CLNS 93/1262 CLEO 93-23 December 6, 1993

Observation of D0 ! K+π�

D. Cinabro,^1 S. Henderson,^1 T. Liu,^1 M. Saulnier,^1 R. Wilson,^1 H. Yamamoto,^1 T. Bergfeld,^2 B.I. Eisenstein,^2 G. Gollin,^2 B. Ong,^2 M. Palmer,^2 M. Selen,^2 J. J. Thaler,^2 A.J. Sadoff,^3 R. Ammar,^4 S. Ball,^4 P. Baringer,^4 A. Bean,^4 D. Besson,^4 D. Coppage,^4 N. Copty,^4 R. Davis,^4 N. Hancock,^4 M. Kelly,^4 N. Kwak,^4 H. Lam,^4 Y. Kubota,^5 M. Lattery,^5 J.K. Nelson,^5 S. Patton,^5 D. Perticone,^5 R. Poling,^5 V. Savinov,^5 S. Schrenk,^5 R. Wang,^5 M.S. Alam,^6 I.J. Kim,^6 B. Nemati,^6 J.J. O’Neill,^6 H. Severini,^6 C.R. Sun,^6 M.M. Zoeller,^6 G. Crawford,^7 C. M. Daubenmier,^7 R. Fulton,^7 D. Fujino,^7 K.K. Gan,^7 K. Honscheid,^7 H. Kagan,^7 R. Kass,^7 J. Lee,^7 R. Malchow,^7 F. Morrow,^7 Y. Skovpen,^{7∗} M. Sung,^7 C. White,^7 F. Butler,^8 X. Fu,^8 G. Kalbfleisch,^8 W.R. Ross,^8 P. Skubic,^8 J. Snow,^8 P.L. Wang,^8 M. Wood,^8 D.N. Brown,^9 J.Fast ,^9 R.L. McIlwain,^9 T. Miao,^9 D.H. Miller,^9 M. Modesitt,^9 D. Payne,^9 E.I. Shibata,^9 I.P.J. Shipsey,^9 P.N. Wang,^9 M. Battle,^{10} J. Ernst,^{10} Y. Kwon,^{10} S. Roberts,^{10} E.H. Thorndike,^{10} C.H. Wang,^{10} J. Dominick,^{11} M. Lambrecht,^{11} S. Sanghera,^{11} V. Shelkov,^{11} T. Skwarnicki,^{11} R. Stroynowski,^{11} I. Volobouev,^{11} G. Wei,^{11} P. Zadorozhny,^{11} M. Artuso,^{12} M. Goldberg,^{12} D. He,^{12} N. Horwitz,^{12} R. Kennett,^{12} R. Mountain,^{12} G.C. Moneti,^{12} F. Muheim,^{12} Y. Mukhin,^{12} S. Playfer,^{12} Y. Rozen,^{12} S. Stone,^{12} M. Thulasidas,^{12} G. Vasseur,^{12} G. Zhu,^{12} J. Bartelt,^{13} S.E. Csorna,^{13} Z. Egyed,^{13} V. Jain,^{13} K. Kinoshita,^{14} D.S. Akerib,^{15} B. Barish,^{15} M. Chadha,^{15} S. Chan,^{15} D.F. Cowen,^{15} G. Eigen,^{15} J.S. Miller,^{15} C. O’Grady,^{15} J. Urheim,^{15} A.J. Weinstein,^{15} D. Acosta,^{16} M. Athanas,^{16} G. Masek,^{16} H.P. Paar,^{16} J. Gronberg,^{17} R. Kutschke,^{17} S. Menary,^{17} R.J. Morrison,^{17} S. Nakanishi,^{17} H.N. Nelson,^{17} T.K. Nelson,^{17} J.D. Richman,^{17} A. Ryd,^{17} H. Tajima,^{17} D. Schmidt,^{17} D. Sperka,^{17} M.S. Witherell,^{17} M. Procario,^{18} S. Yang,^{18} R. Balest,^{19} K. Cho,^{19} M. Daoudi,^{19} W.T. Ford,^{19} D.R. Johnson,^{19} K. Lingel,^{19} M. Lohner,^{19} P. Rankin,^{19} J.G. Smith,^{19} J.P. Alexander,^{20} C. Bebek,^{20} K. Berkelman,^{20} K. Bloom,^{20} T.E. Browder,^{20} D.G. Cassel,^{20} H.A. Cho,^{20} D.M. Coffman,^{20} P.S. Drell,^{20} R. Ehrlich,^{20} M. Garcia-Sciveres,^{20} B. Geiser,^{20} B. Gittelman,^{20} S.W. Gray,^{20} D.L. Hartill,^{20} B.K. Heltsley,^{20} C.D. Jones,^{20} S.L. Jones,^{20} J. Kandaswamy,^{20} N. Katayama,^{20} P.C. Kim,^{20} D.L. Kreinick,^{20} G.S. Ludwig,^{20} J. Masui,^{20} J. Mevissen,^{20} N.B. Mistry,^{20} C.R. Ng,^{20} E. Nordberg,^{20} J.R. Patterson,^{20} D. Peterson,^{20} D. Riley,^{20} S. Salman,^{20} M. Sapper,^{20} F. Würthwein,^{20} P. Avery,^{21} A. Freyberger,^{21} J. Rodriguez,^{21} R. Stephens,^{21} and J. Yelton.^{21}

