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We summarize the results of two recent searches for flavor-changing neutral current, lepton-
flavor violating, and lepton-number violating decays of DF, D}, and D® mesons (and their
antiparticles) into modes containing muons and electrons. Using data from Fermilab charm
hadroproduction experiment E791, we examined D% and D} néf and K /¢ decay modes and
the D° dilepton decay modes containing either £7£7, a p°, R;*O, or ¢ vector meson, or a non-
resonant ww, K=, or K K pair of pseudoscalar mesons. No evidence for any of these decays was
found. Therefore, we presented branching-fraction upper limits at 90% confidence level for
the 51 decay modes examined. Twenty-six of these modes had no previously reported limits,

and eighteen of the remainder were reported with significant improvements over previously
published results. i



1 Introduction

The E791 Collaboration has previously reported limits on rare and forbidden dilepton decays of
charged charm mesons 2. Such measurements probe the SU(2)xU(1) Standard Model of electroweak
interactions in search of new mediators and couplings >%. Here we summarize the results of two
related analyses. First? we examined the 7¢¢ and K/{¢ decay modes of Dt and D} and the £1¢~
decay modes of D°. Then we extend the methodology to 27 dilepton decay modes of the DY meson
5 containing either resonant V£1t£~ decays, where V is a p°, F*O, or ¢, and non-resonant hyhyff
decays, where h; is either a 7 or a K. The leptons were either muons or electrons. Charge-conjugate
modes are implied. The modes are lepton flavor-violating (e.g., Dt — ntute™), or lepton number-
violating (e.g., D¥ — m~utut), or flavor-changing neutral current decays (e.g., D° — F*Oe"’e‘).
Box diagrams can mimic FCNC decays, but only at the 1071° to 107 level #®. Long range effects
through resonant modes (e.g., D% — F*Opo, p® — eTe™) can occur at the 107° level 7. Numerous
experiments have studied rare decays of charge -1/3 strange quarks. Charge 2/3 charm quarks are
interesting because they may exhibit a different coupling 8.

The data come from measurements made with the Fermilab E791 spectrometer 9. A total of
2% 100 events were taken with a loose transverse energy requirement. These events were produced by
a 500 GeV/c n~ beam interacting in a fixed target consisting of five thin, well-separated foils. Track
and vertex information came from “hits” in 23 silicon microstrip planes and 45 wire chamber planes.
This information and the bending provided by two dipole magnets were used for momentum analysis
of charged particles. Kaon identification was carried out by two multi-cell Cerenkov counters ! that
provided #/K separation in the momentum range 6 — 60 GeV/c. We required that the momentum-
dependent light yield in the Cerenkov counters be consistent for kaon-candidate tracks, except for
those in decays with ¢ — K¥K~, where the narrow mass window for the ¢ decay provided sufficient
kaon identification (ID).

Electron ID was based on transverse shower shape plus matching wire chamber tracks to shower
positions and energies in an electromagnetic calorimeter !'. The electron ID efficiency varied from
62% below 9 GeV/c to 45% above 20 GeV/c. The probability to misidentify a pion as an electron was
~ 0.8%, independent of pion momentum.

Muon ID was obtained from two planes of scintillation counters. The first plane (5.5 m X 3.0 m)
of 15 counters measured the horizontal position while the second plane (3.0 m X 2.2 m) of 16 counters
measured the vertical position. There were about 15 interaction lengths of shielding upstream of the
counters to filter out hadrons. Data from Dt — F*Ou““uu decays 12 were used to choose selection
criteria for muon candidates. Timing information from the smaller set of muon scintillation counters
was used to improve the horizontal position resolution. Counter efficiencies, measured using muons
originating from the primary target, were found to be (99+1)% for the smaller counters and (69+3)%
for the larger counters. The probability of misidentifying a pion as a muon decreased with increasing
momentum, from about 6% at 8 GeV/c to 1.3% above 20 GeV/c.

