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Weak hadronic decays of charmed mesons emitting pseudoscalar and axial-vector mesons
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In this paper, we investigate phenomenologically several weak decays of charmed mesons emitting a
pseudoscalar meson and an axial-vector meson. Decay amplitudes are obtained using the factorization
scheme in the spectator quark model. Branching ratios for the Cabibbo angle-favored, Cabibbo angle-
suppressed, and Cabibbo angle-doubly-suppressed decays are obtained and compared with available

experimental results.
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L. INTRODUCTION

The spectator model using the factorization ansatz has
achieved substantial success [1-4] in explaining most of
the exclusive two-body D-meson decays emitting s-wave
mesons. The model involves the expansion of transition
amplitudes in terms of a few form factors, which provide
essential information on the structure of the mesons.
Therefore, it is natural to extend the phenomenological
study to charmed meson decays emitting p-wave mesons
[5-10]. Theoretically, these decays are expected to be
suppressed, as there is less phase space available.
However, the measured branching ratios for the observed
modes are found to be rather large.

In the present paper, we study two-body weak hadronic
decays emitting an axial-vector meson A(1") and a pseu-
doscalar meson P(07) in the Cabibbo-favored mode, the
Cabibbo-suppressed mode, and the Cabibbo-doubly-
suppressed mode. Using the factorization scheme to obtain
the decay amplitudes, we calculate the branching ratios of
these decay modes.

The paper is organized as follows. In Sec. II, we discuss
the axial-vector meson spectroscopy. Methodology for
calculating D — PA decays is presented in Sec. IL
Section IV gives numerical results, and discussions and
conclusions are given in the last section.

II. AXTAL-VECTOR MESON SPECTROSCOPY

Experimentally, two types of axial-vector mesons,
A(JPC = 1"") and A/(JP€ = 177), behave well with re-
spect to the quark model gg expectations. The JF€ = 17+
nonet has two isoscalar states, besides the isovector non-
strange a;(1.260) mesons and isospinor strange mesons.
There exist three good 1% candidates, f;(1.282),
f1(1.420), and f/(1.512), one more than the expected
number. This indicates that one of the three mesons is a
non-qg state. Particle Data Group [11] indicates that
£1(1.420) is a multiquark state in the form of a K K 7 bound
state [12] or a KK* deuteronlike state [13]. In the present
analysis, we define mixing of the isoscalar states as
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PACS numbers: 13.25.Ft, 14.40.Aq, 14.40.Ev, 14.40.Lb

£1(1.285) = %(uﬁ + dd) cos, + (s5)sing,,

1 -
1(1.512) = —=(uzi + dd) singp4, — (s5) cos 4.
f1(1.512) ﬁ( )sing, — (s3) cosg,
Similarly, mixing of two isoscalar mesons, /;(1.170) and
' (1.380), is defined as

h(1.170) = %(m‘t + dd)cos¢ 4 + (s3) sing 4/,

1 -
1 (1.380) = — (uit + dd) sinp 5 — (s5) cosch 4.
1 ( ) \/Z( )sing o — (s5) cosp
Proximity of a;(1.260) and f;(1.285) and, to a lesser
extent, that of b;(1.235) and 4,(1.170) indicates the ideal
mixing for both 1** and 17~ nonets, i.e.,

ba = Py =0°. 3)

This is also supported by their decay patterns. f,(1.285)
decays predominantly to 47 and mrar, while f1(1.512)
decays to KK. Similarly, /,(1.170) decays predomi-
nantly to p7r, and £/ (1.380) decays to KK* and KK* states.

Experimentally, the isodoublet strange mesons
K,(1.270) and K,(1.400) are given by a mixture of 3P,
and ' P states [14],

D

@)

Kl = KIA sinf + KlA’ COS@,
K| = K, cos0 — K, sinf,

“

where K4 and K, are the strange partners of a,(1.260)
and b;(1.235), respectively. Particle Data Group [11] as-
sumes maximal mixing (# = 45°). From the experimental
information on masses and partial rates of K,(1.270) and
K,(1.400), Suzuki [15] found two possible solutions with a
twofold ambiguity, § = 33° and 57°.

