Decay dynamics of the process ȷ!3ß^0

Crystal Barrel Collaboration

A. Abele^h, J. Adomeit^g, C. Amsler^o, C.A. Baker^e, B.M. Barnett^c, C.J. Batty^e, M. Benayoun^l, A. Berdoz^m, K. Beuchert^b, S. Bischoff^h, P. Blüm^h, K. Braune^k, D.V. Bugg^i, T. Case^a, O. Cramer^k, K.M. Crowe^a, V. Credé^c, T. Degener^b, N. Djaoshvili^h, S. v. Dombrowski^{o;1}, M. Doser^f, W. Dünnweber^k, A. Ehmanns^c, D. Engelhardt^h, M.A. Faessler^k, P. Giarritta^o, R.P. Haddock^j, F.H. Heinsius^{a;2}, M. Heinzelmann^o, A. Herbstrith^h, M. Herz^c, N.P. Hessey^k, P. Hidas^d, C. Hodd^i, C. Holtzhaußen^h, D. Jamnik^{k;3}, H. Kalinowsky^c, B. Kämmle^g, P. Kammel^a, J. Kisiel^{f ;4}, E. Klempt^c, H. Koch^b, C. Kolo^k, M. Kunze^b, U. Kurilla^b, M. Lakata^a, R. Landua^f, H. Matthäy^b, R. McCrady^m, J. Meier^g, C.A. Meyer^m, L. Montanet^f, R. Ouared^f, F. Ould-Saada^o, K. Peters^b, B. Pick^c, C. Pietra^o, C.N. Pinder^e, M. Ratajczak^b, C. Regenfus^k, S. Resag^c, W. Roethel^k, P. Schmidt^g, I. Scott^i, R. Seibert^g, S. Spanier^o, H. Stöck^b, C. Straßburger^c, U. Strohbusch^g, M. Suffert^n, J.S. Suh^c, U. Thoma^c, M. Tischhäuser^h, C. Völcker^k, S. Wallis^k, D. Walther^{k;5}, U. Wiedner^k, K. Wittmack^c, B.S. Zou^i

aUniversity of California, LBNL, Berkeley, CA 94720, USA bUniversität Bochum, D-44780 Bochum, FRG cUniversität Bonn, D-53115 Bonn, FRG dAcademy of Science, H-1525 Budapest, Hungary eRutherford Appleton Laboratory, Chilton, Didcot OX11 0QX, UK f CERN, CH-1211 Geneva 4, Switzerland gUniversität Hamburg, D-22761 Hamburg, FRG hUniversität Karlsruhe, D-76021 Karlsruhe, FRG iQueen Mary and Westfield College, London E1 4NS, UK jUniversity of California, Los Angeles, CA 90024, USA

Preprint submitted to Elsevier Preprint August 13, 1997 kUniversität München, D-80333 München, FRG lLPNHE Paris VI, VII, F-75252 Paris, France mCarnegie Mellon University, Pittsburgh, PA 15213, USA nCentre de Recherches Nucléaires, F-67037 Strasbourg, France oUniversität Zürich, CH-8057 Zürich, Switzerland

The parameter α = −0.052 ± 0.020 describing the shape of the η→3π^0 Dalitz plot has been determined using the data from the Crystal Barrel detector at LEAR. The value is compared to predictions of chiral perturbation theory.

In this work we report on a measurement of the energy dependence of the transition matrix element M = A(η→3π^0). Up to second order in the pion energy, the amplitude squared can be parameterized as follows:

|M|^2 ∝ 1 + 2αz (1)

with z = 2 3 3∑ i=1 ( 3E_i − m_η m_η − 3m_π0 )2 = ρ^2 ρ^2_{max} . (2)

Here E_i is the energy of the ith pion in the η rest frame and ρ describes the distance to the center of the Dalitz plot. The value ρ_{max} is the maximum value of ρ, reached when one pion is at rest. The parameter α is an important quantity for tests of calculations of chiral perturbation theory. Tab. 1 lists the experimental results obtained to date. Both values are negative but consistent with 0.

Reference C. Baglin et al. [6] D. Alde et al. [7]

α −0.32 ± 0.37 −0.022 ± 0.023

Number of events 192 50k Table 1 Values for α, as determined in previous measurements.

1 Now at Cornell University, Ithaca, USA 2 Now at University of Freiburg, Germany 3 University of Ljubljana, Ljubljana, Slovenia 4 University of Silesia, Katowice, Poland 5 Now at University of Bonn, Bonn, Germany

Fig. 1. The invariant 3π^0-mass observed in the process p̄p→5π^0.

Calculations within chiral perturbation theory up to next-to-leading order determine a constant energy-independent matrix element [1, 2]. Such a matrix element would lead to a homogeneously populated Dalitz plot for η→3π^0. In the more complete calculation done by J. Kambor, C. Wiesendanger and D. Wyler [3] higher order corrections, so-called unitarity corrections, are taken into account which ensure the unitarity of the decay amplitude. A value for α of either −0.014 or −0.007 results, depending on the model.

