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ABSTRACT

The experimental status of D° and Dt semileptonic decays is reviewed and compared to model
predictions. Topics covered are the form factor pole mass and decay rate for D — K{v, the decay
rate and form factor ratios for D — K°{v, and, finelly, the issue of modes other than K£v and

K*tv.

Interest in the 3-body semileptonic decays of
charm mesons stems in part from their relative
simplicity. These decays proceed only via the
spectator model Feynman diagram, and all strong
interaction effects can be described in terms of
form factors, which can be calculated in several
different ways. By contrast, hadronic weak de-
cays can include interfering diagrams at the par-
ton level, and c.n be also be affected by final
state interactions.

Semileptonic charm decays are also important
in the determination of K-M matrix element |V, |.
In heavy quark effective theory, measurements
of the decay modes D — plv and B — plv,
for example, would allow extraction of the ra-
tio |Viul/|Ved|- Currently, these measurements
are unavailable, and model input is required to
determine |Viy| from measurements of the lep-
ton momentum spectrum in inclusive semilep-
tonic beauty decays. The semileptonic decays
of charm particles provide a testing ground for
the models used in this method.

The Kfv mode is the simplest semileptonic
charm decay. In the zero mass lepton limit, the
differential decay rate can be written as,

dl' ~ GHIV. 2K ()| £+ (2%) P,

where G is the Fermi constant, |V,,| is the K-
M matrix element, g? is the mass squared of the
virtual W, K(g?) is a known kinematic factor,
end f,(g?) is the form factor. The “monopole
ansats”, in which the coupling of the virtual W
is analogous to that of the photon in the vec-
tor dominance hypothesis, is frequently used to
describe the g2 dependence of the form factor.

With this assumption, the form factor is,

f+(0) ’
- @?/M3oLE

where Mpg),.r, equals the mass of the Dy me-
son, the nearest pole wiih the correct quantum
numbers. Several experiments have measured
Mporg by fitting to the g dependence of the
decay. Table 1 shows the results, along with the
ansatz value and a prediction (BBD)[{1]. The
monopole ansatz appears to describe the data;
however, some models use other equally valid de-
scriptions of the g? dependence.

f+(d?) = i

Table 1: Pole mass for the form factor f,.

EXPT MpoLE (GeV/cj)
MARK 111[2] 1.8 T05¥03
E691(3] 2.1 308

CLEO[] 20 *iisos

D; 2.11

BBD[1] (thy) 1.8 & 0.1

Table 2 shows measurements and predictions
for I'(K&) . The experimental results are gen-
erally in good agreement with one another, and
all three types of models are able to describe the
data. It should be noted, however, that the ex-
perimental results for the D° may be systemat-
ically higher than those for the D*. Since the
Cabibbo favored weak current conserves strong
isospin, this effect would presumably be due to
a statistical fluctuation, or to some common sys-
tematic problem. Most of the measurements in
Table 2 are normalized to Mark III branching
ratios(5), and the average takes into account the
common systematic errors.
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Table 2: Results for I'(K£v) and I'(K"£v) in units of 10'"sec™'. For the K£v mode, the charged
lepton, ¢, is identified by (e) or (u).

EXPT D+ — KOtty D° - K-ty Dt K¢ty D°— K*-etv
MARK III[2] 5.6173+0.65(¢) 8.1+1.2+1.0(e) 5.0I70+0.6 10.4757% + 1.6
6.6 115 4 1.1()

E653]6] 5.6+ 0.9+ 1.2(p)

E691(3) 56408+ 15() 90.1+0.7+17(e) 4240605

CLEO{4] 8.8 + 0.7+ 1.4(e) 45+ 14+ 1.1
7.8+ 0.9+ 1.4(p)

ARGUS[7) 105+07+26(e) 47+07+09 52+09+14
10.2 + 1.2 & 2.9(u)

AVERAGES Kl 7.0+ 0.7 K tv: 47+ 0.6

PREDICTIONS

GROUP D — Ktv D— K*tv
QUARK MODELS

WSB[8] 8.3 95

KS[9] 10. 0.8

ISGW([10] 8.4 9.6

GS/AW([11] 7.1 9.5

LATTICE QCD CALCULATIONS

CMHS[12] ~ 95+4.

BKS[13] 14. 6.

LMS[14] 4.9+ 0.7 5.2 + 2.0
QCD SUM RULES

AOS[15] 11. £ 5.

