arXiv:hep-ex/0604049 v3 13 Jul 2006

Belle Preprint 2006-12 KEK Preprint 2006-6

Measurement of D^0 → πlν(Klν) Form Factors and Absolute Branching Fractions

L. Widhalm,^7 K. Abe,^6 K. Abe,^{39} I. Adachi,^6 H. Aihara,^{41} K. Arinstein,^1 Y. Asano,^{45} T. Aushev,^9 A. M. Bakich,^{36} V. Balagura,^9 E. Barberio,^{17} M. Barbero,^5 A. Bay,^{14} I. Bedny,^1 K. Belous,^8 U. Bitenc,^{10} I. Bizjak,^{10} S. Blyth,^{20} A. Bondar,^1 A. Bozek,^{23} M. Bračko,^{6, 16, 10} T. E. Browder,^5 P. Chang,^{22} A. Chen,^{20} W. T. Chen,^{20} Y. Choi,^{35} A. Chuvikov,^{31} S. Cole,^{36} J. Dalseno,^{17} M. Danilov,^9 M. Dash,^{46} A. Drutskoy,^3 S. Eidelman,^1 N. Gabyshev,^1 A. Garmash,^{31} T. Gershon,^6 G. Gokhroo,^{37} B. Golob,^{15, 10} A. Gorišek,^{10} H. Ha,^{12} J. Haba,^6 T. Hara,^{28} K. Hayasaka,^{18} H. Hayashii,^{19} M. Hazumi,^6 T. Hokuue,^{18} Y. Hoshi,^{39} S. Hou,^{20} W.-S. Hou,^{22} T. Iijima,^{18} K. Ikado,^{18} A. Imoto,^{19} K. Inami,^{18} A. Ishikawa,^{41} R. Itoh,^6 M. Iwasaki,^{41} Y. Iwasaki,^6 H. Kakuno,^{41} J. H. Kang,^{47} P. Kapusta,^{23} S. U. Kataoka,^{19} H. Kawai,^2 T. Kawasaki,^{25} H. R. Khan,^{42} H. J. Kim,^{13} H. O. Kim,^{35} K. Kinoshita,^3 P. Krokovny,^1 R. Kulasiri,^3 R. Kumar,^{29} C. C. Kuo,^{20} Y.-J. Kwon,^{47} J. S. Lange,^4 G. Leder,^7 J. Lee,^{33} T. Lesiak,^{23} J. Li,^{32} A. Limosani,^6 S.-W. Lin,^{22} G. Majumder,^{37} F. Mandl,^7 T. Matsumoto,^{43} A. Matyja,^{23} S. McOnie,^{36} W. Mitaroff,^7 H. Miyata,^{25} Y. Miyazaki,^{18} D. Mohapatra,^{46} I. Nakamura,^6 Z. Natkaniec,^{23} S. Nishida,^6 O. Nitoh,^{44} S. Ogawa,^{38} T. Ohshima,^{18} T. Okabe,^{18} S. Okuno,^{11} S. L. Olsen,^5 P. Pakhlov,^9 C. W. Park,^{35} L. S. Peak,^{36} R. Pestotnik,^{10} L. E. Piilonen,^{46} Y. Sakai,^6 N. Sato,^{18} N. Satoyama,^{34} K. Sayeed,^3 T. Schietinger,^{14} O. Schneider,^{14} C. Schwanda,^7 A. J. Schwartz,^3 K. Senyo,^{18} M. E. Sevior,^{17} M. Shapkin,^8 H. Shibuya,^{38} B. Shwartz,^1 A. Somov,^3 R. Stamen,^6 S. Stanič,^{26} M. Starič,^{10} H. Stoeck,^{36} S. Y. Suzuki,^6 F. Takasaki,^6 K. Tamai,^6 M. Tanaka,^6 G. N. Taylor,^{17} Y. Teramoto,^{27} X. C. Tian,^{30} T. Tsukamoto,^6 S. Uehara,^6 T. Uglov,^9 K. Ueno,^{22} Y. Unno,^6 S. Uno,^6 P. Urquijo,^{17} Y. Usov,^1 G. Varner,^5 S. Villa,^{14} C. C. Wang,^{22} C. H. Wang,^{21} M.-Z. Wang,^{22} Y. Watanabe,^{42} E. Won,^{12} B. D. Yabsley,^{36} A. Yamaguchi,^{40} Y. Yamashita,^{24} M. Yamauchi,^6 J. Ying,^{30} L. M. Zhang,^{32} Z. P. Zhang,^{32} and D. Zürcher^{14}

