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Abstract

K* production far below the free nucleon-nucleon threshold has been inves-
tigated in collisions of *¢Ar on 2C, "Ti and '8!Ta targets at an incident
energy of 92 MeV per nucleon. The cross sections for K* production have
been inferred from the observed muon decays of positive kaons. The target de-
pendence of cross sections is discussed and the results are compared to proton
induced K+ production and to subthreshold pion production experiments.

PACS numbers: 25.75.Dw, 25.70.-z
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I. INTRODUCTION

The meson production in heavy ion collisions at subthreshold energies offers the possibil-
1ty to study dense and hot nuclear systems and thus possibly the underlying nuclear equation
of state [1]. At incident energy per nucleon well below the free nucleon-nucleon threshold,
nucleons have to undergo several collisions in the hot and compressed zone to gain by chance
enough energy to make possible the meson production, or in a cooperative model, several
nucleons have to pool their energy to produce the particles. Both processes are density and
temperature dependent, so meson production can be a good probe of the early stages of
the collision if the particle can escape the interaction zone without substantial final state
interaction. In that respect, kaons, especially for K*, seem to be particularly suitable since
they have extremely low absorption and small scattering cross section with nucleons. K+
production, in the elementary process N + N — K* + A + N requires an available energy
of Eg = 670 MeV, that is to say 1.58 GeV for an incident nucleon on a fixed target or 335
MeV for each nucleon. This makes very unlikely the K* production by first chance nucleon-
nucleon collision at incident energies around 100 MeV /nucleon for which it has been shown
that the pion production was in agreement with the simple participant-spectator collision
geometry [2,3].

Another interest in K* production comes from the intrinsic nature of the kaon, since
its production requires the associate production of a pair of strange quarks. Therefore
subthreshold experiment on strangeness production may be related to the low but significant
strange quark component in nucleons [4-6]. It is thus interesting to compare pion and kaon
production in the same energetic conditions.

The K* production was measured more than ten years ago in Ne + NaF collisions at
2.1 GeV per nucleon [7], and only few data exist at subthreshold energies. An enhanced K+t
production compared to microscopic transport calculations has been found in %" Au + *7Au
collisions at 1 GeV / nucleon [8]. Our first measurement of K* production in *Ar 4+ "*‘Tj

at 92 MeV / nucleon (9] is up to now the only result at an energy far below the free
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nucleon-nucleon threshold. The order of magnitude of the cross section is in reasonable
agreement with the systematics of meson production probabilities per participant nucleon
as a function of the Coulomb corrected bombarding energy normalized to the production
threshold in free nucleon-nucleon collisions [10]. It it has also been reproduced by two quite
different theoretical calculations. One of these calculations is performed in the framework of
a cooperative model which has already been applied to subthreshold pion production [11],
while the other assumes an incoherent production mechanism and introduces fluctuations
using the Boltzmann-Langevin approach with a soft equation of state [12].

In this paper, we report on new measurements of K+ production using a beam of 92
MeV /nucleon **Ar. The experiment is described in section II. The data analysis methods

are presented in section III and the results are discussed in section IV.

II. EXPERIMENTAL DETAILS
A. Kaon detection

In K* production measurements in heavy ions collisions around 100 MeV per nucleon,
the K* energy is low and it is not possible to use magnetic detection and range telescope
techniques as it is done at higher incident energies. However, it is still possible to detect kaon
decays with no kaon energy threshold. But in this case, a total production cross section can
only be inferred while the angular distribution and the kaon energy can not be measured.

The mean lifetime of the K* is 12.4 ns and the main decay channels are:

o K* —» utv  with a branching ratio of 64% and a muon kinetic energy T,+ = 153 MeV

for a decay at rest.

e K* - n*7® with a branching ratio of 21% and a pion kinetic energy T,+ = 110 MeV

for a decay at rest.

with mean life time of 12.4 ns.



