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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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THE ENERGY SPECTRUM OF -THE DELAYED NEUTRONS FROM 017

- Evans Hayward
October 19,1948

' When bombarded with high energy deuterons, the elements just above oxygen

1

in the periodic table‘have besn found ‘to yield'delayed“neutrons» analogous to

1 N. Knable, E. 0. Lawrence, C. E. Leith, B. J. Moyer, and R. L. Thornton,
Bul. Am, Phys. Soc., F9, April 29, 1948.

those found in fission productsza - The delayed neutrons are emitted with a

% Snell et al., Phys. Rev. 72, 541 and 545 (1947)

ﬁériod that corresponds to a 4.4 second half«-lifel° The nucleus responsible for

this period has been identified by Alvarez® to be N-7 which B -decays to give an

3 L. W. -Alvarez, Bul. Am. Phys. Soc. F11, April 29, 1948.

excited state of 017, which in turn emits a neutron and becomes 016.

Alvarezz has some preliminary data which indicate that the neutrons emitted
.40 not all have the same energy. The object of this investigation was to determine
the neutron enérgy spectrum from the ranges-of the knock-on protons’ in a hydrogen-

filled cloud chamber®. The target was a LiF crystal (1/2" x 1/2" x 1/4") which

4 Brueckner et al., to be published.

was clamped to a spool and blown back and forth betweap"the cyelotron and the c¢loud
chambér through a pneumatic tube. The spool was stopped at é position in the tube
such that the target was three feet outside of the concrete shielding and six feet
from the cloud’ chamber. (See Fig. 1) The target was bombarded by the circulating
195 Mev deuteron beam of the cyclotron for thirty seconds and then blown out to
the‘cloud chamber which was expanded manually.a few seconds after the target came_
to rest. The cloud chamber clearing field was not turned off until the time of

the expansion so that those ions that were formed before the target stopped moving
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were swept out before the vapor could condense on them. The cyclofron was
turned off after the bombardment, and since the target spent about ten seconds
noving out to the cloud chamber, we may be certain that those events that
_occﬁrred in the chamber were due to the target.

The neutron energy is related to the energy of its knock~on proton by
the equation En = Ep/coszea where € is the scatter angle. The proton range
and the angle that the proton makes with the directiord of the incident neutron
have been measured by reprojection4° The range-energy curve (Fig° 2) for the
chamber pressure, which was 129.4 cm of Hp saturated with a 2:1 alcohol-water
mixture, has been calculated by A. A. Garren.

A region in the c¢loud chamber was chosen for selecting the tracks such

"that all those that started within this region would also end in the illuminated

region. All tracks having scatter angles larger than 30° were excluded in order

- %o minimize the error which is introduced by including recoils from neutrons

that have scattered first from the walls of the chamber before producing a knock-
on proton in the gas. If all scatter angles ars included, the neutron snergy

aiStribution contains a few neutrons with energies as high as 10 Mev but these

all arise from protons with large scatter angles and hence are due to neutrons

that did not come directly from the target. In the early stages of the experi-

hant a small number of tracks, large scatter angles included, were measured.
out of twenty protons“with scatter angles greater than 300, only two gave
exorbitant neutron energies. From this we estimate that about 10% of the neutrons
included had undergone scattering previous to producing the recoil in the gas.
The ranges of all the protons produced by neutrons having energies great-
er than 0.5 Mev have been measured. The proton ranges were measured to 1 mm,
Ihis gives an error in the neutron energy small compared to that caused by the

errors in measuring the angles. Tracks of all ages have been included. The

g
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energlies of the neutrons corresponding to new tracks have beeh corrected for
the fact that they were formed after the expansion. More weight should be
attached to the new tracks than to the old, sinée their scatter angleé can be
measured to :’lo whereas the old tracks were measured to only :,300 The errors
in the neutron energies have been estimated to be i,é% for diffuse tracks and
+ 2% for sharp ones.

One factor that made the determination of the scatter angles difficult was
the multiple scattering of the protons by the gas. This is unimportant in the
case of the sharp tracks because they are so easj to measure, and since the neutron
distributions obtained from either kinds of tracks are essentially the same
(Fig. 3), we conclude that‘there are no large erro;s in the energy distribution
owing to multiple scattering.

One of the checks made in the experiment was to calculate the number of
peutrons scattered per unit solid angle in the center of mass system for three
groups of tracks. This number should be a constant independent of the angle.

The results, which agree well within the standard deviations, are 305 + 42,
276 + 23, and 270 + 19. The standard deviations are based on the number of tracks.

The energy distributions of the 391 recoil protons and of the neutrons
producing them, both before and after correction for the variation of the scatter-
ing cross—-section with energy, are given in Figures 4, 5, and 6. Figure 7 shows
the energy distributions that are obtained when the scatter angles ars limited
to those smaller than'20° and 10°, The errors from measurement are smaller for
small angles but, of course, the statistics.are bad., It should pe peointed out
that there are ﬁroton recoils with energies as great as 1.7 Mev so that even
if the dirsction of the incident neutron is unknown, it must in these cases have

at least 1.7 Mev. Z=Zxperimental error cannot account for the large spread in
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energy and this experiment leads one to the conclusion that this neutron
can have any energy betwsen .6 and 1.7 Mev, 1 Mev‘being its most probable

ehergyo

1MB/10-22-48
Information Division
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RANGE OF PROTONS IN HYDROGEN GAS, ALCOHOL AND WATER

VAPOR AT A 2:1 RATIO BY VOLUME ( OF THE LIQUID), AT 129.4
cm Hg AND 20°¢G

T IIIIIII‘ T lTllll_ll | T T T 1 VT

LI LR
i

i -

g > B W - L
T e E P .

ENERGY (MEVY

/:5’ 4. |

- J_L'lellll ] L |-11|||. L LU |
1.0 ' 10 100
RANGE (cm ) ~

FIG. 2

126 79-



1.8

|

‘ALISN 3 LNI

- 2.0

.2 .4 1.6

1.O
ENERGY IN MEV

13015 -t

FIG 3



1

.2

.O

120+

HO

100

90+

! I

O ‘ o (@
e ©0 - 0 <
SYOVHL NOLOMd 40 ¥IAWNN

o a

30|

20

tOF

1.6 1.8 - 2.0

.4

IN MEV

ENERGY

130171

4

&

FIG



>

NUMBER OF NEUTRONS

120

HO

100

90}

b
O

20

3

0]
O

N3
o

10

) |

8

10 1.2

ENERGY IN MEV
FIG S

18

2.0

13018 - |



INTENSITY

>
—
N /
I
| &
| | i ! 1 I 1
.8 - 1.0 1.2 1.4 1.6 1.8 2.0

ENERGY IN MEV
FIG 6 3013 - ¥

*



2.0

ALISNILINI

1.2 .4 1.6 1.8
IN MEV

1.0
ENERGY

FIG 7

130t4- 1



_g“\ r;‘vr T,

R e
it DN A S
ROVIRES LS

D

CLAGSIFE ATEON CAd
OF TR Dsn iy

= TTm nEo pear

AR e