For n and 7' pseudoscalar states, we use

1

7(0.547) = ﬁ(uﬁ + dd) singp — (55) cos¢ p, -
7'(0.958) = %(uﬁ + dd) cospp + (s5) singp,

where ¢ p = 6(ideal) — 0 p(physical). 6 p(physical) = —10°
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and —23° for quadratic and linear mass formulas [11],
respectively.

III. METHODOLOGY
A. Weak Hamiltonian

The general current ® current weak Hamiltonians Hy,
for charmed changing modes are classified as follows:
(i) Cabibbo-favored (AC = AS = —1) decays,

Hy = %Vudvjs[a(ﬁd)(ic) + ay(3d)(iic)];  (6a)

(ii) Cabibbo-suppressed (AC = —1, AS = 0) decays,

zm=$wmmwwm—mmm

+ ax{(dd)(ac) — (5s)(@c)}) (6b)

taking VusV;ks = Vudvjd;
(iii) Cabibbo-doubly-suppressed
decays,
_Gr

Hiy = Vi Velal@s)de) + @)l (6e)

Here, (¢g) is shorthand for a color singlet combina-

(AC=—-AS=—1)

|

(PIJ,10y = —ifpky,

(AlJ,10) =€7, myf4,
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tion gy, (1 — ys)q. The parameters a; and a, relate
to the short-distance QCD Wilson coefficients. For
hadronic charmed decays, we use a; = 1.26 and
a, = —0.51.

B. Decay amplitudes and rates

The decay rate formula for D — PA decays is given by

p3
I'(D — PA) = —*£€
8mm

SIA(D — PA)R, (7)
A

where p. is the magnitude of the three-momentum of a
final-state particle in the rest frame of the D meson and m1,
denotes the mass of the axial-vector meson.

The factorization scheme expresses the decay ampli-
tudes as a product of the matrix elements of weak currents
(up to the scale factor of % X CKM elements) as

A(D — PA) = (P|J*|0XAlJ,,|D) + (AlJ#|0XP|J . |D),
A(D — PA) = (P|J#|0XA'|J,,ID) + (A'|J#|0XPIJ .| D).
®)

Using Lorentz invariance, matrix elements of the current
between meson states can be expressed [5,11] as

ANJ,0) =€, mafa,

(AP ID(Pp)) =1 €}, +c(E" -Pp)(Pp + Py), + ¢ (€ -Pp)(Pp — Pa)p, &)
(AP, ID(Pp)) = r € +5:(E" “Pp)(Pp + Py)y + (€ -Pp)(Pp = Pa)y,

and
(P(P)IJ,ID(Pp)) = (PD,L + P,
m2 — m2
- % CI;L>F?P(612)
me — m2
+ % q,F5" (g%,
which yield

A(D — PA) = QmufoFP7F(m3) + fpFP~4(mp)),
A(D — PA') = @my fy FP=P(m2) + fpFP~* (m3)),
(10)
where

FP=A(m3) = 1 + (m3 — m3)cy + mic_, an

FP=A(md) = r + (m3 — m%)s, + mbs_.

C. Decay constants and form factors

Decay constants of pseudoscalar mesons are well
known. However, for axial-vector mesons, decay constants
for JF€ = 1*~ mesons may vanish due to the C-parity
behavior. Under charge conjugation, the two types of axial-
vector mesons transform as

MYy — +ME(1HT)

,b=1,273
M) — —mtae) :

where M¢ denotes meson 3 X 3 matrix elements in SU(3)
flavor symmetry. Since the weak axial-vector current trans-
forms as (A4,)¢ — +(A,)} under charge conjugation, only
the (1*") state can be produced through the axial-vector
current in the SU(3) symmetry limit [15]. In this work, we
use the following values of decay constants [11,16,17] of
the axial-vector (1**) mesons and pseudoscalar (0~) me-
sons:
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fa, = 0.203 GeV, fk,, = 0.175 GeV,
fr, = fp =0221 GeV, fr=0.133 GeV,
fx = 0.160 GeV,
fy =0.133 GeV,

and f, = 0.126 GeV.

