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Abstract

We have carried out a study of Cabibbo-favored two-body
decays of DY and D} involving 5 and 3’ in the final state,
D® — (n,9)K°, D° — (3, 9')K"* and D} — (5,9)7*, Df —
(n,7")pT. We have introduced an annihilation term whereever
admissible, and investigated its size if it were to bridge the gap
between theory and experiment in each case. We have also re-
lated the semileptonic rates for D} — (5,7')e* v to those of the
hadronic rates for DY — (3, 7")7% and unveiled a puzzle. We

offer a possible solution.
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1 Introduction

In some ways two-body Cabibbo-favored decays of D* and D} involving
n or 3" in the final state are cleaner systems as the final state involves
only one isospin, yet these decays have proven to be problematic for the
theory. For example, the measured branching raffos [1] for D} — yp* and
Df — y'pt are considerably larger than those predicted in the spectator
model [2, 3, 4]. Similarly, the recently measured [5] branching ratios
for D" — K% and K%' are much higher than those predicted by the
spectator model; DY — KO especially so.

In Ref. [6] it was shown that factorization hypothesis related the rates
for D} — (y,9)")p* to the semileptonic rates for DY — (y,n")etv. With
the new E-653 data on the semileptonic rates, it was shown [3, 6] that
factorization hypothesis supported the experimentally measured rates for
DY — (3,9")p*, though not separately. 13- 653 collaboration has not as
yet measured B(DF — netv) and B(D} — y'etv) separately, which, of
course, would be desirable.

In this paper we have undertaken a systematic study of all the two-body
Cabibbo-favored decays of D° and DF, and some Cabibbo-suppressed
decays of D} that were relevant to our discussion, involving 5 or 9’ in
the final state. We have varied the parameters of the theory such as
the mixing angle and the ¢*-dependence of the form factors. We have
introduced an annihilation term whereever admissible in the factorization
hypothesis and investigated its sign and size, if it were to bridge the gap
between theory and experiment. Factorization hypothesis is expected to
work better for decays involving QCD coeflicient a;, that indeed seems to
be the case. Transition amplitudes involving a, are smaller, sensitive to
further QCD corrections and may be affected by multichannel final state
interactions. We have not carried out an inelastic final state interaction
calculation largely because the input parameters for such an analysis are
unknown.

We point out that factorization hypothesis can also be used to relate
the rates for Df — (7,9")7* to those for the semileptonic decays, DF —
(1,1")etv. However, the test of factorization fails in this case. Hence,
if factorization holds then a consistent picture of DY — (n,7)7* and
D} — (n,7')p* does not emerge. In the final section we discuss a possible
resolution of this difficulty. _

After introducing some definitions in section 11, we discuss D — K%
and K%' and D} — gprt, y'mt decays in section III. In section 1V we
study D° — n K™% and ' K™% and D — ypt, o'pt decays. In section V
we relate B(D} — (3, 9)7%) to B(D} — (,9)etv) through factorization
and unveil a puzzle. In section VI we discuss our findings and possible
solutions to various problems and paradoxes.



2 Definitions
The mixing angle, 0p, believed to be a2 —20" [1], is defined by
) =ngcoslp — g sinlp,
(1)
) = ngsinOp 4+ 9 cosbp -
where 77 and 75 are SU(3) flavor-singlet and octet respectively.
In the discussion to follow we prefer to work in a different basis with a

mixing angle ¢’ defined by,

N = —=(uu+ ¢lrl) sin0' — (88) cos ¥V,

\f

/

n = %(uﬁ + dd)cos 0" + (55) sind’

- with 0 = 35.26% - 0p. C

The effective weak Hamiltonian in the notation of (2] is
Gr
V2

For definiteness, we adopt the following value of @, and ag 7],

HW = Vm,\/cf;{a](S’c)H(ﬂd)u +‘(i2(§d);[('ﬁt)-y} . (3)

@y = 1.20, ay = —05L

These values of a; and ay have been particularly selected by D = 7x 8]
and D — K= data [1] as has been discussed in [7, 9]. For the form idttrOIS
~ we use ( in the notation of [2] ), :

