arXiv:hep-ex/0610010 v1 5 Oct 2006

The Physics of Charm: Recent Experimental Results

Jim Napolitano Rensselaer Polytechnic Institute, Troy, NY 12180 USA

We review the most recent results from experiments studying systems containing charmed quarks. The selection reflects the presenter’s bias, and there is an emphasis on decays of open charm. We discuss precision measurements of various sorts, various new states in the charmonium system, measurements aimed at testing Lattice QCD, and the latest searches for charm mixing. We conclude with a discussion of upcoming experiments at existing and future facilities

1. INTRODUCTION

Charm is a unique laboratory for studying the fundamental interactions. Its mass is much larger than Λ_{QCD}, so it qualifies as a “heavy quark” as it is amenable to calculations based on effective heavy quark theory and the nonrelativistic quark model. These also make it suitable as a testing ground for recent calculations using unquenched Lattice QCD.

On the other hand, hadrons composed of charm quarks are light enough so that most of their decay modes can be enumerated. Large fractions of the decay modes of D mesons, for example, have been determined rather precisely.

Furthermore, unlike s and b quarks, CKM-allowed decays are accessible to charm quarks. This leads, among other things, to the suppression of CP violation and D^0 mixing within the Standard Model. In other words, decays of charmed hadrons can be ideal laboratories for searching for “new physics.”

The presenter is a member of the CLEO-c collaboration. This is an incarnation of CLEO where the detector and CESR accelerator are optimized for the production and study of charm. This review, however, incorporates results from several other experiments as well, including BaBar, Belle, BES II in e^+e^− annihilation, photoproduction from FOCUS, and the D0, CDF, and E835 experiments in hadroproduction.

Nevertheless, the selection of results presented here reflect the presenter’s bias. We group results in four categories:

• “Precision” measurements. We discuss results with small error bars, producing stringent limits, or tying up old loose ends.

• New states. In particular, we review some recent results in the charmonium system. Note: See also the talk by R. Waldi in these proceedings.

• Confronting Lattice QCD. We compare some measurements to recent high precision (∼ 1%) calculations made on the lattice.

• D^0 mixing and tests of CP violation. Various results have recently been released, and novel measurements are on the way.

2. PRECISION MEASUREMENTS

2.1. The D_s Lifetime from FOCUS

The FOCUS collaboration at FermiLab has determined the lifetime of the D^±_s using high energy, fixed target photoproduction [1]. They produce D_s using the reaction γp → (K^+K^−π^±)X, enhancing signal to background by identifying the detached decay vertex. See Fig. 1. In each case, sidebands

Figure 1: Lifetime of the D^±_s from FOCUS. The left side shows the signal and background regions, and also displays the Cabibbo-suppressed D^± signal. The right shows the proper time distributions for signal and background events.

are used to determine the background event distributions, and care is taken to exclude Cabibbo-suppressed D^± events. The analysis is done separately for ϕπ and K^∗K final states. The results are consistent between both modes, and they determine a lifetime τ (D_s) = 507.4 ± 5.5 ± 5.1 fs

2.2. Hadronic Decays of D_s

Using the reaction e^+e^− → D_sD^∗_s , CLEO-c has made precise measurements of various hadronic branching fractions for D_s mesons [2]. These results are from the initial running period at E_{cm} = 4.17 GeV, yielding 195 fb^{−1} of integrated luminosity. Backgrounds are rather low, and statistical and systematic errors are comparable to each other in all cases. Invariant mass plots and preliminary branching ratio values are shown in Fig. 2.

Figure 2: Hadronic branching fraction signal and values for various D^±_s hadronic decay modes from CLEO-c. Decay modes are (left to right, top) KS K^±, K^−K^+π^± , K^−K^+π^±π^0 , (bottom) π^±π^+ π^−, π^± η, and π^± η^′ .