(The Belle Collaboration) 1Budker Institute of Nuclear Physics, Novosibirsk 2Chiba University, Chiba 3University of Cincinnati, Cincinnati, Ohio 45221 4University of Frankfurt, Frankfurt 5University of Hawaii, Honolulu, Hawaii 96822 6High Energy Accelerator Research Organization (KEK), Tsukuba 7Institute of High Energy Physics, Vienna 8Institute of High Energy Physics, Protvino 9Institute for Theoretical and Experimental Physics, Moscow

Typeset by REVTEX 1

10J. Stefan Institute, Ljubljana 11Kanagawa University, Yokohama 12Korea University, Seoul 13Kyungpook National University, Taegu 14Swiss Federal Institute of Technology of Lausanne, EPFL, Lausanne 15University of Ljubljana, Ljubljana 16University of Maribor, Maribor 17University of Melbourne, Victoria 18Nagoya University, Nagoya 19Nara Women’s University, Nara 20National Central University, Chung-li 21National United University, Miao Li 22Department of Physics, National Taiwan University, Taipei 23H. Niewodniczanski Institute of Nuclear Physics, Krakow 24Nippon Dental University, Niigata 25Niigata University, Niigata 26Nova Gorica Polytechnic, Nova Gorica 27Osaka City University, Osaka 28Osaka University, Osaka 29Panjab University, Chandigarh 30Peking University, Beijing 31Princeton University, Princeton, New Jersey 08544 32University of Science and Technology of China, Hefei 33Seoul National University, Seoul 34Shinshu University, Nagano 35Sungkyunkwan University, Suwon 36University of Sydney, Sydney NSW 37Tata Institute of Fundamental Research, Bombay 38Toho University, Funabashi 39Tohoku Gakuin University, Tagajo 40Tohoku University, Sendai 41Department of Physics, University of Tokyo, Tokyo 42Tokyo Institute of Technology, Tokyo 43Tokyo Metropolitan University, Tokyo 44Tokyo University of Agriculture and Technology, Tokyo 45University of Tsukuba, Tsukuba 46Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 47Yonsei University, Seoul

Abstract

Using a 282 fb^{−1} data sample collected by the Belle experiment at the KEKB e^+e^− collider, we study D^0 decays to K^−ℓ^+ν and π^−ℓ^+ν final states. The D^0 flavor and momentum are tagged through a full reconstruction of the recoiling charm meson and additional mesons from fragmentation. The reconstruction method provides very good resolution in neutrino momentum and in q^2 = (p_ℓ + p_ν )^2. Normalizing to the total number of D^0 tags, we measure the absolute branching fractions to be B(D^0 → Kℓν) =(3.45 ± 0.07stat ± 0.20syst)% and B(D^0 → πℓν) = (0.255 ± 0.019stat ± 0.016syst)% and the semi-leptonic form factors (within the modified pole model) f^K_+ (0) = 0.695 ± 0.007stat ± 0.022syst and f^π_+(0) = 0.624 ± 0.020stat ± 0.030syst.

PACS numbers: 13.20.Fc,14.40.Lb,13.66.Bc

Exclusive semileptonic decays of B and D mesons are a favored means of determining the weak interaction couplings of quarks within the standard model because of their relative abundance and simplified theoretical treatment. The latter, given leptons are insensitive to the strong force, is due to the decoupling of the leptonic from the hadronic current. Limiting the precision on extractions of the couplings |V_{ub}| and |V_{cb}| are our knowledge of the form factors parameterizing the hadronic current. Form factors from B and D meson semileptonic decay can and have been calculated using lattice QCD techniques [1, 2, 3] whilst heavy quark symmetry relates the two form factors [4]. Measurements of these decays are required to confront the theoretical predictions. In this Letter, we report measurements of the absolute rate and form factors of D^0 → K^−l^+ν_l and D^0 → π^−l^+ν_l (l = e, μ), which have also been recently investigated by CLEO [5, 6], BES [7] and FOCUS [8]. The measurement of D^0 → π^−μ^+ν_μ is the first of its kind; furthermore, measurements of the form factor distributions f_+(q^2), where q^2 is the invariant mass of the lepton pair, are substantially improved by using a novel reconstruction method with better q^2 resolution than in previous experiments.