FPR(0) =076,  FP"(0) = 0.83
FPr0)y =068,  FP"(0) = 0.65 (4)
FP0) =072, FP(0)=0.70
These form factors are then extrapolated in ¢* using a monopole form for
Fo(q?) using J¥ = 0% masses , m(ci) = 2.47 GeV and m(cs) = 2.60 GeV.
In (4) we have used the oxp(nmeutal value [3] of 1) — K form factor,
and for the D — 7 form [actor a value consistent with data [3] but also
one that has helped solve problems elsewhere {7, 9]. The remaining form
factors involving D — 5 and D = 7’ transitions are taken from [2] for
want of better sources. ‘
For form fcutms Fi(¢*) of [)] that enter the description of decays such
as DY — ygpt, 'p* and D° — k™, ! "0 we use £ (0) = [4(0) and

both monopole and dipole umeolallons in q% using J = 17 masses
mieit) =2.01 GeV and mis(eé) = 2,11 GaV, :



3 Cabibbo-favored D’ — (5, »)K° and Df — (n,
)t

We define the amplitude for D — PP ( P = Pscudoscalar meson) through
the rate formula which for Cabibbo-favored transitions reads,

i 2
M) = PP) = 9Ly, 2 AL h;' (5)
V2 STmi

|Al so defined has dimension GeV3. In Table I we have listed the magni-
tudes of the decay amplitudes for D° — %), K% and Df — g7t and
n'mt . obtained from the then measured branching ratios [1, 5]. In the
folowing we discuss these decays case-by-case.

A. D° — KO

The spectator and the annihilation terms in the factorization scheme are
given by,

‘ I
sint 5

75 D = mi) i Fy " (m}) (6)

+ i cos 0/)(7713 -m2)fp F()I"77(7712L)) (7)

Agpec (D° — K%)) = ay

sin '
V2
where /3 is the ratio of the probabilities to excite a ss-pair from the vacuum
to that of a uw- or a rl(i»pair. We use 3 = 1/3 throughout.

We have chosen to present numbers for three mixing angles, 0p =
=10, -19% and —23" 5o as to make the trend with mixing angle evident.
Numerically, with fx = 161Mel’, we obtain, in units of GeV?3,

Ann (D° — K%)= ay(

. —0.093 for 0p = —10°
Asper:.([)o - ]\‘07]) = —0.106 for 013 = —]19° (8)
=0.111 for Op = —23°

Comparing (8) with the experimental value of the decay amplitude for
D® — K°) one finds that there is a clear short fall which the annihilation

term is very unlikely to provide due to the suppression factor (m2 —m})

in (7). An alternative would be for FOD"(m?\-) to be larger by about 40 %.

Despite the comments above, we calculated the size of the annihila-
tion term that would be needed to bridge the gap between theory and
experiment since the same annihilation term enters the description of the
Cabibbo-suppressed decay D} — K+y albeit at ¢? = m}, . We could
then check if the impact of this annihilation term on DY — K*5is within
reasonable bonnds.



First. F27(m?) must be complex as it is evaluated in the physical re-
gion of KO scattering. \With this in mind we tried two scenarios: One
where Iy is purely real and the other where it 1s imaginary. With fpo =~
0.3CeV we found that if purely real, Fé\”(m%) ‘s needed to be 12.0 and
11.0 for 0p = —19" and —230 respectively and for these form factors (ignor-
ing the extrapolation from m? to mp,) we find B(Df — Ktn) = 0.18%
and 0.11% respectively. Though Firmy) ~ 10 1s most probably too
large its impact on B(Dt — K*y)is not so drastic. In fact, a branching
ratio of 0.14 % for a Cabibbo-suppressed process 1s quite acceptable.

If FromY) is assumed to be imaginary then for 0p = —19% or -23°
one needs imFé‘"’(m%) ~ 93 with little dependence on 0p. This leads to
B(DY — K*n) = 0.35%. Though these branching ratios appear not to
be unduly large we find it hard to accept such large values of the form
factor Fi" at ¢* = m?, as appear to be needed to close the gap between
theory and experument.



