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previously, the m +P and m++P elastic-scattering
curves show little or no Regge —pole-type shrink-
age compared to the f +p elastic-scattering curves.

~Work performed under the auspices of the U. S. Atom-
ic Energy Commission.
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' Several experiments have measured cross sections
in the region where Coulomb interference with a real
amplitude should be important. At 3.7 BeV/c, Pres-
ton et al. [W. M. Preston, Richard Wilson, and J. C.
Street, Phys. Rev. 118, 579 (1960)] limited the real
amplitude at &10% of the imaginary. Grishin (reference
6) at 7 and 11 BeU jc finds a real part about half the im-
aginary.
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A camera lucida' drawing of an event is shown
in Fig. 1, which consists of two hyperfragments
and a K+ meson, coming from a single beam in-
teraction star. This event was found in an area
scan of 54 201 beam stars in a stack of IUord K-5
nuclear emulsions exposed to 2. 8-BeV/c K (80%)
and 2. 6-BeV/c K (20%) at the Brookhaven AGS. '
Presumably the primary particle is a K meson. '

The hyperfragments decay at rest at A and 3
with ranges 319 microns and 2820 microns, re-
spectively, and the angle between them is 166'.
The emission angles, taken with respect to the
direction of the primary, are 90 for A, and 79'
for B. The K meson comes to rest at C after a
range of 19.6 millimeters and decays via the K
mode. The p, stops after 40 millimeters giving

+ p, 3

rise to a clearly visible positron.
The A hyperfragment decays via the mPr mode;

the decay m is identified by the capture star it
produces at +. Owing to the small recoil range

A
He'-m++n+H' B =2. 0+ 0. 4 MeV'A=

A
He' —m++ 2n + H', g ~ 7. 1 Me V.

A

(I)

(2)

and inferred momentum (I micron, 26 MeV/c),
a unique identification of the hyperfragment is
impossible. However, the binding energy, BJ
=1.8+ 0. 5 MeV, favors AH' or &He'. ' Further-
more, the presence of only one 5 ray along the
hyperfragment track as compared with the ex-
pected number four for helium hyperfragments
and zero for hydrogen hyperfragments slightly
favors the AH' identification. ' Particle data for
the A-hyperfragment decay are given in Table I.

The 8 hyperfragment decays into a n+ meson
and a single dark prong. The m meson decays
at rest at D into a p+ of range 591 microns. The
positron from the p+ ending is clearly visible at
F. . All one- and two-neutron assumptions in the
analysis were found to give negative binding en-
ergies except for the following'.
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Table II. Particle data for hyperfragment 8.

Range a

Prong {micron s)

Azimuthal
angle Dip angle

(degrees) (degrees}

379Q

172 195.7 -10.5

Normalized to standard emulsion density 3.815 g/cm .

FIG. 1. Camera-ludica drawing of double-hyperfrag-
ment event.

Table I. Particle data for hyperfragment A.

Prong

Azimuthal
Rangea angle

(microns} (degrees)
Dip angle
(degrees}

H, He

248 164.9

297

-24.6

+24.6

aNormalized to standard emulsion density 3.815 g/cm .

The close agreement between the binding energy
for scheme (1), and the value (2.40+ 0. 11 MeV),
given by the EFINS-NU binding energy compila-
tion, ' makes this scheme strongly favored. Sev-
eral examples of this rare decay mode have been
previously reported in emulsion. ' Particle data
for the decay are given in Table D.

The a priori probability is small, but not negli-
gible for these hyperfragments to be produced by
the normal mechanism in which two A particles
are produced and are trapped in the target nucleus
and later become bound to out-going nuclear frag-

ments. The chance for observing such an event
produced by this mechanism in the present experi-
ment is estimated to be about two percent. '

A similar event has been reported by Wilkinson
et al. ' These authors suggest that their event
represents the formation of a short-lived = hyper-
nucleus which subsequently decays into two AH'

hyperfragments due to the conversion reaction
:"+N- 2A. Although the conversion reaction is
technically fast, they argue that the " hypernu-
cleus lives long enough to decay free of interfer-
ence from the parent star. Such an explanation
could not readily apply to the event reported here.

