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In this paper we study a few models for the inclusive semileptonic decays as well as a few exclusive decays
of the charmed meson D(1865), recently discovered at SPEAR. %'e calculate the electron distributions for
the sequence e++ e ~D»+ D —)D+m+ D followed by D~e+v+ ", at the center-of-mass

energy 4.1 GeV. The results are compared with the recent findings of a DESY experiment carried out at
center-of-mass energies between 4.0 and 4.2 GeV by Braunschweig et al. %e conclude that D ~ e + v+ K»
is most likely the dominant semileptonic decay mode of the D meson. Furthermore, the decay structure for

D ~ e + v+ K» favors a phenomenological (V+ A)(V —A) form, as is dictated by an underlying charm

scheme. This may be viewed as an indirect, and another partial confirmation of the weak-interaction scheme

of charm. %'e also present results for dilepton production, for the afore-mentioned sequence of production

and decay. The lepton distributions for the sequence of e++ e ~D++ D followed by D~e+ v+ K»

(or K), at the center-of-mass energy 3.9 GeV, is also calculated.

I. INTRODUCTiON

The newly discovered weakly decaying hadrons"
fit very wel. l with predicted spectroscopy of the
charm scheme. ' However, urgently needed is
the experimental verification of the weak-inter-
action properties and, in particular, the semi-
leptonic decay properties of the charm scheme.
Also needed is an understanding of the inclusive
semileptonic decays and the identification of dom-
inant semileptonic decay modes of the charmed
ha,irons.

Since charmed hadrons are most likely to be the
source of the multileptonic events observed in

high-energy neutrino and muon scattering pro-
cesses, ' information can be derived from these
events concerning the decay properties of the
charmed hadrons. Recently, evidence was re-
ported by Braunschweig et aE.' of semileptonic de-
cays of the charmed meson D(1965) produced in
e'e annihilation. Since the production of D in e'e
annihilation, slightly beyond threshold, is a sim-
ple mechanism theoretically, the lepton events ob-
served in e e annihilation should in. principle pro-
vide a better chance for a clean analysis of the
semileptonic decay modes of the charmed D meson.

In this paper we study the semileptonic decays of
D(1865). We consider two models for the inclusive
semileptonic decay

as well as the exclusive semileptonic decays

-D(pe) v++ K,

e(p)+ v+ ~ ~ ~

6+m or y

e p, +~+ ~ « ~

for the e'e center-of-mass energy at 4.1 GeV. Our
result suggests that D- e+ v +K* is the dominant
semilePtonic decay mode of D, and that the struc-
ture of the decay matrix element is in accord with

the underlying soegP-current structure of the
chm. m scheme.

In Sec. II we present the models for the inclusive
semileptonic decays of D. In Sec. III we consider
D-e+ v+K, and in Sec. IV, D-e+ &+K». We
discuss the production of D and D* in e'e annihi-
lation in Sec, V. Numerical results for single-
lepton and dilepton distributions for the process
(4) are presented in Sec. VI. In Sec. VII, we pre-
sent the results for

e'+e -D+D

(u)+ v+

e(p)+ v+ ~ ~ ~

at center-of-mass energy 3.9 QeV. Some discus-
sions are given in Sec. VIII.

D- e(p) + v+ K*.

To compare with the recent DESY result of Braun-
schweig et al. ,' we have calculated the electron
energy spectrum, for these decays, in the process

e'+e -D +D
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II. MODELS FOR INCLUSIVE SEMILEPTGNIC DECAYS OF B

Models A and A'

The simplest model for the inclusive semilepton-
ic decays of D corresponds to the decay of the un-

derlying charmed quark according to the charm
scheme,

c-X+e (g)+v,
with, however, the quark masses for c and 7 taken
to be the physical masses M~ and M~, respect-
ively. According to the charm scheme, the ef-
fective Lagrangian for the two decays

p -v„+8+~,

&,fi=(G/~&)[v„y (1 —y, ) p —cosscÃy (1+y,)c']

x eyi(1 ys) v

It is clear from (6') that the effective coupling for
the decay c-7+e + v is of a (V+A)(V-A) struc-
ture, corresponding to a Michel parameter of —,',
instead of & as for muon decay, for the electron
momentum spectrum.

