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(Read Nov, 17, 1934)

Now sguch interaction between the elementary particles can be des-
cribed by means of a field of force, just as the interaction between the
charged particles 1s described by the electromagnetic field.
considerations show that the interaction of heavy particles with this
field is much larger than that of light particles with it.

The above
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1947: Cecil Powell, Giuseppe Occhialini, Hugh Muirhead, and César
Lattes detect a new meson, labeled i, which decays into the known
meson, labeled y, using llford nuclear emulsion plates exposed in the
Pyrenees and in the Andes. The event was spotted by assistant Marietta

Kurz. > 19495 7;)1I55kf / —~ LV H

1948: Pions are detected in emulsions in experiments run by Eugene
Gardner and Lattes at the new Berkeley 184-inch synchrocyclotron
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1182 LETTERS TO THE EDITOR

This activity was induced appreciably only by fast
neutrons obtained by bombarding lithium with 3-Mev.
deuterons from our cyclotron, The experimental procedure
was as follows,

A few grams of uranium oxide, UsOy, carefully purified
and freed from its disintegration products were exposed to
fast neutrons for more than fifty hours. After the exposure,
a uranium fraction (U;Oy) was separated and purified from
all possible elements produced by fission as well as from its
own disintegration products. The most care was given to

radioactive family dn+1.
The sign of the 8-rays was shown

Phys. Rev. 57, 1182 (1940)

“Induced B-Activity of Uranium by Fast Neutrons”

238 (n,2n) B7U—B-+ 23793 (2108 FafiiE)

B, XIITETARNILYIUN
NBETHROEREZWMEL. RICNpLan £
McMillan and Abelson, Phys. Rev. 57, 1185 (1940)

2381 (n,y) 239U—s 239Np—>

Tnduced §-Activity of Uranlum by Fast Neutrons

In the course of experiments on the fission of uranium
by fast neutrons,! besides fission products the uranium
fraction showed a B-activity with a period 6.5 days.

decay curve it Is clear that Its perioa mMmust pe very Jong,
if it exists, To search for such an element, the irradiated
uranium oxide, which was freed from fission products as
well as its own disintegration products as above mentioned,
was left for about 7 days, and was then dissolved in nitric
acid. The solution, after an addition of perrhenic acid, was
treated with ammonium sulphide and then acidified with
sulphuric acid. The precipitated rhenlum sulphide, after
the removal of contaminated sulphur by carbon bisul phide,
was examined for 8- and a-activitics. Neither of them could
be found within the error of our experiments. We may thus
conclude, as in the case of 23-minute uranium,? that the
6.5-day uranium decays also into a very long-lived 93

1 t. The detailed ts of the experiments will be
given elscwhere.

The above inveatigations were carried out as a part of
the work of the Atomic Nucleus Sub-Committee of the
Japan Society for the Promotion of Scientific Research,
We acknowledge the assistances given by our laboratory
colleagues in connection with the irradiation of samples
and by Messrs. N. Saito and N. Matuura regarding the
chemical separations.

Y. NrsHiNA
T. YAsAR(
H. Ezor
Nuclear Reseacch Laboratos E
Inatitute of Physical and Chemical Resenrch,
K. Kixuga
M. TRawA

Chemlcal Institute,
Fa:u.lty of Belence,
rial Unlversity of Tokyo,
‘okyo, g‘lﬁﬂ
ay 3, 1

1Y, Nishing, T. Yasaki, H. Ezoe, K Klm\ira and M. Tkaws, Nature
144, 347 umi Nature, in presy (194
TV, N T, Vaakt, K. Kimuca Dod M. Tkaws, Nature 142, 874

'3
'E‘)Sw! Phn Rev, 65, 1104 (1939).

to be negative and
a radioactive

decay curve it is clear that its period must be/very long,
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Sea-linked Mutations of Drosophila melanogastér, ete.
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Sex-linked Mutatz'ons of Drosophila melanogaster
Induced by Neutron Radiations
from a Cyclotron.

By Yoshio NigHINA and Daigoro MORIWAKI.

