ICHEP94 Ref. GLS0458 CLEO CONF 94-15 Submitted to PA 16 Pl 9 July 9, 1994

Search for D^0 ! K^+π^−π^0

G. Crawford,^1 C. M. Daubenmier,^1 R. Fulton,^1 D. Fujino,^1 K.K. Gan,^1 K. Honscheid,^1 H. Kagan,^1 R. Kass,^1 J. Lee,^1 R. Malchow,^1 Y. Skovpen,^{1∗} M. Sung,^1 C. White,^1 M.M. Zoeller,^1 F. Butler,^2 X. Fu,^2 B. Nemati,^2 W.R. Ross,^2 P. Skubic,^2 M. Wood,^2 M. Bishai,^3 J. Fast,^3 E. Gerndt,^3 R.L. McIlwain,^3 T. Miao,^3 D.H. Miller,^3 M. Modesitt,^3 D. Payne,^3 E.I. Shibata,^3 I.P.J. Shipsey,^3 P.N. Wang,^3 M. Battle,^4 J. Ernst,^4 L. Gibbons,^4 Y. Kwon,^4 S. Roberts,^4 E.H. Thorndike,^4 C.H. Wang,^4 J. Dominick,^5 M. Lambrecht,^5 S. Sanghera,^5 V. Shelkov,^5 T. Skwarnicki,^5 R. Stroynowski,^5 I. Volobouev,^5 G. Wei,^5 P. Zadorozhny,^5 M. Artuso,^6 M. Gao,^6 M. Goldberg,^6 D. He,^6 N. Horwitz,^6 R. Kennett,^6 R. Mountain,^6 G.C. Moneti,^6 F. Muheim,^6 Y. Mukhin,^6 S. Playfer,^6 Y. Rozen,^6 S. Stone,^6 X. Xing,^6 G. Zhu,^6 J. Bartelt,^7 S.E. Csorna,^7 Z. Egyed,^7 V. Jain,^7 D. Gibaut,^8 K. Kinoshita,^8 P. Pomianowski,^8 B. Barish,^9 M. Chadha,^9 S. Chan,^9 D.F. Cowen,^9 G. Eigen,^9 J.S. Miller,^9 C. O’Grady,^9 J. Urheim,^9 A.J. Weinstein,^9 M. Athanas,^{10} W. Brower,^{10} G. Masek,^{10} H.P. Paar,^{10} J. Gronberg,^{11} R. Kutschke,^{11} S. Menary,^{11} R.J. Morrison,^{11} S. Nakanishi,^{11} H.N. Nelson,^{11} T.K. Nelson,^{11} C. Qiao,^{11} J.D. Richman,^{11} A. Ryd,^{11} H. Tajima,^{11} D. Sperka,^{11} M.S. Witherell,^{11} R. Balest,^{12} K. Cho,^{12} W.T. Ford,^{12} D.R. Johnson,^{12} K. Lingel,^{12} M. Lohner,^{12} P. Rankin,^{12} J.G. Smith,^{12} J.P. Alexander,^{13} C. Bebek,^{13} K. Berkelman,^{13} K. Bloom,^{13} T.E. Browder,^{13†} D.G. Cassel,^{13} H.A. Cho,^{13} D.M. Coffman,^{13} D.S. Crowcroft,^{13} P.S. Drell,^{13} D. Dumas,^{13} R. Ehrlich,^{13} P. Gaidarev,^{13} M. Garcia-Sciveres,^{13} B. Geiser,^{13} B. Gittelman,^{13} S.W. Gray,^{13} D.L. Hartill,^{13} B.K. Heltsley,^{13} S. Henderson,^{13} C.D. Jones,^{13} S.L. Jones,^{13} J. Kandaswamy,^{13} N. Katayama,^{13} P.C. Kim,^{13} D.L. Kreinick,^{13} G.S. Ludwig,^{13} J. Masui,^{13} J. Mevissen,^{13} N.B. Mistry,^{13} C.R. Ng,^{13} E. Nordberg,^{13} J.R. Patterson,^{13} D. Peterson,^{13} D. Riley,^{13} S. Salman,^{13} M. Sapper,^{13} F. Würthwein,^{13} P. Avery,^{14} A. Freyberger,^{14} J. Rodriguez,^{14} S. Yang,^{14} J. Yelton,^{14} D. Cinabro,^{15} T. Liu,^{15} M. Saulnier,^{15} R. Wilson,^{15} H. Yamamoto,^{15} T. Bergfeld,^{16} B.I. Eisenstein,^{16} G. Gollin,^{16} B. Ong,^{16} M. Palmer,^{16} M. Selen,^{16} J.

