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Abstract

A searohfor y -ray aatititieswith period1-100msea from

thermalneutmxnfissionof #35 gapenegativeresults. 0.43 * 0.03

12seo was the shortestobserved. The periodof B was foundto ~

27+3 resee.‘me oyclotronbeamwas pulsedto supply1-10msec neutron

bursts. CoimxtdencescintillationdetectorsWre employed.

—
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FIssmf P120DuoTs

Ihtroduotlon——

‘ib purposeof the experimentis to

aetivities* fissionin the timeinterval1 to 75 xdllisemndrn.

Thisregionhas beeninvestigatedpzwiously but resultsare contra-

dictory. The pertinentearlierresultsoan be brieflysumsrized ss

foxlows?

1) 00-112$ %eesy of GrosslttssianProduct&-&y Activityand

EnergyafterShortBahrdmentsw - lhtcoffet a12 Deoay ourvssfor

fYSSaftercfolotronbombardmentsof 5 see,10 see,1 *, 5 *.

Resultsuereextrapolatedto 0.1 see;the shdxmt half-lifeobserved

was=1.0 see~

235
2) LAM$-255 ‘F-Ditision*O=SS Report,MW 1945B: Slug of U

*
shotthroughwaterboilerpilew measuredat -s > .040sec.

3) LA=4253%hcmt Period~~s fkomPlssim of 25- - Mon and de

Hoffham Used %lragon- eritiosl assemblyto obserm titsat timesf’rous

0.001to 10 see; obserwada period3+ millisecondsat the extreme

lowerlimltof - resolutial.

4) -53A “ad ~ti~ Y ‘sfion~ssi~ of 25 and 49” - HdPsrn

m
L.D.P.KinginforBsus that thdx datayieldhalf-livesof 0.44see

and 2.7 see withindicationof additionalactivity<<%44 seee
●* ● ●**9**●e

●** ● ●

● e : :8 ::
● 000.: .::
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from the

probably

Orltloal

waterIxxLlershowsdisorepanoies● The resultsof IA-253uare

dm to (n,~) prooesseaoausedby neutronsreleasedf%omtb

assemblyafterit had supposedlybeccmeaboritioal.

5) IIH?52 ‘DelayedNeutrons from 25 afterShortIrradiations*-

de Hbffhm: ~lhgon~ shotsshowedfive delayedneutamnperiods>0.5

see and one shortperiodof 6.3 milliseconds.

6) ~. WV. ~, 111 (1948) --d Neu*o= * ~ssi= Of

#35m . ~hs et al.:Whoppern used with pile shoredfive delayed

periods>0.4 see and one shortperiodof 50 xl.llisemzuis.

7) 00-3032

Wigner and May:

f- Sxd ~-rays

periods shorter

Whnmuwyof Rate of Dooay of Fissionmuotsw -

$tatistioalanalysisof numberand avarageenergy of

withtheoreticalargmentashowingimpmbabili~of

than0.5 see frcm fttssion produots.

8) =’N ~SSiOnxd@Uw - Deutsohand Rotblatt A searehfor

metaatablesstabswith delmd coinoidenoeteohnlqueswas negative;

periodslongerthan100 mieroseoondecouldhave been detected;upper

lidt not eatimdade
.

l% resultslistedalma m mutuallyoontradietory.!M

N useo w-~ periodis a&ost certainlythe resultof an errorin

interpretation.The 6.3 d 50 msoe delayedneutronperiodsare in

both eases

andmaybe

foundnear the llmitof timeresolutionof the apparatus

dm to instrumental.effeots. Delayedneutronsshouldbe
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pceded by ~ -raysof the same period,elthoughnot necessdly by

~ -rays. I%dmds lessthan 0.5 sec cannotbe explatiedby present

@ -ray theories. Isomeric~-rays with periodsas long as msec mm

possiblebut exlmeme~ unlikely. Furthermore, experimentsable to

detecteven shorterlivedisomericstatesin fissionfragmentshave

givennegativeresults. A necessaryconcheion is that the evidence

is insufficientto provethe existenceof decayperiodsin themsec

range.

