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Abstract: We calculate the D°-D" mixing parameter y in the factorization-assisted topological-amplitude (FAT)

approach, considering contributions from D° — PP, PV, and VV modes, where P (V) stands for a pseudoscalar
(vector) meson. The D®—PP and PV decay amplitudes are extracted in the FAT approach, and the D° —=VV decay
amplitudes with final states in the longitudinal polarization are estimated via the parameter set for D° —=PV. It is
found that the VV contribution to y, being of order of 10™*, is negligible, and that the PP and PV contributions
amount only up to ypp py, =(0.2140.07)%, a prediction more precise than those previously obtained in the literature,

and much lower than the experimental data yex, = (0.614£0.08)%. We conclude that D° meson decays into other

two-body and multi-particle final states are relevant to the evaluation of y, so it is difficult to understand it fully in

an exclusive approach.
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1 Introduction

Studies of neutral meson mixings have marked glo-
rious progress in particle physics: kaon mixing led to
the first CP violation observed in the K — mmt decays
[1]; the masses of the charm quark [2] and top quark
[3, 4] were, before their discoveries, estimated through
the GIM mechanism involved in kaon and By meson mix-
ings, respectively. The neutral meson mixings are still a
potential regime for searching for new physics nowadays,
because the relevant flavor-changing amplitudes are loop-
suppressed in the Standard Model. To get closer to this
goal, it is crucial to understand the mixing dynamics
to high precision. The B4,y meson mixing is well de-
scribed in the heavy quark effective theory [5, 6], indi-
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cating that both the power expansion parameter 1/m,,
and the strong coupling «(my,) at the scale of the bottom
quark mass my, are small enough to justify a perturba-
tive analysis. However, understanding D°-D’ mixing has
remained a challenge since its first observation [7-9]. Tt
is suspected that 1/m. and a,(m.), with m, being the
charm quark mass, may be too large to allow perturba-
tive expansion.

The products Vi, V5 of the Cabibbo-Kobayashi-
Maskawa (CKM) matrix elements, i=u, ¢, and t, which
appear in the box diagram responsible for the By meson
mixing, are of the same order. In the By meson mix-
ing, Vi, Vs and V., V. are of the same order, and both
much larger than V,,V*. Hence, an intermediate top
quark with a much higher mass moderates the GIM can-
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cellation, giving a dominant contribution to the bottom
mixing. In the D°-D° mixing an intermediate bottom
quark does not play an important role due to the tiny
product V, V5. The charm mixing is then governed by
the difference between the other two intermediate quarks
s and d, namely, by SU(3) symmetry breaking effects, to
which the nonperturbative contribution is expected to
be significant.

The current world averages of the charm mixing pa-
rameters are given by [10]

r=(0.46"019%,  y=(0.62+0.08)%, (1)

assuming no CP violation in charm decays?. There are
two approaches in the literature, inclusive and exclu-
sive, for the evaluation of the charm mixing parameters.
The former, with short-distance contributions calculated
based on the heavy quark expansion, leads to values of
x and y two or three orders of magnitude lower than the
data, even after the operators of dimension nine [12, 13]
or both o and subleading 1/m,, corrections [12] are taken
into account. Obviously, the mass difference between the
s and d quarks cannot collect all SU(3) breaking effects
in charm decays, which may instead originate mainly
from hadronic final states [14]. This speculation is sup-
ported by the argument [15] that a modest quark-hadron
duality violation of about 20% explains the discrepancy
between inclusive predictions and the data.

Contributions to the charm mixing from individual
intermediate hadronic channels are summed up in an ex-
clusive approach. It was noticed [16, 17] that the SU(3)
breaking effects only from the phase space naturally in-
duce x and y at the order of one percent, but are hard
to predict quantitatively. In a qualitative analysis based
on U-spin and its breaking [18], it was found that con-
tributions from two-body decays might be small, and
four-body decays may lead to y at the measured level.
The only quantitative study in the literature was given
in the topological diagrammatic approach [19], showing
that the D — PP and PV decays contribute to y at the
order of 107%: y,, =(0.8610.41)x103, y,,,, =(2.694£2.53)x
1072 (A, A1) and y,,,, =(1.5242.20)x1073 (5,51) from two
different solutions. The uncertainties of the predictions
are too large to give a definite conclusion. With abun-
dant data collected on two-body D meson decays [20],
it is now likely that a better control on SU(3) break-
ing effects can be obtained [21, 22], and that the mixing
parameter y can be analyzed precisely in an exclusive
way.