J. Thaler,^{16} K.W. Edwards,^{17} M. Ogg,^{17} A. Bellerive,^{18} D.I. Britton,^{18} E.R.F. Hyatt,^{18} D.B. MacFarlane,^{18} P.M. Patel,^{18} B. Spaan,^{18} A.J. Sadoff,^{19} R. Ammar,^{20} P. Baringer,^{20} A. Bean,^{20} D. Besson,^{20} D. Coppage,^{20} N. Copty,^{20} R. Davis,^{20} N. Hancock,^{20} M. Kelly,^{20} S. Kotov,^{20} I. Kravchenko,^{20} N. Kwak,^{20} H. Lam,^{20} Y. Kubota,^{21} M. Lattery,^{21} M. Momayezi,^{21} J.K. Nelson,^{21} S. Patton,^{21} R. Poling,^{21} V. Savinov,^{21} S. Schrenk,^{21} R. Wang,^{21} M.S. Alam,^{22} I.J. Kim,^{22} Z. Ling,^{22} A.H. Mahmood,^{22} J.J. O’Neill,^{22} H. Severini,^{22} C.R. Sun,^{22} and F. Wappler^{22}

(CLEO Collaboration)

1Ohio State University, Columbus, Ohio, 43210 2University of Oklahoma, Norman, Oklahoma 73019 3Purdue University, West Lafayette, Indiana 47907 4University of Rochester, Rochester, New York 14627 5Southern Methodist University, Dallas, Texas 75275 6Syracuse University, Syracuse, New York 13244 7Vanderbilt University, Nashville, Tennessee 37235 8Virginia Polytechnic Institute and State University, Blacksburg, Virginia, 24061 9California Institute of Technology, Pasadena, California 91125 10University of California, San Diego, La Jolla, California 92093 11University of California, Santa Barbara, California 93106 12University of Colorado, Boulder, Colorado 80309-0390 13Cornell University, Ithaca, New York 14853 14University of Florida, Gainesville, Florida 32611 15Harvard University, Cambridge, Massachusetts 02138 16University of Illinois, Champaign-Urbana, Illinois, 61801 17Carleton University, Ottawa, Ontario K1S 5B6 and the Institute of Particle Physics, Canada 18McGill University, Montréal, Québec H3A 2T8 and the Institute of Particle Physics, Canada 19Ithaca College, Ithaca, New York 14850 20University of Kansas, Lawrence, Kansas 66045 21University of Minnesota, Minneapolis, Minnesota 55455 22State University of New York at Albany, Albany, New York 12222

Abstract

Using the CLEO II data sample with an integrated luminosity of 2.5 fb^{−1} at and near the Υ(4S) resonance, we conduct a search for the ’wrong sign’ decay D^0 → K^+π^− π^0 (which includes K^+ρ^−, K^{∗+}π^−, K^{∗0}π^0 as well as nonresonant K^+π^−π^0). No signal events have been found, leading to an upper limit on inclusive D^0 → K^+π^−π^0 as R ≡ B(D^0 → K^+π^−π^0) / B(D^0 → K^−π^+π^0) < 0.68%. This upper limit includes the possible effects of the interference between Doubly Cabibbo Suppressed Decay and D^0D̄^0 mixing for each submode as well as the interference between submodes.

