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l’hefission moss sections were measured in

with thin foils

!5e re6ult6 are

a double ohamber

using the U Mer neutrons from the D-T reaetion.

listed below;

~f@3) .2.27 *o.@

C“f(2@

o gf(25) .1.91 ~ 0.05

Cf(=)

rf@) =1.55 ~ .06

~f(2@

~f(23) = 2.56 ~ .10 barns

~f(25) = 2.16 ~ .09 barns

~f(26) = 1.8* 1.1 barM
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Absolute-measurementsof ● orwc a~tion are in general diffioult

to do precietely. Determinations of relati~e cross seationa oan be done

with greater speed and aoouraoy. Ccineoquentlythe procedure followed

in nmasuzlng the orornasootions Of 02, 23, 25, 26,and @l was to deter-

mine them relatire to ~f(~), the absolute orous section ofwhichwaa

knolm2.
‘he

material

from the

oorcparisonswere made by

back-to-back in a double

placing the foils of fissionable

ionization chasmer. Fission pulses

tuo foils were aounted simultaneously, thereby eliminating the

neoessity of either determining the neutron flux or monitoring it. The

ohamber was filled with argon or krypton betueen 35-60 om. pressure and

eleotron collectionwas used. I!hepulses oocurring in the two portions

of the chamber were fed into separate model 500 amplifying syetems and

then counted in separate sealers. A ten channel discriminatorwas con-

nected alternately to the two simplifiers. ‘he pulse-height distributions

so obtained were used to set the scaler biases and to monitor these

settings continuously. ‘fhebiase6 were adjusted suoh that tic number of

pulses reoorded by the soalors would equal, as olo8ely as possible, the

number of pulses due to fissions. In most cases this could be done ac-

curately because the peak due to fissions was well separated from the

lW energy peak due to @ particles and reaotions in the argon. The

gas pressure was adjusted to an optimum value for each measurement by

balancing the gain of a large signal-to-noise ratio at high pressures

against the gain in the greater separation of the fission and background

%!he isotopes are identified t@oughout by a oode using the combination
of the terminal nusiberof the atgm$o number and the texminal number of
the atomic weight, thus thorium ?32 $s W asd~r@um 235 is 25.
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peaka at lower pressures. Fast a“~~~g~;ra.:~~~.~;d to

up at a minimum.

Xhe foils were prepared by John ?bvelites of Group

keep the ~ pile-

Clabl$. Platinum

foils 1-3/8 inoh in diauher and .002 inch thlok were ooated with about

one milligram of aotive rnterial. ~e aotive area was a oirole one inch

in diameter. Self-absorptioncorrections

is used ia the ratio of suoh uomotions,

equal to one.

The weight of the material deposited

were not neoessmy beoause what

oaoh of whioh is

on the foils uaa

very nearly

determined IV

weighing. Thie could be done with an aocuraoy of better than one peroent.

However, there are inherent errors in the ohemloal prooeedng, the mag-

nitude of whioh oannot be estimated.

When the quanti$y of souroe material is large (as in the ease of

02, 25 28, b9), the aotual weights ● re probably ocrreot to Yhe above

●oouraoy. Uhenthe quantityof souroe material is of the order of mini-

grame or lees (ae in the oaee of the 23, 26), the composition of the

eouroe material oan be greatly in ● rror. In such oases, the weight OS

the aotive ~terial is deteralned, when possible, by methods other than

dtreot weighing.

lhe indireot metho~usodto determine the 26 foil wetght will be

desoribed in the seotion on 26 -asuremmxta. The 23 foil weight given in

this paper was determined w direot weighing. It is planned to weigh It

by the method uoed for the 26 foil.

The 14 Mevneutrone were produoed on

aooelerator using the Il(T,n)He4reaotion.

90° to the Incident beam.

the Z-building %okoroft-Ualton

All observations were made at
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The design of the chamber {ddO}~~”e~r~Ail arrangemmt are

shown in ftgure 1. A typical pulse-height distribution is shown in

figure 2.

~f(28)

!lheabsolute oross

culated using ~(28) = 1“13~

a

Fission DUhlIEMl

therefore not oounted, wero

seotions of 02, 23,25,26,49 were cal-

●03 barne.2

with ener~ less than - bias energy, amd

●stimated to be one to two peroent of the

total number of fissions observod for both the 02 and 28. The ratio of

these oorreotions beoo~s one and the individual eorreetioma

aary. ~e obcemed ratios

in the neutron flux at the

were correoted for the difference

foils. The results are listed in

● ✎ ● b.

● :’
● * 9 ::0 . ., : :8..