In this paper we will address this issue in the
factorization-assisted topological-amplitude (FAT) ap-

proach [21, 22], which provides a more precise treatment
of the SU(3) breaking effects from two-body hadronic D
meson decays, as indicated by the improved global fit to
the measured branching ratios compared to Ref. [19].
Distinct from the traditional diagrammatic approach
based on the SU(3) symmetry [19, 23, 24], the SU(3)
breaking effects in phase space, decay constants, form
factors, and strong phases associated with various fi-
nal states are captured in the FAT approach. It is
well known that the SU(3) breaking effects in the singly
Cabibbo-suppressed modes are significant. For instance,
the ratio of the D° — KK~ and "7t~ branching frac-
tions should be unity in the limit of SU(3) symme-
try, but is measured to be about 2.8. This approach
has been successfully applied to studies of the D — PP
[21] and D — PV [22, 25] decays, including all the
Cabibbo-favored, singly Cabibbo-suppressed, and dou-
bly Cabibbo-suppressed modes, as well as the charmed
[26] and charmless [27, 28] B meson decays. In partic-
ular, the predicted difference of the direct CP asym-
metries Aadlt = oL (KTK™) —adii(nfn) = (0.6 ~
—1.9) x 1073 was later confirmed by the LHCb data,
Aadis =(—0.6140.76)x 10~ [29].

It is expected that the contributions from two-body
D meson decays to the p°-D’ mixing can be prop-
erly addressed in the FAT approach. The D° — PP
and PV decay amplitudes required for the evaluation of
the mixing parameter y are extracted in the FAT ap-
proach. The D°—VV decay amplitudes with final states
in the longitudinal polarization are estimated via the pa-
rameter set for D° — PV, which does yield correspond-
ing branching ratios in agreement with data. We will
show that the D°—PP, PV and VV channels contribute
Ypp =(0.10£0.02)%, y,.,, =(0.11+0.07)%, and y,,, ~10~*,
respectively, to the mixing parameter, with small uncer-
tainties. Namely, the above two-body channels alone,
which take up about 50% of the total D° meson decay
rate, cannot explain the D°-D° mixing in an exclusive
approach. Therefore, other two-body and multi-particle
hadronic D meson decays are relevant to the calculation
of y. These are, however, extremely difficult to analyze
in an exclusive approach at the current stage. A new
strategy to understand charm mixing dynamics is neces-
sary.

In Section 2 we update the determination of the
D° — PP and PV amplitudes by performing a global
fit to the latest data of the branching ratios in the FAT
approach. Their contributions to the charm mixing pa-
rameter y are then obtained. The D® —VV amplitudes
for the longitudinal polarization are estimated via the

1) As CP violation is allowed, the mixing parameters turn into [10, 11]

2=(0.32+0.14)%,

y=(0.69700%)%. (2)
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parameter set for the PV modes in Section 3, and found
to give a small contribution to y. Section 4 contains the
summary.

2 Y., and y,,

The D°-D° mixing parameter y is defined by

Flfl_’g
= 3
Y=o (3)

where I 5 represent the widths of the mass eigenstates
Dis, and I' = (It +15)/2. In the assumption of CP
conservation, the mass eigenstates are identical to the
CP eigenstates, i.e., |D;) =|Dy) and |D,) =|D_), with
D)= (/D% £|D ))/\/§ Here we adopt the convention
of CP|D°) —+|D ).
via the formula

o S (AD P AD )

Z—ZUCP

in which p, is the phase-space factor for the Do/ﬁO
decay into the final state n, and the transformation
CP|n) =1ncp|fi) has been applied. For the PP and PV
modes, ncp =+1, and for the VV modes, ncp = (—1)%,
with L denoting the orbital angular momentum of the
final state. The following expression is also employed in
the literature [19],

The parameter y can be computed

)pnRe[AD —n) A" (D —n)],  (4)

y= chm n)nee (n)cosd, /B(D'—n)B(D°—1), (5)
where §,, is the relative strong phase between the D®—n
and D°—1 amplitudes, and negp=(—1)", with n, being
the number of s or § quarks in the final state.

