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Weak decays of D mesons to pseudoscalar-tensor final states
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In this Brief Report we study the pseudoscalar-tensor meson weak decays of D mesons in a nonrela-
tivistic quark model using the factorization scheme. Branching ratios for the Cabibbo-angle-favored de-

cays are calculated.
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The spectator model using the factorization ansatz
[1-7] has achieved remarkable success in explaining
most exclusive two-body D-meson decays. It involves an
expansion of transition amplitudes in terms of invariant
form factors which provide essential information on the
structure of mesons and other rare phenomena such as
CP violation. Though there exists no exact dynamical
calculation for these form factors, many phenomenologi-
cal models have been proposed [1,7].

In this Brief Report, we calculate branching ratios for
Cabibbo-angle-favored D —PT decays in the nonrela-
tivistic quark model [7]. Since the combined mass of the
final state particles lies close to the D-meson mass, the de-
cays involving p-wave mesons are expected to be
suppressed [8]. Recently, axial-meson emitting decay
modes D — Ka, have been measured [9], which apparent-
ly seem to be in conflict with theoretical predictions [10].
However, for D — PT modes, only the upper limits of two
decays D°—K ~a; and D" —K’; are available [9,11].
In the present work, we find that D—>I_('_a2 decays are
suppressed and suggest that the better candidates to look
for in experiment are D —7K 3 decays. These decays are

TABLE I. Amplitudes for the Cabibbo-angle-favored
D—PT decays. FP~T=[k+(m}—m%)b,+m3b_] and
f—f' mixing angle ¢;=0 (physical) —68(ideal).

enhanced in comparison with D —Ka, by two orders of
magnitude.

The effective weak Hamiltonian for the charm
—hadronic decays in the Cabibbo-angle-favored [1,10]
mode is given by

G
Hy(AC=AS=—1)= T/%coszec[a1(:7::!)1;,<§c Vu

+a,(@c)y(3d)y], (1)

where a, and a, are the QCD coefficients. We take
a;=1.2 and a,=—0.5, as guided by D—PP,PV,VV
data [1,6,10]. The notation (ggq) is shorthand for a color
singlet combination gy ,(1—vs)g and a subscript H indi-
cates that the parentheses should be treated as an
effective hadronic field.

For the spectator process, the factorization hypothesis
expresses the decay amplitudes as the product of the ma-
trix element of weak currents as

A(D—PT)=(P|J*|0)(T|J,|D)+(TIJ*|0)(P|J,|D).
b))

However, tensor mesons cannot be extracted from the
vacuum, since

: . Gr
Serial No. Decay Amplitude v cos“O¢ ( T(q“ )| Ju l0)=0 3)
1. DO—->K “a ; 0
5. DO K8 (l/Vi)aszFDﬁaz due to the fact that
3. D°—K°f, (1/V2)ayfxcosdrF 2 . _
Dk¥ q Epv_o ’ (4)
4. DO mtKE af . F 2
— %0
5. D°—nK,; 0 D where €,, is polarization tensor of the tensor mesons.
6. D*—>K af a,fxkF ? For the remaining matrix elements, we use the definitions
k¥
7. Dt K)° af,F- K2 [7]
8. D} —7tf, —a,fsingF 2
9. D1t f; —a,fcosprF Ps=/2 TABLE II. 8 parameters for s- and p-wave mesons [7].
+ + —
1(1) g . _';7: +21? 0 g Quark content: ud us ut ub
. —

o b,—k* Bs (GeV) 0.31 0.34 0.39 0.41
12. Df K K3* a fxF 2 Br (GeV) 0.27 0.30 0.34
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(Pk, I, 10)=—ifpk, ;

(T(Pp)J,|D(Pp)) =ihe€, € " *Ppo(Pp+Pr)(Pp—Pr)
+ket,Py+b (ehpPSPE)Py+Pr),+b_(eisP3PE) Py —Pr), . (5)

Finally the decay amplitude becomes
A(D—PT)=—ifpe} PPyFP—T (6)

up to the scale factor (G /V2)cos?6., where
FP~T=[k+(m}3—m2)b, +m3b_] @)

is the combination of the form factors appearing in (5).
The contribution arising from the last term in (7) is small
[7], and is neglected in the present analysis. The decay

