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Kaon production in nucleus-nucleus collisions at 92 MeV per nucleon
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K* production far below the free nucleon-nucleon threshold has been investigated in collisiiAs oh
2C, matTj and '8'Ta targets at an incident energy of 92 MeV per nucleon. The cross sectior for
production have been inferred from the observed muon decays of positive kaons. The results are discussed in
the framework of a participant-spectator model and are compared to proton inddcedoduction and to
subthreshold pion production experimen80556-28189)00303-9

PACS numbdps): 25.70-~z, 25.75.Dw

. INTRODUCTION 36Ar+"afTi at 92 MeV/nucleon[9] is up to now the only
result at an energy far below the free nucleon-nucleon

Meson production in heavy ion collisions at subthresholdthreshold. The order of magnitude of the cross section is in
energies offers the possibility to study dense and hot nucleaeasonable agreement with the systematics of meson produc-
systems and thus possibly the underlying nuclear equation afon probabilities per participant nucleon as a function of the
state[1]. At incident energies per nucleon well below the Coulomb-corrected bombarding energy, normalized to the
free nucleon-nucleon threshold, nucleons have to undergproduction threshold in free nucleon-nucleon collisiph@].
several collisions in the hot and compressed zone to gain bl has also been reproduced by two quite different theoretical
chance enough energy to allow meson production, or in galculations. One of these calculations was performed in the
cooperative model, several nucleons have to pool their erframework of a cooperative model which has already been
ergy to produce the particles. Both processes are density argbplied to subthreshold pion productigi], while the other
temperature dependent; so meson production can be a goadsumed an incoherent production mechanism and intro-
probe of the early stages of the collision if the particle canduced fluctuations using the Boltzmann-Langevin approach
escape the interaction zone without substantial final state inwith a soft equation of statgl 2].
teraction. In that respect kaons, and especiklly seem to In this paper, we report on new measurementskKdf
be particularly suitable since they have extremely low ab-production using a beam of 92 MeV/nucled?Ar. The ex-
sorption and a small scattering cross section with nucleongeriment is described in Sec. Il. The data analysis methods
K* production, in the elementary procels- N—K™* + A are presented in Sec. lll and the results are discussed in Sec.
+N, requires an available energy Bf=670 MeV, thatis V.
to say, 1.58 GeV, for an incident nucleon on a fixed target or
335 MeV for each nucleon. This mak&s" production by
first-chance nucleon-nucleon collisions very unlikely at inci- Il. EXPERIMENTAL DETAILS
dent energies around 100 MeV/nucleon for which it has been
shown that the pion production is in agreement with the
simple participant-spectator collision geomeftgy3]. In K* production measurements in heavy ion collisions

Another interest irK * production comes from the intrin- around 100 MeV per nucleon, the€* energy is low and it is
sic nature of the kaon, since its production requires the joinhot possible to use magnetic detection and range telescope
production of a pair of strange quarks. Therefore subthreshechniques as at higher incident energies. However, it is still
old experiments on strangeness production may be related fwssible to detect kaon decays with no kaon energy thresh-
the low but significant strange quark component in nucleonsld. In this case, a total production cross section can only be
[4-6]. It is thus interesting to compare pion and kaon pro-inferred while the angular distribution and the kaon energy
duction in the same energetic conditions. cannot be measured.

The production oK™ was measured more than ten years The mean lifetime of theK™ is 12.4 ns and the main
ago in Ne+NaF collisions at 2.1 GeV per nucledi], and  decay channels ar¢) K™ — u ™ » with a branching ratio of
only few data exist at subthreshold energies. An enhance@4% and a muon kinetic energy,+ =153 MeV for a decay
K™ production compared to microscopic transport calcula-at rest and(ii) K™ — 7" #° with a branching ratio of 21%
tions has been found iA®’Au+*°"Au collisions at 1 GeV/ and a pion kinetic energff ,+=110 MeV for a decay at
nucleon[8]. Our earlier measurement &* production in  rest. The delayed particleu(" or 7*) is detected in a range

A. Kaon detection
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FIG. 1. Sketch of the experimental apparatus. Hodoscopes were
labeled H, triggers T. Different materials are represented by differ-  (4) The last detection plane provided a veto to reject en-
ent shading as indicated. ergetic cosmic muons crossing the whole telescope.

