arXiv:hep-ex/0107078 v2 31 Jul 2001

BELLE-CONF-0129

Measurement of D^0 decays to K^0Lπ^0 and K^0Sπ^0 at Belle

The Belle Collaboration

Abstract

We present a preliminary measurement of the ratio of D^0 decay rates into K^0_Lπ^0 and K^0_S π^0 final states. This ratio can be used to disentangle the Cabibbo favored D^0 → K^0π^0 and doubly Cabibbo suppressed D^0 → K^0π^0 amplitudes, and contributes to the important goal of constraining the strong phase δ_{Kπ} between D^0 → K^−π^+ and D^0 → K^+π^−. The measurement is based on a large data set accumulated by the Belle detector at the KEKB e^+e^− collider, with K^0_L candidates reconstructed using hadronic clusters in the KLM (K^0_L and μ identification system), together with a D^0 mass constraint and D^∗ tag.

PACS numbers: 13.25.Ft

Typeset by REVTEX 1

K. Abe^9, K. Abe^{37}, R. Abe^{27}, I. Adachi^9, Byoung Sup Ahn^{16}, H. Aihara^{39}, M. Akatsu^{20}, K. Asai^{21}, M. Asai^{10}, Y. Asano^{44}, T. Aso^{43}, V. Aulchenko^2, T. Aushev^{14}, A. M. Bakich^{35}, E. Banas^{25}, S. Behari^9, P. K. Behera^{45}, D. Beiline^2, A. Bondar^2, A. Bozek^{25}, T. E. Browder^8, B. C. K. Casey^8, P. Chang^{24}, Y. Chao^{24}, K.-F. Chen^{24}, B. G. Cheon^{34}, R. Chistov^{14}, S.-K. Choi^7, Y. Choi^{34}, L. Y. Dong^{12}, J. Dragic^{19}, A. Drutskoy^{14}, S. Eidelman^2, V. Eiges^{14}, Y. Enari^{20}, C. W. Everton^{19}, F. Fang^8, H. Fujii^9, C. Fukunaga^{41}, M. Fukushima^{11}, N. Gabyshev^9, A. Garmash^{2,9}, T. J. Gershon^9, A. Gordon^{19}, K. Gotow^{46}, H. Guler^8, R. Guo^{22}, J. Haba^9, H. Hamasaki^9, K. Hanagaki^{31}, F. Handa^{38}, K. Hara^{29}, T. Hara^{29}, N. C. Hastings^{19}, H. Hayashii^{21}, M. Hazumi^{29}, E. M. Heenan^{19}, Y. Higasino^{20}, I. Higuchi^{38}, T. Higuchi^{39}, T. Hirai^{40}, H. Hirano^{42}, T. Hojo^{29}, T. Hokuue^{20}, Y. Hoshi^{37}, K. Hoshina^{42}, S. R. Hou^{24}, W.-S. Hou^{24}, S.-C. Hsu^{24}, H.-C. Huang^{24}, Y. Igarashi^9, T. Iijima^9, H. Ikeda^9, K. Ikeda^{21}, K. Inami^{20}, A. Ishikawa^{20}, H. Ishino^{40}, R. Itoh^9, G. Iwai^{27}, H. Iwasaki^9, Y. Iwasaki^9, D. J. Jackson^{29}, P. Jalocha^{25}, H. K. Jang^{33}, M. Jones^8, R. Kagan^{14}, H. Kakuno^{40}, J. Kaneko^{40}, J. H. Kang^{48}, J. S. Kang^{16}, P. Kapusta^{25}, N. Katayama^9, H. Kawai^3, H. Kawai^{39}, Y. Kawakami^{20}, N. Kawamura^1, T. Kawasaki^{27}, H. Kichimi^9, D. W. Kim^{34}, Heejong Kim^{48}, H. J. Kim^{48}, Hyunwoo Kim^{16}, S. K. Kim^{33}, T. H. Kim^{48}, K. Kinoshita^5, S. Kobayashi^{32}, S. Koishi^{40}, H. Konishi^{42}, K. Korotushenko^{31}, P. Krokovny^2, R. Kulasiri^5, S. Kumar^{30}, T. Kuniya^{32}, E. Kurihara^3, A. Kuzmin^2, Y.