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Using data samples taken with the BES-III detector at the center-of-mass energies of /s = 3.773
GeV, /s = 4.009 GeV and /s = 4.599 GeV, we studied leptonic, semileptonic and rare char-
m decays. From leptonic D™ — u* vy, decays, we determined the most precise D" -meson decay
constant fp+ = (203.2£5.34, 3 1.8,y ) MeV and the most precise Cabibbo-Kobayashi-Maskawa
(CKM) quark mixing matrix element [Voq| = 0.2210 4= 0.00585 3= 0.00474y;. From the semilep-
tonic D° — K~eTv and D° — m~eTv decays, we determined the most precise D-meson de-
cay form factors ff(O) = 0.7368 1 0.002645 = 0.00364y5 and fT(0) = 0.6372 £ 0.0080,¢ £
0.0044ys, as well as the CKM quark mixing matrix elements [Ves| = 0.9601 + 0.0058cxp =+
0.02301.qcp and [Vea| = 0.2155 + 0.0030¢xp 4=0.0094 cp. These decay constant and form fac-
tors could be used to incisively validate Lattice QCD calculations of these quantities, in turn, to
improve measurements of CP-violation in B decays. In addition, we measured the form factors
for semileptonic D decays containing a vector meson in the final states, and searched for the rare
D decays containing e"e~ or eTet in the final state from the data taken at 3.773 GeV. Using the
data taken at /s = 4.599 GeV we made a first measurement of semileptonic A7 — Ae™v, decays.

In this article we briefly report these results.
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1. Introduction

The leptonic and semileptonic charm decays play a crucial role in understanding of both the
strong and week interactions. These decays provide important supporting measurements for studies
of CP-violation in B meson decays. These measurements are needed to validate theoretical calcu-
lations ! of the decay constants and form factors of the D and B mesons. On the other hand these
decays supply a very good place for measurements of the Cabibbo-Kobayashi-Maskawa (CKM)
quark mixing matrix elements |Vcq| and |V, with which one can check the unitarity of the CKM
matrix and search for new physics (NP) beyond the Standard Model (SM) of particle physics.

In recent years, LQCD has provided calculations of charm-sector decay constants and form
factors with steadily increasing precision. With these improvements in precision, experimental
validation of the computed results are more and more important. At present, the main uncertainty
of the apex of the By unitarity triangle (UT) of B meson decays is dominated by the theoretical
errors in the LQCD determinations of the B meson decay constants /8, and decay form factors

B=7(0) [1]. Precision measurements of the charm-sector decay constants fD(+) and form factors

ff(”) (¢*) can be used to establish the level of reliability of LQCD calculations of /B, and f. B=7(0).

If the LQCD calculations of f;,+ and ff(”)(qz) agree well with measured f,+ and ff(ﬂ) (¢%)
values, the LQCD calculations of ‘the decay constants for B(,) meson leptonic deca{ys, and the form
factors for B meson semileptonic decays can be more confidently used to improve measurements
of B(S)B(S) mixing rates and B meson semileptonic decay rates. The improved measurements of the
B(,)B(s) mixing and B meson semileptonic decay rates would, in turn, improve the determination
of the B; UT, from which one can more precisely test the SM description of quark mixing and
CP-violation, and thereby maximizing the sensitivity of quark flavor physics to NP. So precision
measurements of fD(t-) and ff(”) (¢*) are very important for precision test of the SM and searching
for NP.

In the last six years we precisely measured these charm-sector decay constant fp+ and form
factors ff(”) (0), as well as the CKM matrix elements |Vq| and |Vcs|. In this article we briefly report
these measurements.

2. The experiment, data samples and analysis technique

The BES-III is a general magnetic detector working at a double-ring e e~ collider operating in
center-of-mass energy between 2~4.6 GeV, located at the Institute of High Energy Physics (IHEP),
Beijing. The peak luminosity of the machine at 3.773 GeV is 1 x 103* cm~2s~!. With this detector
we accumulated 2.92 fb~!, 0.48 fb~!, and 0.57 fb~! of data at center-of-mass energies /s = 3.773
GeV, /s = 4.009 GeV, and /s = 4.599 GeV, respectively. At these energies the DD mesons,
D D; mesons and A A_ baryons are produced in e e~ annihilation. This allows us use a double
tag analysis technique to study leptonic and semileptonic charm decays.

