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PREFACE

The Los Alamos Scientific Laboratory sponsored a meeting of staff

members, guests, and consultants to the Laboratory from July 6 to 8,

1959, to discuss various proposals for scientific applications of nuclear

explosions. The purpose of the meeting was primarily to help evaluate

proposals for such experiments with respect to their intrinsic scientific

value and the uniqueness of the requirement in each case for a nuclear

explosion as an experimental source. It is hoped that future experiments

with nuclear explosions, if there are to be any, will provide an opportunity

to carry out some of the more promising and constructive of the many in-

triguing possibilities suggestedby the conference participants.

The collected proceedings are presented in two volumes, one classi-

fied (LAMS-24-42)and the other unclassified. The requirement for classi-

fication of some of the papers is tie, in most cases, to the wavoi&ble

inclusion of weapons data. Some of the papers have been editorially

prepared for publication and others are verbatim transcripts of informal

talks. A few of the talks presented at this meeting have not been avail-

able for inclusion in the collected papers.
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A. NUCLEAR PHYSICS

1. HIGH RESOLUTION NEUTRON SPECTROSCOPY

WITH NUCLEAR EXPLOSIONS

Donald J. Hughes

Brookhaven National Laboratory

The field of high resolution neutron spectroscopy has advanced

rapidly in the last decade and has produced much data of value to nuclear

structure theory. On the other hand, the results concerning neutron

cross sections in the resonance region have great practical utility in

the design and understanding of nuclear reactors.

Let me first spend a few minutes giving you a simple lecture on

what the field is all about, then I shall go into the matter of what we

can do with the nuclear explosives, hoping that you will then share my

enthusiasm for the nuclear explosion as a source for neutron spectroscopy.

‘I’heresults of the measurements (parameters of neutron resonances)

furnish a detailed view of the levels in a very narrow region of excita-

tion energy for many nuclei. Most of the results have come from nuclei

with mass numbers greater than 80 or so, simply because these nuclei

usually have closely spaced levels in the neutron energy range where the

instruments have high resolution. The region of excitation energy which

we are here considering is obviously slightly above the neutron binding

energy, hence about >-8 Mev, where the level spacing is typically a few

volts. Thus at this energy there is a small band, say one kev wide, where

there are many leveis that we can study with really high accuracy.

The levels appear as resonances in the measured cross section,



plotted as a function of

energy level at some 5-8

energy is only a few ev.

neutron energy. Each resonance represents an

Mev excitation although the corresponding neutron

It is an interesting and useful fact that the

total cross section, ,whichis the easiest type to measure, gives a lot

of information about the energy levels. For example, l?,the total width

of the level, which gives the life time of the state, is measured just

by the width of the resonance in electron volts. The excited state can

decayby emitting a neutron, various combinations of gsmna-rays, and in

some cases by fissioning, or emitting protons or alpha particles. All

of these modes have corresponding partial widths, which can also be

measured -- the neutron width, the gma width, which is in turn made up

of many partial gsmma-ray widths, a fission width and so on. It is also

possible to investigate

for various nuclei, and

within a single nuclide,

the spacing of the levels, both the average spacing

the matter of how the spacings are distributed

whether at random or with some regularity.

Finally, there is the spin of the level, J, which also is now being

measured by methods of neutron spectroscopy. All of these results ob-

viously have a close comection with nuclear theory and they have been

of great value in the development of such theory, primarily with regard

to nuclear models.

The problem of getting good data is primarily one of developing a

neutron source of high resolving power. The best way to describe the

present status is by means of recent data in the neutron spectroscopy

field. Figure 1 shows a surprising change of cross sections with time.
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Fig. 1 - The measured cross section of tin published in various editions
of the compilation BNL-32!5. The curves show the marked increase
in the number and size of resonances with increased resolving
power.
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The cross section of tin in 1952 (the dates

of BNL-32S) appeared structureless. At the

reasonable because tin has ’30protons and 50

the truth is that magic numbers

1954 some resonances started to

prominent, there were many more

have nothing

refer to successive editions

time this behavior seemed

is

to

appear; in 1955

of them, and we

a magic nuniber. However,

do with the results. In

they were much more

even hew to which iso-

topes of tin they belonged. Should we include a 1959 curve we would see

that the low energy region would hardly change at all, but at higher

energy we would

gets better and

careful at each

trustworthy, so

now have more and sharper resonances. So as resolution

better, the information gets better -- but we must be

stage that the information we give to theoreticians is

that we in turn can trust their theory. Sane recent work

done at Brookhaven on iridium is given in Figure 2 to show the appearance

of resonances as the neutron energy increases up to a few hundred ev. At

a few ev the resolving power is sufficiently good that we get the kind of

information just described directly from these curves. But as we get into

the upper end of Figure 2 we obviously cantt resolve all the levels --

the thing that is needed to get more and better data in this field is

simply higher resolting power.

Of the instruments that have been used in neutron spectroscopy, the

most prolific in data production have been fast choppers; a fast chopper

of Brookhaven design, Figure 32 was installed about a year %0 at the

new NRU reactor at Chalk River, which has a central (thermal) flux of

about 2 x 1014. The fast chopper, essentially a mechanical shutter

10
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roughly three feet across, is placed at a beam hole that passes through

the center of the reactor. The neutrons are chopped into bursts as the

chopper spins, each burst lasting one micro second, about the shortest

burst that can be obtained by these mechanical devices. The chopped

beam then travels through a helium-filled balloon, which, when completid, ‘

will continue over the country side until it ends about 200 meters away

on the bank of the Ottawa River.

In resonance analysis the resolving power is always stated in terms

of microseconds per meter, or the uncertainty in time in microseconds,

which in a device like this would be about a microsecond, ttLvidedby the

length of flight. If we have a 100 meter flight, the resolting power

would then be 0.01 ps/m. In terms of energy we would then have a spread

of 0.01 ev at 10 ev, and 10 ev at one kev. This resolution is sufficient

for accurate resonance analysis for some twenty resonances in most materials

but not much higher.

