PHYSICAL REVIEW D

VOLUME 46, NUMBER 1

1JULY 1992

How good is the factorization approach in charm decays?
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An analysis of the factorization approach in charm hadronic decays is carried out by using the
spectral-functions method and by exploiting the updated information on the semileptonic processes of
both the D meson and the 7 lepton. Not only the two-body but also the multiparticle exclusive decays
can be computed for the first time. While for some channels agreement with experiment is somewhat ac-
ceptable, within a factor of 2, much larger variance is found for other modes: D°—K ~ai (1260),

D° K~ *r*, D°K “mmmm.

PACS number(s): 13.25.+m, 12.15.Ji, 13.20.Fc, 14.40.Jz

I. INTRODUCTION

By analogy with the semileptonic decay which is fac-
torizable, i.e., its matrix element is a product of one ha-
dronic and one leptonic current, the factorization ap-
proach [1-3] in nonleptonic processes is a natural exten-
sion asserting that the amplitudes are also the product of
two hadronic currents, each one entered into an ap-
propriate semileptonic mode. Whether or not this as-
sumption might be justified in the 1/N_ expansion [4] is a
different aspect of the problem not discussed here (N,
designates the number of colors and is three in QCD).
We simply take it as a working hypothesis and ask our-
selves how good this approximation is in charm decays
by comparing theoretical predictions with data. Table I
summarizes our results, and readers are invited to judge
for themselves.

We begin with the standard effective Lagrangian

G
V2
in which for simplicity we consider only the Cabibbo-
favored modes. The coefficients ¢, =(c, +c_)/2,
c;=(cy—c_)/2 (with c4c_=1) represent the well-
known [5] hard-gluonic corrections and are functions of
Aqgcp and the scale p at which the processes operate.
Here (#d) is a brief notation for the colorless current
#y,(1—v5)d, and so on for the others. The usual pro-
cedure for computing the exclusive hadronic modes is to
assume factorization and to sandwich L 4 between initial
and final states in all possible ways, and to perform Fierz
rearrangement (including colors) such that £ 4 can be
written as

Log=—=VaV4le,(@d)5c)+c,(@c)5d)] (1)

L= G yry la(5d)y(5e)y +ay(de )y (5d)y] -

V2
2)
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Here the subscript H indicates the change to hadronic
field operators [3], and a,=c;+(1/N.)c,, a,=c,
+(1/N_)c;. The case N.=o (hence a,=c,, a,=c,)
was suggested a long time ago [2] and subsequently put
forward by other authors [3,4]. The decay amplitude is
then a product of two hadronic currents in a way very
similar to that of the semileptonic ones:

,z:'ep=—% o TV)d )y, ‘f_z VEs)y ) . ()
From Egs. (2) and (3) we immediately recognize that the
hadronic decay modes best suited for factorization are
those involving the charged currents proportional to a,
(class I according to Ref. [3]). We can indeed take full
advantage of information from both decays of the heavy
lepton 7 induced by the current (#d )y on the one hand,
and the semileptonic decays of the D meson into K and
K* supplied by the current (3¢ )y on the other hand. We
remark further that the D and the 7 masses are nearly
equal so that 7 data can be fully exploitable in D decay.
Clearly in the factorization approach, the knowledge of
form factors contained in each hadronic current is the
most important issue since the amplitudes are completely
fixed by them. Therefore Sec. II will be devoted to the
extraction of the form factors in semileptonic decays,
which in turn determine the hadronic rates. These ha-
dronic decays are treated in Sec. III (two-body modes)
and Sec. IV (multibody channels).

II. THE FOUR FORM FACTORS IN D —K AND
D — K * SEMILEPTONIC TRANSITIONS

Since the (5¢c)y current has zero isospin, the semilep-
tonic decay rates of D * and D are equal; it is not neces-
sary to specify them.