-J. Kwon^{48}, J. S. Lange^6, G. Leder^{13}, S. H. Lee^{33}, C. Leonidopoulos^{31}, Y.-S. Lin^{24}, D. Liventsev^{14}, R.-S. Lu^{24}, J. MacNaughton^{13}, D. Marlow^{31}, T. Matsubara^{39}, S. Matsui^{20}, S. Matsumoto^4, T. Matsumoto^{20}, Y. Mikami^{38}, K. Misono^{20}, K. Miyabayashi^{21}, H. Miyake^{29}, H. Miyata^{27}, L. C. Moffitt^{19}, G. R. Moloney^{19}, G. F. Moorhead^{19}, S. Mori^{44}, T. Mori^4, A. Murakami^{32}, T. Nagamine^{38}, Y. Nagasaka^{10}, Y. Nagashima^{29}, T. Nakadaira^{39}, T. Nakamura^{40}, E. Nakano^{28}, M. Nakao^9, H. Nakazawa^4, J. W. Nam^{34}, Z. Natkaniec^{25}, K. Neichi^{37}, S. Nishida^{17}, O. Nitoh^{42}, S. Noguchi^{21}, T. Nozaki^9, S. Ogawa^{36}, T. Ohshima^{20}, Y. Ohshima^{40}, T. Okabe^{20}, T. Okazaki^{21}, S. Okuno^{15}, S. L. Olsen^8, H. Ozaki^9, P. Pakhlov^{14}, H. Palka^{25}, C. S. Park^{33}, C. W. Park^{16}, H. Park^{18}, L. S. Peak^{35}, M. Peters^8, L. E. Piilonen^{46}, E. Prebys^{31}, J. L. Rodriguez^8, N. Root^2, M. Rozanska^{25}, K. Rybicki^{25}, J. Ryuko^{29}, H. Sagawa^9, Y. Sakai^9, H. Sakamoto^{17}, M. Satapathy^{45}, A. Satpathy^{9,5}, S. Schrenk^5, S. Semenov^{14}, K. Senyo^{20}, Y. Settai^4, M. E. Sevior^{19}, H. Shibuya^{36}, B. Shwartz^2, A. Sidorov^2, S. Stanič^{44}, A. Sugi^{20}, A. Sugiyama^{20}, K. Sumisawa^9, T. Sumiyoshi^9, J.-I. Suzuki^9, K. Suzuki^3, S. Suzuki^{47}, S. Y. Suzuki^9, S. K. Swain^8, H. Tajima^{39}, T. Takahashi^{28}, F. Takasaki^9, M. Takita^{29}, K. Tamai^9, N. Tamura^{27}, J. Tanaka^{39}, M. Tanaka^9, G. N. Taylor^{19}, Y. Teramoto^{28}, M. Tomoto^9, T. Tomura^{39}, S. N. Tovey^{19}, K. Trabelsi^8, T. Tsuboyama^9, T. Tsukamoto^9, S. Uehara^9, K. Ueno^{24}, Y. Unno^3, S. Uno^9, Y. Ushiroda^9, S. E. Vahsen^{31}, K. E. Varvell^{35}, C. C. Wang^{24}, C. H. Wang^{23}, J. G. Wang^{46}, M.-Z. Wang^{24}, Y. Watanabe^{40}, E. Won^{33}, B. D. Yabsley^9, Y. Yamada^9, M. Yamaga^{38}, A. Yamaguchi^{38}, H. Yamamoto^8, T. Yamanaka^{29}, Y. Yamashita^{26}, M. Yamauchi^9, S. Yanaka^{40}, J. Yashima^9, M. Yokoyama^{39}, K. Yoshida^{20}, Y. Yusa^{38}, H. Yuta^1, C. C. Zhang^{12}, J. Zhang^{44}, H. W. Zhao^9, Y. Zheng^8, V. Zhilich^2, and D. Žontar^{44}