Our analysis is based on data collected by the Belle detector [9] at the asymmetric-energy KEKB storage rings [10] with a center of mass (CM) energy of 10.58 GeV (Υ(4S)) and 60 MeV below, corresponding to a total integrated luminosity of 282 fb^{−1}. The Belle detector is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector, a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter comprised of CsI(Tl) crystals (ECL) located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux return located outside of the coil is instrumented to detect K^0_L mesons and to identify muons.

To achieve good resolution in the neutrino momentum and q^2, we tag the D^0 by fully reconstructing the remainder of the event. We seek events of the type e^+e^− → D^{(∗)}_{tag}D^{∗−}_{sig} X {D^{∗−}_{sig} → D^0_{sig}π^−}, where X may include additional π^±, π^0, or K^± mesons (inclusion of charge-conjugate states is implied throughout this report). Each candidate is assembled from a fully reconstructed “tag-side” charm meson (D^{(∗)}_{tag}) and additional particles (X), with the requirement that the combination be kinematically consistent with e^+e^− → D^{(∗)}_{tag}D^{∗−}_{sig} X. To the D^{(∗)}_{tag}X is added a charged pion that is kinematically consistent with π^−_s from D^{∗−}_{sig} → D^0_{sig}π^−_s . Candidate D^{(∗)}_{tag}Xπ^−_s combinations passing the analysis criteria thus provide a tag of D^0_{sig} and its momentum without having detected any of its decay products. The decay D^0_{sig} → K^+(π^+)ℓ^−ν may thus be reconstructed with the neutrino momentum fully constrained.

The D^{(∗)}_{tag} is reconstructed in the modes D^{∗+} → D^0π^+, D^+ π^0 and D^{∗0} → D^0π^0, D^0γ, with D^{+/0} → K^−(nπ)^{++/+} {n = 1, 2, 3}. Each D_{tag} and D^∗_{tag} candidate is subjected to a mass-constrained vertex fit to improve the momentum resolution. We require a successful fit of each D_{tag} candidate; furthermore, if this candidate is a daughter of a successfully fitted D^∗_{tag} candidate, the event is treated as D^∗_{tag}D^{∗−}_{sig} X, otherwise it proceeds as D_{tag}D^{∗−}_{sig} X. The candidate X is formed from combinations of unassigned π and K^+K^− pairs, conserving total electric charge. The 4-momentum of D^{∗−}_{sig} is found by energy-momentum conservation, assuming a D^{(∗)}_{tag}D^{∗−}_{sig} X event. Its resolution is improved by subjecting it to a fit of the X tracks and the D^{(∗)}_{tag} momentum, constrained to originate at the run-by-run average collision point, while the invariant mass is constrained to the nominal mass of a D^{∗−}. The candidate is rejected if the confidence level of this fit is less than 0.1% (corresponding to ±3.3σ of

FIG. 1: Mass spectrum of D^0_{sig} candidates.

mass resolution). Candidates for π^−_s are selected from among the remaining tracks, and for each the candidate D^0_{sig} 4-momentum is calculated from that of the D^{∗−}_{sig} and π^−_s . The corresponding invariant mass is shown in Fig. 1. The momentum is then adjusted by a kinematic fit constraining the candidate mass to that of the D^0. For this fit, the decay vertex of the D^0_{sig} has been estimated by extrapolating from the collision point in the direction of the D^0_{sig} momentum assuming the average decay length; a comparison with the result without this vertex correction showed that the corresponding systematic error is negligible. Again, the candidate is rejected if the confidence level of this fit is less than 0.1%.

