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ABSTRACT

Cross—-sections for the production of hypernuclei were measured in the reac-
tion A(K—,ﬂ_)AA on light and heavy nuclear targets, using a separated K beam at
the CERN Proton Synchrotron. The pions were detected in the forward directionm.
The results are compared with cross-sections calculated under the assumption that
the reaction tcok place on a single neutron. The good agreement between the
measured and the calculated cross—-sections justifies the use of the (K ,7T ) reac=

tion in order to obtain spectroscopic information on hypernuclei,
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INTRODUCT LON

The strangeness exchange reaction (K ,m ) on nuclei has played a central
role in hypernuclear spectroscopy. This is largely due to its kinematical proper-
ties, which are very suitable for the forming of hypernuclei under well-defined
conditions. For kaon momenta around 500 MeV/c and forward emitted pions the re-
coil of the produced A particle is small compared with the Fermi momentum of the

nucleons in the nucleusl’z).

The A particle is expected to occupy either the
same orbit as the neutron on which the reaction took place, or one of the neigh-
bouring orbits. It has been found that the dominant transitions observed in the

(K~,m7) reaction are understood, at least qualitatively, in accordance with this

expectations).

The use of the strangeness exchange reaction as a tool for hypérnuclear spec-—
troscopy requires, however, that the transition probabilities in the (K~ ,m ) re~
action to the hypernuclear states give reliable information on the structure of
these states. This is so only if the reaction cccurs on a single neutron -- a
one-step reaction -- without any additional interaction of either the incoming K
or the outgoing m~ with the rest of the nucleus. In view of the strong absorption
of pions and kaons in the nucleus, it is certainly not evident a priort whether
or not distortions in the (K ,7 ) reaction on nuclei can be sufficiently well

taken into account theoretically.
The aim of this paper is thus:

i) to present the results of the systematic study of production cross—sections

for A hypernuclei in the (K ,7 ) reaction on light and heavy nuclear targets,

ii} to compare these cross-sections with calculations for the hypernuclear pro-
duction in a one-step process, taking into account the distortiom in the

(K—,w_) reaction, and

iii) to show that the agreement of the measured and the calculated creoss-sections
is sufficiently good to allew a detailed study of the configurations of the
low-lying excited hypernuclear states, by using the strangeness exchange

reaction on nuclei.



EXPERIMENT

The spectra of the A hypernuclei produced in the (K ,7 ) strangeness exchange
reaction were obtained using the missing-mass technique. For each event the mo-
mentum of the incoming kaon and of the emitted pion had to be analysed, as well as
the relative angle between the trajectories of those particles. The mass of the
hypernuclear system could then be calculated, using the known masses of the target,
kaon, and pion. In this section we describe in detail the experimental set-up
and the off-line analysis procedures which were necessary to produce the hyper—

nuclear spectra.

2.1 The kaon beam

The momenta of the incoming kaons were chosen between 640 MeV/c and 790 MeV/c
by means of the separated kaon beam kz; at the CERN Proton Synchrotron (PS5). The
beam line is shown schematically in fig. 1. Kaons from the production target are
refocused to give an achromatic focus (3.5 x 0.8 cm® in size) on the experimental
target T. The total length of the beam line, including the part used as the kaon
spectrometer, was only 18 m. Under normal operation, with about 1.3 x 102 pro-
tons of 26 GeV/c on a 3 cm long tungsten production target, 2 X 10* kaons of
720 MeV/c reached the experimental target. A sufficient separation between kaons
and pions was achieved, using a 3 m long electrostatic separator and a mass—slit
formed by a set of uranium blocks which were shaped according to the calculated
kaon beam profile in the region of the slits. The m /K ratio of about 12 at the
experimental target can be considered as excellent for such a short high-intensity
beam. The k;; beam was designed to have an angular acceptance of 9 msr and to
transport a momentum bite of only 3%. The momentum of the beam particles could be
determined with sufficient precision, using just the last part of the beam tran-

sport system (in fig. 1 form P1 to P2) as the kaon spectrometer.

