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Energy Spectrum of Neutrons from Po-Be
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The energy spectrum of neutrons from a Po-Be source has been observed by means of a coincidence
scintillation spectrometer.

A NEUTRON coincidence scintillation spectrom-
eter has been used in this laboratory to study the

neutron spectrum of Po-Be. The spectrometer utilizes
the recoil proton pulse amplitude principle and has
been described by Owen et al. ' The experimental
arrangement and the block diagram of the apparatus
are shown in Fig. 1. A 15-curie Po-Be source was
placed 40 cm from the first anthracene scintillation
detector, which consisted of a crystal 1 cm thick and
16 cm' in cross-sectional area and 5819 photomultiplier.
A second similar detector was placed 50 cm from the
first at a laboratory scattering angle of 60'. Pulse-height
analysis was performed upon the signals from the first
detector, and signals from the two detectors placed in
coincidence defined the angle of scattering by supplying
a triggering pulse to the electronic analyzer. Suitable
delays were inserted in the first channel of the coin-
cidence circuit to compensate for the neutron time-of-
Right between the two detectors.

Energy calibration of the instrument was accom-
plished by comparing the pulse height produced by
protons with the pulse height produced by internal
conversion electrons of Cs"'. Data obtained by Taylor
et u/. ' for anthracene were then used to convert proton
pulse height into energy.

Owen has described the energy dependence of the
efficiency of this type of spectrometer in terms of the
e-p cross-section of the crystals and the coincidence
circuit discrimination against small pulses arising in

the second crystal as the result of proton recoils occur-

ring at all possible angles. The cutoG due to the coin-

cidence circuit was approximated by obtaining an upper
bound for the effect. A linear extrapolation to zero
counting rate at the low-energy end of the spectrum
provided this upper bound and gave the cut-oG energy
as 0.6 Mev. In the present analysis additional energy-
dependent corrections were introduced to account for
the attenuation of the primary beam in the first crystal
and the attenuation of the scattered beam in escaping
the first crystal and entering the second crystal.

The differential counting rate data obtained were
treated using the above corrections. The resulting
neutron spectrum is shown in Fig. 2; the vertical bars
indicate the probable errors in the mean, and the
horizontal bars indicate the electronic channel widths
used in the experiment. Two possible distortions in the
spectrum result from the detection of the Po-Be gamma
rays and from neutron reactions with the carbon in the
anthracene detectors. The 4.45-Mev gamma ray' of
Po-Be detected by the Compton eIIfect would apparently
alter the neutron spectrum near 9.96 Mev. However,
two experimental arrangements tend to suppress this
distortion. The delay which was inserted in the first
coincidence channel to insure neutron coincidences acts
together with the 15-millimicrosecond resolving time
to suppress gamma coincidences. Also background data
in this experiment were taken by inserting 40 cm of
parafFin between the detectors while leaving the source
in place; this procedure would tend to cancel in part
the eGect of the gamma rays. An energetically possible
neutron reaction with the carbon content of the first

I91

WIDE BAND

A INPLIFIER
300

FAST
COINCIDENCE

CIRCUIT

60'
~DELAY
BI9i— WIDE BAND

0
AMPLIFIER

ANTMRAGENE GRYSTAL

LINE AR

AMPLIFIER

TRIGGER Eo
GMANNEL

AMP LIF I E R
ANO ~ PULSE

0 ISGR I M IN ATOR ME IGMT

ANALYZER
—200

150

ca

FIG. 1. Experimental arrangement and block
diagram of the apparatus.

' Owen, Neiler, and Wheatley, Fast Neutron Spectrometer
Project, Report No. 1, Radiation Laboratory, University of
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Fio. 2. Neutron spectrum of Po-Be as observed
by coincidence spectrometer.

~ J. Terrell, Phys. Rev. 80, 1076 (1950}.