All detectors were tuned and energy calibrated using

telescope designed to accommodate a high counting rateosmic-ray muons.
Since the branching ratio is higher for the muon decay chan-
nel and the range of a 153 MeV muon is larger than the
range of a 110 MeV pion, there is an enhanced rejection of C. Simulation
wrong events. The emission of kaons can be tagged by the
range and energy measurement of the de|ayed 153 MeV The whole detector geometry was put into a simulation
muons. The mean lifetime measurement provides an addising theGEANT package from the CERN librarji4]. The
tional check. This method takes advantage of two interestingmission of the kaons was assumed to be isotropic from the
characteristics of the GANIL beams: the very high intensitycenter of the target. Muons from the decay of kaons were
available on a small beam sp@ few mnf) and a well- then selected and tracked trough the detector. The energy
defined time structur¢l ns every 70 nswhich allows the loss spectra of all scintillators were constructed. The result-
measurement out of the beam burst with a reasonable nunng range and energy distributions are shown on Fig. 2 for
ber of triggers. The same detection method was used in thghe expected experimental statistics. The total energy de-
first K™ production experiment performed at GANIIS]  tected in the active parts of the telescope56 MeV) is a
while the same kaon decay method was used in proton insignificant part of the muon energt53 Me\). The total

ducedK™ production measuremeni&3]. efficiency of the detection system has been extracted from
_ this simulation for different velocities and energy distribu-
B. Experimental setup tions of the primary kaon source. The simulation yielded a

The experimental setup is shown schematically in Fig. 1total efficiency around 0.7%. More details on the results of
A copper plate to stop kaons up to 40 MeV energy for nor-these calculations will be given in Sec. IV.
mal trajectories was located 1.5 cm from the center of the
target, covering polar angles from 45° to 135°. Muons from
the kaon decays were detected in a range telescope located at
90 ° with respect to the beam direction.

The telescope was made of passive and active absorbetrs ThIeLe>k()per|tm ent has b ee;oger;c\)rsrg\: d bat the Gg"l\IZICI:‘ Na-
and consisted of four parts. lonal Laboratory using a= n r beam an '

H 181
(1) Passive absorbers of different nature, placed in front T and *®'Ta targets 102 mg/cfn 92 mg/cni, and

of the telescope in order to reduce the background counting® mg/cnt thick, respectively. The range telescope was cen-
rate in the first active planes. tered at 90 ° with respect to the beam direction. The beam
(2) The trigger(T1—4) where a coincidence between the pipe and some mechanical parts close to the target were
detection planes was required, and the trajectories could b@ade of lowZ material in order to limit the background
checked in two hodoscopé#il1,2, H3,4. Plates of copper counting rate. A parasitic beam was used to determine the
were inserted between the trigger detectors in order to ermature, thickness, and position of the absorbers in front of the
large the matter thickness. The first trigger planetelescope and in between the trigger planes. Several configu-
(T1,23 cmx 23 cm) was located 25.5 cm from the target. rations have been tested. The final configuration was chosen
The four active trigger planes were segmented in forwardn order to accommodate the highest beam current with the
and backward parts. lowest counting rate. The on-line trigger condition required
(3) Just behind, the muons of interest were stopped in théhe coincidence between the H3-4, T1, T2, T3, T4, and Al
eight absorbergA1-A8, 2 and 4 cm thick allowing the planes. A time measurement of the trigger plane T3 with
measurement of the range, the specific energy loss and thespect to the beam time structuyeecelerator RFwas per-
residual energy of stopping particles. The absorber plane®rmed. The timing of the Cyclotron RF was checked con-
were segmented in four parts. tinuously with an independent scintillator. For each target,