2.2 The pion spectrometer

Forward produced pions in the experimental target were analysed in the spe-

cially designed magnetic spectrometer SPES II of Saclay, which has been described
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in detail elsewhere®?. The angular acceptance of the spectrometer was about

40 msr and the accepted momentum bite 218%. It could rotate around the target
axis from 0° to 30°, moving on six air cushions. SPES II was already tested at
Saclay and found to have a resolution of better than 0.5 MeV/c at 700 MeV/c beam
momentum®*? . The main difficulty in the present experiment consisted in extending
the spectrometer programs to the bigger target size used. A correction procedure
was found which gave the same good resolution over the whole acceptance. To ob-
tain an almost flat acceptance (from -147 to +14% Ap/p) the measured angles were

cut by software to 20 msr (8 < 50 mrad, ¢ < 100 mrad).

2.3 Tdentification of the (K ,m ) reaction

The kaons and pions in the two spectrometers were identified by measuring
their time of flight (TOF) and by the use of two Cerenkov threshold counters.
The kaon TOF through the first spectrometer was measured between Pl and PZ, and
independently between Hl and P2. Owing to the high counting rate in the mass-slit
region the entrance timing counter Pl comsisted of three separate scintillation
counters. The beam pions were vetoed by a liquid-hydrogen (LH32) Cerenkov counter
C, in front of the target T. Pions behind the reaction target were identified by
the TOF through the spectrometer SPES II between the counter P2 and the exit scin-
tillation counter hodoscope B2, Owing to the large acceptance of SPES II it was
necessary to calculate to first order the track length through the spectrometer
to obtain the corrected TOF for the pions. The second LHz counter €, just behind
the target was used to identify pions. Its task was to dispose of passing kaon
events already in the on-line trigger. Owing to the high counting rate in the
entrance counters P1 and H1 (about 3.5 ¥ 10° counts/PS pulse) there was a great
probability of having double particle events, in which a pion after triggering
was lost and a following pion simulated the kaon TOF at the target. The scintil-
lators of the entrance timing counter Pl and the 50 scintillator slabs of the
entrance hodoscope Hl were only a few centimetres apart geometrically. The meas-
ured TOF to the target counter P2 and the multiplicity in the entrance hodoscope

Hl were used to rule ocut most of these double particle events.



2.4 Target region

Figure 2 shows the target region in more detail, A vacuum box V houses the
target and the twin éérenkov counters (C1 and Cz) with LHy as radiator. The re—
fractive index of LHz is n = 1.112, which allows discrimination between pions and
kaons in a momentum range from 300 to 1000 MeV/c. The two radiator cells are made
out of 170 um thick mylar. Additional layers of aluminized mylar, with a total
thickness of about 400 um, were used for thermal insulation. This amount of mylar
near the reaction target caused some IRC production, which had to be considered in
determining the integrated cross—section, especially for heavy targets. The two
radiator cells (4 cm in diameter) contain a thin inclined mirror foil M to improve
the light collection in the direction of the cylinder axes. Each single cell was
viewed by two photomultiplier tubes. On the average, 8 photoelectrons were col-
lected per radiator cell for a passing pion. The inefficiency for pion identifi-
cation therefore was less than 5 X 107*, The target itself was mounted either
directly inside the vacuum box, to avoid additional material near the target, or
outside the vacuum in a small housing, which allowed target changes without break-
ing the high vacuum needed to make the thermal insulatiop of the LH, cells. The
targets had a size of 2 X 5 cm and their thickness was about 2 g/cm?. They were

surrounded by a scintillation counter for detecting hypernuclear decay (see also

Section 2.7).

