.
Reaction r -Q J OCF E E nr./r o
0 crit max bomb ex n T n
fm MeV mb MeV/A MeV mb
4o, (9802 ,3n)%8% 10 1.us 159,112 12 .75 31 0.027  0.32
2“ch(“SCa,3n)293116 1.45  164.0 12 12 y.83 30 0.u2 5
252.7(%805,30)2%7118 1.45  188.5 12 12 4.0 28 1 12
226p.¢"%Ge,4n)2%%120 1.32  261.7 12 5.5 5.27 37 . 1 5.5
2320y 7 Ge,un>3°“ 22 1.32 269.8 12 5.4 5.32 35 0.17 0.9
2265, (86kp, 20310124 1.32  309.7 10 3.2 5.30 20 0.4 1.3
232Th(86Kr,2n)316125 1.32  321.1 3 0.3 5.35 15 0.025  0.0075
178y (136xe ,un)?%% 100 1,20 390.0 7 1 5.52  3u 0.009  0.009
1804136y, un)312126 1.20 w00.1 7 1 5.60 34 0.00008 ©.00008
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The Chemistry of Heavy and Superheavy Elements
v

Kaoru UENO
(Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun Ibaraki)

The developments in the field of actinide and transactinide
elements are reviewed, including the discovery, preparation,
purification and chemical preperties. Transuranium elements
are produced from uranium by neutron irradiation or by heavy
ion bombardment. The elements of atomic number up to 100 are
obtained by successive build-up in a nuclear reactor, in which
neutron absorption and beta decay occur alternately. In the
neutron shower of a nuclear explosion, the heavier isotopes
of the initial nuclide are formed by simultaneous absorption
of several neutrons, which are then followed by the beta decays

to give the elements of higher atomic numbers. Still heavier
nuclides are produced by heavy ion bembardment with an
accelerator. The precipitation processes based on coprecipita-~

tion or adsorption, as well as paper chromatography and
electrophoresis, are normally used as analytical methods.
Extraction chromatography is suitable for the analytical
separation of transplutonium elements and also for the purifi-
cation and isolation of their milligram quantities. A double
recoil method is generally used for the separation of short-
lived heavy nuclides. Solvent extraction and ion exchange are
the techniques most widely used for the separation of long-
lived transuranium elements. Electronic configuration,
oxidation states, properties of the metals and oxides, and
chemical properties in the solution are also explained. The
most conspicuous difference between the lanthanide and the
actinide elements is the greater variety of stable oxidation
states of the latter. Finally, research and development on the
transuranium elements in JAERT are described.
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Table 1. Electronic configurations of gaseous
zctinide and transactinide atoms in the
ground state, and oxidation states of
the actinides and transactinides (the
most stable state is underlined, while
the values in parentheses have not been
confirmed). (from Ref. 3)

Atomic | Electronic
number configuration Oxidation state
and term symbol¥*
39 Actinium 6d782(2D3/2) - (2)3
90 Thorium 6d27s2 (375) (2)3 &4
91 | Protactinium | 5£26d7s? (K, /5) (3)4 5
92 Uranium 5£36d7s2 (5L ) 23h56
93 Neptunium 58464752 (6L /,) 34567
ol Plutonium 586752 (7F ) 34567
95 Americium 5f7752(887/2) 23456 )
96 Curium 55764752 (°D,) (2)3 & )
97 Berkelium 58864752 (86, /o) 34
or 5f97s2(6H15/2) *
98 Californium | 5£107s2(51g) 2 3 4(5) |
99 Einsteinium 5f117s2(4115/2) 2 3
100 Fermium 5£127s2 (31, ) 2 3
101 Mendelevium | 5£137s2(2F. /) 23
102 Nobelium 5f1h752(180) 23
103 Lawrecium 5flh6d752(2D5/2) 3
104 5£146a27s2 4
105 5r1l6a37s2 | (5)
* Jutside the radon core ls22322p63523p6

Bdloas24p64d104f1a5525p65d106s26p6
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Table 2. Typical actinide oxides
Compound | Lattice symmetry Color
AcpOq hexagonal
ThO, cubic white
U0, cubic brown to black
UBOS orthorhombic green black
NpO, cubic green
Np205 monoclinie dark brown
Pu0 cubic gray black
Pu203 hexagonal black
Pulao cubic yellow brown
AmO cubic black
Am203 hexagonal beige
AmOn cubic dard brown
CmO cubic '
Cm203 hexagonal
CmO, cubic
Bk203 cubic vellow brown
BkOoy cubic vellow brown
Cfa04 hexagonal vellow
Cf02 cubic black
Es203 cubic
Table‘3. Ion types and correspondihg colors
for actinides. (from Ref. 2)
Element M+? e Mo Mol* MOTTT
2 2 5
Actinium Colouriess — — —
Thorium — Colourless — —
Protactinium — Colourless (Colourless) —
Uranium Red Green (Colour annown) Yelloew
Neptunium Blue .to purple .| Yellow-green |Green ’ Pin to red Green
Plutonium Blue fo violet Tan to (Reddish_purple)a Yéllow to Blue-green
: orange-brown ' pink-orange
Americium Pink — Yellow Rum=coloured
Curium Colourless — — —

a Predicted from the absorption spectrum of Pu(V).
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Fig. 1 Schematic representation of the various possibilities of
synthesis of heavy transuranium nuclides (from Ref. 1).
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! Fig. 5 Chromatographic separation of transplutonium elements
by high pressure ion exchange (from Ref. 1),
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The Oxidation States of the Heavy and Superheavy Elements

Mitsuo HARA, Akiko SATO, Toshiaki MITSUGASHIRA,
Isamu KAWASUJI and Shin SUZUKI
{The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Katahira Z2-chome, Sendai)

The observed oxidation states of the actinoids were
discussed in comparison with those of the lanthanoids. The
predicted oxidation states of the elements between Z = 10h-172
were also discussed in connection with the extrapolated metal
radii, the electron binding energies and ionization energies
which had been duduced through the relativistic Hartree-Fock-
Slater calculations.
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FHHETRET O LS TETHS 5 o AWK EOEY, VATSHRESL R THERRS O
¢mb£§m$&ﬁwm%5afé%ALw%wm%mﬁEprrrﬁbaé%m&ﬁa_am
RERTHD o uFizzwmﬁkivﬁimimk+M@Eé%ﬁvTéMﬂtéﬂﬁﬁ%%k

