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An event has been observed in nuclear emulsion which is attributed to the decay of a
ALi6 hypernucleus, pLi6 7t +p+p+He4, with a total binding energy of B=3.92+0.37
MeV relative to the free-particle system A+P+He4.

During a systematic investigation of meson-
ic decays of hypernuclei into four charged par-
ticles, an event was observed which is best
interpreted as the decay

A
Li'-~ +p+p+He'

with a binding energy B =3.92+0.37 MeV rel-
ative to the free-particle system A+p+He4.

A stack of Ilford K5 nuclear emulsion was
exposed to about 10' stopping K mesons from
a separated K beam at the Brookhaven alter-
nating-gradient synchrotron. The density of
the emulsion pellicles at the time of exposure
was determined by the measurement of the range
of 38 proton tracks from the decay of Z+ hyper-
ons. The protons have a mean range of 8=1707
+4 p, , compared with 8=1677+2 p for standard
nuclear emulsion (density p=3.815 g/cms).
The hypernucleus is emitted from a K -meson
capture star together with three other nucle-
onic charged particles. The hypernucleus track,
which has a dip angle of 7' relative to the emul-
sion plane, exhibits a thinning down of its pro-
file towards the end of its range which is typ-
ical of stopping fragments of charge Z~ 3.
It has a range of 38.1 p, and decays mesonical-
ly into four charged particles. The pion from
the decay star comes to rest in the emulsion
giving rise to a three-prong star, and its track
does not exhibit detectable inelastic collisions.
The measurement data for the production and
the decay star are given in Table I. A photo-
micrograph of the event is shown in Fig. 1.

For the analysis of the decay star a y'-min-

Table I. Measurement data of the event 5K-70-21.

Track
identity

Range Dip angle ~ Azimuth y
(p m) (deg) (deg)

1
2
3

Hyperfragment

p
p

He4

Production star
1580 -34.99

151.8 -39.39
63.0 0.00
38.1 7.06
Decay star

3434 7 ~ 37
1551 11.24

25.7 —7.48
7.5 -13.94

347.52
351.53
273.59
238.93

242. 95
0.00

192.21
153.53

imizing computer program' has been used.
This enables a certain probability to be attrib-
uted to each of the solutions fitting the kinemat-
ics of the decay. Fits were tried under the
assumptions that the hypernucleus decayed at
rest and that, in turn, (a) only particles giving
visible tracks were emitted from the decay;
(b) one neutron could be emitted in the decay;
and (c) one charged particle making no visible
track could be emitted in addition to the visi-
ble ones. Also tried were fits for a hypernu-
cleus decay in flight.

Qnly one fit under assumption (a) was found,
i.e., the decay ~Li'-~ +p+p+He', yielding
a momentum unbalance before the fit of AP
= 14.7 MeV/c, and a value of the binding ener-
gy, relative to the free-particle system (6+p
+He') after the fit, B(~Li') =3.92+0.37 MeV.
The y' value for this hypothesis, correspond-
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FIG. 1. Photomicrograph of the decay of a pLie hy-
pernucleus.

ing to three degrees of freedom, is X'=2.05.
No other fit was obtained when the possibility
of a decay in flight was considered under as-
sumption (a). No fits were found under assump-
tion (b). Two fits were obtained under assump-
tion (c), both for &

Be' - m +P +P +P +He'. The
fit in which the invisible track is identified with
He4 [binding energy BA(ABe') = 5.65+ 0.36 MeV]
would require for such track the following geo-
metrical data: 8=3.6 p, m, X=-8.5', and p
= 145.9'. This fit can be ruled out because such
a track should not be obscured by other tracks
and, therefore, should be visible. The other
fit, in which the invisible track is taken to be
a proton [binding energy BA (A Be') = 5.12+ 0.51
MeV], would require for the invisible track
the following geometrical data: R = 1.4 p, m,
A. =36.7', and y = 58.3'. Careful examination
of the decay vertex did not reveal any evidence
for such a recoil. 2

An analysis of the production star has been
attempted, using a computer program written
by Frodesen, Kolbig, and Nikolic. ' This pro-
gram considers the capture of a negative me-
son on the light emulsion nuclei C", N'4, and

P, leading to the formation of a number of
charged secondaries of which one may be a

hypernucleus and, at the most, one neutral
particle. Under these assumptions no fits were
obtained in which a hypernucleus of charge
Z) 3 was produced.

Three fits lead to the production of a ALi
hypernucleus and are consistent with the fit
obtained for the decay star. Qn the other hand,
since the momentum unbalance at the produc-
tion star is in the order of 600-700 MeV/c,
the emission of more than one neutron cannot
be ruled out. Under this assumption several
fits are possible in which a ABe could be emit-
ted. Thus, the analysis of the production star
is inconclusive as to the identity of the emit-
ted hypernucleus.

The identification of this event as the decay
of a ABe' hypernucleus is unlikely in view of
several ar guments.

