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Summary. — While the spectrum of non-strange light mesons is well known,
many predicted strange mesons have not yet been observed, and many potentially
observed states require further confirmation. Using the K~ component of the hadron
beam at the M2 beamline at CERN, we study the strange-meson spectrum with the
COMPASS experiment. The flagship channel is the K~ 7~ 7" final state, for which
COMPASS has obtained the world’s largest sample. Based on this sample, we
have performed the most detailed and comprehensive partial-wave analysis of this
final state to date. For example, we observe a clear signal from the well-known
K5(1430), and for the first time we study the K2(1770), K2(1820), and K>(2250) in
a single analysis. We also find evidence for a supernumerary signal called K (1630),
suggesting that this signal is a pseudoscalar exotic strange meson.

1. — Introduction

The PDG [1] currently lists only 25 strange mesons, 9 of which still need confirmation.
In addition, many states predicted by quark models are missing. To establish a complete
picture of the light-meson sector, it is important to find all the strange partners of the
non-strange light mesons, i.e., to complete the corresponding SU(3) flavor nonets. This
includes the search for exotic mesons beyond pure quark-model gG states.

At COMPASS, we explore the strange-meson spectrum in diffractive scattering of
190 GeV/c negative kaons off a liquid hydrogen target. Our flagship channel is the
K~—7n~ 7" final state, which in principle gives access to all strange mesons. COMPASS
has acquired the so far world’s largest sample of about 720000 exclusive events for this
final state. In sect. 2 we briefly introduce the partial-wave analysis method used to
analyze this sample. In sects. 3 to 5 we show selected results of this analysis. A complete
discussion of this analysis can be found in ref. [2].
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2. — The partial-wave analysis method

We performed a partial-wave analysis in two stages to identify strange mesons ap-
pearing in the K ~7m~x* final state and to measure their masses and widths.

In the first stage, the data is decomposed into contributions from various partial waves.
The partial waves are represented by a = JPM®¢bL, where J”M?® are the quantum
numbers of the K~ 7~ 7+ system(!), ¢ is the so-called isobar, i.e., the intermediate two-
body resonance, and L is the orbital angular momentum between the bachelor particle b
and the isobar. To this end, the distribution in the K~ 7~ 7" phase-space variables 7 is
modeled as(?)

waves
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Using the isobar model, we calculate the decay amplitudes 1, analytically. The spin-
density matrix pap(m s, t’) represents the production and propagation of the K ~m~ 7
system. To measure its dependence on the invariant mass m g of the K =7~ 7+ system
and the four-momentum transfer squared ¢’ between the beam kaon and the target proton,
the decomposition is performed independently in 75 narrow mg .. bins and 4 ' bins. No
assumption about the resonance content of the K 7~ 7 system enters at this stage.

In addition to the signal reaction K~p — K~ 7~ 7Tp, backgrounds from other re-
actions, e.g., the production of the 7 =7~ 7T final state via diffractive dissociation from
misidentified beam pions, leak into the K ~7~ 7wt sample. At the first stage, we effec-
tively take these incoherent backgrounds into account by modeling them in terms of
K7~ 7" partial waves. Technically, this is done by parameterizing p,, as a matrix of
rank three [2].

In the second stage, we model pap(Mmprr, t') for 14 selected partial waves using physi-
cal amplitudes. In this so-called resonance-model fit we use an incoherent sum over signal
and incoherent background contributions. Each K~ 7~ 7" partial wave a is modeled as

comp.

(2) ,E(mKﬂ'ﬂ'ﬂtl) mKTr‘fH Z C Dk mKﬂ'ﬂ')

which are coherent sums over various components k that may contribute to wave a.
These include resonance components for strange mesons and for each wave a so-called
non-resonant component that accounts for other coherent production mechanisms leading
to the same final state, such as Deck processes. The dynamic amplitudes Dy (mrr)
of the resonance components contain relativistic Breit-Wigner amplitudes, whose free
parameters are the mass and width of the resonance. The dynamic amplitudes of the
non-resonant components are parameterized by an empirical function. The coupling
amplitude C¥(#') represents the strength and phase of the component & within the partial

(*) Here, J is the spin of the K~ 7~ 7" state and P its parity. The spin projection along the
beam axis is expressed in the reflectivity basis [3] and given by M®.

(?) The set of partial waves included in >ap  is inferred from data based on a large pool of
596 allowed waves using regularization-based model-selection techniques. In addition, a so-called
flat wave, which has a uniform distribution in 7, is incoherently added to the intensity model.
Since the flat wave does not pick up significant intensity7 we drop it in eq. (1) for simplicity.
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wave a. We used independent constant coupling amplitudes for each ¢’ bin. The kinematic
factor K(mgqx,t') accounts for the phase-space volume and the production process.

The 7~ 7~ 7" background, which is the largest incoherent background, is modeled by
a fixed parameterization that we determined from the high-precision COMPASS data of
the 7=~ 7" final state [4]. Other incoherent backgrounds are effectively subsumed by
a flexible background parameterization that is fitted to the data.

