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In this paper, we review recent progress in the eld of semilptonic
decays of charm mesons, including topics on the relative braching ratio
and the form factors. The comparison between the experimeral form factor
measurements and the lattice QCD calculations is emphasize
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1. Charm semileptonic decays as tests of lattice QCD

The semileptonic decays of charm mesons provide an ideal @renment
to re ne the QCD physics. The decay rates are computed from tle rst prin-
ciples using Cabbibo Kobayashi Maskawa quark-mixing matrix elements.
The hadronic complications are contained in the form factos, which are
calculable via non-perturbative lattice QCD, HQET or quark models. With
the rapid advance in the computer technology, the lattice conmunity is
generating visible improvements in major QCD topics. By compring the
experimental measurements on the charm semileptonic decaywith the lat-
tice QCD calculations, we can establish a high quality lattce calibration
and reduce systematic errors in the Unitary triangle. The Q@ techniques
validated in the charm decays can be applied to the similar pisics topics in
the beauty decays, which will de nitely improve the precision analysis tools
to deal with the excellent data sets generated in the currentand future B
experiments.

The eld of the semileptonic charm physics is quite active. \arious new
results have been reported recently and several more papesse expected to
be published in near future. In the following sessions, somef the results and
the corresponding theories are summarized. The charge caigjate modes are
implicitly included in all the decay channels mentioned in the paper.
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2. The pseudoscalar channel, D ! Pl
2.1. The form factors and their parameterization

When a charm meson decays into a single pseudoscalar mesorepton
and a neutrino, its decay rate can be described by a simple egtion of ¢?
with an easy-to-extract form factor f, as follows

d (D! Pl) _ G2 V%P3
dep 243

In the lattice QCD, the f. (g?) distribution is easiest to calculate when
o° = . SiNce the pseudoscalar meson is at rest in the parent charmeson
center of mass frame, which makes the wavelength of the chilguark larger
than the lattice size. But the decay rate of the charm meson ismallest at
o° = %y, Which suppresses the sensitivity to thef . measurement. Vice
versa the decay rate of the charm meson is highest whetf is smallest,i.e.,
where the theoretical calculation is least certain. The latice community is
actively working to overcome this problem and reported a rerarkably precise
result (see Fig. 1.) [1].
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Fig. 1. The overlay of the unquenched LQCD calculation of theform factor f . (¢?)
[1] over the preliminary FOCUS preliminary result. The solid line represents a pole

form t to the FOCUS data while the dotted line represents a modi ed pole form
t. All the data points and the tted lines are normalized to h avef. (0)=1.

In the past, one used parameterization to describe thé . (¢?) distribu-
tion, since the statistics of the experimental data was not &arge enough.
There are several parameterization forms in current use: Té more tradi-
tional pole form ( 1=(q? M(pole)?)), the ISGW1 form ( exp(q 2)) and
its revision ISGW2 form!. The basis of the pole form is as follows: when

1 A recent addition is the modi ed pole form, which incorporat es a second pole e ect.
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a charm quark decays into a lighter quark, the parent and the hild quark
make a spin one resonance during the process, which subsemnflie annihi-
lates into a W boson. The character of the spin one resonance manifests
itself as the pole mass.

Two decay modes have been studied in the pseudoscalar chahn@© !
K I* and DO ! I* . The D° ! K I* decay has the merit of
larger branching fraction while the D° ! I* decay hasabroaderg?
range, which gives it a more discerning power among severah@meteriza-
tion models.

2.2. The new results fromD®! K 1* = |* decays

The CLEO experiment reported preliminary results on theD®! K |*
and the D! I* decays [2], based on th@fp ! of data collected with
the CLEO Il detector. From the pole form t to the data, they o btained
M(pole)®' K =1:89 0:05%:% GeV and M(pole)®' =1:86'%10+007 Gev.
The ISGW2 form ttothe D! K I* channel was found to be disfavored
by 42 . The relative branching ratio between D° ! I* and DO !

K I* was obtained as0:082 0:006 0:005and subsequently

i+ (0)i%1Vedi® _ | 1aqr0:006+0:005 .
OEYAE 0:038 007 0:003 ; (2)
where the rst error is the statistical and the second error 5 systematic. If
the average numbers for the CKM element the Particle Data Grop (PDG)
are applied, we geff, (0)j5f X (0)j =0:86 0:07 0:05 0:01, which con rms
the SU(3) symmetry breaking in the charm meson sector.

At the recent DAFNEO4 conference, the BELLE experiment repoted
a preliminary study on the D®! K |* and D9! I*  decays, based
on the 152 fp ! of data [3]. To obtain a better g° resolution, they required the
candidate events consist of a promptD , a prompt D and lighter mesons
generated from the primary interaction point. They concluded that it's
possible to get a very high precision measurement on the using the BELLE
data set, comparable to the one achievable at a threshold cha factory such
as the CLEO-c.

The FOCUS experiment is also analyzing these decays. They gen-
structed about 12,000 events in theD® ! K * decay and obtained
a non-parametric distribution of the f. form factor (see Fig. 1).

Fig. 2 shows the new world average of thevi(pole)®' ¥ including the
preliminary results from the CLEO and the FOCUS, obtained as1:91 0:03.
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Fig. 2. The compilation of the M(pole)®' * including the preliminary CLEO and

FOCUS results. The new world average is calculated a§:91 0:03, shown as the
lower solid line and two dotted lines in the gure. The upper solid line represents
the mass ofD, the pole mass from a naive pole form model.