Only about 2% (1 event out of 54) of all iden-
tified ABe hypernuclei produced by stopping
K mesons4 have a range greater than 25 p, ,
which is to be compared with the range of this
hypernucleus being 38.1 p. .

The data of 13 decays ABe'-w +p+p+p+He4
have been reported. 4 ' The range spectrum
of the 39 decay protons from these events leads
to the estimate that no more than 10% of all

-mesonic pBe' hypernuclei should emit a
proton of range shorter than 2.5 p, .7 Thus,
one is led to estimate that the combined prob-
ability of a ABe' in the observed configuration
is most likely less than 0.002. Making the as-
sumption that in this event a recoil proton of
1.4 p. was indeed emitted but remained unseen,
and considering an estimate of the world sam-
ple of ABe' events from stopping K mesons,
the odds against the ABe' interpretation for
the present event are at least 30:1. Although
this possibility cannot reasonably be exclud-
ed, it is felt that the event described here pro-
vides, nevertheless, positive evidence for the
existence of ALi .

The observed stability of the hypernucleus
ABe7 imposes an upper limit of 3.72+0.15 MeV
on the total binding energy of ALi . This is
to be compared with the present experimental
value of 3.92 +0.37 Mev, which exceeds the
upper limit by 0.20 + 0.40 MeV and is compat-
ible with it within the error.

Experimental evidence for the existence of
ALi~ hypernuclei is very scarce. A possible
example of the decay &Li~-v +P+P+He4 has
been reported by Mayeur et al.9 However, the
configuration of the event is such that one of
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the proton tracks could be due to a large-an-
gle scattering of the hypernucleus, in which
case the event fits the decay of a AHe' hyper-
nucleus. A search for a resonant state of ALi'
as a p-wave resonance in the system p+AHe'
was made by several authors. ' ~" Their ex-
perimental data did not reveal such a resonant
state.

The binding energy observed for the ALi~ in-
terpretation of the event described here leads
to a rathep puzzling implication. Charge sym-
metry of the A-nucleon interaction leads to
the expectation that the A hyperon should have
equal binding energy in mirror hypernuclei,
e.g. , AH4-AHe~ orAHee-ALie. A careful mea-
surement of the binding energy of the mirror
hypernuclei AHe4-pH4 revealed a difference"
which amounts, with the much-increased sta-
tistics of the European K Collaboration, "to

B ( He')-B ( H')=0. 27+0.06 MeV. (2)

This difference has been explained by the as-
sumption of char ge -symmetry breaking con-
tributions to the A-nucleon interaction.

With Bg(pHes) = 4.19 + 0.17 MeV, is and with
a binding energy of ALie relative to the ground

state of Li'BA(ALi') = 5.89 +0.37 MeV, the
binding energy difference of the mirror hyper-
nuclei pLi -AHe would be

{ Lie)-B ( He') =1.7+0.4 MeV,

which is much larger than the binding energy
difference of the AHe~-AH4 mirror hypernu-
clei. Either this might indicate a rather large
failure of charge symmetry for the A-nucleon
interaction or it might be due to the possibil-
ity that the masses of the bound core nuclei
in AHe' and &Li differ from those of the un-
bound He' and Li' p„,resonant states. "
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It has been known' for many years that large
numbers of deuterons are produced whenever
nuclei are bombarded by high-energy protons.
In general, the previous data' were measured
at large angles and low deuteron momenta, with
the qualitative results that the ratio of the num-
ber of deuterons to protons varied between 1

and 10%. About ten years ago, Azhgirei et al. ,'
in analyzing the high-momentum spectra of
particles produced by a 675-MeV proton beam
incident on light nuclei, observed a small peak
on the high-energy tail of the elastically scat-
tered protons. From the momentum of this
peak they concluded that these particles were
deuterons resulting from the collision of the
incident protons with guasifree n-p pairs in
the nucleus.

The data of Ref. 2 were obtained using 'Li,
'Be, "C, and "0 at only one deuteron-scatter-
ing angle, 7.6, to the incident proton beam.
Using a magnetic spectrometer' and a time-
of-flight system to separate deuterons from
protons, we have carried out similar measure-
ments on He, 'Li, "C, "0, and natural Pb
nuclei at several forward deuteron angles, 6II
=5', 10', and 15'. The (1.00+0.01)-BeV pro-
ton beam came from the Brookhaven Cosmo-
tron. All of the results are consistent with
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FIG. 1. Typical deuteron-momentum spectra at
small angles to the incident proton beam.

the reaction P+(A, Z) -d+P+(A-2, Z-1).
In Fig. 1 we show typical deuteron-momen-

tum spectra for helium and oxygen. The max-
imum possible deuteron momentum, 2.15 BeV/c,
is obtained from the pickup or knockout reac-
tion, p+ "0-d+"0, which leaves the residu-
al nucleus in its ground state. No events were
observed at this momentum. The peak in the
spectra occurs about 20 MeV below the kine-
matic point for free P-d scattering. This dif-
ference is due to the binding energy of the deu-
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