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The (K, ~ ) reaction on ' 0 and Al at pl- —990 MeV/ wcith forward emitted vr (Fesh-
bach-Kerman kinematics) was studied. Formation of AO and &VAl was observed. Experi-
mental energy spectra are compared with some theoretical predictions.

In this Letter we report the first observation
and measurement of the differential cross sec-
tions for the reactions

Z + "0-"0+~
A

K + Al- J,A1+7t". (2)

The experiment was carried out with K" in flight
(390+ 8 MeV/c) and ~" detected in the forward di-
rection (6, »(15'), that is, a Feshbach-Kerman
kinematical situation, ' which favors the produc-

tion of hypernuclei in two-body reactions leaving
the A' almost at rest (( 80 MeV/c for our arrange-
ment). Partial results of preliminary analyses
were already presented. '"

A detailed description of the experimental tech-
niques will be published elsewhere; the appara-
tus was located at the K„,beam on the external
target in the slow-extracted proton beam of the
CERN proton synchrotron. Four slices of water
(or aluminum) targets sandwiched between three
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FIG. 1. Ham-data spectra for the (R, 7I. ) events on
(a) '60 and (b) TAl targets. The dashed lines connect
points representing the total background. Errors on
the histograms are not indicated since they are the sta-
tistical ones.

thin scintillators (2 mm) were used. This ar-
rangement allowed a rough determination of the
interaction point by a b,Z/hx measurement of the
particles traversing the scintillators. The total
thickness of the sliced target was 5 gjcm'.

Figure 1 shows the raw-data spectra; the bind-
ing energies B~ of the A hyperon in ~~60 and '&Al

are plotted on the abscissa. Neither of the two
hypernuclei have been reported in the literature.
From the BA values of ground states of known hy-
pernuclei' we expect that bound states should
fall between 0 and about —20 MeV. We also ex-
pect peaks at positive B~ (i.e., unbound A states),
due to the formation of resonances in the continu-
un1 ~

In order to extract the events corresponding to

hypernuclei production from the spectra of Fig. 1
it was essential to measure the background with
great accuracy. Principal sources of background
were 7t and K" circulating in the spectrometer
and missed by the trigger (responsible for the
large accumulation of events around 15 and 40
MeV); K„, decays in the target region (producing
the broad bump around —30 MeV); and other spu-
rious events such as K" and m scattered by the
magnet poles, decays outside the target region,
etc. The first two sources of background were
determined by triggering on (w, n ) and (K,K )
events, and the other by analyzing (K+, w+) events
at the same incident momentum and in the same
triggering conditions as for (K",n ): A detailed
description of the analysis of the background was
given in our previous study of AC production. '

If we try to fit the spectra of Fig. j. under the
hypothesis that they are only due to the above
mentioned sources of background, we obtain a y'
probability smaller than 5x 10 ', with 72 degrees
of freedom (df) for the "0 spectrum and 87 df for
the "Al spectrum. The poorness of these fits is
obviously due to the excess of events in the BA
region where hypernuclei production is expected.
To describe hypernuclei we allowed in the fitting
procedure, besides the background, two peaks
of Gaussian shape whose centers and widths were
left as free parameters. The X' probabilities for
the best fits to the entire spectra under these hy-
potheses were 80% for 'AGO with 70 df and 50%%uo for
2J77Al with 85 df. The dashed lines of Fig. 1 repre-
sent the total background spectra with their er-
rors, which include all the statistical uncertain-
ties due to the fitting procedure and due to the
statistical errors affecting the (~, n ) and (K,
K ) spectra.

The energy spectra after subtraction of the
background are shown in Fig. 2. While the 2JVAl

spectrum presents a quite clear structure of two
peaks, the Ao spectrum is more complicated.
In fact the subtracted spectrum of Fig. 2(a) can
be fitted with an equally good X' probability of
87.5%%uo by using either two or three Gaussian
curves with centers and widths left as free param-
eters (indicated in the following as fits I and II,
respectively) ~ The best-fit parameters and the
differential cross sections for the production of
the peaks are collected in Table I together with
the data for the unique fit to the AAl spectrum.

There are no precise and detailed predictions
pf the energy spectra of Ao and &Al as wel]. as
none of the differential cross sections in the
strangeness-exchange reactions (1) and (2). Be-
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FIG. 2. Spectra of (a) A60 and (b) ~AVA1 after subtrac-
tion of the background. The continuous lines in (a) rep-
resent fit I; the dot-dashed lines, fit II, The dashed
lines in (b) represent the unique fit.

cause of the limited energy resolution (6 MeV full
width at half-maximum) we cannot determine the
real width of the observed states or even establish
whether one or more hypernuclear states contri-
bute to the observed peaks.