In this model, the lepton spectrum for the inclus-
ive pr ocess

D(Pg-e(P, )+ v+X

is thus given by (model A)

' d'p, 16''Z, n Q'

A-e+e + v,

is given by

~.„=(«~2)[v.y (1-y.)n+ co«gy (I- y.)~]

xey (1 —y, )v (6)

which can also be written, in terms of the charge
conjugates c' and A.',

Q =M~ —2(Pn P, ).
For completeness, the width I" is given below:

To contrast with 'the effective (V+A}/(V —A)
structure implied by the charm scheme, ' we also
give the formula for the (V-A}(V-A) structure
in the following (model A'):

G cos2g~ I Q —Mg' dP, 16m'E, 6 Q2

x (Q~ —Mr' )(M~'- Q )

+ Q, ' (M,'-Q')

where again Q'=Me'- 2(Pn P,). The correspond-
ing width I' is identical to (7).

We remark that the spectrum (A), as compared
with the spectrum (A'), contains more low-energy
electrons. We also remark that according to the
numerical results to be presented in Sec. VI both
(A) and (A') contain excessive high-energy elec-
trons as compared with the DES' results, and are,
therefore, not good models for the inclusive pro-
cess D-e+ v+X.

Models 8 and 8'

In models A and A', we have essentially assumed
that the invariant mass M~ of the final hadrons in
D- e+ v+X is fixed at M~. This is definitely a
simple- minded assumption. Excessive high- en-
ergy electrons contained in these models, as com-
pared with experiment (to be discussed Sec. VI),
means that this simple-minded assumption is phys-
ically not a good one. To imp. ove on this, we
allow for a spectrum of the final-hadron invariant
mass. I,et p(m') be the spectral weight. Then the
electron distribution is given, in the effective
(V+A)(V-A) case, by (model 8)

Q (Q' m' '
(M~' —Q'), p(m')dm'

"sc

and, in the case of effective (V —A)(V-A), by (mo-
del 3')
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(q' —m'}(M ' —q')+ (M '- q'} p(m')dm'.

where

III. D ~ e + v +E

The decays D- e+ v+K are similar to K- e+ v

+ w. Simple SU(4) consideration' leads to, ac-
cording to the charm scheme, the following ratios
of the decay coupling constants:

(K'- w'):(D'-K ):(D'-E7')

= sin8c/v 2:cos8c:cos8e . (10)

The matrix elements for both D decays are identi-
cal. With the momentum variables as indicated in

D(P) -e(f)+ v(f ')+K(f ),
the matrix element is of the form

(D-K) = cos8,(G/W2) f (q')(J + I )'t„, (12)

where I„represents the lepton current, and f(q')
represents the form factor, which we choose to
be

f(q')= (1 —q'/M~*') ', Mz~- 2.2 GeV. (13)

We remark that we have neglected a (P k) term-
in the matrix element, which gives rise to a con-
tribution proportional to the lepton mass.

In the rest frame of D, the double energy spec-
trum is given by

= cos'8c (G /W2)'(4w') 'f'(q')
dE, dE~

xM&[4E~(M& g E } q ] .
where

(14)

q -M~ +M~ —2M~E~.

The limits for the energy variables are the fol-

q =MD —2(Pn p,).
The spectral function p(m') according to our de-
finition has the dimension of (mass) '. In the spirit
of scaling, we assume

p(m') ~m '.
With this assumption, the m' integration can be
carried out in (B) and (B'). However, the results
will not be presented.