2.3. Search for D^+ → π^+μ^+μ^− from D0

Enormous charm samples are available in principle from high energy p̄p collisions. The D0 experiment at FermiLab has carried out a search for “new physics” in the rare decay D^+ → π^+μ^+μ^− [3]. This is a particularly interesting example, because there is an appreciable branching fraction for D^+ → π^+ϕ (and also D^+_s → π^+ϕ, as seen in Fig. 1) and a small, but observable, branching ratio for ϕ → μ^+μ^−.

Figure 3 shows the results of the search. The

Figure 3: Data from D0 at FermiLab, for D^+ → π^+ϕ → π^+ μ^+μ^− (left) and direct D^+ → π^+μ^+ μ^− (right).

π^+μ^+μ^− mass is plotted, for μ^+μ^− mass inside (left) and outside (right) the ϕ window. Clear signals are seen for D^+ → π^+ϕ and D^+_s → π^+ϕ, but there is no evidence for a direct D^+ → π^+μ^+μ^− decay, An upper limit on the branching ratio is set at 4.7 × 10^{−6}.

2.4. Decays of the ψ(3770)

Since the early days of charm physics, the total cross section for e^+e^− → ψ(3770) appeared to be ≈ 10 nb, while direct measurements of D meson production indicated that e^+e^− → ψ(3770) → D̄D was closer to 5 nb. This difference would imply that the ψ(3770) had significant branching fractions to final states without charm, an idea quite at odds with our basic understanding of this state.

This gap was recently closed by CLEO-c who measured [4] σ(e^+ e^− → ψ(3770) → D̄D) = 6.39 ± 0.10^{+0.17}_{−0.08} nb, and [5] σ(e^+e^− → ψ(3770) → hadrons) = 6.38 ± 0.08^{+0.41}_{−0.30} nb. This puts an upper limit on the “gap” of about 10%. We note that CLEO-c also searched for various other decay modes of the ψ(3770), in several different publications [6, 7, 8, 9, 10], and those observed add up to about 2%.

Recently, however, BES [11, 12] has reported evidence for a substantially larger gap of 16 ± 8%. More study will be needed, possibly with BES III, in order to settle the issue.

3. NEW STATES IN CHARMONIUM

3.1. Discovery of^1P_1 Charmonium

The spin triplet cc̄ P state partners of the J/ψ and ψ(2S), called χ_{c0,1,2}, have been known for thirty years. The spin-singlet state, however remained undiscovered. Recently, however, this state, the h_c(3525) has been observed in two separate experiments. Fermilab E835 [13] observed the state in the reaction p̄p → h_c → γγγ. CLEO [14, 15] was able to observe the state in π^0 emission from the ψ(2S), both in the π^0 momentum spectrum, and also in exclusive decays h_c → γη_c. The latter is shown in Fig. 4. After adding

Figure 4: Observation of the hc(3525) from CLEO. Exclusive events of the type ψ(2S) → π^0 hc → π^0γηc are used to reconstruct the hc with the various indicated decay modes of the ηc .

up several η_c decay modes, a clear h_c peak is observed with almost no background.

3.2. Excitations of^3P_j Charmonium

The Belle collaboration has observed a number of new cc̄ states in various reactions. With masses in the range 3.9 to 4 GeV, these are candidates for radial excitations of the spin-triplet χ_{cj} sates. These discoveries were discussed in detail by R. Waldi in this conference, and the reader is referred to his contribution to these proceedings.

3.3. The Y (4260)

Babar made a striking discovery [16], of a new vector charmonium state, the Y (4260). Produced in e^+e^− annihilation via “radiative return”, that is e^+e^− → π^+π^−J/ψ(γ), the state is observed via its decay to J/ψπ^+π^−. See Fig. 5. The observation is

Figure 5: Observation of the Y (4260) from BaBar (left) and CLEO (right).

noteworthy because no vector states are expected at this mass, based on the quark model, and there is no evidence for a peak in the total e^+e^− cross section at this energy. CLEO-c [17] confirmed the BaBar observation (also in Fig. 5) using direct e^+e^− annihilation, and also observed the J/ψπ^0π^0 decay mode. No other modes are seen, and the nature of this state remains an enigma. Many theoretical explanations have been put forward, some of which have been addressed by experiment.

