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Abstract 

The full spectrum of Df3 and Dl4 semileptonic decays can be precisely 

measured at a Tau Charm Factory. Sensitivety to rare semileptonic decays 

extends to branching fractions as small as 10m3. Improved measurements of 

Cabibbo-Kobayashi-Maska wa matrix elements V,, and Vcd can be obtained. 

With an improved theoretical understanding, semileptonic measurements 

can test the unitarity of the second row of the Cabibbo-Kobayashi-Maskawa 

matrix at the 1% level. 

Semileptonic charm decays continue to play an important role in our under- 

standing of the weak and strong interactions. The absence of interference between 

final state leptons and hadrons greatly simplifies the interpretation of these decays. 

Semileptonic decays proceed through simple spectator graphs. Since the dynam- 

ics of the weak interaction are well understood, both the weak couplings and the 

hadronic portion of the matrix element may be studied. Tau Charm Factory data 

will lead to a thousand-fold increase in the number of reconstructed events with 

greatly reduced backgrounds, and it will measure every Df3 and Df4 semileptonic 

decay. The complete picture is an important input to theoretical predictions of 

hadronic form factors. Better theoretical models in turn lead to an improved de- 

termination of Cabibbo-Kobayashi-Makawa (CKM) matrix elements which can 

be used to test the unitarity of the CKM matrix. 

The second row of the CKM matrix is the only row or column whose elements 

have all been measured in first order weak processes. The element V& is measured 

in semileptonic charm decay (11 and its inverse process, neutrino induced charm 

* This work was supported in part by the U. S. Department of Energy, under 
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productior? The element V,, is determined from semileptonic charm decayi’*31 

and Vcb has been determined from the weak decay of bottom mesons? The most 

precise values for V& and V,, are obtained in a fit which imposes unitarity and 

three generations in accordance with the Standard Model. The fit finds 0.217 < 

lVcdl < 0.223 and 0.9733 < /VcsI < 0.9754 at the 90% confidence level, and it 

reflects the precision with which Vud and V,, are determined!’ However, only 

direct measurements can test the model itself. The Particle Data Group direct 

measurement averages are 0.162 < lVcdl < 0.230 and 0.65 < IVcsI < 0.98. The 

large ranges are due to statistical errors and the theoretical uncertainty of form 

factor estimates. 

Cabibbo-Kobayashi-Maskawa matrix elements are determined from De3 decays 

using the relation 

BP + Pev)I’~ = (G;M,5/192~r~)[V~~l~ / lf+(t)12p3di 

where D = D”,Ds,Ds and P = x,K. The decay rate is denoted as PO, V,, 

is the appropriate CKM matrix element, p is the momentum of the pseudoscalar 

meson in the D rest frame, t is the square of the four-momentum transfer, and 

f+(t) is the vector form factor. A second form factor, f-(t) is suppressed by terms 

of order (vz~~.~,-,,J~D)~ and may be neglected. The Do, D+, and Ds decay rates 

are currently measured with 3%, 3%, and 9% precision respectively:’ and these 

measurements continue to improve. The Tagged Photon Spectrometer (TPS)[31 

measures B( Do -+ K-e-‘-V,) =(3.8 zt 0.5 f O.S)%, and Mark JII1ll’J1 measures 

B(D” -+ K-e+v,) = (3.4 f 0.5 f 0.4)%, B(D” + ?r-e+v,) =(0.39 ‘8::: f 

0.04)%, and B(D+ + J?‘e+v, =(7.1 zi:: & l.O)%. A Tau Charm Factory would 

improve the precision of these branching fraction measurements by over an order of 

magnitude. Table I lists the number of reconstructed semileptonic events that are 

expected in one year of running (5000 hours with a luminosity L=1033cm-2s-1). 

All Dl3 final states are experimentaNy accessible and nearly background free. With 

reconstructed samples of lo4 to lo5 events, the statistical error will be smaller 
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than a systematic error in the reconstruction efficiency.of order 1%. At this level 

of precision, a radiative correct.ion due to bremsstrahlung from the electron is 

needed. 

Theoretical input is essential to evaluate the f+(t) form factors. Current esti- 

mates predict f+(O) and assume a vector dominance-like t dependence with a pole 

at the D;(D*) mass for Cabibbo favoured (suppressed) decays. The t dependence 

will be measured directly at a Tau Charm Factory. Figure 1 shows the effect in a 

vector dominance model of a second pole with a mass of 2.73 GeV corresponding 

to the first ‘radially excited 3Sr Ds state!] A coupling of 10% of the 0: pole’s 

coupling was used. A second pole would be detectable for couplings as small as 

1% of the principle pole’s coupling. 