ENERGY SPECTRUM OF NEUTRONS FROM Po —Be 1349

anthracene crystal, which would also produce a coin-
cident particle for the second detector, is C"(st,st)3ct
having a threshold of 7.88 Mev as computed from the
isotopic mass values. 4 It can be shown that such
processes may distort the neutron spectrum below
1.3 Mev.

Various spectral distributions obtained for Po-Be
neutrons have been reported in the literature. ' " Of

'E. Segre, Experimental Enclear Physics Qohn Wiley and
Sons, Inc. , New York, 1953), Vol. I.

'H. T. Richards, U. S. Atomic Energy Commission Report
MDDC-1504, 1944 (unpublished).

'P. Demers, Report MP-74, National Research Council of
Canada, Division of Atomic Energy, 1945 (unpublished).

these spectra the results of Whitmore and Baker are
in good agreement with our results. Location of in-
tensity maxima as reported by Gursky ef al. also agrees
within experimental error with our results.
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For a reaction such as p+p —+x++n+p, it is known that the interaction of the emitted neutron and
proton will frequently result in the formation of a deuteron. An analogous effect is that of the interaction
of the m meson with either the neutron or the proton. This interaction is known to be strong from studies of
meson-nucleon scattering. Explicit calculations are made, which indicate that pronounced qualitative effects
may indeed result from the meson-nucleon interaction. In particular, the p+ p~~+ cross section is expected
to be considerably larger than is the n+p~m+ cross section.

I. INTRODUCTION

A S is well known, there is an implication from
strong coupling meson theory' that the state

of the meson-nucleon system which has an isotopic
spin of —,

' and a spin of —,
' Lto be designated as the (-,',—,')

state) should be one of strong interaction. An analysis
accepting this possibility for the pion-nucleon scattering
made by Brueckner' has led to a very reasonable quali-
tative explanation of the magnitudes of these cross
sections. A field-theoretic calculation by Chew4 has led
to results in general agreement with these suggestions.

Further implications of a strong interaction in the
(ss, ss), state of the meson-nucleon system have been
suggested' for photomeson production. These have been
in not unreasonable agreement with observed' angular
distributions and magnitudes of the cross sections.

' W. Pauli and S. Dancoii, Phys. Rev. 62, 85 (1942).
~Anderson, Fermi, Martin, and Nagle, Phys. Rev. 91, 155

(1953).' K. A. Brueckner, Phys. Rev. 86, 106 (1952).' G. F. Chew, Phys. Rev. 89, 591 (1953).' K. A. Brueckner and K. M. Watson, Phys. Rev. 86, 923 (1952).
B. T. Feld, Phys. Rev. 89, 330 (1953); S. Matsuyama and H.
Miyazawa, Prog. Theoret. Phys. (Japan) 8, 141 (1952}.

A. Silverman and M. Stems, Phys. Rev. 88, 1228 (1952);
G. Cocconi and A, Silverman, Phys. Rev. 88, 1230 (1952);

The modest successes of these suggestions would seem
to indicate that it is worth seeking further implications
of the hypothesized strong (-,',—,') interaction. In this
connection two suggestions have been made in respect
to pion production in nucleon-nucleon collisions. The
erst of these' concerned the reactions

p+ p—+n++d,

p+~++ e+p.

(A)

(A')

where 0 is the angle between the meson momentum
vector and that of one of the incident protons. This is in

rough agreement with measured cross sections. ~ The
second suggestion in this connection was that for the

Goldschmidt-Clermont, Osborne, and Scott, Phys. Rev. 89, 329
(1953); Walker, Oakley, and Tollestrup, Phys. Rev. 89, 1301
(1953).' Cartwright, Richman, Whitehead, and Wilcox, Phys. Rev. 91,
677 (19S3).' M. A. Ruderman, Phys. Rev. 88, 1427 (1952).

To a first approximation, the angular distribution in the
rest system and near the energetic threshold should be
of the form

1+3 cos'(},