For FPP form factors, experimental branching ratios
[11] of semileptonic decays D — K/m + [ + v; provide
the following values:

FPK(0) = FPK(0) = 0.76,
FP7(0) = FP7(0) = 0.69,  FY"(0) = 0.68,
FP%(0) = 0.64, and F"(0) = 0.72

which match well with the form factors given by the Bauer-
Stech-Wirbel (BSW) model [1]. Therefore, we take the
BSW form factors for other FP? transitions. Momentum
dependence of the form factors is taken as
F(0)

(1 —g*/m3)"

with pole mass m, given by vector meson masses. The
original BSW model [1] assumes a monopole behavior

F(q*) = 12)
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(n = 1) for both the form factors, which is not consistent
with the heavy quark symmetry scaling relations for heavy-
to-light transitions. However, in the modified BSW model
[18], consistency with the heavy quark symmetry is re-
stored by taking dipole behavior for g> dependence for the
form factor F;. Since the BSW model provides the form
factors only for P(07) — P(0~) or P(0") — V(17) tran-
sitions, we calculate form factors F?4 and FP4 using the
ISGW quark model [5].

IV. NUMERICAL RESULTS AND DISCUSSIONS

Sandwiching the weak Hamiltonian (6) between the
initial and the final states, the decay amplitudes for various
D — PA decay modes are obtained by using (8) and (9).
The decays can be categorized as follows:

(I) involving P(0~) — P(0™) transitions only,

(I) involving P(0~) — A(1™") transitions only, and
(III) involving both P(0~) — P(0~)/A(1™") transitions.
Their respective decay amplitudes are given in Tables I, 11,
and III. Branching ratios obtained for these categories are
given in Tables IV, V, and VI, respectively. For the
Cabibbo-favored decays, though many decay channels
are available for D mesons, the experimental measure-

TABLE I. Decay amplitudes for D — PA decays involving P(0~) — P(07) transitions.
Decay Decay amplitude
(a) Cabibbo-favored decays X &coszm

0 -+ V2 D—K
D’ — K™ a 2aymy, fo, FP7%(m?)
D’ — Wolf(l) V2sinfa;my, fr, FP~m(m%,)
D’ — 7K} \/Ecosﬁazmk fk, FP~(m 2 k)
D° — nK? V2 sinf sm¢>pa2m,( leAFD“”(m )
D — K*Ig‘l’ 2sinfaymy, fr, FP—*(mk, )
D} — K"K 2cosbaymg fi, F": _'K(m )
D:— - ”’Iaf _2C05¢palma|fal _”'I(m )
(b) Cabibbo-suppressed decays X F sinf,. cosf,.
DY — 7 af —Zalmulfa FD_”T(m
D;)—>I(O‘K1+ 2sinfa,my, fKIAFD_’K(mKI)
D’ —mfi \/zasz'ff’FD 7 (m3
Di — K(J)rK}+ 2sinfa;mg, f,%LFD“K(fm )
D™ — 1 fl _Zaszlff/F 7T(I’I’lf )

D} — K%
D — K" af
Df — K" f
(c) Cabibbo-doubly suppressed decays
D’ — 7K
D° — 7K
D — 7 K}
DY — 7 K}
D’ — 1Kk}
D" — 7" K)
Dt — 7T+K(1)
Dt — 7K
Dt — 70K}
D" — 9Ky

_2alma falFD _’K(mgl)
\/zaZma]fa]FD _'K(ma,)
—~2aymy, fr FPs _’K(mf )
x Gr sin26..

N/
V2sinfaymg, fx, FP~(m)
\/icosﬂame fx,, D_”’(m2 )
2sinfa,my, fKIAFDﬁW(m2 )
2cosfa;mg fx FP=m(m% )
\/ismﬁsmcﬁpame Ik, FD*”(mK)
2sinfa,my, fKHFD_'”(mKI)
2cosfaymy fx, FP=m(m3 )
—\/—smﬁalm,{ fKIAFD_’”(mK)
- 2COSOaImK le FD_WT(m )
\/ismﬁsm(j)palmk I, D""(mﬁl)
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TABLE II. Decay amplitudes for D — PA decays involving
P(07) — A(1") transitions.