D. Experiment
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FIG. 3. Time distribution obtained after the first selectisee Absorber number

text). The solid line corresponds to the time decaykof. This FIG. 4. Measured energy loss versus absorber depth for the
selection is insufficient to extract the muons correlated to this de-

events selected in the first stage of the analysis. The size of each
cay. box is proportional to the number of counts in the corresponding
bin.
data were accumulated with a gate that rejected prompt
events, but runs including prompt events were performedo reject triggering particles escaping from the sides of these

periodically. absorbers.
In a second stage, the background cosmic events have
IIl. DATA ANALYSIS been removed taking into account the energy losses of stop-
ping muons in the absorber part of the telescope. A two-
A. Events selection dimensional cut, corresponding to the energy losses of the

The muonic kaon decay events were identified by usingnuons deduced from the simulation, was applied to the two
the energy loss information from the telescope. At each stegi;_St counting scintillators. The range and deposited energy
of the analysis, the time distribution of the selected eventdiStributions resulting from such a procedure are presented in
was compared to the kaon decay. The off-line data reductio 9. 5. These spectra represent th_e sum O.f s obta.med
was performed in two steps, with most of the backgroun or the three targets studied in this experiment. Comparing

events being rejected in the first stage by the following Se_hese results to the simulation of Fig. 2, it is clear that kaon
lections. decays have been observed.

. o S The time distribution of the remaining events after the
(1) Only delayed particles, with time arrival into the T3 second step of the analysis for the three targets is shown in

counters larger than at least 3 ns with respect to the beagiy g The solid line represents the expected slope for kaon

spill were considered, to reject prompt events. decay. The measured time distribution is in agreement with
(2_) A narrow time coincidence was applied to all planes,y;qn decay only after 18 ns. Fép<5 ns prompt events are

to reject random events. _ still present and a dead time effect due to the high counting
(3) The measured energy losses in each counter of theye for prompt events extends up to 18 ns. This dead time

trigger part were required to be inside an energy windoweffect is reproduced by a simulation also shown in Fig. 6
defined on the lower part by the cosmic muon at the miniitn a dead time equal to 80% foF,<18 ns. Figure 7

mum of ionization and on the higher part by the values calspows the time decay spectra observed with @, "Ti,

culated for protons. and 8'Ta targets forT,>15 ns. These spectra seem com-

“) Theltrigger:]ntg:j conéjittiont; werle still satisfied when re- 5aiible with kaon time decay spectra represented by solid
quiring only one hit per detection plane.

This first selection yielded about 700 events for the three

targets. The time distribution of these events is shown in Fig.
3 as the remnant population of events after a delayed time
Ty. The solid line represents the expected slope for kaon
decay. It is clear that the selection of kaon decay events from
the background has to be more efficient.

Figure 4 shows the measured energy loss versus the ab-
sorber depth for the events selected in the first stage of the
analysis. The energy threshold is the result of the energy cuts
applied in the trigger part of the detector. Most of the events
are located at low energy in absorbers 1-5 while kaon decay
events are expected to be peaked at a measured energy loss
55 MeV (Fig. 2). A simulation shows that most of the back-
ground events are compatible with cosmic rays muons going FIG. 5. Observed range and energy deposited in the absorbers
out of the detector via the side. This background is large irfor the complete selection. These spectra are a summation of the
absorbers 1-4 because the veto detector is not large enouglatistics for the three targets.
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time up to 18 ns that is introduced in the simulation.
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TABLE I. Number of kaon production events derived for the
three measurements dAC, "Ti, and *®'Ta targets.

Target e 48T BlTa
N, 23 51 60
(14—37) (37—69) (42-79)

distribution of the estimated initial number of count§™ has
been obtained from the number of counts in the interval
18-50 ns. To get an approximation of a standard deviation of
these discretéN$™ distributions, the nexN$™ value corre-
sponding to a value lower than 60% of the maximum of the

distribution has been used. The results are reported in Table
l.