Events with evidence of well-separated production (primary) and decay (secondary) vertices were
selected to separate charm candidates from background. Secondary vertices were required to be
separated from the primary vertex by greater than 20 o, for DT decays and greater than 12 o, for D°
and D} decays, where o, is the calculated resolution of the measured longitudinal separation. Also,
the secondary vertex had to be separated from the closest material in the target foils by greater than
50/, where o] is the uncertainty in this separation. The vector sum of the momenta from secondary
vertex tracks was required to pass within 40 pum of the primary vertex in the plane perpendicular
to the beam. The net momentum of the charm candidate transverse to the line connecting the
production and decay vertices had to be less than 300 MeV /¢ for D° candidates, less than 250 MeV/c
for D} candidates, and less than 200 MeV /c for D™ candidates. Finally, decay track candidates were
required to pass approximately 10 times closer to the secondary vertex than to the primary vertex.
These selection criteria and kaon identification requirements were the same for both the search mode
and for its normalization signal (discussed below).



To determine our selection criteria, we used a “blind” analysis technique. Before the selection
criteria were finalized, all events having masses within a window AMs around the mass of the D°
were “masked” so that the presence or absence of any potential signal candidates would not bias our
choice of selection criteria. All criteria were then chosen by studying events generated by a Monte
Carlo (MC) simulation program'® and background events, outside the signal windows, from real data.
The criteria were chosen to maximize the ratio Ny;c/+/Ng, where Npysc and N are the numbers of
MC and background events, respectively, after all selection criteria were applied. The data within the
signal windows were unmasked only after this optimization. We used asymmetric windows for the
decay modes containing electrons to allow for the bremsstrahlung low-energy tail. The signal windows
were: 1.83 < M(D°) < 1.90 GeV/c? for pu and 1.76 < M(D°) < 1.90 GeV/c? for ee and pe modes.

The upper limit for each branching fraction By was calculated using the following formula:

Ny en EN MC
Bx = 9 X BNorm; Where /22 — f—Nl\%%“— (1)
NNorm X £X fX

Ny is the 90% confidence level (CL) upper limit on the number of decays for the rare or forbidden decay
mode X and Byorm is the normalization mode branching fraction obtained from the Particle Data
Group ™. enorm and ex are the detection efficiencies while f¥IC_ and fMC are the fractions of Monte
Carlo events that were reconstructed and passed the final selection criteria, for the normalization and
decay modes, respectively.

The 90% CL upper limits Nx are calculated using the method of Feldman and Cousins '® to
account for background, and then corrected for systematic errors by the method of Cousins and
Highland 1. In these methods, the numbers of signal events are determined by simple counting, not
by a fit. Upper limits are determined using the number of candidate events observed and expected
number of background events within the signal region. (See Refs. '3 for a more detailed discussion of

backgrounds.)

2 The DY — hét, D} — hef and D° — £Y¢~ Analysis

We normalized the sensitivity of our search to topologically similar Cabibbo-favored decays. For the
Dt decays we used 24010 + 166 DY — K—nTx*; for DF decays we used 782 + 30 D} — ¢7™; and
for D° decays we used 25210 £ 179 D° — K~ n* events. The widths of our normalization modes were
10.5 MeV/c? for D, 9.5 MeV/c? for D, and 12 MeV/c? for D°. The results are shown in Table 1
and compared with previous results in Figure 1.

Table 1: E791 90% confidence level branching fraction upper limits for D — hef, D — héf and DO e,
Mode E791 Limit | Mode E791 Limit | Mode E791 Limit
Dt s atutpy~ 15x107% | Dt s rtetes  52x107% | Dt - ntuteT 3.4 x107°
Dt s a—ptpt  1.7x107% | DYt s 17etet 96 x107° | DY 5 7 ptet  50x107°
Dt 5 Ktutpy~ 44x107% | Dt = Ktete™ 20x 107 | Dt - Ktu*eF 6.8x107°
Df - Ktutpy~ 14x107* | Df - Ktetem 1.6x107% | D} —» Ktu*eT 6.3x 1074
Df - K—ptpt 1.8x107* | Df — K-etet 63x107* | Df - K—ptet 68x107*
Df s wtptpy~ 14x107* | Df - wtetem 27x107* | DY - ntutet  6.1x 1074
D »r-ptpt 82x107° | Df »a7etet 69x107* | Df 5 rptet 7.3 x107*
D% — utpu~ 52x107% | DO s ete™ 6.2x 1076 | DO — pteT 8.1x 1076

