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The reaction m N K&K&7r N' at 200 GeV/c has been observed with a sensitivity of 450+150
events/p, b. The K~ K~ vr system exhibits substantial K (890)K production. Also produced are

f (1270)~, f'(1515)m, and K (1430)K final states. These resonances occur predominantly at

threshold. The diffractive K& K& n cross section is 3.4 + 1.1 p, b. An enhancement near the A 3 (1680) is

observed in the K& K~ m invariant-mass distribution.

Although diffraction dissociation has been widely ob-
served in high-energy hadroproduction experiments, ' ' rela-
tively little information~ is available on the flavor depen-
dence of this process. This paper presents the latest,
highest-energy results on the diffraction dissociation of a
200-GeV/c m beam into KqKqsr

The experiment (E-580) was carried out in a 200-GeV/c
7t- beam in the M6W line using the Fermilab Multiparticle
Spectrometer. " A 20-element 13-cm-long scintillator target
which provided longitudinal primary-vertex location was fol-
lowed by a 2-m helium-filled decay region where neutral
strange particles ( V 's) materialized into charged tracks. A
bending magnet, which imparted a 697-MeV/ c transverse-
momentum change to each charged particle, was folio~ed
by a 30-cell atmospheric Cherenkov counter and by 24 large

spark-chamber planes. A proportional-wire-chamber (PWC)
system with 10 wires measured the incident beam, as well
as primary and decay charged-particle trajectories before and
after the magnet, and provided fast trigger information.

The experiment was designed to trigger with good accep-
tance in mass and momentum transfer on events in which
two neutral strange particles were produced. The V V

trigger recluired a charged-particle-multiplicity increase of
4 +1 in the decay volume by sampling two PWC's before
and five PWC's after the decay volume. In addition, the
primary charged multiplicity, measured before the decay
volume, was less than 6. The incident beam rate of 6 x10
m per sec yielded 1.2 &10 triggers.

All triggers were processed through pattern recognition
and geometry programs which performed three-dimensional
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fits to all track parameters using a detailed magnetic-field
map. The K effective mass has a full width at half max-
imum (FWHM) of 14 MeV/c2 and the A a FWHM of 5
MeV/c'. Constrained fits were made to the V mass, V

decay vertex, and V - V -beam primary vertex. Approxi-
mately 70 500 events with fit probabilities greater than 10
3 &10, and 3 x 10, respectively, were accepted, of which
62% were KgK~, 16% K~A, 13% KgA, 8% AA, and 1% AA
or AA.

This paper is based on a sample of 4257 KqK~ events
which had one and only one negatively charged primary
track passing through the spectrometer. The estimated A, A
contamination in this sample is 2%. The angular acceptance
of the spectrometer magnet was + 84 mrad horizontally and
+50 mrad vertically. The geometrical acceptance was calcu-

lated by producing, for each observed event, 100 identical
events rotated about the beam axis and tracing each particle
through the aperture of the magnet and tracking chambers
while avoiding a beam veto counter. The mean efficiency
for events with recoiling mass squared (MM2) less than 16
(GeV/c') (see next paragraph) is (91.8 +0.1)%, where the
error is purely statistical. This acceptance, which is reduced
to 16.7% when the Kq decay probabilities are included, is
flat for KqKq masses up to 3 GeV/c and for t up to 2
(GeV/c)'. We are, however, biased against very small t be-
cause of a fast pretrigger requirement of a greater-than-
minimum pulse height from at least one quadrant of the ac-
tive target. This trigger requirement loses events with
t &0.009 (GeV/c) for production from nucleons or with
t & 0.1 (GeV/c)2 for production from carbon. Trigger and
track-reconstruction inefficiencies lead to systematic uncer-
tainties in the cross section. If we normalize our data by
parametrizing the inclusive (KsoKso) data of Ref. 5 by e
where x = 2 PL™/Js, taking our x-dependent acceptance
from Monte Carlo, we find an average sensitivity for dif-
fractive KgK~ events to be 450 +150 events/p, b.

To isolate the diffractive component in our K~Kqm
data, we plot the recoiling mass squared (MM2) in Fig. 1(a)
assuming a nucleon target. We observe a prominent low-
mass peak whose FWHM is only slightly greater than the
calculated spectrometer resolution of 14.0 (GeV/c2) 2

FWHM. The curve in Fig. 1(a) is the result of a fit using a
logarithmic-normal distribution, plus polynomial back-
ground. The shape of the peak indicates the presence of
diffractively excited nucleon states which we are unable to
resolve from an unexcited nucleon. This double diffraction,
whose I/M' behavior' is reproduced by our fitted distribu-
tion, is estimated to be ——, of the MM' peak. In all of
the discussions that follow we require MM2 & 16 (GeV/c2)2
in order to minimize the background from inelastic
processes. This background is still (25 +2)%, while double
diffraction is —7% of the 992 surviving events. Removing
this background implies a single-diffractive vr K~Kqm
cross section of 3.4+1.1 p,b. When compared with lower-
energy results, 9 these data indicate a weak (P~,bo3 —0'~ ) en-
ergy dependence.