B. DY — Ko
The spectator and the annihilation amplitudes are

cos )

V2

— /}_qinO')(m;ll, ~mi)fp Folﬁ’l(mf)) (10)

As;m'.(l)” — I\’(’I/l) = a,

(mf) — m?),)f/\' FOD"I(nzf\) (9)

cos

/1mm ([)() - [;'07],) = (lz(

With 3 = 1/3. the spectator amplitude, (10) in units of GeV3, is,

- —0.072 for 0p = —10°
1A15,1’€'.‘4(1)U — 1\'07]’) = —0.060 for 0}3 = —190° (11)
—0.054 for 0p = —23°

As is seen from Table I these amplitudes are too small by a factor of 5 to
6.

If we now require the annihilation term to provide the balance of the
amplitude we find that with 3 = 1/3 if the annihilation amplitude is
purely real then l'},’”’l(mf)) is needed to be (9.5, 18.3, 30.2) for 0p =
(=10 —19° —23). All these values are large. If we assume FOI\"’(mf))
to be purely imaginary then we need i11117()1\""(771,%3) = (11.9, 22.0. 35.6) for
Op = (—10°, —19°, —23°), again rather large values.

The same form factor appears in the annihilation term of the Cabibbo:,
suppressed decay D} — K*y though at ¢? = m?%, . We can calcu-
late its effect on DY — Kty | If we ignore the extrapolation in q°
from m} to mj}, . the choice of real annihilation form factor results in
B(D}Y — K+y') = (0.30. 0.34, 0.37)% for 0p = (—10° —19° —23%).
These branching ratios are not too large, however, if we choose purely
imaginary form factor we get B(D}Y — K+y') = (1.28, 1.30, 1.31)% for
Op = (—10° —19°. —23°). These branching ratios are too large. We
return to a discussion of these results towards the end of this section.

C. D} — ynt
The spectator amplitude is
Aspec (D — p7%) = —ay cos 0'(m}, — m,?,)f,rFoD"”(mfr). (12)

The annihilation term vanishes in the factorization approximation by the
conserved vector current (CVC) hypothesis. Numerically, with the form
factors of (1) and f- = 132 eV, we obtain, in units of GeV3,

—0.30 for O0p = —10°
Agee (D =zt = 025 for 0p = —19° . (13)
—0.23 for 0p = —23¢



The valne of the amplitude with 0p = —23° is in a particularly good
agreement with experiment.

D. DF — y'n?
The spectator amplitude is
Aspec (DT = /7)) = ay sin 0'(m7,, — m;z],)f,.rFOD“'" (m?2). (14)

The annibilation term vanishes again by CVC in the factorization model.
Numerically. we obtain in the units of GeV3,

0.25 for O0p = —10°
Aspee (DF = '7z7) = 028 for 0p = —19° | (15)
0.30 for 0p = —23°

Again comparing (15) with the amplitude for DY — /% in Table I,
we find that the value with 0p = —23% is in agreement with experiment,
however, the value with p = —19° falls somewhat short of the experiment.

Another way to confront data is to evaluate the ratios of the amplitudes
to eliminate the dependence on a; and ay. Since CVC does not allow

annihilation terms in DY — pa* and y'r% decays, it is meaningful to
calculate,

A(DF = yrt FP(0
A =)y ot f0 )
AMDF - y'=t) £y

1.20 for O0p = —10°
- O.CT f()]‘ ()[J = —190 . (16)
0.75 for 0p = —23°

Experimentally the ratio of these two amplitudes is ( 0.59 + 0.12). A
mixing angle of 0p = ~23% or slightly larger, would not only fit the ratio
but also the individual amplitudes. In the final section of this paper we
propose an alternative solution to this problem.

To summarise this section, we find that DF — prt and 5’7t decays,
where annihilation terms are not allowed in factorization approximation,
come close to being deseribed well by theory. Two factors would help;
first /"””"'(()) be lowered by (10 - 15)% and FOD’”I([)) be raised by about
the same amount and/or #p be closer to -23°.

