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ABSTRACT

We have performed a partial wave analysis of the K+K$ir~ system pro-
duced in the reaction ir~p —» K+K"ir~n at 8 GeV/c. We present the results
of the analysis of 30,740 events in the mass range 1.24 - 1.60 GeV/c3, with
0.0 < -t < 1.0 GeV3/c2. In the 1.28 GeV/ca mass region, we see evidence
for a JPG=0~+ resonance in addition to the resonant 1 + + wave. We observe
a 0 •" resonance and possibly a small 1 + + resonance in the 1.42 GeV/c3

region. We also observe a 1 + + state near 1.5 GeV/c2.

The 1.4 - 1.5 GeV/c3 region of nonstrange mesons is a subject of great
controversy. Various experiments studying the KK ir and Tjirw final states in
hadronic reactions, hadronic J/V> decay, and two-photon interactions have
reported a state near 1.42 GeV/c3 with JPC determined alternatively as
0 ~ + 1 • or 1 + + . The KKir spectrum observed in radiative J/i/> decay
and in one experiment studying hadronic interactions is dominated by a
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broad structure near 1.45 GeV/c3 with JPC= 0~+ sometimes interpreted
as a glueball with a small admixture of quarks .* Our present experiment
reveals the complicated structure of the KK ir system in the mass range from
1.24 to 1.6 GeV/ca.

We present results of a partial wave analysis of the K+Kgir~ system
produced in the reaction ir~p -» K+K°ir~n at 8 GeV/c. A total of 30,740
events in the mass range 1.24 to 1.60 GeV/c1 with 0.0 < -t < 1.0 GeV3/c3

was collected using the BNL Multipartide Spectrometer facility. The trigger
required an increase in the number of charged particles from two to four,
a forward going charged particle with momentum greater than 1.5 GeV/c3

which was not a pion, and no signal from a lead-scintillator box surrounding
the target to veto slow charged particles. Further experimental details can
be found in Reference 7.

The observed K+Kgir~ mass spectrum is shown in Figure 1. The dis-
tribution is dominated by two peaks at 1.28 GeV/c3 and 1.42 GeV/c3. A
smaller peak is also seen near 1.51 GeV/c3. A fit of three Brdt-Wigner
functions and a polynomial background gives the following mass, width and
number of events for each peak:

Mass(MeV/ca) Width (MeV/c3) Number of Events
1285±1 22±2 4750±100
1419±1 66±2 8800±200
1512±4 35±15 600±200

The K+K°ir~ system was described as a superposition of states charac-
terised by spin, parity and G-parity, JPG, absolute value of the projection
of spin on the quantisation axis, M, and reflectivity (naturality of the ex-
changed particle), TJ. We applied the parametrization of the spin density
matrix of Chung and Trueman which ensures that the conditions of posi-
tivity, parity conservation, and rank two are automatically satisfied with the
minimum number of parameters.

We assumed that the final three meson system is produced in a two step
process involving two isobars: Jf*(890) and ao(980) [was 5(980)]. For a given
K+K~"ir~ mail, the state is fully specified by five variables: the isobar mass
and the polar and azimuthal angles for the primary and secondary decays

The intensity distribution is described by



where a = {JPCJlf(i8obar)} and r = {m,O,<f>,a,0}. The Aa are decay
amplitudes calculated from the data which contain Breit-Wigner functions
for the secondary decays. The spin-density matrix is given by

where the VJ, are complex parameters obtained in the fit and are related to
production amplitudes; k allows for spin flip and spin non-flip of the nucleon.

The following waves were needed to fit the data: JPG= 0"+, 1 + + ,
1+-, and 1— with all possible values of M and JPGM*=1-+O-. For
JPG=Q~+ and 1 + + both decay channels, a^ir and K*K, were allowed. How-
ever, we found that the waves l.++(ao) and 1++(JC*) were too much alike
to distinguish between them below the K*K threshold and only one of
them could be included at a time. We also found that in the region 1.40<
M(tf+ifoir-)<1.60 GeV/c2, where both l++(ao) and l + + ( J f ) could be in-
cluded in the fit, l++(ao) was small. The best choice was to allow l++(«o) for
M(K+ICoir-)< 1.34 GeV/c3 and 1++(JC) for M{K+IC0*-)> 1.34 GeV/c3.
The waves 0~+(ao) and 0~+(K*) were varied simultaneously with an arbi-
trary degree of coherence between them.

