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Abstract. The energy dependence of the total cross section fopfhes KT nZ*t reaction has been investigated at the mag-
netic spectrometer COSY-ANKE. Signals from the productbthe = hyperon were searched for in three simultaneously
measured spectra. The values obtained for the total priotuctoss sectiow (=*) are slightly below those o (=°) at the
same excess energies. They follow a phase space dependende aot show any evidence for strong threshold effects or a
significantnZ™ final state interaction.
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Light hyperon production in proton-proton collisions isiarportant part of the experimental program carried out
at the COoler-SYnchrotron Jilich. The energy dependentteedbtal cross sections forand>® production has been
well investigated in the COSY range of excess energies { GeV) [1]. The ratio of the total cross sections for these
two productionsR(A/2°) = gp /0o, falls from a factor of 27 close to threshold down to 3 at hégf2, 3]. At the
moment, there is no agreed theoretical explanation for aumghavior. Calculations within the Julich meson exchange
model [4] suggest that the suppression of near-thresHbjfoduction with respect to thi could be associated with
differences between the production mechanisms and a dée&rinterference betwedf andr exchanges.

A recently published analysis [5] of the measured anguktridutions forpp— K* pA andpp— K* pz° reactions
suggests thall* resonances play a major role Anproduction whereas in the case of th&no indication for such
an effect has been observed. It is also concluded that kadvaege is significant foX® production while it is less
important forA [5]. However, these data were collected at relatively higbess energies, where the many partial
waves and final-state interactions make the interpretafitime experimental data difficult.

The third light hyperon production channelp — K*tnZ™, has not been so well investigated. The primary reason
for this is the presence of the neutron in the final state, wiiake any identification of the reaction complicated. On
the other hand, this reaction channel is an isospi2f8ter for nucleon isobars [6]. Thus, ti¢* resonances, which
are believed to be important fér production [7], cannot contribute in the™ case.

Experimental data opp — K*tnZ* reaction close to threshold are scarce. Pioneering measuts, performed
close to the reaction thresholdsat 13 and 60 MeV using a neutron detector, reported surprigimgh values of the
total cross sections [8]. These data could only be undedsttive production mechanism and the final state interaction
for theZ™ hyperon were completely different from those of other lilghperons.

The cross sections for the differentiyperon production channels can be linked together usinigregle inequal-
ity [9]. At high ¢ there is evidence that(pp — KT pZz°) ~ a(pp — K°pz?) [10] and, assuming this, the inequality
can be written as /6 < a(pp — K*pZ*)/a(pp — K+ pz®) < 6 [11]. The ratio of total cross sectiof§¢z* /)
obtained using the data from Ref. [8] is 127 and 66 at 13 and 60 MeV, respectively. Thus, the valuegdftotal
cross section would violate isospin invariance by a largefaunless there were a very striking threshold anomaly.

This unexpected result led to a series of investigationshefpp — KTnZ* reaction at COSY [11, 12]. These
were based on a three-prong approach where the signal fe@'tihyperon production was searched for in three
simultaneously measured spectra. The measurements wezatlihe magnetic spectrometer ANKE, which is placed
at an internal target station of the COSY-Jilich acceleratre ANKE spectrometer consists of three dipole magnets.
Two of them,D1 andD3, are used to deflect the circulating proton beam onto ang &wen the target, while the
third one,D2, is the analyzing magnet. Positively charged particlesifa reaction are deflected into the positive (Pd)
and forward (Fd) detectors, while negatively charged plagican be registered in the so-called negative deteator (n
used in the analysis).
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FIGURE 1. TheK™ andmt momentum spectra measuredrgt= 1.958 GeV in comparison to phase space simulations for the
pp— KTnZ* reaction.

The Fd consists of a hodoscope of scintillator counters,rtwidti-wire proportional and one drift chamber. This
was used for the identification of the high momentum protoosfpp elastic scattering, used for normalization, and
protons from the reactions of interest. In the analysispthaitive side detector allowed thie” andK ™ identification.

The Pd detector is made up of start counters, placed cloke &xit window of theéd2 vacuum chamber, two multi-
wire proportional chambers, and stop counters. The firgiiftstop counters are part of the range telescopes used for
K™ identification on the basis of the delayed-veto techniqaehif the range telescopes consists of a stop counter,
scintillator counter for measurements of the energy logk@particles, a so-called veto counter for measurements of
time, and two passive degraders. The thickness of the figgader is chosen such thaka deposits the maximum
energy in the energy-loss counter and stops either at the efdigj or in the second degrader. The time signal from
theK* decay products is then registered in the veto counter, alfpane to identifyfK * mesons against a $@imes
higher background. The details of the ANKE detector analgain be found in Ref. [13].