Theory without the annihilation term fares poorly in explaining D° —
K and K" | especially the latter where the spectator amplitude ac-
counts for only ~ 20% of the total amlpitude at 0p = —19°. If a real
annihilation term is invoked to achieve agreement with experiment one
needs ["(V,K”’(rn'f)) ~ 20 for 0p = —19°. Such an annihilation would
also effeet the Cabibbo- suppressed process DF — K*n' and generate



BIDY — N+y') = 0315 for Op = —19% which though large is not unac-
ceptable. However, if we assume the annihilation form factor to be purely
imaginary, we need iml’UI‘."I(m})) ~ 22 for 0p = ~19° and the effect on
DY — K+ is to generate B(DF — K+y') =~ 1.3% which is unacceptably
high.

The situation with 1), — K is not as bad as in Do — K%', Here the
spectator term is ~ 60% of the needed amplitude. Due to the fact that
the annihilation term appears with a kinematic factor (m;"; — 771,';2(), rather
a large value of FOI\ "(m}) is needed to bridge the gap between experiment
and theory. Though the effect of such a large annihilation form factor
on Cabibbo-suppressed D} — K+*y s not unacceptable we consider such
large form factors improbable.

4  Cabibbo-favored DY _, kY ) K0 and Df —
nptsopt

We begin with the definition of the decay amplitude, A, through the decay
rate formula for ) — PY(V = Vector) decays,

MDD - PV) = 17{;\',“114512'.‘)'%!/1!2. (17)

[A[ has the dimension of GeV and is obtained by writing down the decay
amplitude and removing from it a factor 2mv(c*.PD)%§‘f§,d VX, where my
is the vector particle mass and ¢ its polarization vector, Pp, is the D
meson four momentumn.

In Table T we have listed the magnitude of the amplitudes for H° —,
D K0 and Df — yp*, yp'p* decays. We now proceed to discuss
these decays one-by-one.

A. D® — pp-0

The spectator and the annihilation amplitudes are

. stn ¢’ D .
A‘ls;xu'. = (1'2 \/Q- f/\" [’1[)](”1?\")7 (lb)
- sin ¢’ , K*n, o
Aare = ay( — Jcosl ) /DA, (mp). (19)

<

The form factors F, and Ag are as defined in [2]. In decays of B mesons
such as BY — KO \where FBRN(4%) enters the spectator description, a
dipole extrapolation of this form factor seems to be required [10]. Since D
meson is not as heavy as B, we have chosen to work with both a monopole



and a dipole extrapolation of F(¢?) to see if data prefer one form over
the other.

The spectator amplitude for 0p = (=10°, —19°  — 23°) in units of
GeV iS‘

) ) —0.048 *for 0p = —10°
Aspee(D° = pR™%) = { —0.055 for Op = —19° | (20a)
—0.057 for 0p = —23°

for n=1.

: ) ~0.060 for p = —10°
As}‘rc.([)" 3 I]I\'-U) — —0.068 for 01, — _190 , (201))
—0.072 for Op = —23°

for n=2. where n=1. 2 stand for monopole and dipole forms respectively.
From Table Il we find that for 0p = —19° these amplitudes are too small
by a factor of approximately two.

If we require the annihilation term to make up the short fall, we need
the annihilation form factor Ap "(m%) to have the following sizes ( we
have nsed 3 = 1/3 and 5, = 0.3 GeV and assumed a real annihilation
termy),

_ 2.01 for 0p = —10°
;1{,‘.”(711;)) =¢ 1.33 for Op=—19° | (21a)
for 0p = —23°

for n=1.
‘ 1.75 for 0p = —10°
ARy = 4109 for 0p = —19° | . (21b)
0.92 for 0p = —23°

for n=2. These form factors are large but not unduly so. If we had
assumed the form factor to be purely imaginary, its magnitude would
be larger as the annihilation term would then not interfere with the real
spectator term and wonld have to provide = 75% of the rate, the remaining
coming from the spectator term. For purely imaginary annihilation term
one gets:

3.00 for 0p = —10°

im;\(l]\r.”(mf)) ={ 2.06 for 0p=—19° | (22a)
1.82 for O0p = —23°
for n=1.
282 for Op = —10°
irn.-\,[,('”(nz;’)) =<¢ 1.94 for Op =—19° | (22b)
170 for 0p = =23°



for n=2.