HIENHLN, FOEIRTHINTWEINEBRT D

2. T 7/ FoiEbikEE

7 F A4 rmﬁﬁﬁ%ﬁaﬁbiv%iﬂmﬁﬂﬁﬁéi Ra (7=88 ) TH T 6,
6p LV Ts R INTHY, SiE 5 f RICEFHADL . RS
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Table 1. The electron configrations and oxidation
states of the actinoids

Atomic Element Electron configration Oxidation states
number (= Rn core) (e amdert i)
89 Ac 6alys? 3
G Th GAlyg? 34
91 Pa spRgelyg? 45
92 U 5f36qlys2 3456
95 Np _ seitealys? 34567
94 Pu 585742 34567
95 A 567782 356
96 Cm 5f‘76d1752 34
97 Bk 569752 34
98 cr 5¢10752 234
99 Es ' 5rllyg? 23
100 Fm 5rl2752 23
101 Md 5p13752 213
102 No spllng2 23
103 Lr s5rllgqlyg? 3
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transiticn elements

Table 2. The oxidation states of the
Ti v Cr Mn Fe Co Ni Cu Zn
{2)3h  |(2)3()5  [2300){(5)6 [(1)2(3)4(5)(&)7  ((1)a3(y) {A) {1)23(%) {1)zl3)y(n) i2(3) | 2
1
Zr Xb Mo Tc Ru Rh Pd Ag Cu
. (z3(3)k|(2h3(8)3 | (2)3(4)56 z [((z2izns5)a(7)s (=)ol (6} 2(3)4 1203) [ 2
Hf Ta W Re . Us Ir Pt Au He
- L(2) () (5! (2330055 (1023050 (<iz i (1) (2) () 6 8 (1)(ziaa 6 1 (132(3)s () 11 3{4) |12
104 105 106 107 108 1ing ; 110 111 112
y sl o6 567 he 8 s o6 |13 3z
156 157 158 159 | 160 161 142 161 160
. |
2 3 4 5 2 i} i 2 ! | AR

(The most stable states are underlined and the unusual sfates

are designated in carenthesis.)

Table 3. The oxidation states of the p elements
B C N 0 F Ne
3| =ba2(3)4 | -3{1)2(3)45 | -2 -1 0
Al sS4 P g c1 Ar
3 (-)(2)a | -3(1) 3(W)5 | -2 46 [-11(3){4)5(7) |0
Ga Ge As Se Br Xr
(1)(2)3 | (-w)(2)4| -3 3 5 | -2(2)46|-11(3) 5(7)|0
In Sn Sh Te I Xe
(1)(2)3 241 (=3) 3 5 |-2(2)46|-2(1)(3) 5 7 |0(2){5)}{6)(8)
T1 Pb Bi Po At Rn
i3 2 4l (-3)(1)3 5 24(6)| -1(1)(3) |0
113 114 115 116 117 118
1 2 1 3 2411123 o 4 &
167 168 169 170 171 172
3 4 5 §-1 3 70 W 6 8

(The most stable states are underlined and the unusual states

are designated in parentheses.)
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cxidation states of the sumeractiroid

elements {frcm Ref. 4}

Electron confjgratjonh) {+ 2=118 core)

Element Oxidation
Z 851/2 8p1/2 5g7/2 559/2 6f‘5/2 6f7/2 7d3/2 states
121 2 1 - - - - - 3
122 2 1 - - - - 1 4
123 2 1 - - 1 - 1 5
124 2 1 - - $ - - 6
125 2 1 1 - 3 - - 7
126 2 2 2 - 2 - - g
127 2 2 3 - 2 - - -
128 2 2 4 - 2 - - -
129 2 2 5 - 2 - - -
130 2 2 6 - 2 - - -
132 2 2 8 - 2 - - 6
134 2 2 8 - 4 - - -
1136 2 2 8 2 4 - - -
138 2 2 &8 i 3 - 1 -
140 2 2 g 6 3 - 1 -
141 2 2 8 7 2 - 2 -
142 2 2 3 8 2 - 2 -
144 2 2 8 10 1 - 3 34
145 - 2 2 8 10 3 - 2 25
146 2 2 8 10 it - 2 2 4
149 2 2 g 10 6 - 3 3
150 2 2 8 10 6 - 4 L
152 2 z 8 10 6 3 3 36
154 2 2 8 10 6 3 - "
153 2 2 8 10 5 8 1 1
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. I
3 a 5 3 7 : El 3 13
Na My al S P 5 Cl At
oz | as? g% 71942 i3 a4l s e | 7| B
. K Ca Sc T W Cu n Ga Ge Ls Se 3r Kr
i9 20 2l 22 23 - 29 30 3 3z 33 34 35 36
¥ Rb Sr Y Z Nb - ag Cd n &n, : Su Te 1 xe
37 b 38 | 39 [l,u;z"552 40 | 41 - a7 48 | 43 | 50 ‘ 51 52 53 54
cs | 8a | Lo Ce } Beoo o vb ) Lu [ mr | Ta - me | Mg | TI L Fs B | Ao D | ke
\ o
55 Se 57 58 39 - 70 7 7z 73 - 79 a0 g1 . 82 - 83 B4 85 B6
Er Ra Ac . Th Pa - No Lr |
87 88 82 90 gl - G2 103 104 | 1G5 - 1 iz 3 (N TS rea 7 [y}
118 120 131 122 123 - \40;‘ td1 142 (43 - 154 155 156 157 — 163 64
(g,f,d,u:l‘ss‘iz uE— 10
165 166 167 168 169 170 171 i72
Fig. 1 An extended periodic table
i (The valence electrons are indicated.)
E
? 2 J 3 4 4 1 42 4 3 4 4 g 45 4 6
‘ d d d dz,.d d d d d<,.d
o 32 32 3, 93,95, Y3599 93095, 9305 J3n9% 32"
g T I I T T I [ I |
- |O-— —
«
8t ]
[ h]
S 61 ]
. 2
w
41 —
2 Il ] 1 o | ] | I 1 J
6. Period = Hf Ta W Re Os Ir Pt Au Hg
7. Period 104 105 106 o7 108 109 110 [N [
8. Period 156 157 158 : 159 160 1] 162 163 164
Fig. 2 The first ionization energies of the transition
hy elements from 6tH to Sth-period
QO calculated ® experimental
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d2 d3 d4 d5 d6 d? (18 d9 diO P\ PE P3 P4 P5 p6
T T T T T T T T T T T T 1 T T
221
20%
L8
o
st
|4+
{2 1 L 1 L 1 1 1 1 1 { L 1 1 L i
6. Period Hf Ta W Re Qs Ir Pt Au Hg TI P Bi Po At Rn
7. Period 04 105 (06 IO?_IOB 09 (10 1t L2 143 114 115 116 117 il8
8. Period 156 57 158 159 (|80 16! 162 |63 (64
9. Period 167 168 69 170 171 |72
Fig. 3 The metal radii of the transition
and p elements from 61 to 9th period
O extraporation ® experimental
II 2 2 | 2 2 2 3 2 4
. Pia Ple PleP% Plop PYaP% PlHP%
T T T T T T
9
6
10— 6
7
ﬁs—
=
2
i
6
4 1 ! i i ! !
6. Period T! Pb Bi Po At Rn
7. Period 113 114 P15 e N 118
9. Period 157 168 169 170 171 172
Fig. 4 The first ionization energies of the p