∗Permanent address: INP, Novosibirsk, Russia

†Permanent address: University of Hawaii at Manoa

The reaction D^0 → K^+π^−π^0 (where the submodes are K^+ρ^− , K^{∗+}π^−, K^{∗0}π^0 and nonresonant K^+π^−π^0) [1] can occur either through the Doubly Cabibbo Suppressed Decay (DCSD) D^0 → K^+π^−π^0 or through D^0D̄^0 mixing followed by Cabibbo favored decay D^0 → D̄0 → K +π−π0. Both DCSD and D0D̄0 mixing are substantially suppressed in the Standard Model. The rate for inclusive D^0 → K^+π^−π^0 relative to inclusive D^0 → K^− π^+π^0 is defined as R ≡ B(D^0 → K^+π^−π^0) / B(D^0 → K^− π^+π^0), where the symbol B(D^0 → Kππ^0) refers to the rate integrated over all times of a pure D^0 state decaying to a final state Kππ^0. The rate for exclusive two-body modes, such as D^0 → K^+ρ^− relative to D^0 → K^− ρ^+, is defined similarly: R_{Kρ} ≡ B(D^0 → K^+ρ^− ) / B(D^0 → K^−ρ^+). The inclusive rate R is sensitive to the possible effects of the interference between DCSD and D^0D̄^0 mixing for each submode as well as the interference between submodes. While R for mixing is expected to be very small in the Standard Model (estimates range from 10^{−10} to 10^{−4}) [2], R for DCSD is expected to be of the order of tan^4 θ_C(∼ 0.3%), where θ_C is the Cabibbo angle. Theoretical predictions for R in DCSD have only been made for some exclusive modes. One estimate gives R for D^0 → K^+ρ^− and D^0 → K^{∗+}π^− to be 0.5tan^4 θ_C and 3tan^4 θ_C respectively [3]. The Cabibbo favored decay D^0 → K^− π^+π^0 has been studied in detail experimentally [4,5]. To date, however, there is no published result on D^0 → K^+π^−π^0. The Mark III experiment previously reported [6] preliminary results for wrong sign D^0 decays which could be interpreted as evidence for either DCSD in the mode D^0 → K^+π^−π^0 or D^0D̄^0 mixing. Experiment E691 [7] has set an upper limit on R for mixing to be 0.004-0.007, where the range reflects the possible effects of interference between DCSD and mixing. CLEO [8] has recently reported a signal for D^0 → K^+π^− which could be due to either D^0D̄^0 mixing or DCSD, and has found R ≡ B(D^0 → K^+π^−) / B(D^0 → K^−π^+) =0.0077 ± 0.0025 (stat.) ± 0.0025 (sys.). Below we will describe a search for D^0 → K^+π^−π^0 using CLEO II data.

We consider the decay chain D^{∗+} → D^0π^+_s → (Kππ^0)π^+_s , where the π^+_s has a soft momentum spectrum and is thus referred to as the slow pion. The technique employed is similar to the technique used for the D^0 → K^+π^− mode [8]. We search for wrong sign D^{∗+} → D^0π^+_s → (K^+π^−π^0)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^0)π^+_s is used for normalization. The main complication faced by this analysis is that the resonant substructure is not necessarily the same for DCSD and for Cabibbo favored decays, therefore the variation of the detection efficiency across the Dalitz plot has to be taken into account when we measure R. The measurement of R in D^0 → K^+π^− does not depend on the detection efficiency. Two complementary analyses can be performed: a) an inclusive search for D^0 decays to the final state K^+π^−π^0; b) a search for each resonant component, including non-resonant decay mode. In this paper, we will only describe the inclusive search.

In this analysis, we use a set of relatively loose cuts for right sign events which result in a flat detection efficiency across the Dalitz plot, and we call these cuts “the right sign cuts”. For the wrong sign events, we apply additional cuts in order to reduce backgrounds even though they result in a detection efficiency which is not uniform over the Dalitz plot, these cuts will be called “the wrong sign cuts”. Both the right sign and wrong sign cuts are discussed in detail later. To set a conservative upper limit, we can assume the detection efficiency for the wrong sign cuts is flat across the Dalitz plot at ϵ^{min}_w for a worst case scenario, where ϵ^{min}_w is the minimum efficiency over the entire Dalitz plot for the wrong sign cuts. Thus we have R <^{Mw}_{Mr} ∗^1_{ξminw} , where M_w is the total number of measured wrong sign events with the wrong sign cuts, M_r is the total number of measured right sign events with the right sign cuts, and ξ^{min}_w =^{ϵminw}_ϵ0_r is the lowest relative detection efficiency for the wrong sign cuts relative to the right sign cuts. We will show later that ξ^{min}_w can be calculated from right sign data and therefore avoid the use of Monte Carlo simulation. This is the formula we will use to obtain our final result.

The data sample used in this study consists of 2.5 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]. Isolated photons, detected by the barrel CsI calorimeter, with a minimum energy of 30 MeV/c, are paired to form π^0 candidates. Combinations within 2σ (standard deviation) of the nominal π^0 mass are selected as π^0 candidates. All D^{∗+} candidates are required to have x_D�+ > 0.60, where x_D�+ = p/p_{max} and p_{max} = qE^2_{beam} − M^2_D�+. This cut significantly reduces combinatorial background and keeps about 35% of the continuum D^{∗+}s. These are the cuts we apply to the right sign events and are designed to keep the reconstruction efficiency as flat as possible across the Dalitz plot. We have used a large statistics Monte Carlo sample ( D^{∗+} → D^0π^+ followed by D^0 → K^− π^+π^0 non-resonant decay ) and used the distribution of the accepted Monte Carlo events to study the detection efficiency across the Dalitz plot. Since the events were generated according to three-body phase space (flat across the Dalitz plot), any deviation from flatness is a direct indication of efficiency variation. With the right sign cuts, the detection efficiency is quite flat over the Dalitz plot, as can be seen in Fig 1(a). The overall detection efficiency for D^0 → K^− π^+π^0 from D^{∗+} → D^0π^+ with x_D�+ > 0.60 is about 60%. The right sign cuts make no use of particle identification.