We conclude that a significant annihilation term is needed. 1f assumed real
it would have to account for about 50% of the total amplitude to explain
data. However., two other factors help in this regard: A larger mixing

angle, 0p = —23° does better than 0p = —19%, and a dipole extrapolation
of the form factor I'771(¢?) also appears to be favored.
B. D° — y'K°

Very little phase space is available to this decay mode and only an upper
limit to the branching ratio exists [1]. The spectator and annihilation
terms are,

cos @

7

+ 3sin ¢’ )fDAl\ " (m%) (24)

A (D" =y K0) = ay—e i P () (23)

cos '

NG

Numerically, the spectator amplitude is.

1,,, (D" — "I = as

] ) —0.046 for 0p = —10°
Agpee (D" = ' K%)= ¢ —0.038 for Op = —19° (25a)
—0.034 for Op = —23°

for n= 1,

—0037 fOI' OP = —-100
A\*pr ([)‘J — 1] 1\ 'U) = —0017 for 0}? et _190 , (25b)
—0.044 for 0p = —23°

for n= 2. All these amplitudes are an order of magnitude below the upper
bound for the experimental amplitude. With only an upper bound on the
experiment amplitude we do not see any useful purpose in investigating
the size of annihilation amplitude.

C. DF — ypt

The spectator and the annihilation terms are .
\5,,, (DF —ppt) = -y cos 0’ [, 1) rDs 7’(mf,), (26)
A (DF = ppt) = aysin 0V V2 [, AP (M) (27)

The values of the spectator term in units of GeV are

—0.163 for 0p = —10°
,L;,._(l)+ —pt) = —0.136 for Op = —19° , (28a)
—0.122 for O0p = —23°

10



for n=1.

~ —0.189 for Op = —10°
Ay (DI = ypt)y = —0.156 for 0p = —19° | (280)
—0.141 for 0p = —23°

for n=2. Here. the trend is to favor smaller mixing angles, but with
Op = =19 a dipole form gets the amplitude within bounds of the error
(see Table 1), Again. a dipole form for F(¢?) appears to fare better.

As the amplitudes in (28) are quite close to the experimental amplitudes
a small annihilation term can easily generate the balance of the rate. If
we assume [0 = 0.31 GeV o then the following values of the annihilation
form factor, A7(m3?, ). assumed real. are needed

-0.028 for Op = —10°
xlg"(mf)_‘) = —0.081 for Op = —19° | (29a)
—0.103 for 0p = —23°

for n=1,
+0.030 for 0p = —10°
AV (mi, )= { —0.038 for Op=—-19° | (290)
—0.067 for 0p = —23°

for n=2. These numbers are generated using the central values of the entry.
in Table 11 for A(DF — np*). Such small values of the annihilation form
factor are within the realm of possibility for both monopole and dipole
forms for Fi(q%).

D. Df — y'p?*

The spectator and the annihilation terms for D} — 7'p* are,

Ay ADE = ypt) = (11sin()'_[pFlD’”’(mf)) (30a)
Ao (DF =0 pF) = ayeost N2 [p, AL (%)) (300)

The magnitude of the spectator term in units of GeV, is,

] 0.160 for 0p = —10°
Ay ADT —'pT)y= ¢ 0183 for Op = —-19° | (3la)
0.192 for Op = —23°

for n=1.

for 0p = —10°

_ 0185
Ay (DE =y pty =1 0212 for 0p=—19° | (310)
0.222 for Op = =23Y



for n=2. Comparing with the entry in Table IT for the experimental value
of the amplitude one finds that the values in (3la) are about one-half of
what is needed, nevertheless. again a larger mixing angle fares better as
also does a dipole extrapolation of F)(q?%).

[f now we require the annihilation term to provide the balance of the
amplitude, assuming it to be real and with fp, = 0.31GeV, we get the
following annihilation form factors.