The delayed particle (u* or 7%) is detected in a range telescope designed to accommodate
a high counting rate. But the branching ratio is higher for the muon decay channel and the
range of a 153 MeV muon is larger than the range of a 110 MeV pion, allowing a better
rejection of wrong events. The detection of kaons can be signed by the range and energy
measurement of the delayed 153 MeV muons. The mean life time measurement provides
an additional check. This method takes advantage of two interesting characteristics of the
GANIL beams: the very high intensity available on a small beam spot (a few mm?) and
a well defined time structure (1 ns every 70 ns) which allows the measurement out of the
beam burst with a reasonable number of triggers. The same detection method was used
in the first K* production experiment performed at GANIL [9] while the same kaon decay

method was used in proton induced K* production measurements [13].

B. Experimental setup

The experimental setup is sketched in Figure 1. A copper plate stopping kaons up to 40
MeV energy for normal trajectories was located close to the target, covering polar angles
from 45 ° to 135 °. Muons from the kaon decays are detected in a range telescope located
at 90° with respect to the beam direction.

The telescope is made of passive and active absorbers and consists of four parts:

1. passive absorbers of different nature are placed in front of the telescope in order to

reduce the background counting rate in the first active planes of the telescope.

2. The trigger (T1-4) where a coincidence of the detection planes is required, and the
trajectories may be checked in two hodoscopes (H1-2, H3-4). Plates of copper are
inserted between trigger detectors in order to enlarge the matter thickness. The four

active trigger planes are segmented in forward and backward parts.

3. Just behind, the muons of interest are stopped in the eight absorbers (Al to AS, 2

and 4 cm thick), allowing the measurement of the range, the specific energy loss and



the residual energy of stopping particles. The absorber planes are segmented in four

parts.

4. The last detection plane is used as a veto to reject energetic cosmic muons crossing

the whole telescope.

All detectors have been tuned and energy calibrated using cosmic ray muons.

C. Simulation

The whole detector geometry has been entered in a simulation using the GEANT package
from CERN library [14]. The emission of the kaons is assumed to be isotropic from the center
of the target. Muons from the decay of kaons are then selected and tracked trough the
detector. The energy loss spectra of all scintillators are constructed. The resulting range
and energy distributions are shown on Figure 2 for the expected experimental statistics.
The total energy detected in the active parts of the telescope (~ 55 MeV) is a significant
part of the muon energy (152.9 MeV). The total efficiency of the detection system has
been extracted from this simulation for different velocities and energy distributions of the
primary kaon source. The simulation yields a total efficiency around 0.7 %. More details on

the results of these calculations will be given in section IV.

D. Experiment

The experiment has been performed at the GANIL National Laboratory using a
>~ 200 nAe *Ar beam and !2C, "*Tj and 81T, targets 102 mg/cm?, 92 mg/cm? and 79
mg/cm? thick respectively. The range telescope was centered at 90 ° with respect to the
beam direction. The beam pipe and some mechanical parts close to the target were made
of low Z material in order to limit the background counting rate. A parasitic beam has
been used to determine the nature, thickness, and position of the absorbers in front of the

telescope and in between the trigger planes. Several configurations have been tested. The



final configuration was chosen in order to accommodate the highest beam current with the
lowest counting rate. The on-line trigger condition requires the coincidence of H3-4, T1
T2, T3, T4 and Al planes. A time measurement of the trigger plane T3 with respect to
the beam time structure (accelerator R.F.) was performed. The timing of the Cyclotron
RF was checked continuously with an independent scintillator. For each target, data were

accumulated with a gate rejecting prompt events, but runs including prompt events have

been periodically performed.

III. DATA ANALYSIS

A. Events selection

The muonic kaon decay events are identified by using the energy loss informations from
the telescope. At each step of the analysis, the time distribution of the selected events is
compared to the kaon decay. The off line data reduction has been performed in two steps.