● *
● * *em ube ●:0 :....

ue unneaes-

(two peroent)

Table 1.
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Run

1

2

3

4

5

6

7

8

9

10

11

;“: ;:~::;
● ** ●** b
9*

- 7“~”
● *****

● 0 900 ● ** 9:* :** :**
● wm● 0:0:: ● ::

If4L?l.:a :
,*

●:0 :00 ● *

Rg

*(Ratio 02 fl%iona to 28 flssione oor-

reotod for flUX difference = ~)

B

00330

0.330

0.335

0.333

0.328

0.323

0.324

0.342

0.338

0.344

0.332

12

13

*The average Ro2 ~ 0.332 probable error 2 percent.

a

Total 02 counts = 12,534.
Total 28 counts = 37,819.
About 970 02 oounts for each run.

%2 = Wt. 02 metal = 1.09 milligrams.

%28 =Wt. 28 metal = 1.02 milligram.

Argon pressure 57 cm.

= 0.332 : 1.02 “ 232 = o.303~.oo6
mm

qo2) = 1.13 ● 0.303 = o,34~ ~.~l,~s ● 9 ● m
● ●

● : ● ::0 . .~ : :
● .*

● m
● 0 ● OO ● 00 ●:0 :00 *,
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aovering
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?he high 25 oroao seot& .~o~”io&~r&;neutrons neoossitated

the ohamber with oadmium to out out near thermal neutrons. ‘h

25 fission rate still had to be oorrected for fissions oaused

by low energy neutrons scattered from the water tanks surrounding the
--

souroe area. To dete~ne tie magnitude of this correction a cadmium

covered 25 spiral chamber was used to nwasure the neutron flux as a

function of distance from the souroe. The flux was then analyzed into

two components. One, a function of the inverse square of the distanca to

the ●ouroe, -S the oomponent of l& Mev n~trons from the souren. tie

OthO? was an approximately oonstant Oomponent of mattered neutrons with

energies below 14 Mev and above the cadmium level. It was also necessa~

to make a correction in run #1 for the effeot of oadmium neutrons. The

correction was

results are in

determined from 25 spiral ohamber ~asurements. The

Thble 2.
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cm. from
Run Soureo

1 (XIO Cd.) 19.04

2 Cd.

3“

4“
5“
6*

7“
8“

9*

10 a

11 *

12 w

13 w

14”

15 “

16 w

17 m

18 m

19 u

20W

a’”

19.04

19.04

19.04

19.04

1109

11.9

11.9

11.9

11.9

1109

9*49

9*69

9*69

9*49

9.@

9.*

9*N

9*,69

9*49

996’9

Total 25 oounts =
Total ~ @OUXt8 -
~ s W%. 25 fo51

%8=wt” 28 f0i1

% = fraotimof
~ = fraotion of

Corrootion for
aoa$tered neutrons

.$x$/ielo
n
w

9

*

.980
n

m

*

n

a

.990
●

w

●

9

u

m

●

a

n

20,000.

~ s~ tith about
= 1.09 q. mtal.

= 1.02 ~. metal.

25 in ‘3W foil =

28 in *25” foil u

= .88

Correoted ratio of
~ fissions to 28 fia-
sionc =

%?

1.91
1.87

2.05

1.99
2.18

1.99

2.08

2.06

1.92

2.02

2.*

1.98

2.01

2.02

1.95

2.06

2.08

1.97

2.06

2.16

1.92

Av. r 2.02 probablo ● rror
2.6$

900 28 fissions por run.

0.957.
0.043.

● O* ● ** be
98**
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ratio of flasionu ie”:gl%etiby: : ~0”

Zhela

rf(25) ●

7FpE-

1.91 *

1.91 “

.
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● ☛ ●✚✎ ● 00 ●:0 :00 ● *
● ●

● **9 ● ● * ::
● *9* ● *9:*

~f( 23) lleasur~nts of the ratio @f(23 wire “Ade with oadmium
-

surroundingg the chamber. me contribution to the fission rate nmde by

epi-oadmium neutrons was determined by amasuring the 23 fission mte ● s

a fumtion of distance of the chamber from the souroe. %e results are

suaunarizedin Table 3. A correction ( <lfi was made for the relative

foil po8itionfiwith re8peot to =e source.

30 om. was uoedin the chamber for the 23,

Run

1

2

3

h

5

Ihble 3

R(a) =

2.35

2.31

2.36

2.4

2.28

Krypton ata pressure of

26, and b9 measurements.

ratio of observed 23 fissions
to observed 28 fissions cor-
reoted for foil position, epi-
cadmium neutrons

Total

%3 =

%8 ●

%?3 =

%8 m

Av. = 2.35 with probable error of 2 percent

28 counts observed = 35SOO0.

weight of 23 foil = 1.05 mg. metal.

fraction of 28 in 23 foil = 0.97.

fraotion of 23 in 23 fOil = 0.03.

weight of 28 foil = 1.017 mg. metal (100% 28).