(CLEO Collaboration)

1Harvard University, Cambridge, Massachusetts 02138 2University of Illinois, Champaign-Urbana, Illinois, 61801 3Ithaca College, Ithaca, New York 14850 4University of Kansas, Lawrence, Kansas 66045 5University of Minnesota, Minneapolis, Minnesota 55455 6State University of New York at Albany, Albany, New York 12222 7Ohio State University, Columbus, Ohio, 43210 8University of Oklahoma, Norman, Oklahoma 73019 9Purdue University, West Lafayette, Indiana 47907 10University of Rochester, Rochester, New York 14627 11Southern Methodist University, Dallas, Texas 75275 12Syracuse University, Syracuse, New York 13244 13Vanderbilt University, Nashville, Tennessee 37235 14Virginia Polytechnic Institute and State University, Blacksburg, Virginia, 24061 15California Institute of Technology, Pasadena, California 91125 16University of California, San Diego, La Jolla, California 92093 17University of California, Santa Barbara, California 93106 18Carnegie-Mellon University, Pittsburgh, Pennsylvania 15213 19University of Colorado, Boulder, Colorado 80309-0390 20Cornell University, Ithaca, New York 14853 21University of Florida, Gainesville, Florida 32611

Abstract

Using the CLEO II data sample, with an integrated luminosity of 1.8 fb^{−1} at and near the Υ(4S) resonance, we have observed a signal for D^0 → K^+π^−, which could be due to either D^0D̄^0 mixing or Doubly Cabibbo Suppressed Decay (DCSD), or a combination of the two. We find B(D^0 → K^+π^−) / B(D^0 → K^−π^+)= 0.0077 ± 0.0025 (stat.) ± 0.0025 (sys.).

PACS numbers: 13.25.+m, 14.40.Jz

Typeset using REVTEX

∗Permanent address: INP, Novosibirsk, Russia

The reaction D^0 → K^+π^− [1] can occur either through D^0D̄^0 mixing, or through Doubly Cabibbo Suppressed Decay (DCSD), both of which are substantially suppressed in the Standard Model. Any highly suppressed weak decay is of great interest since exotic decay mechanisms could compete with the Standard Model processes. In general, without measuring the decay time distribution, one cannot separate mixing and DCSD in D^0 → K^+π^− [2,3]. Since this is the case at our experiment, our measurement is sensitive to both D^0D̄^0 mixing and DCSD and the interference between the two. The quantity we measure is the ratio R= B(D^0 → K^+π^−) / B(D^0 → K^−π^+), where the symbol B(D^0 → Kπ) refers to the rate integrated over all times of a pure D^0 state decaying to a final state Kπ. In the Standard Model, theoretical predictions for the contribution to R from mixing range from 10^{−10} to 10^{−3} [4] while the prediction for the contribution to R due to DCSD is of order tan^4 θ_C (∼ 3 × 10^{−3}) [3], where θ_C is the Cabibbo angle. Experiment E691 [5,6] has set upper limits on contributions to R from DCSD and mixing of 0.015-0.049 and 0.004-0.007 respectively, where the ranges reflect the possible effects of interference between DCSD and mixing with an unknown phase difference. By assuming no interference, other experiments have set upper limits on R from DCSD of 0.011 (CLEO) and 0.009 (ARGUS) [7,8].

