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The partial-wave analysis of the K™ 7~ " system coherently produced
on nuclei in the reaction KA > K™ 7 n*A at the energy 40 GeV has
been done. It is shown that only the partial states of the unnatural set
contribute to the K™ o #* system. The features of the intensities and pha-
ses of the states with spin-parity 1 indicate that two axial-vector Kmn-
resonances with masses ~ 1400 MeV and ~ 1300 MeV are produced.
The 0" -state manifests its resonant properties at mass ~ 1460 MeV
which indicates the radial excited state of the kaon production in the
reaction under investigation.

The investigation has been performed at the Laboratory of Nuclear
Problems, JINR.

IMapuuansHo-BonHOBOM aHamus K- 7~ n*-cucremsl,
KOrepeHTHO 06pa3oBaHHOM Ha gApax npu sHepruu 40 I'sB

A A.3denmues u ap.

IIpoBenen napunanbHO-BOMHOBOM ananH3 K™ 7~ n* —cucreMsl, mudpax-
IHMOHHO 00pa3oBaHHOH Ha simpax Be, Al, Cu, Ag, Pb B peakipm K" A —
=K 7~ n"A npu sueprum Haneramowero K -Me3ona 40 I'sB. IloxasaHo,
gro B K~ 7~ r'~cHcTeMy [aioT BKiadp! ToNbKO MapLUHaIbHBIE COCTOAHNA
HeHatypanbHoit cepun (07, 1%, ...). XapaxTep noBeneHns cneKTpoB HH-
TEHCHBHOCTEH COCTOSHHMIl CO CITMH-YeTHOCTbIO 1% M MX OTHOCHTENBHBIX
¢da3 cBupeTenscTByeT 06 0Opa3soBaHMH [IBYX aKCHAJIBHO-BEKTOPHBIX



pesonancoB Q, u Q, ¢ maccamu ~ 1400 MaB u ~ 1300 MaB cooTBer-
crBeHHO. B nceBmockanspHoM cocrosmuy 0 NPOABIIAITCA PE30HAHC-
Hble CBOACTBa npu Macce ~ 1460 MaB, uTo yka3biBaeT Ha obpa3oBanue
PamHaTbHO-BO30YKIEHHOTO COCTOAHMA KaoHa B HCCIIEAyeMOM npo-
ecce.

PaBora pemonnena B JlaGopatopuu AOepHbIX npobnem OUAU.

1. Introduction

The results of the partial-wave analysis of a strange boson K™ 7~ #*
system coherently produced on Be, Al, Cu, Ag and Pb nuclei in the
reaction

K A~ K rn*A (1)

have been considered,

The experiment has been carried out at the Serpukhov accelera-
tor by Collaboration Bologna-Dubna-Milano. The set-up of the expe-
riment and its performances are described in ref.’! /.

The partial wave structure of the Kmrm system was investigated
earlier in the high statistic study of diffractive Knn-production on a
hydrogen target/2* 3/, The results of this analysis indicate the produc-
tion of two axial-vector resonances Q,(1400) and Q,(1300) together
with the diffractively produced nonresonant ("Deck” — type) back-
ground. The evidence of a broad pseudoscalar resonance at Knm-mass
1.46 GeV was also found, which was interpreted as a radial excited
state of the kaon.

The nuclear target has several advantages over the hydrogen one.
It was shown’*‘ that coherent production on nuclei at high energy
enhances the resonant production with respect to the nonresonant
background due to the absorption of the nonresonant states in nuclear
matter which favours the resonant states. Moreover the partial wave
analysis based on the nuclear data is less complicated than that based
on the data obtained on the hydrogen target because of the maximal
degree of coherence between any pairs of waves and simpler sets of waves
due to the strong polarization in the final states.

