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ABSTRACT

The strangeness exchange reaction (K=, 7 ) on 25 and *°Ca has been studied.
strongest transitions lead to states having a configuration with the A parti-
in a ls, lp, 1d, 2s, and 1f orbit coupled to the nuclear core. These A shells
approximately equidistantly spaced, the energy spacings being about 9 MeV. In

first approximation the A particle behaves like a "spinless neutron" in a

harmonic oscillator potential,
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In a recent experiment [1], p-shell hypernuclei have been studied by means of
the strangeness exchange reaction (K7, 7 ). The outstanding result of this experi-
ment was the determination of the spin-orbit interaction in the A-nucleus system,

Its strength was found to be an order of magnitude weaker than in the nucleon-
nucleus system. In this letter we report a study of the hypernuclei 3is and “RCa
which yield new information on the properties of a A particlie in nuclei.

A systematic study of heavy hypernuclei turned out to be reasonably easy because
the (K, 7 ) reaction is clean of background, provided the measurement is carried out
close to 0°, Hypernuclear states with excitation energies up to 50 MeV were found,
which are believed to be produced hy one-step processes [2]. In the (K7, 7 ) reac-
tion only a single neutron is invelved, namely the one which turns into the A par-
ticle, while the rest of the nucleus is left untouched. In this process the A
particle may occupy ﬁhe same orbital as that previously occupied by the neutron;
this is called recoilless A productien. Or it may occupy one of the neighbouring
shells; then we speak of quasi-free A production., In both cases we are dealing
with very simple configurations: the A particle in the different orbitals is coupled
to the same nuclear core, If a full set of these orbitals ié found in a single
nucleus, the properties of the A particle depending on its binding energy can be
studied. Such information should be of great help in understanding the physics of
the quasi-particle model of the nucleus.

The reported experiment has been performed on the low momentum separated
K~ beam (kzy) at the CERN Proton Synchroton (PS). The experimental set-up consisting
essentially of two spectrometers, one for measuring the kacn momenta and the other
for the pion momenta, has been described previously [1]. The over=-all energy reso-
lution of about 2 MeV is determined by the energy-loss difference for kaons and
pions in the target and by the straggling in the trigger counters. The target thick-
ness cf 2 g/cm® was dictated by the compromise between the resolution and yield
requirements of the experiment.

The measured spectra are shown in fig. 1. TFor the qualitative discussion of
the spectra it turned cut to be advantageous to compare the sulfur spectrum (fig. la)

with the calcium one (fig. 1b). The sulfur spectrum was taken at a kaon momentum



of 720 MeV/c, whereas the calcium spectrum was taken at 790 MeV/c. For both, the
pion spectrometer was set to 0°, We also measured a calcium spectrum at 5°
(fig. le) in order to distinguish between the recoilless and the quasi-free A pro-
duction. 1In addition, this 5° spectrum is inserted in fig. lb as a dotted line. In
order tc compare the three spectra, we plotted them as a function of the transfor-
mation energy MHY-MA’ which vields the § value of the strangeness exchange reaction
in transforming the nuclear ground state with mass MA into a hypernuclear state with
mass MHY' It is expected that in neighbouring nuclei the transformation energy for
the nucleons in the same crbitals will be the same in the first approximatiocn.
Therefore the peaks appearing at the same energy in the MHY_MA scale for calcium and
sulfur will be assigned to the same configuration,

The most prominent recoilless transitions are expected to stem from the (K, m7)
reaction on the neutrons of the last shells. In the case of the calcium target these

transitions lead to states built on neutron holes in the 1d 2s, , and 1d, orbits.

A /A

In the case of sulfur, with the ldv orbital not vet filled up, only particle-hole
2

excitations with 1t:15/f2 and 251/2 orbitals can be expected. As the transition strength
will be roughly proportional to the number of neutreons in an orbital, the strongest
transition in calcium and sulfur at BA = 5 MeV is assigned to have the

[1d%&, ld;é]An configuration. At BA = 0 MeV in the calcium spectrum, a second
recoilless peak is observed. It dees not show up in the sulfur spectrum and is
therefore assigned to the {ldﬁﬁ, ldzé]An configuration. The recoilless peaks have

a strong angular dependence, the intensity being proportional te exp [—(qR)zj, where
q is the recoil mementum of the hypernucleus and R the nuclear radius [1]. To
demonstrate this angular dependence for the recoilless peaks, the spectra at 0° and
5° are compared in fig. 1b. The spacing between the two recoilless peaks is about

5 MeV, which is as much as the spacing between the ldsf,2 and ILd,%f2 neutron hole in
“fca CB]. In agreement with the conclusion already obtained from the data on the
p-shell hypernucliei [1], one does not observe any appreciable spin-orbit splitting

in A-nucleus system. The state with the [231 ZS_lj configuration 1s expected
An

b

to be weak as compared to the state belonging to the 1d configuration, as only two

neutrons contribute to this transition and it does not show up clearly in the spectra.