We consider the decay chain D^{∗+} → D^0π^+_s → (Kπ)π^+_s , where the π^+_s has a soft momentum spectrum and is refered to as the slow pion. The charge of the slow pion is correlated with the charm quantum number of the D^0 meson and can be used to tag whether a D^0 or D̄^0 meson was produced. Our technique is to search for the wrong sign D^{∗+} → D^0π^+_s → (K^+π^−)π^+_s decays in which the slow pion has the same charge as the kaon. The right sign signal D^{∗+} → D^0π^+_s → (K^−π^+)π^+_s is used for normalization. Identical cuts are applied to both the right sign and the wrong sign samples. The quantity R defined above is then given by R=N(wrong sign)/N(right sign), where N refers to the number of events observed. The ratio is insensitive to uncertainties in tracking efficiency and particle identification efficiency. Our analysis relies on the fact that a signal will manifest itself as a peak in both the distributions of D^0 mass M(Kπ) and of mass difference ΔM ≡ M(Kππ) − M(Kπ) − M(π). To measure N(D^0 → Kπ) for right and wrong sign decays, we fit the mass difference after cutting around the D^0 peak. As a consistency check, we also fit the D^0 mass after cutting around the mass difference peak and performing a sideband subtraction as described below.

The data sample used in this study consists of 1.8 fb^{−1} of integrated luminosity near the Υ(4S) resonance, collected with the CLEO II detector operating at the Cornell Electron Storage Ring (CESR). The CLEO II detector has been described in detail elsewhere [9]. Charged particles are identified using drift chamber (dE/dx) and time-of-flight scintillation counters. We combine particle identification information from dE/dx and time-of-flight, and calculate the χ^2 probabilities for a given track to be a pion, kaon or proton. For each track, a particle likelihood ratio for particle type i (L_i) is defined as the ratio of the probability of type i to the sum of the probabilities for all three types. We require L_K > 0.1 and L_π < 0.55 for kaon candidates, L_π > 0.1 and L_K < 0.7 for pion candidates. The requirements on kaon candidates are more stringent than those for pion candidates because there are more pions in the background which mimic kaons than kaons which mimic pions. Variation of the choice of the cuts is included in the systematic error study. For the mass difference fit, the Kπ mass is required to be within 22 MeV/c^2 (about 2 standard deviations) of the D^0 mass. For the D^0 mass fit, the mass difference ΔM is required to be within 1.5 MeV/c^2 (about 2 standard deviations) of the mass difference peak. These cuts define the signal region. All D^{∗+} candidates are required to have x_D�+ > 0.64, where x_D�+ = p/p_{max} and p_{max} = qE^2_{beam} − M^2_D�+. This cut significantly reduces combinatorial background, removes all D^{∗+}s which originate from B decays, and keeps about 30% of the continuum D^{∗+}s.

Extensive Monte Carlo simulations of continuum e^+e^− annihilation and particular background sources for (K^+π^−)π^+_s combination have been performed. In the wrong sign sample, we find two major categories of background which will be discussed in detail below.

