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Abstract. The non-leptonic two body decays D — PP and D — PV are investigated based on the dia-
grammatic decomposition in a generalized factorization formalism. It is shown that to fit the experimental
data, the SU(3) flavor symmetry breaking effects of the coefficients a;s should be considered in D — PP
decay modes. In D — PV decays, the final state hadron structure due to the pseudoscalar and vector
mesons has more important effects on the coefficients a;s than the SU(3) symmetry breaking.

1 Introduction

Charmed meson non-leptonic two body decays have been
an interesting subject of research [1-4] for a long time as it
can provide useful information on flavor mixing, C'P viola-
tion [5] and strong interactions. The theoretical settlement
of this transition type generally appeals to the factoriza-
tion hypothesis. Empirically, non-factorizable corrections
which result from spectator interactions, final state inter-
actions and resonance effects should be considered. The
non-factorizable corrections are believed to be significant
[6], and they are relatively hard to be calculated because
the charmed quark is not heavy enough to apply the QCD
factorization approach [7] or PQCD approach [8] in a re-
liable manner. Fortunately, a great number of precise ex-
perimental data on charmed meson non-leptonic two body
decays have been accumulated in recent years. Many new
results are expected soon from the dedicated experiments
conducted at BES, CLEO, E791, FOCUS, SELEX and
the two B factories BaBar and Belle. Phenomenological
models based on all kinds of symmetries are quite of im-
portance to guide the theoretical studies and explore new
physics [9-11]. But in some cases, the symmetry breaking
effects can be significantly enhanced.

In the quark-diagrammatic scenario, all two body non-
leptonic weak decays of charmed mesons can be expressed
in terms of six distinct quark-graph contributions [1,12]:

a W-annihilation amplitude A,

)

)

) a W-exchange amplitude F,

)

) a horizontal W-loop amplitude P and

grams play little role in practice because the CKM matrix
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elements have the relation VV,s ~ —VV,q which will
result in cancellations among these diagrams.

Based on SU(3) flavor symmetry, the T, C, E and
A amplitudes were fitted from the measured D meson
decay modes [10,11]. These amplitudes help one to un-
derstand the generality of charmed meson decays. But
since SU(3) flavor symmetry breaking effects appear to be
important [13,14], these fitted data cannot describe the
specific properties in certain decay modes. In [15], we in-
vestigated in detail both the Cabibbo-allowed and singly
Cabibbo-suppressed D — PV decays based on the dia-
grammatic decomposition in the factorization formalism
and found that the SU(3) symmetry breaking effects in
the D — PV decays are significant. Two sets of solu-
tions were found in the formalism of factorization. The
case (I) solution can provide a satisfactory explanation in

a natural manner on the process DT — KK+t which is
thought to be a puzzle [16]. But the solution is hard to
be explained from the theoretical point of view because
this solution requires such an unexpectedly large correc-
tion from non-factorizable contributions that the strong
phase of ar, has a deviation around 150° from that of
the Wilson coefficients ¢;. The case (II) solution shows a
relatively small correction from non-factorizable contribu-
tions and hence seems more reasonable from a theoretical
point of view. But the solution predicts a relatively small

branching ratio of the process DT — KCK* in compari-
son with the experimental result. With such a treatment
via solving fifteen equations for extracting out the same
numbers of parameters, it is hard to consider the experi-
mental uncertainties in [15]. To investigate what impacts
the experimental uncertainties will have on the extracted
parameters, it is useful to make a systematic analysis with
taking into account the experimental uncertainties.
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In this paper, we will perform a x? fitting procedure on
charmed mesons decaying to a pseudoscalar and a vector
meson (D — PV) and also decaying into two light pseu-
doscalar mesons (D — PP) by using the quark-graph
description based on a generalized factorization formal-
ism which reflects SU(3) flavor symmetry breaking effects.
Firstly, by dividing these diagrams into factors including
SU(3) flavor symmetry breaking effects and introducing
parameters describing the overall properties, we arrive at
two sets of solutions for the parameters from fitting the
experimental data. In the point of view of the diagram-
matic decomposition, the generalized QCD parameters
a;(i = 1,2) will be classified into two sets of parameters
al and a}’. The difference between af” and @) arises from
the final state hadron structure of the pseudoscalar and
vector mesons in D — PV.In D — PP decays, we will
show that, to fit the experimental data, one should clas-
sify the parameters a; into a? and af, which means that
the SU(3) flavor symmetry breaking effects are important
and need to be considered in the a;s. Thus we can arrive
at the conclusion that the coefficients a; and as depend
on either the final state hadron structure or on SU(3) fla-
vor symmetry breaking effects. For D — PP decay modes,
the SU(3) flavor symmetry breaking effects play an impor-
tant role in the coefficients a; and ao, while for D — PV
decays, the final state hadron structure becomes more im-
portant for the contributions to the coefficients than the
SU(3) symmetry breaking effect does. The contributions
of SU(3) flavor symmetry breaking effects to a; and as
can be neglected in D — PV decay modes. Using the fit-
ted parameters as inputs, we are led to predictions for the
branching ratios of other decay modes which are expected
to be measured in the future. In studying the breaking of
the SU(3) symmetry relations, we are able to quantify the
SU(3) breaking effects. The breaking amount of the SU(3)
symmetry relations in some channels can be significant so
that it becomes unreliable to use the SU(3) relations to
make predictions for some decay modes.