2.5 Measurement of particle coordinates and vertex reconstruction

To determine the momenta, the interaction vertex, and the reaction angle of
the particles, it is necessary to measure their trajectories. To minimize the
effects of straggling in the position-sensitive counters they have to be as close
as possible to a focal plane. At the first focal plaﬁe —- the slit region —— we
determined the particles' position with the help of the scintillator hodoscope HI.
Owing to the high counting rate at this ﬁlace, the use of wire chambers was not
possible. The hodoscope was installed directly between the blocks of the mass and
momentum slits in order to be near to the focal plane. It consisted of 30 hodo-

scope slabs, each 3 mm wide and 4 mm thick, which measured the position of a
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particle in the horizontal x-plane, and of 20 additional slabs, which measured
the position in the vertical y-plane. The counting rate in these counters was
907 due to beam particles and 10% due to a flux of neutrons with low momentum
from the beam dump. This favourable backgraund condition was achieved by elabo-

rate shielding of the counters.

Near the reaction target we used the four multiwire proportional chambers
(MWPCs) W2-W5 for the vertex reconstructionm. Their wire spacing was 1 mm and the
read-out was performed by the RMH systems) developed at CERN. These chambers
around the target were required to give unique information. The calculated tracks
in front of and behind the target had to meet inside the target volume with an
accuracy of better than 2 mm. In about 307 of the cases one out of eight planes
was missing. Most of the events, however, could be recovered by the following
procedure. The interaction point was assumed to be in the centre of the target.
Then the track position in the chamber with the missing plane was calculated, and
it was checked if in the working plane a wire had fired within 2 mm of the calcu-
lated position. Only such events, in addition to the ideal 8-plane events, were

accepted in the analysis.

In the exit of the pion spectrometer, we used the set of three large chambers
of SPES II (W6-W8), described in detail elsewheres). As the minimum condition,
two of the three chambers were required to have unique coordinates. These exit
coordinates were used to calculate the momentum in the pion spectrometer with its
known magnetic field. They also allowed a track reconstruction back to the re-—
action target. A comparisom with the measured coordinates in the chambers W& and
W5 at the SPES II entrance ruled out most of the kaon decays in the SPES IT volume,

The total evaluation efficiency of all chambers used was about 80Z.

The large angular acceptance of SPES II of 20 msr allowed, even with the
spectrometer adjusted to 0°, the determination of the interaction point aleng the
beam axis with an average spatial resolution of 1.5 cm. This was good enough to
distinguish between events stemming from reactions in the target and those from

reactions in the windows or the LH; counters. It is demonstrated in fig. 3 where
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the hypernuclear mass spectrum, obtained in the (K_,W+) reaction on a °Be target,
is displayed versus the beam axis. This special reaction was chosen because via
the p(K_,ﬂ+)Zm reaction only the production of I  particles on protons can occur.
Now the protons of the LH; counters themselves act as additional targets. As the
production of I particles on free protons is well separated in energy from the
production on the protons of the ®Be nuclei7), the positions of the LH, counters

and the target can easily be recognized.

2.6 Calibration of the spectrometers

The pion spectrometer SPES II has a well-known magnetic field and a momentum
resolution in the momentum range of this experiment of about 0.5 MeV/c. It was
thus natural to perform the calibration and optimization of the momentum resclution
of the kaon spectrometer with the help of SPES II. The momentum of the beam par-
ticles passing through the kaon spectrometer was analysed by SPES II. With this
passing particle data the coefficients of a linear expansion in coordinates and
angles at the focal planes were determined by optimizing the momentum resolution.
Using these coefficients the kaon momentum was calculated from the % coordinates
measured with 3 mm resolution in the entrance scintillation hodoscope H1l, and from
the (x,y) coordinates at the target position measured with 1 mm resolution in the
two chambers W2 and W3 in front of the target which also gave the angles of the
particle tracks in the target. At 720 MeV/c a resolution of 2.0 x 10~ ° FWHM was

_achieved close to the expected value for the kaon spectrometer. In the (K ,7 )
reactions the thickness of the targets determined the energy resolution, mainly
because of straggling both in the target and in the particle identification coun—
ters before and behind the target. Depending on the thickness of the target used,

an over—all emergy resclution of 1.5 to 3 MeV was thus obtained in the spectra.