The FAT approach is based on the factorization of
short-distance and long-distance dynamics in the topo-
logical amplitudes for D meson decays into Wilson co-
efficients and hadronic matrix elements of effective op-
erators, respectively. The relevant tree-level topolog-
ical amplitudes include the color-favored tree-emission
diagram 7', the color-suppressed tree-emission diagram
C, the W-exchange diagram FE, and the W-annihilation
diagram A. The hadronic matrix elements are partly
computed in the naive factorization with nonfactorizable
contributions being parameterized into strong parame-
ters. A D meson decay amplitude is then decomposed
into these topological diagrams, each of which further
takes into account channel-dependent SU(3) symmetry
breaking effects. Through a global fit to the abundant
decay-rate data, the strong parameters are determined
and can be used to make predictions for unmeasured
branching ratios and CP asymmetries. The resultant

channel-dependent phases will be employed for the eval-
uation of y here. It is noticed that the W-exchange di-
agram F appears only in D® meson decays, while the
W-annihilation diagram A contributes only to DT and
D meson decays. For the study of D°-D° mixing, we fo-
cus on the D° meson decay modes, so that the irrelevant
strong parameters associated with the amplitudes A can
be removed from the global fits.

For the explicit parametrizations of the D — PP
and PV amplitudes in the FAT approach, we refer to
Refs. [21] and [22], respectively. Below we update the
sets of strong parameters determined by the latest data:

YC=—0.8140.01, ¢¢=0.2240.14, S,=-0.92+0.07,
Xf:0.056:|:0.002, (;55:5.03:&0.06, xZ=0.13040.008,
$F =4.37+0.10, (6)
for the D°—PP decays, and

S,=—1.88+0.12, x$=0.63£0.03, ¢¢=1.57+0.11,

Xy =0.71£0.03,
¢r =1.61£0.07,

#$=2.77£0.10,
xZ=0.5440.03,

x5 =0.49+0.03,
¢F=2.2340.08,
(7)

for the D°—PYV decays. In both the PP and PV modes,
the parameter A related to the soft scale in D meson
decays is fixed to be 0.5 GeV. The decay constants of
the vector mesons are from Ref. [30], and other theo-
retical inputs are the same as in Refs. [21, 22]. The
minimal x? per degree of freedom is 1.1 for the data of
13 PP modes, and 1.8 for the data of 19 PV modes. The
DY — PP and PV branching fractions predicted in the
FAT approach are given in Tables 1 and 2, and agree
well with the data. The cosines of the relative strong
phases, cosd,,, in Eq. (5), listed in the rows of the D°—n
and D° — 10 decays, reveal the channel dependence and
the SU(3) symmetry breaking effects. Those shown as
1 are for the modes with CP eigenstates, i.e., n = 7.
Those shown as 1.0+0.0 are for the modes, in which
the relative strong phases vanish with tiny uncertainties
in the FAT approach. The expression 1.04+0.0 means
that those strong phases can deviate from zero in prin-
ciple, but turn out to vanish with tiny uncertainties in
the FAT approach. The values of cosd, can never be
greater than unity. It is observed that the D® — K*pT
and D — K*K*¥ decays exhibit nonvanishing relative
strong phases around 10 degrees, different from the ap-
proximation cosd, =1 assumed in Ref. [19]. To confirm
that the values of cosd,, are close to unity in the D°—PP
decays, we have allowed the W-exchange diagrams FE
in the Cabibbo-favored and doubly Cabibbo-suppressed
modes to carry different strong phases, which may lead
to nonvanishing §,,. The associated global fit indeed in-
dicates that the results in Table 1 remain unaltered.
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Table 1. Branching ratios in units of 1072 and cosines of the relative strong phases for the D° — PP decays.
Predictions B(FAT) in the FAT approach are compared with the experimental data B(exp) [20]. Topological
parametrizations are also given with A;; = V;V.;, in which each topological amplitude, including the SU(3)
symmetry breaking effects, is actually mode-dependent.

modes parametrization B(exp) B(FAT) cosdn
K’ %Asd(C—E) 24.0+0.8 24.240.8 1.040.0
K~ Asd (T+E) 39.3+0.4 39.240.4 0.99999+0.00001
K’ Acd[Z5 (C+E)cos—Esing] 9.7040.6 9.60.6 1.0+0.0
K’ Asd[%(C+E)sin¢+Ecos¢] 19.0+1.0 19.5+1.0 1.0£0.0
ntmn— Xaa(T+E) 1.4214:0.025 1.4440.02 1
KtK~ Xaa(T+E) 4.0140.07 4.0540.07 1