2. Data taking, measurement,
selection of events

" The events of reaction (1) were detected under the same experimen-
tal conditions as it had been done for the process of 3n-production’®’.
The momentum of the unseparated beam was 38.7 GeV and K~ -mesons
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Fig. 1. Acceptance of the apparatus as

Acceptance .
a function of mass.

made up 1.8% of the beam. To
l. 1 identify the beam particles, which
create triggers, three gas threshold
Cerenkov counters were used.
The 7~ -contamination in the selec-
8 ted sample of K~ mesons was less
than 3%. The geometrical efficien-
cy of the spectrometer for Knn-
detection via momentum transfer
6 - t' =I1t—t ;,] to nucleiis flat
up to 0.5 (GeV/c)®* and close
to 100%, and its dependence on

7 T I produced Knmn-mass is shown
1.0 LY 1.8 in fig.1.
My, GeV ) Data handling consisted in mea-
n

suring the coordinates of the se-
condaries at the HPD — apparatus and in the geometrical and kinemati-
cal reconstruction of events.

The events which belonged to reaction (1) were selected for the
next stage of the analysis according to the value of the missing longitu-
dinal momentum, the coordinate of vertex and value of kinematical
probability.

Of 96300 triggers 15076 events of the reaction under investigation
were included in the partial wave analysis.

The Knn-mass resolution is ~ 30 MeV in the range 1.0 + 1.6 GeV.

Since there was no identification of secondaries in the experiment,
each event was presented on the Data Summary Tape with two hypothe-
sis corresponding to two possibilities of mass assignment Mg- and M~
to negatively charged outgoing particles during the kinematic fit of the
reaction. The recoil nucleus was not registered and the kinematic fit has
one constraint. Therefore the fit probability value is insensitive to the
true mass assignment (true hypothesis) and one has to elaborate the cri-
terion to reselve this two-fold ambiguity.

The experimental fact that in the reactions like (1) the outgoing
K- meson is predominantly a leading particle with respect to n~ me-
son. was used for selection of the hypothesis uncluded in the partial
wave analysis that followed. The total sample of the selected hypothe-
sis in this way contained subsamples of the true.and wrong selected
hypotheses of the events. .
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The subsample of the wrong selected hypothesis is like ’back-
ground”’ for our case which must be excluded from the fit. The method
of doing it was published in ref.(6).

3. Results of partial wave analysis

The partial wave analysis has been done with a 60 MeV step in the
Knn-mass range: 1.08 - 1.56 GeV for all targets together.

The t' range was restricted by t’ *, where t' * corresponded to the
position of the first diffractive minimum in the t’ -distributions of events
.and equaled: 0.04 (GeV/c)* for Be, 0.03 (GeV/c)? for Al, 0.02 (GeV/c)?
for Cu, 0.01 (GeV/c)? for Agand 0.008 (GeV/c)? for Pb. The contribu-
tions of incoherent events were 20% for Be and fell down to 1.8 for Pb.
Then the results discussed here concern mostly the coherent samples
(seeref./10/),

The data were fitted using the program PWA of the Illinois Gro-
up’?/ modified to the method of the subtraction of a ”background”’
in the likelihood function.

In the frame of the partial wave analysis each partial Knz-state
is described by the quantum numbers JPLMn(n), where JF is the spin
and parity of a Knn-system, M is the magnetic substate, n is the natu-
.- rality of the exchange, n denotes
Events number /40 MeV the possible isobars in 7~ #* and
1250, K" n* systems (K*, p, €, «, ..)
and L is the orbital angular mo-
mentum between an isobar and
000! an odd particle.

The t-channel coordinate sys-
tem was used in the analysis.
The Knm mass spectrum dis-
plays a broad enhancement in
the Q — region and a shoulder

%
/ in high masses due to the L —
500, | meson (see fig.2). The K*(890)
is dominant in the K #* mass

7501

I spectrum and there is a clear p*

Fig2. The K wn" mass spectrum
777 / 7 (before and after subtraction of the
v ” % 16 18 20 “background”’).
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signal in the distribution of the
n”n' mass, as is seen in fig.3
and 4.

The amplitudes of the well-
known isobars K* and p were
taken as Breit-Wigner P-wave
amplitudes. For the scalar iso-
bar € in 7~ n* the S-wave elastic
(nm) phase shift parametrization
was taken while the S-wave of
the K™ n*-system « was described
as a Breit-Wigner resonance with
mass 1.250 GeV and width
600 MeV’/3/. The procedure
in fitting the Knn data was in
general the same as in fitting
the 37 data discussed in ref.”* /.
Determining a set of partial wa-
ves the nonprincipal waves with
contributions less than 3% and
a high coherence factor were
excluded from the final fit of
the data.

