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it departs from the value obtained from the
reaction H%(n, p)2n, and is closer to =17 F,

the mean value obtained from the reaction H(r™,
¥)2n. The theoretical prediction for ay,, as-
suming exact charge symmetry, lies between
-16.6 and ~16.9 F.!®
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The proton spectra from the reaction n +H?
at E,, =14.4 MeV were measured with a semi-
conductor counter telescope! in conjunction
with multidimensional analyzers.? The results
of several independent measurements are sum-
marized in Figs. 1 and 2. They reveal the fol-
lowing features:

(1) The cross section for the reaction H3(z,
»)3n, integrated from 3.8 to 5.1 MeV at 0°,is
12 mb/sr. This is smaller than the cross sec-
tion for the breakup H%(n,d)2#»,2 but is larger
than predicted by Gammel and MacKellar.*

(2) The simultaneous breakup into three neu-
trons and a proton would give a proton energy
spectrum of the form® Ep"/%(E,4~E})°, with
Emax=5.1 MeV. The failure to reproduce the
experimental data can be interpreted as an in-
dication of strong final interactions and gives
hope® that the study of the reactions H3(z, »)3n
and He®(p,n)3p might give some information
about possible three-body forces.

(3) A group of protons extends from 5.9 to
6.9 MeV. Its width at half maximum is about
600 keV, comparable with the over-all reso-
lution of the experimental arrangement. The
total number of counts in this group is 892z 160.

The possible origin of this group was care-
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fully examined. Separate measurements per-
formed to this end showed that as much as 2%
of hydrogen contamination of the targets could
contribute no more than 0.3 mb/sr to this group.
The reaction N**(z, p)C** could give several
groups of protons with energies above 7.5 MeV
and one at 6.7 MeV. However, no protons with
energies higher than 7 MeV, nor deuterons®
from N(:,d)C'?, were observed. The possi-
bility that the 6.4-MeV group stems from the
N** contamination was definitely ruled out by

a separate measurement’ of the reaction n + N4,
Since the intensity of the 6.4-MeV proton group
was independent of the amount of He® in the
target, as is evident from Figs. 1 and 2, it
could not be assigned to the » + He® interaction.
Several measurements performed in different
experimental conditions have excluded also

the possibility that this group is due to an ex-
perimental error.

The remaining alternative is to assign the
6.4-MeV proton group to the » + H? interaction.
If one accepts this, one is obliged to assume
the existence of a bound state of three neutrons.
Its binding energy would then be about 1 MeV
and the cross section o(p= oo)Hs(n,p)nF 3.8
mb/sr.
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FIG. 2. The proton spectrum at 0° from the reaction
n+ H® obtained from a 1.3-mg H3-gas target with He®
content less than 0.4%. The data at about 2 MeV were
l ) 1”” }lm ‘. “” obtained in a separate measurement with two thin de-
o . . i : o tectors in coincidence followed by a thick detector in
® CHANNEL. ”] Hl | ' ”l 8o anticoincidence. The solid curve was calculated under
the assumption of simultaneous breakup into three neu-
trons and a proton with relative angular momenta L, "
3 ) 5 Py 7 A 5 =0, Ln2n=1, ande3n=0.

PROTON ENERGY (MeV)

FIG. 1. The proton spectrum at 0° from the reaction
n+ H° obtained from a solid Cu-Ti-H? target with 0.3
mg of H® and a 0.1-mg gas-H? target, with the over-all
He? content of about 8%. The arrows indicate the max-
imum proton energies for the breakup processes Hs(n,
D)3n, He3(n, p)nnp, and Hes(n, p)nd, and the energies of
proton groups from the reaction N¥(z, p)Cl,

The existence of neutron matter,® n2° n*1°
and 7n°!! has been the subject of extensive stud-
ies, but so far it has tacitly been assumed that
there is no bound n3. To the authors’ knowledge
the existing data do not rule out the possibil-
ity that a particle-stable n® exists. The most
stringent condition on its binding energy is prob-
ably given by the controversial existence of
He"!2 and He®!%. Since three neutrons in these
nuclei cannot be bound by less than 1 MeV,
even if they exist the upper limit for the bind-
ing energy of n° would be =1 MeV.

The existence of n® with a binding energy of
about 1 MeV implies the existence of T =§ ex-
cited states in H® and He? at about 7.5 MeV.
There should be, therefore, a resonance in
the n-d and p-d scattering at E;; ~1.8 MeV and
Ep=2.8 MeV, respectively. These resonances
should be very narrow (<1 keV) as the nucleon-
deuteron system has T =3, and would presum-
ably escape experimental observation. It is
intriguing that there is a peak!* in the p-d elas-
tic scattering at about 2.6 MeV. The assumed

T =% level in He? being close to the p +p +n
threshold, an appreciable admixture of T =
component in the p-d system might occur.

The existence of n® would also imply the ex-
istence of n*. The evidences concerning n* are
still controversial.'® On the other hand, there
is by now substantial evidence against the ex-
istence of H* and H®.!® In a separate measure-
ment, using the same targets and with two thin
detectors in coincidence followed by a thick
counter in anticoincidence,® a direct detection
of H* supposedly produced in the capture reac-
tion H3(z, H*)y was attempted. The upper lim-
it for the cross section for this reaction was
found to be 0.2 mb/sr, while the cross sections
for similar processes are H'(z, H%)y, o0=236.4
+£2.9 ub'"; H*(,H%y, 0=29.4+5.8 pub'®; H2(p,
Hed)y, 0=~26 ub.*®

The very probable nonexistence of H* and
H® might be interpreted as evidence that the
existence of n® and n* is highly improbable.
However, even being “less bound,” n* could
be particle stable, while H* decays into H®+n.
If it turns out that there is no n*%, then either
there is also no n®, or, if n® does exist, our
concepts on nuclear forces should be revised.

The authors express their deep thanks to
Professor M. Paié for his constant support
and encouragement during this work and to
the participants of the Few Nucleon Problems
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for many stimulating discussions.
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