(Received August 31, 1939.)

INTRODUCTION.

Only a few experiments with neutrons in the
have been reported. The first was that of Whitin|
dominant lethals in Habrobracon with the aid of th
University of California. Next, Nagai and Loc
producing mutations in Drosophila melanogasier
from beryllium (485 g) irradiated by r-rays of
obtained a mutation rate of 1 in 98, or 44 lethals in
On the other hand, Timoféeff-Ressovsky and his
been studying the same problem with neutrons prog
ing a lithium target with fast deuterons, and ha
following conclusions:

1. Through neutron irradiation, increase in {
quency is obtained, which is statistically well esta

2. The induced mutation frequency increases p
doses.

419

‘We shall next deal with the dependence .of the mutation fre-
_quencxes on the stages of growth of the treated males. Generally
speaking, the mutation rates in cases NI and NIV, both of which
are in the same conditions regarding the stage of growth (adults),
exceed that either of NII (pupae) or of NIII (larvae), although the
dose is not the same for each case. From these results, it may

Sex-linked Mutations of Drosophlla melanogaster
Induced by Neutron Radiations

from a Cyclot;fon

By Yoshio NISHINA and Dalgoro MORIWAKI.

8. Action of neutron radiations per unit doses (per pair of ions

inside tissues) for produ‘cing mutations is weaker than that of X- or

y-rays.

Snell® studied the appearance of sterility and of heredity changes

(1) P.W. Wm’rmc Science, 84 (1936), 68.
(2) M. A. NacAr and G. L. LocHER: Nature, 140 (1937), 111; Gene
23 (1938), 197.

tics,

(3) N. W. TIMOFEEFF-RESSOVSKY: Ferschung u. Fortsehr., 14 (1938), 165;
N. W. Tmvor2Err-REssovskY und K. G. ZiMMBR: Noturwiss., 26 (1938),: 326;

N. W. TiMOFERFF-RESSOVSKY, K. G. ZiMMER, und F. A. HEYN: Naturwiss.; 26
{1938), 108; K. G. ZiMMER und N. W. TIMOFZEFF-RESSOVSKY: Strahlenther.,

(1938), 528.
(4) G.D. SNeLL: Proe. Net. Agad. Sei., 25 (1939), 11.
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(7) W. G. MooR: Genetics, 19 (1934), 209.
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FIGURE 6.5 (a) Nishina's 60-inch cyclotron. Nishina spent most his time reconstructing
the machine to obtain stronger and more stable beams. (Courtesy of the Special Collections,
NCSU Libraries.)
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1% % H: 42 [Courtesy of the Lawrence Berkeley National Laboratory, taken
September 2, 1940]
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BASE OF CYCLOTRON, ich was imbedded in coacrete, i defaced by acetylene PROFESSOR NISHINA PLEADS for hi
wrch 20 it cannot be vsed agaln. Magnet's huge copper coils were iftad out by Tife," he said, "Tt has p

ns orders from  ©y
abuve, hacked a path with bulldozees to the doors — aod duinped in Tok ; i
ishina Laboratory in Tokyo's Institute of  Osaka other Cls desemnded upon and desteoyed Ji

and Chemical Rescurch and divemantled 4 other cyc ons, L eieatists
{ Japan's five atomesmushin 5. enraged. The Association of Oak Ridee S
A - 2 Nishinz, whosc Jarger cyclotron (abore) was partly called the actic ainst mankity
American soldiers demolish and Sink 1520000 had hecn wockin under srict super- thed . sed the chiainof con
vision on medical and biolegical resenrch. Hia appa-  mond, which led ultimately to the wtary of Wal

ot ¢ been used to make an i who sdmitted it had come from his offic 2

. s legw 5 r Y : : g .
- 4 % 2 0 o % SOLDIERS CART CYCLOTRON PARTS from Dr. Nichinas laborutory IN TOKYO BAY Americans dump scction of “gun.' one of eyclotron’s most esgen.
precious Jap scientific SQUIPMENt  bomb. Despite thie, ports of the dismantled 20040n ot dieeetly from him. It was, he ssid,  mistaks institute’s grounds ia 2 huge trailer. Men were from Eighth Army engineer battalion. tisl parts. Pine pso i never rotrieve thom.
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Atomic Energy for Military Purposes’