While the decay D — Kew is similar to the old K5,
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(4)

and depends on only one vector form factor f_ (¢g2), the
mode D —K*ev is more complicated. Many years ago
[6], a general and convenient formalism for analyzing this
latter mode in terms of three helicity amplitudes (0, +)
was suggested with an emphasis on looking for angular
correlations. The method was subsequently derived by
other authors [7] and especially used by the E691 experi-
mental group [8] in their recent investigation. Let us
write

dar,
d—i(D—»K*ev)= -
dq i=0,+ dq
G2|Vmiz )»3(M2,m2,q2)
= ; ——Y,(¢Y),
i=0,+ 1927 M
(5)
with
2 2 2 2
M+m, M*—mi—q
Y,(g?)= A,(g?)
0 2m, l AMMEmigh MY
MM2m?2,q?%) ?
———————A4,(gH) | , (6)
(M+m, 2 21
2 2
g (M+m,)
L(gh)= ‘

AAMEm?,q?)

_ MM*mi,q%)

A,(gHF (g?) (7
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Y,(¢g?) in terms of three form factors V(g?),
Az(qz), A2(q2) defined in Ref. [3] and first measured by
the E691 group via the double angular (8,,6,) distribu-
tions [8]. As previously noted [6], the relative F sign in
the right-hand side of Eq. (7) reflects the ¥ — A4 character
of the charmed current (5c¢). Here M,m,m, are, respec-
tively, the D,K,K* masses; \/q2 is the momentum
transfer, which is also the lepton-pair invariant mass, and
Ma,b,c)=(a?+b%+c2—2ab—2ac —2bc)!’? is the totally
symmetric Killen function. As remarked before, the
knowledge of the form factors—not only their normali-
zations at one point (say at g>=0) but also their g°
dependence—is of great importance for accurate calcula-
tions of the hadronic rates. The q2 dependence, as mea-
sured by many groups [9] are all consistent with a simple
pole behavior with mass A,~2.1 GeV for f, (¢?) and
V(g?) and A, ~2.5 GeV for 4, ,(g?).

We now turn to the form-factor normalizations at
¢?=0 that essentially fix the rates. For this purpose, in-
tegrations over g2 of Eqs. (4) and (5) must be done. In
the linear approximation of the form factors,

-2

2 2
F%(g?)=F%0) 1—% ~ F(0) 1+:>_~[‘1\7 ,

the integrations can be analytically performed. This
linear approximation is largely adequate, not only be-
cause g>/A%<<1 in the whole range of integration [from
0 to (M—m; )2] but mainly because of the kinematic
AM 2,mjz,q2) term, which practically ensures that only
the very small g? region contributes to the integrals; the
most unfavorable case—when ¢? reaches its maximum
value (M —m; )2—is completely suppressed by the kine-
matic )»(Mz,mjz,qz) term.

+m;)? ,
(M+m,) Then we get, in units of f=GM3/
We write the three dimensionless helicity amplitudes  1927°)|V,|*=7.42X10"s7",
J
1 2
T(D—Kev) =17 (0) |g, %] =l %’}Hf, (D —K*ev)=Tyans+ Tiong » ®)
v
m, M2 |_ | my m M?|_ | my
Cians =L +T_= {7%0) |g, | T RN +41(0) g3 YA yelE ]71 r, )
m, M? m, m M?|_ | my
T = ] 42 hid M7 | T 2 pias M- _r
Flong_FO_ A1(0) |g4 M + A?, 84 M +A43(0) |gs M + Ag gs Ml
m, M? m
M A2 M
with
g1(x)=1—8x2+8x%—x®—24x"*Inx (11
g1(x)=2—6x2—32x*+32x+6x®—2x1°—48x*(1+x?)nx , (12)
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1
(x)=—"-78,(x), (13)
TS
g,(x)= (1:;:)2 [&—Ex?—25x*+25x 8+ Ex 10— Lx12—8x*3+8x2+3x*)Inx ], (14)
g3(x)=(14+x)[14+3x2=3x*— Lx+4xX(1+x)Inx ] , (15)
Z3(0)=(14x) [ L4+ 2x2—8x6— x84+ 8x (1 +3x?+x*)Inx ], (16)
| 1+x 1 1421 3.4 6__ 11,84 1.4 2y (17)
g4lx)= X [L—3x*+3x*=x—Ux*+1x*(1+4x7)nx |,
1+x |
Bax)= | — = | [A—&x2+Ex*+2x0— 10,8 23 2 104 414 9x2+4x*)Inx ] , (18)
gs(x)=——2—l——2(1—9x2+45x4—45x8+9x 10— x124120xInx) , (19)
24x“(1+x)
gs(x)=———l———2[1——14x2+126x4+525x6—525x8—126x 04 14x 12— x4 +840x%1+x2)nx ], (20)
84x2(1+x)
1 _
ge(x)= 602 [2(1—xY)g,(x)—g,(x)] , 21)
1+x |
Zo(x)= Zx" [2(1—x2)g,(x)—&,(x)] . (22)