Decay Amplitude

(a) Cabibbo-favored decays
D° — K% @afy pD—a (m%)
D° — 7t Ky sinfa, f,FP~Ku(m2) + cosfa, fFP~Kw (m2)
D° — 7t Ky cosba, fFP~K4(m2) — sinfa, fFP~Kw (m2)
DY — KOf, %FD_'fl(m%()
D° — K°b) L FP=h (my)
D — KOh, Lk FD—h (1n2)
D" — [fobfr ar fx PP (m)
D} — IfOKl+ sinfa, fx FPs=%(m2) + cosOa, fx FP—Kw (m2)
D} — KK cosHaZfKFDJ‘/_'K'A(mg,) — sinfa, fx FPs—%uw (m2)
D — 7] —af FO )
DY — 7" hy —ayfF>~"(m3)
(b) Cabibbo-suppressed decays
D® — KKy sinfa, fx FP~Ku(m%) + cosba, fx FP~5uw (m%)
DY =t ay —ayfo PP (i)
DO = by —ayf PP (i)
DO — 7959 %FD_'bl(mz)
DO — 7717(1) ( cosg, _ smgp) 2f7] D_'bl(mz)
DO — 7TOh| azzfrF —»hl(mZ)
— mhy (== e £, FPh ()
D+ — KK smﬂalfKFD K'A(mz) + cosealfKFDﬁKlA’(mz)
Dt — 7T+b0 a\]/J; FD_’bl(mz)
DT — 7%} %FD_'bl(m%T)
D* = bl (= cosg, — “E)arf, FP0 (m2)
DY — 77 h —“'TQ”FD_’hI(m%,)
D} — 7K —sinfa, f,FP~K4(m2) — cosba, f,FPKw (m%)

s0asf -
Dj N 77.()Kl+ cosjiz.f,, FDs K,A(m%_) _

sinfay f DK, 41 (1,2
ﬁ F (mw)

D} — 7" K sinfa, f,FP~54(m2) — cosOa, f,FPs~ K (m2)
Df — 7K} % FP=Kiw (m2) + % FP—Kia (m2)
D{ — K"y —afxgFP~" (m%()
(c) Cabibbo-doubly-suppressed decays
D — K*ay a fxFP~% (m%)
D" — K%\ L P (my)
D°— K°fy “LEFP=I (m})
D0 - K+b; alfKFDﬁbl (m%{)
D° — KB\ e FP=bi (m})
D0 — Kol’ll asz FD—»hl(mZ)
Dt — K*a 0 alfzK FD—»a,(mZ)
Dt — Koafr a, fx FP~ (m%)
+ _, gt afx pD—f 2
D+ Ko fi 7 r D—»lb(sz)
DT — K bl asz.F ](mK)
DY — Kby — 4L FP=bi(m})
D — K" hy “Ls FP=(m})

ments for branching ratios are available only for D° —

K af,D" — K%,D°— 7" K;, D" — 7" K9, and ex-

perimental upper limits are available for D° — 7°KY,

D’ — 7°K9, D°— K%Y, D°— #*K;, and D" —
+ 20

7 Kj.
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In the earlier work [6], B(D® — K~ a]) = 1.46% and
B(D* — K%a{") = 3.75% were obtained using monopole
g* dependence of the FP(4?) form factor, which are much
less than the experimental values. Recently, Cheng [16] has
pointed out that the g> dependence of the form factor
FPP(g?) should have dipole form rather than the monopole
form in order to be consistent with the heavy quark sym-
metry, which yields a higher branching ratio for D — Ka,
decays. In the present work, using the dipole ¢> depen-
dence, we calculate B(D* — K%)= 9.45% which
agrees well with the experimental value (8.2 * 1.7)%.
The calculated branching ratio B(D° — K%a?) = 0.004%
is consistent with the experimental upper limit <1.9%.
However, branching ratio for DY — K ’af increases to
3.28%, which is still lower than the experimental value
(7.2 = 1.1)%. For these decays, the large width of the
emitted a; meson increases the phase space for these
decays. Taking a running mass of the a; meson and using
the Breit-Wigner measure, it has already been shown
[7,8,16,17] that the branching ratio may get smearing
enhancement by a factor 1.07-1.20 for I'(a;) =
0.3-0.6 GeV. However, the enhancement is not sufficient
to have agreement with experiment.

