arXiv:hep-ex/0208051 v1 30 Aug 2002

BELLE-CONF-0254 ICHEP02 Parallel 8 ABS744 hep-ex/0208051

A measurement of the rate of wrong-sign decays D^0 → K^+π^−

K. Abe,^9 K. Abe,^{44} N. Abe,^{47} R. Abe,^{30} T. Abe,^{45} I. Adachi,^9 Byoung Sup Ahn,^{16} H. Aihara,^{46} M. Akatsu,^{23} M. Asai,^{10} Y. Asano,^{51} T. Aso,^{50} V. Aulchenko,^2 T. Aushev,^{13} A. M. Bakich,^{41} Y. Ban,^{34} E. Banas,^{28} S. Banerjee,^{42} A. Bay,^{19} I. Bedny,^2 P. K. Behera,^{52} D. Beiline,^2 I. Bizjak,^{14} A. Bondar,^2 A. Bozek,^{28} M. Bračko,^{21, 14} J. Brodzicka,^{28} T. E. Browder,^8 B. C. K. Casey,^8 M.-C. Chang,^{27} P. Chang,^{27} Y. Chao,^{27} K.-F. Chen,^{27} B. G. Cheon,^{40} R. Chistov,^{13} S.-K. Choi,^7 Y. Choi,^{40} Y. K. Choi,^{40} M. Danilov,^{13} L. Y. Dong,^{11} R. Dowd,^{22} J. Dragic,^{22} A. Drutskoy,^{13} S. Eidelman,^2 V. Eiges,^{13} Y. Enari,^{23} C. W. Everton,^{22} F. Fang,^8 H. Fujii,^9 C. Fukunaga,^{48} N. Gabyshev,^9 A. Garmash,^{2, 9} T. Gershon,^9 B. Golob,^{20, 14} A. Gordon,^{22} K. Gotow,^{53} H. Guler,^8 R. Guo,^{25} J. Haba,^9 K. Hanagaki,^{35} F. Handa,^{45} K. Hara,^{32} T. Hara,^{32} Y. Harada,^{30} K. Hashimoto,^{32} N. C. Hastings,^{22} H. Hayashii,^{24} M. Hazumi,^9 E. M. Heenan,^{22} I. Higuchi,^{45} T. Higuchi,^{46} L. Hinz,^{19} T. Hirai,^{47} T. Hojo,^{32} T. Hokuue,^{23} Y. Hoshi,^{44} K. Hoshina,^{49} W.-S. Hou,^{27} S.-C. Hsu,^{27} H.-C. Huang,^{27} T. Igaki,^{23} Y. Igarashi,^9 T. Iijima,^{23} K. Inami,^{23} A. Ishikawa,^{23} H. Ishino,^{47} R. Itoh,^9 M. Iwamoto,^3 H. Iwasaki,^9 Y. Iwasaki,^9 D. J. Jackson,^{32} P. Jalocha,^{28} H. K. Jang,^{39} M. Jones,^8 R. Kagan,^{13} H. Kakuno,^{47} J. Kaneko,^{47} J. H. Kang,^{55} J. S. Kang,^{16} P. Kapusta,^{28} M. Kataoka,^{24} S. U. Kataoka,^{24} N. Katayama,^9 H. Kawai,^3 H. Kawai,^{46} Y. Kawakami,^{23} N. Kawamura,^1 T. Kawasaki,^{30} H. Kichimi,^9 D. W. Kim,^{40} Heejong Kim,^{55} H. J. Kim,^{55} H. O. Kim,^{40} Hyunwoo Kim,^{16} S. K. Kim,^{39} T. H. Kim,^{55} K. Kinoshita,^5 S. Kobayashi,^{37} S. Koishi,^{47} K. Korotushenko,^{35} S. Korpar,^{21, 14} P. Križan,^{20, 14} P. Krokovny,^2 R. Kulasiri,^5 S. Kumar,^{33} E. Kurihara,^3 A. Kuzmin,^2 Y.-J. Kwon,^{55} J. S. Lange,^{6, 36} G. Leder,^{12} S. H. Lee,^{39} J. Li,^{38} A. Limosani,^{22} D. Liventsev,^{13} R.-S. Lu,^{27} J. MacNaughton,^{12} G. Majumder,^{42} F. Mandl,^{12} D. Marlow,^{35} T. Matsubara,^{46} T. Matsuishi,^{23} S. Matsumoto,^4 T. Matsumoto,^{48} Y. Mikami,^{45} W. Mitaroff,^{12} K. Miyabayashi,^{24} Y. Miyabayashi,^{23} H. Miyake,^{32} H. Miyata,^{30} L. C. Moffitt,^{22} G. R. Moloney,^{22} G. F. Moorhead,^{22} S. Mori,^{51} T. Mori,^4 A. Murakami,^{37} T. Nagamine,^{45} Y. Nagasaka,^{10} T. Nakadaira,^{46} T. Nakamura,^{47} E. Nakano,^{31} M. Nakao,^9 H. Nakazawa,^4 J. W. Nam,^{40} S. Narita,^{45} Z. Natkaniec,^{28} K. Neichi,^{44} S. Nishida,^{17} O. Nitoh,^{49} S. Noguchi,^{24} T. Nozaki,^9 A. Ofuji,^{32} S. Ogawa,^{43} F. Ohno,^{47} T. Ohshima,^{23} Y. Ohshima,^{47} T. Okabe,^{23} S. Okuno,^{15} S. L. Olsen,^8 Y. Onuki,^{30} W. Ostrowicz,^{28} H. Ozaki,^9 P. Pakhlov,^{13} H. Palka,^{28} C. W. Park,^{16} H. Park,^{18} K. S. Park,^{40} L. S. Peak,^{41} J.-P. Perroud,^{19} M. Peters,^8 L. E. Piilonen,^{53} E. Prebys,^{35} J. L. Rodriguez,^8 F. J. Ronga,^{19} N. Root,^2 M. Rozanska,^{28} K. Rybicki,^{28} J. Ryuko,^{32} H. Sagawa,^9 S. Saitoh,^9 Y. Sakai,^9 H. Sakamoto,^{17} H. Sakaue,^{31} M. Satapathy,^{52} A. Satpathy,^{9, 5} O. Schneider,^{19} S. Schrenk,^5 C. Schwanda,^{9, 12} S. Semenov,^{13} K. Senyo,^{23} Y. Settai,^4 R. Seuster,^8 M. E. Sevior,^{22} H. Shibuya,^{43} M. Shimoyama,^{24} B. Shwartz,^2 A. Sidorov,^2 V. Sidorov,^2 J. B. Singh,^{33} N. Soni,^{33} S. Stanič,^{51, ∗} M. Starič,^{14} A. Sugi,^{23} A. Sugiyama,^{23} K. Sumisawa,^9 T. Sumiyoshi,^{48} K. Suzuki,^9 S. Suzuki,^{54} S. Y. Suzuki,^9 S. K. Swain,^8 T. Takahashi,^{31} F. Takasaki,^9 K. Tamai,^9 N. Tamura,^{30} J. Tanaka,^{46}

