arXiv:hep-ex/0011079 21 Nov 2000

International Journal of Modern Physics A UMS/HEP/2000-031

f_{c World Scientific Publishing Company FERMILAB-Conf-00/292-E}

Division of Particles and Fields DPF2000 9-12 August 2000 American Physical Society The Ohio State University–Columbus

SEARCH FOR RARE 3 AND 4{BODY D^0 DECAYS AT FNAL E791

D. J. SUMMERS� Department of Physics and Astronomy, University of Mississippi-Oxford University, Mississippi 38677, USA

Limits at the 10�4 level are reported for rare and forbidden decays of the D0 charm meson to a pair of leptons and either a vector meson or two pseudoscalar mesons. Of these searches, 18 are investigations of decays without previous published results; several others have significantly improved sensitivity over previous results.

We have made blind searches for 27 dilepton D^0 decays with muons or electrons.^1 The modes are resonant D^0 → V ℓ^+ℓ^− decays, where V is a ρ^0, K^{∗0}, or ϕ, and non-resonant D^0 → hhℓℓ decays, where h is a π or K. Charge-conjugates are implied. The modes are lepton flavor-violating, or lepton number-violating, or flavorchanging neutral current decays. Box diagrams can mimic FCNC decays, but only at the 10^{−10} to 10^{−9} level.^2;^3 Long range effects (e.g. D^0 → K^{∗0}ρ^0, ρ^0 → e^+ e^−) can occur at the 10^{−6} level.^3;^4 Many have studied rare decays of -1/3q strange quarks. Charge 2/3 charm quarks are interesting because they might couple differently.^5 Data is from the Fermilab E791 spectrometer.^6 The spectrometer has been upgraded for a series of experiments including E516,^7 E691,^8 E769,^9 and E791. In addition to searching for rare decays,^1;^{10} E791 has set limits on D^0 D^0 mixing^{11} and CP violation.^{12} E791 has observed doubly cabibbo suppressed decays^{13} and has tagged quarks as being c or c using D-π production correlations.^{14} E791 recorded 2 × 10^{10} events,^{15} which were produced by a 500 GeV/c π^− beam hitting a fixed target consisting of five thin, well-separated disks. Tracks and vertices use hits in 23 silicon microstrip^8 and 45 wire chamber planes. Kaon ID employs two Čerenkov counters.^{16} Electron ID uses transverse shower shape plus matching wire chamber tracks to shower positions and energies in an electromagnetic calorimeter.^{17} The probability to mis-ID a pion as an electron was ∼ 0.8%. Muon ID employs two planes of scintillation counters.^{18} Data from D^+ → K^{∗0}μ^+ ν¯ decays^{19} were used to set cuts. The probability to mis-ID a pion as a muon decreased from about 6% at 8 GeV/c to 1.3% above 20 GeV/c.

After reconstruction,^{20} events with well-separated production and decay vertices were chosen to separate charm candidates from background. All events having masses near the D^0 mass were masked so that any potential signal would not cause bias. All cuts were then chosen by studying signal events from Monte Carlo (MC) and background events, outside signal windows, from real data. We normalize to topologically similar hadronic 3-body (resonant) or 4-body (non-resonant) decays.

�_{Representing the Fermilab E791 Collaboration and supported by DE-FG05-91ER40622.} 1

D^0 Decay D^0 Norm. Events D^0 Decay D^0 Norm. Events ρ^0ℓ^±ℓ^∓ π^+ π^−π^+ π^− 2049±53 ππℓℓ π^+π^−π^+ π^− 2049±53 K^{∗0}ℓ^±ℓ^∓ K^{∗0}π^+π^− 5451±72 Kπℓℓ K^−π^+π^−π^+ 11550±113 ϕℓ^±ℓ^∓ ϕπ^+π^− 113±19 KKℓℓ K^+K^−π^+π^− 406±41

The upper limit for each branching fraction BX is calculated using

BX =^NX_{NNorm}^{εNorm}_εX × BNorm^{εNorm}_εX =^{N MCNorm}_{N MC} X^{(1)}

where NX is the 90% confidence level (CL) upper limit on the number of decays for the rare or forbidden decay mode X, and εX is that mode’s detection efficiency.

ε_{Norm} is the normalization mode detection efficiency, B_{Norm} is the normalization

mode branching fraction, and N^{MC}_{Norm} and N^{MC}X are the numbers of Monte Carlo events that are reconstructed and pass the final cuts, for the normalization and decay modes, respectively. The efficiencies for the normalization modes varied from 0.2% to 1%, and the efficiencies for the search modes varied from 0.05% to 0.34%.

The 90% CL upper limits NX are calculated using the method of Feldman and Cousins^{21} to account for background, and then corrected for systematic errors by the method of Cousins and Highland.^{22} Results are shown in Fig. 1.

Figure 1: 90% CL branching fraction limits from E791^1 (ffl) and CLEO^{23} (�).