2.7 Background rejection

The most difficult problem in the (K ,m ) spectroscopy is to deal correctly
with the high beam-pion background and with pions from the kaon decay in flight.
In this experiment the high efficiency of the two LH; counters, together with the

TOF in the first spectrometer, suppressed almost all the beam pions and restricted



the space where the decay of a kaon could not be identified by the trigger to the
distance of roughly 5 cm between the radiator cells. With 2 x 10* kaons at the
reaction target only 2-3 events passed the hardware trigger and were recorded on

magnetic tape.

The main decay modes of the kaon are the two-body decays K > u + v (63.5%)
and K~ = 7 + 7% (21.2%). 1In a two-dimensional plot of the reaction angle versus
the hypernuclear mass, only the latter appears in our mass range as a sharp curved
line (figs. 4-la, b), whereas hypernuclear events give straight lines owing to
the much higher mass of the system. Calculating a missing-mass spectrum of the
events with the assumption of (K- + 1 + 1% decay transforms the curved line in-
to a sharp peak of 4 MeV width on the mass axis at the position of the 7’

(figs. 4-2a, b). In the final spectra these events were cut out. For heavy

hypernuclei the kinematical curve of the K —+ 1 + u°

decay comes close to the
hypernuclear events at higher reaction angles (> 80 mrad), so that in these spec-
tra the region of hypernuclear states bound by more than 15 MeV can be obscured
by such decay events. On the other hand, these (K =+ 1 + 7°) events gave an
ideal possibility to do an absolute mass calibration of the hypernuclear spectra.
Pions from this decay channel have higher momenta than most pions from A hyper-
nuclear production. As the mass of the 7% is known, the momentum of the T can
be well adjusted. 1In addition, the reaction p(K_,ﬂ_)Z+ which occurred on the
protons of the LH; counters (figs. 4-3a, b) —— even with low cross-section at

720 MeV/c -- gave a second calibration line, if events were selected which had
their interaction point in one of the LH» cells. Pions from this reaction have
lower momenta than most of the pions from A hypernuclear producticn. Therefore
the mass of the hypernuclear system could be determined with an uncertainty of
0.5 MeV.

Two additional decay channels of the kaon also contributed in the measured

¢

momentum range: the three-body decays K - L + v + 7° with a branching ratio of

¢

3.27, and the K > e + v + n° decay with a branching ratio of 4.827. Our set-up

could not distinguish between pions, muons, and electrons in the exit of the pion
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spectrometer, whereas such decays occurring between the two LH. counters fulfilled
all trigger conditions for a (K™ ,7 ) reaction, To estimate the influence of these
decays on the hypernuclear spectra, the shape of the muon or electron momentum
distribution as well as the intensity normalized to 107 kaons was generated by a
Monte Carlo procedure. We found a good agreement with the background observed in
the A hypernuclear spectra at the region of high excitation, but we cannot exclude
contributions from other channels {e.g. multistep processes). In the evaluation
procedure, this background could only be reduced by using the information about
the hypernuclear decay. The target was surrounded by a scintillation counter.

In the case of A hypernuclear production this counter detected the decay products:
pions and/or heavy nuclear fragments. Thirty to forty per cent of the hypernuclear
events were accompanied by a high pulse in this counter, which is roughly in
agreement with the solid angle and the efficiency of this counter. Imposing this
condition, the hypernuclear spectra look much cleaner and the high excitation
background is significantly reduced. But as this condition might be selective to
special decay modes of the hypernucleus, these spectra were not used for the

cross—section evaluation.
RESULTS

3.1 Hypernuclear spectra

Using the known masses of the kaon, pion, and the target, together with the
measured momenta of the kaon and pion and the measured reaction angle 6, the mass

of the hypernuclear system MHy could be calculated:
2 g2 L2 2 _
Miy = Btor " Pg * Pp ~ 2(E ) E_+ pp cos 9, W

L
where Eiot = (p; + mlz()2 + is the total energy in the system. Historically

m
target

the A-binding energy scale has been widely used to present hypernuclear spectra.