For the wrong sign, there are three sets of additional cuts: i.e. the π^0 momentum cut, the particle identification cuts and a cut on a kinematic quality called M_{flip}. These cuts were designed to reject background as much as possible and to avoid regions where the Monte Carlo-determined efficiency may not be reliable. The π^0 momentum cut is designed to remove background from random π^0 candidates which peaks in the low momentum region and can be effectively removed by a cut p(π^0) > 400MeV/c. The particle identification cuts combine information from time-of-flight scintillation counters and dE/dx in drift chamber and calculate 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 < 0.30 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. These cuts are chosen to maximize the S/ √ B in data, where S is the right sign signal yield, B is the number of wrong sign background events in the mass difference (ΔM ≡ M(Kππ^0π) − M(Kππ^0) − M(π)) sideband. The M_{flip} cut is designed to remove the background from the doubly misidentified D^0 → K^− π^+π^0 where the particle type assignments of K^− and π^+ are interchanged, and the D^0 is from D^{∗+} → D^0π^+_s decay. This background peaks in the mass difference plot, and will show up in the D^0 mass plot as a broad enhancement around the D^0 peak. Note that the shape of the broad enhancement is different for different submode. When the kaon and the pion momenta are nearly equal, the doubly misidentified kaon-pion combination may still give a good 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} is within 4 σ (standard deviation) of the nominal D^0 mass, the combination is discarded.

With the wrong sign cuts, the detection efficiency across the Dalitz plot is no longer flat, as can be seen in fig 1(b). The lower right corner has the lowest efficiency. This can also be seen by comparing the distribution of the right sign signal events in the Dalitz plot before and after the wrong sign cuts in fig 1(c)(d). The π^0 momentum cut p(π^0) > 400MeV/c is the principal cause of the detection efficiency variation, because the low momentum π^0s from D^0 → Kππ^0 accumulate around the lower right corner (high K^−π^+ mass region where π^0 is soft in D^0 rest frame) of the Dalitz plot. To estimate the lowest relative detection efficiency for the wrong sign cuts relative to the right sign cuts (ξ^{min}_w ), we can measure the reduction in the number of right sign events from data in this region after applying the three additional cuts (fortunately the right sign data has large statistics in this very region). In this way we can avoid the uncertainties in Monte Carlo predictions. It is worth pointing out here that the Monte Carlo is used only to find the region of the lowest relative efficiency over the Dalitz plot, which can be also understood by kinematics. We define the region in the lower right corner to be cosθ_ρ < −0.4 and cosθ_K� < −0.3, where θ_X is the helicity angle of the resonance X. The lowest relative efficiency we obtained this way is ξ^{min}_w = (31.0±1.0)%. For comparison, the highest relative efficiency is ξ^{max}_w = 48%, using the right sign data in the upper left corner of the Dalitz plot: cosθ_ρ > 0.4 and cosθ_K�0 < −0.3.

To determine the right sign yield with the right sign cuts we fit the mass difference plot (after the D^0 mass sideband subtraction). The Kππ^0 mass is required to be within 39 MeV/c^2 (about 2σ) of the D^0 nominal mass. The D^0 mass sideband is chosen as 1.743 GeV < M_{Kππ}0 < 1.823 GeV. The mass difference plot after D^0 mass sideband subtraction is fitted to a sum of two Gaussians (with the same mean but different σ). There are M_r = 13424±180 signal events in the mass difference plot. As a consistency check, we also fit the D^0 mass plot (after the mass difference sideband subtraction) to a Gaussian and a linear background. There are 13774 ± 195 signal events in the D^0 mass fitting, which is consistent with the result from the mass difference fitting. Note that it is conservative to use the yield from the mass difference fitting (which is smaller) to set the upper limit. Figure 2 shows the mass difference plots for the right sign and wrong sign after the wrong sign cuts are applied. The right sign mass difference plot has the D^0 mass sideband subtraction, while the wrong sign plot does not. The right sign yield is 5149.3 ± 84.6, which means the overall signal loss for the right sign is 38% due to the wrong sign cuts (this can be compared to the lowest relative efficiency 31% and the highest relative efficiency 48% on the Dalitz plot). To determine the wrong sign yield with the wrong sign cuts, we also fit the mass difference plot, but without the D^0 mass sideband subtraction. The reason we do not use the D^0 mass sideband subtraction is that the singly misidentified D^0 → K^+K^−π^0 and D^0 → π^+π^−π^0 will appear below and above the D^0 mass peak, respectively. Although Monte Carlo studies show that the amount of this background is small, it peaks at the mass difference signal location. The wrong sign mass difference plot is fitted the same way as the right sign mass difference plot except for an additional phase space background function (the same function used in reference 8). We fix the mean and widths for the fit to the wrong sign plot from the fit to the corresponding right sign plot. The total yield for the wrong sign is M_w = 14.2 ± 11.1 from the mass difference fit. Using the total yield of the right sign events with the right sign cuts M_r = 13424 ± 180 and the lowest relative efficiency ξ^{min}_w = (31.0 ± 1.0)%, we find R <^{Mw}_{Mr} ∗^1_{ξminw} = (0.34 ± 0.27 (stat) )%, leading to an 90% C.L. upper limit R < 0.68%.