In data analysis, taking D™ meson as an example, we first selected the D~ meson sample
from its hadronic decay modes, which is called single D™ tag or singly tagged D~ meson, and

IThe QCD technologies such as Lattice QCD (LQCD), QCD sumrules and some other theoretical approaches can
calculate the decay constants and form factors of the D and B mesons.
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then selected the leptonic or semileptonic DT decays in the system recoiling against the single

D~ tags. To select the leptonic and semileptonic D™ decays with missing neutrino, we calculated

2

_ 2 _ 2 A A . . . .
Uniss = Emiss — Pmiss Of M™miss = Bz s — Piiss» Where Episs and piss are missing energy and missing

momentum of the event in question. For the leptonic and semileptonic D' decay events, the Unpigs

2 2
or Mmiss miss

can get the number of signal events for the leptonic or semileptonic D decays, and then measure

should be zero. So, from distributions of Upss or M. for the singly tagged D™ events we

its decay rate. This double analysis technique is extended to measurements of D°, D} and A}
decays.

3. Leptonic decays

In the SM of particle physics, the charged Dz;) meson can decay into a charged lepton and
its associated neutron when the ¢ quark and the d quark or § quark annihilate via a virtual W
boson. To the lowest order, the decay width is proportional to the square of the product of the
decay constant fz)(*:) times |V,(5)|, and is given by

2

+ G% 2 m% 2 2
F(D(S) —lv) = gmeD(t) 1— M12)+ fD@ ]VCd(s)\ , 3.1)

(5)

where Gr is the Fermi coupling constant, MD(+) is the D(J;) mass, my is the mass of the charged

lepton in the final state. Hence the leptonic D(t) decay provides us an opportunity to measure the
decay constants and the magnitudes of CKM element V4 ).

3.1 Leptonic D*decays

The first result of leptonic charm decays from the BES-III experiment is about study of
D™ — putv,. At Charm2012 held in Hawaii we reported measurements of branching fraction
for DT — p*v, decay and decay constant fp+, and we also reported determination of |V,4| which
was determined with the leptonic D" decay for the first time in the world [2]. To measure these
quantities we used the double tag technique to reconstruct the D — u* v, decays from the data ac-
cumulated at 3.773 GeV. As study of D* — u™ v, decay performed at BES-II experiment [3], nine
hadronic D~ decay modes Kt 7w~ 7™, Kgﬂ?—, KgK_, KtK n ,Ktnn % ntnn, Kgﬂ_ﬂfo,
Kn~n n nt and Kon~ w7+ were used to accumulate the single D™ tags in this analysis. The
signal of D™ tags are clearly observed in the beam energy constrained mass Mpc spectra as shown
in Fig. 1. A maximum likelihood fit to these Mpc spectra yields (170.31 +0.34) x 10* single D~
tags from this data. The D™ — u™ v, decays were selected in the recoil side of the single D™~ tags

by requiring no extra tracks except a muon identified by muon chamber. The information of the

2

neutrino was inferred from the variable of missing mass squared M: .. as defined in Section 2.

Figure 2 shows the distribution of aniss, where signal is clearly peaked around 0. The peak around
0.25 GeV?/c* is from the background process of D™ — KP7n™, where the K} is undetected and
the charged pion is mis-identified as muon. After subtracting the backgrounds, 409.0 +-21.2 signal
events were retained. After correcting for the reconstruction efficiency, the branching fraction was

measured to be Z(D" — pvy,) = (3.71 £ 0.19 £ 0.064y5) x 1074, which is the most precise
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measurement to date. Combining this branching fraction measurement and the Particle Data Group
(PDG) values of D™ lifetime, Mp, my, and magnitude of V.4 determined from the global SM fit, the
decay constant is determined to be fp = (203.2 4+ 5.3, £ I.SSyst) MeV. Alternately, the magnitude
of CKM matrix element V,, is extracted to be |V,4| = 0.2210 £ 0.0058 £ 0.0047 gy [4].
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3.2 Leptonic D; decays