M. Tanaka,^9 G. N. Taylor,^{22} Y. Teramoto,^{31} S. Tokuda,^{23} M. Tomoto,^9 T. Tomura,^{46} S. N. Tovey,^{22} K. Trabelsi,^8 W. Trischuk,^{35, †} T. Tsuboyama,^9 T. Tsukamoto,^9 S. Uehara,^9 K. Ueno,^{27} Y. Unno,^3 S. Uno,^9 Y. Ushiroda,^9 S. E. Vahsen,^{35} G. Varner,^8 K. E. Varvell,^{41} C. C. Wang,^{27} C. H. Wang,^{26} J. G. Wang,^{53} M.-Z. Wang,^{27} Y. Watanabe,^{47} E. Won,^{16} B. D. Yabsley,^{53} Y. Yamada,^9 A. Yamaguchi,^{45} H. Yamamoto,^{45} T. Yamanaka,^{32} Y. Yamashita,^{29} M. Yamauchi,^9 H. Yanai,^{30} S. Yanaka,^{47} J. Yashima,^9 P. Yeh,^{27} M. Yokoyama,^{46} K. Yoshida,^{23} Y. Yuan,^{11} Y. Yusa,^{45} H. Yuta,^1 C. C. Zhang,^{11} J. Zhang,^{51} Z. P. Zhang,^{38} Y. Zheng,^8 V. Zhilich,^2 Z. M. Zhu,^{34} and D. Žontar^{51}

