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~SUMMARY OF IAd?53 ~ ....~=
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experirnentwritten up m LAm255~ metimremeds of the delayoti ,’

activity of 25 had been made following pulses of tiw “dragon~~ ( see IA-397). !l!heae

measurements were made by means of an ionization ohamber and a oounter shielded in

lead and the results were given in ouri.esper fission for times ranging fran a few

milliseconds to a f’ewseconds after fission.
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1. INTRODUCTION

The diaorepancy

recently by ourselves and

results and $0 re-examine

The discrepancy

between the results of M.-253 and those obtained znore

others has made It desirablo to record some of the new

the reaerdq and rosult8 of L&=2~3.

oocurs mainly for times up t~ 100 milMseconds. M’here-

as the results of LA-253 shew aotivi$iea deovaa~%ng f~& abmit ~ x M3”zo atiieu..

?11 ‘perf’issianat 10 millisecondp, to IQ ties per fi~aion at 100 milliseconds.

the measuremtxitxof group F.=2on 25.show fairly constant activities of the order

of 10-11 ouricw perfSssion during this entire time interval. Furthermore group

F&? has also shown (and it ia to be expcwted from theoretical considerations) that

the delayed ~autiv$ty of 49 is qtite olosaly of the sam order as &a+ of 25. we

have ourse>ves measured the aotivity of 49 usiqg the Van de(lraa$f~enerator as a

nsutron source and although ~ur results were aoiaewhatrough beaause of difficulties

with background we have fount that they are of the same order of magnitude as the

results of group F-2 on 25 ahd L9, and not at all of the mme oz’der$therefore as

the re8ult8 on 25 of IA+Yjj.

!.
,i

L.D.P. King andl$. Ferm~ and their &oup

radiation fmmthe fi;sion of 25 and of 49. Their

have measured the delayed J?

prel*hary results appear in

LAMS-255 and WSP26~, and their final results will be

Their method Qfmepsurament is p aleaner ~ne

compliaatiom arim from doubts abcnatself~absorptipn,
I i

published soon.

than that of IA.=3. No

eto., as they did in the

dragon experiment. E

)
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slug of either 25 or 49 through the water boiler into

of the slug can be counted. The time the slug spends

oounting chwuber is varikble and ia me~sured in order

a @amber where the activity

between water boiler and

to be able to express the

observed activities as a fumti on of time after irradiation.

Using this method group F-2 has established that the short-period de-

layed$ astivity from the fission of 25 andb9 Mes on curves that are roughly

parallel and ?f the same order of magnttude (the 25 is perhaps ~Oj’Zmore aative than

the L9)Q Although there is no good r-son suoh order of magnitude agreement in not

to be expeolmd, it is comforting to have the experimental verification.

Some pointm from ‘thepre\@Lnnry results of group F-2 on 25 are plotted

in Fig. 1 witithe dragon resuIts of LA-253 and two points thatwe Qave obtained

for /49, to be di,souwmd in the next section.

111. TH32DMJWED ~AC3’IVZTYOF49AS MEASURED WITH TIIEVAN I)EG&A&F?

It Was planned to estimate”the nucXcar efficiency at Trinity bymeasufing

the delayed~ aativity (see L&-/@O), In o@er to convert from ~actitit~es to nu-

clear efficienoies$ it is neaessary to know the number of curies per fission of’the\

fissionable material (49). 13emuse of. the disorepanoy between the preliminary re-

sults of group F+ and those of IA-253, i$ was decided to measure the zmnbur of

curies per fission of the delayed Yaotitity of 49 for times up to 100 milliseconds

bymeans of the Van dtiraaff generator.

The Everimental Setup

A.piece of plutonium was irradi~ted by neutrons from a Van deGraaff

generator Xor periods of time of t~e order of a millisecond and observed bya

Ge$ger oqunter for its ~ autivity durtig and after +e irradiation R. Perry.

.

.—_ .—. .—..=-.—. .— -=
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modified the Van deGraaff generator so that this could be a periodic prooesa. De-

flsotor plates were inserted into the target tube and a square wave applied to them.,

This periodically defleoted and returned the generator’s proton beam to the lithium

target. Thus the neutron source (32+ Li7~n~ + Be7) was pulsed. The pu18es

from the Geiger Oc?unterwere fed to an oscillograph and photographed. Both the

pulses due to prompt ~$s (i.e., those that appeared while the beam was on the

target) and those due to the delayed ~s mere photographed. A somewhat more de.

tailed desoriptfon of the eqerimenwl ar~gement fOllWS

A beam of protons im-

pinges on the llthium target (A)

.
of the Van deGraaff electrostatic

generator. The beam is modulated

by a square wave oircui~ acting

on deflector plates in the target

tube (B). The neutrons (*600 K’v)

frnm the proton-lithium reaotion

hit the plutonium which acts as one

electrode of a fission counter (C). VW- ‘6EGW%#WF

The G.M. tube counting the ~ rays is placed in a lead cylinder (D) with two inch

walls and a window facing the plutonium. Nearby are the G.M. power supply (E), a

long neutron counter (F), and a cathode follower which transfits the ~ pulses to

the control room.