The pulsed machines are about comparable in resolving power. The

best resolution with a pulsed machine, 0.01 ps/m, has been obtained with

the Columbia synchrocyclotron. Linear accelerators recently are doing

very well also. One of the best is the French accelerator which produces

pulses of about one microsecond, and a neutron emission rate of about 101s

neutrons per second during the burst. A recent fission cross section

measurement of U235 with this instrument is definitely superior to pre-

vious results.

Now the main thing I want to examine is the potentiality of a

13



nuclear explosion as a source for neutron spectroscopy> relative to tie

fast chopper at the NRU or a typical pulsed source. First, let’s talk

about intensity and compare the explosion with a pulsed source. In order

to make things international, Itll talk about the pulse source that the

Russians are presumably building at Dubno, near MOSCOW. This is a pulsed

source that isn’t out of this world by any means, but is designed for an

extremely high intensity, 1017 neutrons per second during a 10 micro-

second burst. This source is a “pulsed reactor”, actually similer to the

one here at Los Alamos, but they hope to have a high repetition rate.

The period wouldbe something like l/10th of a second. These figures

would give 1012 neutrons per burst or 3 x 1020 per year of continuous

operation.

Now it is easy to compare this source with a nuclear

it would need a moderator near or around it, and so would

e~losion, in order to produce resonance energy neutrons.

explosion, for

the nuclear

One way we

could use the nuclear explosion for high resolution neutron spectroscopy

would be to place a moderator near it and time the neutrons’ flight down

a one kilometer vacuum pipe to a detector. Crudely speaking, we can com-

pare directly the 3 x 1020 neutrons per year with a nuclear explosion$

which could give of the order of 1024 emitted neutrons. From this stand-

point, this one shot is equivalent to the operation of the Russian pulsed

reactor for 3000 years. From this simple comparison, it is obvious why

somebody in the neutron spectroscopy business feels that a nuclear ex-

plosion is quite a potent thing.

14



Now let’s rate the explosion with the other instrument, the fast

chopper at the NRU, which gives a very high intensity for this type of

instrument. Let’s consider the explosion, and a few meters from it a

slab of moderator about a meter square. The slab can~t be too thick be-

cause we don’t want to introduce too much uncertainty in timing, so let’s

make it so thin that only 10~ of the incident neutrons get moderated in

it. Then 100 meters away we place the neutron detector and the samples

being measured. Under these conditions, starting with 1024 emitted

neutrons, it is easy to compute the number in a given energy range inci-

dent on the detector. The result is 4.x 1010 neutrons per square centi-

meter in a one ev interval at 10 ev. For comparison with this result we

have the intensities that we we actually getting from the fast chopper

at the NW reactor. There we have a certain counting rate, which con-

verted to 24 hours a day for a year gives a figure of 107 neutrons per

square centimeter in the same energy interval. So strangely enough, we

end up with about the same factor as we did for the ptised reactor -- one

shot is the equivalent to the operation of the fast chopper for a few

thousand years.

Upon seeing figures such as these, the usual reaction of somebody in

the high resolution neutron field is, “How can you use all this intensity

in such a short time?” Well, outside of the difficulty of planning your

experimental program for the next 3,000 years, there are other difficul-

ties too. Fortunately, they are not really so bad. There is no real

trouble in getting these neutrons out on time, and so on. True, they

15



are much slower than the ones that people have been considering for

other expertients with nuclear explosions. Nevertheless, they still are

well in advance of a shock wave so that they can get out and data can be

recorded in time. The information that must be recorded is rather com-

plicated, as shownby the typical data of Figure 2.

The way these data are recorded in the usual instruments is by very

complicated thousand channel time selectors, and the big problem is to

keep the data in the machine for many,msny days. For this purpose mE%!-

netic drums and such storage devices are used. In one way the recording

of data for a shot is much simpler instead of much harder, because you

don’t have to keep the data in the machine for weeks. It is obtained all

at once and by recording current, not counts. The information wouldbe

recorded by photos of oscilloscope patterns, and from the people who

have done this, I am quite convinced that the kind of detail that would

be observed in this experiment can certainlybe recorded. Thus, I feel

that recording data -- the time analysis and the storage of intensities

in thousands of channels -- is actually easier.

The second difficulty concerns the type of experiments that can be

done. The experiment usually performed is simply a transmission, in

which the intensity without the sample is recorded, then the intensity

with the sample in the beam. There is no reason why an experiment of

this type can’t be done with an explosion in exactly the same way. The

more complicated experiments concern p=tial cross sections, where in-

stead of a simple neutron detector, and sample in and sample out, other

16



measurements are made. For instance, a scattering experiment is one in

which we have some sort of neutron detector near the sample, in which

we measure the intensity of the scattered neutrons as a function of time.

Another possible experiment is one in which we have a gamma-ray detector,

and we study the capture cross section, or a fast neutron detector for

measurement of fission. These partial cross sections, as the total

cross section, can all be measured in the same way by using the correct

instrument and recording current.

‘here are one or two things that can’t be done, however, in the

ways they are now being performed. One is an experiment that is receiving

a lot of attention now, the study of the individual gsxmna-raysfollowing

neutron capture. Experiments are now being performed in which the re-

lative intensities of a particular gamma-ray, for example the ground

state transition, are measured in the different resonances. The results

show how transition probabilities to the final state vary from different

initial states. At the present time, these measurements are made by

pulse height analysis combined with the txbneanalysis to identify gsmma

ray and neutron energy. The simple pulse height analysis is obviously

impossible when current is recorded, but I SM sure that e~eriments of

this type can still be done by using a better type of energy measurement,

involving magnetic analysis for example. The only type of experiment

that is not feasible with nuclear explosions is the one in which we

measure coincidences to study the decay scheme of the capture gammas in

detail. But with the exception of coincidence measurements, all the
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standard experiments can be done} as well as others not now possible.