to-9th period
® experimental

elements from 6T
O calculated
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Mutual Separation of Aqueous Heavy Ions by
Paper Electrophoresis

Nagao IKEDA, Kan KIMURA* and Goro ICHTKAWAX**
(Faculty of Science, Tokyo University of Education,
Otsuka, Bunkyo-ku, Tokyo)

Rapid mutual separations of three heavy ion groups (Th—
Pa-U; U-Np-Pu; Am—Cmg were achieved by means of paper
electrophoresis. The paper used was 2.5 cm x 25 cm Cellogel
strip, the buffer solution 0.5-0.8 M a-hydroxy iso-butylic
acid solution with pH 2.0-3.0, and the applied voltage 2000 V,
It took only 25-30 min for complete separation of the elements
of each group.

L = &

EFov e KdHdL9K, 3MOFvE/ A VBEIZCRTI2F /14 V14 vOBESEE»
AOREERES, BRI, M4 VvABRBIBCLHESET, EFECHEYOTH LN, BENIH,B
RERELD, TRERN LT, EErRESKIEC LNE, ERET v 4 /1 K1 A voiEES
BErTE D 1)0 COBETIH, TOHEEILLTIFIA FAA YEEOHESEIBRLEAER
oW THh~S,

EHLALRE MY YA b+ U YALEBZELERT, ChERD3IOD I - FEHITFT,
FETHE B Ui, '

(1) Th-Pa-U

(2) U-Np-Pu

8 Am-Cm
giora—71, RRCHEEL, £29Tho (0, 7) RIEOERERTHOITER T H 5, H2
DIA—TE, PBUD (n,7) RIENERBONIEERTH S, B30 74 - 74, MAmd(n,7)
RIGL L VBN EEOHAGLETH D,

2 = L4
21 XEHEBE
EBOBEE Y Fig. 1 KTT, 4 0THMAEICIZ25x25cmD+r ¥ AL EHV, 20%BEERTa

* BE HFUFEREAETEHE
¥k HE BEESEIEILS PR
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@77&bUWAH7U%UVDTW:—wﬁﬁu;6EéT,mhﬂmmmELMMn%;U

Moz oW, FBI A7 r~w b AF . FIC LD REIE SRR L, FEECOWT, FEH,

BB =2 A ¥R YEHFELT, BROAEERB I Ko/,

3. KBRHE OB
3.1  PkENEEK © pH

a—bFe¥of JEBEORBEY 005ME L, WEEH V7 ATA4 v3ELX Q10 HETL, EF
10V, cm@ &b CpHOEEE Lo,

FRO—FlE LT Th-Pa-UDHBEE, Fig. 210 T, ReoBWbeia ks, U, Thid pH O
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Fig. 1 Apparatus for paper electrophoresis.
1: Platinum electrode. R2: Electrolyte.
3: Filterpaper. L: Cellogel.
5: Glass plate (cooled with ethylene glycol).
6: Frame of PVC.
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Fig. 2 Relation of migration distance to pH
0: U X: Th A : Pa
a-hydroxy-iso-butylic acid: 0.05 M
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Fig. 3 Relation of migration distance to voltage
0: U X: Th
| a-hycroxy-iso-butylic acid: 0.8 M
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Fig. % Mutual separation of U, Th, and Pa.
(1): U a-hydroxy-iso-butylic acid: 0.6 M
{2;: Th pH: 2.0
3): Pa time: 25 min
voltage: 2000 V
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Fig. 5 Mutual separation of Pu, Np and U,
(1): Pu a-hydroxy-iso-butylic acid: 0.8 M
2): U pH 1 2.0
! 3}: Np time: 30 min
! voltage: 2000 V
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Fig. & Mutual segﬁration of Am and Cm.
(1): Am {2*1am)
(2): Cm (2‘!*2Cm)
a-hydroxy-iso-butylic acid: 0.8 M
pH: 2.5 . '
time: 30 min
veltage: 2000 V
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2.4 WA AN L BB ERIO B

HEETHHER & R & —
{ TRIER B BR R g At )

Separation Chemistry of Various Elements Produced
by Heavy-ion Irradiation

Hirckazu UMEZAWA
(Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki)

The necessity for systematic separation is discussed
and a feasible ion-exchange scheme is designed to separate
various elements. Special techniques for prepation of
highly pure water and some chemical reagents are also presented.
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Fig. 1 Group separation of variocus elements by anion—-exchange
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Radioisotope Production by Heavy Ilons

Yasukazu YOSHIZAWA
{(Feculty of Science, Hiroshima University,
Hiroshima) :

Recently many kinds of radioisotopes have been produced
by heavy ions. Reaction cross sections and fission cross
sections are important to estimate isotope production.
Significant experiments are made on transuranium production
and light alpha emitters. Recoil technique and on-line
isotope separator are interesting technique for heavy ion
isotope production. In this paper these problems except
transuranium are reviewed.
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HBH, Tk, FBHLLORI DRI FAALBENSHBES I8, HHLVRI Eid, Fvea i hil
REE» LR ANEHFEGOECBEBEONEILH I LT A %,

BEE, LR RNEEBOTEE, "BENEIrLELERD S ) AFROERLYSE
NDERTHLY. TOHREMESETLE, KO LSk 5, | '

NHETHEEIEOEEOBE. HEAMSHA TWAEBORIZ 150040, BEOFAEL S 2EH
25 F O 4000 5 5 5000 LfEEE NS, BEbh b AHE- TV IETOHEE R, REEM
FurEFohTwi, TFEE» LB ANABEOEEXMA - L2, HEH0MEEL HEFE L THAK
B, BEEEOBRZHI I LBEEHI I L TH S,