DP[16] 9.7+ 1.3

BBD|1] 6.4+ 3. 3.8 4 1.5

Table 3: Form factor ratios and I';,/I'r for the decey mode D — K*£v. 'The units for g(0)/f(0)
are GeV~—2; other ratios are dimensionless.

EXPT a4(0)/£(0) 9(0)/£(0) I't/Tr
E653[17] 0.09 £ 0.03 0.26 £ 0.04 12+£02
E691[18] 0.0 + 0.06 0.26 + 0.08 1.8+ 0.5
MARK III[2} 05140492
PREDICTIONS
GROUP
QUARK MODELS
WSB[8] 0.17 (FREE) _ 0.14 (FIXED) 0.9
KS[9] -0.13 (FIXED)  0.13 (FIXED) 1.2
ISGW[10] -0.13 (£ 0.4) 0.18 (£ 0.5) 1.1
GS/AW[11] -0.10 0.25 1.2
LATTICE QCD CALCULATIONS
BKS[13] -0.09 £.02%505  0.26 +0.0370-07
LMS(14] -0.01 + 0.09 0.21 £ 0.03 1.7+ 0.6
QCD SUM RULES
AOS[15] 20.12 £ 0.04 0.25 £ 0.09

BBD[1] -0.16 + 0.03 0.29 +0.03  0.86 + 0.06




Despite the problem mentioned above, the K fv
mode is quite well understood. Several different
theoretical approaches, and four very different
experimental techniques were used. Due to the
missing neutrino, the analyses of the experimen-
tal results were difficult and systematic errors
large. Considering the variety of theoretical and
experimental approaches employed and the diffi-
culties involved, the agreement among the entries
for the K£v mode in Table 2 is impressive.

In the K*(892){v mode, the weak current flips
the spin of the heavy quark, and therefore this
mode is considerably more complicated than the
K{fv mode, in which there is no spin flip. The
differential decay rate can be written as[11],

dl ~ GL.|Vea |’ K (¢%) [|H4|* + |H-|? + | Hol’] ,

where Hy _ o are helicity amplitudes, and the
remaining guantities are defined as for the K{v
mode. Apart from known kinematic factors, the
amplitudes H; and H_ are linear combinations
of two form factors g(g?) and f(g?), and Hy is
a linear combination of a;(g?) and f(g?). Pre-
dictions for these three form factors are believed
to be less reliable than those for the K{v form
factor, fy, which is “nearly”[10, 8] an overlap
between intial and final state mesonic wave func-
tions.

Table 2 shows measurements and predictions
for I'(K*fv). Although the measurements are
generally in good agreement with one another
and with the lattice and QCD sum rule predic-
tions, they are a factor of two smaller than the
quark model predictions. Some of the models
have attempted to accomodate to this discrep-
ancy, but a more stringent requirement is that
they be able to predict correctly the three form
factors.

Two form factor ratios, ay(0)/f(0) and
g(0)/ £(0), can be determined by fitting to the 4
quantities that define the kinematics of the de-
cay; these are ¢, the polar angle between the =
and the D in the K* rest frame, the polar an-
gle between the v and the D in the rest frame
of the virtual W, and the azimuthal angle be-
tween the K* and W decay planes in the D rest
frame. Since current data do not have adequate
statistics to deiermine the g2 dependence of the
form factors, the monopole ansatz is used, and
the ratios are expressed at g = 0. Table 3 lists
the results of three measurements, as well as sev-

eral predictions. The last column, 'y, /Ty, is the
ratio of the longitudinal to transverse polariza-
tion of the K*. For E653[17) and E691[18], this
ratio is computed from the form factor ratios,
but for MARK III{2] it is measured from angular
distribution of the K* decay. The three exper-
iments are in acceptable agreement. Entries in
Table 3 for the quark models include the orig-
inal predicticns along with any later modifica-
tions or error estimates (in parentheses) made
in response to disagreements with the measured
value of I'( K*v).

The form factor ratios provide a clean test of
some of the models. As indicated in the table,
the model of WSB(8] fixes g(0)/f(0), while that
of KS[9] fixes both a4 (0)/f(0) and g(0)/f(0).
Neither WSB nor KS agrees very well with the
measured value of g(0)/f(0), despite the fact that
both have the flexibility to accomodate the de-
cay rate. The model of ISGW[10] appears to be
consistent with the measurements; however, the
predicted values for the three form factors have
uncertainties of ~ 20%, which is inadequate for
agreement with both rate and ratio measure-
ments. The GS/AW([11] model agrees very well
with the ratio measurements; rescaling the three
form factors by a factor of 0.7 would result in
good agreement with the rate measurement as
well. In the lattice and QCD sum rule predic-
tions, some of the theoretical uncertainties for
the form factors cancel in the ratios. In general,
these two techniques predict a higher value for
g(0)/f(0) than do the quark models, and most
are in good agreement with the measurements.