● ✘☛ ● ✎☛☛ ● a* 9*●*: ● ● *
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7

Ihmertintal

Thepresentequipnentwas

axuzement

plannedto utilizeshortpulsesof

beamfrom the cyclotronto producefission,and scintillationdetee~s

to observefissionactivitiesin the timeinterval1 to 75 reseeafter

bombardment.The emergent11 Mm deuteronbeam fimm the cyclotronpass-

ed betwen horizontalplatesof en electrostaticdeflectorsystem,was

focusedand analyzedby a magnet,passedthroughthe water-tankshield.

ing walland struckan insulatedBe targetat the end of an evacuated

spout. Gammaradiationfrom the targetwas attenuatedin a cylinderof

lead8 in. longbetwen the Be snd the crystal. Neutronsfrom the Be

targetwere slowd in a paraffinmoderatorand producedfissionsin a

T?35 foil targetsurroundinga scintillationcrystal,whichwas viewed

M two RCA 5819photumultipliertubesas illustratedin Fig. 1. The

orystalwas one in. thick snd two in. in diameter. It was madlned

from a crystallineblockof naphthalemecontainingS$ anthracene.

Rilsesfromthe tm tubesware smplifiedand put througha discridna—

tor coincid~mcecircuit;onlylargepulsescoincidentin tim were

counted. Outputpulseswere appliedto the deflectionplatesof a

cathode-raytube,and the tracewas photographedby a moving-film

camera. TinBmarksappliedto the filmallowedthe pulsesin eaeh

mseo to be oounted. Data consistedof plotsof the numberof pulses

in each timeintervalversustime.

The electroniccontrolcircuitsfor pulsingthe oyolotrom
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8

and operatingthe cameraweredesignedby C. Sewel.1and constructedin

the Electronicsshop. A timingcircuitwas arrangedto be triggered

manuallyor operatedautomaticallyon a 100 sec cycle. On each trig-

geringimpulse the csmerafilmdrivemotorwas startedand alloweda

0.2secrunto bringit up to speed. At this timea pairof thing

pulsesof 1 to 10 msec spacingwre initiated. Thesepulsesturnedoff

adon the electrostaticdeflectingfieldduringthisinte~, allowing

the deuteronbesm

Be target. While

pulsewas applled

to pass throughthe focusingmagnetand strikethe

the Be was beingIrradiated,a rectangulardefocusing

to the fifthdynodesof the photomultipliersand kept

themdefocused until200~sec afterbombardment.The secondof these

timingpulsesalso turnedoff the cyclotronion sourcevoltage(esti-

matedas < 50~sec) and the cyclotronradiofkequsncy8uP@Y ml-

(delayedby contactorfor about90 msec). I!lnallythe camera_

was turnedoff 100 msec or more after the second timing pulse.

Preciselyat the beginningof the deflectorpulsea 100 KC self-

excitedoscillatorstarted. The self-excitedoscillatorwas standard-

izedby observingbeatsagainsta 100 KC orystsloscillatorin a cathode-

ray tube. One and 10 msec timingmarks~re generatedby dividingthe

signalfrom the gatedoscillator.Thesemarksaccuratelyterminated

the deflectorpulseat an integralnumberof msec.

Outputpulsesfrom the coincidenceamp13-fierwere too short

(l~sec) to give photographicallyobservablemarkson the film. A

pulse-shapingcircuit-s developedto stretchthe ~-rw pulsesto 5
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9

a triangular

signalswere

form. Amplitudecontrolsfor pulse

provided.

A ballisticgalvanometersconnectedto the insulatedBe target

read the toiisldeuteroncurrentpulsedurhg the 1 to 10 msec bombard-

ment. Calibrationwith standardcapacitancesgavea valueof 1.864cm

deflection/mini-micro-coulomb.

Voltagesupplyfor the 5819photomultipl.ierscamefrom a

thermostaticallyregulatedbatterybox. Voltageswere set to give

equaltube amplificationsof 105. Two channelamplifierswith constant

amplificationof 2 x 105 were suppliedby B. lktt (Dwg.No. 4Y26230),

as were alsothe discriminatorcoincidencecircuit(Dug.No. 4x26229)

and threescalers(Dug.No. 4X26140),with theirpowersupplies. ‘JM

scopehad a Model200 powersupply(Dwg.No. 535A). The camerawas a

Generallladio(typeNo. 651KE)withra-builtmotordriveto give the

desiredspeed. The speedwas sufficientto give about100 mseo/ftof

film. Filmsused wereEastmanPhotoflureand Ihagraph Fan.