One might question our method of using ξ^{min}_w instead of integrating the efficiency over the Dalitz plot, as the latter may give us a better upper limit. The answer is that our method gives a Monte Carlo-independent result ( the value of ξ^{min}_w is obtained from data, not from the Monte Carlo simulation), while it degrades the upper limit by no more than 20%. If we apply the wrong sign cuts to both the right sign and wrong sign events and ignore the detection efficiency variation across the Dalitz plot, then we find R =^{Mw}_{Mr} =^{14.2±11.1}_{5149.3±84.6} = (0.28 ± 0.21 (stat) )% leading to an 90% C.L. upper limit R < 0.56%. This is the lowest upper limit we can possibly get if we choose any other method.

The inclusive rate of D^0 → K^+π^−π^0 contains much less information than the exclusive rate for each submode. Although the upper limit we obtained is close to tan^4 θ_C = 0.264%, we do not learn very much from this, as the upper limit is for the inclusive rate. We are attempting to obtain separate limits on the individual submodes, but due to the fact that the resonance substructure for the wrong sign is not necessarily the same as that for the right sign events, measuring the exclusive rate for each submode is rather complicated.

In conclusion, we have set an upper limit on the inclusive decay D^0 → K^+π^−π^0. We find R ≡ Γ(D^0 → K^+π^−π^0, D^0 → D^0 → K^+π^−π^0) / Γ(D^0 → K^− π^+π^0) < 0.68% or R < 2.6 tan^4 θ_C (where tan^4 θ_C = 0.264%). This upper limit includes the possible effects of the interference between Doubly Cabibbo Suppressed Decay and D^0D̄^0 mixing for each submode as well as the interference between submodes. ACKNOWLEDGEMENTS 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, Natural Sciences and Engineering Research Council of Canada, 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] 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 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).

[3] I.Bigi and A.I.Sanda, Phys.Lett. B171,320(1986). I.Bigi, Proceedings of the Charm Physics Workshop, Peking(1987); I.Bigi, in SLAC summer institute on Particle Physics, Stanford, 1987; edited by E.C. Brennan (SLAC, 1988); Other predictions can be found in R.C. Verma and A.N. Kamal, Phys.Rev. D43,829(1991). A recent study of the D^0 → K^+π^− mode can be found in L.L. Chau and H.Y.Cheng, ITP-SB-93-49, UCD- 93-31 (HEP-PH-9404207).

[4] J.Adler et al.,(MARKIII Collaboration), Phys.Lett. B196,107(1987). [5] J.C.Anjos et al.,(E691 Collaboration), Phys.Rev. D48,56(1993).

[6] G.E.Gladding, in Proc. of the Fifth Intl. Conf on Physics in Collision, Autun, France, 1985 (World Scientific).

[7] J.C.Anjos et al.,(E691 Collaboration), Phys.Rev.Lett. 60, 1239 (1988). [8] D. Cinabro, et al.,(CLEO Collaboration), Phys.Rev.Lett. 72, 1406(1994). [9] Y. Kubota, et al.,(CLEO Collaboration), Nucl. Inst. and Meth. A 320 66(1992).

FIG. 1. (a) Detection efficiency across the Dalitz plot with the right sign cuts; (b) Detection efficiency across the Dalitz plot with the wrong sign cuts; (c) The right sign signal events with the right sign cuts; (d) The right sign signal events with the wrong sign cuts.

FIG. 2. The mass difference plots for the right sign and wrong sign after all the cuts are applied.