Let us now turn to the peaks with intensities showing only a weak angular
dependence: these peaks cannct be due to the recoilless transitions. Of particu-
lar interest is the peak in 335 at B, = 17.5 * 0.5 MeV, which is close to the binding
energy expected for the ground state. The ground state of SRS has the configuraticn
[lsik, ZSiéJAn.and it 1is therefore not surprising to observe it in the preseat
experiment. 7At small recoil momenta of the A particle the strength of the AZ = 0
transitions such as 2s + ls is comparable [4] to the strength of AL = 1 transitions
to the neighbouring shells. At 0° the spin—flip amplitude of the (K™, T~ ) reaction
is zero, and we expect to observe only those Af = 1 transitions that can be obtained
from the target nucleus without spin-flip. We therefore interpret the peak at
By =7 MeV as a AL =1 transition tec the state with [lp%&, ld'l]An configuration.

5 f2

In calcium, additional states produced on the nmeutrons of the 1d, shell should

f

be observed. Without spin-flip the (IPV s ld;;]ﬂ configuration can be reached.
2 2/ hin

The pronounced peak at BA = 11 MeV is believed to belong to this configuration.

Unfortunately, in calcium the transition to the [151&’ 25;&]A state could not be
n
identified because this part of the spectrum is obscured by K + 27 decay for kaons

of 790 MeV/c momentum. The ground state of L‘?\Ca with [ISH&, ld"l]A configuration
: n

)

is not expected to be populated under the kinematical conditions of the present
experiment; a change of the angular momentum A% = 2 is required for this transi-
tion.

According to calculations of Bouyssy [5], the broad structure partially under-
lying the recoilless peaks and extending to high excitations is accounted for by
the strangeness exchange reaction on the neutrons in.the lp and 1s shells. The
hypernuclear states built con deep-lying neutren heles are several MeV broad and
will not show up as discrete narrow resonances, But there is an additiocnal state
at high excitation with the configuration (lfﬂﬁ’ ld-ljAn which is expected to be

5

sufficiently narrow. At B, = -13 MeV there is an indication of a peak both in the

A

sulfur and in the calcium spectrum, and we will tentatively assign it to the state

with that configuration.
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From the above discussion we can conclude that it is very likely that ais and
'“RCa states have been observed for which the A particle is in the 1ls, lp, 1d, 2s,
-"and 1f orbits, coupled, however, to the nuclear core which corresponds either to
the 1d or to the 2s neutron hole in the °?S or “’Ca nuclei. From these states the
energy ladder of the A particle in 3;5 and i*jD\Ca can easily be deduced. It is found
that the orbitals ls, lp, (ld2s) and 1f are approximately equidistantly spaced with
an energy splitting of about 9 MeV. This result is nct surprising. The energy
spacing between the shells does not get distorted by spin-orbit or spin-spin inter-
action. As we learnt recently, the spin-orbit [l] as well as the spin-spin [6]
energy splitting in the A-nucleus system is at least an order of magnitude smaller
than the energy splitting between the shells.

The equidistant spacing between the shells indicates that the potential seen
by the A in sulfur and calcium is well approximated by the harmonic oscillator
shape. Fmphasizing the difference between hypernuclei and nuclei in an oversimpli-

fying manner, we can say that the A particle in nuclei behaves like a "spinless

neutren'.

We would like to thank A, Bouyssy, H.A. Weidenmiller and J, Hifner for many

stimulating discussions concerning the results,
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Figure caption

Fig. 1 : Spectra obtained from the (K”, 77) reaction: a) om 325 at a kaon momen-
tum of 720 MeV/c, and b,c) on *"Ca at a kaon momentum of 790 MeV/c.
The spectra are plotted as a function of the transformation energy
MHY—MA in the strangeness exchange reaction. Alsc indicated is the
energy which is necessary to transform a free neutron into a A parti-

cle (MA_Mn)° In addition, the A binding energy B, is given for each

A
spectrum. For calcium a spectrum is shown at 0° pion spectrometer set-—
ting (fig. lb) and another at 5° (fig. lec). The 5° spectrum is also
inserted in fig. 1b as a dotted line. Both calcium spectra shew the

peak of the free st production in the p(K~, ﬂ")2+ reaction which occurs
on the protons of our liquid-hydrogen Cerenkov counters. The peak does
not appear in the sulfur spectrum because of the much lower cross-section

for this process at a kaon momentum of 720 MeV/c. The lines are only

given to guide the eye.
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