This paper is organized as follows. In Sect. 2, we list
the flavor decomposition of the corresponding mesons and
present the quark-diagram description for the relevant de-
cay modes. In Sect. 3, the parameterized formalism based
on factorization is introduced to investigate the processes.
We then perform a fit procedure in Sect.4 to extract
the parameters and present predictions for thirty-three
D — PP decay modes and sixty-two D — PV decay
modes. The SU(3) flavor symmetry breaking effects are
discussed in Sect. 5. A short summary and remark is given
in the last section.

2 Notation and quark-diagram formalism

We adopt the following quark contents and phase conven-
tions which have been widely used [10-12,17].

(1) Charmed mesons: D° = —ci, Dt = cd, Df = c3;

(2) Pseudoscalar mesons P: 71 = ud, 7° = (dd —uu)/v/2,
7~ = —du, K* = us, K° = ds, e = sd, K~ = —su,
n = (—ut — dd + s3)/\/3, n' = (ut + dd + 255) /\/6;
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(3) Vector mesons V: pt = ud, p° = (dd — um)/V/?2,
p” = —du, w = (uu + dd)/V2, K** = us, K* = d5,
K= sd, K*~ = —su, ¢ = s5.

In the above notation, u, d and s quarks transform as
a triplet of the flavor SU(3) group, and —, d and 5 as an
antitriplet, so that mesons form isospin multiplets without
extra signs. In general, the n—n’ mixings are defined as

n\ [cos¢ —sing 78
n ]  \sing cos¢ M0
with 9 = (uti+dd+s3)/v/3 and g = (—uti—dd+25s5)/\/6.
For convenience, we have taken the mixing parameter as
¢ = 19.5° = sin"!(1/3) which is close to the value ¢ =
15.4° extracted from experiment [18].
The partial width I" for D — PP and D — PV decays
is expressed in terms of an invariant amplitude A. One has

(1)

b 2
I'(D — PP) = 2
(D~ PP) = A ©)
for D — PP and
P3 2
I'(D— PV) =
(D= PV) = A4 3)

for D — PV, where

VB — (my +m2)?)(Mp — (m1 — mo)?)
2Mp

p:

denotes the center-of-mass 3-momentum of each final par-
ticle.

In D — PP decays, to describe the flavor SU(3) break-
ing effects, a subscript s or d is attributed to the T" and
C diagrams to distinguish the initial ¢ quark transitions
to s quark or d quark. The subscript s or d is attached
to the diagrams E and A dominated by the weak process
cq; — q2gs when the antiquark g3 is s or d. In D — PV
decays, a subscript P or V is assigned to T" and C, which
are induced by ¢ = g3q1g, with the spectator quark con-
taining in pseudoscalar or vector final meson. The sub-
script P or V is labelled to the E and A graphs which are
dominated by the weak process ¢g; — 2G5 when the final
antiquark g5 stays in the pseudoscalar or vector meson.
S is added before E or A to distinguish the exchange or
annihilation graph involved in final singlet state contri-
butions which result from disconnected graphs. The total
contributions of the SE and SA graphs involved in 7°
and p° mesons are equal to zero because their contribu-
tions resulting from ww and —dd offset each other due to
the isospin SU(2) symmetry. In the numerical analysis, we
will assume that the contributions of the SEp and SEy
graphs involved in w and ¢ mesons are negligibly small
since they seem not to contradict with the Okubo—Zweig—
Tizuka rule. But the amplitude SAy seems to play an im-
portant role in the D} — p™n and DF — ptn’ processes
[19]. In the ideal mixing case, the process D} — 7w has
the amplitude representation %(AV +Ap+2SAp). Since

w has a similar quark structure in comparison with n and
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7', we assume that SAp has an important contribution
in D — ntw. In the present paper, we shall not con-
sider the processes which receive contributions from SAy
and SAp diagrams resulting from the final state parti-
cles 1, ’ or w. The sign flips in the presentation of some
relevant Cabibbo-favored modes, as well as that of some
doubly Cabibbo-suppressed modes, come from the quark
contents of the final light mesons. In the singly Cabibbo-
suppressed modes, the sign flips may come either from
the quark contents of the final light mesons or from the
CKM matrix element V V4 since ViV, = =V V,q and
we choose ViV, in the calculations. In Tables4 and 5,
a prime and double prime are added to the diagrams of
singly Cabibbo-suppressed modes and doubly Cabibbo-
suppressed modes respectively to distinguish them from
the Cabibbo-favored ones.

3 Flavor SU(3) symmetry breaking
description in generalized factorization
formalism

To investigate the SU(3) flavor symmetry breaking effects,
we take the formalism of a generalized factorization ap-
proach [2,20].