B. Decorrelated analysis

An analysis based on 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. This
background arises mostly from high-energy cosmic muons
going through the detector. These minimum ionizing par-

lines in the figure. This is confirmed by the fits to the decayjic|es therefore do not show the correlation of energy losses

curve Noexp(—t/7) performed for the three spectra fop
>18 ns which yield7=18+12 ns, 11.54.3 ns, and 10.6
+2.6 ns for the'?C, "aTi, and ®'Ta spectra, respectively.
Subsequently the mean lifetime of the kaer=(12.4 ns) has
been used to derive the number of produced kalgs,from
the number of counts observed in the interval 18—50 ns. Thi
givesNy=23, 51, and 60 fort?C, "aTi, and ®'Ta, respec-

of stopping muons in the absorbers. The first selection leads
to a first sample of about 700 events. Starting from this first
sample, eight classes of events are constructed associated
with each stopping absorber numbéy; Ag). For an event

of a given class with a decay time>T,, a decorrelated
gvent is then constructed by a random sampliexcluding

the parameters of the physical eveoitthe energy loss in the

tively. The statistical uncertainty in these numbers has beeggtection planes. All the events are treated in the same way,

estimated using a simulation. For each target, 10000 decgy oqucing a decorrelated energy distribution associated with
time spectra have been generated with an initial number of gecay timeT>T,. This distribution is normalized to the

counts equal tN, and a mean lifetime 12.4 ns. Then, a gwer part of the initial energy distribution~25 MeV)

T
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FIG. 7. Time distribution obtained for the three targets for times
larger than 15 ns. The solid line corresponds to the decay time o
K*.

where the muons of interest are not expected to contribute.
The two energy spectra are subtracted, allowing the number
of counts with a decay tim&>T to be evaluated. The time
spectrum deduced from this method is presented in Fig. 8.
The global features of the time spectrum are similar for both
analysesievent by event, Fig. 6, and decorrelated, Fig. 8
Parametrizing the decorrelated time spectrum by
Noexp(—t/7) gives Ng=143+53 and r=14.6+3.0. The
solid line in Fig. 8 is the result of this exponential fit. The

20 25 30 35 40 45 5
T (ns)

f FIG. 8. Time distribution obtained by the decorrelation analysis

(see text based on a global data reduction of the energy spectra.
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TABLE II. Cross sections foK ™ production for the*?C, "®Ti, and '8Ta targets for three assumptions:
(1) isotropic emission in the laboratory frame with a kinetic enefgy=35 MeV, (2) isotropic emission in
the laboratory frame with a kinetic energy spectrum given by REf], and (3) isotropic emission in the
fireball frame with a kinetic energy, =35 MeV.

Ecm. ol ol oS
Target (MeV) (pb) (pb) (pb)
2c 820 82 96 107
(50—131) (58-154) (65-172)
48T 1870 511 598 571
(371—691) (434-808) (414-722)
1817 2744 3093 3616 3358
(2165—4072) (2531-4761) (2351-4421)

event numbel, is compatible with the number of good the projectile and the target nuclei using the geometrical con-
events(134) deduced from the previous analysis. From thiscepts of the fireball participant-spectator mo@&¥]. The
result one can conclude that there is no loss of events and rize of the composite system is then a function of the impact
background contamination in our data selection. The fittearameter. Pion production is possible only if the c.m. en-
slope parameter is also compatible with the expected slope €rgy of the composite systefaxcitation energyis such that
for K decay of~12.4 ns. The agreement between the twoE™* =M. This sets an upper limit for the impact parameter

methods give added confidence about the extracted numb@Per) Which is determined by energetic considerations.
of events. The mean number of participant nucleons averaged over

the impact parameters is, respectively, 10, 20, and 39 for
2c, 48Ti, and 8'Ta targets and®Ar projectile. The mean
value of the c.m. energy is, respectively, 215, 435, and 715
A. Derivation of cross sections MeV. The mean c.m. energy of the participants is given by