(The Belle Collaboration) 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 of High Energy Physics, Chinese Academy of Sciences, Beijing 12Institute of High Energy Physics, Vienna 13Institute for Theoretical and Experimental Physics, Moscow 14J. Stefan Institute, Ljubljana 15Kanagawa University, Yokohama 16Korea University, Seoul 17Kyoto University, Kyoto 18Kyungpook National University, Taegu 19Institut de Physique des Hautes Énergies, Université de Lausanne, Lausanne 20University of Ljubljana, Ljubljana 21University of Maribor, Maribor 22University of Melbourne, Victoria 23Nagoya University, Nagoya 24Nara Women’s University, Nara 25National Kaohsiung Normal University, Kaohsiung 26National Lien-Ho Institute of Technology, Miao Li 27National Taiwan University, Taipei 28H. Niewodniczanski Institute of Nuclear Physics, Krakow 29Nihon Dental College, Niigata 30Niigata University, Niigata 31Osaka City University, Osaka 32Osaka University, Osaka 33Panjab University, Chandigarh 34Peking University, Beijing 35Princeton University, Princeton NJ 36RIKEN BNL Research Center, Brookhaven NY

37Saga University, Saga 38University of Science and Technology of China, Hefei 39Seoul National University, Seoul 40Sungkyunkwan University, Suwon 41University of Sydney, Sydney NSW 42Tata Institute of Fundamental Research, Bombay 43Toho University, Funabashi 44Tohoku Gakuin University, Tagajo 45Tohoku University, Sendai 46University of Tokyo, Tokyo 47Tokyo Institute of Technology, Tokyo 48Tokyo Metropolitan University, Tokyo 49Tokyo University of Agriculture and Technology, Tokyo 50Toyama National College of Maritime Technology, Toyama 51University of Tsukuba, Tsukuba 52Utkal University, Bhubaneswer 53Virginia Polytechnic Institute and State University, Blacksburg VA 54Yokkaichi University, Yokkaichi 55Yonsei University, Seoul

Abstract

A D^0 meson can decay to K^+π^− through doubly Cabibbo-suppressed decay or via D^0 − D^0 mixing. With 46.2 fb^{−1} of integrated luminosity collected by Belle, we have measured the time integrated rate of the wrong-sign process D^0 → K^+π^− relative to that of the Cabibbo-favored process D^0 → K^−π^+ to be R_{WS} = ( 0.372 ± 0.025^{+0.009}_{−0.014} ) % (preliminary). The D^0 − D^0 mixing parameters can be derived from the time distribution of the wrong-sign process.

PACS numbers: 13.25.Ft, 12.15.Ff, 14.40.Lb

∗on leave from Nova Gorica Polytechnic, Nova Gorica †on leave from University of Toronto, Toronto ON

I. INTRODUCTION

The Standard Model predicts that D^0 −D^0 mixing is small, with many estimates for the mixing parameters x = ΔM/Γ and y = ΔΓ/2Γ at the <∼ 10^{−3} level, although long-distance effects in the Standard Model may raise both parameters to ∼ 10^{−2} [1, 2]. New physics effects may enhance x, but are not expected to affect y. Consequently, a discovery of large x with small y would imply new physics.

Experimentally, mixing can be identified by the study of the wrong-sign (WS) process D^0 → K^+π^−, which can proceed directly through doubly Cabibbo-suppressed decay (DCSD) or through mixing followed by Cabibbo-favored decay (CFD). The decay of an initial D^{∗+} → D^0π^+_s yields a charged “slow” pion, denoted π^+_s , whose sign can be used to tag the initial D as either D^0 or D^0.

The differential WS rate relative to the right-sign process is [3]

r_{W S} (t) =

Γ(D^0(t) → K^+π^−) Γ(D^0 → K^−π^+) = [ R_D + √ R_Dy^′Γt + 1 4 (x^{′2} + y^{′2})Γ^2t^2 ] e^{−Γt}, (1)

where R_D is the relative rate of DCSD to CFD. We use the convention of CLEO [7], with y^′ = y cos δ − x sin δ and x^′ = x cos δ + y sin δ, where δ is the relative strong phase between the DCSD and CFD channels. A fit to the r_{W S} (t) distribution in Belle data, to obtain the mixing parameters, is underway. In this paper, we present a preliminary measurement of the time-integrated wrong-sign rate,

R_{WS} = R_D + √ R_Dy^′ + 1 2 (x^{′2} + y^{′2}), (2)

based on the same event reconstruction and background-handling techniques used for the full analysis.

II. EXPERIMENTAL APPARATUS AND DATA SAMPLE

The analysis is based on data accumulated by the Belle detector at KEKB [4], an asymmetric collider with 8 GeV electron and 3.5 GeV positron storage rings. The data set corresponds to an integrated luminosity of 46.2 fb^{−1}.