In Egs. (11)=(22) the g;(x) represent contributions for constant form factors, while g;(x) are those due to the g2 depen-
dence. It turns out that the g? dependence enhances the width by 24% in D —Kev and 10% in D —Ke*v. We get nu-

merically
(D —Kev)=0.195f% (0)T'=1.45f% (0)10' s !, (23)
I['(D—K*ev)=[0.23843(0)+0.01054%(0)—0.078 4,(0) 4,(0)+0.0039¥%(0)]{*
=[1.76942(0)+0.078 42(0)—0.578 4,(0) 4,(0)+0.029¥2(0)] X 10! s~ 1, (24)
R Tiong _ 2.1043(0)+0.13743(0)—1.013 4,(0) 4,(0) . 25)
Tirans A%(0)+0.051¥%0)

The average rate I'(D-—Kev) is known [9] to be
(7.1£0.6)X 10'° s ™1, from which [9] f (0)=0.71%0.06,
in striking agreement with previous predictions [6].

For D —K *ew, the large difference in magnitude of the
coefficients accompanying the form factors 4,(0), 4,(0),
and V(0) in Egs. (24) and (25) indicates that the contribu-
tions of the vector ¥(g?) are negligible in both the abso-
lute rate I' and the ratio R. Only the axial vector 4,(g?)
and its interference with A,(g?) are significant. This ob-
servation suggests that the form factors 4,(0) and 4,(0)
can be safely determined by using I" and R as the contour
constraints represented, respectively, by an ellipse and a
straight line in the (A4, 4,) plane illustrated in Fig. 1.
The plot could, to some extent, bypass the double angular
measurements (6,6, ) utilized to extract the form factors
[8]. Only the single-angle 8, distribution is needed to
measure R. Once this quantity is known, combining it
with the absolute rate I is then sufficient for fixing 4,(0)
and A4,(0).

While data on I' are in good agreement among six ex-
periments, with the average [9] I'(D—K?%*ev)

—

=(4.3+0.6)X 10" s™!, the experimental situation [9] is
still unclear for the ratio R ranging from 1.8%0:$+0.3
(E691) [8] to 0.47+9:35 *0% (Mark IID) [10].

In spite of the uncertainty in R, it is remarkable that
the A,(0) form factor which we find to be around
0.55+0.10 is quite stable from all experiments' as indicat-
ed by the ellipse of Fig. 1. This is due to the fact that the
rate I’ depends almost on A4,(0). The value
A,(0)=0.55%0. 10 which we obtain is only about half of
what was predicted by many theoretical models

!Among the six experimental groups ARGUS, CLEO, E653,
E691, Mark III, and WAS82, the Mark III collaboration has a
higher I' rate than the five others. Also their ratio
R =T'4ng /T irans is smaller than that of E691 and E653 but simi-
lar to WAS82. Combining I" and R of the Mark III data, we get
A,(0)=0.85+0.10 and A4,(0)=1.4—1.8 using the V(0)=0.9
of E691, while we get 4,(0)=0.55%0.10 from the average data
of the five other groups.
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FIG. 1. Contour constraints in the ( 4,, 4,) plane. The ellipse, from Eq. (24), is for the rate I'(D —K *ev). The dashed straight
lines, from Eq. (25), are for the ratio R =TI'j;py/Tirans- The E691 and the Mark III central values of R are indicated along the straight

lines.