IV. RESULTS AND DISCUSSION

In order to extract production cross sections, khe de- (Ecm)=(MZ(Ny) 2+ 2mEpg{ Np)(Np) V2= m(N,y),
tection efficiencies have been calculated fraeaNT simu- '
lations including a geometrical description of the experimens,ith (Np>=ApA$’3/(A},’3+ A%’ 2 and (Nt>=ATA§,’3/(A%,’3
tal set-up and assuming three different production modgs: +AY3?2 representing the mean number of participant projec-
isotropic emission in the laboratory frame with a kinetic en-o ang target nucleons, respectivelym£931.5 MeV,
ergy Tx=35 MeV, (2) isotropic emission in the laboratory ) =(N_)+(Ny), andE =92 MeV/nucleon). The mean
frame with a kinetic energy spectrum as reported elsewherg energy of the partic?pants is lower than the kaon pro-

[11] and (3) isotropic emission in the fireball frame with a duction absolute energy threshd&71 MeV), except for the

kinetic energyTy =35 MeV. _ L heaviest system, but the c.m. energy of the participants de-
In the above calculations of the detection efficiencies, coryands on the impact parameter:

rections for the particle decay are also included. The totaP

cross sections thus obtained are presented in Table I aan —Tm2N +2 N N 12_mN
labeled(1), (2), or (3) according to the three different pro- em(D) =[MNpy(B) +2mMEggNp(D)Ni(0) 7= mNpy(b),
duction mades described "?‘bP"e- The values in paren'ghes%%ereN (b) andN,(b) are calculated using the geometrical
are the upper and lower limits of the total cross sections p

Lo ot i toncepts of the fireball participant-spectator mddél. This
taqug into into acc_ount_the statistical errors. The total (.:ro.ssdependence is shown in Fig. 9. By requiring that the c.m.
sections are very little influenced by the assumed emission : . e
L . : energy satisfyE. ,(b)=671 MeV, we obtain upper limits
patterns and remain inside the limits of experimental BITOrS; | ihe impact parametdr of b J(R.+R)=0.22, 0.54, and
independently of the kaon energetic distribution and Jaco(-) 70 for 1§C 45Ti and T4 ?[gr e?s rés eétivél ' V\;ei ht-
bian effects. In the following we use the cross sections cal-_ "~ . ' ’ - gets, P Y. 9
ng with b(b=0—Db.g), it is possible to evaluate the mean

culated assuming isotropic emission in the laboratory with alilumber of participating proiectile and taraet nucleons in the
kinetic energyT =35 MeV. The target mass dependence of P pating proj 9

: : range O-bgs which is determined by energetic consider-
the total cross section has been fitted by a powed.diVe X e
obtainx=1.34+0.22 for the power ofA. This result differs ations. In Table IIl, the calculated results {@cm), (Npy),

* = -
from the A%’s scaling observed inr production in the same fmn(:s<8|n> th<eEi:éng'{ncl:)(fljerﬂr?ti)fa{'zbslzol\;\(n t:g I?;ornthrr?)?juséison
energy range. This could be a consequence of the different - . P

absorption of pions and kaons. probabilities dezfined aBefr= Texpl (e Npt)eft) are reported
whereo = mhg .