4. CONFRONTING LATTICE QCD

Recent unquenched calculations in Lattice QCD, making use of “staggered fermions”, have shown dramatic agreement with experiment [18, 19, 20], on the order of 1%. This prescription is not without strong criticism, however [21].

Precision QCD calculations have impact on determinations of the CKM matrix and the source of CP violation. Extraction of weak matrix elements typically depends on being able to separate them from hadronic matrix elements, generally in the decays of B mesons. It is a boon to the field if Lattice QCD can determine the strong contributions to the same level of precision as the experimental measurements.

Charm offers an ideal laboratory for testing these predictions. Ultimately it is an experimental question, to determine whether these calculations are indeed valid to the indicated level of precision. The measurements cited by [18] existed when the calculations were made. In this section we describe some recent measurements aimed at testing existing calculations.

4.1. The D_s Decay Constant

Our first example is the weak decay constant for the D^+_s meson:

The decay constant f_{Ds} is essentially determined by the overlap integral of the charm and strange quark. It is calculable in unquenched Lattice QCD. Using staggered fermion actions, a consortium of the FermiLab Lattice, MILC, and HPQCD collaborations [22] find

f_{Ds} = 249 ± 3 ± 16 MeV (Lattice QCD)

The decay constant is determined experimentally through a measurement of the decay rate for D^+_s → ℓ^+ν. Figure 6 shows the signals obtained by Babar [23] and CLEO [24]. The methods are rather

Figure 6: Measurement of the Ds decay constant from BaBar (left) and CLEO (right). BaBar observes D^+_s → μ^+ νμ, and CLEO-c observes both D^+_s → μ^+ νμ and D^+_s → τ^+ντ .

different between the two experiments. BaBar produces D_s at high energies and uses a “charm tagging” technique to observe D^+_s → μ^+ν_μ. CLEO-c uses the reaction e^+e^− → D_sD^∗_s to kinematically constrain the final state, and observe both D^+_s → μ^+ν_μ and D^+_s → τ^+ν_τ . They find

f_{Ds} = 283 ± 17 ± 7 ± 14 MeV (BaBar) and f_{Ds} = 282 ± 16 ± 7 MeV (CLEO, Preliminary)

The third uncertainty on the BaBar measurement is due to uncertainties in their normalization decay D_s → ϕπ, which will decrease based on the CLEO-c measurements described in Sec. 2.2.

4.2. The D^+ Decay Constant

The same test can obviously be performed with D^+ → ℓ^+ν, although the experiment is more difficult because this decay is Cabibbo-suppressed. Lattice QCD [22] finds

f_D+ = 201 ± 3 ± 17 MeV (LatticeQCD)

With their initial complement of running at the ψ(3770), CLEO-c has determined the branching ratio with precision comparable to the calculation, using a tagging technique made possible by the strongly constrained kinematics. Based on 50 D^+ → μ^+ν_μ events, with an estimated background of 3, CLEO-c [25] finds

f_D+ = 222.6 ± 16.7^{+2.8}_{−3.4} MeV (CLEO)

CLEO-c will improve on the statistical precision of this measurement when the final data set for ψ(3770) is acquired before Spring 2008.

4.3. Semileptonic Form Factors

Similarly precise calculations and measurements can be made of D and D_s form factors in semileptonic decays. Once again, testing the Lattice QCD calculations in the charm system, lends itself to making reliable calculations for B decays and determination of CKM matrix elements.

We focus here on D^0 → K^−ℓ^+ν and D^0 → π^−ℓ^+ν, for which precise Lattice QCD calculations have been carried out [20, 26, 27]. These two decays provide complementary tests. Decays to Kℓν are Cabibboallowed, so high statistics can be achieved, but the Q-value is larger for πℓν allowing comparisons up to higher momentum transfer, so shorter distances in the D meson structure. This is particularly true for πeν_e.