Most of the background events are rejected in the first stage by the following selections :

1. Only delayed particles, with time arrival into the T3 counters larger than at least 3 ns

with respect to the beam spill, are considered to reject prompt events.
2. A narrow time coincidence is applied to all planes to reject random events.

3. The measured energy losses in each counter of the trigger part are inside an energy
window defined on the lower part by the cosmic muon at the minimum of ionization

and on the higher part, by the values calculated for protons.

4. The triggering conditions are still satisfied when requiring only one hit per detection

plane.

This first selection yields about 700 events for the three targets. The time distribution of

these events is shown on Figure 3 as the remnant population of events after a delayed time



To. The solid line represents the expected slope for kaon decay. It is clear that the selection
of kaon decay events has to be more efficient.

In a second stage, the muons from kaon decays are identified taking into account the
energy losses in the absorber part of the telescope. Only events with a total energy deposited
in the active part of the telescope larger than 30 MeV are selected. A two dimensional cut,
corresponding to the energy losses of the muons deduced from the simulation, is then applied
to the two last counting scintillators.

The range and deposited energy distributions resulting from such a procedure are pre-
sented in Figure 4. These spectra represents the summ of the data obtained for the three
targets studied in this experiment. Comparing these results to the simulation of Figure 2,
it is clear that kaon decays have been observed.

The time distribution of the remaining events after the second step of the analysis for
the three targets is shown in Figure 5. The solid line represents the expected slope for kaon
decay. The measured time distribution is in agreement only with kaon decay after 18 ns. For
Ty < 5ns prompt events are still present and a dead time effect due to the high counting rate
for prompt events extends up to 18 ns. This dead time effect is reproduced by a simulation
shown also in Figure 5 with a dead time equal to 80 % for T, < 18ns. In Figure 6 are shown
the time decay spectra observed with the '2C, ™*Ti and '®1Ta targets for Ty > 15 ns. These
spectra seem compatible with kaon time decay spectra represented by solid lines in Figure
6. This is confirmed by the fits to the decay curve Noexp(—t/r) performed for the three
spectra for Ty > 18 ns which yield 7 = 18. ns + 12. ns, 11.5 ns + 4.3 ns,10.6 ns £ 2.6 ns
for the '2C, "**Ti and '8'Ta spectra respectively. Subsequently the mean life of the kaon (r
= 12.4 ns) has been used to derive the number of produced kaon N, from the number of
counts observed in the interval 18 - 50 ns. This gives Ny = 23, 51, and 60 for '2C, e}
and '®'Ta respectively. The statistical uncertainty on these numbers has been estimated
using a simulation. For each target, 10 000 time decay spectra have been generated with an
initial number of counts equal to Ny and a mean lifetime 12.4 ns. Then a distribution of the

estimated initial number of counts N¢** has been obtained from the number of counts in the

—
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interval 18 - 50 ns. To get an approximation of a standard deviation of these discrete N§s!
distributions, the next N§* value corresponding to a value lower than 60% of the maximum

of the distribution has been used. The results are reported on table I.

B. Decorrelated analysis

An analysis based on the data reduction of the total energy spectrum has been performed
in order to check the values extracted from the event by event analysis. The energy spectrum
is composed of good events superimposed on a contamination background which can be
estimated using decorrelation techniques. The first selection leads to a first sample of about
700 events. Starting from this first sample, we construct eight classes of events associated
with each stopping absorber number (A4; to Ag). For an event of a given class with a
decay time T' > T, we construct a decorrelated event by a random sampling (excluding the
parameters of the physical event) of the energy loss in the detection planes. All the events
are treated in the same way, so we obtain a decorrelated energy distribution associated with
a decay time T' > Tp. This distribution is normalized to the lower part of the initial energy
distribution (= 25MeV’) where the muons of interest are not expected. The two energy
spectra are subtracted allowing to evaluate a number of counts with a decay time T > 7.
The time spectrum deduced from this method is presented in Figure 7. The global features
of the time spectrum are similar for both analysis (event-by-event: figure 5 and decorrelated:
figure 7). Let us now parametrize the time spectra by Noexp(—t/7).Then Ny = 143. + 53.
and 7 = 14.6 £ 3.0. The full line in Figure 7 is the result of this exponential fit. The event
number Ny is compatible with the number of good events (134) deduced from the previous
analysis. From this result one can conclude that there is no loss of events and no background
contamination in our data selection. The fitted slope parameter 7 is also compatible with
the expected slope for A" decay: ~ 12.4ns. The convergent results of both methods give

some confidence about the extracted number of events.
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IV. RESULTS AND DISCUSSION