0.48 for 0]’ = —100
Ag "(mf) )=¢ 0.52 for O0p=—19° | (32a)
0.55 for Op = —23°

for n=1.
043 for 0p = —10°
AT ‘(g ) =< 0.4 for 0p=—19° | (32b)
0.46 for 0p = —23°

1l

for n=2. These form factors are quite reasonable 1n size.

From (29) and (32) we notice that the annihilation form factor for
DF — y'p*, is a factor of (3- 10) larger than the form factor needed for
D¥ — ypt. and opposite in sign. There is no compelling reason for the two
form factors to have the same size and sign since though the continuum in
np and y'p channels have the same threshold ( 7p channel being coupled
to 1'p channel). the states contributing to spectral functions ( imaginary.
parts of the form factors) are different. We return to a fuller discussion of
this decay mode in the final section of this paper.

5 Relating (D} — (1. i')etrv) to T(DF — (n, #')nt)
through factorization— A Puzzle?

[n [6] it was shown that [(DF — (3, n')etr) was natuarally related to
(D — (. y')p*) since both decays invoke the same form factor, Fl( 2.
For instance. the differential and total decay rates for D} — netv are
given by

AT G VLR ‘
dy? e e = 1()~)I—3T]\3( nh. mys ) (g O, (33)
{ Jdln D!

(L VL PCE )
£ I—%——”—\ I(mp,, My, 1 \,)|F1D"7(0)|2, (34)

LD —npete) = -
(0, ev) 19273 mp,

\Vll(‘I‘(‘

_ /: wsfp + —sinlp),
\, 3((0 J \/z



Iimp.. m,. \y)

1

gy m ) A3 ()2 20 gt

/( o\ (1, My, q )dq2
- 212 ’

o (q* — Af)

and

Mooy, 2) = (0 42+ 22 =20y = 202 — ‘23/:)1/2.

Ay = 211 GeV.is the mass of D7, The hadronic rate for DY — npt in
the factorization scheme is given by

- + + | I [‘U'ilz ”l p 5 3 2 s 2
F(DF —yp ): 5 A(m3,, m2, m? )P "(m2)]2.
.32,‘. mp, ‘ !
(35)

From (33) and (35) one obtains

dr
([(]‘2

P(DF = ppty =627 |V af ff (DY — 7]e+1/)|q2=m%, (36)

and from (31) and (35) we get

(D —netv)  Tnp,. mye M) (A —m?)?
P(DF = npt) 672 |Vl al [2 X3(mG,,, mi, mf,)'

(37)

An analogous treatment can be performed for the 7 modes. In [G] a; =1.2
with a 10% uncertainty was used. 1f we revise their numbers using a fixed
value, a; = 1.26. the results of [6] can be restated as follows (n =1, 2 refer
to monopole and dipole extrapolation of Fi(¢?)),

B(DY —yetv) [ (0.914£0.19), forn =1 (38)
BDF¥ — oxt) | (0.97£020). forn=2"
BIDE — 0y f (109 £0.25). forn =1 (30)
B{DF — ot T (098 £0.22). forn =2

The errors here are from the measurements [11] of B(DF — npt)/ B(DF — ¢n™)
and B(DF —y'pt)/B(DY — oxt) . We have combined the statistical

and svstematic errors in quadrature. We note that the use of a dipole form
factor does not alter resnlts very much since it enters in both hadronic and
semileptonic rates. The sum of the semileptonic ratios in (38) and (39) 1s

B(DF — (p+00c ) [ (201 £031), forn=1 (40)
B(Df — oxt) T (195 +£0.30), forn =2
12653 collaboration has measured [3].
+ oyt
BUDT =i n i) 39406, (41)

/)){ [): — /A“/IJ"I’)



(10) isrconsistent with (1) once one recognises that the ratio of the rates
for D} — oc*v to that of Df — ox* is = 0.5 [1). Thus, if factorization
holds, this agreement could be viewed as providing support for the mea-
siured branching ratios for D} — np* and 5'p* relative to D} — ¢nt,
however large as they are. Also, we note that monopole and dipole ex-
trapolations of F(4?) fare equally well.

