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Effect of the a, width on D = Ka i decays
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In this Brief Report we study D ~Ka I decays in a factorization model with neglect of the annihilation
term. We find that a mass averaging over the width of a

&
using a Breit-Wigner measure does not lead to

an enhancement of the rate. We discuss the missing physics that would bridge the gap between theory
and experiment.

PACS number(s): 13.25.+m, 14.40.Cs, 14.40.Jz

I. INTRODUCTION

The factorization [1,2] model has been quite successful
in describing D and D,+ decays into two pseudoscalar, a
vector and a pseudoscalar, and two vector mesons, with
the inclusion [3,4] of final-state interactions. It has had
only questionable success [1,5] in describing decays of D
mesons into an axial vector and a pseudoscalar meson.

In this Brief Report we have studied the decays
D ~K a,+, I( a&, and D+~E a&+ because data now
exist [5] on these decays and to highlight the problems
that are particular to these decay channels. If one uses
the central value of the a, mass, then the mass of the final
state is very close to the D-meson mass, and the decay in-
volving a P wave is strongly suppressed. If we use the pa-
rameters of Ref. [1],we get

8(D ~K a,+ )=1.46% (expt[5]: (9.0+0.9+1.7)%),
8 (D+ ~K a &+ ) =3.75% (expt[5]: (7. 1+0.8+1.1)%),
8(D ~K a, )=0.0 (expt[5]: (0.43+0.99)%) .

In calculating the above branching ratios we have ig-
I

nored final-state-interaction phases. However, it is clear
that one needs to boost 8(D ~K a i ) by a factor of
5 —6 and 8 (D+~K a,+ ) by a factor of 2. At first sight
one may think that these calculated rates could be raised
due to the fact that a, has quite a large width which in-
creases the phase space available. The threshold suppres-
sion could thus be obviated. In fact in the literature [5]
one finds 8(D ~K a,+ ) quoted [6] as 5% in the
Bauer-Stech-Wirbel (BSW) model [1].

We have done a study of the effect of the finite width of
a, on the decay rates for D ~E a,+, K a &, and
D+~K a,+ in the factorization model to investigate if
an enhancement in the rates could be obtained as a result
of an averaging of these rates over the a, mass.

II. THE FACTORIZATION MODEL AND METHOD

The relevant weak Hamiltonian needed to describe
D ~La, decays is the Cabibbo-angle-favored effective
Hamiltonian which we write down in the notation of Ref.
[I]:

(yF cos'0,
H (hC =AS= —1}= — [a, (ud)H(sc)H+az(uc)H(sd)H ],W

(2)

where Oc is the Cabibbo angle (sin8c=0. 23). The notation (qq) is a shorthand for a color-singlet coinbination

qy (1—y )q and the subscript H reininds us to treat the parentheses as an effective hadronic field. a, and a2 are the
p 5

QCD coefficients which we take as Ref. 1 a i
= l.2, a2 = —0.5.

In calculating the decay matrix elements we use the following normalizations (P =0 meson, V—:1 meson, and

a =—1+ meson):

(P(k)~ A„(0}~0)= if k„, —

& V(k) i V„(O)~0) =~„*m,f, ,

(a(k)
~ A„(0)~0) =e„*m,f, .

We introduce the form factors A (q ) and V, (q ),

(a (k)~A„(0)~D(p)) = e„, e*"pt'k A (q ),2

mD+m,
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(a(k)~V„(0)~D(p))=i e'(mD+m, )V, (q }— (p+k)„V2(q )
mD+m,

e* (p.—k) 2
e* (p —k)

(2m, )(p —k)„V3(q )+ z (Zm, ){p k—)„VO(q )0 P 3 (5)

where q = (p —k), Vo(0) = V3(0), and the following constraint is satisfied by V,.(q ):

2m, V3(q2)=(mD+m, )V, (q ) (—mD m—, )V2(q ) . (6)

The divergence of (4) vanishes and that of (5) is proportional to Vo(q ) only. Following Ref. [1],we also define the form
factors Fo and F, :

(P(k)~V (0)~D(p))= p+k —
2 q F (q )+ z q Fo(q ) .

p q
(7)

The divergence of (7) involves Fo(q ) only. With the
definitions introduced in (3)—(7) we get the following de-
cay amplitudes in the factorized spectator model {annihi-
lation term is neglected and a factor e' p is suppressed):

A (D ~K a,+ ) = —cos 8c(2m, )f,F, (m, )a, ,
2

B(D+~K a,+ )=3.75% .