1Aomori University, Aomori 2Budker Institute of Nuclear Physics, Novosibirsk 3Chiba University, Chiba 4Chuo University, Tokyo 5University of Cincinnati, Cincinnati OH 6University of Frankfurt, Frankfurt

7Gyeongsang National University, Chinju 8University of Hawaii, Honolulu HI 9High Energy Accelerator Research Organization (KEK), Tsukuba 10Hiroshima Institute of Technology, Hiroshima 11Institute for Cosmic Ray Research, University of Tokyo, Tokyo 12Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 13Institute of High Energy Physics, Vienna 14Institute for Theoretical and Experimental Physics, Moscow 15Kanagawa University, Yokohama 16Korea University, Seoul 17Kyoto University, Kyoto 18Kyungpook National University, Taegu 19University of Melbourne, Victoria 20Nagoya University, Nagoya 21Nara Women’s University, Nara 22National Kaohsiung Normal University, Kaohsiung 23National Lien-Ho Institute of Technology, Miao Li 24National Taiwan University, Taipei 25H. Niewodniczanski Institute of Nuclear Physics, Krakow 26Nihon Dental College, Niigata 27Niigata University, Niigata 28Osaka City University, Osaka 29Osaka University, Osaka 30Panjab University, Chandigarh 31Princeton University, Princeton NJ 32Saga University, Saga 33Seoul National University, Seoul 34Sungkyunkwan University, Suwon 35University of Sydney, Sydney NSW 36Toho University, Funabashi 37Tohoku Gakuin University, Tagajo 38Tohoku University, Sendai 39University of Tokyo, Tokyo 40Tokyo Institute of Technology, Tokyo 41Tokyo Metropolitan University, Tokyo 42Tokyo University of Agriculture and Technology, Tokyo 43Toyama National College of Maritime Technology, Toyama 44University of Tsukuba, Tsukuba 45Utkal University, Bhubaneswer 46Virginia Polytechnic Institute and State University, Blacksburg VA 47Yokkaichi University, Yokkaichi 48Yonsei University, Seoul

I. INTRODUCTION

The search for D^0 − D^0 mixing has long been one of the most interesting projects in charm physics. Recent publications by the FOCUS [1] and CLEO [2] collaborations have stimulated a series of new measurements, including an updated y_{CP} measurement by the Belle collaboration [3], reported at the summer conferences. However, the experimental situation is still not clear.

An important quantity in the interpretation of D^0 − D^0 mixing results is the phase difference δ_{Kπ} between the Cabibbo favored (CF) and doubly Cabibbo suppressed (DCS) neutral D meson decays. As has been shown in [4], new information on δ_{Kπ} may be obtained by measuring the asymmetry between the decay rates of D^0 into K^0_S π^0 and K^0_Lπ^0, where the effect may be as large as O(tan^2 θ_c), i.e. at the 5% level.

In this paper we present the first measurement of the D^0 → K^0_Lπ^0/D^0 → K^0_S π^0 decay rate asymmetry, using the Belle detector at the KEKB e^+e^− collider. In order to cancel out most of the systematic effects of the detector, we extract the K^0_L/K^0_S relative detection efficiency from the ratio of K^0_Lπ^+π^− and K^0_S π^+π^− modes via the decay D^0 → K^{∗−}π^+. The presence of K^{∗−} → K^0π^− in the decay chain ensures equal rates of K^0_L and K^0_S in this case.

Throughout this paper, the inclusion of CP-conjugate processes is implied. In particular, we combine D^0 → K^0_Lπ^0 with D^0 → K^0_Lπ^0, and so on. We thus treat the K^0_L and K^0_S as CP-eigenstates (the error is negligible) and assume that direct CP violation in D → Kπ and Kπ decays, if present, may be ignored at our present sensitivity.

II. K^0_L RECONSTRUCTION TECHNIQUE

The key point in the analysis of final states containing K^0_L is the reconstruction of its momentum. The technique presented below makes use of the KLM (K^0_L and μ identification) subsystem of the Belle detector [5], which consists of several layers of iron absorber interspaced with resistive plate chambers. The system enables one to reconstruct muon tracks as well as hadronic showers. Those showers which do not have a matching charged track are assumed to be produced by K^0_L, with the position of the shower giving information about the flight direction of the K^0_L. The direction resolution is improved if the K^0_L deposits energy in the electromagnetic calorimeter in front of the KLM, in which case the position of the calorimeter cluster is used to determine the K^0_L flight direction.

To extract the magnitude of the K^0_L momentum one needs to employ additional constraints. In particular to reconstruct D^0 decays into K^0_LX where X is a fully reconstructed system, one can apply a D^0 mass constraint and solve the resulting 4-momentum equation with respect to the magnitude of the K^0_L momentum, and then exploit the D^∗ → D^0π decay to tag the signal.

To monitor the performance of the method we utilize the same D^0 decay modes but with K^0_S instead of K^0_L in the final state. We use the K^0_S flight direction reconstructed by its decay into π^+π^−, and then apply the same procedure as for K^0_L: henceforth such K^0_S are referred to as ~K^0_L (pseudo K^0_L).

Since the equation for the magnitude of the K^0_L momentum is quadratic there may be up to two solutions. However one of those, even if present, is non–physical in more than 90% of events. For simplicity, in this analysis we use only the one with the larger momentum.

