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ABSTRACT

Measurements have been made of the variation of the

49, CTf{49)with neutron energy for the region from 0.02 etvto

fiasien cX06S

450 ev and of

motion of

the varia-

tion of the absorption cross aoctien, 6a(49), in the region 0.01 ev to SO ev. Neutron

energies were determlnod by uso of the slow-nmtron volooity spectraneter. The fission

and absorption cross section curves appear qualitatively to be quite similar.

(L&@),

two were

Three resonanceswere observed. One, which has been previously reported

is at 0.29~ ev, a second at about 12 ev and a third at about 60 ev. The first

observed both in fission and absorption, the third in fioeion only sinoe the
●

absorption data do not extend to high enough energy.

The quantity 1+ c@@) = ~a(&)/~j(49) ti the region between O.0~0 ev and 1

ev was oomputed from the measurements. Xt deviates from its value at 0.0250 w byan

smount between one and two t~mesthe estimated probable value. Since the estimation of

the probable error ia rather difficult it is not poaaible to aay whether u does or

does not vary in this region.

It Was found imposaibleto fit the resonance at 0.295 evwith a Brelt-Wigner

one-level formula. The possible significance of this faot and of the behatior of

I+*(hg)is di80ua8ed.
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ABSORPTION AND FISSION CROSS SFXXIONS OF 49 IN THE NEUTRON ENERGY RANGE

0.01 evTO 100 OV

Introduction

Several groups of experimentershave measured the thermal fission uross

section of 49, trf(4g)~ by comparing the counting rate in a 49 fisdcn cl-h- to th~

in ● 25 fissionchamber. The ●ccepted value1, Of t$f(bg) at 0.0250 ev is 705 Wm.

Preliminary measuranents on the absorption cross secti= of 49, ~a(k9). as a funotion

2)of neutron energy in the region 0.01 ev to 3.0 ev have been reported . These measure-

ments disclosed the presenoe of a strong absorption resonance at 0.3 ev, indicated that

this reoonance was present aloo in the fission cross section, and gave the value

1057L25 barns for 0ga(b9)at 0.0250 ev. The

were oarried out for the following reasons.

tion measurements oould be extended to about

experiments to be described in this report

More L9waa avuilable so that the absorp-

50 eve Thin 49metal absorbers had been

fabricated by the L@tallurrJDapartment so that it wa~ possible to examine the 0.3 ev

resonanoe in &a more olosely. It was found possible to put sufficient 49 in a fission

ohamber to be able to measure the variation Of ~f(h9) tith the enerW uP to several

1 hundred electron volts and so obtain an indication of the dependence of

1+ 0q49) = ‘a(b9)/~f(49) on neutron energy.
.

Fission ~eriment

The variation of the fission moss

been measured for the region fran 0.02 ev to

seleetor. This variation is measured by the

seation of 49S ~cY#+9))Swith energy has

b50 ev by use of the slow n~tron velocity

previously described method of comparing

the counting rate in the modulated neutron beam for a b9 chamber to that for a BF3

ohamber3).

1) Handbook LA-tiO.

2) LA-91.

~) LA+24
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this report.

foi18 and the

8eotion, then

spectrum seen

chamber used here has been described in LA-158 and is shown in Fig. la ti

It consists of three seotions; the first and third section contain49

center seotion is tilled with BF3. The beam passes through the first

the BF3 section and finally the seoond k9 seotion. Thus the neutron

by the BF3 chamber is almost exaotly the same as the average spectrum

49

seen by the 49 chambers even though there may be some absorption in the plates sepa-

rating the chambers. Also the geometrical center of the BF3 ohamber is in the same

place as the average oenter of the@

that alternate BF5 and @ rum can be

chambera. The49 used in the fission

chambers. An added advantage of this chamber is

taken without the necessity of moving the

chambera was deposited on four foils to a thick-

ness of.less than 0.3 mg per om2. (he ohamber oontained 28 mg, the other 29mg. Each

eeotlon of the 49 chamber oontained two 49 foils (the two outside plates In eaoh

8eotion shown in Fig. la were not used).

negative voltage; the colleotor plate WRS

1 from them. In order to reduce the number

The plates holding the f’oilswere at high

between these plates at a distance of 0.6 cm

of pile ups of d-partiole pulses and so to b(

able to differentiate between cl-partiolepulses and fission pulses the following pre-

cautions were taken. Grids were placed over the foils. These oonsisted of l/32W

plates through whioh were dirlled such a number of 1/2” diameter hol&tB that the trans-

parencyof the grids was shout O@. This had the effect of disoriminattig against

those partiolea emitted parallelto the foil. Thus the most effective ~puleea were

eliminated. These grids cut down the number of fission pulses deteoted by about 5*.