Measurements of these form factors have been published by Belle [28], BES [29], FOCUS [30], and CLEO-c [31]. The most recent comparison between calculation and experiment is shown in Fig. 7. More experimental results from CLEO-c, including D^0 → π^−e^+ν_e are expected soon.

5. D MIXING AND TESTS OF CP

Neutral meson flavor mixing and CP violation are well known phenomena in the K and B systems. However, unlike s and b quarks, charm quarks are the

Figure 7: Comparison between experiment and calculation for the form factor in D → K^−μ^+ νμ. The figure is taken from [20].

upper members of their weak doublets, and therefore undergo CKM -allowed decays. This has the effect of suppressing mixing and CP violation for neutral D mesons, within the framework of the Standard Model. Conversely, however, this means that searching for these phenomena provides a new window on “new physics.”

Several recent experimental searches are discussed in this section. We also mention completed and anticipated measurements of charm decays that can be used to better understand mixing and CP violation in the B system.

5.1. Semileptonic Decay

The sign of the charged lepton in a semileptonic decay is indicative of the flavor of the decaying meson. That is, D^0 → X^−ℓ^+ν_ℓ and D̄^0 → X^+ ℓ^−ν̄_ℓ, which are referred to as “right sign” (RS) combinations. Leptons with the “wrong sign” (WS) combination can only occur through neutral meson mixing. This mixing has a characteristic time signature, so additional information can be gained if the meson decay time can be measured.

Belle [32] has measured the ratio of WS to RS events, as a function of D^0 decay time. They identify D^0 → K^{(∗)−} e^+ν_e (and charge conjugate) events through the decay D^∗ → π_S D where π_S is a slow pion. The sign of the π_S charge indicates the sign of the D^∗ and therefore the flavor of the neutral meson. No attempt is made to reconstruct the K^{∗±} mesons. The momentum of the missing neutrino is determined by observation of the other particles in the event.

Their results are shown in Fig. 8. A large signal is evident for the RS combinations. There is no evidence of a signal for the WS events, which are separated into six different decay time bins, four of which are shown. The ratio of WS/RS yields, r_D, is also plotted, as a function of decay time. Integrating over time, the experiment determines r_D < 1.0 × 10^{−3} at 90% C.L.

Figure 8: Results from Belle [32] on D^0D̄^0 mixing using e^± semileptonic decays. The upper left shows right-sign (RS) semileptonic signal, reconstructing the D^∗ and D mass including the missing neutrino. Background is indicated by the shaded histogram. The upper right shows the same quantity, but for wrong-sign (WS) combinations, separated into four decay time bins. None of these plots shows evidence for a signal. The bottom plot shows the ratio rD between the WS and RW rates, as a function of decay time. An upper limit rD < 1.0 × 10^{−3} is derived.

5.2. DCS and Mixing in D^0 → K^+π^−

It is also possible to search for mixing in hadronic decays, such as D^0 → K^+π^−. Of course, such decays may also occur through Double Cabibbo Suppressed (DCS) processes. For single D^0 decays, these two effects can only be separated through a measurement of the time dependence.

An excellent illustrative example of this comes from the CDF II collaboration [33], who have measured the DCS rate R_D, relative to the Cabibbo-allowed decay rate D^0 → K^−π^+. From a ∫ Ldt = 0.35 fb^{−1} sample of p̄p collisions at √ s = 1.96 TeV at the FermiLab Tevatron, they extract 2005±104 DCS events, yielding R_D = 0.405 ± 0.021 ± 0.011%.

Belle [34] has carried this work further, including a measurement of R_D as a function of decay time. Their results are shown in Fig. 9. The RS and WS Kπ combinations are plotted, and various backgrounds are indicated. The WS combinations are also plotted as a function of time, and the 95% C.L. upper limit is indicated, based on the expected time distribution. Integrating over time, Belle finds an improved WS/RS ratio of R_D = 0.377 ± 0.008 ± 0.005%.