The kinetic energy in the center of mass of the
two-hyperfragment system is 92. 3 MeV, if A is
AH', and 120.9 MeV, if A is He'. On the other
hand, the energy release in the corresponding
two-body decays of -„Li' or -.Be' is about 12 MeV. '

The in- flight decay of =Li', or -„Be', into hy-
perfragments A and g and a single neutron ean
also be ruled out. It ean be shown that no rest
frame exists for the cascade hypernucleus in
which the kinetic energy of A, B, and the neutron
does not exceed the 8-MeV decay energy. 9

Besides the normal mechanism of production
discussed above, there remains a possibility that
the two hyperfragments come from the decay of
a =* hypernucleus. "i" Here again the two-body
decay and the in-flight three-body decay with a
single pion are forbidden in the present event by
energy and momentum conservation. However,
the in-flight three-body decay with a single neu-
tron is allowed. The corresponding in-flight
three-body decay with a single proton is ruled
out by the failure to find any proton in the parent
star which gives a satisfactory kinematical fit.
In attempting to fit these protons, the " binding
energy is required to be positive and no larger
than 20 MeV. In every case tried, this binding
energy is found to be negative except in one ease
where the binding energy is 56 MeV.

One cannot, on the bases of the information
available in this single event, determine the na-
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ture of the production mechanism. Production
by the normal mechanism cannot be ruled out,
and the only basis for the "*hypothesis is that
it is not forbidden by energy and momentum con-
servation.
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The beam composition is K:p:zr =7.5:2.0:0.5 {see
reference 9). The chance that the primary particle is
a pion is regarded to be small. The total visible energy
release in the star, assuming all stable particles to be
protons, is 0.95 BeV. On the other hand, the total en-
ergy release for a 2.3-BeV/t" or 2.5-BeV/c z produc-
ing two A =4 hyperfragments and two K mesons is ap-
proximately 0.9 BeV and 1.1 BeV, respectively.
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The integrated 0-ray counts up to 319 microns for
hydrogen and helium hyperfragments are calibrated with
six AHe and AHe, and three AH tracks.
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~The probability per interaction for producing two hy-
perfragments by the normal mechanism is approximated
by the formula

P2 =P AA(P1/P A)

where pAA is the probability per interaction for produc-
ing two A particles, and P& is the probability per inter-
action for producing a single hyperfragment. An under-
estimate for pAA of 2 && 10 is obtained from observa-
tions on E interactions in a heavy liquid bubble chamber
at 1.5 BeV/c [H. Bingham (private communication)].
The total hyperfragment production rate in our experi-
ment is 2.1%. However, 70% of this rate corresponds
to the production of short-range (-5 micron), recoil
hyperfragments in which the A particle remains trapped
inside of the residual target nucleus [see B. D. Jones
et al. , Phys. Rev. 127, 236 (1962)). An estimate of P~,
which is more in accord with the nature of this event,
is 6&10 . The mesonic hyperfragment production rate
is 1.5X10 . The single A-production probability, pA,
may be estimated from known elementary cross sections
[L. Bertanza et al. , Proceedings of the International
Conference on High-Energy Nuclear Physics, Geneva,
1962 (CERN Scientific Information Service, Geneva,
Switzerland, 1962), p. 284]. The resulting value for
P2 is 4.5&10 . In arriving at this estimate, no account
is taken of the fact that one of the hyperfragments, the
8 hyperfragment, is emitted with the unusually large
momentum of 910 MeV/c, or 227 MeV/c per baryon.
Only 5 out of 84 mesonic hyperfragments, in this ex-
periment, are emitted with a momentum per baryon
equal to or greater than 225 MeV/c. If this feature of
the event is taken into consideration, the value of P& is
reduced, at least by a factor 0.06 .

D. H. Wilkinson, S. J. St. Lorant, D. K. Robinson,
and S. Lokanathan, Phys. Rev. Letters 3, 397 (1959).
A possible double-hyperfragment event has also been
reported by Walter H. Barkas, Nripendra N. Biswas,
Donald A. Delise, John N. Dyer, Harry H. Heckman,
and Francis M. Smith, Phys. Rev. Letters 2, 466 (1959).

The masses of the " hypernuclei are computed as-
suming the core nuclei to be in their ground states and
the binding energies of " hyperon to be zero. The cas-
cade mass, M--=1321 MeV, is taken from L. Bertanza,
V. Brisson, P. L. Connolly, E. L. Hart, I. S. Mittra,
G. C. Moneti, R. R. Rau, N. P. Samios, I. O. Skilli-
corn, S. S. Yamamoto, M. Goldberg, L. Gray, J. Leit-
ner, S. Lichtman, and J. Westgard, Phys. Rev. Letters
9, 229 {1962).
' G. M. Pjerrou, D. J. Prowse, P. Schlein, W. E.

Slater, D. H. Stork, and H. K. Ticho, Phys. Rev. Let-
ters 9, 114 (1962).

L. Bertanza et al. , Phys. Rev. Letters 9, 180 (1962).

431