The values for f+K(O) and f:(O) are expected to deviated substantially unity 

due to SU(4) symmetry breaking. Estimates of f+K(O) from potential models, 

QCD sum rules and lattice calculations vary from 0.58 to 0.75”’ . Some reduction 

of the theoretical uncertainty may be expected with current techniques combined 

with improved Tau Charm Factory data. However, new techniques are required 

for theoretical uncertainties to reach the 1% level possible of experimental data. 

One method being pursued are lattice calculations which calculate quark loops 

explicitly instead of using the quench approximation. Tau Charm Factory results 

will play an essential role in testing any new model. It is the only experiment 

capable of precision measurements for all nine De3 decays and all seven De4 decays 

plus the two leptonic decay constants, fo+ and fD,. The leptonic decay constants 

are predicted by the same models that estimate the semileptonic form factors. 

Ratios of semileptonic branching fractions give ratios of CKM elements with 

form factor uncertainties reduced to the level of SU(3) breaking (- 5%). Mark III 

combines their branching fractions and reports PI 

pL$4,~2 = (0.057t;g; f o.oo5)(f+K(o)/f;(o))2. 

A recent lattice calculation”] predicts (f+K(O)/f;(O)) = (0.74/0.70). A pair of 
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decays that is of special interest is D+ -+ J?‘e+z+ and. Ds + K”e+ve. The two 

decays have different CKM elements, but similar final states. The ratio of their 

branching fractions should further reduce the model dependence when determining 

lwVcsI~* 

The Dt4 decays D (or OS) -t Veu, where V can be K*, p, 4, or w involves 

one vector form factor, V(t) and three axial vector form factors, Ao(t), Al(t), and 

As(t). The third, AZ(t) is suppressed by terms of order (m~~~l~~/rn~)~ and may 

be neglected. It is expected that Ao(t) and Al(t) are dominated by a Jp = 1’ 

pole and that V(t) is dominated by a Jp = l- pole. The relative strengths of 

Ao(t), Al(t), and V(t) can be determined from the vector meson helicity angle, the 

W+ ---t e+v, “helicity angle”, and the angle between the W and the vector meson 

decay planes as shown in figure 2. Branching fractions for vector decays are given 

by the TPS[‘“’ and Mark III[“’ groups with uncertainties of 20% or greater. TPS 

finds strong longitudinal polarization of the K* in DS --f K-T+e’v, decays and 

report I’l;/r~ = 2.4~~& f 0.2. With the expected rates for a Tau Charm Factory 

of lo4 to lo5 per year (see Table l), branching fractions will be again determined 

to a precision dominated by a systematic uncertainty of approximately 1%. Data 

sample of this size are large enough to unfold the ratio V(t) : Ao(t) : Al(t). 

Figure 3 shows the correlation of two of the angular variables with a Monte Carlo 

sample size of 5 x lo4 events. The ratio of the three form factors is an important 

measurement for a detailed check of theoretical form factor predictions. 

Many light quark resonances are found with masses between 1.0 to 1.8 GeV. 

They should also be produced in semileptonic decays. Decays occuring at a rate 

of a tenth of the De4 decays typically give few thousand (hundred) reconstructed 

events per Cabibbo allowed (suppressed) Do or D+ decay mode. Reconstructed 

samples for Ds decays will be a factor of ten smaller. 

The Tau Charm Factory can also provide information on states not permit- 

ted by semileptonic spectator graphs such as D -+ gg@vf and resonant D -+ 

(gIzleball)e+vr. The couplings to the q’, the 0 and the iota in a semileptonic decay 
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may provide new insights into their gluonic makeup. Branching fractions as small 

as 10m3 will produce tens of detected, background free events in these channels. 

Semileptonic decays are best reconstructed in cc events produced at e+e- col- 

lisions at fi of 3.77 and 4.03 GeV. These energies lie below the threshold for Do* 

and Ds@ production respectively. Therefore, a reconstructed hadronic decay can 

be used to tag DD or 0: D,- events. If a recoiling D meson decays semileptoni- 

tally, it is detected by identifying the lepton and hadrons and reconstructing the 

missing momentum and energy. A hermetic detector with good particle identi- 

fication is essential. Kinematics provide and additional means of rejecting back- 

grounds from misidentified or undetected particles. The quantity U is defined as 

Emissing - Pmissing 7 and it should be close to zero if the event has been correctly 

reconstructed. 