Figure 9: Results from Belle [34] on D^0D̄^0 mixing using Kπ hadronic decays. The upper plots show the Kπ invariant mass for right-sign (left) and wrong-sign (right) combinations. The various backgrounds are indicated. The bottom plot shows the distribution of the WS events in decay time. The Doubly Cabibbo Suppressed (DCS) decay rate is found to be RD = 0.377 ± 0.008 ± 0.005%, relative to that for Cabibbo Allowed decay. There is no evidence for mixing from the time distribution.

5.3. Summary

David Asner has reviewed D^0D̄^0 mixing in the most recent Particle Data Group compilation [35]. The results from various experiments are shown in Fig. 10. In these plots, x ≡ (M_1 − M_2)/Γ, y ≡ (Γ_1 − Γ_2)/2Γ,

Figure 10: Summary of D^0D̄^0 mixing searches from the Particle Data Group [35].

where M_{1,2} and Γ_{1,2} are the masses and widths of the CP eigenstate combinations of D^0 and D̄^0, and Γ ≡ (Γ_1 +Γ_2)/2. Also x^′ and y^′ are rotated relative to x and y by a “strong phase difference” between Doubly Cabibbo Suppressed and Cabibbo Favored processes not attributed to the first order electroweak spectator diagram.

No experiments show evidence for D^0D̄^0 mixing. These results are consistent with the standard model, and put constraints on some models of “new physics.”

It should be noted that analyses of D^0D̄^0 generally assume that CP is conserved. Indeed, one expects this effect to be even smaller than mixing. Nevertheless, specific searches for CP violation in neutral D decay have been carried out. For example, see the review by Kirkby and Nir in [35]. CP violation could be observed, in principle, from differences in the decay rates, or phase space distributions, between particles and antiparticles. It might also be detected through T violation, albeit indirectly by invoking the CP T theorem.

At this conference, the presenter presented a summary table of results taken from a talk by S. Stone at FPCP06 [36]. Table I reproduces this summary. As

Table I Recent measurements of CP or T violating asymmetries in charm decays.

Expt Decay Mode ACP or AT (%) BaBar [37] D^+ → K^−K^+π^+ 1.4 ± 1.0 ± 0.8 BaBar [37] D^+ → ϕπ^+ 0.2 ± 1.5 ± 0.6 BaBar [37] D^+ → K^{∗0} K^+ 0.2 ± 1.5 ± 0.6 Belle [38] D^0 → K^+π^−π^0 −0.6 ± 5.3 Belle [38] D^0 → K^+π^−π^+ π^− −1.8 ± 4.4 CLEO [39] D^0 → π^+π^− π^0 1^{+9}_{−7} ± 8 CLEO [40] D^0 → K^−π^+π^0 −3.1 ± 8.6 CLEO [41] D^0 → KSπ^+ π^− −0.9 ± 2.1^{+1.0+1.3}_{−4.3−3.7} CDF [42] D^0 → K^+K^− 2.0 ± 1.2 ± 0.6 CDF [42] D^0 → π^+π^− 1.0 ± 1.3 ± 0.6 FOCUS [43] D^0 → K^+K^−π^+ π^− 1.0 ± 5.7 ± 3.7 FOCUS [43] D^+ → K^0K^−π^+ π^− 2.3 ± 6.2 ± 2.2 FOCUS [43] D^+_s → K^0K^−π^+ π^− −3.6 ± 6.7 ± 2.3

listed in this table, BaBar compares D^+ and D^− decay rates; CLEO compares phase space distributions through a Dalitz plot analysis; CDF measures decay rates for D^0 and D̄^0 using D^{∗+} → π^+D^0 for a flavor tag; and the FOCUS results make use of triple product correlations to search for T violation. In no case is there significant evidence for CP or T violation.