KK’ MdE+AssE 0.3640.08 0.2940.07 1

7o —)\ddEcosqb—%)\ssCsinqb 0.69+0.07 0.7440.03 1

mon’ f)\ddEsindﬂr%)\SSCcosd) 0.9140.14 1.08+0.05 1

ol %)\dd(C—i—E)cosQ¢+)\SS(2Esin2¢—%Csin2¢) 1.7040.20 1.8640.06 1

m %)\dd(C—f—E)sinMH-)\ss(Esin2¢—%Ccos?d)) 1.0740.26 1.0540.08 1

00 LQ,\dd(C—E) 0.82640.035 0.7840.03 1

nOKO %,\ds(C—E) 0.06940.002 1.040.0
K+ Aas(T+E) 0.133+0.009 0.1334-0.001 0.99999+0.00001
nKO° Ads[%(C+E)cos¢—Esin¢] 0.02740.002 1.04:0.0

n ds| == (C'+E)sing+E cos . . . .

KO A \}5 C+E)sing+Ecos¢ 0.05640.003 1.040.0

Table 2. Branching ratios in units of 1072 and cosines of the relative strong phases for the D® — PV decays.
Predictions B(FAT) in the FAT approach are compared with the experimental data B(exp) [20]. Topological
parametrizations are also given with A\;; = V;V,;, in which each topological amplitude, including the SU(3)
symmetry breaking effects, is actually mode-dependent.

modes parametrization B(exp) B(FAT) cosdn
R 5 Ma(Cr—Ep) 37.542.9 35.942.2 1.04£0.0
Kp0 Z5Aea(Cv—Ev) 12.8+14 13.5+1.4 1.0+0.0
atK*— Aea(Ty+Ep) 54.3+4.4 62.54+2.7 0.999440.0006
K- p*t Aed (Tp+Ev) 111.0£9.0 105.045.2 0.9830.002
K Aea(J5(Cp+Ep)coso—Eysing) 9.643.0 6.14£1.0 1.040.0
WK Asd(%(cerEp)sinwEvcosqs) <1.10 0.1940.01 1.040.0
K’w %Asd(CVJrEV) 22.241.2 22.341.1 1.040.0
) Aea Ep 8.47+0:96 8.240.6 1.0+0.0
ntp Aaa(Tyv+Ep) 5.0940.34 4.540.2 0.9995-+0.0005
npt Aaa(Tp+Ev) 10.0+£0.6 9.2:0.3 0.9995-+0.0005
KTK*— Ass(Tv+Ep) 1.62+0.15 1.840.1 0.977+0.003
K-K*+ Aas(Tp+Ev) 4.504:0.30 4.340.2 0.977+0.003
KOK*? Ass Ep+-AgaEv 0.1840.04 0.1940.03 1.040.0
KOK*0 Ass Ev+Aaa Ep 0.2140.04 0.1940.03 1.040.0
np° é,\dd(cv—CP—EP—Ev)cosqﬁ—%xsscvsiw 1.440.2 1
n’p° %)\dd(Cfoprprv)sindﬂr%/\ssz cos¢ 0.25+0.01 1
70p0 —1X4a(Cp+Cy—Ep—Ey) 3.8240.29 4.140.2 1
mw —1X4a(Cv—Cp+Ep+Ev) 0.117+0.035 0.1040.03 1
O %,\sscp 1.3540.10 1.440.1 1
nw %)\dd(CV+C’p+Ep+EV)COS¢>f%)\SSC\/ sin¢ 2.21+0.23 2.040.1 1
7w %)\dd(Cv+Cp+Ep+EV)sinq5+%AssC’v cos¢ 0.044-40.004 1
no Ass(J5Cp cosd—(Ep+Ey)sing) 0.14+0.05 0.1840.04 1

Continued on next page
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Table 2. — continued from previous page

nOK*0 J5Aas(Cp—Ev) 0.10340.006 1.0+0.0
KOp0 J5Aas(Cv—Ep) 0.039-£0.004 1.040.0
oKt Aas(Tp+Ev) 0.34510159 0.4040.02 0.9994-0.0006
Ktp~ Aas(Tv+Ep) 0.14440.009 0.98340.002
nK*0 Aas(J5 (Cp+Ev)cos¢—Epsing) 0.01740.003 1.0£0.0
n/K*0 Aas(J5 (Cp+Ev)sing+Ep cosd) 0.00055+0.00004 1.040.0
K°w J52as(Cv+Ep) 0.06440.003 1.0£0.0
K% Lz,\dSEV 0.024-+0.002 1.0+0.0