The first category arises from a misreconstructed D^0 due to particle misidentification which is then combined with the π^+_s from the same D^{∗+}. This gives an enhancement in the mass difference but does not peak in the D^0 mass signal region. The most serious example in this category is the decay D^0 → K^−π^+, which enters into the wrong sign sample when the kaon is misidentified as a pion and the pion is misidentified as a kaon. It will produce a narrow peak in the mass difference plot, and appear as a broad enhancement around the D^0 mass. To remove this background we invert the kaon and pion assignments and recalculate the D^0 mass, denoted M_{flip}. If M_{flip} lies within 4 σ (standard deviation) of the nominal D^0 mass, the combination is discarded. This veto does not work if the momentum of either the kaon or pion is mismeasured. To remove badly reconstructed tracks we apply strict track quality cuts which remove tracks associated with pion or kaon decays in flight (K^− → μ^−ν or π^+ → μ^+ν), tracks which had a hard scatter in the detector, and tracks which are mismeasured due to noise. We also remove tracks at small dip angle (with respect to the beam axis) which are poorly constrained due to the small number of wire hits in the tracking chamber. Track mismeasurements due to these sources are well reproduced in the Monte Carlo simulation, from which we find that fewer than 1 event from this background remains in the signal region at the 90% confidence level. Backgrounds due to D^0 → K^−K^+ and D^0 → π^−π^+ after single misidentification will also produce a narrow peak in the mass difference plot. However they do not reach the D^0 mass signal region defined above, and thus do not contribute to the mass difference plot which is made after the D^0 mass cut. Background events from misreconstructed 3-body and multi-body decay modes, e.g. D^0 → K^−π^+π^0, K^−l^+ν, etc. make a broad enhancement in the mass difference plot. However they are smoothly distributed in the D^0 mass plot, mostly below the D^0 peak. These backgrounds are significantly suppressed by the kaon and pion particle identification cuts. In order to further suppress the background from D^0 → K^−l^+ν, we also require that both the kaon and pion candidate be inconsistent with an electron and muon, using the electromagnetic calorimeter and muon chambers [9]. After applying all the cuts none of these backgrounds from 3-body D^0 decay modes will give a narrow peak in the signal region of the mass difference and the D^0 mass distributions.

The second major category of background is due to correctly reconstructed D^0 → K^−π^+ decays which are then combined with a random π_s. They mimic a wrong sign signal when the sign of the charge of the random π_s happens to be the same as that of the kaon. Such a background will form a D^0 mass peak, but will not peak in the mass difference.

The mass difference plot (figure 1) is fitted to a bifurcated Gaussian (with one mean and different σ on each side of the peak) plus a background function of the form a(ΔM)^{0.5} + b(ΔM)^{1.5} + c(ΔM)^{2.5}. We fix the mean and σ’s for the wrong sign fit to be the results of the corresponding right sign fit. The mean for the mass difference peak is 5.8 MeV/c^2. There are 2465 ± 50 signal events in the right sign mass difference plot, and 19.1 ± 6.1 signal events in the wrong sign plot. This corresponds to R = 0.0077 ± 0.0025 (stat.).

As a consistency check, we fit the D^0 mass spectrum after mass difference sideband subtraction. The D^0 mass plot corresponding to the sideband is subtracted with proper normalization of the sideband. The sideband subtraction removes the second major background discussed above. The low sideband is 0.002 GeV/c^2 < ΔM <0.004 GeV/c^2 and the high sideband is 0.0080 GeV/c^2 < ΔM < 0.0095 GeV/c^2. Variation of the choice of sideband is included in the systematic error. We have used a high statistics Monte Carlo simulation of D^{∗0} → D^0π^0_s → (K^−π^+)π^0_s to verify that this procedure removes the background from correctly reconstructed D^0 → K^−π^+ combined with random π^−_s . Singly misidentified D^0 → K^−K^+ and D^0 → π^−π^+, when combined with the π^+_s from the same D^{∗+}, will appear below and above the D^0 mass peak even after the sideband subtraction. To remove these backgrounds, we change the pion (kaon) candidate assignment to a kaon (pion) and recalculate the D^0 mass, denoted M_{KK} (M_{ππ}). If the recalculated mass M_{KK} (M_{ππ}) lies within 4 σ of the nominal D^0 mass, the combination is discarded.

The D^0 mass plot ( figure 2) after mass difference sideband subtraction is fitted to a Gaussian and a linear background. The mean and the σ for the D^0 mass peak are 1865.2 MeV/c^2 and 12.15 MeV/c^2 respectively. There are 2392 ± 53 signal events in the right sign D^0 mass plot, and 22.3 ± 7.1 signal events in the corresponding wrong sign plot. This corresponds to R = 0.0093 ± 0.0029 (stat.), which is consistent with the result from the mass difference fit.