As far as the type of experiment to do with the high intensity of

a nuclear ~losion, I think the first thing that would

in this field would be to h a really complete analysis

and Pu2a in the resonance region. ThiS ~lySiS would

occur to anyone

of IF=, U==,

mean measurement

of total cross section} fission cross section, fission fragments and so

on. These measurements are all of the type that can be done now but

relatively so poorly that nuclear explosion results would constitute a

completely different order of magnitude in accuracy. Another possible

experiment would be the detailed study of neutron capture, not only in

resonance levels but between levels as well. This latter is essentially

the type of measurement that cantt be done at all with present techniques.

In order to impress you with the need for high intensity, let me

tell.you a little about the partial.&mma ray experiment. In this

particular case, Figure h, the compound nucleub is W=*, and there is a

ground state gamma ray of 7.4 Mev, as welllas a transition to the 2+

state about 100 kilovolts away. The point is that we can identify the

spins of the levels; if we

because this gamma can not

spin, J=O. Figure 7 gives

find the ground state g-the level has J=l

be emitted for levels of the other possible

the pulse height in the crystal, showing that

the ground state gamma, the last bump in the curve, is down in intensity

by a factor of 1000 from the low energy gamma rays. The experiment con-

sists of measuring this gamma ray from level by level, and it is not

surprising that the counting rate is so low.
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An example of results obtained at Brookhaven is shown in Figure 6 -

fortunately we gain a factor of about 80 in intensity by moving to Chalk

River. We have here an analysis in terms of time-of-flight (or neutron

energy) and gamma energy as well. The time-of-flight plot for a low

bias setting on the crystal shows low energy gammas and the high bias

setting responds only to the ground state gsmma in W184. Some of these

levels appearing at low bias such as W1m andW187 (compound nuclei),

but as these isotopes have low binding energies, the levels Msappear

at high bias. The levels in W184 that appear at high bias, such as

those at about 8 and 27 ev, are thereby shown to be J=l levels. At

about 48 ev there are two levels we can’t resolve, and together they

appear at high bias, but weakly. We have since found out by running at

high resolution that one of these levels is J=O and the other is J=l,

thus explaining the results of Figure 6. However, I am not here to re-

port physics, but to emphasize the need for increased neutron intensity.

The ordinate in Figure 6 is counts per chaanel in 40 hours and rates run

about 40. In other words, we get about one count an hour, with a back-

ground of a count every 2 hours!

I think it is quite obvious from those counting rates that if some-

one would guarantee that we would have about two of these explosions a

year available as neutron sources, we would gladly pack up our equipment,

move out, and start planning measurements.

20



100
90

-i

I

80

s 70
=&
X3 60
v
(n 50
N
\ 40

P 30
5 20
s

10

0

1200

I 100

1000

ii
z

1

900
z
a 800
I
v+ 7(30

: 600
N
\
(/-) 500
t-
Z 400
3
0
u 300

200

100

0

60 100 140 180 220 260 300 340 380 420
40 80 120 160 200 240 280 320 360 400

Fig. 6 -

I I I I i I I I I I I I I i I I I I

‘1

4

F

. .

. .
. .. . .

. . .. ...”.. -.”.
f

.. ---- ..”. . ...”. .. .. .“. ..O ...... ... ..
. . “.

1
I I I I I 1 1 I I i I I I 1 I I 1 I 1

’40 80 I20 160 200 240 280 320 360 400
60 100 140 180 220 260 300 340 380 420

p.-sec /10 METERS

The intensity of low energy (lower curve) and ground
curve) gamma rays of various resonances in tungsten.
ante of a level at high bias shows that the level is
spin J = 1.

state (upper
%4 appear-
W and has

21



2. PROPERTIES OF VERY HEAVY NUCLEI

MULTIPLE NEUTRON CAPTURE IN

As part of the

J. D. Knight

PRODUCIBLE BY

PLUTONIUM

Los Alamos Scientific Laboratory

preparation for the heavy element production experi-

ments

Group

which

Study

of the HARDTACK Butternut test, the Los Alamos RadioChemistry

made a study of the probable properties of the undiscovered nuclides

might be produced by multiple neutron capture in plutonium. The

involved an examination of the systematic of decay energies,

neutron binding energies, alpha and spontaneous fission half-lives, etc.,

of the known nuclei in the transuranium region and the extrapolation of

these properties, either directly or with the aid of published semi-

empirical mass formulae, into the unknown areas. Its purpose was to pro-

vide a set of predictions to serve as a guide for the separation,

identification, and exploration steps in the radiochemical analysis of

the heavy-element fraction of the shot debris.

The principal properties which we were equipped to measure are: a)

alpha, beta, and gma spectra; b) half-lives

spontaneous fission, etc. branching ratios; c)

and decay genetics, i.e., what decays to what;

and alpha/beta, alpha/

element identification

d) fission product dis-

tributions from spontaneous missioners; e) absolute amounts of radio-

active nuclides; and, where sufficient material is available, of the

order of a few hundredths microgram or more, f) capture and fission

cross sections.
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If it is assumed that the plutonium is exposed to a neutron flux

high enough so that multiple capture produces significant amounts of,

say, mass 260, the problem we are concerned with is essentially two-fold:

first, the fate of the mass 260 beta decay chain between the time of

formation, as Fu260, and the time when the radiochemist gets hold of it,

presumably as something like Fm260 or M@eo; second, the properties of

the multiple b6ti-&C6y end-product itself.

Our principal concern in dealing with very heavy elements is their

survival for a time long enough to permit separation and measurements.