H. D. Ssvri
Choirman of the Doparimént of Physics, Princeton Universily; € Band to Manh Disiriat,
U. 8, Corps of Dmuzu'

FOREWORD

The story of the development of the atomic bomb by the
combined efforts of many groupe in the United States is a
fascinating but highly technical account of an enormous
enterprise. Obviously military security prevents this swory
from being told in full at this time, However, there is no
reason why the administrative history of the Atomic Bomb
project and the basic sclentific krowledge on which the
several 'dovelopments were based should not be available
now to the genersl public. To this end this account by
Professoc H. D, Smyth i presented,

All pertinent scientific information which can be released
to the public at this time without violating the needs of
national security is contained in this volume, No requests
for a(khlmll mfwmlinn should be made to private

PREFACE

The ultimate responsibility for our nation's policy rests
on its citizens, and they can discharge such responsibilities
wisely only if they are informed. The average citizen cannot
be expected to understand clearly how an atomic bomb &
conurvctedorhw it works, butlbere-l.nthhemnuyn

b | group of engi and ific men who can
understand such things and who can explain the poten-
tialities of atomic bombs to their fellow citizens. The
present report is written for this professional group and is o
matter-of-fact, general account of week in the United
States since 1939 aimed at the production of such bomba.
1t Is neither a documented official histocy vor a technical
treatise for experts, Secrecy requirements have affected
both ﬂla demld eum.enl and general emphasis so that

iated directly or indirectly

with th: projact Persons dis oe securing additional

many i have been omitted.

mlmmnllon by any means whatsoever without authoriza-
Ities under the Espi Act,
Thw success of lh dnehpmem is dne to the many
of and ad-
mmu!ramu——bodl civilian and military—whose profonged
labor, silent perseverance, and wholo-hearted cooperation
have made powible the unprecodented technical accom-
plishments here described.

L. R. Groves
Major General, USA

4 Wdum t the request of General L. R, Groves,
Unn:d i rqu:llaﬁh::‘or thorized as of Auguat,
comm 1645 by H. D. Smyth. This article is o

Ref to British and Canadian wock are not in-
tended 1o be complete since this s written from the paint
of vigw of the activities in this country.

“The writer hopes that this account is substantially accu-
rate, thanks to cooperation from all groups in the project;
he takes full responsibility for such errors as may oceur.

H. D. Suyrn

republication of the official repart issued by the “Man-
hattan District,” U, S, Corps of Engincers, with minoe
tions and corrections
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The administration of the Institute 1s not an easy
matter at this time of national hardship. The most
difficult thing is the finance of the Institute, on
which we heve to concentrate our energy. I had to
glve up phygics and become sn administrator and a
business man. The present objective of our Institute
ie the applicastion of science to peaceful industry |
and thus to promote the rehabilitatlion of general
aoonomy of this country, in whioh the poverty parsa-
Lyses the whols machinery of the psople. bolentists
must take their due shaere in realizing the eoconomical-
racovery of Japan in order that she can assume her

responsibility in promoting world peags,
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In 1998 we concluded: Present design of SRC has too many problems
to be solved to realize, because valley-region leakage flux 1s too large.

My God! : The second struggle

Valley-region

SC Magnetic
Shield SC Sector Magnet

In 1999 I decided: Cover
valley-regions with thick iron
plates to absorb leakage flux.