3. The vector channel, D! VI
3.1. Kinematics of the vector decays

Several decay modes are available for the study of a charm nues de-
caying into a vector meson, a lepton and a neutrino. The Cablio allowed
D* 1 K %% decay is an excellent mode to study, which has the statistida
advantage over others. Since the chilk © promptly decays into aK and
a *, the kinematics of the D* ! K 9* channel becomes 4-body and
is described by two invariant masses and three decay anglesThe decay
amplitude is written by using these ve kinematical variables and three
helicity-based form factors: Ho(g?), H+ (¢?), and H (g?), which can be
computed by the lattice QCD. The helicity form factors are cambinations
of one vector and two axial-vector form factors, which are peameterized in
general as

o _ A0 | N (VN
A= ez @)= e @3)

Traditionally, three observables are used to describe theactor channel: the
branching fraction and the form factor ratios ry and r,, which are de ned
asV(0)=A1(0) and A»(0)=A1(0), respectively.

3.2. The s-wave interference in theD* ! K * * decay

In 2002, the FOCUS experiment published a series of paper bad on
the D* ! K * * decay. A sample of 31, 000" ! K * * events
was reconstructed, providing one of the largesK © samples in the world.
They updated the branching ratio and the form factor measurenents with
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an excellent precision, and they discovered a surprisingfwave component in
the decay, which was never seen before in the charm semilepio decays [4].

When the distribution of the decay angle ofK inthe K * system was
analyzed, a huge forward backward asymmetry was found, wi its ampli-
tude depending on the invariant mass of theK  *. One possible explana-
tion was a quantum interference between thé< © and a s-wave component.
They assumed a simple toys-wave model with a constant amplitude and
aphase, and tted the asymmetry. The amplitude was measuredabout
7% of the K © Breit Wigner amplitude and the relative phase between the
s-wave and theK © was measured at 45 degrees. Remarkably, the relative
phase of the news-wave component were comparable to the one measured
from at-channelK  scattering experiment by the LASS Collaboration [5].
This compatibility is not unexpected, since the semileptoic decays do not
involve nal state interactions.

3.3. The measurement of the form factors in theD* decay

The FOCUS experiment measured the form factors of th®* | K © *
decays, including the e ects of thes-wave. Thery and r, were obtained as
1:504 0:057 0:039and 0:875 0:049 0:064, respectively [6]. The FOCUS
ry value is 229 away from the one measured by the E791 Collaboration,
the previous world best [7]. The updated world averages of # form factor
ratios are 1:62 0:08 and 0:83 0:05, respectively.

3.4. The measurement of the form factors in théDs decay

According to the theoretical calculations, the form factors of the DJ !

| * decay should be comparable to those of th®* | K °* decay
within 10%. In the past, the ry measurement was consistent between the
Ds and theD* decays, but ther, of the D4 decay was found twice the size of
that of the D* decay. Recently, the FOCUS experiment published a paper
on the Dg ! * decay [8], where they measured the form factor ratios
ry andrpo as1:549 0:250 0:145and 0:713 0:202 0:266 respectively.
Both values are consistent with those for theD* | K 9* decays.

4. The direct measurement of the (K )= (K ) ratio

In a naive model, the branching ratio of the vector charm senieptonic
decays (via aK ) over the pseudoscalar ones (via & ) is about one. Dur-
ing the 90's, both the theoretical calculations and the expgmental mea-
surements obtained smaller vector decay rate (see Fig. 3),uba year 2002
analysis by the CLEO measured the ratio near unity, which fat generated
an urgency to require further investigation. Recently, the FOCUS group
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Fig. 3. (a) The compilation of the theoretical calculations on the relative branching
ratioof (K | )= (KI ). (b) The compilation of the experimental measurements,
including both electron and muon channels. For both plots, he sold lines and the
dashed lines represent the value and the error of the recent®GCUS measurement.
The CLEO 2002 number was obtained by using the PDG 2002 (D* ! K%" )
value. Courtesy of Prof. Will Johns of Vanderbilt University.

measured the ratio directly usingtheD* ! K 9 * andD*! K° * de-
cays and obtained0:594 0:043 0:033 con rming the measurements from
90's [9]. The CLEO 2002 measurement was obtained indirecthby divid-
ingthe (D* ! K %' )= (D* ! K * *) branching ratio with the
average (D* ! K%' ) from the PDG 2000. The discrepancy between
the CLEO 2002 measurement and the other experimental measements is
partly due to the slightly higher value for the (D* ! K %" )= (D* !

K * *) and partly due to the PDG (D* ! K?O%" ) number, which
is much lower than the new FOCUS measurement, (D* | KO * ) =
9:27 069 059 0.62

5. Summary

Various results from the recent analysis on the charm semifgonic decays
were reviewed. In the pseudoscalar channel, the pole massdihe branching
ratio measurements are being updated by several experimesit In the vector
channel, a news-wave interference phenomena was found in thB* decay,
and the form factors were updated for bothD* and Dg decays, found to
be consistent between two decay modes. The vector to pseudesar decay
ratio was updated with a consistent value to the 90's measuraents.

The CLEO-c experiment started data taking, showing a promisng fu-
ture and other experiments are collecting high quality cham data sets. We
expect to resolve the various problems in the semileptonicharm physics
with excellent statistics in near future.
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