Background lying under the D^0_{sig} mass peak (i.e. fake-D^0_{sig}) is estimated using a wrong sign (WS) sample where the tag- and signal-side D candidates have the same flavor (D_{tag} instead of D_{tag}). A MC study (including Υ(4S) → BB and continuum (qq, where q = c, s, u, d) events [11, 12]) has found that this sample can properly model the shape of background except for a small contribution from real D^0_{sig} decays (≈ 2%) from interchange between particles used for the tag due to particle misidentification. Background from fake D^0_{sig} is subtracted normalizing this shape in a sideband region 1.84 − 1.85 GeV/c^2. We find 56461 ± 309_{stat} ± 830_{syst} signal D^0_{sig} tags. The systematic uncertainty derives from: statistics of the WS sample (0.5%); subtraction of real D^0_{sig} contamination in the WS sample (0.6%) and charge correlation in the background (2%). The latter was estimated with MC by comparing true right sign (RS) background with that of the WS.

Within this sample of D^0_{sig} tags, the semileptonic decay D^0_{sig} → K^+(π^+)ℓ^−ν is reconstructed with K^+(π^+) and ℓ^− candidates from among the remaining tracks. An event is rejected if there are any remaining unassigned charged particles (2.2% [8.3%] of events in kaon [pion] mode) or if the remaining unassigned neutral energy exceeds 700 MeV (9.0% [12.0%] of events in kaon [pion] mode). This requirement has been optimized based on a comparison of the simulated and observed energy distributions; it removes a large fraction of D^0_{sig} hadronic decays with one of the final state charged tracks unreconstructed. The neutrino candidate 4-momentum is reconstructed by energy-momentum conservation, and its invariant mass squared, m^2_ν , is required to satisfy |m^2_ν | < 0.05 GeV^2/c^4.

Multiple candidates still remain in one third of D^0_{sig} tags, and in about one quarter of the semileptonic sample. In these cases all candidates are saved and given weights adding up to 1. In the MC, the difference between the result of this method and the result when only the true signal is retained, is found to be negligible.

The contribution from fake D^0_{sig} in the sample of semileptonic decay candidates is estimated using the D^0_{sig} invariant mass WS shape of the D^0_{sig} tag sample, normalized in the previously defined sideband region. The effect of the additional selection criteria on the

TABLE I: Yields in data, estimated backgrounds, extracted signal yields and branching fractions, where for the latter two, the first uncertainty is statistical and second is systematic; small differences in the numbers are due to rounding.

channel full D^0_{sig} K^+e^−ν_e K^+μ^−ν_μ π^+e^−ν_e π^+μ^−ν_μ

Yield 95250 1349 1333 152 141

fake D^0_{sig} 38789 ± 830 12.6 ± 2.2 12.2 ± 4.8 12.3 ± 2.2 12.5 ± 4.5

semileptonic n/a 6.7 ± 2.6 10.0 ± 2.5 11.7 ± 1.2 12.6 ± 1.9

hadronic n/a 11.9 ± 5.6 62.1 ± 23.9 1.8 ± 0.7 9.7 ± 3.7

signal 56461 ± 309 ± 830 1318 ± 37 ± 7 1249 ± 37 ± 25 126 ± 12 ± 3 106 ± 12 ± 6

Branching Fraction (10^{−4}) 345 ± 10 ± 19 345 ± 10 ± 21 27.9 ± 2.7 ± 1.6 23.1 ± 2.6 ± 1.9

(e and μ channels, average) 345 ± 7 ± 20 25.5 ± 1.9 ± 1.6

background shape has been conservatively estimated, by varying these criteria, to be 15% (35%) for e (μ) modes.

There are also backgrounds from semileptonic decays with either an incorrectly identified meson or where additional mesons are lost in reconstruction. These backgrounds are highly suppressed by the good neutrino mass resolution. For D^0_{sig} → π^+ℓ^−ν the most significant background is D^0 → K^+ℓ^−ν amounting to 6% − 8% of the total yield. It was estimated using the reconstructed D^0 → K^+ℓ^−ν decays in data, reweighted with the (independently measured) probability of kaons to fake pions. Smaller backgrounds from D^0 → K^{∗+}ℓ^−ν and D^0 → ρ^+ℓ^−ν decays amounting to 0.8% − 0.9% were measured by normalizing MC to data in the upper sideband region m^2_ν > 0.3 GeV^2/c^4, which is dominated by these channels. For D^0_{sig} → K^+ℓ^−ν, decays of D^0 → K^{∗+}ℓ^−ν contribute at the level of 0.5%−0.8%, measured using a sideband evaluation as described above, while background from D^0 → π^+ℓ^−ν and D^0 → ρ^+ℓ^−ν was found to be negligible (< 0.07% of the total yield). Systematic uncertainties are assigned due to the following: MC statistics, which dominates overall (and according to channel ranges between 10% − 40% of the background); fake rate uncertainties (3% − 4%); and uncertainty on branching fractions of D^0_{sig} → K^+/ρ^+ℓ^−ν (≈ 1%).