This scale is calculated as

Bp mtarget I U~ MHy ‘ @

B TN P I
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Bn is the binding energy of the last meutron in the target and m, the mass of the
indexed particle. A state with a positive BA value corresponds to a lambda par-
ticle bound to the core-nucleus ground state. In order to compare the (K ,7 )

reaction on different muclei the transformation energy

MHy - MA - MHy B mtarget 3

was found to be useful in the interpretation of the spectra. On this scale the
higher excitation of the hypernuclear system corresponds to a higher transformation
energy. The spectra of fig. 5 are plotted on this scale; in addition the binding
energy B, is given at the bottom of each single spectrum. Figure 5 displays
spectra measured in the (K~,m ) strangeness exchange reaction om carbons), alu-
minium, vanadium, and bismuth. In all spectra the predominant feature is an en-
hancement starting at about BA = 0 MeV and reaching up to about 50 MeV excitation.
in addition, well separated peaks at BA x 0 are clearly cobserved. This is one of
the most encouraging results as it guarantees the use of the strangeness exchange

reaction for quantitative measurements in hypernuclear spectroscopy.

At BA = 0 MeV the transitions to the hypernuclear states presumably belong
to the one-step strangeness exchange reactiom, where just one neutron in the nu-
cleus is converted into a lambda particle, while the rest of the nucleus is left
unchanged., 1In the qualitative picture of the hypernuclear production we can ex-
pect that mainly the less bound neutrons of the last nuclear shells will be trans-
formed into A particles. The A particle is then produced either in the orbit of
the neutron on which the strangeness exchange reaction took place -- recoilless
A production —— or in one of the neighbouring orbits. Using the simple medel we
can expect that with increasing kaon momentum the recoil to the A particle is
used to produce the A in a different orbit. In additiom, heavier nuclei with
higher level denmsities provide more possible states. In contrast, the recoilless
A production will dominate, especially for the lighter hypernucleil and for kaon
momenta near to the "magic' momentum of 530 MeV/c, where the A particle gets no
recoil at all. Such a behaviour can be seen clearly in fig. 5. More elaborate
calculations on the probability for recoilless A production can be found in a

paper by Povhg).
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The dominant peak at By = 0 MeV in each of the four spectra of fig, 5 is
therefore ascribed to the hypernuclear 0* state, where a neutron of the last nu-
clear shell is replaced by a A particle with the same quantur numbers. The struc-
ture of these states is indicated in the figure. For carbon, aluminium, and
vanadium a smaller bound peak is also clearly resolved. In analogy with the al-
ready analysed hypernuclear spectra®>1?s11) of IEC, IRO, 3&8, and “EC&, this peak
is ascribed to the hypernuclear 1 state, where a neutron of the last shell is
transformed into the A particle, but where the A particle occupies the neighbour-

ing deeper lying shell, For lic, measurements of the angular distribution of both

8,12) proved the spin assignment to these states. Additiomal states will be

peaks
found in the broad unresolved structure, which reaches 50 MeV excitation energy
in the hypernuclear spectra. For heavy hypernuclei this structure becomes domi-
nant. The background seen in the spectra of fig. 5 still contains, after all

cleaning procedures, events from the kaon decay in the target region as well as

possible multistep processes.,

3.2 C(Cross-sections

Much effort was made to measure the transitions in the (K™,7 ) reaction at
sufficiently high excitations so as to enable a good estimate of the integrated
cross—section. The main problem lies in distinguishing between the one~step pro-
cess and the background in the region of high excitation, but for heavier hyper-
nuclei in addition a background is present around By = 0 MeV, as can be seen from
fig. 5. The most simple assumption is a background which rises linearly from
B, = 15 MeV up to B

A A

straight line in each spectrum., It will lead to a lower limit of the integrated
L+

0
min

= =50 MeV. Such a background is indicated in fig. 5 as the
production cross-section (do/dR) . In the following, some of the background
contributions are accounted for in more detail. The hypernuclear spectrum may