For D — PP decays, the amplitudes can be written in
the form

G

Toa fvmchsan,dfpl (m3, —m3,)F 2 (m3,), (4)
Gr

CS, \/7VQIq2‘/CQ3aCs,dfP1( D; mPg)FD %Pz(m%ﬂ)a (5)
G i}

ES,d \/*V:ZlLIchqgaEs,dew (6)
e

Agd = —oVaras Vi an, oI, (7)

s,d \[ 9293 ¥ cqq1

For D — PV decays, the amplitudes can be written
in the form

G «
Ty = qulqzchgaMmeD AGTY (m}),  (8)
GF * D;—P
Tp = \qulqchqgaTPvamD Fy (my),  (9)
G i} .
Cv = \/Ii‘/qlqzchjacv2meDiA(?1_>V(m§D)’ (10)
G N v
Cp = qulqzchgacﬂfvaiFPﬁP(m%), (11)
Gr .
EV,P \/*quschzaEv.szDime (12)
G
V V* aAV'P2fDimDi. (13)

Ayp =
; \[ q293 ¥ cq1

D, denotes D*, Dy or D,. Fy, Fy and Aj are formfactors
defined in the following formalism:

(P(p)lay"c|D(pp))
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mi — mP
(pD +p)u q2 Fl( )
m2. — m2
Dq2 Eq' Fo(g?), (14)
(V(p)lgy" (1 = ")l D(pp))
. * (L 6* - q 7
= —i(mp +my)A;1(¢?) <e B q—zq‘ ) (15)
 As(d®) mi, —mi,
(e +pt - =BV
o mv( q) | (pp +p) Z ¢
.QmV % 2V q2 « *
i (" - @) Ao(q*)g" — . J(rniv et ppsps,

with ¢ = pp — p. fp and fy are decay constants defined
by
(P(P)|@17"7542/0) = —ifpp",
(V(p)la17"a210) = frmyet.

In the naive factorization hypothesis, one has the fol-
lowing equalities:

ar, = ar, = ar, = ar, = al(,u)7 (18)
ac, = ac, = ac, = acp, = az(p), (19)
with
1
ar(p) =1 () + FCZ(:U’)v (20)
1
as(p) = ca(p) + ﬁcl(/‘)v (21)

denoting the relations between the quantities a1 » and Wil-
son coefficients c; 2. N, is the number of colors. p is the
renormalization scale at which ¢; and ¢y are evaluated. So
ay and ag are common real quantities of a certain process
on the quark level. To be more explicit, for decay modes
induced by the ¢ — s transition, a; and ay are invariant
among all modes in a naive factorization hypothesis.

However, the naive factorization approach meets dif-
ficulties in describing all charmed meson decays, particu-
larly for the decay modes which are involved in the color-
suppressed diagrams due to the smallness of |ag|. Further-
more, the coefficients a; and as in (18) and (19) depend
on the renormalization scale and the 75 scheme at the
next to leading order expansion. It is necessary to con-
sider non-factorizable corrections due to hard spectator
interactions, final state interactions and resonance effects
etc. For illustration purposes, we take an simple example
in which a; and ay have the following form:

ar() = en(p) + (; n xl<u>) o), (22)
as (i) = ea() + (; ; xm) a(), (23)

with x1(u) and xo(u) terms partially denoting the non-
factorizable corrections. With these corrections the equal-
ities (18) and (19) are not yet satisfied because each a;
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should contain terms from different corrections. The cor-
rections can also bring about phase differences among
these coefficients, and then a;s (i = Ts 4,v.p, Cs,a,v,p) be-
come complex. Currently, explicit calculations of the total
corrections are not yet possible. In D — PV decays, we
shall take all a;s as independent complex parameters and
assume that the corrections do not depend on individual
decay process at certain scale. In other words, we do not
consider SU(3) flavor symmetry violation contributions to
a;s and it is supposed that mass factors, decay constants
and formfactors have taken on the whole SU(3) symmetry
breaking effects, while in D — PP decays, the mass fac-
tors, the formfactors and decay constants fail to account
for the large SU(3) flavor symmetry breaking effects in
D — 7, D — 7K and D — K K. Contributions from the
corrections to naive factorization may cause large SU(3)
symmetry breaking [14]. Two sets of coefficients af and
ad are introduced to describe the SU(3) flavor symme-
try breaking effects induced by the corrections. In both
D — PP and D — PV decays, the SU(3) symmetry
breaking effects are not considered in the strong phases in
our present analysis.

The exchange and annihilation diagrams have the fol-
lowing expressions in the naive factorization approach:

Bt = T Viuaa Vel ., — i )EY T (),
(24)
Apa = ?/E%quvczlafidfm(m?pl w3, ED T (),
(25)
Evp = ?fFV&lngg‘qQaE{/P2fDimDiAoPV<m?Di)7 (26)
Avr = Ve Vi, 260, AT (). (20

The formfactors Fl (m},) and AfY (m3,) involved in
the above formula are not manifestly relating directly
to experimental measurements. The factorizable contribu-
tions of the exchange and annihilation diagrams are be-
lieved to be small. Through intermediate states, these di-
agrams relate to the tree diagram 7" and color-suppressed
diagram C [21,22]. Their contributions may be important
and cannot be ignored. In our present considerations, we
use ag; 4; (i =s,d,V, P) defined in (6), (7), (12) and (13)
as global parameters to describe mainly the contributions
of intermediate states. By these definitions, the parame-
ters ag,, 4, will have two dimensions of energy in D — PP
and will be dimensionless in D — PV.