The first question we ask is: Can final-state interac-
tions bridge the gap between experiment and theory?
The answer is very likely "no." The reason for this is
best illustrated by using the isospin decomposition

A (D ~K a,+ )= —(A3/2e ++2A1/2ev'3
A (D ~K a& )= —cos Hc —(2m, )fzVp(mt')a2,

2 &2

A (D+~K a &+ )= —cos Oc(2m, )
2

(8) 3

A (D+ ~K a )+ ) =&3 A 3/~e

X [f,F, (m, )a&+ fthm Vo(mz)a2] .

The decay rate is given by
3

I (D~Ka))=
2 ~A(D~Ka))~

8m.m,
(9)

where p is the three-momentum of the final-state particles
in the rest frame of the D meson. Note also that the mass
dependence in the denominator of (9) cancels against the
mass dependence of A (D~Ka, ) as seen in (8).

The form factor F
& (q ) is assumed to have the form [1]

F, (q )=h,
2

1—
2m)—

(10)

where [1] h, =0.76 for D~K transition and rn, =2. 11
GeV. We also take [1]f, =221 MeV and Vo(0}=0 due
to orthogonality of the wave functions. We first quote
the rates treating a

&
as a sharp resonance and ignoring

final-state interactions:

I (D ~K a&+)=2.40a& X10' sec

B(D ~K ai+ )=1.46%, '

Since B(D ~K a, ) is consistent with zero, it implies
that isospin- —,

' and -—,
' amplitudes largely cancel each oth-

er. This in turn implies that in D ~K a& these two
amplitudes largely reinforce each other with the result
that A(D ~K a&+ }=A(D+ +K a&+). T—hus r(D
—+K a&+)=I (D+~K a& ). The difFerence in the
branching ratios is entirely due to the different lifetimes
TDp and rD Anonzer. o (5&/z

—53/p) is only likely to
reduce B(D ~K a,+). The crucial point in this argu
ment is the Uanishing ofB (D ~K a

&
}.

The second question that arises is: What is the effect of
finite, and rather large, a& width. Since a& is rather wide
the effective final-state phase space is larger than the
"nominal" value which uses the central mass of a, ; could
this raise the rate for D ~K a &+ and D+ ~K a,+? We
address ourselves to this question in the following.

Let us assume a running mass m for a&. One then has
to average the decay rate over this mass using a measure
p(m), i.e.,

I (DO~K a~+)= fp(m)l (D ~K &+a(m))d m (13)

with

or

or

r(D K a, )=0,
I (D+~K a&+ )=2.45af X10' sec

fp(m) dm =1 .

We have used a "Breit-Wigner" measure [7]

m, I „,(m)
p(m) =

(m —m )+m I (m)

(14)

(15)
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where m, is the central value of a, mass, 1.26 GeV, and
X a normalization factor to ensure that (14) is satisfied.

III. RKSUI.TS AND DISCUSSION

TABLE I. Enhancement factor =I (D~Ka, )/1 (D~Kal )

using the Breit-Wigner measure (13)—(19). I ~ is set at 100
MeV. The numbers in parentheses represent the case
f, (m l =f, (m, ).

In using (15) for the measure we parametrized the total
width of a& as follows:

I „, Using p~ (m) as in (17)
(GeV) n =0.5 n =1.0

Using p& (m) as in (18)
n =0.5 n =1.0

Here I „, is the total width of a, and r& the partial
width. The step functions ensure that the relevant chan-
nels open at the appropriate masses. p&„and p are kine-
matic factors defined as

p& (m)=
m —3m

mg 3m~
I

n

n arbitrary but positive,

or
n

m —9m
n arbitrary but positive,

m, —9m„
(18)

k(m)
ppm(

1

k =c.m. momentum of p or m in a& rest frame .

(19)

In our numerical work n was chosen to be —,
' or 1. For m

below the p~ threshold the decay of a
&

to 3~ proceeds via

the first term in (16). The choice of I i is largely specu-
lative but guided by the fact that I (p~mir) is =150
MeV; we expect a, (m)~3nto be som. ewhat lower;

r,.= 100 MeV appears to be reasonable. The final re-

sults are not very sensitive to I
&

. We have varied I «, in

the range 300—500 MeV [8]. In evaluating I, the average
rate, from (13) we used the running mass m in the form
factor F, (q =m ) defined in (10) and scaled f, (m ) by

f, (m)=(m, /m)' f, (m, ) . (20)

In Table I we have listed the enhancement factor in the
rate, that is, the ratio I (D ~Ka, }/I (D ~Ka, ), where I
is the average rate defined in (13) and I the rate calculat-
ed in (11). In this table we have also listed the result for
f, (m)= f, (m, ).

