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3.16 Mev is not excluded by our work. This decay scheme is also
in agreement with the results of P—y and y —y coincidence meas-
urements carried out by us with a Geiger counter arrangement
described elsewhere. s

It should be pointed out that the total decay energy of 6.17
+0.05 Mev following from this decay scheme disagrees appreci-
ably with the threshold of 5.1+0.02 Mev in the reaction
Niw(P, N)Cuss found by Leith et of.' However, our value is more
in line with the systematics of P-decay energies for the other Cu
isotopes. '

A detailed discussion of these results will appear in Physica.
The Cu' was prepared by irradiation of metallic Ni with 26-Mev
deuterons in the Philips synchro-cyclotron. The chemical separa-
tion was performed by Miss G. de Feyfer and Miss R. Boelhouwer
of our Chemical Department. We thank Dr. C. J. Bakker and
Dr. A. H. W. Aten, Jr., for their interest in this work and Mr. L.
Th.M. Ornstein for assistance with the experiments.

t This work has been supported by the Foundation for Fundamental
Research of Matter (F.O.M.) and the Netherlands Organization for Pure
Research (Z.W.O.) .

I Leith, Bratenahl, and Moyer, Phys. Rev. '72, 732 (1947).
~ Ely, Allen, Arthur, Bender, Hausman, and Reilley, Phys. Rev. 86,

859 (1952)~

8 Hollander, Perlman, and Seaborg, Revs. Modern Phys. 25, 469 (1953).
4 Verster, Nijgh, van Lieshout, and Bakker, Physica 11, 637 (1951).
5 A. H. Wapstra, thesis, Amsterdam, 1953 (unpublished) and Nussbaum,

Wapstra, Verster, and Cerfontain, Physica 19, 385 (1953).

The Acceleration of Nitrogen-14 (+ 6) Ions
in a 60-Inch Cyclotron~

G. BERNARD RossI, WILLIAM B. JQNEs, JAcK M. HQLLANDER,
AND JOSEPH G. HAMILTON

Crocker Laboratory, Radiation Laboratory, and Division of Medical Physics,
University of California, Berkeley, California

(Received November 25, 1953)

A STUDY of the acceleration' of heavy ions in the 60-inch
cyclotron at the University of California Crocker I abora-

tory has been in progress for some time. Although this e6'ort has

been only part of our over-all program, a continuous improve-

ment in performance has taken place. The original results pub-

lished by this group' ~ have recently been augmented by other

laboratories, ' '0 where the emphasis, in general, has been on

attempts to accelerate ions other than C"(+6). Specific ions in-

clude Cia(+6}~ Ne o(+.9), Bes(+4) N&4(+6)~ Cis(+5)~ Css(+5}
and Oss(+6). Developmental work by the Crocker Laboratory

group with ion sources, beam monitoring techniques, and other
cyclotron parameters has yielded larger C's(+6) beams than

previously reported. These larger beams have permitted further

experimental work in the Gelds of biology and nuclear chemistry.
Carbon-12 (+6) internal beam intensities of 0.2 microampere

have been realized with energies greater than 100 Mev; externally

deflected beams of 0.001 rdicroampere with an energy of 120 Mev

have been consistent.
The efforts of this group in the acceleration of ions have been

rewarding in the cases of those ions with a lower-order ionization

state that is a one-thiid multiple of the ion to be accelerated. In
more general terms, a given cyclotron can accelerate any ion

for which

e/sm =E/(2N+1),

where I=0, 1, 2, ~ ~, and E is a design parameter, i.e, E=g(o&,H).
In the cases where m=0, the fundamental ion frequency (co;) will

prevail; where n=1, the ion frequency will be 1/3';. This fact
was reported earlier" and has since been corroborated by the

University of Birmingham group ' working with their 60-inch

cyclotron.
The techniques used with C"(+6) ion acceleration have been

applied to N"(+6) ions by changing the ion source gas from

C02 to N2, and increasing the magnetic 6eld to resonance for
E=6/14, in Eq. (1). This provides that for N=O, N'4(+6) is
accelerated at the fundamental ion frequency (cu;); n = 1 indicates
an e/sss= 2/14 which allows for acceleration of N'4(+2) at 1/3ss&.

Under these conditions internal beams of ¹4(+2)have been
measured to a level of 50 microamperes while those of ¹4(+6)
are of the order of 0.1 microampere with energies greater than
100 Mev. This again suggests a mechanism for production of
N"(+6) by secondary stripping; namely, that ¹4(+2) ions
produced in the ion source are accelerated at 1/3s&; and are further
ionized to ¹'(+6)in the region of the ion source. It is not certain
whether the further ionization to the N'4(+6) state is due either
to collisions of the ¹'(+2)ions with gas molecules within the
vacuum system or due to bombardment of the N"(+2) ions by
fast electrons which are known to oscillate between the dees~ at
an energy which is a function of the dee voltage. However, ex-
periments with C's(+2), in an effort to increase the C's(+6)
beam, indicate that collision stripping is less likely than multiple
boInbardment by high-energy electrons.

