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ABSTRACT

The ratic \)149/*125 has been measursd by & coincidonce method to be
118 ¥ .01,

The ratio was found to be the same {or a neutron detector with threshw
old blas at ebout 20 KeV and for one at about 300 XeV. It wes possibdls to meas-

ure the pumber of nsutrens delayed moere than 5 x 10”9 sec after fiesion for 49 as
woll as for 25. To an accurscy of seven percent, no short time delayed neutruna

wore found for either L9 or 25,
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I. NBUTRONI PER PISSION FROM L9 COMPARED WITH 25.

II. SLIGHTLY DELAYED NEUTRONS FROM L9 AND 25.

The number of neutrona emitted by a 49 nuoleus in fission, ﬁugn
ia important because the critical mees of a fast neutron chaein reaction in L9 isa
80 sensitive to this quantity. Any deley in the smission of the neuirons by more
than 107 aeconds mst be known because 1% can lower the efficiency of energy re-
leage from the reaction by lengthening the time scale.

A comparison method has been used to determins vhg in which coincidencecx
between L9 fissions in an ‘onization chember and proton recoils in a paraffin lined
proporticnal counter caused by tho neutroens given off during fission are compared
to similar coincidences when 25 is used in an identical geometry. Assuming the
nevtron energy spectrum is the same for L9 as for 25, then the retio of recoils
per L9 fission to recoils per 25 fiesion is equal to th/QESQ By choosing the
best known value {or ﬂ25 one cohtains ﬂhgo

The counters were arranged as shown in Fig., 1. The L9 and 25 were depos-
itod as uniformly as possible on identiocal removable pl&tinum cylinders A which
were about two cwm long and one om in diameter. Electrons produced by the fiﬁsiqn
recolls werse collscted on cylinder B which was comnected to a high goin amplifier.
The nsutran rscolle were deltected in the proportional counter ¢ which wes inside
of and concentric with the platinum cylindera. The counter waes lined with ebout
0.5 mm of parafiin, and the nsgative pulse was taken from the five mil wire and

led to arother high gain emplifier. It was possible to £ill the proportional coun-

ter with hydrogen or argoen at various preesurss thereby chenging the energy thresh-
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old and energy sensitivity of the counter. The fission chamber was usually filled

with 60 cm of hydrogen.

It was found possible to incorporate into the apparatus a method of neas-
uring very short time delays in the emismion of neutrons from both L9 and 25 fission.
This was done by making the fission pulse electrode Bv of fine screen - transparency
0.85. An eluminum cylinder D could be slid over this screen by a rod passing
through the sliding seal E. Thus fiseion fragments could be stopped at the screen
or milowed to pass through to the outside wal}s of the chamber. As C. P. Baker has
pointed.out» if neutrons are delayed by as long as 1t takes the fissiocn fragments'
to move to the cutside well, ébout 5 x 10°9 seconds, and then are emitted, the solid
angle subtended by the proportional counter as seen from the collector elsctrode or
from the outside wall changes. Hence the number of neutrons recorded by the pro-
portional counter should chenge if an appreciable number of neutrons are delayed,

Fig. 2 shows a Dblock diagram of the smplifiers, coincidence circuit, and
scalers, The amplifiers were similar to those built by Crouch snd Allen, and have
a riss time of about 001'/05000 The coincidence circuit weme designed and built for
us by Jo S. Allen. t consisted, as shown in Fig. 3, of & blocking oscillator die-
criminator in each channel which could pgoduce & square pulse cof variable duration
from about 0025'/UBBC to 100‘/M3900 The square pulses from each channal were then
applied to the Roasi coimcidence stage. Three Higinbotham type scelers were used,
as sﬁOWn in Fig. 2, to count the coincidences, the fissiong, and the recolls simul-
taneocusly. The coincidences could bs counted with a ecale of 32 or one, the fis-
sions could be counted ¥ith a scele of 32 or 102, and the recoils wors counted with

s scale of &4,

To produce {issions, the chamber was placed in the 11*' x ¥* x 678" graphite

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

=5
block about L° back from the face exposed to the cyclotron neutrons., It was
found necessary to insert a cadmium shield between the sample and the recoil cham-
ber in order to keep the recoil-channel counting rate down, The cadmium decreased
spurious counia which were caused by thermal neutron disintegrations of boron or '
other materiala in the proportional counter. The fission counting rete was on the
average about 1000 counts/sec during & run. The recoil-channel counting rete was
sbout 20 counts/sec and of thesme about one percent were in coincidence with the
fissions,