The oolleotion time h the ohamber was made as mall as possible by using a mixture of

argon at atmospheric gressure and about 5 cm of C02. Also the pulses were kept to

about 0.2 woo width by use of a delay line olipper in the grid of the first tube in

the main amplifier. IUththeao condition~ it was possible to obtain a short bias

plateau for the fission counts.
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The BF3 ohamber

with about 60 om of argon

counting rate was not too

“5-

waa filled with a mixture of about 3 am of normal BF3 and

in order to decrease the sensitivityto a point where the

faat.

The actual datum taken was the ratio oPC(the aounts in a time-of-flight

interval) to T(the number of counts due to neutrons of all energies). This was done

in order to eliminate changes in sensitivity due to changes in discriminator biae and

also to eliminate the dependence in sensitivity on the geometry of the oheaber. The

ratio R of (C/!I)~g(for the 49 fission chamber) over (@)B (for the BF3 ohamber) in

given by R = K~(49)/o&(B))iCwhere the oroas aeotions are those for the tire-of-flight

region considered and K is @ oonstant depending on the shape of the nautron epectrum

used. Due to this dependence on spectrum the reeults of the experiment give only the

. variation of uf(49) with energy, not the absolute oros6 seotion. Also when a ohange in

speotrumwm made it was moessary to measure the relative ohmges in total counting

rateof the *O ohamberu in order to normalize the read’h. The experiment was so ar-;

ranged that the only nccmalization necessary was between the low-energy region (0.5ev

clown)and the high energy region (above 0.5 ev)

a fauter repetition rate. In order to obtain ●

chamber the data were tekem tith the chamber at

where Cd was used in the beam to permit

high enough counting rate inthekg

3meter6 from%he slow-neutron souroe.

the data were obtained in

and the BF3 ohamber. The

Absorption Experiment

the ueual way by taking runs alternately with the b9 ohamber

unmodulated background waa measured and oorreoted for.

The value of dt(k9) as ● fumtion Of =ergy ku been m~sured for t~ regSon

.01 ev to SO ev by absorption. Them~surunent was made with the slow neutron Velooity

h aelwtor by the method dw@bed in report LA-91. The ratio of counts per channel to

total counts with a BF3 ohember was taken with and~thout~ iabs0W6fie%-$en the

~z

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



-6-

●

.

.

aounter and the neutron source. Also

sorber for a steady beam was measured

time-of-flight interval considered is

Transmias5.on=

the ratio of total counts with and without ab-

for eaoh abaorber. The transmission for the

given by

(CAT~CoTA) A

whore CA and Co represent the number of OO~*a observed im the individual chnnel for

observations respectivelywith and without the absorber, TA and To represent the cor-

responding total number of oounta and A repremnta the total tranemisai,onof the ab=

aorber. The total cross aeotlon 6t(@)=6a(@)+6a(@) aan be ualoulated from the

relation

Transmission =e
-n 6t(49)

where n is the number of stoma of 49 per cm2 in the abaorber.

The geometry used is shown in Fig. lb. Suitable boron shielding was pro-

vided so that only the beam that traveraed the abaorber was allowed to enter the BF3

dember ● The abaorbera usedwere made of 49 metal and held in Al mnta$nera. The

thickness of Al traversed by the beam was about 0.060”; blanks consisting of this

thiokness of Al mere used in the %o abaorber” runs. 2~Zhe absorbers were 4.00 om

area and of au~faoe densities O.@.@, 0.2975, 0,J66, 1.3@ and 2.316 gm per cm .2 The

absorber to be used in eaoh region investigated ms c%hoaenso that the transmission wag

between 75%md *%* ,

The sourceused in both the fission and abnorptlon experiment depended on th

energy region under invewtigation~l. In the thermal regionthe souroewaa the tank

filledwith a water-B2C)3solution, in order ta have as short a mean life aa possible,

together with a B203 abaorber in order to eliminate the very low energy mutrona and ao

permit a faster repetition rate. In the region above thermal energy the water B205

tankwm aGain used for fission although the intens.i$ywa~.lwer than..,w~

—<

UNcmlf@ ‘-
.-

,

be obtained
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fran a paraffin aouroe. A thick sheet of Cd was inserted in front of ‘thedetector for

this region in order to eliminate thermal neutrons to permit a higher repetition rate.