Rrelimharyobservationof countingratesvith a test source
60

of 00 showeda drop in countingefficiencywhen the cydlotronmagnet

and focusmagnetwere turnedon. This was interpretedas due to a

smsllmagneticfieldat the locationof the 5819photomultipllers,d

was measuredto be about3 gauss. A mu-metalshieldto surroundthe

tubeswas installedand was foumib giveadequateshielding.

fss ,()lullsthick,2 in.The fissionsamplewas a foilof ,
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wide end 9.5 in. long,bent into a cy13.ndricalshapearounda 3 in.

dia. crystal,holderin orderta offera largesolidangleto the fission

product~-rays reachingthe crystal. The thicknessof 10 roilswas

ohosenbecauseit is aboutone radiationlengthfor 1 Mev %-rm.
*

Threefoils wre available,for alternateuse in casefissionactitity

was builtup to giveundesirablylargebackgroundIntensities● All

threefoi;scouldbe used to obtainmaximumintensityof fission

activityif required. One sample holderwas of solidAl.,0.62in.

thick,to absorb(3-rays;anotherholderwas a framewithno absorber
235

to observe(3-raysplus ~-rays from the U . A thirdorystslholder

of Pb was plannedfor use witha Od foil aroundthe crystalto observe

~-r~ frm delawd neutronstia the captureprooess.

Backgroundarisingfrom oausos

measuredby replacingthe uraniumwith a

~-ray absorption.

otherthan the uraniumwme

lead foil of aboutthe ssme

Biaseswre alwaysset to countCom J’-rays.

*
Samplenumbers8123,8130,81.28.

-- -s
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Results—.

Sims activitieshad beenreportedin the 1 to 10 msec region,

w desiredto proveunsmbiguoudythat the beam was indeedsharply

pulsedbecausea smalltail couldleadto spuriousaati.vityin this

region. The Be targetwas replacedby an Al windowin orderto bring

the beam out intothe air. The lens of the GeneralRadio camerawas

replacedby a mrow slitwhence the osmerawas mountedto allowthe

deuteronsto pass throughthe slitand imphge on the movingfilm. The

camera

direst

If any

was conneatedto the timingcircuitsdescribedearlierand

photograp~of the beam pulsewas performed.No tail was found.

did exist,beyondthe firsttenthreseeafterterminationof

bombardmentit was at leasta thousandtimesless intensethanthe tin

pulse.

The defocusingpulsein the 5819ts ~vented activities

generatedduringthe Be irradiationfrom paralyzingsubsequent

circuitsin the countingsystem. In ofierto demonstratethat

did not tifectsensitivityinunediatelyafterthe beam ptise,a

electronic

pulsing

strong

~tm sourcewas placedadjacentto the mystal. The circuitswere then

pulsedin the usualmannerwithno oyclotronbeam. The countingrate

on the film priorto the pulsewas also observed

pulse.

As an overallcheekon the performance
.n

immediatelyafterthe

of the syskm, the
*

deoeyof Bu producedby the bombardmentof a thickB target wlti

*

Stitiredlxwonsuppliedby Wm. Wellborn.
—— ———
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12

deuteronswas measuredusinga 10 msea pulse. The absorption

targetand crystalwas sufficientlylow to permit%’-rays,if

between

W$

and the mozw energetie
f
-rays (end-point13.4lkw)9 to strtkethe

W. Hornyskand T. Lauritsen,Phys.Rev. ~, 160 (1950).

crystal. Imuiiatiomsat low and high levelswere performed. The

highlevelirradiationfilmswere countedfrom 25 to 85 msec after

bombardmentend addedtogetherto producethe curveshownin Fig. 2.

The filmscouldnot be countedbefore25 msec because of overlapping

of the pulseJs.Backgroundas determin~dby

insignificant.The half-life,27 * 3 msec,

be comparedwith anotherrecentmeasurement

a run withno beam was

deducedfrom the curvemay
10

of 27 d=2 resee. The low

10
J. V. Jellyand E. B. Faul,Froc.Oam. Phil.Sot.~, 133 (1948).

levelrun had very poor statisticsbut was satisfiedby 27 msec half-

lifeup to the terminationof bombardment.