2) BEOBE. BEEE AR ANLLEIATE, B4 -HRTEBELTGIND E—5°
BTHRETH . THTFOLVEBROBEVCETH FHEVIBRBIZNIEE 5, BTl » Tk 2BF
B4 B 5, BTESSOMGEL LORET oL VTR a AR S, £/, ERATHAHE
ErE{Bllahskichd, PHEFOL VI TCHERaBHF LB TRHTHY, FHEFOEO
flCiE BEPETFRHAS B3, 83023 FHTOLCRAITIBBEOBIETEEF EAE S
NHZLETHD,

3) Bk, BMREOWE, L HTLEESSHEN SV, REOEBERE, Haoziopt
Fhb eI LT VD, BEOBRRETH520b T 10 2BECKOMALMML VI LiZks,
BOOBOA 2 LABVESIRRINS I LEBPHFLEZV., BEORERE LTHFALADI I L
i, W< oo double magic RO EREEF MBI LA TE, FoLVWEHBEOEKIEREN
LUREH A B D, '

AV FEHHBLTEORE. TEEROMEL LTHPHTOLERIIE ARELEL LN TV 5,
Wb B rRETREEZL VR AN PRFOSCEE~TRTIEET 5. £0#, PHTO
EVEEE,» SR B NAAEORERLROBBIC L TEELAT -2 LD, ¥, “EE» LR
ANEEOREL, EORELEORBICIEEHELTY S, |

PEORZZ LR, HoLvEERATSC L TOREZASWIYEFNEEKTH D, SEFS
LOBHEORRB L LAICHRENG KEL(E-TEEDPND,

—ROWIER, RETEOER LA, L5 LIEBOREOBRICEETE S LS 2k
ThHI, koL, BEALNTVWARIL TR, I ZCHETESZEDEAEY, T4b
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3.2 A AL ARoHEETHE

it kFT¥E  HFES A & A H ,
% = M, 7w B X T
(fiEshREFHFE)

An Evaluation for the (HI,xn) Reaction Cross Section

Kyuya KOTAJIMA, Yasusi TAKEDA,
Tsutomu SHINOZUXA and Eiko TAKEKOSHI*
(Faculty of Engineering, Tohoku University,
Aramaki, Sendai)

An expedient computer program based on the statistical
model considerations has been coded and examined for
evaluating the (HI,xn) reaction cross section.

1. FF

& A U IES ARSI bR A2 - B, B4 vE—a el THEF, 7%,
TR AEERY, HRAARI OMEEGFET IEHC, £ “51%@@&&@@;5@&&@
HiE TR BN R EMRICE S B, ERGAEN L LTEELRTH Do
ﬁk&%@ﬁ&@%@tb@i{fy&mﬁ@ﬁg,mewgmo“Tmﬁ@K*bégﬁ
HE e LT, MRS B THE A - T 20 EEOEIEL T, BERORKE S 3
BHEOMELL S B EAEBOTHA->TVEA, SEARKIRIWIFRFO=FAF—%
B L BEESAIC LTHESEEFL, B, BTLalToSER2VTHERBONR L Lo

2 FEFE
mCEAEREEERS, EAMURNER &, KT ERE L THEBT 3HAG. 0 K TR
baAnB, | |
o (HI, xn) =a (HL) « G.(xn) | L
AR T, AT o= s ¥—, AL EE s, BEEOAE v ELE L, HAKRRK
BozrA¥—, ACVEE,J TDL
esLesi (2J,41)

o (B, J) =t ¥ % 7,(B) @
s=1-s £=3.-s (2s+1)(2I+1) :

LB, —H, BE=AAF—E, AE I ORESOPIEFFILOEGE

« AAR T DIREAT, FHERMERE T

* Japan Atomic Energy Research Institute, Tokai-mura, Naka-
gun, Ibaraki.
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r( jchc)

R,(E., J.) = - (8)
Iy (E.T.)
v
rEban, BRFvICRTIHBEOEL, 3 .
. D(EC) JC) Ec“Eb —~
Pv(EC,Jc)::————————-I ZQ B, J) Y2 T, (E)dE, 4)
. 2n oJF Sy.&u

LB TITD Qidka, HEBKBORUEREUAKEOENEET, T,,(E )@d=FrtF—
B FEBE LN Tyt T2 EEF-THY, XE FHENTOREG=F A+ -ThHbd, &
2, AYv] ORE,rL=FAF—E ORUEFERNTIHCL - TAE VI DRE~HET S

HEit,

I (3., Jg)
G(J_, dp) = —
Y ro(J., Jg)

g

FEban, EREMOEBOBIGRREEHK TS L

(2J.+1}
(2Jp+1)(2s+1)

I(Je, Jp) = Q(Ep, Jg) é‘%‘qk(Ek) (6)
FhD, o Tzdrd¥F—E, AV OEAE&KRE -2 AF -E OPETE—ERELT,
=AAF =By, A VI ORBARET 2EHGIE@ LB LY
G (n) =R (E_, I .} =G(J, Jg} (7

LB, .
M ANBHT E LTI, i FoME T, aliTEE A, FHETO=F o F - B A S
b AREEON, EEOHECEL TR, FAExEEHECASEIL, dEFO x4 F - ZIUAD
T EAF G REIFTHESEET L, 2EBCPHET AR 52 —# 0 (HI, xn) lEE 2T
i, BB BTEPREFORSI AR THESE L ETMRAEHEL, 2EPETHEOH
LE Kb, MEM~NTE-GEC, MBI ERBCBISENEERVEAFRE L RO 2HITIRE
T2, |

EFECREROER ABEOBEN A THEEAS T,

1)¥~ﬁ%7;wiﬁzﬁﬂm 5

2) Difused Well #7 vo v AFEBH B8 F7 =2 3 #AER

3)&7uvfﬁﬂm

4) MBEEEERL
ChHe DRI kA EMEE A Fig. IGTT . MR on s, FoBRI v TSR =R ¥
R LTHEENNGEVELTHEY, SENKAOBMCE, BAEOAZZ L0 6, O
B = L — i KT S REEEOELOER S SNEEOFREETH S ) LEA, LK
Bioidl) of—KF7 =0 7 AEERE L )
BERTFCHTIEBEEOHERR, ROBR2ZOONLEE AR T O =+ 4+ - OFFHEIC &
s TECGT 20
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1) B2 0 95B, (B, 1 #£7 vy nEEOHS ) o0 T iiparn
2) E<:095BP;CN\T.1“KBﬁfw
—AhE T LT, #Fimﬁfﬁ+7//v»%%oﬁﬁkﬁ¢9§ﬁgﬁgﬁpto