The procedure in teking date was to make a thirty mimte run using the
25 sanp. e and with the aluminum cylinder D covering the scrasn B. The time in~
torval 7T, Fiesion counta F, recoil counts R, and coincidences { were records
od, The run was then repeated but with the aluminum foil pulled buck nllowing the
fission fragments to penetrate to the chember walla. Then the LY sample was sub-
atituted for 25 sample and two more measurements were mads; §ne with the aluminum
cylinder covering, and one with it not covering the screen. This procadure was
repeated continuously for as many days as the experimenters or amplifiers could
hold out, and the set of dats a0 obtained constituted & run. Sometimes as meny as
£ifty measurements were made per run.

The number of coincidences per figulon C/F obtained from each measure-
ment of a run is comprised of actual coincidencss between recoils and fissions
Co/? rnd mocidontnl coincidences A/F., To determine A/F, the counting rate was
varied over a wide range. One can use ths relation 4/T = 20T (RA)NF/T), vhere
7, is the resolving time. This can be written A/F = 2T (R/T) or o/F = (G, /F)+ (4/F)
= (CO/F)-+ (2T)(R/T). Hence if C/F ia plotted as & function of R/T, one

ghould obtain a stralghi line with the intercept at B/T equal zero correspond-
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ing to CO/FO In Fig. 4 is shown a typical curve of {C/F)25 g8 a fupction of
R/T- Such curves were frequently made for L9 as well as for 25. The slopes of
lines soc obtained wsro conasistently the same and the everage resolving time from
them was (.28 microsescondsy this time was used in correcting the data for acciden-
tal coipcidences. This resolving time also is in agreement with the length of the
aquare pulse as measured with a fest sweep ogcillograph. &11 the data were teken
at the lowest R/T point on the curve where the correction for sccidental coin-
cidences was less than three percent.

Table I gives the resulis of the best rune, i.e., those in which the
apparatus herein described was used and in which there was no apprecisble drift
in the gain of the amplifiers,

The sample of L9 used in these runs weighsd about 200 micrograms;
two samples of 25 wers used, ons containing 160 micregrsme and the other contain-
ing 670 micrograme of 25. The two samples of 25 gave tho same number of céino
cidences per fiasion, which is & check on the reliebility of the axperimenxi The
probable eorrer of each run as computed from the deviations of sach msasurement
from the mean of the run is given in column three; in column four is given the
probable error computed from the number of ceincidences recorded., That these two
errois sgree to within the probable error of the probable error is a further check
on the reliability of the experiment.

Az neted in cclumn five, halif the runs wore itaken with the proportionsl
counter filled with tank hydrogen at 15 cm Hg and half were taken with the counter
filled with tenk argon at 100 cm Hg. Moasurements mede with monoenergetic neutrons
from the electrostatic generator show that ths threshold of the proportional eounter

when filled with cm Hg of hydrogen is about 20 XV, while the threshold is about

. ——
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500 KV if the coynter is filled with 100 cm Hg of argon. The sensiiivity in-
creases almost linearly with neutron energy in sach cess. That the velues of
, QZS for each type of counter filling are the same within the probable er-
rors indicates that there is no difference in the energy of neuirons from L9
and 251)0 |

The weighted mean of YVjg/V¥p5 from Table II is 1.18 ¥ .01l. It should
b noted that thie result is independent of any determination of the mass of 25
or 49 in the samples or of the thickness of the samples as what one actually weas-
ures is proportional to the neubrons per fission counted, If a Tission occurred
and was not counted it could mot cmuse & coincidence. The result doss depend
very insensitively on the identity of the geometry of the samples and considerable
pracauvtions were taken to insure that this wes the seme for sll semples.