There are two important backgrounds for any semileptonic decay. Adding a 

r” to the decay gives another semileptonic decay which can feed down if the x0 is 

undetected. The worst hadronic background is obtained by swapping the lepton 

and neutrino with a charged and neutral pion. Generally, Cabibbo suppressed de- 

cays have Cabibbo suppressed backgrounds. The need for a cesium iodide crystal 

calorimeter to reject these backgrounds is demonstrated by figure 4. The shaded 

regions in figures 4a and 4c represents the Do --+ K-r+~~x~ background to re- 

constructed Do + K-r”e+ve events. Figure 4a corresponds to a detector with a 

lead-proportional tube calorimeter and figure 4c corresponds to a detector with a 

CsI crystal calorimetry. The dramatic improvement is due to CsI’s ability to veto 

events with extra low energy photons. This takes on an added importance when 

fitting the angular distributions in a form factor analysis. The “classic” mistake in 

this sort of analysis is that the angular distribution of the background is difficult 

to determine. The best solution is to avoid all backgrounds. The same effect for a 

Cabibbo suppressed decay can be seen in figures 4b and 4d . The shaded regions 

represent the Ds + s+r”7ro background to reconstructed D+ -+ r”e+ve events. 

Neutron aIbedo is another potential problem. Approximately a tenth of Mark 
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III’s events contain “non-physics” neutral showers in its lead- proportional tube 

sandwich calorimeter. Crystal calorimeters which sample a larger fraction of a 

shower are less sensitive to albedo. If necessary, additional rejection can be ob- 

tained by timing the start of the CsI pulse. Albedo showers occur at late times. A 

resolution of -1 ns would be sufficient to reject albedo. 

The use of fully reconstructed 00 events gives a Tau Charm Factory a special 

advantage over fixed target experiments or BB factories. Fixed target experi- 

ments and BB factories are unable to distinguish whether a photon comes from a 

fragmentation particle or a semileptonic candidat.e. This makes reconstruction of 

decays with neutrals problematic. They also lack the strong kinematic rejection of 

backgrounds which are possible only when the entire event is reconst,ructed. Nei- 

ther can be expected to attain the small systematic errors possible at a Tau Charm 

Factory. 
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I I 

Figure Captions 

1. Kaon momentum in the Do rest frame for Do + K-e+Ye decays. The two 

histograms are vector dominance predictions for a simple pole and for the 

same pole plus a second pole coupling with one tenth the strength of the 

first. 

2. Geometry of a Dpq decay. The kaon helicity angle with respect to the K* is 

Iabelled 8~, the positron helicity angle with respect to the W is labelled Be 

and the angle between the decay planes is labelled 4. 

3. Correlation between cos(0~) and I$] for 5 x 104De4 decays. 

4. U distribution for Cabibbo allowed and Cabibbo suppressed semileptonic 

decays. The shaded regions represent background levels with (a-b) lead- 

proportional tube calorimetry and (c-d) Cesium iodide crystal calorimetry. 
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Table I. Number of Reconstructed Semileptonic Decays Per Year 

D" -+ BR Nxev, Nxpv,, CKM 
re+v 0.034 2.9 x 105 2.2 x 105 v,, 
7r-e+v 0.004 3.7 x 104 3.0 x lo4 I& 
K*--e+v 0.06 1.5 x lo5 1.2 x lo5 V,, 
p-e+u 0.004 1.6 x lo4 1.3 x lo4 V& 

D+--+ 

KUt+v 0.07 1.1 x lo5 8.6 x lo4 Vcs 
7rOe’v 0.004 1.4 x 104 1.1 x lo4 V(d 
qe+v 0.0015 3.3 x lo3 2.6 x lo3 Vcd 
rp+ v 0.0005 9.2 x lo2 6.2 x lo2 Vcd 
K*Oe+v 0.05 2.0 x 105 1.5 x lo5 v,, 
pOe+v 0.0025 1.3 x lo4 1.0 x lo4 vcd 
We+U 0.0025 5.5 x lo3 4.0 x lo3 Vcd 

Ds + 
lg+v 0.02 6.7 x lo3 5.1 x lo3 V,, 
ge+ u 0.006 1.5 x lo3 8.5 x lo2 Vcs 
K’l+v 0.002 4.7 x lo2 3.6 x lo2 Vcd 
q!d+u 0.034 4.4 x lo3 3.2 x lo3 V,, 
K*‘l+v 0.0013 4.5 x lo2 3.4 x lo2 Vcd 
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