3. — Partial waves with JF = 27+

We included the 2717 K*(892)7 D and 2717 p(770) K D waves in the resonance-model
fit, which both exhibit a clear signal of the well-known K3 (1430). The resonance model
describes both waves well. Our determination of the K;(1430) mass and width agree with
previous experiments with comparably good uncertainties. The consistent observation
of the K3(1430), despite a significant contribution from the 7~7~ 7% background to the
2717 p(770) KD wave, also validates our analysis approach.

4. — Partial waves with JF = 2~

We included four partial waves with J¥ = 2~ in the resonance-model fit. Fig-
ure 1 shows exemplarily the intensities and relative phases of the 270" K3(1430)7S and
2707 f2(1270)K'S waves. The intensities shown in panels (a) and (d) exhibit a peak at
about 1.8 GeV/c? accompanied by a rise of the relative phases shown in panels (c) and
(e). Both are well reproduced by an interference between the K5(1770) and K5 (1820)
components. However, the relative strength of the K5(1770) and K5(1820) components
is different in the four 2~ waves. This can also be seen from the phase difference between
the 2707 K3 (1430)7S and 270" f2(1270) K S waves (b), which is not constant as expected
if both waves had exactly the same resonance content. By simultaneously fitting the four
2~ waves, this difference allows to separate the nearby K»(1770) and K5(1820). We ex-
clude the occurrence of only one state in the region around 1.8 GeV/c? with a significance
of about 11¢. This is the best evidence for two states so far.

In addition, the intensity spectra exhibit a shoulder at about 2.2 GeV/¢? accompanied
by a rising relative phase. Both are well reproduced by the K5(2250) component. For the
first time, we studied the K5(1770), K2(1820), and K2(2250) in a single self-consistent
analysis. Our determination of masses and widths agree with previous observations.

5. — Partial waves with JP = 0~ and exotic strange mesons

In the pseudoscalar sector, the PDG [1] lists the established K (1460) and the un-
confirmed K (1830). In addition, the PDG lists a K(1630), whose quantum numbers are
actually undetermined. Also, this K (1630) has only been observed by a single experiment
so far with a width of only 16 MeV /c?, which is unusually small for a strange meson.

At COMPASS, we study strange pseudoscalar mesons via their p(770)K decay. The
corresponding intensity distribution (fig. 2 (left)) exhibits a peak at about 1.4 GeV/c?,
which is described mainly by the K (1460) component, as expected, and by the effective
background. However, this partial wave is affected by known analysis artifacts in the
range My » <1.6 GeV/c?, which are discussed in ref. [2]. This is keeping us from making
robust statements about the K (1460). Hence, we fixed the mass and width of the K (1460)
component in the resonance-model fit to values listed by the PDG.
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Fig. 1. — Intensities (diagonal) and relative phases (off-diagonal) of two 2~ waves and the

1707 p(770) K S reference wave in an exemplary ¢’ bin. The black points represent the measured
data. The curves represent the result of the resonance-model fit. The red curves correspond
to the total model, the blue curves to the resonance components, the green curves to the non-
resonant components, the orange curves to the 7~ 7~ 7+ background components, and the brown
curves to the effective-background components. The analytic continuations of all components
beyond the mg .~ fit ranges are shown in lighter colors.

At about 1.7 GeV/c?, the intensity distribution exhibits another distinct peak, which
is accompanied by a rise of the relative phase of this wave as shown in fig. 2 (right).
The resonance-model fit yields a significant contribution of the K (1630) component in
this region. While the relative phase is reproduced fairly well, the resonance model
does not perfectly reproduce the intensity spectrum. This imperfection is caused by the
mentioned [2] analysis artifacts. We verified in detailed Monte Carlo input-output studies
and by comparing to well-known states such as the K} (2045), for which we observe similar
imperfections in our data (not shown), that the resonance-model fit is not strongly biased
by these imperfections. Thus, we can make robust statements about the K (1630) from
our data. We determined the width of the K (1630) to be about 140 MeV/c?, which is
much broader than observed in the previous measurement.

In total, we observe evidence for three excited pseudoscalar states in a single self-
consistent analysis, while quark-model calculations [5] predict only two states in the
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Fig. 2. — Intensity spectrum (left) and relative phase (right) of the 070" p(770) K P wave in an
exemplary ¢’ bin. Same color code as in fig. 1.

mass region below 2.5 GeV /c?. The lightest predicted state agrees best with the K (1460),
while the heavier predicted state agrees best with the K (1830). This suggests K (1630)
as a supernumerary resonance-like signal, making it a candidate for an exotic strange
meson. Measurements of further properties of this signal, such as its ¢’ dependence, are
needed to investigate its nature. These studies can be carried out partly at COMPASS
and at upcoming and planed experiments such as AMBER.

6. — Conclusions

Many strange mesons claimed in the past require confirmation, and the search for
exotic strange mesons has only just begun. Based on the world’s largest sample of the
K~7n~ 7™ final state, we performed the most detailed and comprehensive analysis of this
final state to date. We observe the signal of well-known states such as the K3 (1430) and
the K;(2045). For the first time, we studied the K5(1770), K2(1820), and K»(2250) in
a single self-consistent analysis. In the J© = 0~ sector we find evidence for a supernu-
merary resonance-like signal suggesting a pseudoscalar exotic strange meson.
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