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ABSTRACT

The radiative capture cross sestion of U8 gor neutroens bets

woen 5 and 1310 kev has been measured. In this interval it varies from

=24
0.82 to 0.1 x 107%% om?,
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CAPTURE CROSS SECTION OF u?38 FOR NEUTRONS OF

VARIOUS ENERGIES

'Tha radiative capture cross ssotion of %38 pop neutrons of various
ensrzies has been measured by comparing it with the fission oross seétion of U35
for neutrons of the sama‘energioso‘ The capture of & neutron by U238 leads to “he
woll-known beta-actlive isotope UZEQ; this sctivity has been uvsed to count the
number of oaptures oceurring. In order to avoid the diffioul?ios connected with

absolute betu-activity measursments, we have compared the ratlo

o = 0.(28)/ap(25)

measured at various energles to the same ratio measured with thermal neutrons in
& graphita block, This therwal value has been measured by several independent

1

methods some -involving and somez) not inveolving absolute beta counts. The
value assumed in these computations is

Pen = 0,0047

The general experimental procedure was the followingn A sample of
UzCq vas irradisted with Li {p.n) noutrons produced by the elsctfostatic generators
of group R-2, The neutron beam was monitored with a U235 pisgion chumber which
also contaiﬁed the Uz0g, &= shown in Fig, 2.After being irradiated, the Uz0g was
purified of UX; and fission products and mounted in a standard way om a Chicago«
type Geiger-tuller tubs, Its activity was measured and reduced to a specific
activity for infinite irradistion by the aépropkiate correotions, thg mass of the
mounted sample Being determined by the growth of UX, observed in the same.

ir n, is equel to the initial number of U239 disintesrations per atom

of U258 after infinite irradiation, and £, is the number of lissions in ths

menitor per atom of U25§boﬂ1per unit time, then

1) CcP-1686
2) CP-2079
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no/fo = p(B,)= [cr(zs)/cf(zﬁ)] By oo (1)

The difect measursments of the specific beta activity eund the spescific
fissicon counts do not give p(En)becausa the sfficiency ol the bota counter, the
efficiency of fission chamber eto., are unknown. However, the ratio of fhese spoci-
fic activities is some quantity A = yp proportional to p . By referring all
runs o 'd standard thermal run, it follows that

o(E) = [A(E)/A(th)} p(th) noovenscnos (2)
and :

o {28) = p(B) op(26)p  wosces (3)

In Téble 1 which follows are given the results of thsese measurements for p(Ep)
and op(E,). The lattor are obtained by wultiplying p(%,;) by the values for

cp(28) given in 1A 150,

TABLE 1

: - «

Eq p(En) ap{25) sr(28)
kav, barns barng
5 0,169 4,94 0,815
13 0,170 3,70 0,629
40 0,199 3,01 0,559
o0 C.125 2,41 0,303
170 0,113 1.98 0,224

mean of D4 5% | - ,

156 0,102 - 1,89 - C.193
380 ,

mean of T¢ 79 §0.088 , 1.52 0.134
400 0.022 1.49 C,137
560 0,103 1.35 ) 0,139
) . 0,108 1.34 0,141

foan of 10 #10] 0,115 1.32 0,162
1310 N | ‘

nean of 1141l 0,073 1,30 0.085
2800 ' £ 0,04

\'
|
1

\\‘
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;:::::::::::::::::::::::
EXPERIMENTAL PROCEDURE

A, Irradiation., The U508 was prepared by caloinating sther-extrected uranyl

sampct

nitrate. It was packed fo e thickness of 740 mg/bm? in = oontéiner as shown in
Fig. 2, The same figure shows the relative position and dimensions of the monitoer,
which consists of a layer of enriched UzOg electroplated on a platinum disc
OBOOS‘cm thick, The diameter of the plated area is 3.1 cmg fhe plate contains
0.760 mz of U235 and 0.250 m3. of 238 » and was analyzed by'Chamberlaing

The fissions produced in the monitor were counted with a standard
amplifior connested to a scale of 8, both of which were constructed by G, E.
ﬁieganda A curvo of fission couﬁts versus biss taken with this apparatus shows
a plateaun whose slope indiéatss that over 895 percent'of the fissions were countsd,
A correction to the fission countrdue to thickness of the U23% foil was deter-
mined'from this slope and by considering absorption measurements of Wiegand and
Segres)a it was found t§ be 2 ¥ 1 percent.