With the incorporation of the final-hadron mass
spectrum, the agreement with DESY results, ' as
will be seen in Sec. VI,. becomes improved. Again,
the effective (V+A)(V- A) structure offers better
agreement than (V- A)(V- A), although the agree-
ment is still not too good.

lowing:

0 Z, (M,' M,')/(2M, ).
The energy spectra will be presented in Sec. VI,
with the production distribution of D taken into
account. We report here only that numerical com-
putation yields the following decay width:

I"(D'- e'K ) = (0.19) cos'8cG'M~'/(192w')

-9.5 &&10" MeV

For comparison, we have also calculated D-e
+ v+ n. We only report the total width here. Using
f (g ) = (I —q'/M~*') ' with Mn*= 2 GeV, we obtain
the following numerical result, according to the
charm scheme:

I"(Do- e' vw ) = (0.39) sin 8cG Mn'/(192w')

-9.4x10" MeV.

The phase space favors the rate of D'-e'vm over
Do-e'vK by a factor of (0.39}/(0.19)=2.05.

IV. D ~ e + v + K"

Of all the semileptonic decays of D, this is prob-
ably the most important one. The arguments are
the following: (i) In the e'e annihilation experi-

nt» &n which the charmed meson D ls discovered
it is found that the production. of DD* dominates
over the production of DD. This means that the
DD* coupling is much stronger than DD. We there-
fore expect that the weak vertices would behave
likewise. That is, D-eve* should be much more
important than D-evK (ii) There i.s the theoret-
ical argument, ' based on current-algebra and
soft-pion hypotheses, suggesting that (D- e vK+ w's)

is not important. (iii) Although there is no theo-
retical indication concerning the strength of the
weak D-K** (1420) transition, one may expect a
suppression. of the rate because of the smaLL phase
space. (iv) phenomenoiogically, as we shall see
in Sec. VI, the observed electron. energy spectrum
of Braunschweig et aI.' agrees well with the cal-
culated spectrum for D-e+ v+K*, if the transi-
tion matrix element is chosen. in accordance with
the underlying charm scheme.

As we have pointed out in Sec. II, according to
the charm scheme' the quark decay e - A. + e + v has
an effective (V+A)(V-A) structure. At the pheno-
menological level, this should be reflected in the
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D-(5')-e-+r +K"(K ) (19)

the matrix elements are identical. With the mo-
mentum variables as indicated in (and e„ the po-
Iarization vector K*)

D(P) e (p)+ v(p')+K*(k),

the matrix element we write in the form

3)I(D-K~) = cosa, (&/~2)

x a[f„(g')K""+f„(q')K""]q„ I, , (21)

where q=P- 0, E„ is the leptonic current, and

decays of the charmed hadrons. That is, the
charm scheme predicts a (V+A), or a right-handed
current structure for the weak transition D-K .
We shall in the following refer to this as "normal, "
and the (V-A} or the left-handed combination as

anomalous.
For the two decays

f„, right-handed (normal}

-f„, left-handed (anomalous) .
(23)

This correspondence we shall explicitly illustrate
in Appendix B.

We sha11 take, with M~~ = 2.2 GeV,

f»( q') = ffg(q') f
= (1 —q'/M, *')-'. (24

The parameter e in (21) can be estimated by relat-
ing, through SU(4), to I'(co- vy). We thus obtain

a- 6 GeV '.
The differential decay spectrum, in the rest frame
of D, is given by

K""= (2i) 'c"" ' K„.
For a discussion of the matrix element, see Ap-
pendix A. We shall neglect the symmetry-breaking
and renormalization effects, and note the following
correspondence:

(26)

where

g ~3}I(D-K'}~'

SPilLS

(27)

The total decay width is given in the rest frame of D, for both f„=f„andf„= , f», by-
I (D- evK*}=3.2 x 10 'cos'8c(aMJ'[O'Mn'/(192m')] = (aMa)' x 1.6 x 10 "MeV.