8,000 tons




A 140-ton cold mass cooled down to 4.5 K for 3 weeks.
: | B = YT A7
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Superconducting Ring Cyclotron (SRC)
World’s First, World’s Strongest, World’s Heaviest

K=2,600 MeV

Self Magnetic Shield

Self Radiation Shield Control Dewar of Liquid Helium

3.8T (240 MJ ) Side Shield Superconducting Bending Magnet
18-38 MHz (open in maintenanqe) P

8,300 tons \ ¢

' /
| - UpperYoke _

Side Yoke_ < -—-'f

-’

Lower Yoke <’
Superconducting Main Cail

Cooled by liquid He bat - rf-Cavity

Superconducting Trim Coil ‘
Indirectly cooled by two phd@® folled He flow Lower Shield
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Prologue

EPS-AG 2011 Gersh Budker Prize

For his innovation and leadership in
the design, construction and successful operation of
RIBF, the world's first radioactive ion beam facility

based on SC sector magnet cyclotrons.

Dr. Yano's understanding and foresight have led

to major advances in cyclotron technology and

in realizing them he has created a major new facility
for nuclear physics with unparalleled capabilities

for years to come.
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CERTIFICATE

The highest energy beam cyclotron
measures 82,400MeV
- and was achieved by
'SRC (Superconducting Ring
~ Cyclotron) 7
at RIKEN (Japan)
in Wako, Saitama, Japan
on 28 March 2022

AMAZING
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Sea-linked Mutations of Drosophila melanogastér, ete.

FEFIZEKDaTam /I \ITDERER

Sex-linked Mutatz'ons of Drosophila melanogaster
Induced by Neutron Radiations
from a Cyclotron.

By Yoshio NigHINA and Daigoro MORIWAKI.

(Received August 31, 1939.)

INTRODUCTION.

Only a few experiments with neutrons in the
have been reported. The first was that of Whitin|
dominant lethals in Habrobracon with the aid of th
University of California. Next, Nagai and Loc
producing mutations in Drosophila melanogasier
from beryllium (485 g) irradiated by r-rays of
obtained a mutation rate of 1 in 98, or 44 lethals in
On the other hand, Timoféeff-Ressovsky and his
been studying the same problem with neutrons prog
ing a lithium target with fast deuterons, and ha
following conclusions:

1. Through neutron irradiation, increase in {
quency is obtained, which is statistically well esta

2. The induced mutation frequency increases p
doses.

419

‘We shall next deal with the dependence .of the mutation fre-
_quencxes on the stages of growth of the treated males. Generally
speaking, the mutation rates in cases NI and NIV, both of which
are in the same conditions regarding the stage of growth (adults),
exceed that either of NII (pupae) or of NIII (larvae), although the
dose is not the same for each case. From these results, it may

Sex-linked Mutations of Drosophlla melanogaster
Induced by Neutron Radiations

from a Cyclot;fon

By Yoshio NISHINA and Dalgoro MORIWAKI.

8. Action of neutron radiations per unit doses (per pair of ions

inside tissues) for produ‘cing mutations is weaker than that of X- or

y-rays.

Snell® studied the appearance of sterility and of heredity changes

(1) P.W. Wm’rmc Science, 84 (1936), 68.
(2) M. A. NacAr and G. L. LocHER: Nature, 140 (1937), 111; Gene
23 (1938), 197.

tics,

(3) N. W. TIMOFEEFF-RESSOVSKY: Ferschung u. Fortsehr., 14 (1938), 165;
N. W. Tmvor2Err-REssovskY und K. G. ZiMMBR: Noturwiss., 26 (1938),: 326;

N. W. TiMOFERFF-RESSOVSKY, K. G. ZiMMER, und F. A. HEYN: Naturwiss.; 26
{1938), 108; K. G. ZiMMER und N. W. TIMOFZEFF-RESSOVSKY: Strahlenther.,

(1938), 528.
(4) G.D. SNeLL: Proe. Net. Agad. Sei., 25 (1939), 11.

63

CRecelved Auguut 3] 1939 )

» "') .

(7) W. G. MooR: Genetics, 19 (1934), 209.
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c) This work: Application for targeted a-particle therapy (TAT)

Simple TAT compound Healthy cells
/Yo remain intact
H
o emitter Na Endogenous acrolein
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2114 -
, Cancer cells close
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2,6-diisopropylphenyl e
azide (ADIPA) (1At a-particles:
6 Range = 50-80 um;
Energy = 5-8 MeV)

211
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