Based on Egs. (6) and (7), we calculate the D — PP
and D — PV contributions to y by means of Eq. (4),
deriving

Yor = (1.0040.19) x 107, (8)
Yoy = (1.1240.72) x10", (9)

respectively. Our results are consistent with those in
Ref. [19): y,, = (0.8640.41)x 1073, y, = (2.6942.53)
1072 (A, Al) and y,.,, =(1.52£2.20)x10~2 (.5,51) from two
different solutions, but with much smaller uncertainties.
We stress that the predictions for y,, and y,, presented
in this work are the most precise to date. The uncertain-
ties of the parameters in Egs. (6) and (7) are basically
controlled by those most precisely measured channels,
explaining why y,,, with the more precise PP data, is
more certain than y., . It is also the reason why the
fit results for the most precisely measured branching ra-
tios like B(NOKO) and B(Kow) have uncertainties similar
to those of the data, while the fit results for the less
precisely measured ones like B(nn) and B(w~K**) have
considerably smaller uncertainties. Besides, the branch-
ing ratios are correlated to each other by the strong pa-
rameters in the FAT approach, so the uncertainties are
greatly reduced. Since the SU(3) symmetry is assumed
in the topological diagrammatic approach [19], the charm
mixing parameter y cannot be extracted in principle. In-
stead, the data of the branching ratios were directly in-
put into Eq. (5) by taking cosd, =1 [19] as mentioned be-
fore, such that the uncertainties of the data are summed
up in the evaluation of y. Some other efforts have been
devoted to global fits of the PP or PV data recently [31-
33]. However, it is unlikely that a precise prediction for y
can be made without thorough exploration of the SU(3)
breaking effects in the relevant D meson decays.

3 Yy

There exist three different polarizations in the final
state of a D — VV channel, whose corresponding am-
plitudes can be expressed in the transversity basis (A,
Ay, AL), or equivalently in the partial-wave basis (S,
P, D). The decay amplitudes for different polarizations
are independent, and should be described by different
sets of strong parameters in the FAT approach. At

least six strong parameters are required for the longi-
tudinal amplitude A, alone, but only one channel has
been observed, with the longitudinal branching ratio
By(D? — p°p°%) =(1.2540.10)x 1073 [20]. The situation
for the transverse amplitudes is even worse. It is impos-
sible to extract all the D — VV amplitudes in the FAT
approach due to the lack of experimental data at present.

As a bold attempt, we estimate the D—VV longitu-
dinal amplitudes by means of the strong parameters in
Eq. (7) extracted from the PV data. In detail, the fac-
torizable part in an emission-type amplitude is treated
in the naive factorization hypothesis, and the associated
nonfactorizable amplitude X\C,e"“’\cf is assumed to be iden-
tical to that of the corresponding PV amplitude. We
adopt the definition of the vector meson decay constant
fv via

V(@)177.(1-5)q'|0) = fymve, (q), (10)

and the definition of the D — V transition form factors
VPV APV ADV and APV via

(V(B)]qv,.(1=s)elD(p))
2
— oo *U pkavDV 2
prr T (¢%)

N
- (Eu_q—zqqu> (mD"'_mV)A]lDV (q2)

m2 _m2 5*'q
. k) "D v APV (2
+z<(p+ Ju 7 CM) p——— (¢*)

2my (e*-q)
71—2q;LAODV(q2)7 (11)
where ¢ is the polarization vector, the m’s are the meson
masses, and the momentum g=p—k. The emission-type
amplitudes are then expressed as

T(C) = %VCKMal(M) (azc(.u))fvlml

x | —iz(mp+ms) ATV2 (m?)

2mg,pz
. c ADV2 2 12
+1 (mD+m2)m1m2 2 (ml) ) ( )

in which the Wilson coefficients and the kinetic quanti-
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ties are given by

aw) = 10,0,

oS 0) = Cul+Cali) (e ). (19

2 2 2
_ mp—mi—m;

o mim3(a®~1)

c

, 14
211 M m (14)
respectively. The values of the form factors ATY are in-
put from Ref. [34]. The annihilation-type amplitudes are
taken directly from the PV modes with the replacement
of the meson masses and decay constants, explicitly writ-