By analyzing the data taken at 4.009 GeV, we also studied the leptonic D decays [5]. From
nine D, hadronic decay modes KgK_, KtK—n—, K"K n—n°, K2K+7r_7r_, T, TN,
2%, n'(n' = xtr ) and 7 n'(n’ — p°y), 15127 £+ 321 singly tagged D; mesons were
accumulated. In the system recoiling against the single D} tags, the signal events of D" — ¢Tv,
(¢ = u, or 7) decays were selected by requiring only one charged track with the opposite charge to
the D; tag. Analyzing these doubly tagged D, D, events with constraining the ratio of u*v,
yield to T7v; yield to the value given by the SM, we obtained 69.3 £9.3 D — pu*v, and
32.5+4.3 D} — t"v; events. These yield the branching fractions (D] — pu*v,) = (0.495+
0.067 a0 £ 0.026y5) %, HB(Df — 11v;) = (4.83 £ 0.654 £ 0.264y5)%, and the decay constant
I, = (241.0 £16.345 £ 6.64y5) MeV [5].

4. Semileptonic D — P/v (P=pseudoscalar meson) decays

In the SM, neglecting the lepton mass, the differential decay rate for D™ — Petv, (P=K,
7, KO or %) is given by
dr Gt 2. 31 Py, 2\|2
i = Xaam Vesta P I 4.1
where p is the momentum of the pseudoscalar meson P in the rest frame of the D meson, ¢ is the
four momentum transfer, i.e., the invariant mass of the electron and neutrino system, and ff(qz) is
the form factor which describes the strong interaction between the final state quarks and is usually

parameterized in data analysis. In Eq. (4.1), X is a multiplicative factor due to isospin, which equals
to 1 for modes D° — K~e*v,, D* — 7~e*v,, D* — K"V, and 1/2 for mode D* — n%*v,.
Similar to leptonic D?;) decays, by measuring the semileptonic D decay rates, these decays also
provide an excellent chance to validate the lattice QCD calculations of f£(g?), and to determine
the CKM elements |V,,| and |V,4|.
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41 D° 5K etv,and D° — wetv,

The dynamics of the D’ 5 K etv,and DY — neTv, decays were well studied at the BES-
III experiment. Similar to the analysis of D™ — ptv decays, we first selected single D° tags from
ete™ — DDV events in the data taken at 3.773 GeV, then selected the events for D° — K—etv,
and D° — w~e*Vv, decays in the system recoiling against the D° tags. From five D° hadronic
decay modes K*7n~, K w7, K*ntn n~, Ktntn 7 7% and Kt~ 7n°7°, we accumulated the
single D tags. Figure 3 shows beam energy-constraint mass spectrum for each of these 5 modes,
from which we obtained (279.33 £0.37) x 10* single D" tags. In the recoil side of these single
DY tags we selected these two semileptonic decays. Figure 4 shows the Upg, distributions of the
candidates for these two decays. From these Uy;s distributions we observed 70727 278 and
6297 + 87 signal events for D® — K~e*v, and D — n~eTv, decays, respectively. With these
numbers of the single D° tags and the double D°DP tags as well as corresponding efficiencies
we measured the branching fractions Z(D° — K—etv,) = (3.505 £ 0.014 + 0.033,y5)% and
B(DP — et v,) = (0.2954+0.004¢ + 0.003y5t) % [6], which are the most precise measurements
in the world to date.
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To determine the form factors fX(¢?) and f*(4?) as well as CKM elements |V.s| and |[Viq| we
measured differential rates of these two decays in 18 or 14 ¢* bins as shown in Fig. 5 and Fig. 6.
Using the expected differential decay rates given in Eq. (4.1) and the form factor parameterized
with two-parameter z series expansion to fit the measured differential decay rates, we directly
measured the products % (0)|V.s| =0.7172£0.0025+£0.0035 and f7(0)|V.4| =0.1345+£0.0018 £+
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0.0009 as well as form the factor parameters [6]. Using the measured values for these products in
conjunction with the values for |V,| and |V,4| determined from a global SM fit, we determined
ff(O) = 0.7368 £ 0.00264¢ == 0.00364y and f7(0) = 0.6372 £ 0.00805¢5¢ £ 0.0044 5y [6].

