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The Neutror].lihergyDistribution in the Center

of the

Los Alamos Plutonium Reactor

Introduction

The neutron energy distribution in
.,

the center of

the reactor has been examined by 1) use of proton recoil,

and fission photographic plates and Be, B, end Li impregnated

plates, 2) a fission counter which has interchangeable 28,

orGo, and 37 foils, and 3) by activation of S and Al detectors

using the (n,p) threshold reactions. This report will he cori-

cerned with only the fiss~on counter, fission plates and acti-
●

vation results. The proton-recoil plate method will be reported

as a separate LAMS and it is expected that the results will be

more accurabe than the ones

&cperi,merlta~Arrangement

Fig. 1A shows the

reported here.

active material loading of the

reactor when”this set of experiments was performed. The re-

actor pot was filled with mercury and in order to .Snsert

detectors into the region shown in F~g 1!3~ steel tube closed

,~~’fieri the ‘fission chamber w’as used the steel tube was reijIoved

L

Em ..~-..= ——
~ .

-1? ‘Iihechamber placed in the r~ercury In thn e~f]~”erh~l>. ‘“---~.-, .
—

---.-. —“~’ .0

z- .— — —. -~—.---=.-:
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10 Fission counter method:

Fig. 2 SF.OWSthe fission counter used. It is

possible to easily interchange the fission foil and qetain
t

the same .geometr~cal conditions. The ccunter was fill

f
with 600 mm of,argon plus 1*5 percent C02. The foil wef.ghts.-,
as determined by alpha-counting were U238 - 0.347 mg,

Np
237

- 0.054 mg, U
235 = 0.340 mg. Since the mean range:

of fission fragments is approximately equal to 10 mg per

cm2, self-absorption corrections of a few percent were made

for the foil masses. An efficiency correction of 0.90 was

made to the observed counting rates. Table I gives the
●

alpha-counting data, and Table II the fission-counting data

from the reactor with the final results.
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The activation of the fission foils in-terms of

disintegrations per second per watt per atom is equal to

J nvadE ~nte~rated Over the neutron spectrum.
lf-

It has been

assumed that few, if any, neutrons of energy less than 100
.!

exist in the center of the active material because of tie

ev

large fissfon cross section of plutonium for low energy neu-

trons. The integration for U235 is therefore taken from

100 ev to 10 ?v’?evand

f

10 Mev
\

●

for U235
“’+E -

= 144 meter barns

1(?0ev ●
Psec

237, 0.4 Mev, was usedSimilarly, the fjssion threshold for Np

238
as the lower limit of integration and for U , 1.0 Mev. The

values of these integrals are

.

1
10 Mev&38

uvdE .
1.0 Mev — -

38.6
E

meter barns
v sec

meter barns
p sec

3
Hence n,.which is the number of neutrons per cm per watt in

the energy intervals, is equal to the disintegration per second

per watt per atom divided by the value of J
~vdE

T “ ‘able

IT tabulates the number of neutrons in the three ranges.

.

—.

t
)
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11. (n,p) activation:

Two (n,p) reactions were used:

1) S32(n,p)P32 which has a 1.5 Mev threshold, a

half-life of 14.7 days, and emits a 1.7 hlev beta. Using

1

values of sigma from LA-515 the 10 ~E was calcu-
Ov

1.5 h

lated to be 17.2 meter barns per microsecond.

2) Al27 (n,p)Mg27 which has a 2.3 Mev threshold, a

half-life of 9.6 min and emits a 1.8 Mev beta. The value of

J
10 dE

av T is equal to 0.8 meter barns .

2.3 ~sec

The detectors were discs 0.50 inch in diameter.
,

One thickness of aluminum was used and two of sulfur. The
\

detectors were placed in the sample can shown in Fig. lC and

irradiated in the reactor. Beta-counting was done in a flat

geometry using an aluminum G-M tube of 0.004 inch wall thick-

ness. Corrections were calculated for the self-absorption of

the betas in the detector and in the counter wall. A geometry

efficiency was found by calibrations described

Geometry efficiency Q beta-countin~

Aluminum foil and disc; sulfur disc.

Two standard iridium foils and a 0.50

iridiumdisc were irradiated in a known thermal

below.

inch diameter

flux in the G

Building standard pile, and the disc counted in the same

geometry that the aluminum and sulphur discs were counted’in.

The foils were wrapped around the counter tube. The following

data wero obtained.

..
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A saturated

Foil 1 x 103 c/see

Foil 7.5 x lo%/
sec

Disc 2101 C/SfBO

2mass cm
(gms )

-12-

gm/cin2

2,4 24

2-4 24

O.oq 1.27
w

0.10

O*1O

0e065

The values of Eg obtained were

— —.. . . –—

Es(l) nv E.EaEg(2) E
g

—.

0.64 6350 0.067 0.105
0.107

0.64 4500 0.070 0.109

0074 4350 0.059 0.080

used as the over-all geometry

factors for the Al foil and disc activations and for the S

discs.
.

Al and S Irradiations in the Reactor——- ..—

A diso of aluminum O.50 inch in diameter and.a foil

of aluminum 24 cm2 of same dimensions as the standard iridium

foil were irradiated in the reactor and the (nv u ) causing

the aluminum activity found. From this value and the value

J
of u~ dE— , n, the number of neutrons per cm3 watt in the

E

range 2.3 Mev to 10 Mev was determined~

Two discs of sulfur 0.50 inch in diameter were like-

wise irradiated and the number of neutrons per cm3 per watt in

range 1.5 to 10 Mev found. The data also was used to calculate

the average a~sorption cross section of the two elements for the

reactor neutron spectrum. The data is compiled in Table III.
4

(1) Percent of betas from In116 (tid point . 0.85 Mev) trans-
mitted through half thickness of foil plus the aluminum
wall of G-M tube (0.027 gm/cm2). Calculated by Ran e-

?I@rgy relations and Fermi distribution curve of In 16 betas.