III. DATA SET AND EVENT SELECTION

The data sample used for this analysis amounts in total to an integrated luminosity of 23.6 fb^{−1}. We select D^∗ candidates with reconstructed scaled momentum x_p > 0.6, which rejects D^∗ from B-meson decays and supresses the combinatoric background. In addition to the standard reconstruction procedure for π^±, π^0, and K^0_S , the latter are required to satisfy the following quality criteria:

• the K^0_S → π^+π^− vertex should be separated from the interaction point in the plane perpendicular to the beam axis by more than 500 μm;

• the distance along the beam axis between the π^± tracks at the K^0_S vertex must be less than 1 cm;

• the cosine of the angle between the assumed K^0_S flight path from the interaction point to the decay vertex and the reconstructed K^0_S momentum in the transverse projection with respect to the beam must be more than 0.95.

When reconstructing K^0_L, there is a potential background due to KLM clusters caused by unreconstructed charged particles, in particular when these particles do not originate from the interaction region (e.g. K and π decays in flight). To reject such cases we veto any KLM cluster matched to a calorimeter cluster with an energy between 0.15 and 0.3 GeV, corresponding to minimum ionization.

The dominant part of the background is due to the pickup of arbitrary soft pions when forming a D^0 candidate. A characteristic feature of such combinations is that the D^0 mass is accommodated by assigning a large momentum to the K^0, which then accounts for most of the D^0 momentum. Therefore the K^0 flight angle with respect to the D^0 boost (hereafter θ_{DK} ) for this background tends to peak in the forward direction (Fig. 1b) while for the signal the underlying distribution is isotropic, with a slight tilt to the forward direction in the measured distribution (Fig. 1a) due to detector efficiency.

PSfrag replacements PSfrag replacements

a) signal MC b) M(D^∗) sideband data

FIG. 1: K^0 flight angle with respect to the D^0 boost for D^0 → ~K^0_Lπ^0

The sharp peak around cos θ_{DK} = −1 is due to the degenerate case when a random π^0 or π^+π^− system can form a “good” D^0 with a K^0 (almost) at rest in the lab: to exclude these cases, we require cos θ_{DK} > −0.95. The upper cut on this quantity needs optimization which has been performed using signal MC and data in the M(D^∗) sideband: we require cos θ_{DK} < 0.2 for all four modes.

The invariant mass of the K^0π^− combination in the K^0π^+π^− mode is required to lie within 50 MeV/c^2 of the nominal K^∗(892) mass. In addition the invariant mass of the π^+π^− pair is required to be less than 0.7 GeV/c^2 to make the signal and the control modes kinematically similar, and to suppress the contribution from K^0ρ decays.

Since the kinematics in the K^0_L and the corresponding K^0_S modes is the same we can use the fully controlled K^0_S π^0 and K^0_S ππ modes to select a region in the K^0 lab momentum where the efficiency of the kinematical cuts, which is independent of the K^0 flavor, is the same (see Fig. 2). Hence we can average over this region and all the efficiencies including that of K^0_L reconstruction cancel out. We select the K^0 lab momentum range from 0.6 GeV/c to 2.5 GeV/c for this analysis.

IV. DETERMINATION OF K^0_L AND K^0_S RATE RATIO

The resulting D^∗ mass plots for the four D^0 decay modes under study are shown in Figure 3. For the modes including K^0_S these are mass difference plots in the traditional reconstruction with a very loose cut on the D^0 mass (within 100 MeV from the nominal value). The distributions for the K^0_S modes have been fit to a sum of two gaussians representing the signal and its tails and a first order polynomial multiplied by a square root threshold factor to describe the background, while for the signal in the K^0_L modes a single gaussian was used. The central value of all the gaussians was fixed at the nominal charged D^∗ mass; all other parameters were allowed to float.

The yields obtained from the fit are

N(K^0_Sπ^0) = 4715 ± 91, N(K^0_Lπ^0) = 1839 ± 101, N((K^0_Sπ)π) = 2524 ± 77, N((K^0_Lπ)π) = 1119 ± 84.

They are used to calculate the ratio of branching fractions of D^0 → K^0_Lπ^0 and D^0 → K^0_S π^0

B(D^0 → K^0_Lπ^0) B(D^0 → K^0_S π^0) = N(K^0_Lπ^0)/N(K^0_Sπ^0) N((K^0_Lπ)π)/N((K^0_Sπ)π) = 0.88 ± 0.09(stat)

V. EVALUATION OF SYSTEMATIC ERRORS

Due to the similarities in the behavior of the signal K^0π^0 and control (K^0π)π modes most of the systematic errors cancel out. However some steps in the analysis are different and thus may have different systematic effect on the result.