42 Dt — K%*v, and D™ — 7%V,

In the system recoiling against the (170.31+0.34) x 10* single D~ tags as these used in study
of DT — u*v decays mentioned above [4], we selected Dt — K%*v, and D — n0¢*v, events,
where the K® and 7° mesons were reconstructed with 777~ and 7y, respectively. We totally
observed 26008 + 168 D — K%*v, and 3402470 D* — n%*v, signal events, and measured
branching fractions (D" — K% v,) = (8.604 £0.0565, +0.151 5 )% and B(D" — nletv,) =
(0.3631 4 0.00754tat == 0.0051y51)%. Using these branching fractions and branching fractions for
DY — K~e*v, and D° — m~eTv, decays presented in Section 4.1, as well as the lifetimes of

D° and DT mesons [7], we obtained the ratios Ix = % =1.03+£0.01£0.02 and I =
r'(D°—x=etv,)

(DT —aleTve)

We also analyzed differential decay rates for these two semileptonc D decays and measured
the products fX(0)|V.| = 0.7053 £ 0.0040 £ 0.0012 and f7(0)|V,| = 0.1400 £ 0.0026 £ 0.0007.
Using these values in conjunction with ]Vcs(d)\ obtained from global SM fit [7] we determined
£X(0) = 0.725 £ 0.004 £ 0.012 and f7(0) = 0.622 4 0.012 +0.004. Alternatively, using these
values of the products together with LQCD calculations of the form factors ff (0) =0.7470 £
0.0186 [8] and f7(0) = 0.666 £ 0.029 [9] we determined the CKM elements |Vis| = 0.944 £
0.005¢5¢ £0.015y5 £0.0241 ocp and |Veq| = 0.210 £ 0.024 15 +=0.001 5y +=0.0091 ocp-

=1.03£0.03£0.02, which are consistent with isospin symmetry.

43 Dt — K%*v, with K — 7970

With ~1.5 millions of singly tagged D~ sample accumulated from six hadronic decay modes
of D™ meson we investigated the semileptonic D* — K¢* v, decay, where K° was reconstructed
with K0 — 7970, We observed a total of 5013 & 78 signal events for this semileptonic decays and
measured the branching fraction (D" — K% v,) = (8.59 £ 0.014gy £ 0.215y5) % [10].

44 D" - Koutv,

In the recoil side of ~1.5 millions of singly tagged D~ mesons we studied the semileptonic
D" — K°u™v, decays, where the K meson was reconstructed from decay processes of K* —
K — ntn~ and K° — K? — 7n%7°. We observed 16516 4 130 and 4198 4 33 signal events for
D" — Koutv, with K® — 77z~ and K° — 7n°%°, respectively. With these numbers of signal
events together with the 1.5 millions of the singly tagged D~ mesons, we measured the branching
fraction Z(D+ — KOutvy) = (8.72 % 0.07gq £ 0.184y5)% [111.

45 DT = K)etv,

Using a very similar single D~ tag sample as that used in study of D" — u*v, mentioned
above and adopting a technique of partial reconstructing K meson, we studied the semilepton-
ic decay DT — KPe™v, [12], and measured branching fraction (D" — Kpe'v,) = (4.482 +
0.027 £0.103)%, as well as the CP asymmetry of Dt — KYe™v, and D~ — KYe™V, decays,
dep = (B(DT — KYeTv,) — B(DT — K2 V,))/(B(DT — Klev,) + B(DT — Kle ™ V,)) =
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(—0.59 4 0.60 & 1.48)%. We also measured the product of fX(0) times |V.|, and alternative-
ly determined f¥(0) and |V,,|. These are f¥(0)|V,s| = 0.728 £ 0.0064 + 0.0115y, fX(0) =
0.748 £ 0.0074tat = 0.0124ys, and [Ves| = 0.975 £ 0.0084¢ = 0.0155ys 3= 0.025; ocp.