For the three systems, the mean excitation energies of the
composite system are similar. The cross section increases
Experimental dat§2,3,15,16 suggest that pions are emit- with the size of the intermediate zone, but the probability

ted from a composite system formed by the overlap betweeremains constant in the limit of experimental errors. In view

B. Participant-spectator model
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FIG. 10. Meson production probability per participant nucleon

+"aTi, and(c) 3°Ar+'%C at 92 MeV/nucleon. The absolute energy text.

threshold to produce a kag671 MeV) is indicated by a solid line.

of the uncertainties of fixind., the correlation between

as a function of the effective excitation energy defined in the

Similarities in the subthreshold production of strange and

nonstrange mesons can be seen with the universal depen-

excitation energy and production probability gives support t04ence of the meson production probability per participant

the validity of the geometrical concepts used to define th

evaluation of e*), an energy scaling is observed in the pion
production probability[18—30 (Fig. 10. This approach
leads to a ratid/7=10"° at(¢*)=20 MeV which is con-
sistent with a modeJ11] wherein production cross sections
are calculated in the framework of a cooperative mechanis

. ' deline Neucleon,
assumed kaon sources. In spite of the uncertainties in the, ,;omp-

if this probability is plotted as a function of the
corrected bombarding energy per nucleon normal-
ized to the energy threshold in fré&N collisions[10].

The excitation function form and K™ production inA

+ A collisions is presented in Fig. 11. The present d¢tae
lowest-energy data pointfollow the trend given by previ-
rTbusly measured datar(andK™*) [7,18—-3Q. In this picture,

the probability per participant nucleon to produce either a

C. Comparison with existing data

pion or a kaon is very similar at equivalent relative energy

NN
In meson production analysis, it is usual to present thé (E—Vc)/Al/Ey," whatever the strangeness of the meson.
experimental cross section in terms of the probability peMVhen discussing subthreshold meson production in heavy

participant nucleon. This probability is given by

ion reactions, it should be borne in mind that the definite
threshold in a fully coherent production is given by

O expt
ERrXTWE )
o dor_ Etht 2(Ap+A)mE,
With oyt being the experimental cross sectien, the geo- o 2mAA '

metrical cross section, angh,), the mean number of par-
ticipant nucleons. The geometrical cross section is express
as

og=rl g( Aéls-i- A-}-/g) 2

e . .
vehere E=140 and 671 MeV, respectively, for pion and

kaon production. Then we observe that

1 T
- v _
with Ap andA+ the mass numbers of the projectile and target 10720 1! J
nuclei,ro=1.2 fm and = % 2 .
E‘ 10 - .i =
. n r B
p (A%,’3+A%/3)2 © sF no*k 4
a0 - g Aj+A,— 7" @
TABLE lll. Characteristics of the the reactions ¢fAr ions on 10'10 — F n+ v —
targets of*2C, "¥Ti, and *®'Ta at 92 MeV/nucleon incident energy. PR : A
10 A T IR I B B
(] 0.5 1 1.5 2 25 3 35
(Ecm) (&%) E-V.) /A 1/EW 1172
Target (Npy) MeV  MeV/nucleon Pest {(E-V¢) p] 1
2c 33.7 696 20.7 (381.8)x10 1! FIG. 11. Meson production probability per participant nucleon
48T 49.3 1090 22.6 (181.1)x10 1 as a function of square root of the Coulomb corrected bombarding
BlTa 738 1439 19.5 (2:40.6)x 1011 energy per nucleon normalized to the nucleon-nucleon energy

threshold for nucleus-nucleus collisions.
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: internal momentum of nucleons necessary in both nuclei to produce
the square root of the Coulomb corrected bombarding energy per .
. a pion or a kaon.
nucleon normalized to the nucleon-nucleon energy threshold for the

reactionp+2%Pb. These estimates have been made in the most favorable kine-
matical configuration: a collision between a projectile
(EdH™ (Ep™ (ENMH7 nucleon with an internal velocity vectofbeamtFermi
~ ~ ) aligned with the relative velocity and a target nucleon with a
(EFHS (Ep)*  (ERMS Fermi velocity in the opposite direction. The distribution of

the internal momentum of nucleons in a nucleus deduced
The observed universality is mainly due to the weakfrom experimental distribution§34] fall down about three

variation of ther andK threshold ratio with respect to the ©rders of magnitude from P;=350 MevVlc to Py
energetic conditions of production. Thus the agreement of 800 MeVl/c. In t+he case under consideration the probabili-
our data with the universal dependence of meson productiof€S to produceK™ and  cannot be of the same order of
[10] does not allow any conclusions about the processes jfagnitude. At an energy as low as 25 MeV/nucleon, the
volved in meson production but it is very useful to predict Simple Fermi motion cannot explain the measured pion cross
experimental cross sections. section[35]. There is a need to call f(_)r cooperative modes pf

