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Abstract: We investigate the direct CP violation in the decay D* — n*n"n~ incorporating the a8(980)- f0(980)

mixing mechanism. The integrated mixing intensities Efa and Eaf are calculated using meson masses and coupling

constants extracted from various theoretical models and experimental data, yielding values of appreciable magnitude.

We find that when the invariant mass of the 77~ pair lies near the f,(980) resonance, this isospin-breaking mech-

anism can enhance the CP asymmetry. The enhancement is particularly pronounced when the f;(980) carries a sig-
nificant nii quark component and the f;(980) and o-(600) mixing angle is approximately 26°. After accounting for
non-factorizable effects, we find these corrections tend to partially cancel the leading-order contributions, resulting

in a suppression of the CP violations relative to the naive factorization predictions. It is emphasized that the
a8(980)- f0(980) mixing mechanism should be taken into account in both theoretical and experimental studies of CP

violation in B or D meson decays.
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I. INTRODUCTION

Charge-Parity (CP) violation is a fundamental phe-
nomenon in particle physics with direct implications for
the observed matter-antimatter asymmetry of the Uni-
verse. First established in neutral kaon decays in 1964
[1], it remains a central subject of investigation within
and beyond the Standard Model (SM). In the SM, CP vi-
olation originates from the irreducible complex phase of
the Cabibbo-Kobayashi-Maskawa (CKM) matrix [2, 3],
which governs quark-flavor mixing via the weak interac-
tion.

In recent years, the LHCb collaboration has observed
larger localized CP asymmetries in the Dalitz plot of the
B three-body decays, notably in B* — z*n*n~ and
B* - K*n*n~ [4]. These asymmetries can be attributed to
interference between decay amplitudes from nearby res-
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onances of different spin [5]. Meanwhile, isospin-break-
ing effects, such as p—w mixing and a$(980)— f,(980)
mixing [6—10], also constitute important mechanisms for
exploring CP violation. CP violation effects in D mesons
are small, and the SM provides clear predictions for them.
By precisely measuring CP violation in D mesons, we
can test the accuracy of the SM, explore new physics, and
gain a deeper understanding of the non-perturbative ef-
fects of strong interactions. The LHCb collaboration
measured CP violation in the three-body decay
D* — r*n*n~ [11]; no localized or overall CP asymmet-
ries were found with high-statistics data. The BESIII col-
laboration also analyzed the amplitude of D* — 7*7%x°
and measured CP asymmetries; the results show that no
evidence for CP violation is observed [12]. As demon-
strated in the aforementioned three-body decay channels
of B mesons, localized CP asymmetries in phase space
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can be enhanced by the interference between different in-
termediate resonances, and the same mechanism should
also apply to D meson decays. Interference between dif-
ferent resonances, such as p°(770) and f£,(500), has
already been studied in three-body decays of D mesons
[13], while the scalar type isospin breaking effect has not
yet been investigated. Drawing inspiration from these, we
will investigate the effects of the a)(980)-f,(980) mixing
mechanism on D meson decays. The theoretical proposal
of the a(980)-f,(980) mixing effect can be traced to the
late 1970s [14]. This isospin breaking effect results in an
8 MeV mass difference between the charged and neutral
kaon thresholds when a)(980) and f,(980) decay into KK.
Over the years, the a)(980)- f,(980) mixing has been thor-
oughly investigated across various processes and from
multiple perspectives [15—35]. The first experimental ob-
servation of this effect was made by the BESIII collabor-
ation in the decays J/y — ¢£,(980) — ¢ad(980) — ¢nn®
and . — aj(980)n° = f,(980)7° — 7t~ #° [36]. Simil-
arly to B decay, we expect that a)(980)- £,(980) mixing
could lead to magnified CP violation in the D* — n*n*x~
decay.

A study of the direct CP violation in the decay
D* - n*r*n~ with af(980) — £,(980) mixing is presented
within the framework of the naive factorization approach.
The organization of this paper is as follows. A brief over-
view of the af(980) — f,(980) mixing mechanism is given
in Sect. 2. The formalism for the decay amplitudes and
the CP violation calculation is developed.in Sect. 3. Nu-
merical results are presented in Sect. 4, and a summary
with discussion is provided in Sect. 5. The theoretical in-
put parameters used in this work are summarized in Ap-
pendix 13.