ten as
Gr E o2
E:—ZﬁVCKMcz(H)Xq(s)e i fp

After estimating the D — VV longitudinal ampli-
tudes, we can derive the corresponding branching ra-
tios straightforwardly. The comparison of our predic-
tions with the data will tell whether the PV-inspired
amplitudes are reasonable. The D° — VV longitudinal
branching ratios in the FAT approach are listed in Table
3, and compared with the data of the total and longitudi-
nal branching fractions. A general consistency with the
data is seen, especially for the single observed longitudi-
nal branching ratio Bone (D°—p°p?). For those channels
with only measured total branching ratios, most of our
predictions for the longitudinal branching ratios do not
exceed the data, after considering the uncertainties. Our
result for the D° — K w mode is larger than the data,
but the measurement of this mode was performed in 1992
[35], and should be updated. It is thus a fair claim that
our simple estimates for the D — VV longitudinal am-
plitudes are satisfactory. Certainly, more experimental
effort toward improved understanding of the D — VV
decays into final states with different polarizations is en-
couraged.

A longitudinal amplitude A, is a linear combination
of the partial waves S and D, namely, of the L=0 and 2
final states, leading to nep(n)=+1 in Eq. (4). Inserting
the amplitudes estimated above into Eq. (4), we obtain
the longitudinal VV contribution

Yy =(—0.42:£0.34) x 1072, (16)

%mﬂm. (15)

P

The central value of y,,, is lower than those of y,,. and
Ypy i Egs. (8) and (9), because the SU(3) breaking ef-
fects are much smaller in the VV modes. Even though
Eq. (16) contains a relatively large uncertainty in our
approach, and the contributions from the transverse po-
larizations have not yet been included, it is reasonable
to postulate that y,,,, represents a minor contribution to
Y.

In summary, our predictions for the mixing param-
eter y agree well with the postulation in Ref. [18]: y is

generated only at the second order in U-spin symme-
try breaking effects, so the contribution to y from two-
body modes, for which the U-spin symmetry works bet-
ter, might be small. Multi-particle decays, for which the
U-spin breaking effects are expected to be more signif-
icant, should be the major source of y. We stress that
we do not attempt a full understanding of y here, and
our results for y,.., y,,, and ¥, are consistent with the
fact that y is generated at second order in the SU(3)
symmetry breaking.

Table 3. Branching ratios for the D®—VV decays
in units of 1072, Estimations of the longitudinal
branching ratios in the FAT approach are com-
pared with the data for the total and longitudinal
branching ratios [20].

modes Btot (exp) Biong (exp) Biong (FAT)
oK™ 15.943.5 13.2+1.3
ptK*— 65.0+25.0 34.7+1.4
K0 11.045.0 34.942.7
ptp~ 3.240.1
K+ K*— 1.140.05
K*OK* 0.01040.002
pYp0 1.834£0.13 1.254:0.13 1.140.1
p%w 0.9540.07
) 0.6540.04
ww 0.47+0.07
wd 1.4140.09
pOK*0 0.03840.004
p~K*+ 0.1234:0.005
K*0w 0.10040.008

4 Summary

In this paper we have calculated the DD’ mixing pa-
rameter y in the FAT approach, considering the D° —PP,
PV, and VV channels. The D°—PP and PV decay am-
plitudes were extracted from the latest data using the
FAT approach, and the D°® — VV decay amplitudes for
the longitudinal polarization were estimated via the pa-
rameter set for the PV modes. It has been confirmed
that the PV-inspired amplitudes work well for explain-
ing the observed D° — VV branching ratios. We then
derived the contribution from the PP and PV modes as

0.21:£0.07)%, (17)

yPP+PV = (

which is much more precise than previous predictions in
the literature, and far below the data Ye.,=(0.6140.08)%.
It has been also found that the contribution from the
longitudinal VV modes, being of order 10, is negligi-
ble. This observation is consistent with the fact that y
is generated at second order in SU(3) symmetry break-
ing. We conjecture that considering the above two-body
D meson decays alone in an exclusive approach cannot
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account for the charm mixing, and that hadronic chan-
nels to other two-body and multi-particle final states are
relevant to the evaluation of y. However, it is currently
very difficult, if not impossible, to gain full control of
the SU(3) symmetry breaking effects in all these modes
in an exclusive approach. As stated in the Introduc-
tion, the inclusive approach leads to values of x and y
two or three orders of magnitude lower than the data.

Therefore, a new strategy has to be proposed for com-
plete understanding of the charm mixing dynamics in
the Standard Model. We will leave this subject to a
future project.

The authors are grateful to Hai-Yang Cheng, Xiao-
Rui Lyu, and Yang-Heng Zheng for enlightening discus-
sions.
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