3 The D° - V{*t{~ and D° — hhil Analysis
There were a few minor differences between this analysis and our previous analysis as discussed above.
First, we examined resonant modes, where the mass ranges used were: lmw+7r— —mup| < 150 MeV/c?,



MK —nt — mﬁ*o‘ < 55 MeV/c?, and |my+ - — my| < 10 MeV/c?. We normalized the sensitivity of
each search to similar hadronic 3-body (resonant) or 4-body (non-resonant) decays. One exception is
the case of D® — p®¢*(F where we normalize to nonresonant D® — 7~ 7+ 7~ because no published

branching fraction exists for D% —

POntr

mode and the fitted numbers of normalization data events (/NNorm)-

Table 2: Normalization modes used for D® — V¢t¢~ and D° — hhtt.

~. Table 2 lists the normalization mode used for each signal

Decay Mode Norm. Mode NNorm Decay Mode Norm. Mode NNorm
DO s pO0EgF DOy ptrmptrs 2049453 | DO — K¢ DO — K nta- 5451472
D° — 00T DO — pntn- 113+19 D 5wt DY wtrwtwT 2049453
D° 5 Knet D°— K-mtr—nt 115504113 | D° - KK  D° —» KT K- 7ntr~ 406+41

The final results are shown in Table 3 and compared with previous results in Figure 2.

Table 3: E791 90% confidence level branching fraction upper limits for D° — V£*£~ and D° — hhiL.

Mode E791 Limit | Mode E791 Limit | Mode E791 Limit
D s rteptp~ 3.0x107% |D° o atr-etem 3.7x107% | D° — rfr—pFeF 1.5x107°
D K=n¥putp~ 3.6x107% |D° - K-rtete” 3.9x107% | D° — K-rtu*et 5.5x 1074
D 5 KT¥K-—utp~ 33x107% |D° 5 KtK-ete™ 32x107* | D - KtK—p*eT 1.8x107*
D® — pOutyu~ 2.2x 107% | D% — plete~ 1.2 x 107% | D° — pOute™ 6.6 x 107°
—x0 =0 _ _ —x0 _
D K putu 24x 1075 | D° - K "ete 4.7%x 1075 | D° — K" pu*eT 8.3 x 1075
DY — putpu~ 3.1x107% | D® — ¢ete 5.9x 107% | D° — ¢u*e¥ 4.7 x107°
DY 5 m—ptpt  29%x107° |D° s 7w retetr 1.1x107% | D® = mrptet  7.9x107°
DO = K-r—ptpt 39x107% |D° - K-7w~etet 21x107* | D% — K-n-ptet 22x107*
D K-K-putpt 94%x107° |D° > K~ K- etet 1.5x107* | D® - K- K ptet 5.7x107°
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Figure 1: Comparison of the 90% CIL upper-limit

branching fractions from E791 data
with existing limits (open diamonds)
PDG!.

(dark circles)
from the 1998

Figure 2: Comparison of the 90% CL upper-limit
branching fractions from E791 data (dark circles)
with existing limits (open diamonds) from the 2000

PDGM,



4 Conclusion

We used a “blind” analysis of data from Fermilab experiment K791 to obtain upper limits on the
dilepton branching fractions for 51 flavor-changing neutral current, lepton-number violating, and
lepton-family violating decays of Dt, D, and D° mesons. No evidence for any of these 2, 3 and
4-body decays was found. Therefore, we presented upper limits on the branching fractions at the
90% confidence level. Eighteen limits represented significant improvements over previously published
results. Twenty-six of the remaining modes had no previously reported limits.
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