IL. a)(980)— £0(980) MIXING MECHANISM

A.  ad(980) - £,(980) mixing amplitude
When the a)(980)— f,(980) mixing is active, the full
propagator matrix is obtained by summing all chain trans-
itions a(980) — f5(980) — --- — aJ(980) and £,(980) —
ad(980) — --- — £,(980), respectively. The result is [34]:

Pao(s) Paofo(s)
Pa(s) Py (s)
) . (D

1
D ($)D4y(8) = |Day y () (
where P, (s) and Pj;(s) represent the propagators of
a)(980) and f,(980), respectively. The terms P, (s),
P4 (s), and D, ;(s) emerge as a consequence of the
ad(980) — £,(980) mixing effect. The individual propagat-
ors take the form:

Dag(s) Da()f()(s)
DanU(S) Dfo(s)

D.fo/ao(s)
DUO/fO(S)Dfo/ao(s) - Dagfg(s)2

Py (s) = ()

Meanwhile, D, (s) and Dy (s) denote the denominat-
ors of the propagators for a¢(980) and f,(980) in the ab-
sence of the a)(980)— f,(980) mixing effect. These de-
nominators can be expressed using the Flatté parametriza-
tion as follows:

Dy (s) =m — s—iVs[T(s) + Tige ()],
Dy (s) =y, — 5= i Vs[TL () + TLe(s)], (3)

where m,, and my are the masses of the @((980) and
f0(980) mesons, with the decay width I'?, being presen-
ted as:

2
Phe(s) = - g’;”;ﬁpbxs) with
prtey= (=TI QT )

It has been demonstrated that the contribution arising
from the amplitude of af(980) — f,(980) mixing is conver-
gent [14, 37, 38]. When only the contributions from KK
loop diagrams are taken into account, the amplitude can
be expressed as an expansion within the KK phase space
[37, 38].

8agk+ K-8 foK*K-
Da()f()(s)K[_( = %

—0<p%(+,<-(s>—péogo(s»},

{i {pm« () _,0[(01?0(5):|

)

Where g, x+x- and gy x+x- are the effective coupling con-
stants. Since the mixing mainly comes from the KK
loops, we can adopt D, s, (s) = Dz ($)kk -

B. a)(980)— £,(980) mixing intensity

There exist two types of reactions that can be utilized
to investigate the a)(980)— f,(980) mixing: X —
Y£,(980) — Yal(980) - Yn%  and X — Yal(980) —
Y £5(980) — Y. These two processes correspond to two
different types of mixing, namely f,(980) — a5(980) and
al(980) — £,(980).

As shown on the left of Fig. 1, in order to focus solely
on the contribution from £,(980) — ad(980), it is neces-
sary to eliminate the influence caused by different X and
Y particles, while adding the contribution shown on the
right of Fig. 1. Based on the two Feynman diagrams, the
mixing intensity &, for the transition f,(980) — a)(980)
can be defined as follows [39]:
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Fig. 1.

dr X—>Yﬁ)(980)—>Ya8(980)—>Y;ror;(s)

Erals) =
! dl x_y 4 080)— Yrr(S)
Dy P T
— | ofoI fn’ (6)
|Da0|2rﬂﬂ
where s is the invariant mass squared of the two mesons
in the final state.
Similarly, for the reaction X — Ya$(980) — Y £,(980) —

Ynr in Fig. 2, the mixing intensity &, for the transition
ad(980) — f£5(980) is defined as follows [39]:

dly, Ya0(980)—Y fy(980)— yar($)

gaf(s) =

dr‘Xﬂ Y118(980)4>Y7r077 (S)
— |Da()f() |2F
|Dy, |°Te

m

(7

However, the physical quantities that can be directly
measured by experiments are the integrated mixing in-
tensities, which are defined as [35]:

_ Stnax \/_IDaofo(S)lz - /?m.x y
= ds T
S / Do (Danls) ™ o/ ‘D ()|2 2
®)
and
_ Smax ‘/_|Da0f0(s)|2 f /mdx u
f“f‘/sm ds|Df0(s>Dao(s>|2 Forls )/ |Da0< op
©)
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X k /”
N

7T

Fig. 2.
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The Feynman diagram for X — Y f5(980) — Ya)(980) — Y= (left) and X — ¥ f,(980) — Yz (right) is shown in [39].

where the terms s}, and s{) denote the minimum and

maximum values of the invariant mass cuts, respectively.

III. DECAY AMPLITUDES AND CP
ASYMMETRIES

Following the treatment of B decays in Refs. [9, 10],

the total decay amplitude for the process D* —
£0(980)[ad(980)]n* — n*x~n*, incorporating  a9(980)—
f0(980) mixing, can be expressed as:
MDD > ntnat) = 8form M(D* — forrh)
Dfo
g.foﬂﬂDaofo +
4 SIITHD_A(DT — adnt),
D“UDfO D(ZJ[)f[) 0
(10)

where g, is the coupling constant, and M(D* — fy*)
and M(D* — adr*) are the decay amplitudes of the pro-
cesses D' — f(980)n* and D* — a(980)7*, respectively.