=cos'eca'(ge')9'»'(q')[2(& P')(& q)(P q)+2(& P)(& q)(P' q)-2(& P)(& P')q' 2M 4'(P q)(p-' q)]

f,+'(q')[2(& P')(& q)(P q)+2(~ P)(& q)(P" q}-2(& P)(f P')q'+M .'(P P')q']

+4f (q')f (q')[(&.P)(& q)(p" q) (& P')(& q)(P -q)]]

If we use the estimated value a-6 QeV"' given in

(25), the ca,lculated width is -2 x 10 "MeV. Recall
thatacc, ording to (17}, I'(D —e &K'}- 10 "MeV.
There is some room for adjusting the parameter a
(see, however, Appendix A).

ance' of the D*D production channel in the DESY
e'e annihilation experiment, the energy range for
which is from 4.0 to 4.2 QeV, and calculate the
following sequence of reactions'0:

V. PRODUCTION OF D AND D" IN e'e ANNIHILATION

The mass of the charmed pseudoscalar meson
D is 1.86 GeV, and the mass of the charmed vector
meson D* is 2.0 QeV. The DESY experiment' is
carried out at the center-of-mass energies be-
bveen 4.0 to 4.2 QeV. The conceivable charm-
producing channels are DD, D*D,D*D~, and the
emission of accompanying pions. From the results
of a SLAC experiment, run at similar energies,
it seems that DD* is the most prominent production
channel. We will therefore assume the domin-

8+V+' ''
D+w (or y)

+ p + 0 ~ e (29)

For simplicity, we will only give the numerical
result for a fixed center-of-mass energy 4.1 GeV,
to be shown in Sec. VI, and assume that it is repre-
sentative of the (4.0-4.2}-GeV range.

With the yD~D vertex described by
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the production cross section can be easily calcu-
lated. It is given by

—(e'e —D~D) = —og'8'(1+ cos'8),
dQ 7r

(30)

where, with s representing (center-of-mass en-
ergl)',

8 =[s -(M ++M )'][s-(M *—M )'] js2. (31)

In the following, we also give the expression for
e'e -D'D:

~g 150

D ~~b

O
2—(e e 'D-'D ) = —8' sin'8,

dQ 2
(32)

wher«he corresponding 8 is (E' —M ')'~'jE
In order to study the decay properties of D, it is

desirable to have an exclusive production channel
for which the production mechanism is firmly
understood and there is no contamination from
other production channels. The production of D D
at center-of-mass energies less than 2M~+M
=3.8V GeV is such a case. We will present the nu-
merical result, in Sec. VII, for

O.Q

Ee IGeV)
l. O

FIG. 1. Electron energy spectrum in the semilept-
tonic decay of D (or D)). The data points are taken from
Ref. 5. The two curves A and 8 correspond to the in-
clusive decay models A and 8, respectively, considered
in Sec. II, for the D or D mesons produced in
e++e D+D" D+D+7( with the beam energy at 2.05
GeV. Normalization of data points is arbitrary.

(p, )+ v+ '

e(p)+ v+ ". .

VI. PRODUCTION OF D~D AND SUBSEQUENT DECAYS

The results of the last few sections can be easily
combined" to yield the single-lepton and dilepton
distribution for

e'+e -D +

e(p)+v+

(p, )+v+

As has been discussed in Sec. V, we assume the
dominance of the production channel D*D for the
energy range 4.0-4.2 GeV of the DESY experi-
ment. ' We have chosen 4.1 GeV as a representa-
tive energy, and present numerical results in the
e'e center-of-mass frame for the various models
and decays discussed in Secs. II-IV. In the numer-
ical computation, we have also imposed an angular
cut,

~
cos8

~

—0.6, corresponding to the angular ac-
ceptance of the DESY experiment. '

In Fig. 1 is shown the calculated electron spec-
trum for the two inclusive decay models A and
B given in Sec. II. Both of these models have the
normal (V+A)(V-A) structure. The data points
are taken from Braunschweig et al. ' It is seen
that the agreement is not good. The experimental
spectrum peaks toward the low-energy region.

We have also computed the spectrum for the mo-
dels A' and B'&both of which have an anomalous
(V-A)(V-A) structure. The calculated spectra.
are more energetic than the corresponding normal
(V+A)(V-A) spectra. Their agreement with the
measured spectrum is morse. We have not pre-
sented the numerical results for these anomalous
models A' and 8'.