3. FTEMSRRUERAELOHE

RO LTRD SN BHBEHRN YO BRERBELBE T, BLA<SATORVRIEHE
HEO TR EOBEOFEESEI 0 ERLLHIC®Te (0, xn) RIGIK D>V THE T2 -7,
L, Aft=FAF - 50MeVETOMeVIC D W TOESHEREERE #Fig 2i0Rde B R
BHEAHREOFHOA L /X191 £ 20 T TH -

Fig3io, NN AR FRPETFOAEE L -BOKR AR &HICFTo (20, 40) KIE
KOO THREEAZC, (%0 6n) RGOV TR T — A RSV THE TH 50 TRIZE(¥C;
3n, 50, Tn) MIGK DV TORTI Lz, HEHEERETI LRHT2FHTORPKRE(AZLE
I$w¥m«©%4uvfﬁké<a5km5@ﬁﬁmaba<ﬁﬁénfﬁo,%mgﬁ@ﬁm
MOMNBRLKE EDIAF (2 (50)>¢ (Tn}>06 (3n} ) KOV THEENRCFRANA TV 3,
F@Aiﬂﬁénéﬁ?&bf¢@?®@k%?.aﬁ?%%ik%éﬁﬁﬁf%éo:@%éﬁ
W, PEFOBRRICHE S TEMEETIRICHD LT, ZoEsBmEoRbERG, StET
Z3n Ll ETHRE TS, ERETE S T TIEML, FAULETHRPPEI » T3,

4 B &

GE, DHRHINIPETO=FAF - BEL CERS ML LTHES TR, 25T La
RT3 0KEERTS, LW AL oW TEEAMCELEET R -, D oVWTRERD
Hmz»LVBCBERETIENTERL, A1, AEFO=R2AF - BB LEALHEILE, —D
DE=FALF - L TR—BEONCLARE LAVELERELLRNICTFHEIAD D, BHEE
TtsFc iy, IVEFBRECIVEHABOEABRINIDI TH D, 2) o0 Tik, EHAIC
AR =R A F—PRELARD ERHIANIAERNTOEBO =2 F -Hk&< Y, 7 —r v
REBEMG B2 /5 { 5o CTHIBRM TODBENFETOFERICEL LD LEERAOND, o Txndx
PEINT B TEMERBBAT 2 L0 IEANEL BN S, BE, ERMHES x> 5 TRED
DEMERE T2,

References
1) HHEBARK, MEET : JAERI-1221, pli4 (1972)
2) Lang D. W.: Nucl. Phys. 42, 353 (1963)
3) Beard D. B. and McLellan A.: Phys. Rev. 131, 2664 (1963)

4) Hill D. L. and Wheeler J. A.: Phys. Rev. 89, 1102 (1953)

5) Oganecian I. T. et al. Conf. Dubna, p405 (1971},
Proceedings of the 1nternat10na1 conference on heavy ion
~ phvsics.

—352-




LA

JAERI-M 5567

- mb = e =29
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3.3 EAALVIZEEFHLWRIZDHK

B AER % N B.K & F
moE R R A F
(HmERMAHERSZ — 1)

2z W

On the Production of New Radio-Isotopes
by Heavy - Ion Bombardment

Akira HASHIZUME, Yoshihiko TENDOW,
Takeo KATOU and Hidekazu KUMAGAT
(The Institute of Physical and Chemical Research,
Wako-shi, Saitama)

The possibility of the production of new neutron deficient
radicisotopes by the heavy ion ractions is briefly discussed.
After the short comment on the new isotopes confirmed by our
laboratory, technics to measure the half-life in millisecond
region by a mechanical beam chopper are explained. An
existence of new isomer in At with T1/2 = 9.7 ms produced
by the 197Au(12C 5n) 2OhAt reaction is tentatively proposed.

HF LRI HAVI isomer® A 2370003 A RBCHLTIEERRFELBFH 5 iz it
FHHEKRELRADHEEES ATIZ AL A - 205 BT RIAKE IE5 7 6 ic —Hic FI A
ENTVEHERp, d $23VERAFNTAELOBE TN L THEIEZZhoRLICL34D, &
14 vRIBIC LB %D, spaliation KEXBHFERENSHS . EOHEMNEA TS 5EHE - TH
DU Lo TRA) BB RTA LRI TEALA, B4 vEEEFAT RERP L
LZRTOREUECECRTERT, LrohETHAREREL Y 10 EV 2RI 2(F50K
BLEEORCHETHS S COBRALEKEL )V BEAL AT S5 RIS TiREIICENE S
FLobLwS ek Ttrisd, RROQECHEAL TERAXE LV AvEECEHM T &R,
RFHOW, BTRIA EOG0 bEESHLNTY Do £/ £ RO QEN K& VO THRZEMD
HEMSCHE= A1 ¥F - THARDIENTE S,

Lo LEBERE A YEERC S - T 7288, FbAEhd=F ¥ - L AEHEN KTV L
T, ﬂﬂ%uxorﬁéﬁ EhHARCEEBR L THEARLOF v 2 ARRIUS Y, T0
%%ﬁ?éRl%%Ethéwmﬁﬁ?%é FAEHTh A FO#EY5 vEELHITEHE L.

&, HABEEHT 5 RIEMA T transfer RILHHES » THBEET #1°0+4 0 -20, ®Ne+4n—
¥Ne H D50V B0-2p+2 080, ﬂVe—2p+4niﬂ)®i9L_mdmpifﬁiemmmgeﬁrﬂb
DI ETOBVE LRI AR A M@ 55 D)

EaBEEATHRLCEALT, XV PRETOVAVCEFZEFI v BREINKE?S
BT ehEfroRBInsEEGolTr, T, HETH I, BT R LU PETF D effective /2f
FxF¥ - %%n%ns k;UB ErhiE ki oElg s

o [ 2]
— gXp _— =
Iy T T
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cEbaNS S (THPHEREORETHS « AN100 LU EOETFRTRBED, /T,=1 ThD
SEAHENTEY, R FEAESCILVETEEES BT R IE L i o TER B
Az PR D, LA LEROEBEEBRREEATLI50BHUEOHF LRI AH LI X 5RIE
CIELNAABEN L H D BTORE=AAF -0 L ASBRECLRELFT - LFETHRO YD
ROFCHY, TIETHEFORRC LS TETI IO yield BIEF T & oo TARATBECH
Vie '

