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FIG. 3. Energy-level diagram of He®,

proton emission and is presumably the same
level that has been reported recently by a large
number of groups.!”® The 21.24-MeV level
does not appear to have been reported else-
where; it is observed to decay by both proton
emission and neutron emission. These results
are summarized in the level diagram in Fig. 3.
Further measurements are planned with the
object of determining the spins of these levels
from the angular correlation patterns of their
decays.
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HYPERNUCLEAR SPECTROSCOPY, UNITARY SYMMETRY, AND POSSIBLE ANALOG STATES*

H. J. Lipkinf
Argonne National Laboratory, Argonne, Illinois
(Received 4 December 1964)

The application of unitary symmetry to mul-
tibaryon states such as complex nuclei and
hypernuclei is not straightforward because of
the following two difficulties: (1) Severe sym-
metry-breaking effects can be expected's? from
the 7-K and Z-A mass differences. Nuclear
binding forces of the meson-exchange type can
be expected to change appreciably with the type
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of meson being exchanged. Furthermore, the
hypernuclear states of strangeness -1 which
belong in a given SU(3) multiplet contain a mix-
ture of A and Z. Since the Z-A mass difference
is an order of magnitude larger than the bind-
ing energy per baryon in a nucleus, the observ-
able hypernuclear states contain only A’s and
are therefore mixtures of states from different
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SU(3) multiplets. (2) Even under the assump-
tion of pure unitary symmetry, the ground state
of a hypernucleus of mass greater than 4 will
not belong to the same SU(3) multiplet as any
nucleus or nucleon system.

This second point is illustrated by the sim-
ple example of the two-baryon system. The
states can be classified into the SU(3) multi-
plets arising in the coupling of two octets:

1, 8, 8/, 10%, and 27. The two-nucleon state
(Y +2) can only be in the 10* and 27, corre-
sponding to states of T =0 and T = 1 respec-
tively. The A-N system (Y =+1,T =3%) can be
either in an 8 or 10*, while the Z-N system
has also the possibility (¥ =+1, T = %) which

can be in a 10 or 27. Hyperon-nucleon systems
can thus be in 8 or 10 multiplets which have

no Y =+2 state and therefore do not contain any
two-nucleon states. If a hyperon-nucleon reso-
nance is found, it is not clear a priori whether
it belongs in a 10* or 27 multiplet which con-
tains a two-nucleon state, or in an 8 or 10
which cannot contain a two-nucleon state.

For systems of more than four baryons, it
is clear that the ground state of a hypernucleus
of strangeness —1 must be in a multiplet which
does not contain a state of zero strangeness.
The ground state of the hypernucleus will be
one in which the A is in the lowest possible
orbit, namely, the 1s orbit which is already
occupied by four nucleons. Since this state
has five baryons in the 1s orbit, it has a per-
mutation symmetry which is not allowed for
a system containing only nucleons. It must
belong to an SU(3) multiplet containing no nu-
cleon states, analogous to the 8 and 10 for the
two-nucleon system.

The purpose of this Letter is to point out a

possible significance for the hypernuclear states

that would be formally classified in the same
SU(3) multiplet as the ground states of stable
nuclei.®* These states can be considered as
“SU(3) analog states” similar to the isobaric
analog states which have recently been excited
in nuclear experiments.* Such a state might
be excited in reactions of the type

K“+(Z,A)-n‘+A(Z,A). (1)

The experiment should be designated for mini-
mum momentum transfer to the nucleus to give
the optimum probability for producing a state
in which all the nucleons are in the same orbits
as in the initial state but one nucleon has been

transformed into a hyperon. If SU(3) symme-
try were exactly valid, the analog state pro-
duced in Reaction (1) would be stable against
particle emission. Although it is not the ground
state of the hypernucleus and is in fact a high-
ly excited state, it belongs to the same SU(3)
multiplet as the target nucleus. It is therefore
the lowest state of that particular SU(3) sym-
metry in the hypernucleus. Since all lower
states have different SU(3) symmetry, the de-
cay of the analog state is forbidden by SU(3).
Because of symmetry breaking, one would ex-
pect the analog state not to be stable but to
decay relatively rapidly. However, unless
this decay is extremely rapid it should be ob-
servable as a bump in the spectrum of the out-
going pions in Reaction (1).