In summary, we use blind analyses to set 90% CL upper limits ranging from 1.5 × 10^{−5} (π^+ π^−μ^±e^∓) to 3.9 × 10^{−4} (K^−π^−μ^+ μ^+) for 27 FCNC and lepton-number/ family violating decays of the D^0. No evidence for any of these 3 and 4-body decays is found.^1 Five limits are improvements over previous results;^{23} 18 are new.

References

1. E. M. Aitala et al.(E791), Search for Rare and Forbidden Charm Meson Decays D^0 → V ℓ^+ ℓ^− and hhℓℓ, UMS/HEP/2000-026, FERMILAB-Pub-00/280-E, hep-ex/0011077, submitted to Phys. Rev. Lett.

2. A. J. Schwartz, Mod. Phys. Lett. A8 (1993) 967;

S. Pakvasa, hep-ph/9705397; Chin. J. Phys. (Taipei) 32 (1994) 1163. 3. S. Fajfer, S. Prelovšek, and P. Singer, Phys. Rev. D58 (1998) 094038; hep-ph/0010106. 4. P. Singer, Acta Phys. Polon. B30 (1999) 3861;

P. Singer and D.-X. Zhang, Phys. Rev. D55 (1997) 1127.

5. G. López Castro, R. Martínez, and J. H. Muñoz, Phys. Rev. D58 (1998) 033003. 6. J.A. Appel, Ann. Rev. Nucl. Part. Sci. 42 (1992) 367; D.J. Summers et al., hep-ex/ 0009015; E. M. Aitala et al., Phys. Lett. B371 (1996) 157; EPJdirect C4 (1999) 1.

7. B. H. Denby et al.(E516), Phys. Rev. Lett. 52 (1984) 795;

G. F. Hartner et al., Nucl. Instrum. Meth. 216 (1983) 113. 8. J. R. Raab et al.(E691), Phys. Rev. D37 (1988) 2391;

B. R. Kumar, in Vertex Detectors, Plenum Press, Erice (21-26 September 1986) 167. 9. G. A. Alves et al.(E769), Phys. Rev. Lett. 69 (1992) 3147; Phys. Rev. Lett. 70 (1993) 722; Phys. Rev. D49 (1994) 4317; Phys. Rev. Lett. 72 (1994) 812; Phys. Rev. Lett. 77 (1996) 2388; Phys. Rev. Lett. 77 (1996) 2392; Phys. Rev. D56 (1997) 6003.

10. E. M. Aitala et al.(E791), Phys. Rev. Lett. 76 (1996) 364; Phys. Lett. B462 (1999) 401; David A. Sanders, Mod. Phys. Lett. A15 (2000) 1399; hep-ex/9903067; D. J. Summers et al., hep-ex/0010002.

11. E.M. Aitala et al., Phys. Rev. Lett. 77 (1996) 2384; Phys. Rev. D57 (1998) 13; Phys.

Rev. Lett. 83 (1999) 32; L. Cremaldi, Nucl. Phys. Proc. Suppl. 55A (1997) 221. 12. E. M. Aitala et al., Phys. Lett. B403 (1997) 377; Phys. Lett. B421 (1998) 405. 13. E. M. Aitala et al.(E791), Phys. Lett. B404 (1997) 187. 14. E. M. Aitala et al.(E791), Phys. Lett. B403 (1997) 185; hep-ex/0008061.

CDF has now used B-π production correlations for B^0 tagging, allowing a measurement of CP violation in B^0 → J/ψ K^0s decays; F. Abe et al., Phys. Rev. Lett. 81 (1998) 5513; G. Bauer, hep-ex/9904017; hep-ex/9908055; J. Kroll, hep-ex/9908062.

15. S. Amato et al., Nucl. Instrum. Meth. A324 (1992) 535; S. Hansen et al., IEEE Trans. NS 34 (1987) 1003; C. Gay and S. Bracker, IEEE Trans. NS 34 (1987) 870.

16. D. Bartlett et al., Nucl. Instrum. Meth. A260 (1987) 55.

17. E. M. Aitala et al.(E791), Phys. Rev. Lett. 80 (1998) 1393; V. K. Bharadwaj et al., Nucl. Instrum. Meth. 155 (1978) 411; V. K. Bharadwaj et al., Nucl. Instrum. Meth. A228 (1985) 283; D. J. Summers, Nucl. Instrum. Meth. A228 (1985) 290.

18. E. M. Aitala et al., Phys. Lett. B450 (1999) 294; Phys. Lett. B397 (1997) 325. 19. E. M. Aitala et al.(E791), Phys. Lett. B440 (1998) 435.

20. S. Bracker et al., IEEE Trans. NS 43 (1996) 2457; D. Summers et al., hep-ex/0007003;

F. Rinaldo and S. Wolbers, Comput. Phys. 7 (1993) 184; C. Stoughton and D. J. Summers, Comput. Phys. 6 (1992) 371.

21. G. J. Feldman and R. D. Cousins, Phys. Rev. D57 (1998) 3873. 22. R. D. Cousins and V. L. Highland, Nucl. Instrum. Meth. A320 (1992) 331. 23. A. Freyberger et al.(CLEO), Phys. Rev. Lett. 76 (1996) 3065.