In contrast to the\ and>° hyperons, th&* hyperon has a decay mode leading taain the final state and this
has a branching ratio of 50%. Thus, below the threshold optie: K™ nAm* reaction, theopp — K+TnZ* reaction is
the only source oK™ r™ coincidences. Even at higher energies, the total crosoadotr A" production is factor
of seven smaller than the total cross sectiorsforproduction [9]. The identification dk ™ 71" coincidences therefore
allows one to identify unambiguously" production and to estimate the total cross section. ThestztedK ™ and
Tt momentum spectra measured 838 GeV are compared to phase-space simulations, corractedding to the
ANKE acceptance, and presented in Fig. 1.

All three light hyperons/\, % and=*, have decay modes where there is a proton in the final statepph-
K*pA/Z0 reactions can be identified from the peaks in the experiméfitgp missing-mass spectra. These sit on
physical backgrounds arising from hyperon decay. The twtals sections fok and=° production can be determined
from the numbers of events in these peaks. However, sinceaw ¢clearK™ identification, the other events in the
K*p missing-mass spectra can also be analyzed and informatiout she total cross section fa* production
extracted [12].

TheK™ p missing-mass spectra measured at 2.062 and 2.157 GeV apagahto simulations in Fig. 2. Individual
contributions from\ — prr—, ° — Ay — prr yand=t — pr® are shown by colored histograms. Despite the limited
statistical precision in the spectra, it is already clearepg thatR(=* /Z0) is less than a factor of five. In fact, if
one makes the drastic assumption that all the events abevdrtematic limit for theA are to be associated with
>* production, upper limits oRR(=* /%) of 1 and 2 are obtained at 2.062 and 2.157 GeV, respectively.data at
2.062 GeV were collected with a relatively low field in the sjpemeter magndd2, which means that the acceptance
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FIGURE 2. TheK™p missing-mass spectra measured@t= 2.062 and 2157 GeV compared to simulations. Simulations for

theA, =9 and=+ decay protons are shown by black, blue and red lines, rasplgcPredictions for the complete spectra assuming
R(z%/z*) =1 and 5 are shown by solid and dashed lines, respectivelynlimbers of events in the physical backgrounds are
determined by the contents of theand=? peaks.
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FIGURE 3. InclusiveK™ momentum spectra fa?x+ < 4° resulting frompp collisions atT, = 1.958 GeV. The simulation of

the pp— K* pA reaction is shown by the black histogram. The addition ofrtomtions frompp— K+ pz? andpp— K*nz* are
shown by blue and red histograms, respectively. The totaiscsections for all reaction channels are taken from Ref. [1

for the data accumulated at this energy significantly diffeom the others.

Only very limited information about total cross section ¢anextracted from th& ™ inclusive spectra. Inclusive
K™ differential cross sections measuredligt= 1.958 GeV and integrated ovélic+ < 4° are presented in Fig. 3 in
comparison to simulations. Individual contributions fralifferent hyperon production channels, normalized to the
corresponding total cross sections, are also shown.

A method to extract th&™ total production cross section from a detailed analysi& ofinclusive spectra has,
however, been proposed [14]. This was applied to new zegoeds data in a recent paper by the HIRES collaboration



and a value oR(Z* /3%) =5 atTp, = 2.08 GeV reported [15]. This high* total production cross section follows the
general trend of values extracted from measugédnclusive spectra using this method [14].

The experimental data on tie" p correlations, measured with ANKE spectrometer at veryectrsergy 206 GeV,
presented in Fig. 2, indicate a very modest valu&@" /39), far below the factor of five claimed [15]. Possible
uncertainties in the analysis of inclusi¥e™ data, in particular in the assumptions regarding the benafi the
pp — KT pA forward cross section, are discussed in detail in Ref. [T new COSY-TOF data on differential
observables for tha andx? reaction channels [5] support their conclusion tatinclusive spectra can only lead to
conservative upper limits oo(Z*) [16].

The energy dependence of tipp — K*tnZt reaction has been investigated over a wide energy rangeeat th
magnetic spectrometer COSY-ANKE. The valuesod® ™), extracted fronK™* rt correlations, are cross checked
using theK ™ p missing-mass anki* inclusive spectra. The valuesaf>™) thus obtained are consistent with a phase-
space energy variation without any obvious sign of a striigfinal state interaction or significant threshold anomaly.
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