[3,6,7,11].

On the other hand, the form factor 4,(0) depends
essentially on R as shown by the straight lines of Fig. 1.
From the central value of the Mark III data on R, we ob-
tain 4,(0)=1.45," very different from the E691 result
A,(0)=0=%0.1+0.2. The uncertainties in R are reflected
in the uncertainties in A4,(0), in agreement with Ref.
[12].

We summarize the present situation of the form fac-
tors: f,(0)=0.71£0.06 and A4,(0)=0.5510.10 can be

J

GV, Vil
32aM3

dr.

~(D°—>K " X)=a}
dg

X ((M2—m?)Pag(g?)+AA M m?q

fA(@HMM?m?q?)

considered as settled.! V(0) is insignificant for our pur-
poses in both the leptonic and hadronic modes, as will be
discussed later. Only A,(0) is still not fixed; it ranges
from 0+0.1+0.2 to 1.45+0.4, depending on our choice
of the E691 or the Mark III data.'

III. NONLEPTONIC DECAYS

By factorization, the rate for D° decays into a K~ and
a nonstrange hadronic system X (X can be one-particle or
multiparticle) can be written as

v, (g +a,(gH]}, (26)

which is completely similar to the hadronic decay of the heavy lepton 7, as given by [13]

GHV,
T
dq 16mM:

(M2—q*){M2ay(g®)+(M2+2¢)[v,(g*)+a,(g?)]} . 27

Here v J(qz), a J(qz) (J=0,1) are, respectively, the dimensionless vector and axial-vector spectral functions [13] associ-
ated with the hadronic state X having a total angular momentum J. They are defined as

S 0lay, (1=y)d X Y X|dy (1=y5)ul0)(2m)’8* (g —p. ) =(—q°8,, +4,4,)[v1(gP) +a,(gP)] +q,9,a0(¢") . (28)
X

The advantage of these general formulas is that not only the two-body modes but also the continuum and multibody
channels can be treated on the same footing. The two-body modes are only a particular case in which the spectral func-
tions v,(g?) and a,(g?) are replaced, in the narrow-width approximation, by the & function 8(g>—m}) times the corre-
sponding decay constant squared. Some examples are given below:
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Particle X Dimensionless spectral functions
™ ao(g)=f78(g’=m?)
Sov,m
p(770)  vy(gV)=F25(g2—m2)— L ETe L 29)
™ (g*—m )+yp o
faram
a,(1260) (q)=f28(q2—m?)— 2144 12 —
77' (g?—m%) +yym}

For the p(770) and especially for the broad a,(1260)
mesons, the inadequate narrow-width approximation
must be improved by replacing the d functions in Eq. (29)
with the Breit-Wigner form in which the full widths y are
taken into account. The substitution is made according
to the prescription [13]

8¢ q 2 _m? )—> ym 1

T (q2_m2)2+y2m2 4

(30)

which represents, to a certain degree, the final-state in-
teractions.

In Eq. (29), f, is the usual pion decay constant (=132
MeV), f, is defined by (0|V, lpt)= =¢€,f,m,, and fA is
defined 31m11arly The constant f is vV 2 tlmes the p de-
cay coupling measured by the rate p’—ete”, which
gives f,~215 MeV. Unlike f, and f,, the decay con-
stant f 4 is not so accurately known. Direct information
comes from the decay 7—va;(1260). In the narrow-
width approximation of p(770) and a(1260), we have

Blr—va)) [ fa P (M2—m)HM2+2m?)
B(r—vp) fp (Mz—mf,)z(Mﬁ+2mf,)
—o.55 |14 ,
o

from which we get (f,/f, )2=0.86, where data on 7 are

r
and a,(1260) widths by putting the Breit-Wigner forms,
Eq. (29), into Eq. (27), and after integration over qz, we
get numerically (for ¥ , =400 MeV)

G l ud|2 3
[(r—va,)=0.393—=Mf} ,
= G*Vial’ 32 o
T(7—vp)=0.804—=—Mf} .