The partial waves 0~ S0+(eK)
and 0" SO+(k ) are not distingui-
shable. Therefore only one state
0~ S0+(eK) was included in the
analysis.

The final set of partial waves
is:  07S0+(eK), O PO+(K*r),
1"'S0+(K*n), 1'SO+(pK), 1'PO+
+(kw), 1'PO+(eK). In fig.5-7
the distributions of 1*SO+(K*n)
and 1*SO0+ (oK) states and their
relative phases over the Knn
mass are shown. In the 1'SO+
+(pK) wave a clear single peak

. of width ~ 120 MeV is observed

at mass ~ 1290 MeV; while in
1'S0+(K*n),a big enhancement
at ~ 1230 MeV and a less inten-
sive shoulder at ~ 1400 MeV
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Fig.7. The phaseof 1'SO+{pK) with
respect to 1'SO+(K*r ).

are seen. The phase of 1*S0+(pK)
measured relative to 1*S0+(K*r)
rapidly rises through ~ 130° in
the region of M pi 1.2-1.4 GeV
and then falls down by ~ 45° at
high masses. The manifestation of
such properties for these states
can be interpreted as resonant
and nonresonant (’Deck” back-
ground) mechanism of 1*S0+ pro-
duction. The forward phase moti-
on of the 1'S0+(pK) implies its
resonant properties and predomi-

nantly nonresonant 1*S0+(K*n ) production with approximately flat own
phase in this mass region. The backward motion of the phase and the
shoulder in the intensity of 1*SO+(K*r ) are expected if this state is reso-
nant and the ”’Deck” — background mainly contribute to the (pK) —
channel at these masses. The growth of relative phases of k7 and eK P —
states by ~ 60° signify that there are other decay channels of the low-

mass 1'resonance (fig. 8-11).
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Fig.10. The phase of 1'PO+(kn) with Figl1. The phase of I'"PO+(eK) with
respect to I'SO+HK*n). respect to I'SO+(K*r).
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state, state.

For the pseudoscalar states only the 0”S0+(eK) and 0" PO+(K*n)
waves were observed. Its intensities presented in fig.12-15 show a broad
enhancement at a large Kan mass. The phases of these states measured
with respect to 1'S0+(pK) decrease by ~ 180° in the mass range 1.2-
1.38 GeV where 1*S0+(pK) state resonates and rises through ~ 130°
" and ~ 70° for eK and K*r states respectively at ~ 1460 MeV.

These features of 07 S0+(¢K) and 0~ PO+(K*r) can be explained
by a resonant 0~ -state production at large masses and nonresonant
background for lower masses.

It must be emphasized that the total intensity of the 0~ SO+(eK)
state is greater than that of 0"PO+(K*r) approximately by a factor
of two, while for the proton data they are approximately equal. The
same correlations between the nuclear and proton data for the S- and
P-waves for the 0" state were observed in the diffractive 3n-produc-
tion/®*?/. This 0" resonance can be interpreted as a radial recurrence
of the kaon. It is expected that it is decaying predominantly into eK
and couple weakly to K*n, while for the proton data its branching ratios
are equal for these two channels.
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4, Conclusion

80-

40~

L] l L] H L} 1 L] 4 L

14 126 138 130

Fig.15. The phase of 0" PO+(K*r) with
respect to 1'S0+(pK).

From the results of the partial wave analysis of the system cohe-
rently produced on nuclei it ‘follows that:
— the properties of the intensities and relative phases of the 1"-states

indicate that two axial-vector resonances with masses ~ 1300 MeV
and ~ 1400 MeV decaying predominantly into K*r and pK systems
are produced in the reaction,
— the evidence of the radial excited state of the kaon at mass

~ 1460 MeV has been obtained,

— only the unnatural set of states (0”7, 1%,
reaction under mvestlgatlon which corresponds to the diffractive
exchange mechanism,

...) has been observed in the
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there is strong polarization in the final states due to a negligible
contribution of spin-flip amplitudes which indicates helicity conser-
vation in the t-channel.
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