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ABSTRACT 

Since the 1952 thermonuclear detonation, "Mike, 11 there has been 

interest in use of nuclear explosives to achieve very high neutron expo

sures, greatly in ex~es s of thos.e available from reactors. Fields which 

could benefit from these grossly increased fluxes are: nucleogenesis, 

nuclear structure of the very heavy elements, fission processes, sta

bility trends in the heavy nuclei, and chemist~y of new elements. Counting. 

Mike, there have been four successful experiments in this field. ·A 

figure of merit for these shots is the ratio of the amount of elements 

produced with mass number equal to 246 to that of ·mass number 245. 

This ratio, R, depends sensitively on the thermal flux achieved. 

Sponsoring R:::: A = 246 Implied thermal flux 
Shot Laboratory Date A= 245 (moles n/cm2) 

Mike 'LASL 11/52 0.38 2.0 

Anacostia LRL 11/62 0.48 2.5 

Kennebec LRL 6/63 0.69 4.7 

Anchovy LASL 11/63 0,4 2.0 

Since Mike, all experiments have used devices of low yield which can 

be readily c<?ntained underground. Conceptual designs now exist which 

should be able to give con.siderably higher neutron exposures. 
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HEAVY ISOTOPE PRODUCTION BY NUCLEAR DEVICES 

D. W. Dorn 

In November 1952 an event took place which was to have a prG

found effect on political alignments of the world. This event was the 

detonation of ''Mike," the first large thermonuclear device. The polit

ical implications of this expe:r.i.ment overshadowed what, to many of us, 

has come to be a major advance in the development of scientific tools. 

By this I mean the experimentally verified, extremely high thermal 

neutron fltix observed in Mike. Subsequent to this observation, the 

Atomic Energy Commission established a study program to investigate 

this particular characteristic of m_,_clear devices. Under the program, 

Los Alamos Scientific Laboratory and Lawrence Radiation Laboratory, 

Livermore, have studied the.mechanisms of high fluxes, capture system

atics, gene1·al ::; la.uility characteristics, and more specifically, nuclear 

design to accomplish this massive neutron irradiation. 

Utilization of these grossly increased fluxes can be expected to 

significantly advance understanding in many fields. For instance, in 

cosmology, the study of nucleogenesis has always been difficult because 

of the lack 'of controlled experimental techniques of investigation. With 

the advent of these high-flux "machines" it will now be possible to simu

late the supernova R process (neutron capture on a rapid time scale) and 
. I 

to study relative abundances of highly neutron-rich nuclides. This will 

cast light on naturally occurring processes and will assist in interpret

ing naturally occurring mass ratios. Also, in the study of nuclear 

structure, branching ratios for the various modes of decay (alpha, beta, 

and spontaneous. fission) give important information on the. influence of 

single-particle structure on energy levels of these complex nuclei. 
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Johansson 
1 

and Zamick
2 

have had some success in attributing nuclear 

properties, in the region of uranium and beyond, to specific shell mode,! 

configurations. In addition, P~rlman 3 
has suggested that the short time 

scale involved in these capture processes may "freeze in" high spin 

states. That is, successive capture of neutrons· may synthesize meta

stable states of high angular momentum. 

Another use of this high flux is the synthesis of samples of spon

taneously fissioning odd-A (non-zero spin) nuclei. Observation of the 

angular correlation of fission products will give information on shapes 

of nuclei at or near scission (the moment of actual fission), and will 

contribute to our knowledge of the fission processes. Understanding 

stability trends of these superheavy nuclei has also proven to be an ex

tremely difficult problem. Foreman and Seaborg 
4 

observed a correla

tion of the drop in spontaneous fission lifetimes with the minor shell of 

152 neutrons (Fig. 1). Other investigators 1• 
5

-
12 

have considered this 
12 

and other problems of these nuclei. Werner and Wheeler, for example, 

have treated general stability characteristics of superheavy nuclei (Fig. 

2). Conclusions reached in that work may be modified by. composition

dependent terms as pointed out by Brandt, et al. 
13 

Difficulties in ex

trapolations like these·are demonstrated by Fig. 3 which shows the un-
14 

physical precipitous drop of the spontaneous fission lifetimes of ura-

nium isotopes with increasing A. Investigation of stability trends using 

nuclear devices can be expected to differentiate between the presently 

existing theories and to stimulate new id·eas. Mass formulas have been 
15-18 . 