BEHOKECH TR IASOMICKNA TESARGIR IO TERRIDZBLIFAOER
NRGAESD LR TES o '

ZOERO O LEFELT LRI VIR R VY, FRANLFERS«BHET, JEP
SLREEFEFCHBELTES s BEOGHERMTHAMETSRIEMHI DI LETED . Ln
LU LA N SR BRABMCH- TEARRS 2V ESMFBETH D B METEZC, B
K ZEORREA SIFAR, FRELQITREOAMIREZ LY, HEXBo= ¥ - THHNEE
FTHIEHRTED

EXOEICINEERSFBRE-RASBEXHCON S 2RENES L on line THRELT
WAHEREBG S+ EORFRS H - T OB msec 2 5 T msec BN E DL S TH D —MFIZE
WA 1FLUF D RE Tid off —line DFIE L D 4 in beam TORPUELR LT NEEDDI L ITH T
B, bbb EE  E msec Z VB msec DBHOBEE» O r B2AIET S -0 BEY
ME —8Fa v - 5FULSBIEFLEZOTUMRBHLAZFLORL Y, ™In BLTF™Ag AL
SVTHBEICE S, F 2 v -2 AOAFREOEEORERERET 5.

2 ZEOHFLVWRIKEDWT

) B YORIKODWTEEBRONIVHIZA=82FTh /o OV iIFPAs (2C, 6n) K
BCTELGND ZLATFRTEAOTYY DRETFEEFZEERA L LMAFELTRD 2 EZ 5166
MeVOEABOSNA . RIDOBERKEGF N LD 20MeV BEAXEAAMIC (D85, B
A 7o by Tt RETAIEDNTEL=AAFY - THdo 70L D 90MeV=A A F - &5
SO™ L F v TI0GHMKR S BT LB Lk, SNRRTARLI230HLT vy
EMATAy b Y o — Al ES, TREMNELZ. BHETEIVEESR LRI ETOR
B TADBETHD o 1 v b V7 A0 D 7412 428 3B LT 469keVO 7 25
o oh, PHEEK, AEAERY (F5C9Kr O7 8 )2 EH0NY ATETVDS LK EN
7o B 505TH D,

(iD Ag : BodBETREZC OV TR T TIZH. Bakhru & R.1. Morse 23 1967 42 Mo (" B,
xn ) RIGTPAg X D1 2Ag  TORI 2 MELTHD 20 YT Table 10 L 5104 5T
Whe DI BWALRBILTE AR, THROZ=FAF -, ST BLUT -7 ARAKA L
ROOTHELLARNSGA TS, BREEMV 101U TFORICSVWTIR ST BoRAIFEIC LY
ﬁﬁﬁ@iﬁ%b& LB INTHWRE L, bRbitid 92 % ICEBEIN-" Mok & -7 » FIZ LT
BWOWQ4n)ﬁﬁf@@&ﬁmbtoﬁ*ﬁ%@tbﬁ?%%dﬁ&bﬁ#otﬁWM@
4T 2T 0T BB LM AN 665.8 BEU T5.4keV O 7 BN X h o ¥R 19
0.3min T o7e o) = OEMIIE Bakhru EOERERB-TH Y, BEEFELO THEEL S
BHTEBRRHE LATNIER 52 CHIETHS - |
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{ifd Wln HOBE LB LTISECEBHANAEYRuE L -4~ » riz LT 80MeV D C*F
CHEBE L7 E X®Ru (U0, 4n ) Sy > MIn THIn AER TS ZHhiz®Ru (C,p3n)
WIn ORI L - THHREIN, “In OFFEHAK 251-6min B LU 45202min DR
b0 FLoRTAVT —ThHIPEUHLTV AV Bl LT Go=5 4 -2
658 %5 L 75 835keV T, M =F L& i Fpd(a, 2n )Cd TE S ™Cd D 658 (27)

B L1493 (4T \OPREEMOBB =L ¥ - L —&T 3,

3§99 A v VEHECFEPOHE

FEA LB TICRD bﬁélf.@«\“f; LowwlE, 14+ vEBESD REEETNEZOIEH
WOLFEFEEITS OMNBBIZLSTLE FHLVRIBRCFEARSD LS4 03 ETEHBC
HEHMK, bhvbhid¥ M 7e s v el hiy —asBBRALF 2 v AL VEELT, ¥
—ATE —F oy P RBHIANTOARCEEr BOBPTHEG LRI 2T EHRILL. TOH
4% Fig. 1 CFRFoHM7rreveNEEN, RFTEBATHED 2 ~ARLKLE - A
OX 2RBENAY » P ERBBL, TOEBICELALTF 2 v A -THIGEANE . Fa v -KK
GEEPCRBMEREZEOTELNIDCE - FRBYS2TLNARADHE VAT A =7 AFK
IOMB. B LA AN -7 9 b 2B D% Ge (Li) BB THETZ D
ABEA Y —ABETIF =z v A -OFHTH T A BETCHZIOTRETIBHBF S Wi ML
B rALAE VT EFEGEATETHD . £ - AN EERT D L X0 EERE
phototransistor DRIC Lo THRHEL, BEL SO SA AT AL AR LEX - tal oscillator
¥ HIET B time base generator @ gate #F < o BIZ ZHIKK LV binary scaler 2@ &, £0OH
Fix 2k e CHERBINATVAFEESISORBEEHEZzRD S . BHEVPEELS SN LHED Sk
Mg & AfEC 72 - T binary scaler doverflowd D L, time base generator @ gate B L

FGe (Li) BB+ oPEEFNBCEIEEO gate 2L D, REOTATRE - L DEHE
NTWAHEEHEPCHITEERSEAS L IR E -2 —0AY - FEFRE Liadiud 2 57404, binary '

scaler HE —AMRBBLTALRE—FEOENLORCIEHLBEDADOTE - £ —OEKRLG 61T &
HEEMOL b X EHEER - THRIE LTV AREE@r BB s RETOLTH S o LIATE X- tal
oscillator & binary scaler @b D ICFERE EE- THBELZ R 2 ADCODC AHITART
WA, RO cal ibration B ARE# 2O THRED HEIHD T