Two earlier runs were made using less elepant eguipment each of which
gave “h9/§é5 s 1.02 t;ogﬁa In the first case the emplifier gain drifted badly
and hence made the experiment suaspect. In the second run e veory tiny sample of
L9 was ussed, less than 30 microgrems, bul we are at & loss o explain the low re-
sult.

Now let us commider wha infermation can bs obtained about the short
time delayed neutrens. fThe ratio, B, of CO/F with the ¢ylinder not covering
the fission collector slesctrode to CO/F with the cylinder covering the electrode
is 0.999 £ .016 for 25 and 0.996 ¥ 016 for 49. In cealeculating thesa ratios all

the data have been used inasmuch as measurements with and without the cylinder

1) This result assumes thet the neutron spectra from 49 and 25 are roughly sim=
ilar in shape. The measurements of H. T. Richerds, La-=8{, snd Staub and
Hicodemua, LAMS=75, page 20, demonstrate the similarity of the two spectra.
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covering the fission electrode were made much closer together than messurements
made by changing the sample. Now if all neutrons were delayed after fission by
a time greater than that taken by the recoil fragments in travelling to the cham-
ber wall, less than 5 x 1079 sec, the ratie B calculated on the basis of solid
angle and screen transparency would be 5100% = 007722)a Hence the msasured pere

cantage of delayed neutrons is:

X = Bogp

% delays = 100

For 25 this gives (0.4 * 7.0)Z delayed neutrons, and for L9 i% gives (1.8 ¥ 7.0)%
deleys,

If the neutrons were emitied while the fragments were still moving from
the sample to the walls, the change in solid angle would be less, making BROO%
c¢loser to unity, but the neutrons coming back to the counter would have less energy
because the velocity of the fission fragment would have to be subtracted from that
of the neutrom; hence the countsr would be less sensitive, and Blo@% would tend
to be smaller. As the change in solid sngle ia smell once the fragments are a few
om from the sample, 1t is felt that the saecond effect would predominate to make
the erxperiment mofe sensitive to delayed neutrons. The expseriment does not meas-
ure any neutrons delayed by more than th§ resolving time, 0.28 «:£80; but rough

neaguremente made by increasing the resolving time indicate no delays of that

2) This was calculated by R.P. Feynman on the basis of the following dimensions;
counte~ length, 3.8 cm; sample length, 2.0 om; counter dlameter, G.70 om;
foil diametor, 1-11 ¢m; aluminum cylinder diameler, 1.70 em; chamber wall
diameter, 7.3 cm; transperency of screen, 0.683,
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order of megnitude

The concliusions to be drawn from this experiment are that ﬂhgfﬁas
= 1,18 + 0L, that the energy of the neutrons from L9 iz about the same as fron
25, and that no neutronz cculd be detected from 4O or 25 which were dsleyed by
more than 5 x 3.0'39 soc. Our valus of \éh N 5 in to bo compared to an earlier

)

a 3
velue messured by ’u*:illiams'"') which gave 1.20 * .11, Snyder and Williems™’ found

no delayed neutrons from 25 in performing the conventionmal Baker experiment.

3} Williams, et al LA=E5.
L.} Snyder and Williams, LAMS-50.
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TABLE ¥

. Rxpsrimental Thgo? ;tiaalcr Recoll counter
Date of Run N/ Y25 nrobabls error Pmoz; ‘?];S’ £illing
December 27, 143 1.18 =015 ,017 100 om argon
Januery 26, 194k 1.25 -0L8 o LOL2 15 cm hydrogen
January 27, 190k i.1h Mo 047 15 om hydrogen
March 10, 1944 1,18 009 02l 100 cm argon
March 12, 1SLL 119 20l 020 100 em argon
March 1k, 19ul 1,18 018 Ko it 15 cm hydrogen

ASV3T13d O I'1dNd d04 d3aN0odddv

Tioighted mean of \}hg/\)ag for low energy bias = 1.1.3 T ,016.
Woighted mean of Qha/ﬁgﬁ for high energy bias = 1,182 % .011.
o "2

Teighted mean of V)o/¥py; for all data = 1.182 T .009.

ASV3T3d O I'1aNd d04 d3aN0odddv
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