4 Numerical analysis and results

The explicit evaluation of the relevant formfactors in the
factorization formula (4), (5) and (8)—(11) is a hard task
because of the non-perturbative long distance effects of
QCD. Various methods, such as QCD sum rules [23,
24], lattice simulations [25,26] and the phenomenological
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quark model [27,28], have been developed to estimate the
long distance effects to rather high certainties. The form-
factors of D mesons decaying to light mesons have been
widely discussed in [29-34]. In our present considerations,
we shall use the results of formfactors obtained by Bauer,
Stech and Wirbel [2,29] based on the quark model. They
have been found to be rather successful in describing a
number of processes concerning D mesons. The values of
the relevant formfactors evaluated at ¢> = 0 are listed
in Table 1. For the dependence on ¢?, the formfactors are
assumed to behave as a monopole dominance:

D—P: )= %, (28)
A = i, (@)
D—=V: Ay = T2/ —Asg?in%’ (30)

where mp, mp- and mp«+ are the pole masses given in
Table 1.

It is noted that it is more appropriate view the form-
factors as the relative scaling factors that characterize
one source of SU(3) flavor symmetry breaking effects in
hadronic matrix elements since we take the a;s as free
parameters that need to be extracted from experimental
inputs in the present method. The relative ratio between
the formfactors is what we really care about.

The input values for the light pseudoscalar and vector
decay constants are presented in Table2 [35,36]. These
values generally coincide with experiments. The decay
constants fy, f7, fy and f,, involved in the factorization
formula should be defined as follows [35]:

“p)
“(p))

5: [y and fp take in the formal-

(Ofay"ysuln =ifpnp",

(057" v550m =ifpnp".

Then the quantities f;', f,
ism the form

IE fo

fi = T coso+ Dysin, (33)
fy = 2 coso = Dsing, (31)
£ = _j% sin ¢+ \J;% cos &, (35)
£ = 2¢f§si 6+ \J;Og cos (36)

Making use of these definitions, the following factoriza-
tion formulas are adopted in the D — n(n’)V transition
calculation:

20\/ (D — T]V)
GF il v v

\/’ 4192 7 cq3
Cv(D; = n'V)

(37)
acy2(fy + fi;)mDiAoDﬁV(mf,),

(38)
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Table 1. Relevant formfactors at zero momentum transfer for D — P and D — V transitions and pole masses in BSW model

Decay D-rm D—pw) D—-K D—K* Di—K D;—K* Ds—¢ D—n/y Dy —n/n
Fy 0.692 0.762 0.643 0.681/0.655 0.723/0.704
Ao 0.669 0.733 0.634 0.700
F (GeV) 1.87 1.97 1.87 1.97
mp= (GeV) 2.01 2.11 2.01 2.01 2.11
mpes (GeV) 247 2.60 2.47 2.47 2.60
Table 2. Values of decay constants in MeV
f= fx fs  fo fo  fo., fo fxr fo fo  fpr [fD:
134 158 168 157 200 234 210 214 195 233 230 275
Table 3. Parameters a;s fitted from experimental data at 1o errors. The first entry is for amplitude and
the second entry for the strong phase. a;®""" and a3*"*" denote ar, , , , and ac, , . respectively
D — PP D — PV
FIT « FIT 3 FIT A FIT B
x*/d.o.f 4.06/4 8.16/4 8.22/7 10.30/7
af 1.08 £ 0.04 1.10 +0.03 a¥  1.1340.08 1.10 + 0.07
a? 1.04 +0.09 1.09 + 0.09 af 1.29 4+ 0.04 1.29 4+ 0.04
(8.73 +7.96)° (11.98 + 7.85)° (10.04 + 16.62)° (—1.36 4 13.52)°
as —0.73+£0.04 —0.73+£0.04 ay  —1.19+0.06 —1.00 £ 0.05
(—26.76 + 1.60)°  (—26.25 + 1.55)° (=11.09 +20.01)°  (—10.74 & 10.31)°
ad —0.36 = 0.20 —0.65 + 0.06 al  —0.78+0.03 —0.77 £ 0.02
(—53.40 + 28.65)°  (—35.12 + 14.50)° (—21.75 + 1.38)° (—22.15 + 2.23)°
ay (GeV?)  0.24+0.11 0.25+0.11 ay 0.07+0.03 0.26 + 0.04
(—49.43 +£20.63)°  (—58.75 + 19.48)° (—166.87 +50.96)°  (—115.50 & 12.78)°
% (Gev?)  1.0140.08 1.01 £ 0.08 ah  0.5140.02 0.50 & 0.03
(—120.94 +2.92)°  (—122.02 + 2.82)° (82.82 4 4.01)° (78.55 & 5.73)°
ay (GeV?) - - a%  0.52+0.05 0.53 & 0.05
(—76.66 &+ 25.78)°  (—78.24 + 26.13)°
a® (GeV?) 0.4340.09 0.46 £ 0.09 ah  0.5940.03 0.60 £ 0.02
(90.04 £ 13.75)° (89.94 £+ 14.27)° (=76.29 4+ 41.25)° (=77.93 £ 31.52)°
_ Gr * u D; =V 2 To conduct a fit procedure, we construct a x2 function
V2 5 Ve Vegs 00y 2oy = fp)mpi Ao (msy)- which has the followI;ng form: *

The other parameters used in the numerical calcula-
tion are the masses of relevant mesons, the lifetimes of
charmed mesons and the relevant CKM matrix elements.