It may be noted that W-annihilation and W-exchange
diagrams may also contribute to the D° decays under
consideration [2,4,7]. Normally, such contributions are
expected to be suppressed due to the helicity and color
arguments. However, for the D — Ka; mode, dominance
of the spectator quark diagram may not be justified.
Including the factorizable contribution of such diagrams,
the decay amplitudes of D — Ka, get modified to (putting
aside the scale factor & 7 Lcos?0)

A(D" — K~ a})
= alzma]fa]FD_’K(m?zl) + a2fDFal_’K(m%))’

A(D® — K°4%) (13)

= asf P ) ~

As it is not possible to evaluate the form factor F“—X at
m%) even in the phenomenological models, it is treated as a
free parameter. Taking fp = 0.3 GeV, we find that the
experimental ~ branching  ratio B(D°— K~ a}) =
(7.2 1.1)% requires Fa~K(m?) = (=3.74 =
0.85) GeV. This in turn enhances the branching ratio for
D® — K% to (0.29 *+ 0.15)%, which remains consistent
with the experimental upper limit <1.9%. However, such a
large value of F“~X(m2) is less likely.

It has been established that, since charmed meson
masses lie in the resonance region, elastic final-state inter-
actions (FSI) may also affect the decays significantly [6,7].
At the isospin level the elastic FSI introduce appropriate
phase factors in the different isospin channels. Using the
isospin-level analysis, FSI modified amplitudes for D —
Ka, modes are given by

arfpF ™  (mp)).
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TABLE III. Decay amplitudes for D — PA decays involving P(0~) — P(0~)/A(1") transitions.
Decay Amplitude
(a) Cabibbo-favored decays
D+ - KOLZT ZalmalfalFD_'K(mZI) a2f1(FD_mI (m%(])

D — 7K} 2sinfaymy, fx, FP~7(mg,)
Dt — 7T+K(1) ZCOSGameIfKIAFD_'”(mZEI)
(b) Cabibbo-suppressed decays

D® — 7%a9 agmg, fo FP~™(m2,

DY — ”7‘1(1) sinqﬁpazmalfalFD_'"(le

D? — 7Of, —aymy, fr, FP~7(m3,)

D’ — nf —sing aymy, fr, F*~"(m7 )

Dt — 7t al \/iazfalmalFD_'”(mﬁI

Dt — 7% V2a,f, my FP=m(m?,

D* — nay —/2sing ,aymy,, fo, FP~"(m3,

DT — 7t f, _\/Easz‘lffl FD_W(’";‘I)

D} — 9Ky —2cos¢, sinfa,mg, f,, FP~"(m%,)
Df — nK; —2cosf cos ,aymy f, FP~(my )

(c) Cabibbo-doubly-suppressed decays

Dy — K"K 2sinfaymg, fr,, FP~* (mg,)
Dy — K"K 2cosfaymy fx, FP " (mg, )
D} — KK} 2sinfa;my, fr, FP—*(mg )
D} — K°K; 2cosfaymy, fx, FP—*(mg, )

sinfa, f,FP~%s(m2) + cosfa, f,FP~5u (m2)
cosfa, f,FP~Ku(m2) — sinfa, f,FP~Kww (m2)

e P )
(_ co\.s/;_b,, _ sln2¢,7)a2anD—va| (m%)
tsfe FD~11(m2)
(=S = 20as f, PP ()
e =1 o)
e e
(= cosg, — “g2)arf, FP~ (m3)
— Uz FD=f1 (2
V2 'sing, sin
(—cos¢, sinf — - 4’\;{ e)azanD*‘_'K"‘ (m?)