5.4. An Aside: D^0 → K^∗K

The b → cW^− transition is the least-forbidden weak decay mode for the b quark, so the dynamics of charm decay can be a window on b decay. For example, the amplitudes for B^− → K^−D^0 and B^− → K^−D̄^0 are about the same size in magnitude, but differ by a phase which can be used to study CP violation in B^− decay. Understanding the decay modes of the neutral D mesons is key to unraveling this physics.

CLEO-III recently published a measurement [44] of the interference between K^{∗+}K^− and K^{∗−}K^+ amplitudes in the decay D^0 → K^+K^−π^0. This is a necessary result in order to extract the CKM angle γ (aka ϕ_3) in B → KD decay. By fitting the Dalitz plot structure for D^0 → K^+K^−π^0, the authors are able to determine the “strong phase” difference between the K^{∗+}K^− and K^{∗−}K^+ modes. Their data and fit results are shown in Fig. 11. The find

Figure 11: Dalitz plot, and projections including the multi-resonance fit, for the decay D^0 → K^+K^−π^0 from CLEO-III [44]. The behavior of the K^{∗+} and K^{∗−} bands for low Kπ mass indicated destructive interference with each other, through their interference with the underlying K^+K^− S-wave.

nearly total destructive interference between the two K^∗ amplitudes, leading to a strong phase difference δ_D = 332^∘ ± 8^∘ ± 11^∘. They also find a value of 0.52 ± 0.05 ± 0.04 for the ratio of the magnitudes of the K^{∗−}K^+ amplitude to the K^{∗+}K^− amplitude.

5.5. Quantum Correlations

Production of D^0D̄^0 pairs through the reaction e^+e^− → ψ(3770) → D^0D̄^0 provides unique opportunities to study mixing and CP violation. Since the two mesons are produced in a pure quantum state, “wrong” admixtures of flavor or CP in one decay become apparent linearly through interference with the other meson. This is in contrast to searches using decay rates directly, in which case these small amplitudes are realized through their square.

Asner and Sun [45] have worked out the formalism for these “quantum correlated” observations of neutral D mesons, and have estimated the sensitivity one expects to achieve with the anticipated data set from CLEO-c. Cinabro [46] and Sun [47] have discussed this as well, with some reference to preliminary data from CLEO-c.

The presenter showed some of these preliminary data, which are reproduced in Fig. 12. All values are

Figure 12: Preliminary results on measurements of quantum correlated neutral D mesons, from CLEO-c.

numbers of events where both neutral D mesons are observed. The upper value in each cell is from a Monte Carlo simulation, and the lower value is from CLEO-c data. The simulation is normalized to the same luminosity as the data. Known branching ratios are used in the simulation, but no quantum correlation is included. The four decay modes considered are K^+K^−, π^+π^−, K_S π^0π^0 (all CP = +1) and K_S π^0 (CP = −1). One observes that for decay combinations with product CP negative, the number of observed events is twice that for the Monte Carlo. On the other hand, if the produce CP is positive, the number of observed events is consistent with zero. This is expected, since although the CP of the ψ(3770) is +1, the D^0D̄^0 pair is produced in a relative P -state.

6. THE FUTURE

Expect continued high precision measurements from the Belle, BaBar, CDF, and D0 collaborations. These experiments produce large amounts of charm, and their analysis procedures are well oiled.

CLEO-c will run through March 2008, including an increased data set at the ψ(3770). This data set will be thoroughly exploited for quantum correlations, precision charm measurements, and other physics.

BES III will be coming on line in the next few years. The BEPC II storage ring system should deliver extremely high luminosity for √ s near 4 GeV. It is not unreasonable to expect ≈ 25× as many DD̄ events as will be available from CLEO-c.

Finally, LHCb and PANDA will begin to take data over the next several years. Charm has a bright future.

Acknowledgments

I am very grateful to Joao de Mello and his colleagues for organizing a splendid conference. Many thanks to colleagues on other experiments for making their results available on a preliminary basis. Thanks also to my CLEO collaborators, especially Roy Briere who provided invaluable help in assembling the latest results in charm physics.