By uting the same souroe both for thermal and higher-energy measurements of Uf the

nonmdization between the twn ranges was simpler than it would have been if the paraf-

fin souroe had been used for the higher energy range. For the absorption meammnmnta

above the thermal energy range the eource used was paraffin+ Cd.

Results

The runs taken and experimental conditions for eaoh are shown in Table I for

the fiseion experim~t and in Table II for the absorption experiment. The results of

the fission experiment are shorn in Fig. 2. The points shown are the experinwmtal

points obtained. The ourve hag been normalized to 705 barnsat 0.0250ev. The cross

seotion dt(~$l)obtained from the absorption measurements is ehom in Fig. 3. The

dotted ourve is 6a(49) where Ut(hg)=aa(hg)+

haabeenuse#). Thepoints shown are.gain
.

Fig. 4 Shows both aa(49) vand cf(kg) V.

%(49)9 The value of 6~(49) of 9.6WZW

the experimental points. For comparison

to o.~ ev

of-flight

more than

TWO oorreutions have been applied to the data. For the energy region 0.02 ev

an estimated correction for mean life d’ the source has been made to the time

(see LA-91). This correction depended on the time-of-flight and was never

@ for the fisoion data and never more than ~ for the absorption data.

The seoond oorreotion was made in the region of the 0.3 ev resonance for the

fintte resolution used in the experiment. This eorreotion had the effeot of inoreaaing

the value of’the oroae aeotion at resonanae by about 1%

for 6t{49).

~~fm

for 6f(k9)and by about 6%

4) Preliminary result given by Fermi in private communication.

__~.
.—----. .:”:”–~
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The number of oounts taken for each point wa$ auoh that the statistical prob-

able error aaoooiated with eaoh polnt~s usually less than b.%. However other errors,

such as those involved in total transmission and normalization measurements, determina-

tion of weights of absorbers, eto., aleo enter.

to the follawing conclusions about the accuraoy

Consideration of all suoh error8 lead

of the melmwanento. In the thermal

region (.02,up to about 0.1 ev) the absorption ourve is probably good to about 2.5%.

Several meaauremcmta, the one reported in LA-91 aa well as two not reported heres gave

reedts varying by ~ or lese from that ~hown in Fig. 3. The same error oan be put on

fiaaion curve. In the region of the resonsnoe (0.1 evto 0.4 ev) the measurmuents by

themselves ara as good as those for lower energy. However error8 euuh as are associ-

ated with total transmission of ab80rbers, for example$ accumulate from one energy

region to the next.

that at 0.0250 ev i8

In the region of low

Thus we believe the ratio of the

only good to +7$ for each of the

oross section between the 0.3 ev

oross ,peo*ionah reaonauoe to

fission and absorption curves.

and the 12 ev resonances the

. fission oounting rate wm small so that statistics are not so good and any background

would be more important. It ia felt that the fiseion curve here is good to shout ~1~..

For the absorption data in this region the transmission waa generally rather high whioh

tends to make the computed aross section inaccurate. Also in this region the scatter-

ing croso section is of the same order of magnitude as the absorption cross seotion.

Thus percentage errors in Cra(49)are largerthan percentage er?ora in the measurement

of 03(49). The error here is probablyno less ~~~. ~ the higher energy mgim

the resolution for both meaauranenta i8 poor; the fission counting rate was low;

transmission of the abeorbers wa6 too large. As a result the values here uannot

pended on to give much more than a qualitative idea as-to the cross seotions.

the

be de-

. -.—.— —
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Disouas’ion

From

The absorption

the

and

strong remnanoe at

are ●lso observed.

in the region of 60

ourves shown in Fig. 4 we see the following significant features.

fission measurmmxks are qualitatively quite similar. There ia the

0.295 Ovwhi@h was reported earlier (LA-91). Two other resonances

One of these is located at about 12 volta while the other ia found

volts. The latter resonance was observed in fission only beoaueo

the absorption measuranente did not extend to sufficientlyhigh energy. The position

of this resonance is not very wwll determined because of somewhat uncertain timing.

This results from the fact that measurements were necessarily made at a short distance

(3.0 m) where small absolute timing errors produce a rather large error in the

assignment for this energy region.

F’romthe curve we find that the absorption oroaa section at 0.025 ev

energy

is 3035

barns t 25 btwm. The oroaa motion at the resonanoe for absorption is 5600 bt250 b.