® + 7 decay at higher reaction angles in

contain some background from the K -+ T
the region between BA = 15 MeV and BA = 0 MeV (see figs. 4-la, b). As the accep-
tance of SPES II limits the reaction angles to © < 120 mrad, this background dis-

appears naturally at about BA = 0 MeV. Therefore we assumed a linear decreasing
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background, which goes to zero at BA = 0 MeV. The second main contribution is
the three~body decay of kaons, as described earlier. It causes a flat distribu-
tion of events, which rises to higher excitation energies in the hypernuclear
spectra. As the spectra are flat above BA = -50 MeV, except for I productionla),
we assume there are only background events at BA = =50 MeV. Near BA = 0 MeV we
have no good estimate of the amount of this type of background, especially as
contributions from multistep processes may appear. So finally a background was

subtracted, which decreased from BA = 15 MeV to BA = 0 MeV to zero and increased

again linearly to BA = —50 MeV. This subtraction leads to an upper limit of the
0

integrated production cross-section (dU/dQ)gix.

The cross-sections for the heavier (A > 40) targets had to be corrected for

12 - : 4
the AC content in the spectra, which was calculated from the amount of '2C near

the target and the measured cross-section for IRC.

A further correction had to be applied to the creoss—section, as the (R ,7 )
events had to satisfy certain conditions so as to be accepted in the analysis.
The rejected events, however, also have to be taken into account in the cross-

section determination.

Tn table 1 the experimental cross—sections for the different targets are
o [}
given as the average wvalue of (dG/dQ)gin and (dU/dQ)gax, defined above. The

errors contain the uncertainty in the background definition, the 12¢ contamina-

tion, and the event rejections made in the analysis.

Many authorsll’lk_ls) have calculated the effective number of neutrons Neff
which contribute to the one-step strangeness exchange reaction for 0° production.

Neff is defined by the relatiom:

(d0/dQ) _ge = N g (d0/dD) (4)

K™N =+ An—

and is calculated, for instance, by Dalitz and Gall®) using closure relations.
Bouyssyll,lT), on the other hand, calculates the cross—section for hypernuclear
states with simple particle-hole configurations up to 60 MeV excitation. In

ot

. . . t .
table 1 different theoretical predictions of Neff are given. They all show an

increasing N ¢¢ with higher mass number A. If one describes this dependence by

PRUENATNTS
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An, the different predictions range fromn = 0.3 15) ton = 0.5 1), The calcu-

lations of Bouyssy17) allow in addition the extraction of the amount of recoilless
. . tot . . . . rl .

A production in Neff’ which is also given in table 1: Neff 1s constant over the

whole mass range and is about equal to one., This is in agreement with the experi-
ment, where the recoilless peaks tend to disappear with increasing target mass

(fig. 5) in the broad structure of other unresolved transitions.

For a direct quantitative comparison between the calculations and the experi-
ment, the cross—sections for the elementary reaction K- + n -~ A + T have to be
known at the different momenta chosen in the experiment. Only a few data exist!8>19)
from bubble chamber experiments which are listed in table 2. From the data of
Hepp et al.’®) we assumed for all three different kaom momenta a constant value
of (dO/dﬂ)g; = 0.95 + 0.13 mb/sr in the centre-of-mass system. After the trans—

[+]
formation tc the laboratory system the elementary cross—sections (do/dﬂ)gab are

given in the last column of table 2. They were used to calculate NE;E from the

15717) | 1n fig. 6 the measured integrated cross-

experimental cross—sections
sections are plotted together with the calculations of Bouyssy17). Owing to the
uncertainty in the elementary cross-section, the theoretical curve may shift by

115Z. As we can see, the experimental values and the calculations agree fairly

well.
3.3 Discussion

The measured integrated cross-sections for hypernuclear production can be
well reproduced using closure relations as well as distorted wave impulse approxi-
mation calculations summing up the contributions to the single A-particle-neutron
hole states. The summation has to extend to the states up to 70 MeV excitatiom.
Previously believed disagreement between the calculations and the measurement®’
was at least partially due to the fact that hypernuclear spectra were measured

only up te 30 MeV excitationm.

Distorted wave impulse approximation calculations for transition probabili-

ties to hypernuclear states with simple particle-hole configurations give a
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rather successful account of the data. The cross—-sections can be calculated and
the shape of the A hypernuclear spectra is reproduced. Furthermore, the angular

21}

distributions of different states at small?®»21) apd large angles can be des-—

cribed successfully.