References

[1] J. M. Link et al. A measurement of the D^+_s lifetime. Phys. Rev. Lett., 95:052003, 2005.

[2] N. Adam et al. Measurement of absolute hadronic branching fractions of D_s mesons. http://arXiv.org:hep-ex/0607079, 2006. Presented at ICHEP06.

[3] D0 Collaboration. Search for flavor changing neutral current charm decays D^+ → π^+μ^+μ^−. http://www.d0.fnal.gov/, 2006. 5038-CONF.

[4] Q. He et al. Measurement of absolute hadronic branching fractions of D mesons and e^+e^− → DD̄ cross sections at E_{cm} = 3773 MeV. Phys. Rev. Lett., 95:121801, 2005.

[5] D. Besson et al. Measurement of σ(e^+e^− → ψ(3770) → hadrons) at E_{cm} = 3773 MeV. Phys. Rev. Lett., 96:092002, 2006.

[6] G. S. Huang et al. Search for exclusive multibody non-DD̄ decays at the ψ(3770). Phys. Rev. Lett., 96:032003, 2006.

[7] N. E. Adam et al. Observation of ψ(3770) → ππJ/ψ and measurement of Γ_{ee}(ψ(2S)). Phys. Rev. Lett., 96:082004, 2006.

[8] T. E. Coan et al. First observation of ψ(3770) → γχ_{c1} → γγJ/ψ. Phys. Rev. Lett., 96:182002, 2006.

[9] R. A. Briere et al. Observation of ψ(3770) → γχ_{c0}. Phys. Rev., D74:031106, 2006.

[10] G. S. Adams et al. Decay of the ψ(3770) to light hadrons. Phys. Rev., D73:012002, 2006.

[11] M. Ablikim et al. Measurements of the cross sections for e^+e^− → hadrons at 3.650 GeV, 3.6648 GeV, 3.773 GeV and the branching fraction for ψ(3770) → non−DD̄. http://arXiv.org:hep-ex/0605105, 2006.

[12] BES Collaboration. Measurements of the braching fractions for ψ(3770) → D^0D̄0, D^+D^−, DD̄ and the resonance parameters of ψ(3770) and ψ(2S). http://arXiv.org:hep-ex/0605107, 2006.

[13] M. Andreotti et al. Results of a search for the h_c 1P_1 state of charmonium in the η_cγ and J/ψπ^0 decay modes. Phys. Rev., D72:032001, 2005.

[14] J. L. Rosner et al. Observation of h_c^1P_1 state of charmonium. Phys. Rev. Lett., 95:102003, 2005.

[15] P. Rubin et al. Observation of the^1P_1 state of charmonium. Phys. Rev., D72:092004, 2005.

[16] B. Aubert et al. Observation of a broad structure in the π^+π^−J/ψ mass spectrum around 4.26- GeV/c^2. Phys. Rev. Lett., 95:142001, 2005.

[17] T. E. Coan et al. Charmonium decays of Y (4260), ψ(4160), and ψ(4040). Phys. Rev. Lett., 96:162003, 2006.

[18] C. T. H. Davies et al. High-precision lattice QCD confronts experiment. Phys. Rev. Lett., 92:022001, 2004.

[19] C. DeTar and S. Gottlieb. Lattice quantum chromodynamics comes of age. Phys. Today, 57N2:45– 51, 2004.

[20] A. S. Kronfeld et al. Predictions from lattice QCD. PoS, LAT2005:206, 2006.

[21] H. Neuberger. Lattice field theory: Past, present and future. arXiv.org:hep-ph/0402148, 2004.

[22] C. Aubin et al. Charmed meson decay constants in three-flavor lattice QCD. Phys. Rev. Lett., 95:122002, 2005.

[23] B. Aubert. Measurement of the pseudoscalar decay constant f_{Ds} using charm-tagged events in e^+e^− collisions at √ s = 10.58 GeV. arXiv:hepex/0607094, 2006.