We observe the decay η→3π^0 in the channel p̄p→ηπ^0π^0→5π^0 in antiproton proton annihilation at rest in liquid hydrogen. The experiment was performed at the low-energy antiproton ring (LEAR) at CERN using the Crystal Barrel detector [4]. The data presented here have been extracted from 16.3 · 10^6 annihilations at rest with a zero-prong trigger requiring an absence of charged particles in the final state. The reconstruction of the 10γ from raw data determines energies and directions of the photons, as well as their errors. The final state has been identified by kinematic fitting successively to 10γ, 5π^0and 2π^0η with confidence level cuts at 1%, 10% and no cut, respectively. The resulting 3π^0 mass distribution is shown in Fig. 1, with a clear signal of about 98000 η → 3π^0 events.

The determination of detector acceptance has been estimated with Monte Carlo events based on a full GEANT simulation of the detector. The Monte Carlo data have undergone the same selection criteria as the real data. The errors from photon reconstruction for real and Monte Carlo data provide flat confidence level distributions and Gaussian shaped pulls in the kinematic fits. Uncertainties in the assumed photon-reconstruction errors have very little influence on the value of α. The acceptance Dalitz plot is flat within statistics (173k events). After phase space corrections the fit results in a value α_i ± σ_i 1 +0.025 ± 0.038

2 −0.038 ± 0.030

3 −0.049 ± 0.026

4 −0.057 ± 0.034

5 −0.039 ± 0.028

6 −0.048 ± 0.030

7 −0.045 ± 0.018

8 −0.037 ± 0.015 Table 2 Values for α for different run periods.

α = −0.039 ± 0.017 where the error is statistical only.

We now turn to a discussion of the systematic errors. This has been done by splitting the data set into eight subsets, one for each run period, before determining a separate value of alpha for each, using the above procedure. The results are given in Tab. 2. The distribution of α results in a χ^2/ndf of 0.49, showing no indications of a systematic error.

We have considered the most likely systematic effects which could affect the value of α, with no significant contributors. The π^0π^0η production dynamics might have some impact on the slope in the η→3π^0 Dalitz plot due to incorrect combinatorics or through rescattering of final-state particles; however, this has been discounted by observing that the determination of α, using events from only selected parts of the π^0π^0η Dalitz plot, is unchanged. We have also checked that the error scaling in the kinematic fit does not have any impact on the determination of α. We have altered the minimum photon energy, used in the identification of clusters of crystals with energy deposit in the calorimeter, from 13 MeV to 20 MeV, have included or excluded events with split-off photons in the analysis, all without effect. In particular, masses and momenta of the η in two and six photon decay modes in different final states were checked and no difference was recognized.

Next we discuss the reliability of the reconstruction of the π^0π^0η final state and possible sources of background. We have compared two π^0π^0η Dalitz plots, one from the six-photon final state [5] and one from the present data. The sixphoton final state has a background contamination of less than 1%. In the 10γ Dalitz plot there is a combinatorial background. From Monte Carlo data we know that the wrong η→3π^0 combinations give an edge enhancement in the π^0π^0η Dalitz plot. From fits to this π^0π^0η data Dalitz plot we estimate the background distribution to 2.6%. In the 3π^0 Dalitz plot the background

Fig. 2. The final z-distribution from η→3π^0 after subtraction of background and correction of acceptance. The data are fitted to a straight line of the form given in equation 1.

contribution is flat.

The final fit to the z-distribution after background subtraction and phase space corrections is shown in Fig. 2. The fit results in a value α = −0.052 ± 0.017 where the error is statistical only. Adding in quadrature the various systematic errors results in an estimated total systematic error of 0.010.

The final result, taking into account statistical and systematic errors, is therefore

α = −0.052 ± 0.017 ± 0.010. (3)

For the first time we find a value for α which deviates significantly from zero. Nevertheless, this determination is consistent with the results of [6] and [7]. Our result deviates however by 2 standard deviations from the theoretical estimates [3].

1 Acknowledgement

We would like to thank the technical staff of the LEAR machine group and of all the participating institutions for their invaluable contributions to the success of the experiment. We acknowledge financial support from the German Bundesministerium für Bildung, Wissenschaft, Forschung und Technologie, the Schweizerischer Nationalfonds, the British Particle Physics and Astronomy

Research Council, the U.S. Department of Energy and the National Science Research Fund Committee of Hungary (contract No. DE-FG03-87ER40323, DE-AC03-76SF00098, DE-FG02-87ER40315 and OTKA T023635). K.M. Crowe and F.-H. Heinsius acknowledge support from the A. von Humboldt Foundation, and N. Djaoshvili from the DAAD.

References

[1] J. Gasser, H. Leutwyler, Nucl. Phys. B250 (1985) 539 [2] P. Di Vecchia et al., Nucl. Phys. B181 (1981) 318 [3] J. Kambor, C. Wiesendanger, D. Wyler, Nucl. Phys. B465 (1996) 215 [4] E. Aker et al., Nucl. Instr. Meth. A321 (1992) 69 [5] C. Amsler et al., Phys. Lett. B333 (1994) 277 [6] C. Baglin et al., Nucl. Phys. B22 (1970) 66 [7] D. Alde et al., Z. Phys. C25 (1984) 225