The last source of background originates from D^0_{sig} decays to hadrons, where a hadron is mis-identified as a lepton. It is measured with an opposite sign (OS) sample, where the lepton charge is opposite to that of the D^{∗−}_{sig} slow pion. Note that the signal is extracted from the same sign (SS) sample. In contrast to the SS sample, the OS sample has no signal or semileptonic backgrounds; fake D^0_{sig} are subtracted in the same manner described previously. Assigning well identified pion and kaon tracks a lepton mass, we construct pure background m^2_ν distributions in both SS and OS, which we label f^{SS}_m and f^{OS}_m , m = K, π. A fit of the weights a_K and a_π of the components f^{OS}_K and f^{OS}_π in the m^2_ν distribution of the OS data sample is performed, and the hadronic background in the SS data sample is calculated as (a_Kf^{SS}_K + a_πf^{SS}_π ), utilizing the fact that the hadron misidentification rate does not depend on the charge correlation defining SS and OS. The method has been validated using MC samples. As the muon fake rate is about an order of magnitude larger than that for electrons, this background is much more significant for muon modes. Systematic uncertainties are assigned based on the bias of the method as studied in MC (11% − 35%), and parameter errors from the fit (16% − 35%).

The signal yields and estimated backgrounds are summarized in the upper part of Table I. Efficiencies depend strongly on n_X , defined as the number of π^{±(0)} and K^± mesons assigned to X (in e^+e^− → D^{(∗)}_{tag}D^{∗−}_{sig} X), and are determined with MC; typical ratios are ϵ_{hℓν} /ϵ_D0_{sig} ≈ 70%. As the observed n_X distribution in the data is slightly different from that simulated, we reweighted the simulated efficiencies, amounting to a (+1.9 ± 3.9)% change in the efficiency correction; the corresponding uncertainty is accounted for in the systematic error. No other biases due to n_X -dependent effects were found.

Normalizing to the total number of D^0_{sig} tags, the absolute branching fractions summarized in the lower part of Table I are obtained; systematics are dominated by the absolute normalization. The results for electron decay modes are in good agreement with those from [6, 7], and the measured D^0_{sig} → π^+e^−ν branching fraction confirms the prediction of [13]. The results for the muon modes are in agreement with the ratio given in [14].

More information about the semileptonic decays is obtained by studying the differential decay width dΓ/dq^2. The resolution in q^2 of semileptonic decays is found to be σ_q2 = 0.0145 ± 0.0007_{stat} GeV^2/c^2 in MC signal events. This is much smaller than statistically reasonable bin widths, which have been chosen as 0.067 (0.3) GeV^2/c^2 for kaon (pion) modes, and hence no unfolding is necessary. Bias in the measurement of q^2 that may arise due to events where the lepton and meson are interchanged, a double mis-assignment, was checked with candidate D^0_{sig} → K^+ℓ^−ν events and found to be negligible. The differential decay width is bin-by-bin background subtracted and efficiency corrected, using the same methods described previously.