Belle [5] is a general-purpose detector based on a 1.5 T superconducting solenoid. Charged tracks are reconstructed using a 50-layer Central Drift Chamber (CDC) and a 3-layer double sided Silicon Vertex Detector (SVD). Particle identification for charged kaons and pions is performed by combining information from the CDC (dE/dx), a set of time-of-flight counters (TOF) and a set of aerogel Čerenkov counters (ACC). The combined result of the three systems provides K/π separation up to 3.5 GeV.

III. CANDIDATE RECONSTRUCTION

For D^0 → K^+π^− decay, we use oppositely charged tracks where both tracks have good SVD hits. Charged K and π mesons are required to be positively identified, with efficiencies

88.0% and 88.5% respectively, and fake rates of 8.5% (π fakes K) and 8.8% (K fakes π). D^{∗+} candidates are then reconstructed by combining the D^0 candidate with another charged track, π^+_s . The reconstructed D^{∗+} momentum in the center of mass frame P^∗(D^∗) is required to be greater than 2.5 GeV to eliminate BB̄ events. Vertex fits are performed, requiring the two tracks forming the D^0 candidate to originate from a common vertex, the D^0 flight direction to be consistent with a particle originating from the interaction point, and the π^+_s to originate from the D^0 production vertex. We accept candidates with good vertex quality. The value of D^0 mass M and the energy released in D^{∗+} decay Q = M(K^+, π^−, π^+_s ) − M(K^+, π^−) − M(π^+_s ) are then obtained.

The right-sign decay D^{∗+} → D^0π^+_s , D^0 → K^−π^+ is reconstructed in the same way. Here and throughout this paper, the inclusion of charge conjugate modes is implied.

IV. BACKGROUND DETERMINATION

The information in the signal region alone is insufficient to determine the signal time distribution, because the background level is comparable to the signal in the signal box, and the various backgrounds have different time distributions. We therefore divide the background into categories, and determine the population of each using M, Q information. To obtain the signal yield as well as the level of each background, we perform a two-dimensional (2D) fit to (M, Q). By studying a large number of continuum Monte-Carlo (MC) events, we categorize the backgrounds as follows:

• D^0 → K^−π^+ with double misidentification (K^− → π^−, π^+ → K^+).

• D^0 → K^+K^− with single misidentification (K^− → π^−).

• D^0 → π^+π^− with single misidentification (π^+ → K^+).

• D^0 → K^+π^− combines with a random slow π^+ to form a fake D^{∗+}.

• D^0 ≥ 3 body decay, with two daughters identified as K, π.

• D^+, D^+_s decay, with two daughters identified as K, π.

• Pure combinatorial background.

The D^0 → K^−π^+ double misidentification background can be rejected by kinematic requirements. We evaluate the D^0 mass under swapped mass assignment M_{flip} = M_{K→π,π→K} . If M_{flip} falls within 28 MeV (∼ 4σ) of the nominal D^0 mass, the D^0 → K^+π^− candidate is rejected. For the D^0 → K^+K^−, π^+π^− single misidentification background, the change from the hypothesis that a charged track is a π(K) to a K(π) in the D^0 2 body decay daughters results in an increase(decrease) in the reconstructed D^0 mass M of at least 60 MeV. This behavior has been studied in both data and MC. So we choose the D^0 mass window 1.81 ∼ 1.91 GeV for histogram making and fitting to exclude these two backgrounds.

Each of the remaining four types of background is parametrized and fitted with a 2D function to obtain its shape, as shown in Figs 1–4. The backgrounds in the right-sign sample are categorized and fitted in a similar way. They are grouped into three types:

• D^0 → K^−π^+ combines with a random slow π^+ to form a fake D^{∗+}.

FIG. 1: The Q distribution for MC events (points) and the fit function (histogram) for the random slow π^+ background. The M shape is fixed to that of the right-sign D^0 signal in the data.

FIG. 2: M (left) and Q (right) distributions for MC events (points) and the fit functions (histograms) for the D^0 ≥ 3 body background.

FIG. 3: M (left) and Q (right) distributions for MC events (points) and the fit functions (histograms) for the D^+_s , D^+ background.

FIG. 4: M (left) and Q (right) distributions for MC events (points) and the fit functions (histograms) for the combinatorial background.

• Charmed ground state meson ≥ 3 body decay, with two daughters identified as K, π (“D ≥3 body” background).

• Pure combinatorial background.