5. Semileptonic D — ¥ e¢™ v, (¥ = vector meson) decays

The differential rate of the semileptonic D™ — ¥ eV, decay is described by five variables.
Taking #'=K*? as an example, these five variables are the invariant mass mg, of K and 7 system,
the four momentum transfer squared ¢°, the angle Ok between the K and the D direction in the
K~ 7" rest frame, the angle 6, between the Vv, and the D direction in the e' v, rest frame, and the
acoplanarity angle ) between the two decay planes [13, 14]. This decay rate is given by [13, 14]

dU(D — K*%*v,) G|V

— XBI(m>-. 4% 0k, 60,. 7). 51
dm? dq?dcos OxdcosO,dy  (47m)°m3, BI(mgz,q°, Ok, 0e, X) (5.1

where X = pxzmp, pxr is the momentum of the K7 system in the D rest frame, mp is the mass of
the D meson, B = 2p*/m, p* is the breakup momentum of the K7 system in the D rest frame, and
I can be expressed in terms of helicity amplitudes H

1 mzpz
H 2 — 2 _ 2 _ 2 A 2 _4MA 2
o(q”) 2man[(mD Mgz —q°)(mp +mgz)A1(q”) ——— 2(q7)]
and
Ha (@) = (mp + mia) A1 (q2) F —TRPKT (2.
mp + mgxr

In these three helicity amplitudes, A1 (¢?) and A, (g?) are two axial-vector form factors, and V (¢?)
is the vector form factor. Under assumption of the single pole dominance, these form factors are
given by

Al =15 A;(Z(;an’ M) =15 A;ﬁ%

where my and my are the axial-vector and vector pole masses, respectively.

V(0
and V(g*) = lq(z/)mz’
v

51 DY - K rntety,

Using a very similar sample of the single D™ tags as that mentioned in Section 3.1 we studied
the semileptonic D™ — K~ e "V, decays. By studying the Uy, of the single D~ tags and the
K~ mte™ in the recoil side of the single D~ tags, we observed 18262 signal events for DT —
K me"v, decay in the system recoiling against these single D~ tags, and measured branching
fraction Z(D* — K~ ntetv,) = (3.71 £0.034a £ 0.08,y5) %. To investigate the dynamic of these
decays, we studied the five kinematic variables as defined in the Section 5 for these decays. Figure 7
shows distributions of these five kinematic variables determined from these selected events. A
partial wave analysis was performed on these selected events and showed that the dominant K*°
component is companied by a S-wave contribution with a fraction of (6.05+0.22 +0.18)% of the
total rate, while other components can be negligible. From this analysis we obtained the mass and
the total width of K*°(892) to be Mig-0(392) = (894.60+0.25+£0.08) MeV and ['g.o(g9y) = (46.42+
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Figure 7: Distributions of the kinematic variables of the DT — K~ nte™ v,.

0.56£0.15) MeV. From this analysis we obtained the form factor A;(0) = 0.585+0.01140.017,

the form factor ratio ry = { (gF = 1.41140.058£0.007 and r, = Y23} = 0.788+0.042£0.008. In

addition, we measured the vector pole mass my = (1.81J_r8:%§ +0.02) MeV/c? and the axial-vector
pole mass my = (2.617542 +£0.03) MeV/c? [15].

52 D' — wetv, and DT — ¢geTv,

Similarly, we also studied the DT — we™ v, decay, where @ — 77~ x°. In the recoil side
of 1.58 million of singly tagged D~ sample we observed 491 +32 D™ — we™V, decays, and
measured branching fraction Z(D" — wetv,) = (0.163 +0.011 +0.008)% [16]. By analyzing
multi-dimensional distributions of the five kinematic variables determined from our selected sample
of D" — we™ Vv, decays, we measured the form factor ratios ry = VO _ 044 0.09 £+ 0.06 and

A(0)
r2 = g = 1.0640.15+£0.05.
In this singly tagged D~ sample we searched for D™ — ¢e™ v, decay. But, we did not observe

any significant signal event for this decay. We set an upper limit of the decay branching fraction to
be (D" — ¢etv,) < 1.3 x 1077 at 90% CL.

6. Semileptonic A" decay and rare D decays

From the 0.57 fb~! of data taken at /s = 4.599 GeV we selected (1.44-0.2) x 10* singly
tagged A_ baryons. In the system recoiling against these singly tagged A, baryons we observed
(109.4+10.9) A] — Ae'v, decay events, and measured branching fraction Z(A — Ae™v,) =
(3.63+0.38+0.30)% [17] for the first time. Some theoretical model predictions for this branching
fraction vary in a range from 1.4%~9.4%. Thus our experimental result provides a stringent test
of these models.