Tho bombarded area of the Li target had a diametqr of about 0,45 om,
The position of the chamber with respect to the target and rroton beam is given
for each ruﬁ in Table 1I. The angle a is the angle betwsen the proton beam and
the axis of the chamber, eand d 1is the distance botwesn the targ;t and fission
monitora A correction is made in the computation §f the runs to take into
accoﬁnt the different distuhoe from the target of the irradiated sample and of
the monitor. The runs are arbitrarily nuﬁbered; the ones with numbers primed are
repetitions of the unprimed runs, and give an indication of the reproducibility
of the results, The neutron energies are given as the averapge energies at the
center of the monitor, takinz into account target thicknessa The.spreaq of energ

is given as the total spread due to targzet thiokness and aﬁgle subtended by the

semple at the target. The irradiastions all lgsted from 30 to 60 min, and the

3) LA-64

— APPROVED FOR_PUBLLC RELEASE



APPROVED FOR PUBLI C RELEASE

smallest total fission count registered in any such period was 3000 counts.
Care was taken to observe that occasional sparks from the electrostatic gemerators

were not registered in our apparatus,

TABLE II
Terget
Run Bp Ep Thickness a a p =
Nev, Yov, kev, om. | or(28)/op(25)
1 1,927 504 765 120° 5,8 0,165
2 1,960 18710 10 120° 5,9 0.171
2o 1.959 1824° 7.5 120° 5.9 0,169
3 1,907 40739 4,6 800 3.6 0,199
4 1.948 90730 4.6 600 3.8 0,125
5 1,960 1ot zs 30 oo 2.9 0.121
50 1,958 170t 25 20 00 2.9 0.106
6 1,574 196125 35 ol 2.9 0,102
7 2.127 380130 40 0o 2.9 0,095
70 2,127 380130 4 oo 2.9 0,081
8 2,130 400 30 34 00 303 0,092
9 2,300 660F30 60 0o 2.9 0,106
9° 2,337 615525 34 09 3.3 0,105
10 2,496 765% 30 60 oo 2.9 0,122
107 2,480 770550 22 0o 2.9 0,108
11 3.000 1510240 35 00 2.9 0,076
110 2,996 1310235 18 00 2.9 0,071
12 - 2800 < 200 o° 3.7 for(28)<0.04 varns
. ;
p {thermal) = 0.0047
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B. Purification and preparation of sample for beta counting.

Inmediately after the end of irradiation the U;0g was dissolved
in hot nitric acid, the excess acid neutralized with sodium hydroxide, and u
saturated solution of scdium acetate added, This precipitates =sodium uranyl
acetate which was filtered owt using & Buchner fumnnel, The prscipitate was dis-
solved in Hp nitric acid and these operations repeated three or four times. This
purification was performed in sbout 8 min, and of the origipal uraunium approxi-
mately half was recovered,

The last precipitate was dried with acetone and approximately 5 grams
of it were suspesnded in a solution of collodion and ether, The suspension was
poured onto & filter paper and resiricted by & brass frame to a region of about
7 x 9 cm (approximately sgual to the area of the sensitive region around ths
Goiger counter), This was dried on & hot plate and formed with scotch tape into
e cylinder around s cellophane covered brass tube, the outside diemeter of which
is slightly greater than that of the counter. The ends of the filter paper wers
fastened with sootch taps to the protruding ends of the cellophesne cylinder;
so that the sample was completoly sealed between cellophané‘andvfilter paper. The
brass oylinder was extracted and the sample, thus mounted, was slipped over ths
counter. This mounting process required about 10 min. so that wbout 20 min.
usually elapsed between the end of irradiétion and the beginning of the beta
counting. Fig. 1 shows the aotual cbssrved beita activity for the run numbersd
2?, PFig. la shows the decay of U239 arter the cbserved activity hes been core
rected for growth of the UL, activity.