We adopt the relevant values given in [37].

X
J

2 filai) = (f;)?
:Z( ( )02< )

il (40)

For convenience, we may express the complex parame-
ters a; by

i6a,

= laile (39)

The d,,s characterize the strong phases. One can always
choose d,,, = 0in D - PP and §,,, = 0in D —
PV so that all the other strong phases are relative to
dar, and g4 - There are 15 independent parameters to
be extracted from experiment in both D — PP and D —
PV.

where (f;) and o; are the central values and the corre-
sponding errors of the experimentally measured observ-
ables. fj(a;) are the theoretical expressions for the observ-
ables. They are functions of the parameters a;. The set of
a;s which minimizes the x? function will be regarded as
the best estimated values.

Due to the limited number of data points, we shall
neglect the SU(3) symmetry breaking in the annihilation
diagrams in D — PP decays and take a% = a% in the
fit to make predictions for DT — K%+, DT — K*x0,
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Table 4. Predicted branching ratios for charmed mesons decaying to two pseudoscalar mesons. Single prime and
double primes are added to the representations to denote the singly Cabibbo-suppressed processes and doubly
Cabibbo-suppressed processes. Cs; and Cs,, as well as Cg4, and Cg,, result from the exchange of the final mesons

Decay modes Representation Experimental Present B x 1072 LP[40]
Bx107? FITa FITp Bx1072

K-t T, +Eq4 3.80 & 0.09 3.79 3.80 3.847
K'r° 75(Cs — Eq) 2.28 +0.22 2.27 2.24 1.310
Ky 75Cs 0.76 +0.11 0.80 0.81
Ky’ — 75 (Cs +3Eq) 1.87 4+ 0.28 1.85 1.88
atr —(Th+ EY) 0.143 + 0.007 0.144  0.144 0.151
070 ~5(Cu—EY) 0.084 + 0.022 0.078  0.097 0.115
KTK~ T,+FE) 0.41240.014 0.413  0.413 0.424
KK’ E,-E} 0.071 £ 0.019 0.069  0.062 0.130

D® Ktr~ —(T) + EY) 0.0148 £0.0021  0.0150 0.0151 0.033
nr® 5O+ 0y —Chy, =28, SE) - 0.069  0.068
n'm° 75200 - C4 +Co, +2B, +4SE’) —~ 0.088  0.091
m ﬁ(zc; +2C, —2E% +2E +4SE) - 0.011  0.016
nm’ Ascl, —Cl,-Cl —Cl, —aBL —2B —75B) 0.026 0.030
K°r° ~ 5 (C4 — EY) - 0.002  0.005 0.008
K% ~5(Ci — E{ + SE") - 0.001  0.002
K%' 75 (Cd +3E{ +4SE") — 0.0 0.0
Kont Ts + Cs 2.774+0.18 2.76 2.76 2.939
atal ~5Ta+C0) 0.25+0.07 0.25 0.19 0.185
T %(Tﬁl +CL+C+2A,+SA") 0.30 £ 0.06 0.34 0.37
't f%(T; —20,+Cy+2A,+45A") 0.50 & 0.10 0.45 0.42

Dt KYK' T, - A 0.58 & 0.06 0.62 0.62 0.764
Ko™ —(C] + AY) - 0.012  0.026 0.053
K*n® — 05 (Ti — AY) - 0.021  0.023 0.055
K'n 75 (T + SA”) - 0.011  0.012
Ky — 5 (T +3AY +45A") - 0.005  0.006
KKt C.+ Ag 3.6+ 1.1 3.06 3.13 4.623
7ty 75(Ts — 244 — SA) 1.74+0.5 1.05 1.09 1.131
ntn’ (T + Ag +254) 3.9+1.0 4.19 4.43

DY atK° —(Th—AL) <08 0.24 0.26 0.373
'Kt 5 (Ca+AY) - 0.047  0.090 0.146
nK* HTe+CLi+Cy—SA") - 0.055  0.040 0.300
n' KT 52T +20, — Cy+3AL +454") - 0.090  0.102
KTK®  —(1/+cCY) - 0.014  0.010 0.012

D — 7t K% and D} — 7K™ etc. The obtained results
will provide a reference for further studies. Note that all
these modes that are yet to be seen are dominated by tree
type diagrams; the SU(3) breaking effects in ajd) are less
significant. There are 17 experimental data points for 13
parameters in D — PP decays and 22 data points for 15
parameters in D — PV decays, as shown in Tables4 and
5 respectively. We list in Table 3 the parameters with 1o
errors obtained in our present analysis. FIT a and FIT

A are obtained without any constraints to the parame-
ters. A large |a3/ad| ~ 2.0 ratio predicted by FIT « is
an indication of inscrutably large flavor SU(3) breaking
effects. Constraining the ratio to the smallest extent, we
get a FIT (3 with the ratio |a3/ag| ~ 1.1. By “the small-
est extent,” we mean that, if we continue to suppress the
ratio down, the predicted branching ratios of some de-
cay modes in Table4 will be inconsistent with the ex-
perimental data. FIT A predicts an unusually large ratio
laY /aY| ~ 1.1, which indicates that the non-factorizable
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Table 5. Predicted branching ratios for charmed mesons decaying to one pseudoscalar and one vector
meson. Single prime and double primes are added to the representations to denote the singly Cabibbo-
suppressed processes and doubly Cabibbo-suppressed processes