The Breit-Wigner—corrected coefficients 0.393 and 0.804
in Eq. (31) replace, respectively, the coeﬁiments
(1—m?% /M2 (1+2M% /M?2)=0.5 and (1—m2/M?2)X(1
+2M, 2 /M?2)=0.91 of the narrow-width approxtmatlon
From Eq (31) we then get fA /fp )2=0.97. Both values
0.86 and 0.97 for (f,/f,)? )" are consistent with the first
Welnberg sum rule [15], written in our notation as
f2 f4=f2% and giving (f, /f )2=0.62. In the follow-
ing we will take (f,/ f =0.97 corresponding to
f4=212 MeV.

Furthermore, from the conserved vector current, the
continuum spectral function v,(g?) can be related to the
cross section of e te ~ annihilation into the isospin-1 had-
rons [13]

g0 ;e +e~ —hadrons)

v(g?)= (32)

8ma’
Similarly, the rate I'(D ~°—K*X) can also be written

given in a recent review [14]. Taking into account the p as
|
2|V*V |2
(DO K *X)= 2 cs " ud k3(M2,m2, 2)
d 2 320M> 14 2
M+m M—m 2
Y(a2 24 214 | =L 2y_ 1 2 2
(g9)[v,(g*)+a,(g?)] om, A,(g*%) M, A,(g%) | aplg®) |, (33)
where Y(g?)=Y,(¢g?)+ Y, (g))+Y_(g?).
Putting Eq. (29) into Eqgs. (26) and (33), the principal two-body decay rates are [in units of
(GHUVEV 4|2 /32mM > =67V 4 |*T]:
2
S m? mi
0 -ty — 2 3| m° 2 (2
N(D°—-K 7" )=aj o A 1M2’M2 f5(m?2) (34)
S YoMy (M —m)/MP A1,m2/M? x)
F(DO K~ +)=aZ 2 ‘PP d 2 M2 > » X
—RP WM aM?* Y em_/mP x S5 X)(x~mf,/M2)2+yp ml/M* B39
5| :
m
—a? ﬁp] A3 I’F’Vg f‘i(mf,) (35")
fa YaMay c((M—my/M)? A(1,m*/M%x)
(D°—K ~a*)=a? 1 dx f% (M? LI X
- M aM?* Y Gm_/m? x S5 X)(x—mﬁ/M2)2+y2Am,2,/M“ (36
fA m}
—>al M 7\.3 ;l—, M2 fﬁ(mi), (36")
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2 2 2
f m? m? M+m, M—m,
0 * = __ty— 2 |17 3 _T I 2 _ 4 2 , 37)
N(D°—-K T )=a M A I,MZ,MZ 2m1 ](mﬂ) M+m1 2(m,,.)
f y.m, ~lM=m)/MP A(1,m}/M*x)
N(D°—K* ph)=a? | =L | |£2L dx Y(M?x) (38)
(D= p)=a M m™? ‘]‘(Zmﬂ/M)z (x —m2/M*?+yim}/M*
2
S mi m;
21 7p 3 I 2 ,
—>al ]—W— )\, ,Mz,MZ (mp) (38)

Equations (35'), (36'), and (38') correspond to the zero-width approximation. Numerically Egs. (38) and (38') are, re-

spectively [the term a%(fp /M )? is not included],

0.71742(0)+0.0145 43(0)—0.1462 4,(0) 4,(0)+0.0146V*(0) ,
0.8842(0)+0.0116 42(0)—0.1478 4,(0) 4,(0)+0.0192V%(0) .