These pulses are fed oato the vertical plate8 of an oscilloscope (G)

whose sweep circuit has been replmed by a laboratory sweep (H) of adjustable

sweep length and speed. The svJaepis triggered by the modulation circuit. A
_—

-~?[nED
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General Radio re-

corder (1) photo.

grapha the soope

traoes and the

A
soale of one’’neon

bulb (J) rmxmrtad

at the soope sareen.

The mechanical

oounter (K) operates

fran the scaling

circuit output.

At the right is drawn a strip of the photographic
\-

rmord. The bottom I’IvQtraeam were taken with

generator off. Each trace starts upon a signal

tion oireuit that ooimcides with the removal of

the Van deGraaff

\\

o

0

from the modula- b

plates in (B). Each trace further shows

plaoe, also from the modulation circuit,

of voltage to the plates (and consequent

beam from the target when the Van

voltage from the

a pulse in the sene

signifying the return

removal of the

deffraaffgenerator

to

khree

is on). The third of these traces shows

an additional pulse. This is a count due

background. Above this set of traces nre

repre~enting those that would appear with the generator on. The many pulses that

ocour before the beam is deflected are oounts of the prompt {?s. Thoso to the right

are the delayed ~Qs. At the very top are 400 cyole timing signqls from an oscillator.

~ --==!
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The Data
-“

- The objeot of the experiment is to find the euriea

fission of 49 as a function of time after fission. ,The G.M.

of $ radiation per

tube data can be

evahated in ( counts per second at any time interval after irradiation. The fi8-

sion oounter and the long neu~ron oounter (whtch was used as aoheck on the fistiioa

counter) tell us the tetal number of fl.8sions

The number off counts per 8econd per.fission

lar .upparatusis thus rea~ly obtainable, 13y

oocu.rringduring the irradiation.

(call thj,snumber A) for ourpartiou-

plac~ng a known calibrated ~ source

(we used one millicurie of radium in equilibrium with its products as our standard)
. .

at the position of the plutonium~ one oan find B, the number of #’counts per seoond

per uurie for our arrangement of the apparatus. Aamming that a curie of fimion

~’s givesab out the some oounting ra~e aa a aurie of rad%& ~s, then the number

sought, the curies per fi8sion of the delayed~ radiatios h simply A/B. This

number can be evaluated for various time intervals after radiation.

The’Results

In such a manner the average curies per fiesion fer the first six 1.7-

snilliseoandintervals after irradiation were calculated. For these

of irradiation was 1.2 millisecond. It was found that for RI1 but

intervals the ratio of stgnal to background was too mall to attaoh

iwrasthe time

tliefirst two

very much OtiO-

hte s%gnifiuanceto the reimdts. Howqer If the,aignal were as large m one would

expeot from the results of LA-253 {assum$ug again that”the delayed ~ aotivlty ofh9

and ~ me of the same orde~ af &gnitude at all times) the= St would have been

easily observable over the background. In Us i3(913b8 the laok of,’ab801ute resultis

in these time intervals is signif

~:

for it.sets an upper limit to the~ activity

—— —— I
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of 49 for these times. Similarly all our data for lo-roillisecond irradiation

I

followed by 100.millisecond observation was made unoertain because of background.

However the upper lid% that could’be set on the delayed f activity fron the fission

of49 was everywhere lowen than th~ actifity observed in LA-=4253. The 2 point~ we

did get whose probable error is less than #zQ%are plotted on the graph (Fig. 1)

that gives the curve from LA-253 and that from LAMS-255.

IV. A R3-EXA.MI~TIO?iOF THE RESULTS OF LA-253

From the results ef.Sections II and 111. it Is clearly desirable to re-

examine the &ecerds and methods enwhlch LA-253 was based. This wae accordingly

donep special atteritianbeing pa$d to posstble aouroos of error that could explain

so large a dlserepanuy as is indicated in Fig. 1.

First= one oould oonsidex’purely instrumental errors. For example, one

might suspect that there VJIM3an instrumental spreading out of the prompt ~ pulse An

the ionization uhamber that was used in LA-=253,and that it is this spreadlrzgthat

gives erroneously Iarga aetivit$es a% the short times immediately following the

dragon pulse. ‘lhissuspicion aould ba ruled out if it were est$bliehed that the

Geiger counter gava the same aotitities for these early times. The early time

counter data of LA-25.3had Fitherto not been analysed for two reasonsg 1) witha

oounter having a saturation counting rate of about 1000 per seoond, it is impossible

to get good statistic from ono or a few runs lasting but a short fraotion of a

second. 2) Most of these counter reoords were partaally fogged. However, two of

these reOO1’d6have now been analysed, with the results indioated in the histogram

of Fig. 2. The number of partioles ceunted for eaoh the fnter’ralis shown at the

top of eaoh black of the histogram. It will be seen that the statistics are ex-
,

!
1-.

la?cnnelypoor but suffie$ent to show that the oount~~ t time8

~ ~a
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agree roughly with our chamber meamreximts. If it is kept in mind that the ohember

was 0.76 m from the drpgon and tio counter l@mders from tho dragonO and that the

reoording and evaluation of data for the two types of meaeuroment waa’independen’t~
.

one must oonc$ludefrom the observed agreement of ooturker and ohamber swasureanexrts

.
that serious instrumental error was very likely absent from the results of LA-2fj3.