Decay modes Representation Experimental ~Present B(x1072) LP[40]
B(x1072) FIT A FITB B(x1072)
K7t Ty +Ep 6.040.5 5.93 5.97 4.656
K= p* Tp + Ey 10.240.8 9.99 9.90 11.201
K'r°  L(Cp-Ep) 2.840.4 272 281 3.208
K -5(Cv — Ev) 1.47 4 0.29 1.49 1.25 0.759
K ==(Cp + Ep — Bv + SEv) 1.8+£0.4 150 1.94
Kw ~5(Cv + Ev) 2.2+0.4 2.11 1.80 1.855
K¢ —Ep — SEp 0.94+£0.11 0.95  0.90
KTK*™ Ty, +Eb 0.20 +0.11 0.25 0.25 0.290
K~-K** TL+E}, 0.38 £0.08 0.43 0.43 0.431
KK E{ —E' <0.17 0.08 0.16 0.052
K'K*® EW-FE}) < 0.09 0.08 0.16 0.062
m° 55(Cp+SEp) <0.14 0.12 0.12 0.105
K —(Cp + Ep +2Ev + 4SEv) < 0.10 0.004  0.003
D° no 5 (Cp —2SEp + SEY) <28 0.035  0.034
ntp” —(TY +E'%) - 0.34 0.35 0.485
apt —(T» +E%) - 0.62 0.61 0.706
7°p° LCh+Cy —Ep—Ey) — 0.19 0.16 0.216
0w H(CYv—-Cpr+Ep+Ey+2SEb) - 0.020  0.003 0.013
nw ~7%(Chr+2CYy +SEy +4SER) 0.13 0.10
n'w 575(Cp—Cy +4SEYy —2SEp) -~ 0.0007  0.0003
np° %(20@ —C'% —SEY%) - 0.0039  0.0015
n’p° 75(Cyv +Ch +4SEY) - 0.012  0.009 0.039
K*tn=  —(Tp+FE}) - 0.029  0.029 0.025
KTp~ —(T{ + E}) - 0.016  0.016 0.004
K*Oq0 —5(Ch - EY) - 0.0052  0.0064 0.008
K°p° 5 (CV — EE) - 0.0069  0.0059
K™%y ~5(CE — Ef + By + SEY) - 0.0030  0.0041
K*0/ %(C}ﬁ +2E% + EY +4SEY) - 0.0 0.0
K% -5 (CV + EF) - 0.0076  0.0056 0.002
K% E{ + SEY - 0.0 0.0006

contributions to ay are of great importance. By constrain-
ing the value of |a| to be as small as possible, we ob-
tain FIT B with the ratio 0.9. The next leading order
Wilson coefficients ¢ (m.) = 1.174 and ca(m.) = —0.356
in the naive dimensional regularization (NDR) scheme or
c1(me) = 1.216 and ca(m.) = —0.424 in the 't Hooft—
Veltman (HV) scheme are given in [38] when Ayg =
0.215 GeV. The present relatively large values of |a3|, |a4|,
|aY | and |af’| cannot be explained from (21). They imply
that non-factorizable contributions are of significance in
both D — PP and D — PV decays. To fit the experi-
mental result of Br(D° — KOK') = (0.071+0.019)%, a,
should differ much from a%. In D — PV decays, because

we have considered the errors of experimental data in the
x? fit and used more experimental results as constraints,

the present resulting parameters appear more reasonable

than that of the case (I) solution presented in [15], as the

V" are not in

strong phases of the parameters af "V and ag '
contradiction to that predicted from QCD.

We present the resultant predictions for a variety of
charmed meson decay processes in Table4 for D — PP
decays and in Tableb5 for D — PV decays. For com-
parison, we also list the results obtained in [40]. The
predictions for a number of singly and doubly Cabibbo-
suppressed modes can be used to test our present analysis
in the near future.

Note that in the assumption of SAp = 0, we have the
branching ratio 14% for the process D} — ntw, which is
much larger than the experimental result (0.28 £ 0.11)%.
To accommodate the experimental data, a significant con-
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Table 5. (continued)

Decay modes Representation Experimental ~ Present B(x1072) LP [40)
B(x1072) FITA FITB  B(x107?)

K2t Tv+Cp 1.92 4+0.19 1.96 1.96 1.996
ate Chp—SAL 0.61 +0.06 0.64 0.62 0.619
Kpt Tp + Cv 6.6+ 2.5 7.56 8.43 12.198
wtp° ~ 5Ty +Cp—Ap+AY) 0.10440.018  0.088 0.088 0.104
KK T, - A% 042+0.05  0.44 0.44 0.436
KK Tl — Al 3.14+1.4 1.43 1.25 1.515
K*p° —5(CV — A%) 0.02540.012  0.030 0.025 0.029
K*nt (O} + AY) 0.036 £0.016  0.024 0.022 0.027