The aaalysia was done for 1.24 < M(K+ICcir-) < 1.60 GeV/ca in 20
MeV/c3 mass bins and three t bins: 0.0 <-t < 0.2 GeV3/c3, 0.2 < -t <
0.45 GeVa/c3, and 0.45 < -t < 1.0 GeV3/ca.

Figure 2 shows the comparison between the data and the PWA fit for
1.40 < M(K+Woir-) < 1.42 GeV/c3 and 0.2 < -< < 0.45 GeV2/c3. Our
PWA fit reproduces the data very well.

Figure 3 shows the major spin-parity components of the K+K"ir~ system
in terms of the effective number of events attributed to each spin-parity
state. The observed peak in the K+K°ir~ mass spectrum at ~ 1.42 GeV/c3

has contributions from the 0~+, 1 + + , and l+~ waves. Figure 4 shows the
contribution of the 0"+(ao) and 0~+(K*) waves. There is a small peak m
0-+(ao) at ~ 1280 MeV/c3 along with the larger peak at ~ 1.40 GeV/c3 in
both 0-+(ao) and O"+(Jir*). The main peaks in 0-+(oo) and 0-+(K*) are
offset by «- 50 MeV/c3.

The phases of 0"+(ao) and 0-+(K*) with respect to l++0+(ii:*), for the
three t regions discussed, are shown in Figure 5. For all three t regions, the
waves 0~+(oo) and 1++O+(JC*) are highly coherent and their relative phase is
well measured. For 0.2 < -t < 0.45 GeV3/c3 and 0.45 < -t < 1.0 GeV3/c3,
the phase of 0~+(ao) is rising through about 300 degrees in the mass range
1.35 to 1.50 GeV/c1, and then begins to fall. This phase variation is evidence



of a resonant 0~+(ao) wave and predominantly nonresonant l+ +0+(if*) wave
at —t above 0.2 GeV3/c3. Both the phase motion and the intensity distribu-
tion of the 0~+(ao) wave are consistent with the presence of one resonance
near 1.40 GeV/c3 or two resonances between 1.40 and 1.50 GeV/c3. Contrary
to the two larger —t regions, for the low -t region (0.0 < —t < 0.2 GeV3/c3)
the phase of 0"+(ao) relative to 1++O+(JC*) is almost constant. There-
fore, the possibility of a resonance in 1 + + at —t below 0.2 GeVJ/c3 cannot
be ruled out. The phase of 0~+(K*) for 0.2 < -t < 0.45 GeV'/c2 and
0.45 < -i < 1.0 GeV'/c3 seem* to be cimiliar to the phan of O-+(«o),
although not as well measured.

In the 1200 -1350 MeV/c3 K+K"ir~ mass region, we see a 1 + + resonance
at ~ 1285 MeV/c3 which is identified as the /i(1285) [was 17(1285)] along
with a 0-+ resonance at ~ 1280 MeV/c3, the T?(1275).

In the 1350 - 1500 MeV/c3 region, the 0~+ resonance composes ~ 50 %
of the observed peak. (The possibility of two resonances is not excluded. It
is unclear whether OQIT and K*K are different decay modes of the same res-
onance^) or different resonances.) A l+~ resonance composes ~ 20% of the
observed peak and a 1 + + resonance is seen only at 0.0 < - t < 0.2 GeV3/c3

and composes — 10 % of the observed peak. The balance of the observed
peak is non-resonant 1 + + K*K threshold effect and small amounts of 1~+

and 1 " .

Above 1500 MeV/c2, we see a 1 + + resonance at ~ 1560 MeV/c3, the
/i(1530) [was D1 {1530)].
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Figure 1. Observed K+K$*- mast spectrum, 0.0 <-t< 1.0 GeV'/c*.
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Figure 3. Comparison between data and the PWA fit of two-body masses
and angular distributions of K+*~ for 1.40 < M{KWx) < 1.42 GeV/c>,
0.2 < - ( < 0.45 GeV'/e1-

a. K+*2 mass b. K'x~ mass
c. K+K° mass d. Polar angle of primary decay
e. Aiimuthal angle of primary decay f. Aiimuthal angle of secondary decay
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Figure 3. Major spin-parity
compojanti of (ha
JC+JC*ir~ lyitem,
0.0 < - t < 1.0 GeV'/c1.
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Figure 4. Contribution of 0~+
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, OT favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