+ (= cost cosp, = )y f, FPHuw ()

(= cosb cosp,, — %)azanD\_'KM(m%)

. inf sinb,, —K
+(cos¢, sinf — %)azanDx K (m3))

sinfa, fx FP~Kiu(m%) + cosfa, fx FP— K (m%)
cosfa, fxFP:—Kiu(m%) — sinfa, f FP—Kw (m%)
sinfa, f x FP~Kia(m%) + cosOa, f x FP~Kiw (m%)

cosfa, f g FPs=Ku(m%) — sinfa, fx FP—Kuw (m%)

_ > Ka,
AD— K~ a}) = AKa exp(iSK“')[l 4!

12 TCXP(—hSK“‘)}

_ 1 - o
A(D°— K%)= — EAK’“ exp(idy

X [1 = rK@exp(—isKa)],

A(D* — Raf) = A} exp(is} ), (14)

where AKa = 2/3AIZ“l rKa = AK“‘/AK“1 and the phase

1/2° 3214420
difference

Ka, _ sKa; _ oKa
ot = 51/21 53/21'

Thus, elastic FSI yield the following branching ratios (%):

B(D® — K~a;) = 1.43(1.195 + cosék),

15

B(D° — K%9) = 1.42(1.003 — cos §%). ()

It is obvious that any nonzero value of the phase difference
8% will enhance D° — K%Y and deplete D° — K~ a".
Thus, we find that the elastic FSI works in the wrong
direction here. Besides the elastic FSI, these decays may
be affected by inelastic FSI involving quark exchange
diagrams, because the produced quarks have enough time
to rearrange before combining to form the final-state had-

rons. Recently, Cheng [16] has shown that the FSI can
induce large long-distance W-exchange terms. Assuming
that the data analysis [4] for D — Kp decay holds also for
D — Ka,, he has obtained B(D® — K~ a]) = 6.2% in
good agreement with the experimental value (7.2 *
1.1)%. Note that the branching ratio of B(D* — K%a}) =
9.45% remains unaffected by the W-exchange process and
the FSI effects.

For D — 7wK,/mK, decays modes, we have calculated
the branching ratios for different choices of the K;,-K4
mixing angle (§ = 33°,45°, 57°) using dipole ¢* behavior
of the FP? (g?) form factors. Theoretical values of branch-
ing ratios of D° — 7" K| /#°K}, D" — 7" K9, and D° —
7KY are consistent with experimental data for all the
mixing angles. However, the experimental upper limit
B(D* — 7w KY) favors the choice of § = 33°, which in
turn  implies B(D* — 7 KY) = 6.52%, B(D°—
7" K;) =0.17%, and B(D°— #°K?) = 0.69%. We
wish to remark here that § = 33° has been obtained earlier
by Godfrey and Isgur [14] in a unified quark model analy-
sis, and also favored by K(1.400) production in 7 decays
[15]. This choice of the mixing angle yields the largest
branching ratio B(D® — 7" K[ ) = 0.16%, though it is
still lower than the observed value (1.14 = 0.31)%.
Similar to the D® — K~ a; decays, this decay mode is
also likely to have contribution from the W-annihilation
and W-exchange processes. Including the factorizable con-
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TABLE IV. Branching ratio for D, D, meson decays involving P(0~) — P(0~) transitions.

Decays Br (%) 6 = 33° Br (%) 6 = 45° Br (%) 6 = 57° Experiment (%)
(a) Cabibbo-favored decays
D’ — K~ af 3.28 3.28 3.28 (72 £ 1.1)
DO — WOK? 0.307 0.518 0.729 <2.0
D° — 79K 0.689 0.490 0.291 <3.7
D — nK? 0.009% 0.016% 0.222%
0.013° 0.022° 0.032°
D — K*I?‘f 0.337 0.567 0.798
D — K*K‘f 0.301 0214 0.127
D} — nay 3.30* 3.30* 3.30*
1.84° 1.84° 1.84°
(b) Cabibbo-suppressed decays
DY — 7 af 0.883 0.883 0.883
DY — K™K} 0.034 0.057 0.080
DO — 70 1 0.070 0.070 0.070
Dt — KK} 0.088 0.148 0.208
Dt — ot f) 0.367 0.367 0.367
D — K‘)a;r 0.490 0.490 0.490
Df - K*f, 0.045 0.045 0.045
(c) Cabibbo-doubly-suppressed decays (X1072)%
DY — 7OKk9 0.084 0.141 0.198
D° — 79K9 0.187 0.133 0.079
D% — 7 K{ 1.01 1.71 2.40
D — 7K 2.26 1.61 0.956
DY — nK‘l) 0.003* 0.004* 0.006*
0.004° 0.006" 0.009°
Dt — 7T+K(1) 0.432 0.729 1.02
Dt — 7tKY 0.975 0.693 0411
Dt — 70K} 1.33 2.24 3.15
Dt — WOKT 3.00 2.13 1.26
Dt — OnK{ 0.045% 0.077* 0.110%
0.065° 0.111° 0.154°
zfor 6,=—10°
for 6, = —23°