As in the leptonic modes, the vector form factor V(g?)
does not contribute to D —K *7. Its contribution is also
insignificant in the K*p mode where, practically, only
A,(g?) and 4,(g?) count.

Since all the class-I decay rates depend on the (hard-

f

gluon-corrections) coefficient a,, which is sensitive to
both Aqcp and the scale p, it is more convenient to factor
it out and to compare, in the third column of Table I, all
the branching ratios with the D°—K ~7 ™ one taken as a
starting-point input. For the K p*, K "a; (1260), and

TABLE I. Comparison of experimental data (column 2) with theoretical calculations [column 3 for a,=1.02, column 4 for
a,;=1.11 (N,=3), column 5 for a; =1.30 (N, = «)]. Theoretical predictions in parentheses correspond to the narrow-width approxi-

mation.
Experiments® Branching ratios (percent), theoretical predictions
a,=1.02
(from fit to
Branching the D°—K 7" a;=c,+1c,
ratios data taken = 1.11 a,=c; =13
Modes (percent) as input) (N.=3) (N, =)
DK ot 3.71£0.25 3.71 4.39 6.02
D°>K p* 7.8%1.1 5.53 (6.31) 6.54 (7.47) 8.98 (10.25)
1.29¢ 1.52¢ 2.06°
D°—K ~ai (1260) 9+0.9+1.7° 1.28 (0.86) 1.51 (1.02) 2.05 (1.39)
1.25 1.48 2.01
DK *rgt 4.61+0.4 2.13¢ 2.52¢ 3.464
0.38° 0.45¢ 0.61°
DK *p* 6.2+2.3+2° 4.00¢ (4.92) 4.734 (5.82) 6.49¢ (7.99)
5.98¢ (7.83) 7.09¢ 9.27) 9.72¢ (12.71)
D°K 7ta® 9.1+1.2° 5.56 6.58 9.03
7.31£3.6+0.98
D°K rrr ata® 3.8%2 ¢ 0.5 0.59 0.81
5.2+0.7+0.6"
D° K mta°n°° 0.07 0.08 0.10

2 Particle Data Group, J. J. Hernandez et al., Phys. Lett. B 239, 1 (1990) (PDG 1990).
®The Mark III Collaboration [10].
°The three values in decreasing order are obtained from the y 4, width taken, respectively, to be 500, 400, and 300 MeV.

dCalculations using the E691 form factors [8] 4, =0.46, 4,=0,V=0.9.

°Calculations using the form factors 4,=0.70, A, =1.45,V =0.9 extracted from the Mark III data [10]. Very similar results are ob-
tained with another set of form factors compatible with Mark III data: 4,=0.85,4,=1.8,V=0.9.

"This branching ratio is obtained (PDG 1990) when D°—K ~*7* and D°— K °*7° followed by K ~*—K ~7°, and K°* —K “7 " are

subtracted.

¢ACCMOR Collaboration [22].

"E691 Collaboration [23].
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K ~*p* modes we have computed rates taking into ac-
count the a,(1260) and p(770) widths via the Breit-
Wigner factor. Predictions from the zero-width approxi-
mation are also indicated in parentheses. For the
a 1+ (1260) meson, three values of ¥ , (500, 400, and 300
MeV) are used in Eq. (36), and the corresponding rates
are given in decreasing order. As can be seen in Table I
and Eq. (31), for all decays r—wva,, 7—vp, D —Kp, and
D — K *p the rates calculated with the Breit-Wigner form
are always smaller than the ones using the zero-width ap-
proximation, except for the D — Ka; mode where the in-
verse is true. The reason may be the tiny phase space
available in the latter case.

