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FIG. 2. Number of recoils in 100-kev intervals.

The neutrons below 1.5 Mev show a continuous distribution in

energy and so may be attributed to reaction (2). Although the
shape of the curve was not determined below 0.5 Mev, it appears
that somewhat fewer than one-half of the neutrons come from
reaction (1), if the angular distributions of the competing re-
actions are the same.

Mandeville, Swann, and Snowdon4 have determined the neutron

energy spectrum for these two reactions by measuring the recoil

proton tracks in photographic emulsions. They used a bombarding

energy of 900 kev and measured the neutrons emitted at an angle

of 90' to the deuteron beam. Their data indicate that about two-

thirds of the neutrons come from reaction (1), if the angular dis-

tributions of both reactions are assumed to be the same. These
two experiments together indicate that either the angular dis-

tributions of the neutrons from the two reactions are not the same

or that the relative yields of the reactions change with the bom-

barding energy.

* This work was supported by the Research Corporation and by the
Joint Program of the ONR and AEC.
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were mounted at 0' to the proton beam and 10 cm from the 10-kev
thick metallic lithium target.

After processing the plates, the tracks were measured in a micro-
scope with an oil immersion objective. Tracks were considered to
be acceptable for measurement if they showed no detectable dip
into the emulsion and if they deviated from the incident neutron
direction by an angle less than arctan —,'. This procedure leads to a
larger acceptable range of solid angles for the short tracks than
for the long tracks. This will accentuate the intensity of a group
of neutrons arising from an excited state relative to the group
arising from transitions leading to the ground state of Be'.

The energies of the recoil protons were determined from their
ranges by using the Ilford range-energy curves. ' The neutron
energy is found from the recoil proton energy E„by the use of
the relation E„=E„/cos'8 where 8 is the angle between the
incident neutron direction and the recoil proton.

Figure 1 shows a histogram of the number of neutrons in a
25-kev range for each of the incident proton energies. The letter A
locates the center of gravity of the main group of neutrons and 8
the center of gravity of a clearly resolved group arising from an
excited state in Be'. The centers of gravity were found by first
subtracting a constant background of two tracks from each block
in the histogram and then locating the cent'er of gravity in the
usual fashion. For the 2.705-Mev data A is found to be at 937 kev
and 8 at 472 kev. For the 3.120-Mev data, A is at 1364 kev and 8
is at 896 kev. In the forward direction the neutrons in the main
groups should have energies of 1.000 and 1.423 Mev, respectively.
In each case the center of gravity of the group A is found 63 kev
below its calculated position in terms of the accelerator calibra-
tion, but the energy difference between the two values of A is
427 kev which is a remarkable coincidence and indicates that the
Ilford range-energy curve used is quite good. Since the value of 8
from the 3.120-Mev data is relatively close to that of A from the
2.705-Mev data, one would expect to find a reliable value for the
separation of the 8 state from the ground state if the 3.120-Mev
data is used. The energy difference from A to 8 in the 3.120-Mev
data yields a value of 428+20 kev for the level separation. The
2.705-Mev data cannot be expected to yield a very reliable result
since the 8 group now corresponds to proton recoils of approxi-
mately 5p, in length. In this region the slope of the range-energy
curve is changing rapidly so relatively large errors may be ex-
pected. The A to 8 difference in this case yields a value of 408&35
kev for the height of the corresponding excited state of Be' above
the ground state. The points labeled C indicate the expected loca-
tion of the 205-kev group reported by Grosskreutz and Mather'
and tQe point D indicates their 745-kev group. The latter group
cannot be excited at 2.705 Mev bombarding proton energy.

To compare the relative intensities in the various groups, one
must correct for the following: (1) different accepted solid angles
for different track lengths; (2) different probability of leaving the

Neutron Groups from the Reaction Li'(p, n)Be'
Bii:RNARD HAMERMESH AND VIRGINIA HUMMEL

Argonne Rational Laboratory, Chicago, Illinois
February 7. 1950

ECENT reports' ' indicate the existence of at least one
excited state in Be' within 1 Mev of the ground state.

Therefore, the reaction I i7(p, e)Be' should give rise to at least
two groups of neutrons of different energies depending upon
whether the reaction leads to BeT in the ground state or in an
excited state.

Photographic plates (Ilford C2 emulsions 50' thick) have been

exposed to neutrons produced in this reaction by protons with

energies of 2.705 and 3.120 Mev from the Argonne electrostatic
accelerator. By studying the recoil protons in the emulsions the

energies of the neutrons can be found. The photographic plates
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FIG. 1. Neutron groups from the reactio~ Li7(p, n}Be'. Note that the
relative intensities of the neutron groups have not been corrected.