A. Derivation of cross sections

In order to extract production cross sections, the At detection efficiencies have been
calculated from GEANT simulations including a geometrical description of the experimental

set-up and assuming three different production modes:
1. Isotropic emission in the lab frame with a kinetic energy Tx =35 MeV.

2. Isotropic emission in the lab frame with a kinetic energy spectrum reported elsewhere

[11].
3. Isotropic emission in the fireball frame with a kinetic energy Txr =35 MeV.

In the above dtection efficiencies, corrections for the particle decay are also included. The
obtained total cross sections are presented in Table II and labeled 1, 2, 3 according to the
three different production modes described previously. The values in brackets are the upper
and lower limits of the total cross sections which take into account the statistical errors. The
total cross sections are very little influenced by the assumed emission patterns and remain
inside the limits of experimental errors independantly of the kaon energetic distribution
and the Jacobian effects. Figure 8 shows the target mass dependence of the total cross
section. It can be seen that the data are well described by a AB}/ ? dependence and differ
from the normal scaling A;l % observed in 7 production in the same energy range. In meson
production analysis, it is usual to present experimental cross section in terms of probability

per participant nucleon. This probability is given by:

Texp
g, < A, >

7

with o.;, being the experimental cross section, o, the geometrical cross section and < Ay, >y

the mean number of participant nucleons. The geometrical cross section is expressed as:

0p = mrg(AY + ALY
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with Ap and Ar the mass numbers of the projectile and target nuclet, (ro = 1.2 fm) and

ApAY® + Ap AP
(A5 Ay

< Ap >=

The probabilities for kaon production are shown in F igure 9 as a function of the total
available energy in the center of mass. The solid line shows the variation of the 2-body
phase space volume. Starting from the absolute threshold (671 MeV) where full collectivity
is needed, the kaon production follows the variation of the 2-body phase space and this trend
seems to extend to more than 1 GeV above the threshold. The kaon production near the

threshold seems to be governed by this phase-space behavior.

B. Comparison with existing data

Similarities in the subthreshold production of strange and non strange mesons can be
seen with the universal dependence of the meson production probability per participant
nucleon, if this probability is plotted as a function of the Coulomb corrected bombarding
energy per nucleon normalized to the energy threshold in free N-N collisions [10].

The excitation function for 7 and K+ production in A + A collisions is presented on
figure 10. Our data (full stars) follow the trend given by previously measured data (7 and
K*) [7,15-27]. The probability per participant nucleon to produce either a pion or a kaon
is very similar at equivalent relative energy [(E — Vi)/A]/EXN whatever the strangeness of
the meson.

An analysis of 7 and K+ production in p-nucleus reactions near the absolute threshold
(140 MeV for m and 671 MeV for K) leads to a rather different conclusion. Using the same
representation, we observe (Figure 11) a large gap between the two excitation functions.
The ratio of the production probabilities in p+ Pb — 7% and p + Pb — At is about 10°
and is comparable to the cross section ratio of the elementary processes N + N — N 4+ N
+mand N + N = N + A + K. Thus, the 7 and K production for p-nucleus collisions near

the absolute threshold can be explained as a convolution of the elementary cross section
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of the p-nucleon system using high momentum components of the nuclear wave function
[1,28-30].The K* production results from a dominant two-step mechanism [28,30] in the
collision of secondary pions (p+N — 7 + ..) with the nucleons inside the nucleus (m + N
— A+ R7). From these results, we would like to conclude that 7 and K productions in
p-nucleus reactions are dominated by the N-N elementary process.

