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In order to obtain a more quantitative analysis
of the intermediate states of 'Be, we show in Fig.
2 normalized projections on the T „axis for 8-
MeV-broad slices along the T, „axis of the Dalitz
plot (see top, Fig. 1). These curves display pre-
dominantly the continuum excitation structure of
'Be in various regions of phase space, corre-
sponding to different parts of the 'Li excitation
spectrum: Curve A, in particular, contains sig-
nificant contributions of 'Li resonances (see also
Fig. 3); curve B covers the region where no
strong 'Li resonances occur; curve C again in-
corporates the 'Li resonance structure, but now

for the alternative t-cy pair; and curve D shows
the T spectrum integrated over the entire Dal-
itz plot, again divided by the phase-space predic-
tion. Analysis of these continuum spectra yields
the following information:

(a) Strong peaks in the 'Be excitation spectrum
are observed at 0, 3.2, 11.7, 16.9, and 19.6 MeV.
These e-particle-decaying states, with even 4
and positive parity, correspond to known levels'
with excitation energies (and J' values) 0 (0'),
2.9 (2'), 11.4 (4+), 16.9 (2'), and -19.9 MeV (2'),
respectively. A 4' resonance found at -19.8 MeV
in a recent phase-shift analysis of a-n scattering
at higher energies' may also contribute to the
peak observed at 19.6 MeV. The 16.6-MeV 2'
level (strongly mixed with the 16.9-MeV 2' level)
has not been resolved completely. This level is
populated with a relative probability of = 17%
compared to the 16.9-MeV level, and gives rough-
ly the same angular distribution as deduced from
a peak-unfolding procedure. This strongly sup-
ports the single-particle character of this dou-
blet as proposed by Marion '

(b) The widths of the two broad rotational states
at 2.9 and 11.4 MeV are remarkably constant
over the Dalitz plot. The T spectrum in the re-
gion where no 'Li states contribute (Fig. 2, curve
8) has been analyzed with a. standard peak-fitting
procedure with incoherent Breit-Wigner shapes
for the resonance levels and a constant term due
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FIG. 2. Relative energy (T„g spectra for 8-Mev-
broad slices in relative energy T«of the Dalitz plot
(curves &, &, and &; see inset in Fig. 1). Curve &
has been integrated over the entire Dalitz plot. The
curves are normalized with respect to the three-body
phase- space prediction. Roman numerals correspond
to the Be resonances in Fig. 1. The dashed curves are
an adjustment with Breit-signer curves and a constant
for the three-body breakup contribution (see text).
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to three-body breakup (pha. se-space dependence).
The widths have been corrected for the effective

T~„=5-10 MeV

T~~=10-15 MeV

T„~=15-20 MeV
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FIG. 8. Relative energy (T&~) spectra for 5-MeV-
broad slices in relative energy T~ot of the Dalitz plot
(curves &, B, C, and D). Curve & has been integrated
over the entire Dalitz plot. See also caption to Fig. 2.
The Homan numerals correspond to the Li resonances
in Fig, 1. The background due to Be peaks is particu-
larly strong. Curve B is used to extract peak param-
eters for the alleged level in Li at about 9 MeV.

instrumental broadening, as determined from the
narrow 16.9-MeV (I"=90 keV) peak, which has a
full width at half-maximum of 0.33 MeV. The fol-
lowing results are obtained (in MeV): 2' state;
E„=3.20+0.03, I =1.72+0.09; 4' state, E„=11.70
+ Q.0'7, I = 4.41 + Q. 5.

(c) The "background" in 'Be spectra due to for-
mation of 'Li states is quite significant. It is
clearly visible from the difference in curves A
and B of Fig. 2.

(d) The yield due to three-body breakup, as es-
timated by extrapolation of the constant term in
curve 8 (negligible effect from 'Li "background" )
over the whole Dalitz plot, is (19+4)% of the to-
tal yield. This value has been obtained by simul-
taneously fitting the spectrum B with Breit-Wig-
ner-shaped resonances with position and width
taken as free parameters and a constant three-
body breakup term. This result is somewhat
high compared to values reported for related re-
actions at lower energies (e.g. , Ref. 2), but is
consistent with the general idea that three-parti-
cle breakup becomes more important at higher
bombarding energies.

The 5-MeV-broad slices in the T direction
of the Dalitz plot, projected onto the 1',„axis
(Fig. 3), reveal resonance structure in 'Li. The
various curves correspond to regions of phase
space where different 'Be resonances contribute.
Curve A corresponds to the ground state and first
excited state of 'Be. In curve B the contribution
of 'Be levels is relatively small (region between
the two rotational states); in curve C the 11.4-
MeV (4') state contributes and, at the upper part
of the spectrum, 'Li resonance structure corre-
sponding to the alternative t-n pair; in curve D
the 16.9-MeV (2') state predominates (all curves
relative to phase-space dependence).

The 'Li excitation spectra have the following
characteristics: (a) n-particle —decaying states
in 'Li at 4.6, 6.5, 7.5, and 9.4 MeV are strongly
excited. The 2 doublet at 6.5 and 7.5 MeV is
not fully resolved. (b) The excitation spectrum
of 'Li between 10 and 25 MeV does not show any
structure, indicating that no sharp n-particle-
decaying levels are present (curve 8, Fig. 3).
Notice that enhancements near 20 MeV in the in-
tegrated 'Li spectrum (curve E) arise from the
sharp 'Be(g.s.) resonance and from resonances
in the other t-n system (see Fig. 1 and curve D
of Fig. 3). The Li excitation curve in the region
of minimum contribution from 'Be resonances
(curve 8) is constant above 10 MeV, which im-
plies essentially a phase-space-like behavior in
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this region of the Dalitz plot. (d) The existence
of a level in 'Li at 9.7 MeV' and its decay into e
+t is well established in the present measure-
ments. Its level parameters, estimated from the
resonance peak in curve 8, Fig. 3, are E„=9.36
*0.05 MeV, r=0.8~0.2 MeV.

The resonance parameters found for the rota-
tional states in 'Be are in fair agreement with
the results of free n-n scattering. " This strong-
ly supports a sequential nature of the reaction
process. The peak position of the 2' state seems
to be somewhat high. The spectra in Fig. 2 indi-
cate, though, that the shape of this peak is asym-
metric, which makes a Breit-signer fit ques-
tionable. The asymmetry is similar along the
whole band in the Dalitz plot, and has also been
observed in singles data. It therefore seems to
be an inherent feature of the 'Be continuum struc-
ture. Our value for the level width of the 4' state
is in agreement with the result obtained in a 50-
MeV proton experiment, ' but is much higher than
results for low incident energies. ' A narrowing
effect of a two-particle resonance in a three-
particle reaction, ' as observed at lower ener-
gies, does not show up in this measurement. The
apparent decay width even for the very broad res-
onances is hardly influenced by the third particle,
unless one is close to one of the 'Li resonances.
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We analyze the possibility of neutrino emission from matter accreting into a neutron-
star member of a binary x-ray source. Estimates of the expected fluxes and neutrino
energy are given for selected values of the accretion rate under the assumption that the
neutrino production is mainly due to the reaction y=e +e+ —v, + v, .

It has recently been shown that purely on the
grounds of the rate of change of the periods of
pulsating binary x-ray sources, it is possible to
infer some limits on the rate of mass accretion

into a neutron star and on the rate of matter leav-
ing the system. ' Limits on the rate of matter ac-
creting on the system can also be placed on pure
energetic grounds from the observed energy flux