Modes other than Kfv and K*{v are difficult
to measure, but their existence is an important
theoretical concern. The Veloshin-Shifman[19]
limit for semileptonic decays of heavy quark-light
quark mesons provides a guide for what to ex-
pect. In this limit, the recoil energy of the fi-
nal state heavy quark is sufficiently small that
the spatial wave function is the same for the ini-
tial and final state mesons and depends only on
the light spectator quark. If applied to D de-
cays, the Veloshin-Shifman limit would predict
that K/{v and K"fv saturate the Cabibbo al-
lowed modes. Although D decays don’t explicitly
satisfy the conditions for the Veloshin-Shifman
limit, the prediction does agree with that of the
ISGW quark model, and the physical picture in-
voked by the limit is relevant. For the Cabibbo
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suppressed modes, the situation is more complex,
since the weak current now no longer conserves
strong isospin. The Veloshin-Shifuian limit (and
the quark models) would have D decays satu-
rated by xfv and pfv, and Dt decays saturated
by xlv, plv, nlv, n'lv, and wiv.

Table 4 lists all measured exclusive three body
semileptionic decay rates (entries are the aver-
ages from Table 2, and the MARK III measure-
ment of I'(DY — x€v)[2]), and compares the sum
to the inclusive rate computed by the Particle
Data Group (PDG)(20]. The shortfall may or
may not be significant. If the entries in the ta-
ble for the exclusive modes were recalculated us-
ing PDG instead of MARK 11I branching ratios
for normalization, the shortfall would be ~ 4¢.
If, on the other hand, the MARK III inclusive
semileplonic branching ratio[21] were used in-
stead of the PDG value, the shortfall would be
only ~ 20. Missing from the table is the unmea-
sured pfv mode, for which the rate is expected
to be comparable to that for the vfr mode.

Table 4: Comparison of exclusive and inclusive
semileptonic rates.

MODE T (10'sec~')
Klv 7.0 £ 0.7
K*tv 4.7 £ 0.6

D° — xtv[2) 09128+ 0.1
TOTAL 12.6 + 1.0
INCLUSIVE S.L.[20] 18.1 1.3
SHORTFALL 56 + 1.6

Table 5 displays some experimental results for
semileptonic decays with more than one hadron
in the final state. Modes in which (Kx)n ;. ap-
pears exclude the K*(892), but not necessarily
low mass tails of higher mass K« resonances.
From the entries in Table 5, it is clear that there
is no solid evidence for multihadron modes, and,
if they are present at all, it is only at the level of
5% of the total semileptonic rate. Decays with
mote than one hadron in the final state would be
subject to some of the same problems as hadronic
weak decays, such as final state interactions, and
the models used for the K{v and K*{v modes
cannot handle these more complex decays. Thus,
the absence or strong suppression of these modes
is necessary to retain a simple understanding of
semileptonic decays.

Table 5: Modes with more than one hadron in
the final state.

EXPT MODE [ (10'%sec™')
E691[3] (KI‘)N"lV 04104
MARK 111(2] 1.2
E653[17] < 1.3 (prelim)
E691(22] <11
CLEO[4] K*=xlv 22+ 1.6
E691[22] (KW)NRXCU < 0.6

In summary, for the K £{v mode, the form factor
pole mass and the decay rate have been measured
by several experiments and agree with the predic-
tions of lattice calculations, QCD sum rules, and
quark models. For the K*fv mode, the decay
rate has been measured by several experiments,
and the form factor ratios by two. The results
are in agreement with lattice and QCD sum rule
predictions, but not with those of the quark mod-
els. It is unclear whether K&, K*fv, and the
corresponding Cabibbo suppressed modes satu-
rate the inclusive semileptonic rate, but experi-
mental searches have not yet turned up convinc-
ing evidence for other modes. The experimental
situation for semileptonic charm should improve
significantly in about two years when Fermilab
experiments E687 and E791 provide data sam-
ples an order of magnitude larger than currently
available.

I would like to thank N. Isgur and L. Wolfen-
stein for helpful discussions, and D. Gibaut and
my other colleagues on E653 for their help in as-
sembling the results presented here.
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