We have studied the systematic errors from residual background, sideband subtraction and variation of the choice of all cuts we have used. For example, the value of R is stable with different particle identification cuts. We observe no trends that are inconsistent with statistical fluctuations. In figure 3, we show the D^0 mass distributions after tightening one of the particle identification cuts for the kaon candidate from the standard cut L_π < 0.55 to L_π < 0.05, while the signal loss in the right sign is 50%. The signal is clearly present (14.3 ± 4.7) with very little background. With such a pure sample, we have compared the right and wrong sign signal region event distributions of the kinematic, particle identification, and track quality variables, using a Kolmogorov-Smirnov test. For all the distributions that we have examined, we find good confidence levels for the hypothesis that the right and wrong sign distributions originate from the same parent distribution. In particular, the agreement between the right and wrong sign distributions of M_{flip} and kaon decay angle cosθ_K [10] demonstrates that the background from doubly misidentified D^0 → K^−π^+ is negligible, since such background events should accumulate near the edge of the M_{flip} cut or near cos θ_K = 0 where kaon and pion have about the same momentum. We have also examined the effects of the vetos on our result. For example, removing the KK and ππ vetos, and including the associated peaks from KK and ππ in the fit, changes the D^0 mass fit result only by 0.0005 in R and does not change the mass difference fit result. Therefore the modification of the background shape in the D^0 mass spectrum by the KK and ππ vetos does not significantly affect the final result. In order to obtain a estimate of the total systematic error, we sum all these errors in quadrature. The total systematic error is 0.0025 for the mass difference fit (0.0033 for the D^0 mass fit). Because both the statistical and systematic errors are smaller for the mass difference fit, we report that result.

In conclusion, we have observed a signal for D^0 → K^+π^− and find R = 0.0077 ± 0.0025 (stat.) ± 0.0025 (sys.). This value corresponds to (2.92 ± 0.95 (stat.) ±

0.95 (sys.) ) tan^4 θ_C, where tan^4 θ_C = 0.00264 and θ_C is the Cabibbo angle. As we do not measure the decay time distribution, this signal could be due to either D^0D̄^0 mixing or DCSD, or a combination of the two.

We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. This work was supported by the National Science Foundation, the U.S. Dept. of Energy, the Heisenberg Foundation, the SSC Fellowship program of TNRLC, and the A.P. Sloan Foundation.

REFERENCES

[1] We discuss D^0 decays explicitly in the text, its charge conjugate decays are also implied throughout the text unless otherwise stated.

[2] One exception is D^0D̄^0 pairs generated in a state of odd orbital angular momentum (such as Ψ^{′′}) where the DCSD contribution to (K^+π^−)(K^+π^−) final states cancels out and only that of mixing survives. See H. Yamamoto, Ph.D. Thesis, CALT-68-1318 (1985).

[3] I. Bigi and A.I. Sanda, Phys. Lett. B 171, 320 (1986).

[4] For short distance contributions to mixing, see M.K. Gaillard and B.W. Lee, Phys.

Rev. D 10, 897 (1974); A. Datta, Phys. Lett. B 154, 287 (1985). For long distance contributions to mixing, see L. Wolfenstein, Phys. Lett. B 164, 170 (1985); J. Donoghue, E. Golowich, B.R. Holstein and J. Trampetic, Phys. Rev. D 33, 179 (1986). For recent studies, see H. Georgi, Phys. Lett. B 297, 353 (1992); T. Ohl, G. Ricciardi and E.H. Simmons, Nucl. Phys. B 403, 603 (1993).

[5] T. Browder, Ph.D. Thesis, UCSB-HEP-88-4, (1988).

[6] J.C. Anjos et al., (E691 Collaboration), Phys. Rev. Lett. 60, 1239 (1988). [7] R. Ammar et al., (CLEO Collaboration), Phys. Rev. D 44, 3383 (1991). [8] H. Albrecht et al., (ARGUS Collaboration), DESY, 92-056.

[9] Y. Kubota et al., (CLEO Collaboration), Nucl. Inst. and Meth. A 320 66 (1992). [10] The symbol θ_K is defined to be the angle between the kaon and the D^0 boost direction as measured in the D^0 rest frame.

FIGURES

FIG. 1. Mass difference in the D^0 mass signal region for right sign and wrong sign. The solid lines are the fitted results.

FIG. 2. The D^0 mass in ΔM signal region after ΔM sideband subtraction for right sign and wrong sign. The solid lines are the fitted results.

FIG. 3. The D^0 mass for wrong sign events with tight particle identification cut L_π < 5% (55% is standard) for the kaon candidate. Fig 3(a) is for events in the ΔM peak; Fig. 3(b) is for events in the ΔM sidebands. The solid lines are the fits using the corresponding right sign mean and σ in data.