In the 'gO spectrum there is the ambiguity be-
tween fits I and II, though in our opinion fit II
should be preferred since the widths of the high-
er-energy peaks are close to the experimental
resolution. Fit I would require the existence of a
broad band of excited states, not observed in AC
and ~A2Al. Both fits give apeak atB~= —13.0+2.0
MeV, which might contain the ground state. A BA
value around this energy is in fact expected from
the trend of the BA values for lighter hypernu-
clei.' It agrees also with the 1 configuration
predicted by the first set of selected-parameters
used by Gal, Soper, and Dalitz' for the A-N and
A-N-N interactions in their phenomenological
shell-model analysis of the A binding energies for
the ground states of the p-shell hypernuclei. The
1 spin and parity assignment of this state is
also fully consistent with that expected in our ki-
nematical situation, where only natural-parity
states can be reached from the "O target nucleus.

TABLE I. Best-fit parameters fvalue of B~ for the
center of the peaks and widths of the peaks (standard
deviation)] y~ probabilities, and differential cross sec-
tions in the lab frame for the peaks found in the fits to
the subtracted spectra.

(MeV)

Peak
vvidth

(MeV) (mb/sr)

"O Fit I —13.0 +2.0
+4.0 +1.5

—13.0 +2,0
-2.0+1.5
+ 8.0+ 1.5

—12.5 +2.0
+ 1.0 +1.5

4.0 +0.5
8.0+ 1.0
4.0 +0.5
4.0 +0.5
4.0+0.5
3.5 +0.5
3.5+0.5

87.5 1.0 +0.4
5.1 + 0.8
1.3 +0.4
2.1+0.5
2.7+0.6
1.3 +0,6
3.5 +0.7

The other peak(s), indepentently of the particular
fit chosen (I or II), can be interpreted as due to
the formation of A'0 excited states in which aA'
or a neutron is raised to an upper shell. Esch'
carried out a calculation of the differential cross
section for the strangeness-exchange reaction
(1), without taking into account initial- and final-
state interactions. %e made a rough evaluation
of these effects by using the simple formula'

Pf + q. 2

where (dv/dQ) &„, is the differential cross section
for the free reaction

K +n-4+m (4)

in the laboratory frame, taken from the recent
work of Berley et al. ,' 'Jt(A, N) is the effective
neutron number as defined by Kolbig and Margo-
lis,"and F(qA) is a form factor accounting for
the probability that a A' is trapped in an s or a p
state, taken from Esch. ' In the calculation we
used a Woods-Saxon density distribution:

~nor m

1+ exp[(x —c)/a]'

with a =0.545 fm and c=1.148' ' fm. Kith correc-
tion for the angular acceptance of our spectrom-
eter, formula (3) gives values of 0.41 and 2.5 mb/
sr for the '~O configurations corresponding to A'
trapping in ans orp state; these are about half
of the experimental values.

In the &Al spectrum, the peak atBA= —12.5+2
MeV can hardly be interpreted as due to the for-
mation of the ground state, which could be rea-
sonably expected around B~ = —20 MeV. The lack
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of formation of 2AA1 in the ground state can be ex-
plained by the fact that in the transition from the
ground state of 27Al (

—',+) to the ground state of
'gAl (&+ or '-,'+) the change in angular momentum
must be at least two units (for the p-shell hyper-
nuclei AC and AO where ground states were ob-
served, a, change of one unit was sufficient). A
possible interpretation of the &Al spectrum can
be based on the predictions of the general trend
of hypernuc1ear excited states formed in strange-
ness-exchange reactions ot the type (1) and (2).
The first prediction is the strangeness-analog-
states hypothesis of Kerman and Lipkin, ""and
the second one is that put forward by Auerbach
and Gal." The main difference between the two
hypotheses is the shape of the self-consistent sin-
gle-particle potentials witnessed by a A' and a
nucleon, which are supposed to be the same ac-
cording to the first authors and different accord-
ing to the second authors. As a consequence,
Kerman and I.ipkin expect that the great part of
the transition strength in strangeness- exchange
reactions with Feshbach-Kerman kinematics
would be concentrated in the strangeness analog
state, whose excitation energy is increasing with
A. On the contrary Auerbach and Gal expect that
most of the transition strength would be concen-
trated in a state located around 10 MeV of excita-
tion energy, independent of A. If we assume BA
= —20 MeV for the ground stat, the excitation en-
ergies of the experimental states are around i0
and 20 MeV. The latter state is more abundantly
produced and its position agrees with that pre-
dicted by Kerman and Lipkin. Auerbach and Gal
predict the possibility of exciting both states, but
with a relative intensity higher for the 10-MeV
state, which is not seen in the experimental spec-
trum.

The above discussion is rather speculative, and
more precise experiments are needed in order
to extract definitive conclusions. We think that
with this experiment we have demonstrated the
feasibility of spectroscopic studies on hypernu-
clei using K" in flight and counter techniques.
Our major experimental limitation was the energy
resolution, which was sacrificed in favor of the
acceptance because of the low intensity of the
beam. With the future intense low-energy K
beams, ' high-resolution spectrometers could be
built and a very rich field of information would
emerge.
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