Also, for the K *7 and K *p modes, two theoretical pre-
dictions are given using either E691 form factors or those
extracted from the Mark III data (see Sec. 11, footnote 1).
We note that for the latter data, a too small D -K*n7
rate is obtained. This small rate prediction is a very gen-
eral feature of factorization when the longitudinal helici-
ty amplitude Y,(g2) is small compared to the transverse
ones Y, (g?). In the case of small R =T, /T, the
form factor 4,(g?) is comparable to or larger than
A,(g?), as can be seen directly from Eq. (6). Moreover,
we realize that if factorization holds, the ratio R is inti-
mately related to the ratio (D°—K*7)/(D°—K*p).
This quantity is in fact proportional to R /(1+R) aver-
aged. Further precise measurements of D —K*Iv are
needed to determine the R parameter and, consequently,
to enable a more consistent test of factorization.

In the fourth and fifth columns of Table I, the
coefficient a, is not fitted to the D°—K ~7 " data but is
taken to be 1.11 and 1.3, corresponding, respectively, to
the number of colors (N, =3 and N, = « ). The resulting
branching ratios follow. Several processes have been pre-
viously considered [2-4] in the N,= o case, without in-
formation on the recently available form factors. We
finally remark that variance between experiment and
theory is more pronounced in the two modes
D°—K ~ai (1260) and D°—K ~*m* than in the others.

IV. THE MULTIBODY DECAY MODES

Our approach does not only provide a tool for analyz-
ing two-body decays. The multichannel decay
D°—K ~(2nm)* can be treated on the same footing. We
first discuss the D°—K ~7 " #° case. Within the factori-
zation assumption, the absolute rate and the dipion
invariant-mass distribution can be unambiguously pre-
dicted and checked experimentally.

From Egs. (26) and (32) the dipion invariant-mass y
distribution is given by (y =V'¢?)

dr, GHVEV,,I?
— 2 cs " ud 2 3a42 .2 1,2
=a WIA(M*,m*py°)
& agarar TV mey
4m127 372 ,
Xy [1——; |F,(»]
y
dr
=a}|V2V,412f%(0) dyz : (39)

where F_.(gq?) is the pion electromagnetic form factor
measured frome " +e "7t +77:

2
4m:

qZ

2
_ —\_ Ta
qglolette ortr)=—o

3

(40)

Following the 7% —¥, 71 7° analyses [16], in the region

0.3<y <0.9 GeV we use the pion form factor measured
at Orsay [17], and for 0.9 <y < 1.34 GeV the Novosibirsk
data [18] are taken as input. In Fig. 2 we plot the nor-
malized dI',/dy. Measurement of the dipion mass distri-
bution in D°—K ~7 " 7° provides clearly an independent
test of factorization. Of course, the contamination from
D°—K*7 followed by K*—K#7 must be subtracted.
Numerical integration over the whole range of y yields
I,=27.5x10"° s™L giving (DK ~7ta9
=12.47a2%x10"° s7!; hence B(D°—>K 7t#%/
B(D°—K ~7") is predicted to be 1.50 if factorization
holds (see Table I).

We next discuss D°—K ~(47)". Following the treat-
ment of 7 decay into four pions [16], we get from the iso-
spin decomposition [16]

df

d
y / 1010 s-1/Gev

125)

FIG. 2. The normalized dT',/dy two-pion invariant-mass y
distribution [Eq. (39)].
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df,

8s-1
dy | 10°s7"/GeV
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FIG. 3. The normalized dT',/dy four-pion invariant-mass y distribution [Eq.

dashed line, dT',/dy(D°— K ~ 7" 7%7°7°).

ary G*  dF
K 4m)= =
dq? - aiVaVal 256a*M3m* dg?