PRl fic k), BRETE LTRECC 14 vEE-T 1 VBBEOERLIZH T
4V BRI oI TH—FlE LTAu 290MeVOCT A4 v THBLABO T &AL
A% Fig. 2 WKt o CcOBOAL7 FAE 256 (2hA¥ -81) x 16 (FEE)icLo,
B A Y — ik 5ms./channel TH Do M HB S5 Lk 9 366 3 L5 380keVD 7 BRI
BLTWAZ Edbnd, Fig. 3320250 rBO¥HBPOMELTRLASOTLTms OfEN
Bofmo Au (2C, xn ) RIS ORHEMHEIC 2T 1967 £ K T.D. Thomas 3 £ F G. Gordon
SOBE 2B, ErTOERNTHSAL ORI LT 1970410 J .M. Dairiki' O#&
BHBo PAL IOV THBNREL TV 2 EX & Fig. 4 WnLks, Fig. 2 THRLLAY
P LR RO R T i 58TkeV 2BV T LS ERO SO E —~FK LTS o Fig. 5@ C*7

_®K%1$w¥—%%&éﬁ@ﬁ@ﬁ&%Ntéﬂf%éoLﬁfﬁ&%&tsﬁwrﬁ@wf&

% B7TMeViIH CHIBGHMENB AEZFE-TED (2C, 5n ) KGOKRLE Crr BRI THD LHE
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AND, XEMALTms TRAVT D 366 BLIF380 keV D rGICEAT 5 HIE KL Fig. 5 O &
A, RAMREEF-HRLTOINMEBOT LY BB 6nThD (2C, 50 ) &
(PC, 6n) REETRE —7{HM 8MeV EBETh AT hiTA LAV I EnbR@EN (2C, 51) K
Tk THE LA DEERAD I ENTEDITHS 5. L LIEEBA AL O,hEZED 23T
BHE L TRV, £V 2B 50—/ NI AHSFEMNILTr 27 r A 2 REE
CHEHNTHI, LR2AOTREAD I LV TER L O ThavbiiE (¥C, xp, yn) F
DRI LB DTREVEELT D faT, 25007 HiZMAt OFEREMCRRTIE O
T 746keV O F MBI 0. Tms OF L1 Isomeric state BEET I EBbN 3,
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Table 1. Neutron deficient isotopes of Ag reported
by H. Bakhru and R. I. Morse%

Tsotope ) Half-1life
lqug' b £ 1 min
102m, . : 17 % 1
lOlAg 10 & 1
100,44 ‘8t 1

99Ag : 3% 0.5
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Fig. 1 Schematic diagram to study the half-life in millisecond
region with mechanical beam chopper.
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Fig. 2 The delayed.T—ray spectra between 5 ms to 83 ms after
the bombardment of Au by 12¢ jons are shown.
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Fig. 5 The excitation fupctions of the
1974u(12¢, s5n) 20%At reaction.
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Fig. 3 Examples of decay curves of Fig. 4 Decay scheme of 20&A
de-exeiting 366 and 380 keV proposed by Dairiki7$.
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3.4 HEAFERRIOFHE

AEARTAOSHER B H HEELH
(KRR FR RpA )

The Preparation of Radiocisotopes by Heavy Ion Bombardment
and the Use

Kichizo TANAKA
(Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki)

The author proposes the technical problems cencerning
with the preparation of radioisotopes for nuclear medicine in
heavy ion bombardment and a possible method of characteristic
use.

RIFHOBEA»LEAA VRILE LD ST - AEANAEHAREETO LI ARF ATV
Vo COEBRELTHEALGNZIER, ZOLIAMENT N THROBEL LTHINTVED
, BV, ARV T MO p0EENSEDIDTEAVLLVI ZLTHS, .

CITR2ONEBCRELTEZALOMBESERE LTV 20 —2@ RIFAOEH 55 v
TABBNESCAIME TN LVIMBETHY, $ 5 —DRES 4 YRIEER I F B84
DIVORMNHEBRBELRFITHELEVIZLTH S,

VAR bavEED THERREALEE LAY IIC @ Rk F il ko5 2 FIES BB
Do, RFFEOHBAC L) —BREaIn T, LArLIIHFERLCRIFIMOESES
MBI AMAERE, MEBKERMOLSIC LD HEHTEMES OB L+ OEERNE
BBENTERLLEVIBENRS S,

RIBBARS L LTOBRAT» 525 L, MEBFETELEXTEbH TENTO S SR
EVARMEBCEBEAMECOL I LB LR EHOHPB AV I LT, SRELBTZ IS LT
VY TARBEROVEBELEATIV,

HESYBEUN L ZOFAPEL SN TS MESOFHE LT, Sears & Montgomery 20 #
fe S THETS L, BAEMFIMAGI Table 10X THB., Z0A» CRITENTFASENES
DENLBEGPHHAESCPRTFRAECSI0RBRTHELN, ChEPATRIMEL —DODE
ERBETHE I EHRRINTY 2, _

O§KW<OwORIﬁﬁﬁﬁﬁtﬁﬁéﬁﬁkﬁEﬁ%Tmmzmiaamﬁbratbg%
FoOEHWE (n, 7)) RICE, BFF71 722708483 (7, n) REENFLEATL V. ¥1 7
e Y TRBFEMETAHREL, 20MVA v FAMEBRHEA A VA METAEDLELS .
ORGP OHETINE) ZF v FARBEAF VIIEBERESDOXREABEOIBI I LMD B,
LO—DOREFGESEHGERITHI L THS . _HEHRIENEEOBENEHH TEH O L
ThY, EOFMIERFEMELC LH5ER (Part 3, 31BR ) LRINTVS L5, Baems
NTVDITXRTOZEERYBTEZ L) CRAEL, 2 BREBOFROBEEL L 2oWRE LT
BLETHY, ARSI —KEYM 7t vy YA TEAGR IBERENECLVS LT
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Do COZLEFRIFALBVTEAKRIFAEOS SHTCEOBEV B aIND Z L &R
LTWV5 :

Fig. 1 BX M. Blan 0 EERC I AFDEZKCBVTRFRL (HI - Xo \HEHEI30T
HAA VRIEC L2 R IERRFUETFRBEEOVERCEMNTLHD LV IBEIH D,

TOEELE - AOREFME»SEAT, JITERTARIABEREDECBREFHMRSS
DR ChESEMOMAMEZS > r v - -FRLLAEEGHFE~OFRAVHRHRFIHELE TS
BEEAT LV, :

toksRFAEMCECTE, FIARS HHA0R 1 VF) LB TN TIVHEANSL,
EHEG FBRUT L Vo 2B nd ORERIATE Y, EAEREEOBREO Ry HeEMD
M3 AF OB EEM OB 0 BB EP BN THE IO TEC r R vERT S REREREOE
mEMNESWLESI, FORMABEMEEA A VBB L2 RIANOBBEALI(FGLTV S,