tribution of such diagrams, the decay amplitudes of D —
7K, get modified to (leaving aside the scale factor

%coszﬁc)

AD® — 7 K]) = a1 fFP7Ki(m%) + ay fp FK1 =7 (m3),

_ 1
A(DO b 7T0K(1)) = —2 (ClzmelfKM FD_'”(m%(I)

7

— ayfpF57™(m3)), (16)
where
FP—Ki = gin@FP~Kia + cos@FPKwv,
FK=7 = ging FKuu=7 + cos@ FKi—7,
and

Sk, = [k, sinf + leA, cosé.

For fp = 0.3 GeV and 0 = 33°, we find that the experi-

mental value B(D° — 7+ K[ ) = (1.14 = 0.31)% requires
FX~7(m%) = (—1.33 £ 0.29) GeV. This in turn enhan-
ces the branching ratio for D° — 7°KY to (0.55 * 0.06)%,
which remains well below the experimental upper limit
<2.0%. It may be noted that B(D* — 7" KY9) is larger than
the B(D" — 7 KY) by 1 order of magnitude due to the
constructive and destructive interference between color-
allowed and color-suppressed amplitudes, respectively. In
contrast to the D® — K%a? mode, we observe that B(D? —
7K /7°K9) are comparable or even greater than the
branching of corresponding charge modes. Similar obser-
vations have also been made by Cheng [16].

For the Cabibbo-suppressed decays, dominant decay
modes are D' — 7w af, D" —w*fi, D" — w*ad),
DT — 7wt f,, DY — 7%, and D] — K% . For the
Cabibbo-doubly-suppressed decays, dominant decays are
D’ — 7 K, D°— 7 K}, D — K*b;, D" — 7K},
D" — 7K, D* — K*h, DT — K*bY, D — KK,
and D] — K°K}.

014009-6
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In this paper, we have studied hadronic weak decays of
charmed mesons into pseudoscalar and axial-vector me-
in Cabibbo-favored, Cabibbo-suppressed, and

sons
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TABLE V. Branching ratio for D, D, meson decays involving P(0~) — A(1%) transitions.

Decays Br (%) 6 = 33° Br (%) 6§ =45° Br (%) 6 = 57° Experiment (%)

(a) Cabibbo-favored decays

D’ — K%Y 0.004 0.004 0.004 <1.9

D° — 7Ky 0.16 0.06 0.01 (1.14 = 0.31)

