Frascati Physics Series Vol. XXXVI (2004), pp.

DAΦNE 2004: Physics at meson factories – Frascati, June 7-11 , 2004 Short Talk in Plenary Session

MEASUREMENT OF DIRECT PHOTON EMISSION IN K^+ → π^+π^0γ DECAY USING STOPPED POSITIVE KAONS

S .Shimizu^∗ Department of Physics, Osaka University, Osaka 560-0043, Japan

1 Motivation

Since the discovery of kaons, their decay properties have continued to provide testing grounds for interaction and structure physics. While various kaon decay channels have long histories as remarkable tools to test the weak and electromagnetic interactions, they also offer means to study strong interaction dynamics at low energy in terms of effective theories such as chiral perturbation theories (ChPT), which have been developing recently.

Since the K^+ → π^+π^0 decay is hindered as it violates the ΔI=1/2 rule, the internal bremsstrahlung (IB) to the radiative K^+ → π^+π^0γ (K_{π2γ} ) decay is also suppressed. This feature, in turn, enhances the direct emission (DE) which is sensitive to the meson structure. It should be noted this is rather

∗ On behalf of KEK-PS E470 collaboration unusual, since most of the radiative decays of mesons are predominantly IB type. The current interest of the DE process is the sensitivity to the chiral anomaly which appears as the magnetic component of DE. In terms of ChPT, it enters the magnetic amplitude at O(p^4) predominantly, while IB arises from O(p^2) with suppression. Also, the electric amplitude of DE may arise from O(p^4), which one can identify through the interference pattern (INT) with IB.

Four experiments 3, 4) have reported on the DE branching ratio in the region of 55 < T_π+ < 90 MeV, where T_π+ is the π^+ kinetic energy. Although the DE component is significantly enhanced with decreasing π^+ energy, these experiments restrict the π^+ energy region to remove backgrounds from K^+ → π^+π^0π^0 (K_{π3}). Here, we present a measurement of DE in the K_{π2γ} decay. The experiment used a stopped K^+ beam in conjunction with a superconducting toroidal spectrometer. We collected the K_{π2γ} events by extending the T_π+ region below the K_{π3} end-point energy T^{max}_{π+} = 55 MeV.

2 Experiment

The experiment (KEK-PS E470 experiment) was performed at the KEK 12 GeV proton synchrotron. The K_{π2γ} data were collected with the experimental apparatus based on the E246 experiment searching for T-violation in K^+ → π^0μ^+ν decay 5). Beside the T-violation search, spectroscopic studies for various decay channels have been carried out using the same detector system 6). For the E470 experiment, a Pb-plastic sandwich detector with 2.6 radiation length was newly installed at the outer radius of the magnet pole to monitor photons escape from the photon detector holes.

A separated 660 MeV/c K^+ beam (π^+/K^+ ∼ 7) was used. The kaons were slowed down by a degrader and stopped in the active target located at the center of the detector system. The K_{π2γ} events were identified by analyzing the π^+ momentum with the spectrometer and detecting three photons in the CsI(Tl) calorimeter. Charged particles from the target were tracked and momentum-analyzed using MWPCs. The π^+ were discriminated from e^+ and μ^+ by measuring time-of-flight between counters.

The most important point to reconstruct K_{π2γ} was to determine which photons were a pair from a π^0, because there are three combinations to form the π^0. The pair which satisfies the K_{π2γ} kinematics was adopted as the correct π^0 pair. However, because of the finite kinematical resolution, the correct pairing probability was 85% for IB and 79% for DE. Since K_{π3} and K_{π2} decays do not satisfy the K_{π2γ} kinematics, these backgrounds can be rejected by this analysis.

3 Results

The number of good K_{π2γ} events is 4434. The solid lines in Fig. 1 show the experimental K_{π2γ} spectra. In order to obtain the detector acceptance and response functions, a Monte Carlo simulation was performed using a GEANTbased Monte Carlo code. The background fraction of the K_{π3} decay was estimated to be 1.2% from the simulation.

The DE branching ratio was determined using the three observables, cosθ_π+_γ , cosθ_π0_γ , and E_γ which have characteristic spectra corresponding to the decay processes. The experimental distribution ρ(cosθ_π+_γ , cosθ_π0_γ , E_γ ) was fitted to the simulation spectrum of IB[1+α(DE/IB)+β(INT/IB)] with α and β being free parameters. The dotted and dashed lines in Fig. 1 show the fitted spectra and the sole DE components, respectively. The DE and INT components were obtained to be α = 0.92^{+0.44}_{−0.38}% and β = −0.58^{+0.91}_{−0.83}%, respectively 7). The DE branching ratio in the region of 55< T_π+ < 90 MeV was then derived as Br(DE) = [3.2 ± 1.3(stat.) ± 1.0(syst.] × 10^{−6} 7), which is consistent with the previous stopped experiment 4). On the other hand, any significant effects due to the INT term were not observed 7).

4 Conclusion

We have performed a measurement of the K^+ → π^+π^0γ decay by extending the T_π+ region lower bound down to 35 MeV. The detector response and acceptance functions were evaluated by a Monte Carlo simulation based on GEANT. The K_{π3} background contamination in the K_{π2γ} data sample was estimated to be negligible by the simulation. The observed DE branching ratio is consistent with the previous stopped experiment. We did not observe any significant effect due to the interference component for IB and DE, indicating the pure magnetic nature of the direction photon emission in the K_{π2γ} decay.

Figure 1: K_{π2γ} spectra: (a) π^+ momentum, (b) opening angle between π^+ and γ, (c) opening angle between π^0 and γ, (d) γ energy. The solid lines are the experimental data. The dotted and dashed lines show the fitted spectra and the sole DE components, respectively. The bump structure in (b) is due to the CsI(Tl) assembly structure with 12 holes.

References

1. S.L. Adler, Phys. Rev. 177 2426 (1969); J.S. Bell and R. Jackiw, Nuovo Cimento 60A 47 (1969); W.A. Bardeen, Phys. Rev. 184 1848 (1969).

2. A. Buras, Theoretical review of K-physics, hep-ph/9609324; A. Pich, Rare kaon decays, hep-ph/9610243.

3. R.J. Abrams et al., Phys. Rev. Lett. 29 1119 (1972); K.M. Smith et al., Nucl. Phys. B109 173 (1976); V.N. Bolotov et al., Sov. J. Nucl. Phys. 45 1023 (1987).

4. S. Adler et al., Phys. Rev. Lett. 85 4856 (2000).

5. M. Abe et al., Phys. Rev. Lett. 83 4253(1999) .

6. S. Shimizu et al., Phys. Lett. B495 33 (2000); A.S. Levchenko et al., hepex/0111048; Y.-H. Shin et al., Eur. Phys. J. C12 627 (2000); K. Horie et al., Phys. Lett. B513 311 (2001).

7. M.A. Aliev et al., Phys. Lett. B554 7 (2003).