(41)

with
%(DO—)K_ﬁ+7T01TO7TO)
q
=f%+_ (qZ)A}(M?.’mZ,qZ)

X [qz%a(e te T satrTatrT)], 42)

d 3 (D0 K ot ata%
=f2 (gHA(M?*,m?,q%)q?
+

X[iolete  —»mtn ntnT)

toete >t 7%%]. 43)

Dataforete " —»nrtr rtr andete  —»7 7 7%°
are taken from Ref. [16] in which the Frascati [19], No-
vosibirsk [18], and Orsay [17] results were used: both
cross sections are very well measured from the threshold
to the kinematic limit M —m =~1.4 GeV in contradistinc-
tion with 7—v(47) case considered in Ref. [16] where
higher-energy e e ™ cross sections are needed (but mea-
sured with big errors). The normalized four-pion
invariant-mass  distributions dT',/dy, defined as

(,v=‘/q_2)

1.15 1.20 1.25 1.30 1.35

(44)): solid line, dT4/dy(D°—K w7~ 7t 7%);

dTy _ —dT, T

dy 7 dq*?
are plotted in Fig. 3, from which we obtain, after numeri-
cal integrations,

ND° K 7t 7%%%%)=(0.12X 100 s~

L @)

ud|2f%i—

)al >
ID°>K 7rr 7wt7°)=(0.91X10° s 1)a? ,

giving B(D°—K ~47)=~0.5%.

Interpretation of D°— K ~ 4 in terms of the class-I D°
decay must be cautious because of possible contamination
by two- and/or three-body subresonant modes coming
from both charged and neutral currents (classes I and II
of Ref. [3]). Contamination from class II, D°—K*%,
K*% followed by K*° K ~#* and (,0)— 7w, have
been already subtracted in these experiments. In Table I,
results for both D°—K ~(27) and D°—K ~(47) are
given.

V. SUMMARY AND CONCLUSION

In Sec. II, we made a detailed analysis of the
D —K*ev decay in order to extract information on the
form factors. We found that A4,(0) must be around
0.55%0. 10 from all experiments except the Mark III Col-
laboration from which we get a higher value
A,(0)=0.85. As for 4,(0), the present situation is still
unclear; it ranges from 0 to 1.45 due to the uncertainties
of the ratio I'y,,,/Tpane. The contributions of the vector
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form factor V(g?) are negligible, and £, (0) in D —Kev
is well determined to be 0.7110.06. Equipped with these
form factors, the two-body hadronic decays were dis-
cussed in Sec. III with results summarized in Table I.
While for some modes agreement between experiment
and theory is fair (within a factor of 2), in the others such
as DK *rt and D°->K ~a; (1260), much larger
differences are found. In Sec. IV, the multichannel de-
cays D° K " (27) and D°—K ~(47) were analyzed,
providing a further test of factorization. Compared to
experiment, the D°—K ~(27) prediction is rather ac-
ceptable, while the D°— K ~(47) one is found to be too
small. (See Table I.) However, for the latter case, the
comparison should be considered with caution since pos-
sible resonant subcomponent contamination coming from
both charged and neutral currents must be subtracted. It
should be noted, however, that in these experiments, the
subtraction has already been done for the two principal
sources of contamination, K *%7 and K *%0.

Before any firm conclusion can be drawn on the factor-
ization approach, the problem of form factors must be
unambiguously settled. Since the uncertainty involves
the K * via the 4,(g?) form factor, any statement on the
D°K " *r* mode seems premature. On the other
hand, for the D°—K ~a{ (1260) and D°—K ~(47) de-

cays, the theoretical predictions are much smaller than
experimental values. For the former case, one might
think that such enhancement—as suggested by data—
could come from the annihilation mechanism implement-
ed with a resonance near the D mass according to the
scenario D%— .\ V*— . K "a,(1260), where V*
denotes a JP=1" vector meson. A candidate for this V'*
intermediate state is the K*(1680). However, such a
scenario is untenable since the mode K ~7+ must be
enhanced by the same order (or an even larger order due
to phase space). This has already been ruled out by ex-
periments. One then turns to the eternal problem of
final-state interactions (which is not the purpose of our
paper), remembering, however, that the mode D°— K °K°
is the cleanest example in which final-state interactions
are shown to be important [20] and experimentally
confirmed [21]. It should be finally mentioned that the
factorization approach may be only suitable for energetic
two-body (or  quasi-two-body) transitions; for
D —Ka(1260) with very little energy release, the ap-
proximation is questioned.
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