In Fig. 2 is shown the calculated electron spec-
trum" resulting from the exclusive decay D- e
+ v+K, which me presented in Sec. III. As ex-
pected, its agreement with experiment is not good.

We present the results" for the exclusive decay
D -e+ v+K* in I'ig. 3. The two curves correspond
to the two choices, the normal (V+A)(V-A) struc-
ture and the anomalous (V-A)(V-A) structure.
The spectrum corresponding to the normal struc-
ture peaks more tomard the low-energy end and is
seen to agree very well mith the measured expec-
trum toward the lower energy. In contrast, the
spectrum corresponding to the anomalous struc-
ture peaks at higher energy and disagrees mith the
experimental spectrum. The structure around
0.6 GeV is conceivably due to D-e+v+K.

In Fig. 4 me superimpose D —e + v+K* and D
-e+ v+K mith a relative branching ratio of 3:1.
The data, seem to be well represented by this com-
bination.

We have calculated the angular distribution of
the electron" for D - e+ v+K in (34). The dis-
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250-

l50

~l~b Ui

Ob

300"
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200-

O
0 g-

K:K=3:I

50
lQQ i~

l. 00.2 0.6
Ee (GeV)

FIG. 2. Calculated electron energy spectrum for
D —e+ &+&, where the charmed mesons are produced in
e+ + p -D+D*-D+D+ &, with the beam energy at
2.05 GeV. The data points are taken from Bef. 5.

tribution is essentially flat in cos8, consistent
with the experimental finding. It is shown in Fig.
5.

It thus seems that D-e+v+E* is likely to be the
dominant semileptonic decay mode of D. There is

0.0 0.2 0.4 0.6 0.8 l, 0 l,2 l 4
Ee (GeV)

FIG. 4. Calculated electron spectrum for D -e&&*
and D e&& with a relative branching ratio 3:1. Only
the normal couplings are considered. Data points are
taken from Bef. 5, normalization being arbitrary.

other available experimental information that also
supports this assertion, namely, the hadronic mul-
tiplicity distribution given by Braunsch%elg 8t Ql.
For one of the D mesons in (34) to decay into e
+v+E~, vrhile the other D is decaying, most likely,
into Kn, Emu, and Kmvt channels, the final hadron
multiplicity in (34) should be 5 or 6 (with K' count-
ing for 3). The experimental distribution is shown
in Fig. 6. The measured hadron multiplicity indeed
peaks at 5, in good agreement.

We have calculated the dilepton correlation for

l50

~ i ai ~

I. O l. 40.2 0.6
(GeV)

FIG. 3. Calculated electron energy spectrum for
D e+ &+&*, where the charmed mesons are produced
in e++e D+D*—D+D+m, with the beam energy at
2.05 GeV. Curve (a) corresponds to the normal, i.e.,
effective (&+&)(V-A), structure. Curve (b) corres-
ponds to the anomalous, i.e., effective (&-A)(V-A),
structure. The data points are taken from Ref. 5, nor-
malization being arbitrary.

P 10.

CP
4P

Q

O

-0.4 0.0 0.4
cos8

FIG. 5. Angular distribution of the electron, calculated
for D e+ v+E'*, where the charmed mesons are pro-
duced in e++e D+D*-D+D+& with the beam energy
at 2.05 GeV. The coupling for the decay is the normal,
i.e., effective (&+A)P'-A). The histogram is taken
from Bef. 5.
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V)

X

Ui

VII. PRODUCTION OFD'D AND SUBSEQUENT DECAYS

As has been discussed in Sec. V, the exclusive
production of D'D at center-of-mass energies less
than 2MD+M, =3.87 GeV offers a clear setting for
studying the decay properties of D. %e have there-
fore calculated the lepton distributions, at center-
of -mass energy 3.9 Ge V, for

followed by

KD- e(V)+ v+
K .