The limiting factor, for nuclides on the neutron-rich side of the valley

of beta stability, is spontaneous fission. In the region of interest,

the spontaneous fission half-life of even-even nuclei appears to decrease

exponentially with increasing mass number, approximately independently

of atomic rnmiber;at Fm256, the highest mass for which a measurement is

known to exist, the half-life is down to 3 hours. The same trend seems

to hold for odd-mass nuclei, although only a few have been measured; the

half-lives, for correspondingmasses, are of the order of 104- or 105-fold

longer than for even-evens. What this means, in terms of radiochemical

measurement, is that we cannot expect to find even-mass.nucleimuch

higher than Fm256, nor odd-mass nuclei much higher than mass 259 or 261;

the latter might beta decayup to element 102j but beyond element 102 we

appear to be stymied. It is of interest that the IVY Mike explosion,

from which measurable amounts of mass 255 were isolated, was approaching

the estimated mass limit.
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The sequence of beta decays between the initial capture product

and the product finally isolated may be accompanied by limiting phen-

omena of a second kind: delayed neutron emission and delayed fission.

This effect should arise when the total beta decay energy of a member

of the chain exceeds the neutron binding energy or the fission threshold

of its daughter. Under these conditions, that fraction of the beta trans-

itions which leads to daughter levels above the fission or neutron boil-

off threshold may be ~~wastedt~in the fission case the 10ss is complete>

whereas in the delayed neutron case, the nuclei lost to the mass A chain

reappear as members of the mass A-1 chain. Estimates of this degenera-

tive effect are somewhat hard to make. They depend not only on the beta

decay energies, neutron binding energies, and fission threshold energies

of nuclides f= from the region of stability, but also on the densities

of levels to which the beta transitions proceed and on the fission,

neutron, and gamma widths of these levels. Nevertheless, some bold

estimates have been made to arrive at an idea as to whether the effect

is likely to be catastrophic or merely parasitic. With the most pessi-

mistic assumption, namely that the beta terminal levels have a density

which goes as exp(=ex), and that all beta transitions terminating

above the fission threshold of the daughter result in fission, it was

calculated that the loss is of the order of 30$ for the PU259 chain, 607

for the Pu260 chain, and 8@ for the FU261 chain. Recent conversations

with B. Mottelson during his visit here indicate that the level density

distribution used is far too pessimistic; the density of the levels of
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interest may vary only slowly with energy. Thus, the losses by delayed

fission and neutron emission may be inconsequential.

Even within the limits which appear to be imposed by spontaneous

fission and by losses along the beta-decay chains, there remain still a

considerable number of new nuclides which should be sufficiently long-

lived and abundant to permit discovery and detailed examination. On the

other hand, it should be emphasized that the present postulated “limits”

are based on trends over limited regions. It may well be that what we

see from the data presently available is not an absolute limit but the

edge of a limited region of instability, beyond which the nuclei tend

toward increasing stability again. Indeed, one of the intriguing in-

centives for exploration of the very heavy nuclides is the possibility

that by efficient multiple capture devices we can reach such a region.
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B. METEOROL~Y AND UPPER ATMOSPHERE PHENOMENA

1. NUCLEAR EXPLOSIONS AND METEOROLOGY

Lester Machta

U. S. Weather Bureau
Washington 25, D. C.

One of the shortcomings in meteorological research is the lack of

laboratory experimentation. Most indoor experiments fail to adequately

reproduce the atmosphere. Field tests in which the atmosphere is disturbed

require energy sources in excess of those normally available. It iS Ofiy

with the advent of nuclear energy that sources are now capable of altering

the atmosphere. In many cases, the sudden release of heat is not necessarily

the most desirable and some day it may be hoped that controlled heat sources

of equal rmgnitudes to nuclear

There are two prime means

meteorology. In this article,

explosives may become available.

of using nuclear explosives for research in

only low level of “conventional”meteorology

is under consideration;effects from explosions at high altitudes (above

100,000 feet) are not considered. The first uses the radioactivity from

the nuclear reaction as a tracer. The second employs the heat or the ioni-

zation for weather studies. There is already a body of itiormtion of the

effects from these phenomena which will be described by way of introduction.

Perhaps the most dramatic scientific findings of the past nuclear tests

deal with the tracking of air masses. We have been able to verify air

trajectories computid from conventional winds, study lateral mixing as the

clouds from Nevada atomic tests move across the United States and watch the

debris from the U. S. Pacific tests mix throughout the world. But the
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most important new discovery pertains to long lived fission products in-

jected into the stratosphere. Knowledge of the circulations and mixing

rates in the stratosphere as well as the rate of exchange of air between

the stratosphere and troposphere has been very poor in the past.

The deposition distribution of stratospheric strontium+O as of the

spring of 1958 is peaked in the north temperate zone, shows a minimum in

the equatorial region and a secondary maximum in the south temperate zone.

It is readily demonstrated that the distribution does not follow the

meridional rainfall pattern. The source of the stratospheric strontium-

90 is from U. S. tests at llON and the U. S. S. R. tests north of about

50% . As of the spring of 1.958,the production of strontium-gO favored

the U. S. source by about a 2 to 1 ratio and it is felt that this is the

same ratio as appears in the deposited fallout. However, the amount of

strontium-gO in the northern hemisphere is more than twice that in the

southern hemisphere. This suggests that the Russian debris has remained

entirely in the northern hemisphere and that even the debris injected in

equatorial latitudes is preferentially deposited in the same hemisphere.

One also finds a seasonal variation in the rate of deposition of strato-

spheric strontium-gO with peak in the spring and minimum in autumn. These

facts have suggested the existence of a meridional cticul.ationin the

stratosphere first proposed by Brewer and Dobson in England several years

ago. Recent data on carbon-n in the stratosphere obtained before the

U. S. S. R. could have added any carbon-lJ to the stratosphere likewise

supports this view. It was found that higher concentrations were present

at locations north of the source latitude indicating the likelihood of a
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bulk transport process rather than a mixing transport.

In recommending radioactive tracers, one must keep in mind that the

meteorologist already has some markers of air masses. For example, very

fine

been

been

they

particles of zinc cadmium sulfide, a fluorescent dye pigment, has

used extensively in short range experiments. Floating balloons have

tracked for many days. Each of these has defects, mainly because

are not gases and can separate from the air mass to which they are

initially attached. Thus, an ideal tracer for meteorological purposes

should possess the following properties:

1. It should be gaseous. If particulate, the particles should be

submicron in size.

