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Minimum Neutron Energy to Produce Neutron Loss
Process and Its Application to the Meas-
urement of Q Values

The cyclotron in Berkeley produces a beam of very high
energy deuterons, which in bombardment of the light ele-
ments give rather high energy neutrons, especially in the
forward direction.

Assumption of the conservation of energy and momen-
tum gives the following formula

0=3MV2— 3 MaV2+(1/2Mn) :
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where Q is the total energy evolved in the reaction which
is usually expressed by the following type of formula

ZA4 HE = (Z —1)4H4-n4-Q.

M, V, Mg and Vg are the mass and velocity of a neutron
and of a deuteron respectively. M7 is the mass of residual
nucleus, and ¢ the angle between the direction of the
deuteron and that of the emitted neutron.

In the case of the Be target, for example, the energy of
a neutron is expressed as follows
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where E, and Eg are the energy of the neutron and of the
deuteron. The maximum energy from the Be target varies
by a fairly large amount, as a function of ¢ and Eg, espe-
cially when a value of E; is as high as 8 Mev.

If the scattering from the materials around the target
is negligible, it is possible to bombard a sample with a
neutron beam of known maximum energy by placing it at

~ various angles with the Be target or by changing the energy
of the bombarding deuterons.

Since the end of 1936 it has been reported by several
persons!» 2 that neutron loss reactions can be observed on
bombardment of certain elements by neutrons of suffi-
ciently high energy. In other words, a high energy neutron
can knock out one or more neutrons from a stable nucleus
of certain elements, and the corresponding characteristic
periods for neutron loss have been observed.

The detection of the presence of neutron-loss periods
after bombardment with neutrons of known -maximum
energy makes it possible to determine the minimum energy
of neutrons necessary to produce the neutron-loss process
in measurable amount.

The results of some preliminary tests are as follows,

some of which have been reported at the Stanford meeting.

Element Limits of E, (Mev) T (min.)
N 5.5>E,> 7 10
P 5 >Ep> 7 2.8
Cu 12 >Ep>13 10
Zn 9.0>E,>10 35
Ga 6 >Ep,> 66
Ge S55>E,> 7 30
Br 9 >E,>13 6
Mo 12 >Ep>13 17
Ag 5 S>Ep> 7 25
In 12 >Ep,>13 1
Sb SS5>En> 7 16

Although the minimum energies for the following ele-
ments are close to each other, it is still possible to detect
which elements need higher energy than others, and this
can be written in the following order: ’

Ga>Ge>Sb>Ag>P.

When these values are calibrated more accurately we
shall be able to estimate roughly the maximum energy of
neutrons from various targets subjected to deuteron bom-
bardment by observing in what elements the neutrons are
capable of producing neutron loss. Then using the formula
(1) we can determine the Q value.

A test of this possibility was made on Al, Fe, Cu, and a
rough estimate of the maximum energy of neutrons emitted
gives the following figures:

Al Fe Cu
Limits for E, (Mev) 6 <E,<9 5.5<E,<7 5.5<En<7
Q (Mev) <3.5 <15 <15

It should be mentioned that. the samples are not free
from the bombardment of scattered neutrons and also
those from the cyclotron walls or- dees; but fortunately
scattering turned out to be negligible and the maximum
energy of the neutrons from copper is not very high so
that the tests for neutron energies higher than that from
Cu can be made fairly accurately.
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