As we see from the tabulation the enhancement factor
is somewhat less than unity. We also tried a parametriza-
tion with I z =0. The resulting enhancement factors
were, as is expected, decreased.

Thus the dilemma remains: while 8(D ~K a,+ ) is
well below the measured value [5], perhaps by a factor of
5, 8 (D+ ~K a,+ ) is only a factor of 2 below the central
value measured [5]. 8(D ~K a, ) is consistent with
data [5]. A Breit-Wigner measure does not yield the
desired enhancement.

I „,(m)=pi (m)I i 8(m —3m )

+p (m)I „,(1—I i /I „,)e(m —m —m ) .

(16)

0.3

0.4

0.5

1.20
(0.99)
1.16

(0.96)
1.13

(0.93)

1.09
(0.88)
1.06

(0.86)
1.04

(0.83)

1.15
(0.98)
1.12

(0.94)
1.09

(0.91)

0.97
(0.86)
0.96
(0.83)
0.94

(0.81)

A (D ~K a i+ )

GF
—cos 6)c(2m, ) [f,F& (m, )a

&
Ra2 ], (2—1)

G~ (2m, )
A (D ~K a i )= —cos (9c — Ra2,

2
'

2

A (D+~K a i+ ) = —cos Oc(2m, )f,Fi (m, )ai~z
Since data [5] allow 8 (D ~K a i ) =1%, one can set a
limit on the parameter R. We find that an annihilation
term that generates B(D ~K a, }=1% will raise
8(D ~K a,+ ) by a factor of 4.8 and, of course, leave
8 (D+~K a i+ ) unaffected. This could be a mechanism
that would selectively raise (D +K a,+ ) and br—ing
theory in better agreement with experiment.

As a matter of curiosity we repeated the mass-
averaging procedure defined in (13) with a Breit-Wigner
form for p(m) with a constant width:

(a) p(m)= 2mN m, I „,
(m —m, ) +m~I ~„

(22)

(b) p(m) = 2m, N mI „,
(m —m )+m I

(23)

where I „,is a constant which we choose to be 300, 400,
or 500 MeV, and N a normalization constant to ensure
that (14) is satisfied. For a narrow width, mass averaging
with (22) or (23) will result in a I very close to one with
(15). However, since 1 „,is quite large, use of (22) or (23)
could result in a significantly different I . Indeed, one ex-

So, what missing physics could account for the
discrepancy between theory and experiment? It is, of
course, possible that factorization breaks down in
D ~La, decays as the center of mass of the two quarks
that finally combine to form a, moves relatively slowly.
If so, the nonfactorizable contributions could well ac-
count for the discrepancy between theory and experi-
ment.

Barring the failure of factorization, annihilation terms,
neglected so far in this paper, could also help remove the
discrepancy between theory and experiment. If we intro-
duce an annihilation term, represented by a parameter
R, formulas (8) modify as follows (using Vo =0):
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TABLE II. Enhancement factor —= I (DKa& )/1 (DKa& ) using the constant-width Breit-Wigner measures (22) and (23). The
range of integration used in calculating I' is identified. The numbers in parentheses represent the case f, (m) =f, (m, ).

(GeV)
Range of integration:
3m m (mD —m/)

Range of integration:
(m +m ) m (m& —m&)

0.3

0.4

0.5

Using Eq. (22)
2.18

(1.60)
2.39
(1.68)
2.53
(1.73)

Using Eq. (23)
2.36

(1.73)
2.70

(1.90)
2.99

(2.04)

Using Eq. (22)
1.24

(1.09)
1.20

(1.04)
1.15

(0.99)

Using Eq. (23)
1.35

(1.18)
1.36

(1.17)
1.35

(1.15)

pects a larger value for I using (22} or (23) since these
forms do not have a threshold factor in the width to
damp out the contribution from the low-mass region of
the integral in (13). Note that it is the low mass region
that is responsible for an enhancement of the branching
ratio through two factors, a larger phase space and a low
mass enhancement through f, (m) ~ (m)

In doing the calculation for I using (22) and (23) we
have confined ourselves to the following cases: (i}

f, (m)~(m) '~ and f, (m)=f, (m, ); (ii) range of m:
3m ~m ~(mD mtt) —and (mz+m )~m (mD mt'). —
The results are shown in Table II. It is clear that the use
of (22} and (23}yields a larger value of I . From Table II

we also conclude that due to the lack of a threshold fac-
tor in the width, the constant-width Breit-Wigner forms
(22) and (23) lead to a value of I which is quite sensitive
to the mass range used in the averaging procedure and
does in fact result in a larger I than the "correct" form
with appropriate threshold factors.
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