An attempt was made to fit both the absorption ourve and the fission curve

. with a Breit-7.ignerone level formula at the 0.3 level. The results are shown in Fig6.

s and 6. In Fig. 6 the dotted line shows the value

shw the results of two attempts to fit the ourve.

An the region of maximum cro8s seation, while curve

Of c$’’(v)Swhile the two solid lines

Curve C fits the experimental data

B at%enpted to fit the data at both

remonanoe and a lower cmergy point. M Fig. 5 the corresponding curves are shmn for

the absorption data. It io qui%e apparent that i% ia impoaaible to ohoose a Breit-

Nignor ourve which fits the level over a reasonable

nance. The physioal interpretation of this feature

eortati that the simple BreitSWgner formula should

of mwh a complicated process as fission. However,

range of mergies about the reao=

is

be

if

rather difficult. It is not

expeoted to predict the behavior

one does expeot this formuaa to

. apply to this case, then in order to explain the ob~erved shape of the cross eection

APPROVED FOR PUBLIC RELEASE
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ourves$ one must asaume that the aross seotion is the sum of two components, one of

which follows the Breit-Wigner curve, while the other is acme slowly varying funotion

appearing as a background. A further dimxassion of this will be given below.

In the region of exaot resonanoe, the Breit-Wigner ourve whioh seems to fit

the absorption data best has the oonstants, 6=x=5600~250 btAIt18. r (full width) =

0.097 ev. A ohoioe of f’which is 1% dtfferent from this one produces a fit between

the experimental data and the Breit-V.ignsrcurve which is appreciably poorer.

The ratio of the croes section for capture with mission of radiation to

thatfor capture with fission is usually denoted by the symbol d. Since the sum of

the oross

the cross

ie I+a.

curves of

seotions for oapture with emission of radiation and for fission Is equal to

seotion for absorption, the ratio of the &b80rpti0n to fission cross section

The exper~entally det~tied values for a+ti are easily obtained fran the

Fig. 4. Xnthe region above 3 volts, the determination of this quantity is

very poor. This i8 mainly due to the inaccuracy of the absorption measurements. Be-

. cause of the inaccuracy in the determination of let% for the region above 3 volts, its

variation for this range was not brought under consideration at all. In Fig. 7 we have

plotted the value of l+a from O to 1 ev. It is observed that it inoreases from about

1.5 at thermal energy to about 1.9 at exact resonance and then d0~rWL608 to about 1.2

at 1 ev. In an experiment of this nature, it is quite difficult to assign the probable

error which is to be associated with a given determination. However, in the region be-

low 1 volt, the deviation of l+a from a straight line i8 between one and two tihes

greater than.the estimated probable error. As a result, it is not possible to determim

ooncluaively whether * does or doe~ not vary in the interval from zero to 1 volt. Be-

cause of the possibility that ~ does vary in this interval, it seems worth while to

consider possible interpretationsof such a variation~,

. UNClA$SlFlE61
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for capture with

Another interprets=

One.assumes that

One of these modes

Om interpmftation iO, of course, that the oross ~ection

emission of radiation is independent of the fission cross ?xwtione

tion is one proposed by:.eioskopf which takes the following form.

there is more than one mode of excitation of the oonpound nucleus.

gives rise to a level system for which the fission width ia quite narrow so that the

radhtive width iU comparable to it. Thus for levels belonging to thi~ mode of excita=

tion, d would be fairly large. For levels belon@ng to a second.mode of excitatim the.

fission width may

would have a very

ground component”

background. Such

that obtained. It was pointed out above.

the level at 0.3 ev, end it appeared that

two component , one of whioh haa a narrow

fiignercurve, while the other oomponent in a slowly varying function of the csnergy.

Then if we make thi~ correlakla with the proposed theory and aamme that @f’or the

level is 0.93 and that for tho background is zero we should expect the observedti to

vary in a manner very ajmilar to that which is given in the Fig. ~. F,e then come to

the conclusion that this proposed theory 18 not in disagreement with the measurunents.

be quite broad compared to the radiative width so that such levels

small a. The broad level having small a would appear as a “back-

while the narrow levels with large a would be mperimpoaed on this

a Echeme might give rise to an ob8erved oross seotion variation like

that the Breit&igner formula would not fit

the observed oross smtion xnlghtbe made of

level at 0.3 ev and which follows the Breit=

.

.
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