In Fig. 1(b) we plot the variable t', defined as
t' =

I t —t;„I, where t is the square of the four-momentum
transfer from the beam to the K~K~n- system. A fit to

/ /

the distribution of the form dN/dt'=He s' +Ce D' yields
2 =127.0 +14.8 events/0. 04 (GeV/c) 8 =9.6 +1.9
(GeV/c) ', C =48.1 +9.9 events/0. 04 (GeV/c)', and
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FIG. 1. (a) Missing mass squared for all K~K~vr final-state
events. (b) t' for the sample of events with MM2(KKvr) «16
(GeV/c ) . The curves are explained in the text.

D =2.0+0.2 (GeV/c) '. The value of the slope parameter
8 is consistent with values found at lower energies, ' with
that found for 3m diffractive production, ' and with values
for pion-nucleon elastic scattering. " The value of the slope
parameter D is consistent with that obtained in fitting the t'
distribution for events with MM') 16 (GeV/c')'. Our t'
resolution ( o. —0.023 GeV'/c' at low t') is such that
coherent production from carbon in our target would appear
in the first bin of Fig. 1(b) were it not for the trigger bias
previously described. The t'-slope parameter 8 decreases
with KqKq~m mass in a manner characteristic of diffractive
processes. '

We display in Fig. 2 the K~Kqm mass distribution and
note an excess of events at a mass —1.7 GeV/c . This
peak is in the region of the A3 (1680), but is at slightly too
high a mass and is narrower than the A3 reported by Daum
et a/. Because of the large background of unknown shape,
the A3 content of this mass region is difficult to determine.

The Kgb mass distribution for our 992 event sample is
shown in Fig. 3(a). The curve representing the background
has the form e ' m"(1 —m')~, where m'=(m —m;„)/
(m,„—m;„). The choice of background parametrization is
arbitrary. Ordinary phase space is not a good representation
of the background, because a resonance in one channel will

through energy conservation distort the background mass
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FIG. 2. For the sample with MM (16 GeV/c, the KsKsm.
effective-mass distribution.
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spectrum in another channel. In particular, three-body
phase space does not reproduce the large KsKso signal just
above threshold. Breit-Wigner resonance forms with the
mass and width for the f and f' fixed at the Particle Data
Group values' added to the background are respectively
found to constitute (8+4)% and (6+2)% of the KsoKso

data. The fit was obtained by p minimization of the back-
ground plus resonance forms to the histogram. The contri-
butions of the resonances were constrained to be positive
and estimated by integration over an interval of three reso-
nance widths. As the x~ probability for the fit in Fig. 3(a) is
only slightly better with the inclusion of the resonance
forms than without, the significance of the f and f' signals
is marginal.

In Fig. 3(b) we show the Ks7r mass distribution (two
combinations/event) and estimate the amount of K' (890)
to be (21+3)% of the data. We have added Breit-Wigner
resonance forms for the higher-mass K 's, but although the
p' probability for the fit improves by a factor of 2, the evi-
dence in Fig. 3(b) for K' (1430), for example, is not com-
pelling,

When we look at the KsKs and Ks7r mass distributions
for eight intervals of KsKsm mass, chosen so as to pro-
vide roughly equal statistics, the underlying resonance struc-
ture becomes clearer. As an example, in Fig. 3(c) we show
the Ksvr mass when we require the KsKsvr mass to lie
between 2.1 and 2 4 GeV/c . We note the significant
K' (1430) signal. In each of the KsoKsom mass intervals
the number of events for each known KsKs or Ksvr reso-
nance was determined by fitting a Breit-Wigner resonance
form plus background to the mass spectrum. The g~ proba-
bility for the fit in Fig. 3(c) is an order of magnitude greater
with the K' (1430) resonance included than when it is
omitted.

We summarize our results in Fig. 4. In Figs. 4(a) and
4(b) we plot the number of f' and f' events and in Figs.
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FIG. 3. For the sample with MM (KKm) «16 (GeV/c ): (a)
the KsKs effective-mass distribution, (b} the Ksom effective-mass
distribution, and (c) the Ks 7r effective-mass distribution, with the
KsoKs7r mass between 2. 1 and 2.4 (GeV/c~). The curves are ex-
plained in the text.
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FIG. 4. For the sample with MM ( 16 (GeV/c }:(a) and (b),
respectively, the number of [f (1270)m KsoKs m j events and
[f'(1515)7r KsKsovr ] events per GeV/c of KsKsvr mass;
(c) and (d), respectively, the number of [K (890)Ks

Ks ~ Kso~ and [K (1430)Ks Ks ~ Ks ~ per GeV/c of
Ks Ksom mass.
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4(c) and 4(d) the number of K' events per GeV/c' of
KsoKso7r mass. One can clearly see in Figs. 4(c) and 4(d)
the K' (890) and K' (1430) being produced once their
thresholds are crossed. The j and f' in Figs. 4(a) and 4(b)
are also most prominent at threshold.

In summary, we have observed a clear signal for the dif-
fractive dissociation of m into KqoKqm . In the low-mass
region of the KgKqm spectrum we have found some evi-
dence for the A3 (1680). We have noted strong resonance
production in the K~m substate but less significant reso-
nance production in the KqoKq substate. The production of

f (1270), f'(1515), K' (890), and K' (1430) appears to
be most prominent at threshold. "
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