However. it is also possible to relate the rates for D} — prt and 5’7t
to the semileptonie rates for D — pety and yetv despite the fact that
the hadronic modes invoke the form factors Fy(¢?) and the semileptonic
modes Fi(g?). The reason is that Fy(¢?) is needed at ¢ = m? and if we
use the fact that f4,(0) = Fy(0). then Fy(m?) =~ Fp(0) = F1(0). One is
then led through an analysis similar to that in [6] to ( we are now using
a = 1.26),

I‘F DY — netv) _ 0()2 for n= ‘1 ’ (42)
F(DF — p=t) 0.83 for n= 2
and -~ N
— ety 2 =
‘( s n'etr) _ 0.‘“\—) for n 1‘ ’ (43)
F(DF — y'=t) 035 forn=2

where the two entries are for monopole and dipole extrapolations of Fi(¢?).
Now. nsing [12].
B(DF — =)
B{(D} — ort)

= 0.54 £ 0.09 % 0.06 (44)

B(DY — y'z%)
B(D} — ort)
We get. with errors added in quadrature,

B(DY — (p+7)ctv) [ 0684009 forn=1
B(Dt — ort) 0.90£0.11 forn=2

=1.240.15+0.11. (45)

= (46)
(‘omparing this result with (40). obtained using factorization and D} —
(n,n')p* data, one finds that there is a problem- the predicted relative
branching ratio for the combined semileptonic processes DY — (n+7")etv
is too low by a factor of 2 when D} — (,7')r* data are used. However
the dipole extrapolation of F(¢?) fares better than the monopole. We
discuss the issue of the form factor more completely in the Discussion and
propose a soltion to this puzzle.

6 Discussion

We start with a diseussion of DF — (.9/)a+ and Df — (9,9 )pt. To
begin with, there is every indication at present that if factorization is
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correct then the experimentally measured rates for DY — (n,7")pt and
D — (n,n")etv are mutually consistent. Yet, when we compute B(D} —
(n.1")p*) nsing spectator model, which is required for the validity of the
test of factorization using semileptonic decays, with the form factors of
Ref. [2] and monopole or dipole extrapolations for F(¢?), we come up
short of the experiments. We found that a small annihilation term sets
things right but this is contrary to the spirit of the relation between D} —
(n.y"yetv and DY — (n.9)p* which requires the hadronic modes to be
given by the spectator model.

We have also found that the spectator model with the form factors
of Ref. [2] comes very close to fitting DF — (,7')7+ data. Here, an-
nihilation terms are not allowed in the factorization scheme. Assuming
factorization we have related B(DF — (5, 7')7%) to B( Df — (,7')etv)
and this relation appears to fail the test of experiments for monopole and
dipole extrapolations of I(¢*).

Perhaps. the puzzle posed by DF — (5,7')p and Df — (9,9")7*
decays are due to the use of incorrect form factors and, perhaps, factor-
ization works well in all these hadronic decays . To demonstrate a possible

way out. consider a different parametrization of the form factor Fi(f), t =
2

1.
. 0.58(1 + .75¢)
I D,n(t — . (47)
T
e 0.83(1 t
' A 0
1,“[»)5') ) — ( + i )‘ (48)

S
with A} = 2.11 GeV.
These form factors are a particular linear superposition of a monopole
and a dipole form. With these form factors ( recall, Fo(m?) = I5(0) =
1(0)). we get,

) —0.24 for 0p = —10°
Ay (DF ==ty =< =020 for 0p = —19° |
—0.18 for Op = —23°

X 0.30 for Op = —10
A (DT — 7%y = ¢ 033 for Op = —19° |
' 0.35 for 0[} = ——230

(49)