The fair agreement between the experiment and the theoretical description
leads to the conclusion that we understand the main features of the hypernuclear

production in the (K ,m ) reaction on nuclei: the one-step process is a good

approximation if the population of low—excited hypernuclear states is to be cal-
culated and the relative transition probabilities to isolated states yield reli-

able information on the hypernuclear configuration.
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Cross—-sections for the elementary reaction
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Table 2

Ref. 18 Ref. 19 Adopted wvalue
] Q o o
. 4o 0 do 0 do 0 do o
X df cm da CI a2 cm dg lab
(MeV/c) (mb/st) (mb/s1) (mb/st) (mb/sr)
640 - 0.847 + 0.144 0.95 + 0.13 2.11 + 0.29
720 1.10 + 0.26 0.980 + 0.124 0.95 + 0.13 2.26 + 0.31
790 1.26 + 0.30 0.937 + 0.142 0.95 + 0.13 2.39 + 0.33
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Figure captions

Fig. 1
Fig. 2
Fig, 3
Fig. 4

Experimental set-up. Kaon and pion momenta are analysed by means of
a magnetic system. The particle trajectories are determined by the
hodoscopes H1l and H2 and the wire chambers W1-W8. Kaons and pions
are identified by the liquid hydrogen Cerenkov counters Gl and 02 at
the target position and by time-of-flight measurements between the

scintillation counters Pl, P2, and H2.

Details of the target region. After passage of a kaon through the
wire chamber W3 the scintillation counter P2 is used to give the

TOF information in the kaon spectrometer and to define the beam

size. A high~vacuum box V contains the target T and the two Cerenkov
counters Gl and 62, which are filled with LHz. A mirror M in each

cell directs the light into the two phototubes looking at the cell.

Spatial resolution along the beam axis. The lower part of the figure
shows size and position of the radiator cells Gl and G2 and the tar-
get itself. 1In the upper part the hypernuclear mass spectrum from
the (K_,ﬂ+) reaction on °Be is displayed along the beam axis in the
same scale. Reactions on the free protons cof the LHy counters are
well separated from the reactions on the bound protons in the °Be

nuclei.

Mass calibration in the (K ,7”) reaction. A sample of events from
the (K ,77) reaction om °Li at 790 MeV/c was treated with different
assumptions about the reaction which had ocecurred. Figures 4-la,
4-2a, 4-3a show the two-dimensional plots of the reaction angle ver-
sus a mass scale in MeV, obtained with the indicated assumption on
the reaction type. Figures 4-1b, 4-2b, 4-3b are the corresponding
projections on the mass axis, 1In figs. 4-la and b the production of
ELi is assumed. The curved line from the K - 7~ + u° decay which

appears in Fig. 4~la is transformed to a straight line in fig. 4-2a,



Fig. 5

Fig. 6

_19_

if one calculates with the correct kinematics. Figure 4-2b gives a
peak at the mass of the 7% and can be used to calibrate the mass

. - + - .
spectrum. In the same way the reaction K + p = I+ 1 is treated

to obtain the second calibration line in fig. 4-3b.

Different A-hypernuclear spectra obtained in the (K ,m ) reaction.
The spectra are plotted against a conmon transformation energy scale

(M

Hy MA) which is indicated at the top of the figure. In addition

the binding energy scale BA is given for each single spectrum. The
solid line through the data points is shown to guide the eye. The
dotted line in each of the four spectra corresponds to the calcula-
tion of ref. 17 and shows the part of the spectrum which is due to
recoilless A production. The straight line indicates the first
type of background, which was assumed in order to calculate the

integrated cross-sections. This type leads to the minimum value.

=]
The integrated cross—sections (do/dﬂ)o for the A~hypernuclear pro-

duction in the (X ,m )} reaction are plotted versus the mass number A

17) are indicated

of the target nucleus. The calculations of Bouyssy
by the crosses, assuming the elementary cross—section given in

tahle 2. The dotted line serves to guide the eye along these cal-

culated values.
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