This is confirmed by an analysis af andK* production several participant nucl_eons to satisfy energy conservation
in p-nucleus reactions near the absolute threskibi® Mev  [36,37. Similar conclusions can be deduced frétm pro-
for = and 671 MeV forK). Using the same approach, we duction at 92 MeV/nucleons.
observe(Fig. 12 a large gap between the two excitation
functions. The ratio of the production probabilities m
+Pb— 7% andp+Pb—K™ is about 18 and is comparable Kaon decays have been observed in the collisions of 92
to the cross section ratio of the elementary processeN MeV/nucleon3Ar with 2C, "atTi, and 8'Ta, and values of
—N+N+7 andN+N—N+A+K. Thus, ther andK pro-  the total kaon production cross section have been derived
duction for p-nucleus collisions near the absolute thresholdusing an event-by-event analysis and assuming isotropic
can be explained as a convolution of the elementary crossmission. A statistical analysis applying correlation tech-
section of thep-nucleon system using high-momentum com-niques to the various energy loss measurements shows that
ponents of the nuclear wave functigm,31-33. The K* no significant loss of events occurred and that background
production results from a dominant two-step mechanisntontamination can be excluded. The variation of ke pro-
[31,33 in the collision of secondary pionsp-N—a  duction cross section with target mass number follows a
+---) with the nucleons inside the nucleusr¢ N—A  A}3 scaling law, larger than tha2® one observed for the
+K™). From these results, the conclusion is tmaandK  pion production. The target dependence of two calculations
production inp-nucleus reactions is dominated by tNeN  [11,12), reproducing the order of magnitude of the cross sec-
elementary process. tion for the titanium target, remains to be investigated.

K* and production at bombarding energies of 92 MeV/  The present results follow the general trend given by the
nucleon and 20 MeV/nucleon, respectively, would be com-universal dependence of meson producfib@]. This agree-
parable, considering just the ratios between the incident emment does not allow final conclusions regarding the precise
ergy per nucleon and thg-N production energy threshold. processes leading to meson production. Taking into account
But in a 20 MeV/nucleon collision, the available energy in a reasonable Fermi momentum, pion and kaon production in
the N-N system is about 140 MeV when taking into accountnucleon-nucleus collisions are compatible with anucleon-
an internal momentum of 350 Me¥/(Fig. 13. Then sub- nucleon initiated production. Similar considerations in
threshold pion production is energetically possible. How-nucleus-nucleus production rule out a common nucleon-
ever, in a 92 MeV/nucleon collision, with the same internalnucleon production mechanism. However, #i@roduction
momenta, the available energy is about 210 MeV, far fromcan be consistently described in the framework of a
the kaon center-of-mass threshold ene(Gyl MeV). This  participant-spectator model. In that case, close to the abso-
value is reached only by taking into account an internal modute threshold, a cooperative mechanism is required and en-
mentum of 800 MeV¢ in both partner nucleiFig. 13. ergetic conditions apply to the effective number of nucleons

V. CONCLUSIONS



PRC 59 KAON PRODUCTION IN NUCLEUS-NUCLELS . .. 1471

involved in the production. If the production probability is  In this experiment, we have demonstrated that kaon pro-
restricted to this effective number of nucleons involved induction is measurable at incident energies below 100 MeV/
the process, the kaon production probability is lower than theucleon. At such a low energy, geometrical and kinematical
pion production probability as in nucleon-nucleus reactionsconstraints play a major role in the kaon production.
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