| It is necessary to know the ratic of the spocific amctivity of the
uranium in any such sample to that of a sample irradiasted with thersal neutrons

with a known nvt. This is done by inserting our fission chamber, with an ideptical
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U505 sample, iu the graphite block nenr the cyclotrom of group R-1l, and measuring

the beta activity of the uranium after purifying and mounting exactly as outlined
above, )

C, Treatment of Dria,

Apart from corrections for finite irradiation times end for decay during
the purification and mounting, which are performed for all measurements in a
straight{forward way, it is also necessary to make some correction to take into
account the different thicknesses of the various samples afier mounting. To do
this; first the approximate amounf of uranium contained in the sample is determiped

by messuring 1ts inorease in actlvity due to UX, during about an 8 hour interwval,

' Becondly, & thickness cofrectipn for the absorption of UX; %bseia radiation in

sodium uranyl acetate is used whioch was determined 6mpirica11y by making samples
containinog known amounts of Uz0g mixed with various thicknesses of lead acetate
and sodium acetate to simulate the absorption propertles of the actual sample.
This cerrection reduces the UXg asotivity as measured to the aotiiity as it would
be measured in & thin layer. The thickness correction for the beta rays of U?39
wag assum;d to be 2,56 times that for the beta rays of ung this bolng the ratio
of the two absorption coefficients of the radiations in aluminum. The thicknsss
corractions for thse various samples averege about 14 percent for UXp; and 36 percent
for U39 batas.

As an example of how the data are handled, consider the run no, 3! , at
a neutron energy of 18 kv,, to which Fiz. 1 refers., The wass of uranium deter-
mined by the growth of UXy is 2,38 gm to a first approximation. A thicimess
sorrscticn factor of 1,17 corrssponding to 0,0438 gm/bmg brings this mass to 2,78
gm. The U939 decay curve (Fig. la) oorrected for finite irrediation time and
for the growth of UXp in the sample gives an initial gctivity of 4910 oounts

per mimute, This hag to bs multiplied by 1.43 to correct for thickness, giving

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

—— e —
S

s e e—

T

run using thermal neutrons give 5800 ocounts/min. per gram of uranium, The

fission monitor in the two runs geve respectively 69.8 fissions/hina and 5,49

x 103 fissions/min. I!rom these data we have

A(18kv,)

p(18kv. ) = A(th)

p{th) = 0,169

It should be stated that this result contains alsé & 12 percent correction added
to the fission rate of the monitor in the 18 kv, run because of the fact that
the monitor is slightly farther from the Li target than the UzOg semple. The
vélues of p at other energies have been obtained in an exmetly similar mannser.
In order to check the whole procedurs, an absolute dstermination of
p(th) wes attempted by trying to count on an absolute basis the bets rays of
U39, It was assumed that thero is one electron per disintegration, and a thick-
pess correction was made by the method given above, The afficiency of the counter
for a thin layer was determined by using & weighed amount of Uz0g mounted in the
described manner, assuming that it emits 752,55 Uiy disintegration electrons per
milligram per minute. The UXj; electrons give a negligible effoet on the Geiger
counters since the aluminum wall thickness is about 35 mg/bm?a The value found

in this manpner was ’
p(th) = 0,0046

in excellent agreement with the kmown valus of (0.0047. Ag a matter of fact, the

agreement is to be considered fortultous because it is sstimated this measurement

of p(th) could be off by 25 perocent. A
The goeneral accuracy of the other values of p(E)/p(th) should be

about 15 percent. Fig. 3 shows a curve of ar(ZB) versus energy; the indicated
errors ere just those of the messurements of p listed in Teble I1 and do nob

contain the errors in the values ofa£(25)o The highest enorgy point (run no.

12) at 2.8 Mov, was made with neutrons from the d-d source of group R=3.
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There was an insufficient neutron flux to give & measureable activity from
U239, However, placing an upper limit to the amount of activity that oould be
present and undetected by these methods and assuming ap(28) =.5 barns, an upps:

limit of 0,04 burms is obltained for cr(za) at this snergy.

We have learned from Dr, Teller that at the Argonne Laboratory it has

been found that the u.{28) between 50 and 1000 eV can be represented by the

formula
128
a.{28) = ===

r"’."
&
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Fission Chamber

Fission Foil —| \|

Chamber is nitrogen filled -
constructed of steel

Collec h‘ny E lectrode
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