2. It should be easily collected and measured. A low background

would be advantageous.

39 It should be inexpensive since the need is for large-scale experi-

ments for which very large quantities’would be required.

h. It should be non-hazardous.

The prime objection to the use of tracers added by past nuclear tests

is the fact that the injection point and time was not necessarily best

from a meteorological viewpoint. Further, injections were so numerous as

to frequently cause confusion about the source of a particular collection.

The kinds of special cases which the weatherman might like to study are:

follow specific air currents in the stratosphere, particularly in the polar

winter; determine the point of exit of stratospheric air; determine

whether transport in the stratosphere

tion rather than turbulent mixing; or

is, in fact, the result of circula-

find the nature of cross “wind”
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transport in the vicinity of the jet stream.

The heat of a nuclear explosion has already been shown to produce

interesting pictures of the rise of hot bubbles of air. The development

of smoke rings which was found by Scorer in England in laboratory work

and formulated in a mathematical theory appears to be confirmed in the

atmosphere as well by rising nuclear clouds. Further studies of the con-

vection of heated air masses may reveal the law governing the rise of the

bubbles of air, can possibly be used to produce artificial water clouds,

and may indicate the reaction of the atmosphere to the creation of dis-

turbing convection cells in the presence of natural convection.

It has been clearly established that the ionization from the debris

of past nuclear tests has altered the conductivity of the air at great

distances and over large volumes of air. It is thus possible to change

the atmospheric electrical proprties at will with nuclear explosives.

Conceivably, the detonation of nuclear explosives in thunderstorms might

reveal the effect of increased conductivity on the charge separation pro-

cess. Since the convection of the radioactive cloud will also have a

profound effect, one will have to detonate devices with the same convec-

tion but with different amounts of ionizing ability in order to distinguish

between the different effects.

There have been several suggestionsby which the explosion of nuclear

devices might alter the air flow. It is obvious that a short-lived dis-

turbance is possible but it has not yet been established that the effect

iS long-lived. For example, Reed of the Sandia Corporation suggests the
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use of exploding nuclear

will be less damaging.

devices to steer hurricanes to courses which

t

It appears that nuclear explosives can be profitably used for

meteorological research. However, the severe requirements for the reduc-

tion of contamination eliminates certain possibilities such as some tracer

experiments and alteration of conductivity. Further, research funds for

nn?teorologicalresearch

to such research at the

profession may view the

are limited and if the nuclear devices are charged

ex&nse of other undertakings, the meteorological

possibilities of explosives as less promising.
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c. EXPERIMENTS IN SPACE

1. SOME EXPERIMENTS WITH EXPLOSIONS IN SPACE

!kYllE3S Gold

Harvard College Observatory
Harvard University

I should like to discuss some aspects of explosions in space and the

vicinity of the earth, not to make an exhaustive survey of what can be done,

but limited to some particular points that occurred to me that are inter-

esting. In the space far away from the earth, but still in our part of the

solar system, we have a fair amount of knowledge of gas densities and a

very rough order of magnitude idea of the magnetic field strength. It

ranges in the order of lCJ-4- 10-5 gauss. However, we will want to know

these numbers somewhat more accurately before we can make a good guess as

to the development of a bomb shock wave. The movement of the bomb debris,

far out from

in space and

after hav~

the explosion point when it gets to be affectedly the plasma

by the magnetic field, will be interpretable really we12 only

rather better measurements of the static condition of the

plasma that is normally there. So we have to think in terms of making

these measurements first if we want to be able to interpret the bomb re-

sults fairly well. But, assuming that we have a somewhat better knowledge

of these quantities, there are still many effects that wouldbe connected

with a shock wave going tln?oughthe plasma that are not theoretically

understood. We have some hints of phenomena of this nature; for instance

when the sun makes them, and we would very much like to see them under

controlled conditions. For example, the bomb debris will not have gone
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awfully far, only a metter of a few times 108 centimeters when it will

have encountered a mass of its own order in gas. The question then is in

what manner does it pick up this gas - does it pick it all up and what

kind of a shock front gets established under these circumstances? ‘l?hese

are circumstanceswhere the mean free path for collision is not likely to

be an important quantity compared with plasma interaction and compared with

effects of the magnetic field. We think that in the solar system case,

where shock waves move at velocities of the order of 1000 kilometers a

second, that quite narrow shock fronts are established and we would

naturally like to see this produced under controlled conditions when we

know exactly what the input is. That is to say, one would look for such

a thing as the distance in which the velocity of the expansion wave is

cut by a certain factor and one would look for the thickness of tie front

within which the shock wave occuxs.

But in the solar case there are more interesting phenomena than just

the structure of the shock wave. In the vicinity of the sun it appears

that whenever a shock wave and material.flux at these velocities appears,

that this is accompanied by radio noise. From the way in which the

frequencies change with time it seems pretty clear that the raMo noise

production is principally concentrated in the vicinity of the undisturbed

plasma frequency in front of the shock. That is the quantity that defines

the basic frequency that is emitted. It is a puzzle, and a very great one,

why frequencies higher than this do not come out of the solar outbursts with

nearly the same intensities as this plasma frequency; frequencies lower



than this, of course, could not come out because of the refractive index

change of the solar atmosphere. What, in fact, occurs in the solar ex-

plosion

general

like to

know to

is that frequently double this frequency occurs, but not a

filling in of other frequencies. We would, therefore, very much

observe explosion

be there. In the

than the shock wave; here

observe the debris expand

radio noise production as

waves possessing nothing other than what we

solar case we don’t know what might go on other

we know the input exactly. We would like to

and see whether it also has this characteristic

it plows its way through space. The kind of

plasma frequencies involved wouldbe a quarter of a megacycle or there-

abouts,and we would naturally need to have a receiver for this frequency

out in space because again we cannot get this frequency through our own

ionosphere. But that would seem to me a very interesting observation

which, if it gave the analogous result of the solar case, would really

explain a very important point of solar physics. It would explain to us

that we need look for nothing else. We must understand why that happens,

but we need look for nothing else in the solar case.