developed by many people, but here agam, the range of validity 

should probably be restricted to near the known nuclei. Extension of 

the data will contribute significantly to our knowledge and understanding 

of the mass surface. Finally, the chemistry of these new elements is 

extremely interesting. Lawrencium is thought to be the last member of 

the actinide series; therefore, it is important to verify the predicted 

different chemical properties of elements 104 and beyond. 
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Comparing the relativ'e neutron flux in Mike and in, for example, 

th1e HFIR (high flux isotope reactor at Oak Ridge), shows that, on a con

sistent model, Mike calculates to have given about 2 moles of neutrons 

per square em (Fig. 4 ), while a full year irradiation in the HFIR gives 

about 0.15 mole per square em. In addition, if a typical capture path 

for a reactor passes through a nuclide with either a high destruction 

cross section or a short spontaneous fission half-life, further irradiation 

of the sample may prove fruitless. An example of this is the high los~es 

occurring in reactors at c:alifornium 254. This set of problems is ex

changed for an unknown but presumably different set when we use a nu

clear device (the new. problems include mainly the question of the sys

tematics of capture and destruction cross sections, and decay rates for 

increasing mass number of the same element). Figure 5 contrasts the 

capture paths followed in a reactor with those in a nuclear device .. 

There have been four successful exp~riments in the Atomic Energy 

Commission•s heavy.element program. In evaluating these, a useful 

figure of merit is furnished by the ratio of the total amount of ·elements 

produced with mass number equal to 246 to that of mass number 245. 

Since these mass numbers consist mainly of plutonium and americium 

isotopes, their radiochemical detection is straightforward, and a high 

degree of confidence can be placed in the ratio. To obtain the thermal 

flux implied by this ratio, we can either calculate explicitly, as in Ref. 

13, or make an approximate analytic calculation as follows: 
\ 

- 2crm -ern. 
2(1-e '~")-4crpe.,.. 

where cr = 0.4b; cr 2 = crf = 0; n, n 

= :¢ ( 1 - e -cr¢t); cj> is thermal ( 10 keV) flux. Figure 6 gives results of 

the approximate calculation. As can be seen from Table I, a significant 

improvement in thermal flux has been achieved. Concurrently with this, 

a factor of about 1000 decrease in yield has also taken piace. Effects of 
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this reduction in yield are mo~t dramatically shown by a comparison of 

. Fig. 7 which shows the "Mike" experiment results at the Bikini atoll 

and Fig. 8 which i.s an overview of a· typical. test area at the Nevada Test . . . . 

Site. Figure 9 shows a comparison of the element yields of one of the 

exper"iments with the Mike results. 

Table I. Heavy- elements program experimental data. 

Sponsoring 
R 

A ~246 Implied thermal flux 
3llUL Lauul atol' y DAte i\m'245 {l'l.'l.Oll!.! 1'l./Cn'l.2) . 

Mike LAGL 11/52 0.33 2..0 

Anacostia LRL 11/62 0.48 2.5 

Kennebec LRL 6/63 0.69 4.7 

Anchovy· LASL ll/63 0.4 2.0 

As in any other development program, many problems remain. 

The extreme conditions existing in thermonuclear devices ma-ke it diffi

cult to predict,with any degree of confidence,actual.configurations and 

conditions. In addition, in a typical underground experiment at the 

Nevada Test Site, the reclaimed fraction. of the device is of .the order of 

io- 10
. The fact that this fraction is so minute requires e~tremely so

phisticated radiochemical techniques for the isolation and detection of 

new nuclides. Past experiments have served mainly to define relevant 

physical parameters; further experiments involving designs presently 

being studied both at· Los Alamos Scientific Laboratory and Lawrence 

Radiation Laboratory should be able to give considerably higher neutron 

exposures. 
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Fl.g. 4. Compa,rison of Mike heavy-element yields with the 
theoreticaLyields obtained assuming two flux regions (99.99% 
of the target at 2 moles -n/cm2 thermal flux and 0.01% at 8 
moles-n£cm2) and spontaneous fission half-lives as predicted 
by Dorn with the condition that T 1/2 (spontaneous fission) ?= 

Ty/ 2 (13- decay). . 
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Fig . 8 . Test area 9 at the Atomic Energy Com.miEsion's Nevada Test Site . 

( 



! ( t . 

I 

OIQ7 ..__. 
\J1 . ___.J 
I w >= -8 

10 w 
> 
~109 

___.J 
w 
c::: -10 

10 
UPPER LIMITS 

• 
-12 

10239 256 

GLL-643-729 MASS NUMBER 

Fig. 9. Comparison of the elen"lent yields of the· Anacostia experirnent with Mike experiment. 



<...J 

LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, n0r any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the information con
tained in this report, or that the use of any information, apparatus, method, 
or process disclosed in this report may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method or process dis
closed in this report . . 

As used in the above, 11 person acting on behalf of the Commission 11 

includes any employee or contractor of the commission, or employee of such 
contractor, to the extent that such employee or contractor of the Commission, 
or employee of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract with the Commis
sion, or his employment with such contractor. 