Dt KT¢ —(AV + SAE) < 0.013 0.0066  0.0067
mtw 5Ty +Cp+ Ay + A +25A%) - 0.57 0.58
npt H(Tp+2Cy + Ay + A + SAY) - 0.24 0.43
n'pt —%(T',D—C/V+A/V+A’ID+4SA’V) - 0.15 0.15
wOpT 5T +Cyv+Ap—Ay) - 0.28 0.35 0.451
K%* —(CY + AY) - 0.025 0.022 0.042
Kt~ (CF - AY) - 0.037 0.036 0.057
Ktw — 5 (CV + Ap) - 0.012 0.011
K*Ty T5(Tp — A + AV + SAY) - 0.015 0.015
Kty — 05 (Tp +2A% + AV +4SAY) - 0.00014  0.00016
KK+ Cp+ Av 3.340.9 3.34 3.42 4.812
KK Cy + Ap 43414 4.98 4.66 2.467
atp® 5 (Av — Ap) 0.06*(< 0.07)  0.06 0.06
) Tv + SAp 3.6 +0.9 3.08 2.93 4.552
atK* (T, — A)) 0.65 £ 0.28 0.33 0.35 0.445
K+p° f%( b+ Ab) < 0.29 0.12 0.12 0.198

Df K*¢ Ty +Ch+ Ay +SAD < 0.05 0.032 0.033 0.008
Ktw ~5(Cp —Ap —25A%) - 0.40 0.39 0.178
K™ (T —A%) - 0.91 0.77 1.288
™Kt (O + AY) - 0.13 0.13 0.076
nK** ([T +20Y + Ap — Ay — SAY) - 0.038 0.047 0.146
n'K*t H@Tp +Cy +2Ap + Al +4SAY) 0.068 0.059
KKt  —(Ty +C%) - 0.0015  0.0015  0.006
K*tKY  —(T§+Cp) - 0.0076  0.0085  0.018

! The central value of the E791 experiment [39].

tribution from the SAp diagram, i.e. SAp ~
be introduced [15].

—A,, should

5 SU(3) flavor symmetry breaking

As pointed out in [13,14], SU(3) breaking effects in
charmed meson decays appear to be important. The vi-
olation may come from the finite strange quark mass, the
final state interactions and resonances. In the SU(3) fla-
vor symmetry limit, there are a number of relations among
the different decay modes. Based on the above extracted

values for the parameters, we can discuss how large are
the SU(3) breaking effects in the D — PP and D — PV
decays.

We present these relations in Table 6 for D — PP and
Table7 for D — PV. The left hand side (LHS) values
of the relations whose deviation from unit represents the
breaking amounts of the SU(3) flavor symmetry relations
are listed in the second columns.

It is noted that though these relations deviating from
unit reflect the SU(3) flavor symmetry breaking effects,
the ones composed of three decay modes and those com-
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Table 6. SU(3) flavor symmetry relations of D — PP decay modes and breaking of
the relations. A = Vi Vis / Vi Vaua = 0.226. k = Vi Vi /V Vs & 4.446
SU(3) symmetry relations LHS of relations
FIT o FIT 3
AR o M A ) =1 1.00 1.00
ARSI A AP STC = 1 1.00 1.00
MO A ) =1 0.49 0.79
M(Dh’i[z(;’iﬁ(ﬁ(ﬂbw”o) -1 1.56 111
ﬁmm?ﬁgl—;égmwm =1 2.21 1.82
ALK — 1 1.27 1.24
ADoK ) =1 1.43 1.43
et 1.20 1.24
AADIIE) 1.26 1.12
mg;im =1 1.78 1.10
e
A ) =1 1.24 1.24
2T =1 1.34 0.98
A ) = 1.08 1.14
% =1 0.55 0.67
posed of two decay modes have different sources of break- Cp(DT — 7T+F*0) = Cp(DT — ntp?), (44)
ing terms. To be clear, we take the expressions Ay (Dt = 7r+p0) = Ay (DT — 7r+p0), (45)
INA(D+ —>W+F*O)+\/§A(D+ — 0] Ap(DT — 7t p%) = Ap(DF — ntp?), (46)
WZA(DT = 7 p0)) Ty(D® - KTK*") =Ty(D" = nTp7),  (47)
Ep(D° - KTK*")=Ep(D° = 7p7), (48)

and
|A(D0 — KTK*7)|
|A(DY — 7t p~)

as examples. We have

MDY = 7t E™") + V2ADT — 7t p0)]
IAW2A(DE — 7t p0)|
=|(Ty + Cp)(DT — 7T+?*0)
—(Tv +Cp—Ap+ Av)(D+ — 7T+p0)|
/|Av(DF = 7tp%) — Ap(D — %),
JA(D® = K+ K*))|
A(DY — mFp~)]
= |Ty(D° - KTK*") + Ep(D° - KT K*7)|
/I =Ty (D° = 7tp™) — Ep(D® = ntp7)l.