Now a different subject connected with radio and bcxnbsis the ques-

tion whether bombs can be made to produce directly as a consequence of the

explosion, not as a consequence of the plasma interaction which is weak,

but directly as a consequence of the

of its energy at radio frequencies.

how small a proportion it would need

intense explosion, a small proportion

I’ve from time to time thought about

to be and still beat all our terres-

trial radio transmitters. It would naturallybe in the form of a short
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pulse and, therefore, it would be a suitable thing for radar observations

in the solar system to give one such knowledge as detailed radar observa-

tions can do, nsmely the reflectivity of the planets as a function of

their angular position, a great variety of surface reflection effects

than can be investigated without, of course, having an angular resolution
,

to resolve the planet, but instead resolve the planet by time resolution ,

which is perfectly reasonable in the radar case, If one had radar obser-

vations ltromfar away onto the earth, for example, one would be able to

conclude that the earth is half smooth and haJf rough} roughly speaking.

Taking it to extremes one could even determine the order of magnitude of

the height of the vegetation, so an awful lot couldbe got about the

planets that we have not got in other ways. It maybe that we can get

this by terrestrial.transmitters that are beefed up, with gigantic

antennae and so on, but if it couldbe got with bombs, this ought certainly

to

to

of

it

be taken very seriously. The terrestrial transmitters wouldbe able

reach something of the general order of 1010 watts, or the equivalent

1010 isotropic watts in a microsecond. I say isotropic because ma@e

is rather hard to make a large

I think is not quite impossible.

isotropic watts, they wouldbe in

Then I meant to make a point

antenna around the bomb although even that

So if bombs could produce more than 10~0

business for this thing.

while I’m out in space about the

question of travel tties of particles and, in the case of solar disturb-

ances, of disturbances on the earth including making of aurorae. It was

mentioned earlier that the travel times don’t seem to fit; the particles
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of higher energy seem to srrive with delays from the sun that correspond

to the lower energy particles that are also present. The observational-

evidence is very clear cut on this and I think that the interpretation

is quite simply that the fast particles are only able to reach us when

slow speed gas has come to us from the sun and distorted the magnetic

field in space in such a way as to connect us to the sun. One will be

able to observe a similar class of phenomena slso in the case of the

bomb debris though how interesting it is I haventt really thought about

yet. There will be, in general, in a tenuous gas in space where colli-

sions are unimportant and where the magnetic fields dominate, the situa-

tion of particles which travel to a certain place only when the fields

have been distorted so as to allow them to reach that place. We will

observe a class of phenomena in the case of bombs also of that nature,

that the distortion of the fields causedby the bomb wild.allow access

to certain regions of space for faster particles at an anomalously late

ttie.

Now nearer the earth I can think of a variety of effects in addition

to those that were mentioned this morning. Several-of them I titended to

mention also. One is the very interesting range of phenomena connected

with “whistlers”,which is a low frequency, 10 KC or thereabouts, ob-

servation of a radio mode that can propagate in an ionized gas only

closely along the lines of force. It gives us a lot of information about

the gas in the vicinity of the earth out to distances over few earths

radii. M@be I should draw that. Now what is seen in the whistlers is
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that a signal has evidently traveled along and been reflected off the

ionosphere here and come back. On some occasions one observes a single

pulse having traveled over 20 successive paths backward and forwards.

Now it is clear that the degree of guiding that is needed to keep the

energy undispersed over 20 such paths is much better than the guiding

givenby the propagation conditions in the field. So in other words one

is observing much more than one has a right to expect. The guiding

would have made a certain attenuation between one pulse and the next

and one was observing much less attenuation between one pulse and the

next. The interpretation is that there exist, naturally, bundles of

lines of force which are more densely populated with electrons than

neighboring ones and therefore they act as a wave guide and this can be

calculated to be a sensitive phenomenon, that a 10~ increase in the

electron density along such a tube will explain the guiding that is in

fact observed. In other words, it would suggest that the earth, if you

looked at it from outside, had some sort of a plume structure which is,

of course, what the sun does have in the atmosphere. Now a phnne struc-

ture of this nature is very easily explained as the magnetohydrostatic

effect of a patchiness in temperature on the surface at some level in

the atmosphere. Each hot spot will have a plume sticking out above it.

That, no doubt, is the right explanation in the case of the plumes on

the sun and I thtik it is very likely the one here. Now it is of

interest that a bomb has got plenty of energy to make hot spots of this

nature and to generate plumes of this nature. Actually, the total

amount of material that is needed to make a collimated whistler path is
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on the order of a kilogram. There is little doubt that the heat that

could be dumped into a bundle of lines of force by a bomb is amply

adequate to construct a whistler path. Now we know that natural whistler

paths like that live for a matter of hours. I don’t bow whether this

represents a fortuitously good circumstance or whether this would generally

be true, but at any rate it wouldbe very interesting to look for whistler

paths like this following a bomb explosion at a high altitude.