V. RESULTS

We perform a 2D fit to the (M, Q) distribution for the right-sign data, with the normalization of each background allowed to float in the fit. The signal is represented by a double Gaussian in M and a bifurcated Student’s t function in Q. The projections onto M and Q are shown in Fig. 5. To perform the 2D fit for the wrong-sign data, we fix the wrong-sign signal shape to the shape of the right-sign signal, and float the normalization of the signal and each type of background, but fix the relative normalization between the D^+_s , D^+ and D^0 ≥ 3 body backgrounds. The projections of the wrong-sign data and the fit results are shown in Fig. 6. The data are the circles with error bars, and there are 20 bins in M (1.81 ∼ 1.91 GeV) and 160 bins in Q (0 ∼ 20 MeV). We find 120795 ± 371 D^0 → K^−π^+ and 450 ± 31 D^0 → K^+π^− events. The ratio R_{WS} is then calculated to be (0.372 ± 0.025) %.

FIG. 5: Projections of M (left) and Q (right) for the right-sign data (points) and the fit functions (histograms), for the region 1.81 ≤ M < 1.91 GeV and 0 ≤ Q < 20 MeV. Note the logarithmic scale.

Many systematics cancel because R_{WS} is a ratio between two decay modes with similar kinematics. The dominant systematic errors stem from potential imperfect modeling of the shapes for our backgrounds. We vary selection criteria (K and π identification cuts, vertexing criteria, the P^∗(D^∗) cut) and use different background parameterizations, and then repeat the fit on each category of MC background as well as on the right-sign and wrong-sign data. The variation in the result is taken as a measure of the systematic error. We also vary the background shape parameters according to their errors and calculate the resulting error on

FIG. 6: Projections of M (left) and Q (right) for the wrong-sign data (points) and the fit functions (histograms), within a 3σ window in the complementary variable (5.27 ≤ Q < 6.47 MeV and 1.8445 ≤ M < 1.8845 GeV respectively). The signal contribution is shaded yellow.

TABLE I: Summary of systematic errors on R_{WS} Source Systematic error(%) Kaon identification^{+0.0067}_{−0.0023} Pion identification^{+0.0023}_{−0.0048} Vertex fit^{+0.0042}_{−0.0051} P^∗(D^∗) cutoff^{+0.0000}_{−0.0117} Background shapes^{+0.0027}_{−0.0026} Background parametrizations ±0.0011 Total^{+0.009}_{−0.014}

R_{WS} . The correlations among these background shape parameters are considered either in the variation or in the R_{WS} error calculation. The results are summarized in Table I. All systematic errors are combined in quadrature.

In summary, we have measured the ratio R_{WS} of the rate of the wrong-sign process D^0 → K^+π^− relative to the right-sign process D^0 → K^−π^+ to be R_{WS} = ( 0.372 ± 0.025(stat)^{+0.009}_{−0.014}(syst) ) %. (3)

This result is preliminary. It is compared with other experimental results [6, 7, 8, 9] in Fig 7.

FIG. 7: Various experimental results for R_{WS} .

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 National Science Foundation of China under contract No. 10175071; the Department of Science and Technology of India; the BK21 program of the Ministry of Education of Korea and the CHEP SRC program of the Korea Science and Engineering Foundation; the Polish State Committee for Scientific Research under contract No. 2P03B 17017; the Ministry of Science and Technology of the Russian Federation; the Ministry of Education, Science and Sport of the Republic of Slovenia; the National Science Council and the Ministry of Education of Taiwan; and the U.S. Department of Energy.

[1] I. I. Bigi and N. G. Uraltsev, Nucl. Phys. B 592, 92 (2001). [2] E. Golowich and A. A. Petrov, Phys. Lett. B 427, 172 (1998). [3] G. Blaylock, A. Seiden, and Y. Nir, Phys. Lett. B 355, 555 (1995). [4] E. Kikutani ed., KEK Preprint 2001-157 (2001), to appear in Nucl. Instr. and Meth. A. [5] S. Mori ed., A. Abashian et al. (Belle Collaboration), Nucl. Instr. and Meth. A 479, 117 (2002). [6] U. Egede (BaBar Collaboration), hep-ex/0111062.

[7] CLEO Collaboration (R. Godang et al.), Phys. Rev. Lett. 84, 5038 (2000). [8] FOCUS Collaboration (J.M. Link et al.), Phys. Rev. Lett. 86, 2955 (2001). [9] E791 Collaboration (E.M. Aitala et al.), Phys. Rev. D57, 13 (1998).