I I t I l i I I I I I

0 2 4 6 8 lO
SUM OF CHARGED AND

NEUTRAL TRACKS

FIG. 6. Multiplicity distribution taken from Ref. 5.

In Fig. 8 we present the numerical result, which
also incorporates the angular acceptance icos6 i

—0.6, for the lepton spectrum. The calculated
dilepton angular distribution is shown in Fig. 9 (for
the K' mode). The collinear angle 9„» is defined

by (36).

VIII. MSCUSSIONS

e'+e -D~+D

D+v (or y)

e(p)+ v+K*.

The distribution in the collinear angle, defined

by

From our study we are reasonably convinced that
D-8+v +E~ is likely to be the dominant semi-
leptonic decay mode. Several arguments are given
in Sec. IV in support of this assertion. The most
important support is, of course, the agreement be-
tween the calculated and observed distributions,
presented in Sec. VI.

Also significant from our study is that the decay
structur e for D -8 + v +E* favors, quite convinc-

1 1

Pg' Pf
p Ip

(36)

is given in Fig. 7. The angular acceptance icos 8
i

~0.6 has been imposed.

O

f50

~4)
40

50

C) Q 25- 50

-I.Ol.O 0.5 0,0 -0.5
COS ee~

FIG. 7, Angular correlations between e and p, which
are due to the production and subsequent decay of the
charmed mesons: e++e D+D*, followed by
D e+ v+E* and D-p+ v+E~. The beam enexgy is
taken to be 2.05 GeV.

1.00.2 0, 6
E, {Gev)

FIG. 8. {a) Calculated electron spectrum for
D e+ &+K*, where the charmed mesons are produced
in e++e" D+D, with the beam energy at 1.95 GeV. {b)
Calculated electron ener gy spectrum for D e+ &+ K,
under the same conditions.
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During the preparation of the present paper, me
learned of similar works done by Ali and Yang, '3

andby Barger, Gottschalk, and Phillips. " We thank
J. Smith for bringing the last mork to our atten-
tion.

APPENDIX A

Q 4

I 0 0.5

FIG. 9. Angular correlations behveen e and p, which
are due to the production and subsequent decay of
charmed mesons: e +e —8+8, followed by
gj~g+ v+E+ and D~p, + v+E*. The beaDl energy ls
taken to be 1.95 GeV.

ingly, the phenomenological (V+A)(V-A), as is
dictated by the underlying charm scheme. This
may be viemed as an indirect confirmation of this
scheme.

In Sec. VII me have presented the calculation of
the exclusive production of D'D and their subse-
quent semileptonie decays. It seems to us that this
offers a elean setting for studying the weak-decay
properties of the D meson.

We have also presented results for dilepton pro-
duction, which mill be studied in a forthcoming ex-
periment nom being prepared at SPEAR.

Based on the DESY results

We consider the decay D - e + V+K* in See. IV.
The form of the matrix element (21) we adopted is
not the most general one. In this appendix we
present a more general discussion of the matrix
element.

For the transition

D(P) -x*(n, «"),
the matrix element of the vector current is unique,
and is of the form

K""q„, (A2)

where E""is defined in (22) and q=P -k. This
fox m of the matrix element, incidentally, corres-
ponds to a conserved vector current.

The most general form of the transition matrix
element of the axial-vector current is a linear
combination of e", z"I'„k", and &"I'„q". Homever,
fox' obvious x"easons, me restrict ourselves to a
less general form of the matrix element, mhich
me require to correspond to a partially conserved
axial-vector current. By partially conserved
axial-vector current me mean that the axial-vector
current is conserved in the limit of zero masses.
%e are thus limited to the form

K""(q„+&P„) . (AS)

and that the upper bound of the D production cross
section is estimated to be given by

o (e'e D+hadr-ons) & (5-2.5 —l)a(e'e —p,
'

p, ),
which is, a,t 2E = 4.1 Ge V, roughly 8 nb, the branching
ratio for semileptonic decays of D is

8 (D —e + v + had ron s) &
&

&& ~
- 6% .