In the heavy-ion case, the similarities in the excitation functions (figure 10) of sub-
threshold production of strange and non strange mesons allow to rule out a common N-N
production mechanism. In that case, K+ and 7 production at bombarding energies of 92
MeV /nucleon and 20 MeV /nucleon respectively would be comparable, considering the ra-
tios between the incident energy per nucleon and the N-N production energy threshold. But
in a 20 MeV/nucleon collision, the available energy in the N-N system is about 140 MeV
when taking into account an internal momentum of 350 MeV /c (Figure 12). Then the sub-
threshold pion production is energetically possible. However in a 92 MeV /nucleon collision,
with the same internal momenta, the available energy is about 210 MeV, far from the kaon
center-of-mass threshold energy (= 671 MeV). This value is reached only by taking into
account an internal momentum of 800 MeV/c in both partner nuclei (Figure 12). These
estimations have been made in the most favorable kinematical configuration: a collision be-
tween a projectile nucleon with an internal velocity vector (beam + Fermi) aligned with the
relative velocity and a target nucleon with a Fermi velocity in the opposite direction. The
distribution of the internal momentum of nucleons in a nucleus deduced from experimental
distributions [31] fall down about 3 orders of magnitude from P;=350 MeV/c to P;=800
MeV/c. In the case under consideration the probabilities to produce A+ and 7 cannot be of
the same order of magnitude. Additionally, large fluctuations of the one-body momentum
distribution [12] cannot explain the scaling behavior of the A+ and 7 excitation functions
in A + A collisions. At energy as low as 25 MeV /nucleon, the simple Fermi motion cannot
explain the measured cross section [32]. There is a need to call for cooperative modes of
several participant nucleons to satisfy energy conservation [33,34]. Although, it is difficult

to estimate the relative part of incoherent and coherent pion production processes, experi-
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mental data [2,3,35,36] suggest that pions are emitted from a composite system formed by
the overlap between the projectile and the target nuclei using the geometrical concepts of
the fireball participant-spectator model [37]. Then, the size of the composite system is a
function of the impact parameter. The pion production is possible only if the CM energy
of the composite system(excitation energy) is such that E* > m,. This involves an upper
limit for the impact parameter (b.s;) which is determined by energetic considerations.

The mean number of participant nucleons averaged over the impact parameters is re-
spectively 10., 20., 39. for '2C, *8Ti, ®!Ta targets and ®Ar projectile. The mean value
of the CM energy is respectively 215., 435. and 715. MeV. The mean CM energy of the

participants is given by:
< B >= (m? < Ny >% 42mEp < Ny >< N, >V —m < Ny >

with < N, >,< N, > respectively the mean number of participant projectile and target
nucleons (m=931.5 MeV, < Ny >=< N, > + < N; > and Ei = 92MeV/nucleon). The
mean CM energy of the participants is lower than the kaon production absolute energy
threshold (671 MeV'), except for the heaviest system. But the CM energy of the participants

depends on the impact parameter:
Eon(8) = (m?Nye(8) + 2m Exa Ny (B) Ni(6)) /% — 1 Ny (b)

Np(b) and N;(b) are calculated using the geometrical concepts of the fireball participant-
spectator model [37]. This dependence is shown in Figure 13. By requiring that the CM
energy is such that E,,(b) > 671 MeV, we obtain upper limits for the impact parameter b
of bess/(Ry + Ri) =0.22, 0.54, 0.70 for '2C, *8Ti, ¥ Ta targets respectively. Weighting with
b(b =0 — bsy), it is possible to evaluate the mean number of participating projectile and
target nucleons in the range 0 — b.;; which is determined by energetic considerations. In
Table III, the calculated results for < E.n >.< Ny > and < ¢* >=< E.,/nucleon, >
are shown for our three systems. In the last column of table III, the kaon production