In the theoretical description, the differential decay width is dominated by the form factor f_+(q^2) [16]. Up to order m^2_ℓ it is given by dΓ^{K(π)} dq^2 = G^2_F |V_{cs(d)}|^2 24π^3

|f^{K(π)}_+ (q^2)|^2p^3_{K(π)} (1)

where p_{K(π)} is the magnitude of the meson 3-momentum in the D^0_{sig} rest frame [18]. These form factors have been calculated recently in unquenched lattice QCD [1, 2]. In the modified pole model [15], the form factor f_+ is described as

f_+(q^2) = f_+(0) (1 − q^2/m^2_{pole})(1 − α_pq^2/m^2_{pole})

, (2)

with the pole masses predicted as m(D^∗_s ) = 2.11 GeV/c^2 (for D^0_{sig} → K^+ℓ^−ν) and m(D^∗) = 2.01 GeV/c^2 (for D^0_{sig} → π^+ℓ^−ν). Setting α_p = 0 leads to the simple pole model [16]. The ISGW2-model [17] predicts

f_+(q^2) = f_+(0)(1 + α_I q^2_{max})^2 (1 − α_I (q^2 − q^2_{max}))^2 (3) where q^2_{max} is the kinematical limit of q^2 and α_I is a parameter of the model, calculated for the K-mode as α_I (K) = 0.47 GeV^{−2}c^2.

The measured q^2 distribution is fitted with 2 free parameters to the predicted differential decay width dΓ/dq^2 of the different models with f_+(0) being one of the parameters, and m_{pole}, α_p or α_I respectively the other. Binning effects are accounted for by averaging the model functions within individual q^2 bins. The fit to the simple pole model yields m_{pole}(K^−ℓ^+ν) = 1.82 ± 0.04_{stat} ± 0.03_{syst} GeV/c^2 (χ^2/ndf = 34/28) and m_{pole}(π^−ℓ^+ν) = 1.97 ± 0.08_{stat} ± 0.04_{syst} GeV/c^2 (χ^2/ndf = 6.2/10), in agreement with results from CLEO [5] and FOCUS [8]. While the pole mass for the πℓν decay agrees within errors with the predicted value, m(D^∗), the more accurate fit of m_{pole}(Kℓν) is several standard deviations below m(D^∗_s ). In the modified pole model, α_p describes this deviation of the real poles from the m(D^∗_{(s)}) masses. Fixing these masses to their known experimental values, a fit of α_p yields α_p(D^0 → K^−ℓ^+ν) = 0.52 ± 0.08_{stat} ± 0.06_{syst} (χ^2/ndf = 31/28) and α_p(D^0 → π^−ℓ^+ν) = 0.10 ± 0.21_{stat} ± 0.10_{syst} (χ^2/ndf = 6.4/10). Finally, a fit of the parameter α_I in the ISGW2 model yields α_I (D^0 → K^−e^+ν) = 0.51 ± 0.03_{stat} ± 0.03_{syst} GeV^{−2}c^2 (χ^2/ndf = 33/28) and α_I (D^0 → π^−e^+ν) = 0.60 ± 0.10_{stat} ± 0.09_{syst} GeV^{−2}c^2 (χ^2/ndf = 7.0/10) . Systematic uncertainties were studied using a toy MC where the exact simple pole model distributions for signal were randomly smeared according to the Gaussian errors found in the data. The fit reproduces the input pole masses without any significant bias; a shift of 1.2% (0.3σ_{stat}) observed in the pion mode was included in the systematic error. The subtracted background levels, which cause a correlation between q^2 bins, were also varied in this toy MC.

The fitted values for f^{K,π}_+ (0) vary little for the different fits, for the modified pole model the results are f^K_+ (0) = 0.695 ± 0.007_{stat} ± 0.022_{syst} and f^π_+(0) = 0.624 ± 0.020_{stat} ± 0.030_{syst}; for the ratio (refitted without correlations due to normalization) we find

f^π_+(0)^2|V_{cd}|^2 f^K_+ (0)^2|V_{cs}|^2

= 0.042 ± 0.003_{stat} ± 0.003_{syst} (4)

which is consistent within errors with the model-independent result using only the data in the first πℓν q^2 bin (q^2 < 0.3 GeV^2/c^2). A recent theoretical prediction for the ratio [1] is 0.040 ± 0.002_{stat} ± 0.005_{syst}. Our result (4) is in good agreement with those from CLEO [5] and FOCUS [14], which measure slightly lower values.