) —0.22 for Op = —10°
Ay (DF = yp*) =< —0.18 for —19°
—0.16 for O0p = —23°

)
3
1



0.32 for 0p = —10°

A (DY S p") = 036 for 0p = —19°

0.38 for 0p = —23°
For 0p = —19°, or —23" these amplitudes are in agreement with data and
generate a valne of .59 for the ratio in (16) for 0p = —19°. Next we use

these form factors to relate B(DY — (3,7 )ev) to B(D}F — (,9")x™)
with the following results
N(DF — petv) = 0.460(DF — npt), (50)
(D} — fctv) = 0.23T(DY — o' pt). (51)

Dividing by I'(Df — é7%) and using B (D} — npt)/B(DF — ¢nt) and
B(D} — n'p*)/(D} — or*) from [11],

B(DY — ypt) +0.36

s — 2R aR 5
BD+ S onF) 286 £0.38 _ a0 (52)
B(DF — y/p*) +0.44

> = 3.4¢ .6: . 53
B(D} — ¢rt) b4 £0.62 —0.46 (53)

We get (with a; = 1.26)
B(DF — et
W, 2t 0)etv) g 194031, (54)

B(Df — ont)

which is not much different from the results using a dipole form for Fy(t),
given tu (40) and 1s consistent with experiment.

If we redo the calculation of the previous section relating B(D} —
(n, Yetv) to B(D¥ — (n. n')x*) with the form factors of (47) and (48),
we obtain,

B(D} — yetv) =224 B(DF — yrt), (55)
B(DY = yetv) =0.55B(D — y'nt). (56)

Using the data of [12] these then lead to,

B(DY - (n+7)etv)
B(D¥ = r+)

= 1.87 + 0.26. (57)

This is an improvement on (46) and makes E-653 data consistent with
(D — (n.7')7*) data. The puzzle alluded to in section V is, for all intents
and purposes. resolved. Better statistics data on (DF — (5,7")etv) with
a separation of  and 5’ will help a great deal in understanding D} decays
into two- body channels involving 5 and 7).

Among D — n K 'K n =0, and 5’ A=, the understanding of D° —
'Y is by far the poorest where the spectator term provides only ~ 20%
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of the amplitude and a rescaling of the form factor is hardly likely to be the
answer. The annilhilation term needed to fit data requires an unlikely large
annihilation form factor. though its impact on the Cabibbo-suppressed
process, DY — 'Kt does not appear to be out of the ordinary for a real
form factor.

The sitnation with D” — np/® is not so desperate -the spectator term
accounts for ~ 60% of the experimental amplitude. However, if the rest
is to be found in the annihilation term, one needs an unlikely large anihi-
lation form factor though its impact on Cabibbo-suppressed Df — nI*
is quite acceptable. Here a rescaling of the form factor might be what is
needed. .

In D° — p/*° the spectator model provides ~ 50% of the amplitude.
Here also a scaling upward of FP"(0)(= F2"(0)) consistent with what is
needed for D° — A% and an extrapolation of F°7(t) akin to (47) and
(48) could bridge the gap between theory and experiment.

Not much can be said about D® — 7’ * as only an upper limit on its
branching ratio exists and the spectator model yields a value well inside
this limit.

We would advocate measurements of DF — (n, n')etr with a sepa-
ration of 7 and 7', and also D* — netv and y’etr which would give us
the form factors needed to understand D° — K%, K%' and D° — nK*°
decays.
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Table |
Magnitndes of decay amplitudes for charm — PP extracted from data (1,
5]. Amplitudes in units of (/eV? as defined in (6).

| Process | BRin% JTATin GeV? |
D°— K% [T.12£0.22° [0.18+0.018
D% — K%' | 2.71 £0.42° | 0.33 + 0.025
DY =yt | 1.540.4% | 0.20 £0.026
DY —y'z* | 3.74+1.2° | 0.34 £0.055

* Source Ref. [5]
b Souree Ref. (1]

Table 11
Magnitudes of decay amplitudes for charm — PV extracted from data
(1. 5]. Amplitudes A in units of GeV as defined in (17).

| Process T BRin % | [Al'in GeV? |
DY - yKT 21£1.2]0.13£0.038
D® > y'K°} <0.13 < 0.35
DY —ppt | 794211 0.18 £0.023
DY —'pt | 95427 | 0.37 +£0.052
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