probabilities defined as Peys = 0ezp/(0epp < Ny >ep5) are reported (0.5 = bl ().
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For the three systems, the mean excitation energies of the composite svstem are similar.
The cross section increases with the size of the intermediate zone, but the probability re-
mains constant in the limit of experimental errors. In view of the uncertainties of fixing b,
the correlation between excitation energy and production probability gives support to the
validity of the geometrical concepts used to define the assumed kaon sources. In spite of the
uncertainties in the evaluation of < £* >, and in the estimation of the relative part of inco-
herent and coherent pion processes, an energy scaling is also observed in the pion production
probability (Figure 14). This representation leads to a ratio K/m~107%at < e* >~ 20MeV
which is consistent with a model [11], where production cross sections are calculated in the
framework of a cooperative mechanism. In this representation lower probabilities are as-
sociated to strange mesons (K*) production in nucleus-nucleus collisions compared to non
strange mesons () production, as it is observed in N-N and in p-A collisions.

Let us come back to Figure 10. The universal dependence of the meson production
probability is disquieting in so far as the normalization to the energy threshold in free N-
N collisions suggests that the N-N process is dominant. It is worthwhile to note that the
universality is not strongly dependent on the definition of the probability. This is illustrated
in Figure 15 where t calculated probabilities in several ways are presented. The general
trends are similar whatever the used prescription. It is not surprising for the first two (Figs
15a,15b), when the bombarding energy increases: b.;; — bpoy = (Rp+ R:). The probability
defined as 0ep/0.ps (Fig. 15c) and the scaled cross section (Fig. 15d) present also an
universal behavior. When discussing subthreshold meson production in heavy ion rections,

we bear in mind that the definite threshold in a fully coherent production is given by:

Fiel _ E} +2(A, + A)mEy,
th 2mA, A,

where Ey;, = 140 and 671 MeV respectively for pion and kaon productions. Then we observe

that:

(o) (Ba)™  (ENY)"
(ExHE  (Ew)K  (EMIF
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The observed universality is mainly due to the weak variation of the 7 and K threshold
ratio with respect to the production energetic conditions. Thus the agreement of our data
with the universal dependence of meson production [10] does not allow to conclude about the
involved processes leading to meson production but is very useful to predict experimental

cross sections.

V. CONCLUSIONS

Kaon decays have been observed in the collisions of 92 MeV /nucleon 3®Ar with 12, natTy
and '®'Ta, and values of the total kaon production cross section have been derived using
an event by event analysis and assuming isotropic emission. A statistical analysis applying
correlation techniques to the various energy loss measurements shows that significant loss of
events or background contamination can be excluded. The variation of the K+ production
cross section with target mass number follows a A%/ 2 scaling law, much larger than the
A?r/ ® one observed for the pion production. This may indicate that the production does
not deal with the volume and reflect the available excitation energy. As a function of
the available energy, the K* production cross section roughly follows the two body phase
space variation. The target dependence of two calculations [11,12] reproducing the order
of magnitude of the cross section for the titanium target, remains to be investigated. Our
results follow the general trend given by the universal dependence of meson production
(10] for different definitions of the probability. But considering pion and kaon production
in nucleon-nucleus collisions, a clear difference compatible with nucleon-nucleon production
taking into account reasonable fermi momentum, is evident. This apparent discrepancy may
be explained by assuming that in nucleus-nucleus collisions, the meson production occurs in
the hot projectile and target overlapping zone. In that case, close to the absolute threshold,
a cooperative mechanism is required and energetic conditions apply to the effective number
of nucleons involved in the production. If the production probability is restricted to this

effective number of nucleons involved in the process, the kaon production probability is

14



lower than the pion production probability as in nucleon-nucleus reactions. But the exact
production process is still unknown. In this experiment, we have demonstrated that kaon
production is measurable at incident energies below 100 MeV/nucleon. At such a low energy,

geometrical and kinematical constraints play a major role in the kaon production.
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FIGURES
FIG. 1. Sketch of the experimental apparatus. Hodoscopes were labelled H, triggers T. Different

materials are represented by different shading as indicated.

