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1. Introduction

Exotic quantum number mesons which cannot be accomodatgq $tates have been a long
sought-for prediction of QCD. Recent reviews of the field, which alse ggferences, are Refs. [1,
2]. The PDG [3] lists a spin-exotio(1400 decaying ton 17, and a spin-exotier(1600) decaying
to 't (both inP-wave, with quantum numbéf® = 1-+). These claims came surprising not only
because of the unexpectedly low mass of fireresonance, but also because hybrid mesons are
expected to preferentially decay into final-states invol\Pagiave mesons such asrmror f17, and
because bpU(3) arguments a hybrid meson should prefer decayg toover then i channel, but
it should decay to both. Furthermore the analyses leading to the PDG eiatreebden questioned,
and alternative theoretical models have been proposed.

The COMPASS collaboration has extracted large data sets, coveringpeatandented range
of invariant masses, and hopes to clarify the situation. In 2008 the experifjd¢ook data with a
190GeV pion beam impinging on a liquid hydrogen target, aiming at collecting kagples of
data for spectroscopy. First results for theT~ system were given at a previous conference [5].
The data selection is also described in the reference, up to minor refinemawing taken place
in the meantime. The reactions under consideratiorvane — m n)p. We will focus on the
nm system and on the comparison between the two systems. Additionally, we wiily lolicuss
fits to the partial-wave results with resonance models. The data for bothstatak were ana-
lyzed with the same partial-wave software, where the full four-body ayesof therr rr rt m©
and 7 ' systems was taken into account in order to separate the three-body dédhy
isoscalars from the inevitable background. Additionally, the data wergzasthwith a two-body
program that was also used in another analysis presented at thisecw#¢6]. The results were
found to be compatible between the two approaches.

2. Partial-wave Analysisin Mass Bins

The analysis of theyrr data is performed in the same way as was done fontme data
described in our previous report, but due to the larger data set, wealvkr¢o add another wave,
namely them = 2 spin-2D_ ,-wave. This wave was previously observed in interference terms
extracted from the r° system [7]. We mention that unlike most previously published analyses we
also include the spin-&, -wave.

Additional fits including natural-exchange spin-3, spin-5 and spin-6ewavere also per-
formed, their presence being expected from a prior analysis Mrﬂn@g system and double-Regge
phenomenology [8, 9]. With these waves included, the data can be d=bavithout recourse to
unnatural-exchange waves all the way up to 3GeV, in accordance wigxpeeted dominance of
the spin-parity natural Pomeron exchange. Since the inclusion of thess Veads to mathemati-
cal ambiguities [10], and since the data in the resonance-dominated natgepprox. 2GeV is
well-described with the smaller set, we have omitted them in the depicted fits.

The fit results for the)m~ data are shown in Fig§l 1 and the relative phases in red iffJFig. 3.
Only the intensities and relative real parts can be extracted by the fit, thissleavambiguity in
the sign of the imaginary part, which can in turn lead to discontinuities and jumps tatbulated
phases. Additionally, interpretation of these fits comes with the caveat tbatiawous ambiguity
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Figure 1. Mass-independent partial-wave analysis ofrthg system. The matrix shows on the
diagonal the intensities of the natural-parity waves. Above the diagoeahawn the respective
relative real parts, below the respective relative imaginary parts. ighs ef the imaginary parts

are not determined by the fit. The dominatidg wave leaks into th&_ . wave in the mass range
near 13GeV.

prevents the fit from accounting for incoherent contributions, thegshtmerefore cannot be inter-
preted without care [8]. Our data show a significBntwave which interferes with the dominant
D. wave. The size of th®, ., wave relative to th®, wave is consistent with other COMPASS
analyses [11]. Phase-motion due to $2€1320 andas (2040 resonances can be clearly seen. The
relative phase motion of tHe ;. andP, waves is consistent with previous analyses.

3. Comparison of the Systemsnm and n/m

The physicaly andn’ mesons are not independent objects but mixtures oSth&) flavor
basis stategs = ss andn, = uu+dd. As such, the relative strength of their production can be
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expressed in terms of the mixing angpeand phase-space and dynamical (barrier) factors [12].
Taking the simplest form for the dynamical factor that yields the corrgehptotic behavior near
threshold,F;(q) = g’ (") the breakup momentum intp!") T at the given invariant mass), and
taking into account phase-space, we rescalejtite amplitudes with the factofq /g)° /2 and
overlay them on thg@’m~ amplitudes. The resultant matrix of overlaid fit results (omitting@he

not included inn’m) is shown in Fig[.
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Figure 2: Comparison of the partial-wave amplitudes obtained imtfigblack) andmn systems
(red) after re-scaling with the phase-space factors.

The comparison shows two striking features: first, the close similarity of tba partial
waves,D, andG,. The close match in the overall normalization is supposed to be accidental
subject to further MC studies. Besides that it appears that the physit&int of these waves is the
same in both final states, even in the high-mass range where non-regmurction is expected to
be dominant. On the other hand, and the second striking featurie, thiave is strongly suppressed
in the rn final state in accordance with the suspected ggrharacter of this wave and with a
previous analysis by the VES collaboration [13]. Comparing the phase rsafidmich are not
affected by the scaling procedure) as shown in flig. 3, one finds th&.theave has the same
phase relative to thB, wave at then’rm threshold, which suggests a common origin, but it then
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Figure 3: Comparison of the relative phases. ForDh¢P, comparison we show only one of the
ambiguous branches of the phase-motion infthg system (see text). The relative phase motion
of theP, andG,. waves is not shown as they have only very little overlap infthg data.

evolves differently which contradicts them having the same resonantntofiitee similarity of the
scaledD, waves suggests that the difference in the relative phase motion Bf thedD , waves

is mainly due to different contents of th& wave. The aforementioned ambiguity in the phase
determination allows reflecting the extracted phases on the line correspandii0 degrees,
which would make the relative phase of tbe andP. waves of thenm~ system return to the
corresponding relative phases of tifer~ system at high masses, suggesting that the difference is
due to an incoherent contribution, which in general tends to reducevestdtase differences [8].

4. Outlook and Conclusion

Beyond what we show here, we have fitted the data with resonance modetheB, (1320
andas (2040 we find parameters that agree with the PDG [3] and other COMPASS asglye
respectively. For a fit to th®, waves, we need large non-resonant backgrounds to account for
both phase-shifts and intensities simultaneously. As remarked above, dhe-ghifts seem to
indicate that a more complex model allowing for incoherent contributions idetkeThe studies
with higher-spin waves indicate in particular that non-resonant modelddsthe explored. An
extraction of the branching fractions of thg(1320) andas(2040 and comparison to theoretical
predictions [15], while in rough agreement, indicates that the cross-sedftithe n’mm data is
slightly over-estimated and work is ongoing to understand potential eriocess.

We have performed partial-wave analyses ofijlie andn’m systems. In these we find as
novel results amm = 2 contribution to the spin-2 wave, we find thg(2040 resonance, and we
found a transformation which allows a close comparison of the even-spinahkaarity partial-
wave amplitudes between the two systems. A spin-eXtizvave contrivution to the two systems
could be confirmed, though its resonant character could not yet fierned unambiguously.
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