To verify the existence of these high-energy nitrogen ions in
the 60-inch cyclotron, several experiments have been performed
in which isotopes of elements with atomic number Z+7 have
been produced from target elements of atomic number Z and
isolated by chemical procedures. It is possible to show that the
isotopes found could not have been made from target impurities

by projectiles of lower Z than nitrogen.
The production of short-lived alpha-emitting isotopes of

astatine (Z=85) from gold (Z=79) targets has always been a
convenient method for monitoring the carbon-ion beam of the
60-inch cyclotron; as a first check for the nitrogen beam, astatine
isotopes were produced from platinum (Z=78). After it was
veri6ed experimentally that carbon-ion bombardment of platinum
foils produced no detectable astatine alpha-particle activity from
possible gold impurity, these same foils were irradiated in the
nitrogen beam. The presence of »At' 5 was established by alpha-
particIe pulse analysis of its 5.9-Mev alpha particles which decay
with a 25-minute half-life. Alpha particles of shorter half-life
have also been seen which probably belong to the 7-minute
85At'". Saturation activities of 10' to 10' alpha counts per minute
are observed in bombardments of 0.0025-inch platinum foils.
These astatine isotopes cannot"be produced by 40-Mev helium
ions from possible bismuth or heavy-element impurities in the
target foils; nor is it physically reasonable that helium ions could
be accelerated at the high magnetic 6elds employed here.

Analogous to the production of astatine from platinum is the
synthesis of iodine (Z=53) from palladium (Z=46). Because of
the simplicity of rapid radio-iodine chemistry, this procedure also
lends itself well to an investigation of the nitrogen-ion beam.
Short bombardments of palladium foils have yielded the following

activities in the radio-iodine fraction:

Half-life

18.0~1 min
83.5 ~2 min

5+1 day

Relative activity
1000

67
0.5.

The 83.5-minute radio-iodine is probably II~, produced by the
reaction 4sPd" (N 3ss)531'". The 18-minute activity may be the
same as the ~30-minute radio-iodine found by Marquez and
Perlman' from high-energy helium-ion bombardments of anti-

mony, and assigned by them to either I" or I" . The 5-day tail
in the decay curve may correspond to 4.5-day Te"9, in which

case the 18-minute radio-iodine probably is I'". The reaction
would be Pdus(N, 5ss)I'" or Pd"'(N 3ss)I'".It should be mentioned

that, previous to the nitrogen-ion bombardments, similar palla-

dium targets were subjected to carbon-ion irradiation, and no

activity could be detected in the iodine fractions, though normal

yields for the corresponding (C,xn) reactions were found in the
tellurium fractions.

We wish to acknowledge the assistance of A. Ghiorso for the

pulse analysis of the alpha particles from the astatine isotopes,
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the cooperative eBort of the entire sta6 of the 60-inch cyclotron
group, and the continued interest of Professor Glenn T. Seaborg
and Professor Ernest O. Lawrence in this program.

*Part of this work was done under the auspices of the U. S. Atomic
Energy Commission.
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Nuclide Half-life Radiation

Alpha
energy
(Mev) Remarks

99&A(P)
99246

Cf244

Cf246

Cf»&P&
Cf243
Bk243

Bk

7.3 min
minutes

45 min
35.7 hr
~2.7 hr
225 day
4;6 hr

days

EC{~),a
EC

a, EC(?)
a
EC

EC, a

EC

7.35

7.15
6.75

6.26
6 72 (30%)
6.55 (537o)
6.20 (17%)

Observed only through
growth of its 1.5-day
Cf2«daughter

Observed Z x-rays;
probably unresolved
.mixture of Bk246 and
Bk246

TABLE I. Nuclides produced by U» plus Ni4 ions.

Reactipns pf U" with Cyclptxpn-Pxpduced
Nitxogen IpnS~
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'HE acceleration of N'4(+6) iona with the Berkeley Crocker
Laboratory 60-inch cyclotron' has made it possible to

study nuclear reactions of these ions with U ' .
The following transmutation products have been. observed:

99"' » 99"-') Cf'", Cf'", Cf "&&&, Cf" Bk ",and other berkelium
isotopes not yet identified. The identification of the elements
was definitely established by their carrying on lanthanum Quoride

precipitates and by their order of elution from a Dowex-50 ion
exchange column.

The observed nuclear properties of these nuclides are sum-

marized in Table I.
The nuclides Cf'~, Cf'", Cf'" Bk'", and Bk"' have previously

been observed in this laboratory. 2 '
The yields of the transcurium nuclides were low even though

bombardment currents of O. l microampere of N" (+6) ions of
energy greater than 100 Mev were available. In three separate
experiments a total of 40 alpha-emitting atoms of the 7.3-minute

isotope of element 99 were observed to decay in the ion exchange
column fraction immediately preceding californium, namely the
eka-holmium position. Thus, the element identification is certain
though the mass number can only be inferred on the basis of
nuclear systematics. By observations of the abundant fission
product activity it was found that almost all of the nuclear re-
actions of nitrogen ions with U2's resulted in fission much as in
the case of carbon-ion bombardment of the same nucleus.

It is a pleasure to acknowledge the continued help and en-
couragement of Professor Joseph G. Hamilton, Director of the
Crocker Laboratory. Our grateful thanks are extended to William
B. Jones and the members of the 60-inch cyclotron operating
crew for their cooperation in making the many bombardments
necessary for this work. Special thanks are due Dr. Gregory
Choppin for his valuable assistance with some of the chemical
separations. It is a privilege to acknowledge that this work was
accomplished with the always helpful guidance of Professor Glenn
T. Seaborg. The continued interest and encouragement of Pro-
fessor Ernest O. Lawrence is gratefully acknowledged.

~This work was performed under the auspices of the U. S. Atomic
Energy Commission.
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