FIG. 2. simulation of the range and energy deposited in the absorbers for muons coming from

the desintegration of K.

FIG. 3. time distribution obtained after the first selection (see text). the solid line corresponds
to the time decay of K*. This selection in insufficient to extract the muons correlated to this

decay.

FIG. 4. Observed range and energy deposited in the absorbers for the complete selection. These

spectra are a summation of the statistics for the three targets.

FIG. 5. Time distribution obtained for the complete selection (upper part) and for a simulation
(lower part). the solid line corresponds to the time decay of K*. Prompt events generate a dead

time up to 18 ns that is introduced in the simulation.

FIG. 6. Time distribution obtained for the three targets for time larger than 15 ns. The solid

line corresponds to the time decay of K.

FIG. 7. Time distribution obtained by a different analysis (see text) based on a global data

reduction of the energy spectra.

FIG. 8. Cross section values extracted from our measurement as function of the target mass.

The solid lines correspond to different evolutions with the target mass.

FIG. 9. Kaon production per participant nucleon as a function of the available energy. the

solid line represents the evolution of the two body phase space volume.

FIG. 10. Meson production probability per participant nucleon as a function of square root
of the Coulomb corrected bombarding energy per nucleon normalized to the energy threshold in

nucleus-nucleus collisions.



FIG. 11. Pions and kaons production probability as a function of the square root of the
Coulomb corrected bombarding energy per nucleon normalized to the energy threshold in the

reaction p + 292 Pp.

FIG. 12. Correlation of the incident beam energy and of the internal momentum of nucleus in

both nuclei necessary to produce a pion or a kaon.

FIG. 13. Excitation energy of the fireball as a function of the impact parameter of the
Ar + 1817q (a), 3%Ar + natp; (b) and 3®Ar + 12C (c) reactions at 92 MeV /nucleons. The

absolute energy threshold to produce a kaon (671 MeV) is indicated by a solid line.

FIG. 14. Meson production probability per participant nucleon as a function of the effective

excitation energy ¢* defined in the text.

FIG. 15. Different definitions of the probability to produce mesons as a function of the square

root of the Coulomb corrected bombarding energy per nucleon normalized to the energy threshold.
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TABLES

TABLE I. Number of kaon production events derived for the three measurements on 12¢, natTy

and ¥1Ta targets

target 12¢ 487y 181,
No 23 51 60
(14 = 37) (37 — 69) (42 — 79)

TABLE II. Cross sections for Kt production for the 12C, "*T{ and 81Ta targets for three

asumptions. 1) Isotropic emission in the lab frame with a kinetic energy Tx =35 MeV, 2) Isotropic

emission in the lab frame with a kinetic energy spectrum given by the reference 11, 3) Isotropic

emission in the fireball frame with a kinetic energy Tx =35 MeV.

target Ecm O't(:t) o,ﬁf} af(‘:’t)

(MeV) (pb) (pb) (pb)

12C 820. 82. 96. 107.
(50. — 131.) (58. — 154.) (65. — 172.)

487§ 1870. 511. 598. 571.
(371. — 691.) (434. — 808.) (414. — 722.)

181, 2744. 3093. 3616. 3358.

(2165. — 4072.)

(2531. — 4761.)

(2351. — 4421.)




TABLE III. Characteristics of the the reactions of 36Ar on '2C, "Ti and 1BlTy at 92

MeV /nucleon.
target < Npte > | < Eem > <egr> FPesy
MeV MeV /nucleon
12C 33.7 696. 20.7 (3.9+£1.8)10~11
487y 49.3 1090. 22.6 (IL.6+1.1)10-1
181y 73.8 1439. 19.5 (2.440.6)10~ 1
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