We conclude by making a remark about the
strange and charmed meson I' in the charm
scheme. The E meson is believed to have a, mass
of about 2 GeV, and therefore shouM have been
produced, in pairs, in the DESY experiment.
Based on our study on D, me expect that the dom-
inant semileptonic decay mode of E is likely to be

E-e(y)+ v+y .
The decay charaeteristies, homevex', mould be
quite similar to those due to the D decay in the
DESY experiment, offering no great hope for un-
raveling the F meson from a study of the lepton
distr ibutions.

mhere E""=4"g" —0"&". %'e note that the q term in
(AS) corresponds to a conserved axial-vector cur-
x'ent, while the b term corresponds to a partia, lly
conserved axial-vector current (M~*-O).

The matx'ix element for D-E* transition is a
linear combination of (A2) and (AS). To make con-
tact with the underlying structure of the weak cur-
rent, me shall further restrict the form of the ma-
trix element so that it has definite helicity pro-
jections in the massless limit. As me shall ex-
plicitly illustrate in Appendix 8, E""+E""are the
right-handed (+) and left-handed (-) helicity pro-
jections for E*, provided E* is massless. Noting
that

K""(q„+6P„)= (~+ 1)E""q„,

me mill adopt the following matrix element for
D (P)- e (p) ~ P(p') +Z ~(k, e "):

cos8, (Gi~&)ntf, (q')&""+f«(q')&""1(q.+ &P. )

(A4)

mhere the leptonic matr'ix element is given by
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480

320
(5

which we have considered in Sec. IV. Denoting by
k" and e" the 4-momentum and the polarization
vector of K*, respectively, we have defined in Sec.
IV

K" =A"&

80

0,0 O. l5 050 045
E (GeV)

0.60 0.75

We shall explicitly demonstrate that K""+K"" con-
tains only right-handed K*, while K""-K""con-
tains only left-handed K*, if K~ is massless;

right-handed (+)

left-handed (-) .
FIG. 10. Electron energy spectrum from D

for D at rest, for hvo values of the parameter b =0 and

-0.25, Curves (a} correspond to normal coupling, and

curves (b) to abnormal coupling.

& „=~(P)r„(I r, )~(—P')

fp=+fr.
As to the para, meter 5, we do not know exactly

what value it should take. However, we can esti-
mate its value by making the assumption, which
we believe is reasonable, that the vector and axial-
vector currents have roughly equal contributions
to the total decay rate. By actual computation,
we find thislimits h to be small and negative. Equal
contributions from vector and axial-vector currents
correspond to

Over this range of 5 values, we also find that the
peaking characteristics of the electron spectrum,
for f„=tfr, are essentially the same. We show

in Fig. 10 the electron spectra, for D decaying
at rest, for b = 0 and-0. 25. Since the peaking char-
acteristics are our prime interest in this paper,
we will for simplicity assume 5=0. For 5= -0.25,
the rate becomes

I'(D —e vK*) = (a MD)'0. 63 x 10 "Me V

which is to be compared with (28) for h = 0.

APPENDIX 8

In this appendix we explicitly demonstrate the
handedness of K""+K""for the transition D-K*,

The spin-I matrices 8,. are given by

which satisfy

[S„Sq]=i&,,~S~ .
For a massless vector particle, or in the high-
energy approximation of neglecting the mass, the
4-momentum k" can be chosen to be

n"=(P, u', a' n') =E(1,0, 0, 1).
The hellclty opeI'ator ls

o)
0 0

(o 0 0/

Corresponding to these polarization vectors 6&,&,

K""+K is given by

i+i 0

0 1+1 +i —i

That is, K~"+K"" is zero for &~& ), and„ therefore,
a right-handed combination.

Simiarly, K""-K""can be easily demonstrated
to be a left-handed combination.

It can be easily checked that the helicity +1(right-
handed) and helicity -1 (left-handed) polarization
vectors are

c(,)
—— (0, 1, +i, 0) .1

(o)
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