D’ — 7Ky 0.17 0.20 0.22 <1.2

DY — ROf, 0.003 0.003 0.003

D’ — K°B) 0.03 0.03 0.03

DY — K%, 0.05 0.05 0.05

D* — K% 0.14 0.14 0.14

Di — KK 0.08 0.03 0.01

Di — K°K/ 0.03 0.03 0.04

Df — 7" f} 0.05 0.05 0.05

Df — 7 h} 0.72 0.72 0.72

(b) Cabibbo-suppressed decays

D’ — KYK; 0.003 0.001 0.0004

D’ — 7ta; 0.013 0.013 0.013

D — 7 b, 0.039 0.039 0.039

D — 7b) 0.0016 0.0016 0.0016

D’ — nb) 0.000 02° 0.000 02? 0.000 02°
0.000003° 0.000 003° 0.000003°

DY — 79, 0.002 0.002 0.002

DY — nhy 0.00005* 0.000 05* 0.00005*
0.00001° 0.00001° 0.00001°

D" — K'KY 0.010 0.004 0.0012

DY — 7 b 0.051 0.051 0.051

Dt — 7% 0.008 0.008 0.008

Dt — nbf 0.0001* 0.0001* 0.0001*
0.000 02° 0.00002° 0.000 02°

Dt — 7t hy 0.071 0.071 0.071

Df — 7t KY 0.026 0.008 0.0002

D — 7K} 0.002 0.0007 0.000 02

Df — 7 K" 0.051 0.060 0.064

Di — 7K} 0.004 0.005 0.005

D — K*H, 0.012 0.012 0.012

(c) Cabibbo-doubly-suppressed decays (X1072)%

D’ — K*ay 0.015 0.015 0.015

DY — KOf, 0.001 0.001 0.001

DY — K°f, 0.001 0.001 0.001

D’ — Kby 0.090 0.090 0.090

D° — K°B) 0.007 0.007 0.007

DY — K, 0.014 0.014 0.014

DY —>K"a) 0.021 0.021 0.021

D" — K% 0.0065 0.0065 0.0065

DY —K*f, 0.014 0.014 0.014

D' — K% 0.038 0.038 0.038

DY — K*hY 0.121 0.121 0.121

DT — K*h, 0.234 0.234 0.234

zfor 6,=—10°

for 6, = —23°

V. CONCLUSIONS

mental
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Cabibbo-doubly-suppressed channels. At present, experi-
information is available only for D —
Ka,/mK,/7mK, decay modes. We make the following
conclusions:

(i) DT decays are well understood with the dipole be-
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(i)
(iii)

(1]

PHYSICAL REVIEW D 75, 014009 (2007)

TABLE VI. Branching ratios for D, D, meson decays involving P(0~) — P(07)/A(1")
transitions.
Decay Br (%) 6 = 33° Br (%) 6 = 45° Br (%) 6 = 57° Experiment (%)
(a) Cabibbo-favored decays
Dt — K%} 9.45 9.45 9.45 82 =*17
Dt — 7 KY 0.38 1.52 321 <0.7
DY — 7K 6.52 5.41 3.99 (5.0 £ 1.3)
(b) Cabibbo-suppressed decays
D° — 7%a9 0.028 0.028 0.028
D° — na? 0.0013% 0.0013% 0.0013?
0.0021° 0.0021° 0.0021°
D — 70f, 0.052 0.052 0.052
D — nf, 0.0010* 0.0010* 0.0010*
0.001° 0.001° 0.001°
DY - 7ta! 0.319 0.319 0.319
Dt — 77'0111+ 1.27 1.27 1.27
D* — naf 0.478% 0.478% 0.478%
0.072° 0.072° 0.072°
Dt — 7t f 0.353 0.353 0.353
D} — nK; 0.032% 0.057% 0.083*
0.021° 0.034° 0.048°
Df — nKf 0.007% 0.005% 0.003%
0.003° 0.002° 0.001°
(c) Cabibbo-doubly-suppressed decays (X1072)%
Dy — K*KY  0.003 0.025 0.132
Dy — K*KY 0257 0.239 0.203
Dj — KK} 0.353 0.746 1.20
D — K°K} 0.585 0.447 0.296
“for §, = —10°
*for §, = —23°

havior for ¢> dependence of the form factor FP?(g?),
which is justified in light of the heavy quark sym-
metry arguments.

Available data for D — 7K,/mK, decay modes
favor § = 33° for K| — K| mixing.

The D° decays seem to require sizable W exchange
to bridge the gap between theoretical and experimen-
tal values. Such W-exchange contributions may be
factorizable or nonfactorizable, as these may arise

(iv)

)

from final-state interactions via quark rescattering.
Generally, the decays which involve only the form
factor for charmed meson to axial-vector meson
transitions are usually suppressed in comparison to
the other decays.

Out of the D — 7K, /mK, decay modes, D — 7K,
decays are found to be dominant over the other decay
mode, particularly for D" decays.
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