-
(D —PT)=[p? /(12em%)]| A (D —PT)|? (8)

where p, is the magnitude of three-momentum of the
final state particles in the rest frame of D meson and is
given by

=M i 2, E oS )

where M, mp, and my are the masses of the D meson,
pseudoscalar meson, and tensor meson, respectively.

amplitudes using (6) are listed in Table I. To calculate form factors k, b, appearing in F? 7, we
The decay rate is given by use the nonrelativistic quark model [7], which yields
_ m
k=V2F,—% | (10a)
Bp
my mym By mym Bt m By
by =—Fy——— — — R , (10b)
2V2mrm By 2umpBpr  4u_mpBpr 2mpBpr
ﬁlT 172 BDBT /2 m‘% (tm—t)
Fs=|— > exXpy | ———— 5 R (10c¢)
mp Bor 4m i Bor

where m represents the mock mass of corresponding
meson, and

Bor=+Br+B%), t,=(mp—mp),
t=(P,—PrY =m},
.uj:z[mq—limc_l]Al .

The subscript ¢ depends upon the quark currents gy ,c
and gy,ysc in the weak Hamiltonian. With
m,=my;=0.33 GeV, m;=0.51 GeV, m.=1.60 GeV,
and B’s are given in Table II. We calculate the form fac-
tors k, b, and F°~7 at maximum momentum transfer
t,, for various possible decays and list them in Table III.
For the decay D, —7 ™ f’, m, in the above equation (10)
should be taken as m;.

Gluon self-coupling in QCD suggests that, in addition

TABLE III. Form factors at maximum momentum transfer
(t=tp).

Transition k b, (GeV™?) FP—T
D —a, 0.593 —0.109 0.403
D f, 0.593 ~0.109 0391
D—-K;3 0.693 —0.106 0.541
D, —f, 0.593 —0.109 0.348
D, —f) 1.181 —0.124 0.989
D, K} 0.693 —0.099 0.513

r

to the conventional gg meson states, tensor mesons may
have components from glueballs, and or hybrid (qqg)
states. However, experimentally [9,12] the tensor meson
nonet behaves very well with respect to SU(3) flavor sym-
metry and the quark model. The two 1°P, g7 states are
very likely the well-known f,(1.270) and f5(1.525), al-
though the observation by Breakstone [13] of f,(1.270)
production by gluon fusion could indicate that it has a
glueball component [9]. In the present analysis, we take
the well-established tensor meson nonet as a pure gg
state. The mixing angle between the two isoscalars f,
and f5 is 0,;=28" (quadratic mass) [9]. We use
f»=0.132 MeV, fx=0.169 MeV [1,9], and FP—T at real
momentum transfer t. Further Bg for sC is assumed to be
equal to Bg for uc as it has small dependence on quark
flavor [7]. The branching ratios calculated for D —PT
decays are listed in Table IV. Some salient features are
given below.

(1) The decays D,;* 7" a9, Dt 7% are forbidden
by isospin invariance.

(2) The decay D,;f 7" f, is forbidden in the limit
of ideal mixing for f,—f, states. The value
B(D," 7" f,)=1.5X10"*% arises through the physi-
cal mixing angle.

(3) The decays D°—~K ~a, D°>7°K3°, D" —na;,
D" —w'a), and D, —K tK3° are forbidden due to the
condition given in Eq. (4). Out of these, D°~K ~a; and
D°—7°K3° may arise through the possible elastic final
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TABLE IV. Branching ratios (%) for D — PT decays. (f,— f; mixing angle 67 =28").

Momentum (p,)

Serial No. Decay (GeV) Theory Experiment

1. D°>K~af 0.197 0 <0.6 [9]
<0.2 [11]

2. D°K’a? 0.190 8.4X107°

3. D°K°f, 0.263 4.1%10°°

4, D’ 7tKy~ 0.367 2.4X1073

5. DO n°K;° 0.363 0

6. D+ K’} 0.199 5.4X107° <0.8 [9]
<0.3 [11]

7. DY atE;° 0.365 5.8X107°

8. D} 7t 0.559 1.5x107*

9. DY —atf 0.374 8.0x1073

10. D —mnai 0.288 0

11. D —>K*K;° 0.179 0

12. D E°KEt 0.186 2.2X1073

state interaction (FSI) effects.