The SM predicts that the branching fraction for D™ — K(7m)"e"e™ decays are in the range
from 1078 to 107%. However some new physics effects may enhance these decay rates, resulting
in these branching fractions at the level of 107> to 107°. The lepton number volition decay D" —
K(m)"ete™ is strictly forbidden in the SM. So searching for these decays supply a way to search
for NP beyond the SM. In the full data sample taken at /s = 3.773 GeV we searched for some
rare D" decays with reconstructed D meson decays to these semileptonic final states. But we
did not observe any evdence for these decays. As preliminary results we set upper limits on these
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rare semileptonic D" decay branching fractions to be (Dt — Ktete™) < 1.2 x 1075, (D" —
Trete™) <03 x107% B(DT =+ K etet) <0.6x 107 %and B(Dt — n etet) < 1.2x 100 at
90% C.L..

7. Validate theoretical calculations of fX (%), f7(¢?) and fp+

7.1 Comparison of measured fX(4?) and f7(q*) withe those calculated in LQCD

Figure 8 and Fig. 9 show comparisons between our measured form factor shapes [6] and those
calculated in LQCD [18] for D° — K~ e¢Tv, and D° — = e*v, decays, respectively. From these
two figures we find that, although our measured values of fX(g?) and f7(g*) are consistent within
uncertainties with those calculated in LQCD, the measured values of the form factors significantly
deviate from the most probable values calculated in LQCD in the regions above 0.75 GeV?/c*
and 1.5 GeV?/c* for D° — K~e*v, and D° — m~e*v, decays, respectively. The precision of our
measured fX(g?) and f7(g?) is higher than that of the LQCD calculations by a factor of 3~4.
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Figure 8: Comparison between the measured form  Figure 9: Comparison between the measured form
factor at the BES-III and that calculated in LQCD factor at the BES-III and that calculated in LQCD
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Figure 10: Comparison between measured form  Figure 11: Comparison between measured form
factor X (0) and that calculated in LQCD. factor f7(0) and that calculated in LQCD.

Figure 10 and Fig. 11 show comparisons between our measured form factors at g> = 0 and
these measured at other experiments together with that calculated in LQCD. Our measured form
factors are consistent with those measured at the BABAR, Belle and CLEO-c experiments, but the
precisions of our measured form factors from D° — K~e*v, and D’ — 7~ eTv, decays are more
higher than others. In addition, the precisions of our measured form factors at ¢g> = 0 from these
two decays are also higher than that calculated in LQCD by a factor of 3~4, and thereby our
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precisely measured values for fX(0) and f7(0) will allow incisive tests of any further theoretical
calculations of these form factors.

7.2 Comparison of measured f,+ with theoretical predictions

Figure 12 shows comparison between our measured fp+ and those measured at other experi-
ments together with theoretical calculations of the decay constant. Our measured fp+ is consistent
with those measured at other experiments, but with the best precision. Our measured value of
fo+ =(203.9145.7241.97) MeV is lower than the most precise value of fp+ = (212.6+0.4"]9)
MeV calculated in LQCD by 1.40.
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Figure 12: Comparison of measured values for fp+ Figure 13: Comparison of |V | measured at BABAR,
with those of theoretical calculations. Belle, CLEO-c and BES-III experiments.

8. Status of |V,|, |Veq| and test of three-generation unitarity

Since the CKM elements are fundamental parameters of the SM, they should be measured as
precisely as possible. Figure 13 and Fig. 14 show comparisons of our determined |Vs| and |Vq|
with those determined using ff(”) (0)[Veg(a)| which were measured at the BABAR, Belle and CLEO-
¢ experiments in conjunctions with ff(O) = 0.7470£0.0186 [8] and fT(0) = 0.666+0.029 [9].
In these determined values listed on these two figures, the first errors are the combining both the
experimentally statistical and systematic uncertainties, and the second are due to the uncertainties
of the LQCD calculations of the form factors. From these one can find that, although we only have
3.56 times larger data than CLEO-c data taken at 3.773 GeV our experimental precisions of the
values for |Vs| and |V.q| determined from only D° — K~e* v, and D° — 7~ ¢V, decays are higher
than those determined from D° — K~e*v,, DT — K%*v,, D’ — n=e¢*v, and DT — nletv,
decays at the CLEO-c by a factor of almost 2.