Fourtypesof fissionmmumrements nre performedusing

threelayersof uraniumfoil as a lamfna. (1) 5 msec bombardment-

no Al.absorbor-75 msec countinginterval. (2) 10 reseebombardment+

with and tithcutOd - 75 msec countingintirval. (3) 10 msec bombard-

ment - thtckAl absorber- 100 to 2700msec countinginternal. (4)

10 msec bombardment- thickAl absorber-75 msec countingInterval.

At about90 msec the heavyRF load of the cyclotronwentoffthe line
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and causeda

measurements

smalldiscontinuityin

in thisregion. Three

amplifiergain,thus prohibiting

typesof measurementsweremade in

eaoh set except (2). (A) Uraniumin - beam pulsed. (B) Uraniumin -

no beam. (C) Pbin-besm pulsed. (B) was the naturalradioactive

backgroundof the uraniumand was directlysubtractedfrom (A). (C)

representsthe backgroundarisingfrom substancesoutsideuranium. It

was assumedproportionalto the beam pulse (galvanometersdeflection).

(A)-(B) and (C)were normalizedtol cmgalvanometerdeflectionand

the differencetaken. In the caseof run (1) countingwas done in one

mseo intervalsin the range1 to 10 msec ad in 10 msec intervalsthere-

after. The firstmsea intervalcouldnot be countedbecausethe de-

foaussingpulsedid not open it for 0.2 msea afterbombardmentend also

due to a strongdecayin the interval.whichapmared in bothuranium

and Fb backgroundruns. Fig. 3 illustratesthe resultsof run (1)

when hth ~ - and %’-rayswere counted. The errorsshownin this and

otherfiguresrepresentstatisticalerrorsof counting. No 3 to 4 msec

or 50 msec periodsare obvious. The activityis practicallyconstant

over the intervaland we illustratethis by passinga horizontalline

throughtho data (itis of coursedecayingwitha periodlong compared

to the intervaldisplayed).In the hop of amentuatlngthe detection

of neutrons,run (2 ) was made over the interval1 to 75 msec. The

additionof Od next to the orystalcausedno measurabledifferencein

the countingrate withinthe limitsof error. Fig.4 illustratesthis
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result .

To estimate

camerato run for the

the shortestperiodoccuring,we

maxi.mumlengthof film (100ft);

allowedthe

about2700msec.

The resultingdecaycurvesshownin Fig. 5 indicati a decw of the

orderof 1 sec found in earlierwork. The cm does not efind f~

a longenoughtizwto easilyanalyzeit for components.Howwer, if it

is assumedthatthe predominantcomponentat 2700mea iS of 1.5 sec

half-life,the esrlierpart of the curveyieldsanotheractivityof

0043*0.03

fits of the

1.5 sec was

the delayed

sec. We have estimatedthis erroron the basisof extreme

primarycurveto the experimentalpoints. The valueof

suggestedby the knownvalueof 1.52+0.056 half-lifein

neutronfamily. Our valueof 0.433=0.03maybe compared

with the shortesthalf-lifeof the delayedneutronwhichis well-known,
6

namely0.43+ 0.05. The agreementwouldappearfortuitous.An

analysisof the

were poor since

consistentwith

first75 reseeof the long run was made. The statistics

onlya few filmswere shot. However,the resultswere

the conclusionsof run (1). From thisworkit seems

unlikelythat short-period

mentsgenerated~ thermal

Mev. Sincethe instrument

~-rays (2to 75 msea)arisefrom the frag-

neutronfissionof 25 withenergyabove1

60 ~-rays, itlswas adjusted to countOo

not knownhow far belowone Mev the instrumentw= respnsive. on the

basisof a crudeanalysisof the longdecaycurvethe shortestperiod

observedis 0.43 sec. Had more timebeen available,the experiment

-3Jm!!!EsJm!!!E
—
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wouldhave beendone with electronicstorageof countsratherthan

film. Such a systemwouldhave considerablyenhencedthe precision

and rate of accumulatingdata.
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Fig. 1 -

Mg. 2 -

Hg. 3 -

Fig.L -

Fig. 5 -
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1,7

CaptionsQr H-es

Schematicarrangementof apparatus.

Deusyof B“.

Decayof ~+ (3actiwltiesarisingfrom

of ‘25N.

slowneutronfission

Od differehoeplot to emphasize neutroncounting.
—

Decayof fissionproductsf’rom100-2700msecwithAl

absorberin.
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