Since D-meson masses lie in the resonance region, re-
scattering effects of outgoing mesons may be important.
FSI’s induced by strong interactions may cause mixing of
the decay channels having the same quantum numbers.
Weak decays D — PP, PV, VV definitely indicate the need

J

Ka
P

2

A(D°—K~af )= A exp(i8;2) [1+

1

A(D°->K%))=——=4 Kazmxp(t'&f{,az2 )1 -—rKazexp( —iSKaz)] ,

V2

A(DY—>K%; )=Af;22exp(i8;(;22) ,

Ka Ka, Ka Ka Ka
where A *=24,,7,r *=A4,,7 /4,7 and the phase
angle

Ka,

8Ka2=(8]/2 —8;(;22) .

Leaving aside the scale factor, the isospin reduced ampli-
tudes can be expressed as

_%Af;z:Af;zz ‘_“12f1<FDd)a2 (12)
This yields

PFe=—2, 4%=11.267x1073 Gev . (13)
A similar analysis for 7K 5 decay modes gives

FFi=1, 4™ =55.862x107 Gev . (14)

Then, the branching ratios (%) are modified to

of FSI’s [1,4-6]. Therefore, one may expect these to be
significant for D — PT decays also. At the isospin level
the elastic FSI’s introduce appropriate phase factors in
the different isospin channels. Obviously, the decays in-
volving a single isospin channel remain unaffected. FSI
modified amplitudes for D —Ka, are

exp( —iSKaZ) s

(1n

B(D°>K~aj )=4.54X10"5(1—cos8"?)
B(D°>K%%)=0.93X105(5+4 cosd™"?) ,

B(D*—K%;)=54.10x107¢,
o (19)
B(D°>7 K37 )=0.27X10"%5+4coss" 2),

&
b

B(D°—>7°K3°)=0.99X1073(1—cosd
B(D*>7*tK3%)=5.83x1073 .

Using —180°=< (6“2 )< 180°, we plot the branching ratios
for decays D°—>K ~aj and DK%} in Fig. 1. Simi-
larly, we plot the branching ratios for the decays
D°>7*K3~ and D°—#°K}° in Fig. 2. Thus, the max-
imum branching ratios for the decays D°—K “a; and
D°—7°K3° that can be reached are 9.09X107% and
1.98X 10739, respectively.

We have calculated the branching ratios of D — PT de-
cays with and without the FSI. Form factors appearing
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FIG. 1. Branching ratio vs phase difference 81?02. Solid line
for DK ~a;; dashed line for D°—K ‘a.

in the decay matrix elements of weak currents are calcu-
lated in the nonrelativistic quark model [7]. This tech-
nique has worked well in explaining D —PP /PV /VV de-
cays. The calculated branching ratios are found to be rel-
atively small, but possibly in reach of current experi-
ments. These decays, being d wave, are generally
suppressed due to the kinematical factors. In this work
we have employed the factorization scheme. Inclusion of
nonfactorizable contributions may modify the decay
rates. However, these contributions are expected to be
small as is the case with D — PP /PV /VV decay modes.

2 T R 1
x]078]

Branching ratio

-180 —-120 -60 0 60 1éO 180
Phase angle

P
FIG. 2. Branching ratio vs phase differ_er‘lge 8 "2 . Solid line
for D°— 7 K ¥~; dashed line for D°—7°K, .

Though many decay channels (PT) are available for D
mesons, the dominant decays are D' —w K3
D°7tK%™,and Dt 7t f5. So far, the experimental
efforts have been made for D—»I?a2 decays, which are
found to be suppressed in comparison to D —7K3 de-
cays. In fact, the dominant cause of the suppression of
D —Ka, mode is the lesser phase space available. Notice
that  [p.(D—Ka,)/p.(D—wK3)]’~0.045. QCD
corrections suppresses D —Ka, mode further by a factor
(a,/a,)*=0.17.
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