Now sanewhat related to this is the question of the stability of the

gas slong certain lines of force if you put a lot of heat into it. If a

tube here is heated very greatly, so that the gas sitting on these lines

of force expands and pulls the lines of force apart a little bit, which is

what happens, then there will be an instability resulting which is of the

nature known in the trade as interchange. In the first place that line

will want to bulge up a little bit. It is slightly buoyant in the magnetic

pressure of the remainder of the field. When it bulges up a little bit, it

will exert a little bit of force here, for example. Now the existence of

an insulating atmosphere over the entire earth means that the feet, in a

very crude way of speaking but which

of these lines of force are not tied

foot connects with a particular line

the gas, and whether you call it the

happens to be correct, that the feet

on. There is nothing to fix which

down at the bottom. And, therefore,

field moving as well is your own

business, but this gas that sits on that line of force can interchange

with successively higher lines of force and can eventuald. ybecomethe

gas that sits on a very polar line of force if you had an awful lot of
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heat dumped into this. This interchange motion implies no magnetic work

being done. It implies only that the gas moves in this way. If you like

to look at it in another way, it is electric fields that are permittedby

the existence of the insulating alznosphereand it is the electric field

which equals a certain V cross H which allows a certain V across the

earth’s magnetic field. The resistance to this motion is chiefly derived

from two causes: (1) That, normally, the gas in these lines of force may

be in a stable configuration - you may have to beat a stable gradient - it

is a little like having an atmosphere possessing a stable gradient and if

you want to turn it over, you’ve got to do a certain amount of work. The

stible gradient for this can be calculated and it is a s“traightforwsrd

thing. You have to beat that, and we think that in general the gradient

is stable. And secondly, to move such a bundle outwards, you have to

accelerate all its mass, of course, and all its mass is resident in that

little bit down here, namely the ionosphere. The mass of all the rest

above is quite negligible. So if you were to dump hot stuff tito such

a tube, you will accelerate ionospheric material in this &Lrection and

this will give you the sort of time constant with which the motion can

occur and it would not seem unreasonable to make velocities of the order

of 50 meters a second or something like that. In other words such a tube

can be expected to expand in a few hours from an equatorial.to a polar one.

Well I think it very likely that such a phenomenon muld have occurred

on the occasion of the Argus shots but I think that none of the observa-

tions that we have would have shown it, or none of the ones that I’m aware o:
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because this interchange motion must not be confused with the question

of the stability of the shell of fast electrons. If, in such a tube,

fast electrons are produced as they were on the Argus occasion, then

they will drift up out of this tube in longitude in a matter of a few

minutes or even shorter. Because of their rather rapid longitudinal

drift, they go once around the earth in a matter of a half an hour. And

therefore, they are out of this tube although they would move with the

tube if they could stay in it because that is the coordinate system in

which there is no electric field; they will not in fact move with the

tube because they go out of it, andby the time they come around again,

this tube is only a very small fraction of the way around. In any case,

continuity of field implies that other regions are moving down to make up

for this one going up and when you work it out, it just comes to zero.

So the stability of the Argus shell is no indication of this phencxnenon

one way or the other. One ought to think of methods of making this

visible or of observing ionospheric disturbances, as one can observe

ionospheric disturbances, in motion and I hope that the next time that we

have such an occasion, one will be able to watch the unfurling, as it were,

of the magnetic field from the region of the bomb.

Now the last point that I would like to mention is the question

whether anything interesting can be done with a lot of light that a bomb

might emit when we unfortunately have to compete with the sun. When one

works it out, the amount of sunshine that hits the earth is about a kilo-

grm per second and we can make an amount of light that is perhaps a few
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grams if one finds a way of converting a significant fraction of the X-

rays into light from a bomb. One is working with numbers which mean that

for a matter of perhaps a microsecond one can make it brighter than sun-

light out to distances beyond the moon but not to distances like Mars.

I think the space around the esrth is pretty transparent and radar light

methods in that space, for that reason, have to use an extremely power-

ful light source.

Now we know of a phenomenon that is not yet adequately interpreted,

the so-called gegenschein, the phenomenon in which light seems to be

scattered in the sky from a direction opposite to that of the sun. This

has, from time to time, been interpreted as preferential back scattering

but the degree of preferentiality is unreasonably great and so people

have thought about other explanations. The Russians have

theory which, I think, seems as plausible as any, that the
,

a comet-~ke tail that faces away from the sun and when we

that tail we see the most backscattered light. That is an

proposed a

earth possesses

look along

observation

which could be done perhaps much better with the light from a bomb used

as a radar set because now we’re not competing with the sunshine. We

could see that tail in the shadow of the earth where we can have a much

higher sensitivity for our receivers and we could see that shadow not

only as a diffused cloud, which is all that you can see in the sunlight

illuminated case, but you could see also in a time resolved way because of

the shortness of the burst of light. You could therefore discover the

scattering as a function of distance away from the earth and, if the

40



Russian ideas are right, then this would be an observation that would

have to work out to a few earth’s radii. That seems to me entirely all

right so far as the numbers are concerned if we can make a few percent

of a megaton bomb into light. In fact, if at the time of the Johnston

Island shot somebody had gone elsewhere on the night hemisphere where

he did not have any direct light from the shot and where he was well

away from the direct and atmospherically scattered light and could look

into the night sky out there, if he had gone there with a photo cell

and observed the time resolved trace, it may well be that he could have

had that information even then.
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1. MOTIVATION

The life-time of the free neutron is at present one of the most un-

certain of the basic constants of physics. There are two reasons for

trying to measure it more accurately. First, this life-time is immedi-

ately required in order to test various ideas about a universal theory

of weak interactionsbetween elementary particles. Second, it always

turns out that in the long run it becomes important to measure the con-

stants of nature with as high accuracy as possible. Crucial discoveries

often have emerged from the study of very small anomalies revealed by

such accurate measurements.

We propose to measure the life-time by a direct attenuation method.

A bomb is exploded in space, producing a large numiberof neutrons. Two

or more detectors observe the neutrons arriving at different distances

from the bomb. Each detector records a time-of-flight spectrum extending

over a time comparable with the decay life-time. Comparison of the

neutron fluxes recorded at different tties and at different distances

from the bomb will give a direct measurement of the rate of decay.
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II. COMPARISON WITH LABORATORY MEASUREMENTS

Before considering an experiment with a bomb, one naturally asks

whether an equally good measurement might not be made in the laboratory.

It seems that an attenuation measurement under laboratory conditions

is not possible. This is because in the laboratory the attenuation of

neutrons by decay is always a minute fraction of the attenuation by

nuclear capture or leakage. Thus all laboratory measurements of the

life-time are based on the comparison of an observed nuniberof decay

events with an absolute monitoring of the number of neutrons present.