[24] M. Artuso. Measurement of D^+_s → μ^+ν and the decay constant f_{Ds} . arXiv:hep-ex/0607074, 2006. Presented at ICHEP06.

[25] M. Artuso et al. Improved measurement of B(D^+ → μ^+ν) and the pseudoscalar decay constant f_D+ . Phys. Rev. Lett., 95:251801, 2005.

[26] Masataka Okamoto et al. Semileptonic decays of D mesons in unquenched lattice QCD. Nucl. Phys. Proc. Suppl., 129:334–336, 2004.

[27] C. Aubin et al. Semileptonic decays of D mesons in three-flavor lattice QCD. Phys. Rev. Lett., 94:011601, 2005.

[28] L. Widhalm et al. Measurement of D^0 → πℓν (Kℓν) form factors and absolute branching fractions. Phys. Rev. Lett., 97:061804, 2006.

[29] M. Ablikim et al. Direct measurements of the branching fractions for D^0 → K^−e^+ν_e and D^0 → π^−e^+ν_e and determinations of the form factors f^K_+ (0) and f^π_+(0). Phys. Lett., B597:39–46, 2004.

[30] J. M. Link et al. Measurements of the q^2 dependence of the D^0 → K^−μ^+ν and D^0 → π^−μ^+ν form factors. Phys. Lett., B607:233–242, 2005.

[31] R. Poling. CLEO-c hot topics. ECONF, C060409:005, 2006.

[32] K. Abe et al. Search for D^0D̄^0 mixing using semileptonic decays at Belle. Phys. Rev., D72:071101, 2005.

[33] CDF Collaboration. Measurement of the ratio of branching fractions B(D^0 → K^+π^−)/B(D^0 → K^−π^+) using the CDF II detector. arXiv:hepex/0605027, 2006.

[34] L. M. Zhang et al. Improved constraints on D^0D̄^0 mixing in D^0 → K^+π^− decays at Belle. Phys. Rev. Lett., 96:151801, 2006.

[35] W.-M. Yao et al. Review of Particle Physics.

Journal of Physics G, 33:1+, 2006.

[36] Sheldon Stone. Hadronic charm decays and D mixing. ECONF, C060409:021, 2006.

[37] B. Aubert et al. A search for CP violation and a measurement of the relative branching fraction in D^+ → K^−K^+π^+ decays. Phys. Rev., D71:091101, 2005.

[38] X. C. Tian et al. Measurement of the wrong-sign decays D^0 → K^+π^−(π^0, π^+π^−) and search for CP violation. Phys. Rev. Lett., 95:231801, 2005.

[39] D. Cronin-Hennessy et al. Searches for CP violation and ππ S-wave in the Dalitz- plot of D^0π^+π^−π^0. Phys. Rev., D72:031102, 2005.

[40] S. Kopp et al. Dalitz analysis of the decay D^0 → K^−π^+π^0. Phys. Rev., D63:092001, 2001.

[41] D. M. Asner et al. Search for CP violation in D^0 → K_S π^+π^−. Phys. Rev., D70:091101, 2004.

[42] D. Acosta et al. Measurement of partial widths and search for direct CP violation in d^0 meson decays to k^−k^+ and π^−π^+. Phys. Rev. Lett., 94:122001, 2005.

[43] J. M. Link et al. Search for T violation in charm meson decays. Phys. Lett., B622:239–248, 2005.

[44] C. Cawlfield et al. Measurement of interfering K^{∗+}K^− and K^{∗−}K^+ amplitudes in the decay D^0 → K^+K^−π^0. Phys. Rev., D74:031108, 2006.

[45] D. M. Asner and W. M. Sun. Time-independent measurements of D^0D̄^0 mixing and relative strong phases using quantum correlations. Phys. Rev., D73:034024, 2006.

[46] D. Cinabro. Interference effects in D meson decays. ECONF, C060409:024, 2006.

[47] Werner M. Sun. D^0D̄^0 quantum correlations, mixing, and strong phases. hep-ex/0603031, 2006.