One can also consider the SU(3) analog state
from a somewhat different point of view, with-
out assuming unitary symmetry. A A in a com
plex nucleus should be described to some ap-
proximation as moving in an optical potential
similar to that used for nucleons. Although
the strengths of the optical potentials may be
considerably different for a nucleon and a A,
the general shapes should be similar, since
they are determined primarily by the density
distribution of nuclear matter. The wave func-
tions for the nodeless single-particle states
should also be similar, since they are spheri-
cal harmonics multiplied by a radial function
whose general shape is not highly dependent
on the strength of the potential. Thus chang-
ing a neutron in a nucleus into a A without
changing its wave function might well produce
a state having a reasonable overlap with the
correct optical-model wave function for the
A. Such states should then be seen in a reac-
tion of the type (1), with a width similar to
those of comparable single-nucleon giant reso-
nances.

The preceding argument does not assume
any symmetry, and would lead to the existence
of many states, each corresponding to a neu-
tron in a different shell being transformed in-
to a A. One can now ask to what extent these
states are degenerate; i.e., how does the en-
ergy required to change a neutron into a A de-
pend upon the shell in which the transforma-
tion takes place? If there is an appreciable
degeneracy, then there can be created in
Reaction (1) states which are coherent linear
combinations of states each having a A replac-
ing a neutron in a different orbit of the target
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nucleus. The cross section for the production
of such a coherent state should be enhanced
by a factor of the order of the number of con-
tributing states. The extreme assumption of
perfect unitary symmetry implies an equiva-
lence of nucleons and hyperons such that it
costs the same energy to change a neutron to
a A in any orbit. The SU(3) multiplets contain
coherent linear combinations of all these states
and also include states in which a nucleon is
transformed into a = as well. Because of sym-
metry breaking, the £ component of the SU(3)
analog state must clearly be rejected in view
of the large Z-A mass difference, while the
A component of the SU(3) state must be split
by the difference between A-nucleon and nu-
cleon-nucleon interactions. However, some
coherence and enhancement may still remain
if there are groups of states which are approx-
imately degenerate. One should then expect
to see some kind of a peak, possibly with some
structure, in the pion spectrum at low momen-
tum transfer in Reaction (1). The observed
cross section should be smaller and the ob-
served width greater than that predicted from
pure SU(3) symmetry.

Another reaction which might be of interest
is

K- +(Z,A)=1" +71~ +A(Z—1,A). (2)

This reaction has two outgoing charged parti-
cles which can be measured. This is analo-
gous to the (p, 2p) experiments for probing
nuclear structure.® The advantage of this type
of reaction is that the angles and energies of
the outgoing pions can be set at values corre-
sponding to zero momentum transfer to the
residual nucleus.

The author would like to thank R. H. Dalitz
and H. W. Wyld, Jr., for stimulating discus-
sions.
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NEW APPROACH TO THE DETECTION OF SOLAR NEUTRINOS VIA INVERSE BETA DECAY*

F. Reines and R. M. Woods, Jr.
Department of Physics, Case Institute of Technology, Cleveland, Ohio
(Received 9 November 1964)

Theoretical calculations for the energy gen-
eration processes in the sun predict! the pro-
duction of B? in such quantities that a neutrino
flux at earth of (2.5+1)107 ue/cm"’ sec and end
point of 14.06 MeV results from beta decay
of this nuclide. It is of great interest to check
this prediction since it relates to the entire
theoretical picture of the sun’s deep interior
condition. To date, two methods of detection
have been suggested, that of Davis? which em-
ploys a radiochemical technique to observe in-
verse beta decay of C1%, and the direct count-
ing approach of Reines and Kropp® in which it
is proposed to detect the recoil electron from
elastically scattered solar neutrinos. The
point of this communication is to discuss yet
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another approach to the problem, using inverse
beta decay.

It is desirable to measure the neutrino spec-
trum and the direction from which the signals
emanate in order to label separately the source
and the responsible reaction. The radiochemi-
cal approach is limited in that it gives the re-
sponse averaged over a spectrum and with a
time constant determined by the half-life of
the product nucleus. Also in the radiochemical
approach the direct association with the sun
can only be made by use of the 7% annual in-
verse-square variation of intensity. The elas-
tic-scattering experiment, although capable
of fairly precise* (~15°) directional and energy
determination (e.g., by using a multiplate spark