(2) As;t - E(nv N) where N . number of atoms in detector~
.

0 was taken as 200 barns.
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1 111. Fission photographic plate method:
P

Foils of 28, 37 and 25 were placed in contact
u .
* with Eastman NTC plates of emulsion thickness 25k and,,$
.,.+●

✎ ✎✎✎ irradiated in the reaator. The following observations

were madeo
..

Foil Alpha,. Area mg/cm2 Irradiation Total Tracks
counting (watt-rnin) ‘l’racks f’ield-watt-min -
mass’ and No. (atotn/crn2) .

of Fields+C.

25 0.992 gm 3.24 cm2 0.090 .

0.892 3.24 0.090

37 0.018 3.19 0.00565

a

0,01$3 ~ol.$l 0.00565

t
.

28 0.330 3.25 0.1015

.

92 16,706;
379 fields

46 4,372;
210 fields

184 263;
10G fields

368 271;
50 fields

184 1,179;
150 fields

368 871;
50 fields

2.07x10-18

>2 .O2X1O-18

1.96x10-18

O.995X1O-18
..

> 1.QIX1O-1Q

1.03X10-18

0e165x10
-1s ,

> 0,18x10 -18

o.le4xlo-~~

f
Using the values of the integrals ~v ~~ in terms

2
of cm - cm 8

sec
Tracks

J
=v~

field-etc. . E
Energy Interval

.25 2 x 10-18 144X1O-16 100 ev - 10 Mev

37 1 x 10-15 97.3X10-16 0.4 Mev - lC IViev

’28 0.18x10 -18 38. 6x1O
-16

1 Mev - 10 Nev

n = no. of neutrons/
kn cm3 watt

k = constant~+:

1039

1.03

0.47

* The field in each case was 6,500 Y2..
+* The constant k includes the efficiency of the photographic

pl~te. The number kn will be norrfiali.z.edto the fission
chamber data for comparison. ...._-.. —-—.——— ---
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The ratio of 37/28 in the center is 2.2.

Fission plates placed in an experimental hole which

separated from the edge of the pot by 1’1of uranium

is

and

iS thus 4“ from the center position indicated a ratio of

37/28 at 4.6. Thus at this position the spectrum has about

five times as many neutrons in range from 0.4 to 10 Mev
..

as from 1 Mev to 10, indicating a rather large d.egradati.on

of the energy in passing through the active material and

uraniumO

Summary

Combining th,edata from the fission chamber and

from the activation measurements and normalizing the fission

plate data to this data the following is obtained. The 37

data from the fission chamber was not used because of the

discrepancy between 25 and

Foil

25

25

37

28

28

s

Al

Ehergy B~&

100 ev - 10 Mev

100 ev - 10 Mev

0.4 - 10 Niev

1.0 - 10 Mev

1.0 - 10 Mev

1.5 - 10 Mev

2.5 - 10 Mev

●

37.

Method n
cm~ - watt

.
Fission Chamber 00044

Photographic Plate 0.C44(normal-
ized to
25 fission
chamber)

Photographic Plate 0.033

Photographic Plate 0.015
>~V .O. C16

Fission Chamber 0.017

Activation 0.004

Activation 00001
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Foil

25-37

37-28

25-28

25-28

28-S

S-Al

Al

28

28-A1

Hnergy Method n Fraction Range
Band cm~ - watt . (kev)
Difference ——

100-0 ● 4 Pox-’. 0.011 0.24 0.4
.,

0.4-1.0 P.P.&F.C. 0.017 0.39 0.6

100-1.0

{

P*PO

F.C. ~~ ::::1°”028 {:::}0% ;“:●

1.0-1.5 F.C.&A. 0.012 0027 0.5

1.5-2,5 A 0.003 0.068 1.0
●\ \

2.5-10 A. 0.001 0.023 7.5
●

1-1o F.C. 0.016 0.36 9.0

1-25 P.’P. 0.C15 0034 1.5

Normalized
Height of
Block

635

660

640

545

69

3

40

230

The block diagram of this data is plotted in

Fig. 3 and the resulting neutron spectrum drawn. Note

that blocks are indicated for the hands 1 - 1.5 and 1.5

to 2.5 and also for the band 1 - 2.5 tor comparison. ‘TMs

was done because-the band 1 - 1.5 depends very markedly on

the efficiency assigned to the S foil counting. For compari-

son the plutonium fission spectrum is plotted in dashed

lines and then broken into block diagrams for the same energy

intervals that were used in the reac,torneutron spectrum.

The areas have been normalized.

The normal fission spectrum appears to have been

degraded to lower energies with the result that the maxi-

mum occurs at about 0.5 Mev and with about 65 percent of

the neutrons lying below 1 Mev. The average energy is about
..,.—
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0.8 Mev as c~ntrasted with - average energY of about

1.8 Mev for the 49 fission spectrum~

The observed activation cross section for Al

(n,p) of 0.2 rnillibarns is reasonable because of the fact

that only two percent of the neutrons in the spectrum lie

above the aluminum threshold, whereas for the 25 fission

32 percent lie above the threshoid in which spectrum the

Al cross section Is 2.8 millibars.

In the case of the S(n,p) reaction the number

of neutrons’

9 percent.

above 1.5 Mev in the reactor

above 1.5 Mev in the reactor spectrum is.about

The average energy of the number of neutrons

a region in which the S(n,p)

spectrum is about 2 Mev --

cross section is changing

section is given in LA-515

observed value of 20 milli-

rapidly. At 2 Mev the cross

as about 30 millibars. The

barns for the reactor spectrum is in fair agreement with “

this.
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