To search for NP effect, high precision values of |V,| and |Vq| are urgently needed since these
could be used to test the three-generation unitarity, and thereby also maximizing the sensitivity
of quark flavor physics to NP. In the last few years many authors used our preliminary results on
measurements of Dt — pu*v,, D® — K=etv, and D’ — 7~ e* v, decays to update the values for
|Ves| and |Viq|, and then checked the unitarity of the CKM matrix. Among these a global analysis of
all available charm data including our preliminary results of measurements for these decays yields
the best precision values of

[Ves| =0.983+0.011  (from all available charm data in the world [20])

10
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and
[Ved| = 0.2157£0.0045  (from all available charm data in the world [21]).

With this value for V4| together with the values for other related CKM elements given in PDG2014 [7],
a 20 tension in the first column of the CKM matrix was seen in March 2015 [21]. After adding our
measurements of D™ — u"v, and D° — w~e"v, decays together with the CLEO-c measurement

of D — u*v, decay, the PDG issued a new weighted average value

Vea| = 0.2204-0.005 (PDG2016 [22])

in 2016, which improve the precision of the |Voq| value by more than 48%. Figure 15 shows
comparison of the values for [Voq| given in the PDG2015, PDG2016 and that determined by globally
analyzing all available charm data in the world [21]. An average for |V,4| determined from our
measurements of D™ — v, and DY — 7~ e "V, decays at the BES-III is also shown in the Fig. 15.
Our measurements contribute more than 57% weight (see Fig. 16) in each of these two weighted
averages for the |V.4|. With the updated |Voq| = 0.220 £ 0.005 given in 2016, the PDG found a 20
tension [22] in the second row of the CKM matrix, which in fact confirmed the 2¢ tension in the
first column of the CKM matrix seen in March 2015 [21]. These 26 tensions may imply potential
signal for new physics effects. All of these progresses mainly profit from the more precise value
for [Veq| determined by adding our measurements of D* — u*v, and DY — m~etv, decays.

9. Summary

Using the data taken with the BES-III detector at the energies near DD, D D, and A A, pro-
duction thresholds we measured branching fractions for leptonic and semileptonic charm decays,
and investigated the decay dynamic of the D and D° mesons. From the leptonic D* and semilep-
tonic D° decays we determined the most precise values for the decay constant fj+, the hadronic
form factors ff(”) (0), and the form factor shape ff(”) (¢%). These precisely determined quantities
have being used to incisively validate the LQCD calculations of these quantities resulting in im-
proving determinations of B decay constants and form factors. When these calculations of the B
decay constants and form factors are combined with huge B factory data, precision of the values for
|Via| and |Vyp| are improved, which are quantitatively transferred to knowledge of the B, unitarity
triangle, and thereby maximizing the sensitivity of quark flavor physics to NP.

11
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From leptonic D* — u*v, decay we determined |Veq| = 0.2210 = 0.0058, £ 0.0047 gy
In addition, from D — K~e*v, and D° — n~e*v, decays we determined the most experimen-
tally precise values for the CKM elements |Ves| = 0.9601 £ 0.0058x, +0.0239 ocp and |Veg| =
0.2155 £ 0.006¢xp &= 0.00941 gcp. At present, the uncertainties of |Veq| and V| determined from
the semileptonic D decays are still dominated by the uncertainties of f7(0) and ff(0) calculat-
ed in LQCD. If these uncertainties of f7(0) and fX(0) calculated in LQCD could be negligi-
ble, the relative accuracy of |Vs| and |V.4| determined at the BES-III experiment could reach to
A|Ves|/|Ves| ~ 0.5% and A|Veq|/|Vea| ~ 1.2%, with which the three-generation unitarity in the first
and the second columns as well as the second row of the CKM matrix can be more precisely
checked, and thereby these also maximize the sensitivity of quark flavor physics to NP.

Our measurements of form factors for D — ¥ e™ v, decays and new measurements on the char-
m decay rates provide new experimental data for understanding of these charm decay dynamics.
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