Table 3t BEBEFCAHMA AL TVBRI EFRFAMINLIAET v o7 2 DOEVR I OEEH
#FTR Lo

TRALOBEOENEELLTEAONS I LR, 1) BHEAARNSEBCEHDbLT, OK
ETRERET Lo i AgEo L WEMACHEMBFRCHE LT, 2) RFFPCII4EEN
FRAENRENICE L TR TH O IGEROF TR A v IEBROFIHLEEFTHIBA & 5,
3 REOBBEESHLOCAFIAED E» SMERENZIATVIRIKODVTEASFESA VI
EEOFHC L VBEINIBHLASHIBERETHS o SNLOKMD LI T P%Fe 0
FIRG L CEBEN, BEENLOHERBIE >V TRDHRMEMEROMENELA TV D,
L LoNETCOLIATRESA A YRGEFBLZRENAREGFAL T T TEV .

RIARICET 2 HdiaORis &Sk, Table 4 RRE N TV 5 Thick Target yield BT %R
EAKEHNIND . B 4+ VRIEOBEEKPE 4 vRTOF« ofifkdh CoR LRI 21
WmoOBER EAREEINTY 3,

] RRFe il 2V T ZOBAMRRZEBHOERRICEOLIZLT, "Ganflito2@ 50
TV PpEERETT EFig. 2025 Th-TEAA YREOH TS ®Co (¥0, X ) IO
UNREC ORIGEENTELL EVRIGHEREE-, TWDI I LERT LW TED # vT &0
EBIEAA VRIDEARBCPRd, AL AEVRTCOVTEHVEED & - AFIB o i
TE, 0L AMEBEROAET AL b RIBERMOEMERILT S LTE LD THEZRR
ThHdI LBV,

ST RIAAEFOA LCEENCEBRTS 20 FENRSD L LTEA A vRIBKHFA I £F
A REOEEEBRATBERZ V.. L REBESHBTHD LrEGHEAOHAOBEICITF X
BO, MN Ok ) AEERREOEESERANS R AN IEACE 5. THODOERAEME L
THILA TS RHERRFCEA & VIS EFIR LB EERET 5 £, &b TAKRK VR
S EBTA . FNREA A VEGOBERACES =+ F - TEHBFoFBEFORGERNT,
WHELS LS EVESROBALZNBBINDI I L THD . JODH » 1T b A BERPRERILE
BRIBIETHRICH TEBCEYOERICEDLIRFTFES LT N EMECL T LI
ko, BEAA4 vRIGEHBHOBERREM e EANT TEEVHEE LD -
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Functions of multi-purpose accelerator

\ ! - )
: Electron Linacs Cyclotrons Electrostatic ' - Meson Factories
¥ ~ 100 MeV 100 ~ 400 MeV 0 ~ 100 MeV
|
|
: 1
i 1} Inspection and 1) Isotope production 1) Radiation damage 1) Iscotope producticn )
. L]
‘ surveillance of ! with neutrons and
! .
L_ nuclear materials : charged particles
; —— L]
i o d
2) Polymerization of : 2) Radiation therapy | 2) Isctope productienlZ) Radiation therapy
plastics with protons and . with negative
i alpha particles pions
3) Neutron cross 3) Mu-activation
section measurement analysis for
: ' medical diagnosis
4) Neutron activation
i i analysis
A ! -
TABLE 2 Comparison of advantages and disadvantages of isotope production
in several machines
Accelerators o T f
Nuclear Reactor Electron Linac Cyclotrons Electrostatic ‘
. - {protons) (heavy ions)
QUANTITY large much smaller small i much smaller |
[ ’ .
SFECIFIC low very low high | high ™
: s I
ACTIVITY dgpend on irradiation dgpend on irradiation independent independent
: time time |
NUMBER OF . !
relatively small small racticall 1 | Practically all =
| RADIONUCLIDES smatt o e e calty 2 1 plus unknown
no special demands E relatively easier heat resispance locally relatively
TARGETS i than cycleotron vacuum resistance severe than cyeclo-
! good thermal conduc- tron
| tivity
i .
TARGET much larger | small small | small
INVENTORIES many kinds single ! single single
MULTI-PURPOSE | . 7 ) '
IRRADIATION proper I severe ‘ severe severe J
S - : - ‘ . |
NEEDS OF CHEMICAL| | . | . .
MANIPULATICN Tare usually not reguired required required
PROJECTT 5 ! . ‘ : . a little higher
ECTILE COST ! low ‘ high ‘ high than cyclotren
COST/mCi Low ! high high high
COST/CARRIER high j very high ‘ low | low

FREE RI
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An example of the present and the potential use of

radicisotopes in nuclear medicine (except therapy)

The Present Use Potential Use
NUCLIDES APPLICATIONS % (1966) NUCLIDES APPLICATIONS
51Cr Diagnosis({blcood volume} 3.1 11C
59Fe Diagnosis 0.3 l3N
75 . , . 18 .
Se Diagnosis (scanning) 0.2 F scanning (bone)
9ngc Diagnosis (scanning} 6.7 43K Diagnosis
125
1 _ _ ] 47Ca metabolism
131 Diagnosis, scanning 63,9 5o o ]
I Fe Diagnosis
197Hg Diagnosis(scanning) 2.6 67Cu
203Hg Diagnosis 5.2 67¢a Diagnosis
1 : .
ggAu Diagnosis 4.1 113mIn Diagnosis{scan)
Others -—- 13.9 123, Diagnosis
TABLE 4 Problems on the radioisotope production in the

use of heavy ion accelerator

THICK TARGET YIELD

Y=—

pfl
Mz

Stopping power of heavy ion in the target

(1-c —Rt)J

N E H o
It

§= Stopping power

=

£
9 dE

Etp ¥

Atomic weight
Atomic number of the incident

particle

Cross section

Beam intensity (rA)

(gl

Excitation function of heavy ion induced reaction

x CONSt

Thick target yield {(mCi/mA-h)
Number of atoms in the target

Natural isotopic abundance

Separation and preparation technics for the radioisotope use
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Fig.
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Energy or o000 ectile

1 Excitation functions to produce 67Ga
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