Accurate monitoring of the neutron intensity is very difficult, because

one usually does not know precisely enough the limits of the volume at

which one is looking, and also because one does not know accurately the

neutron velocity spectrum.

The great advantage of the bomb experiment is that the uncertainties

in the source volume and in the velocity spectrum do not affect the

accuracy of the measurement.

Let us look at the actual experiments which have been done. They

are all done by looking at decay particles from a beam of thermal neutrons

emerging from a reactor.

The following values have been found for the half-life:

I. M. Robson, Phys. Rev.~, 349 (1951), J2.8 f2.s min.

N. D’Angelo, Phys. Rev. , 285 (19s9), 12.7 k 2.0min.

Sosnovsky, Spivak, Prokoviev, Kutikov end Dobronin,Nuclear Physics, ~

395 (1959),II-.7f 0.5min.
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The claimed accuracy of all experiments is about 15%, except for

the Russian experiment which is clatied to be good to 3%.

I am exceedingly sceptical about the claimed accuracy of the Russian

experiment, not because it is Russian, but because of the objective diffi-

culty of absolute monitoring of neutrons. To see how hard this is, let

us take a look at the absolute measurements of the fission cross section

of If=. The present state of this problem is summarized by:

Safford and Melkonisn, Phys. Rev. , 1285 (1959).

The measurements of Safford and Melkonian give a value 580 f 7 barns

at 0.0255 ev. Other experimenters quotedby Safford and Melkonian give

the following values:

556?6,

638 ?20,

606t6,

568?7.

You see that the various experiments, though they claim l% accuracy,

are actually scattered over a range of k 5$.

Now the absolute fission cross section of U235 is certainly not an

unimportant quantity in the reactor business. In fact, the effort that

has been put into measuring it is very great. If it is not known to

better than 5% accuracy, the explanation can onlybe that the experiment is

very hard indeed.

I think it is clear that the neutron life-time is even harder to

measure with a reactor than the @5 cross section. The counting-rates

are much slower, the geometrical factors are more uncertain, the
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radiochemical methods of detection are excluded. Therefore I do not

believe that the neutron life-time is known to higher accuracy than the

U235 fission cross section.

I would judge that the neutron life-the is actually lmown at present

to about 10% accuracy. I would guess that measurements in the laboratory

will reduce the error within the next few years to 3% and ultimately to

1$. But it is difficult to imagine a laboratory measurement, based on

absolute neutron monitoring, which would be accurate to better than l%.

So to be really interesting a bomb experiment needs to be accurate

to about one part in a thousand.

III. ANALYSIS OF TKE BOMB EXPERIMENT

For a preliminary analysis we suppose that there are just two neutron

detectors, each having diameter D, at distances R1 and R2 from the ex-

plosion. The distances R1 and R2 can be accurately measuredly a simple

radar system attached to the detectors. We suppose that the detectors

are accurately in line with the bomb, so that it is untiportant whether

or not the angular distribution of the neutrons emitted by the bomb is

isotropic. Presumably the two detectors couldbe shot out from the

vehicle containing the bomb, a short time before the e~losion.

Each detector observes a certain flux of neutrons spread out in time

after the explosion. From these fluxes the actual velocity-spectrum of the

neutrons can be deduced. The velocity-spectrum need not be known in ad-

vance. The

the ‘wrongm

small correction introduced by delayed neutrons arriving with

velocity can be separately monitored and subtracted.
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For a rough analysis it is sufficient to

neutrons arrive with a certain characteristic

in time over a duration R/V, where R is the

to the point of observation.

Let

N = nuniberof neutrons emitted,

T = neutron half-life,

A = decay constant = (log 2)/’r.

assume that the bulk of the

velocity V, but spread out

distance from the explosion

The number of counts observed at the detector RI will be

NW
Gl=—

e -AR1/v
)

16 R~

and similarly for the detector R2. Thus the measured value of the decay

constant A is

The statistical fluctuation in A will be

AA= +++H”2*
To make this small it is best to take

0<< R1 <<R2 << VT.

Then

AA=
VG#2 4V N-1/2

R2 ‘— D 9
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The fractional error in the life-time measurement is thus of the order

AT AA 4V -1/2
—=—=@ .
T A

In practice we might have

D= detector diameter = 100 cm,

1= 10-3 see-l .

Then

Consider a neutron source consisting of a bomb with energy-yield

Y and mass M. If the neutrons are thermalized within the bomb material

to the velocity V, then approximately

V2 2Y 6 X 10-4—=— =
NMN M“

So the ratio VN
-1/2

is roughly independent of the bomb-yield. For a

mass

M= 1 ton = 106 grsnl.

We have

~-1/2 .
2.5 x 10-5 ,

and

AT—= 10= .T

A simple bomb source of mass 1 ton would thus be adequate for a measure-

ment with statistical accuracy of one part in a thousand.

A much better neutron source would be a mass of water placed close

to a bomb but protectedby a lead shield from the direct effects of blast
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and radiation. Suppose that neutrons carrying an average energy of 10

kilovolts emerge from the bomb, penetrate the lead shield, and become

thermalizedin the water. Then

@ 3 X10-8—=
N M 2

where M is the mass of the water. Taking now

M= 105 grsm,

we find

~-1/2 =6 x10-7, ‘+ =3x10-5 .

Statistical errors of less than one part in ten thousand are in principle

possible.

Three practical

to mind and will now

Iv. HWX’lCAL DIFFICULTIES

difficulties of the bomb experiment come immediately

be discussed very briefly..

A. Cosmic-Ray Background

Cosmic-ray background in a counter of diameter 100 cm is roughly

See

set

3 x 104 particles/see.

Van Allen and Frank, Nature, 183, 430 (1959).

The neutron counting rates may vary over wide limits. A typical

of nunibersmight be the following

N= l&3 (equivalent to about a kiloton of fission energy)

v = 1.5 x 108 (neutrons moderated down to 1 volt)

VT = 10,000 I@ (neutron attenuation distance)

Rl =300 m

R2 =3,000 Km
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