We consider the following potential sources of systematic errors which may not cancel:

• the effect of the residual difference in K^0_L lab momentum spectra, which can lead to a bias in the result if the K^0_L reconstruction efficiency strongly depends on momentum;

• systematic errors due to the imperfect fitting function.

PSfrag replacements

(a) K^0_S π^0

PSfrag replacements

(b) (K^0_S π)π

PSfrag replacements

(c) = (a) / (b)

FIG. 2: K^0 lab momentum spectra for (a) K^0_S π^0 and (b) (K^0_S π)π; (c) shows the ratio of (a) to (b) as a function of momentum.

In order to estimate the bias induced by the residual difference in K^0_L lab momentum spectra, an artificial momentum–dependent “efficiency” was introduced in K^0_S π^0 and (K^0_S π)π modes by applying a weight depending on the K^0_S lab momentum. The weight changed linearly from 0 at 0.6 GeV/c to 1 at 2.5 GeV/c, representing the worst possible case. The resulting change in the ratio of yields was less than 3%.

Systematic errors arising from imperfections of the fitting model were evaluated by varying the functions describing the signal and the background: in particular we employed a double gaussian to describe the signal in K^0_L modes as well as in K^0_S , and a second order polynomial multiplied by the square root threshold factor to fit the background. The yield ratio remained stable within 6%

PSfrag replacements PSfrag replacements

a) K^0_S π^0 b) K^0_Lπ^0

PSfrag replacements PSfrag replacements

c) (K^0_S π)π d) (K^0_Lπ)π

FIG. 3: D^∗ mass plots for the specified D^0 decay modes

under all variations of the fitting model that were studied.

In addition, the stability of the fit against variation of the background level was studied by simultaneously varying the cut on cos θ_{DK} in all the four modes: we estimate the error on the yield ratio due to this source to be 8%.

Adding these sources of error in quadrature, we estimate the total systematic error to be 10%. Since this error is dominated by the difficulty of parametrizing the background, there is potential for improvement if the shape of the background can be simplified. One technique currently being studied is the replacement of the M(D^0) constraint with a constraint on M^2(D^∗) − M^2(D^0) when forming the K^0_L momentum: the signal yield is then extracted from the resulting M(D^0) distribution. As there is no natural threshold in this case, we expect the yield to be relatively stable under variations of cuts, fit functions and so on.

VI. CONCLUSION

In summary, we have demonstrated the viability of this method of measuring the ratio of D^0 decay rates into K^0_Lπ^0 and K^0_S π^0. Our preliminary measurement of this ratio is

B(D^0 → K^0_Lπ^0) B(D^0 → K^0_Sπ^0)

= 0.88 ± 0.09(stat) ± 0.09(syst);

expressing the result in terms of the rate asymmetry defined in [4], we find A ≡ Γ(D^0 → K^0_S π^0) − Γ(D^0 → K^0_Lπ^0) Γ(D^0 → K^0_S π^0) + Γ(D^0 → K^0_Lπ^0)

= 0.06 ± 0.05(stat) ± 0.05(syst),

which is consistent with unity. At the current level of precision we are therefore not able to place any strong constraint on the parameters of D → Kπ decays, and so the strong phase δ_{Kπ} . However the statistical error will soon improve as more data is accumulated by the Belle detector; changes of technique to reduce the systematic error are also being actively studied.

Acknowledgments

We wish to thank the KEKB accelerator group for the excellent operation of the KEKB accelerator. We acknowledge support from the Ministry of Education, Culture, Sports, Science and Technology of Japan and the Japan Society for the Promotion of Science; the Australian Research Council and the Australian Department of Industry, Science and Resources; the Department of Science and Technology of India; the BK21 program of the Ministry of Education of Korea and the Center for High Energy Physics sponsored by the KOSEF; the Polish State Committee for Scientific Research under contract No.2P03B 17017; the Ministry of Science and Technology of Russian Federation; the National Science Council and the Ministry of Education of Taiwan; and the U.S. Department of Energy.

[1] J. M. Link et al. (E687 Collaboration), Phys. Lett. B 485, 62 (2000). [2] R. Godang et al. (CLEO Collaboration), Phys. Rev. Lett. 84, 5038 (2000). [3] K. Abe et al. (Belle Collaboration), BELLE-CONF-0131 (2001). [4] E. Golowich and S. Pakvasa, Phys. Lett. B 505, 94 (2001).

[5] K. Abe et al. (Belle Collaboration), KEK Progress Report 2000-4 (2000), to be published in Nucl. Inst. and Meth. A.

[6] D. E. Groom et al. (Particle Data Group), Eur. Phys. J. C15, 1 (2000).