Ono is hi to aawne that any error in LA-253 would oomisk of unwittingly

counting something in addition to the delayed ~Qs from the 25 and the known back-

ground, Wwt, them, oould contribute to s ~ background immediately following a
.-

dragon pulse? In order to affeet b$th chamber and oounter, any radiation oapable of
.4.

causing ‘thebackground would have to be fairly penetrating. @ong the radiations

from the dragon only ~$s and neutrens would fit this requirement. It is diffioult

to see how the prompt ~ls of the dragon pulse could cause

oounta unless i.twas that one was actually still oounting

when it was thought that delayed ~vs were being ceunted.

an app~eciab~e delayed~

the prompt ]t6 themselves

That is, one might assume

.

that the activity vs. time curve in a dragon pul~e was not str$ctly Gaussian, as is

indicated by the simple theory$ but that it has a long tail. (One m5ght ooncerlvably

blame such a tail on the delayed neutron~ of the pulse.) Fr&30h assures Us$ hewevere

that &is 1s riotthe ease because such a tail 1) would be very smal~ from theoretical

considerations and 2) ~0 oxpeP5mentally negligible as determined from the form of the

observed neutron pulse.

Then let us consider the neutrons. How could they contribute to a back-

ground of delayed ~~s? One would have to find a probable (n.?) reaction with an ap-

preciable oross=seotion and assume a.tleast me of the following. 1) The number of

delayed neutrons emitted is sufficient to account for the delayed ~ background by
.

means of the wisumed (n$~) rcwtotiorao2) The prompt neutrons are elowe~ or
. —- _ _— I
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medium and gradually aaptiuredresulting @ the gradual emission of ~ ray%. ~) The

prompt neutr@n8 are responsible fpr the ~as by means of an (nO{) reaction whore the

ts come off delayed. OnQ might ~’swme here that neutron capture is followed by ~

emission with a period of about 10 milliseconds~ accompanied by ~ emfssion.

short

I layed

every

.

In order to explad.nthe observations, a theory of the excess of ‘s ati\,
Mines in the dragon exper~ment would have to acoount for the following fads.

The ohamber and counter gave comparable results at all times although
they were 0.76 an$’18.~ meters respectively from tho dragon.

The ohmge of dragen tamper from 13@0to graphite and po~ythene had no
important Wfeot, on the results.

.
the three ti~orieso the first oan be eliminated at

neutrons of about &uillisecond period contain only about

~000 fissions, whereas the#ray6

mwh more numerous. being about one for

trons cannot bo blexmi for the observed

The second theory is sanewhat

of this period observed

the out~et. The de=

arm neutron for

with the dragon are

every 10 fissionao Thus the delayed neu-

~ iptfmdty.

unlikely because if one were to assume that

slowing down and capture in the tamper gives rise to the
f
~s~ one would come into

confliot with requirement b, IX would be very unklkely that both the BeO and

polythene-graphitetamper should have the same slowing down and oapturing properties.

Were one to

dragon, say

it would be

assure that the slowing down and capturing medium was away from the

the walls and floor of the room$ one would run into confliot with a, for

difficult to explain why the ~ intensity that appeared at”oountcm and

chamber behaved as though there were a souroe ?f ~Qs at the center of the dragon

(i.e., we are brought into coqfliot with the inverse square 3aw).

The th$rd theoryis somewhat less unlikely. About one prompt neutran per

f~ssion escapes the dragon wad %f ene nwtran~ e captured in say the brass
——--—-— ..——

–’~~
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walls of thclcanter and chamber and if this capture gave rise top emission of a

few millisecond period then one would observe inths instruments a count correspond.

ing to a flux of JQ6 of the &rder of one
t
for 10 fissions. as is required. Further.

more this explanation is nqt in oonfliot with the requirements a and b., It should

be remarked too that in o~ measurement withh90 it was observed that the oounter

d$d get “hot”8 pre~~bly due tO scattered neutrons~ and although.~ho observed deeay

periods vJ6re fairly long and the geberator WaEIoperated so that this aotivity was

never built up too strongly= it may have been quite different with the dragon.

Finally it Is oonueivables of oourse~ that the difference in the observa-

tions of L&-253 and the others is genuine, although it is difficult to see at pm~ent

how the known differencmof the dragon and~ for example. the water boiler experiment

{i.e., the existence of the tamper in the dragon experiment the differanco oi’the

neu’tronspectrum causing the fiaaion, etc.) could account for so large a disorepanoy

as was ob~crved.

—

,
.

.
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