The measured form factors f^{K,π}_+ (q^2) are shown in Figure 2 with predictions of the simple pole model, unquenched [2] and quenched [3] LQCD. To obtain a continuous curve for f_+ from the LQCD values reported at discrete q^2 points, the values were fitted by a parabola, which is found to fit well within the stated theoretical errors and is not associated with any specific model. To quantify the degree of agreement, we calculate χ^2/ndf between our measurement and the interpolated LQCD curve within the q^2 range for which LQCD predictions are made. We find a χ^2/ndf of 28/18 (34/23) for the kaon modes and 9.8/5 (3.4/5) for the pion modes; correlations induced by the fit of the calculated q^2 points to a parabola have been considered.

In conclusion, our measurement of the semileptonic D^0 → K(π)ℓν decays yields absolute branching fractions in agreement with other new measurements, and the first measurement of the absolute branching fraction, B(D^0 → π^−μ^+ν). The good q^2 resolution results in substantially improved measurements of D^0 → K^−(π^−)e^+ν f_+(q^2)-distributions.

We thank the KEKB group for excellent operation of the accelerator, the KEK cryogenics group for efficient solenoid operations, and the KEK computer group and the NII for valuable computing and Super-SINET network support. We acknowledge support from MEXT and JSPS (Japan); ARC and DEST (Australia); NSFC and KIP of CAS (contract No. 10575109 and IHEP-U-503, China); DST (India); the BK21 program of MOEHRD, and the CHEP SRC and BR (grant No. R01-2005-000-10089-0) programs of KOSEF (Korea); KBN (contract No. 2P03B 01324, Poland); MIST (Russia); ARRS (Slovenia); SNSF (Switzerland); NSC and MOE (Taiwan); and DOE (USA).

FIG. 2: Form factors for (a) D^0 → K^−ℓ^+ν, in q^2 bins of 0.067 GeV^2/c^2 and (b) D^0 → π^−ℓ^+ν, in q^2 bins of 0.3 GeV^2/c^2. Overlaid are the predictions of the simple pole model using the physical pole mass (dashed), and a quenched ([3], light gray) and unquenched ([2], dark grey) LQCD calculation. Each LQCD curve is obtained by fitting a parabola to values calculated at specific q^2 points. The shaded band reflects the theoretical uncertainty (without the BK-ansatz error for [2]) and is shown within the range of q^2 for which calculations are reported.

[1] M. Okamoto et al., Nucl. Phys. Proc. Suppl. 129, 334 (2004).

[2] C. Aubin et al., (Fermilab Lattice Collaboration, MILC Collaboration and HPQCD Collaboration), Phys. Rev. Lett. 94, 011601 (2005).

[3] A. Abada, D. Becirevic, P. Boucaud, J. P. Leroy, V. Lubicz and F. Mescia, Nucl. Phys. B 619, 565 (2001).

[4] G. Burdman et al., Phys. Rev. D49, 2331 (1994). [5] G. S. Huang et al., (CLEO), Phys. Rev. Lett. 94, 011802 (2005). [6] T. E. Coan et al. (CLEO), Phys. Rev. Lett. 95 181802 (2005). [7] M. Ablikim et al., (BES), Phys. Lett. B597, 39 (2004). [8] J. M. Link et al., (FOCUS), Phys.Lett. B607, 233 (2005). [9] A.Abashian et al., (Belle), Nucl.Instr.Meth.A479, 117 (2002).

[10] S. Kurokawa and E. Kikutani (Belle), Nucl.Instr.Meth.A499, 1 (2003), and other papers in this volume.

[11] see http://www.lns.cornell.edu/public/CLEO/soft/QQ. [12] R. Brun et al., GEANT 3.21, CERN Report DD/EE/84-1, (1984). [13] S. Fajfer and J. Kamenik, Phys. Rev. D 71 014020 (2005). [14] J. M. Link et al., (FOCUS), Phys.Lett. B607, 51 (2005). [15] D. Becirevic, A. B. Kaidalov, Phys.Lett. B478, 417 (2000). [16] G. Amoros, S. Noguera, J. Portoles, Eur. Phys. J. C27, 243 (2003).

[17] N. Isgur and D. Scora, Phys. Rev. D52, 2783 (1995). Phys. Lett. B 592 1 (2004), and 2005 partial update for the 2006 edition, http://pdg.lbl.gov.

[18] For our results, we use the full formula of Ref. [16], including m^2_l terms.