.
● m* ● ● ** 9*9 ● 0

●°0 ● ● : : : :
● 8*● 0:. ● O**

90 : ● m
● @ 9*@ ● ** ● ** :.* 9.

● m ● e* ● ** ● ● ●

● *9 :% ● ● be*
boo
● **Oaa‘=6 ‘;:<
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● ☛ 9,* ● 00 ● *O ● ** ● O
● ● 8-

● : ● 0 ●0::
~f(23)

(

● **

)di!l

:000

= 23 fis6ionc & ‘“&8 2 & “= .q3 2 fissions - .u~

~ 28 fiS8iOX18 %3 %?3 &

= 0.98 ● 2.35 - 0.03 = 2.27~ .05 barns

%(23) = 2.27 c 1.13 = 2.56~o.lo btWXMJ

6’f(2d b uranium samples enriched in 26 wore received from Oak Ridge

with data on their isotopic compoaition.

Foils amde from these samples were compared with a standard 25 foil

in the thermal neutron flux of the standard pile and in a 500-700 Kev

neutron flux. These last neutrons were mad. inW building with the

Van de Qraaff accelerator using the T(p,n)He3 reaction.

%th of these measurements and an assay by total =-count indioated

a large error in (a) the i80topic analy8i8; (b) the chemical composition; .

and/or (c) the total weight of the 26 foils.

A prealse maas 8pectro8copic analy8is of the 26wa6 then made at

the Argonne National Laboratory by MlarkInghram. ~is analysis (whichwa8

different from the original O.R. analysis) combined with the data already

aoquired showed that the material deposited on the foils was not pure

uranium.

The 26 cross section at u Mevwas obtained by the following

procedure:

(a) Th mount of 25 on the 26 foil was determined by comparing its

thermal fission rate in the standard pile with that of the 25.foil (thi8

as8umes that only 25 undergoe8 fis8ion at thermal energie8).

(b) ‘fheratio of fission rate8 wa8 m3a8ured at L Mev for the same

foils● ●00 ● .** ●D* ●a
● *●°0 c ● : : . .

● b
● : :0 ●*O.

● : ● *
●* 0:0●*O ●O9 :00 ●a

●* ●*O ●** ● ●

.8* .’* ● ● ● ●**
● ** ● ●** 9
● *9* :0 b
● ** ::0.. —~em m
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(c) Assuming the @l fissi~$ r~te”at ‘M “Mev’;O be negligible and

using Inghram~s isotopic analysis, the ratio of 26 foil fissions to 25

fail fissions at 14 Mev iE

where ~4 ● mass of uranium on 26 foil,

%6 ‘SWJ6 Ofuranium onas foil.

%5 = fraotion of isotope 25 on 26 fOil.

X1l’25= fraction of isotope 25 on 25 foil.

%6 - fraction of isotope 26 on 26 foil.

m’26 = fraction of isotope 26 on

From the thermal measurennnts %6

25 foil = negligible.

=W5m’2~ ~hfiere~hi$ the

%?5
ratio of 26 foil fissions to 25 foil fissions in the standard pile.

‘hen R = ~’25‘M (%5 ~f(25)A %6 rf(26) ~ %8 ~f(28))
14—

%?5 m’25 &f(25)+m’28 ~f(28)

“25 = 0.957 %?5 = oa735

mt28= 0.043 *6 = 0.105

%?8 = 0.156

R4 = 1.07 0.05

~j?(25) = 1.91~0.05 barns
q~ = 0.89 0.05 m
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● ● *
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@26) a 1.6+ 1.0 ● : ● ;f(26)> l:;YI,l barns
~-

‘he large error ia due mainly to the low ~ Oonciontrationin

26 foil.

cf(49) ~ background in the 49’sample mde the separation Of

,fissionSW& and the 6 peak 1.ss oertaln than in tho previous

The nmnner inuhich the ficsion

less certain and the correction

cwrreotion waE two percent with

the correoted data.

1

2

:

5

6

7

8

9

10

● 11

12

~ ~ 1.002 mg. metal

48 s 0.888 mg. wtal

eurvo shonld be extrapolated to

for uncountod fissions greater.

an error of ~ 2 pereent. Zhble

the

I
the

casee.

zero wao

This

b lislxl

lhble 4

R s Ratio
to 25

of 49 fissiorlo
f$allions

1.59

l.~
l.n

1.59

1*75
1.76
1.71$

1.Z

1.78

1.75

1.’70

1.74 total of 14,000 28 oounts

Av. 1.72 probable error 2-1/2$

* ● bo ● >
● ae

●
M ● e

:
●

::000
●

:0 ::
so

● 0 ●:0 :00 0:0 :.0 ● .
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= 1.55 (1 - ●006 ~ f(w)

q(u) .1.55 “ 1013 = 1.75 *0007

Tf(w to be mall ●

barrm
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