(41)

(42)

In the limit of SU(3) flavor symmetry, we have the follow-
ing relations:

Ty (Dt — K%)= Ty (DY — 7+p%),  (43)

which make the ratios (41) and (42) equal to one. But
from (8)—(13), one can find that relations in (43)—(48) are
in general not valid. The different masses of the charmed
mesons and the final light mesons, and the different values
of formfactors and decay constants can break the relations
in (43)—(48), and thus break the SU(3) flavor symmetry
relations in (41) and (42). In addition, by comparing with
(41) and (42), one can see that the relations concerning
only two decay modes represent the relative SU(3) flavor
symmetry breaking amounts of the same diagrams which
we call the main diagrams for convenience in later use,
while the relations consisting of three decay modes contain
additional SU(3) flavor symmetry breaking effects from
the other diagrams. So in the relations containing three
decay modes, if the SU(3) flavor symmetry breaking con-
tributions of the other diagrams have comparable amounts
in comparison with the main diagrams, then the relations
will be broken down badly. The main diagrams |T + C| in

Dt — 71"*’?0, |Ay — Ap|in DF — 77 p% and |Ty + Cp| in
Dt = 7K™ are relatively small, which usually leads
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Table 7. SU(3) flavor symmetry relations of D — PV decays and breaking of the
relations. A = Vi Vi /ViiViua = 0.226. k = Vi Vi [V Vs = 4.446

SU(3) symmetry relations LHS of relations
FIT A FIT B
ADO 5t K* ) +V2ADO K0
A =1 1.00 1.00
Aot K EVIADI2p Y _ 4 1.00 1.00

A(D+ K pt)
AD°—5K¢)—ADF snte)

e 1 1.00 1.00
A(Doa‘rr;(lg;;i:rﬁ((go*‘?()@ -1 0.99 0.99
A(Dﬂaw;?;;_)%%isj%r*@ -1 1.00 1.00
EADL DB
AA(D+—>;¢+§(‘2;£¢1<I)DO)+—>HPO> -1 0.60 0.59
AA(D+~>W\‘/*§§ZUD)¢:?¢(O’§:‘>W+PO> -1 1.10 1.10
sl ety
S A
AL e e T o e
T —x0
AA(Djafj(I;ﬁ:ﬁﬁ(?D;TKJrK ) —1 0.58 0.57
ML KA I = 117 1.16
AA(D:MZKQLA%(?%HH?O) =1 0.96 0.97
AL A D = 1.09 1.19
MDIp F)AD IR 1.01 0.97
AL R e = " e
AADIDT N ADLOKT) = 1 .42 1.31
A/ RADL e P BB I 0.92 0.95
MEADL S SRS “”
% =1 0.91 0.89
% =1 0.93 0.94
% -1 1.14 1.14
% -1 1.08 1.08
% — 1.09 1.09
ADOSK— K 1.08 1.08

AA(DO—K—pt)
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to a significant breaking for the relations when taking
A(D* - 7tK"), A(DF — 7+p°) and A(DT — 7+tK ")
as denominators. We present explicitly some of these re-
lations calculated from the parameters of FIT « and FIT
A as follows:

IV2kA(DT — K+70) — kA(Dt — K°r )|

— =2.21,
NAD+ = K'm+)|
(49)
MAD - T K ™) + VIAD w7 )]
IMW2A(DS = 7t p0)] o
(50)
MWD = K°K*4) + VBADS = K% _
INW2A(DE = 7+ p0)] T
(51)
MDY - KK+ ADT —» KK _
INA(D+ = 7+ K™ o
(52)

It is obvious that the SU(3) flavor symmetry analysis is
not applicable to such processes.

Besides the mass factors, the formfactors and decay
constants, one should also consider the contributions of
a; factors when studying the SU(3) symmetry breaking
effects in D — PP decay modes. The situations are more
complicated than that in D — PV decay modes. General
speaking, the SU(3) flavor symmetry breaking effects are
more important in D — PP decays. The first two relations
in Tables 6 and 7 still are conserved because all the decay
modes in them form an isospin triangle respectively.

6 Summary and conclusion

We have performed a y? fitting analysis on the D — PP
and D — PV decays in the formalism of the factoriza-
tion hypotheses. To fit the experimental data, it is vital to
consider the SU(3) flavor symmetry breaking effects of the
coefficients a;s in the D — PP decay modes. In D — PV
decays, the final state hadron structure of the pseudoscalar
and vector mesons has a more important impact on the
coefficients a;s than the SU(3) symmetry breaking ef-
fects. The non-factorizable contributions, as well as that
of the exchange and annihilation diagrams, are found to
be important in these decays. In the formalism of the re-
lations obtained in the SU(3) symmetry limit, the total
SU(3) symmetry breaking amount of certain processes in
D — PP can reach 120% when the three symmetry break-
ing effects due to a; factors, mass factors and due to form-
factors and decay constants are to be coherently added.
The total breaking amount of some processes in D — PV
can add up to 50%. The breaking amount of the SU(3)
symmetry relations in some channels is so significant that
it becomes unreliable to use the SU(3) relations to make
predictions for some decay modes. More precise measure-

—0 .
ments on the process D¥ — K K*1 are important for un-
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derstanding the SU(3) symmetry breaking effects and non-
factorizable contributions. As an independent check, it is
useful to measure the process DI — K%p*. The processes
DY — atp=, DY — 7n=pt, D° — 700 D+ — rtuw,
Dt — %%, D* — K%*, DT — 7°K**, D} — Ktw
and D — 7YK*T are predicted to be at the experimental
sensitivity. It is expected that one may explore the final
hadron structure and SU(3) flavor symmetry breaking ef-
fects in D — PP and D — PV decays in BES, CLEO-c,
BaBar and Belle.
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