For the two weak decays D* — f,(980)x* and
D" — ay(980)n, the corresponding effective Hamiltoni-
an can be expressed as [40, 41]:

HAC:I = 7{ Z uq CIO({+C203)‘|
q=d.s
u,,vbzco}
+he., (11)

Y

0

X—> / I

a)(980)

n

The Feynman diagram for X — Ya3(980) — Y £(980) — Yar (left) and X — Yal(980) — Y2y (right) is shown
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where Gy is the Fermi constant, V,,, (¢, and ¢, repres-
ent quarks) are the CKM matrix elements, ¢; (i=1,---,6)
are the Wilson coefficients, and the four-quark operators
O, are

01 = i1y, (1 =y5)qpqey" (1 = ¥s)ca »
05 = iy, (1-ys5)qqy"(1-ys)c,
05 =iy, (1 —75)025]/)’”(1 -vs)q

q’

Os = By, (1=75)cs > G (1=y5)q., »

q’

Os =iy, (1-ys)e > g v (1+ys5)q

q

O6 =iyl =y5)es Y Gy (1+ys)d,,  (12)

q

with Of_, being tree operators, O;_4 being QCD penguin
operators, a, 5 as color indices, and the sum over ¢’ runs
over all light flavor quarks.

In our calculations, we often refer to the decay con-
stants and form factors generally. The decay constants of
the scalar meson S and the pseudoscalar meson P are
defined as, respectively [42],

(S(PI@27,q110) = fspus PPy, 754110} = =ifppy.

(13)
The form factors of D — S, P are defined by [43]:
NE mp, —mp DP; 2
(P(POIVID(p)) = (p# - TQH)FI q)
2
+ mp, sz ”F(I))P(QZ)’
2
(SPNAID(p)) = i [(P# - T #)F?S (4"
2 _ 2
e Rl (14)

where P, =(p+p)u, ¢u=@—DP > Vy, and A# are the
weak vector and axial-vector currents, respectively.
V,=qsy.c and A, =gy,ysc, with g; being the quarks
generated from the decay of the ¢ quark. As for the F(g?),
we use the 3-parameter parametrization:

F(0)

2\
= @ ine) + by

(15)

For D — S P decays, the relevant form factors adop-
ted in this work are F?*(¢*) and F5*(g%).
The factorization amplitudes for the D — S P decays

are given by [42]:

XPSP = (P(@)|(V = A),J0XS (P(V = AVID(pp))s

XPED = (S (@I(V = A)lOXP(PIV = AYVID(pp)).  (16)

In the two-quark model with ideal mixing for f,(980)
and o(600), f,(980) is characterized as a pure s5 state,
while o(600) is identified as an nn state, where
nii = (i +dd)/ V2. Nevertheless, experimental evidence
suggests that f,(980) does not consist solely of an s5 con-
figuration. A notable example is the observation of
LU/ — fow) = AT W— fop) [44], which demonstrates
unequivocally- the presence of both non-strange and
strange quark components within £,(980). Consequently,
it is imperative that the isoscalar states ¢(600) and
/0(980) ‘exhibit a mixing phenomenon, like

|f0(980)) = |s5)cos B + |ni1) sin 6,

|lo"(600)) = —|s5)sinf + |ni) cos b, a7

where 6 is the mixing angle of the f,(980) and o(600).
Within the naive factorization approach [45], the de-
cay amplitudes of D* — fyr* and D* — adn* are

MD" - for™)

Gr « (¥ ziDn D
= \/E {Vudvcd ( \/EalfoXfO - aZY” o
* rs us * @ A n
+ Vu.vvcsﬂalffoxg + V“bvcb |:_ as ( \/EfoXfDO
- 2 s 2 (
+ FXPm+BF; XP7) +asYPh

\/_

@ ru yDr
_a5<7ffoxfo +

V2

a rd v Dr rs vDn

Effoxfo +ﬁffono )
2mzd D.fh”
(me+mg)(m,+mg) ™ 1)°

M(D" — a87r+)

GF * 1 r yDr Da
= \/E{V"d cd <_\/§a1faoXa0 -V
+ V., V5 la, Yoo — 2t Dao” (18)
I e mp)m+mg) 1)

Respectively, (a,B) = (sin,cos6), fr, fp, and f,, are the
decay constants of the 7, £,(980), and a)(980) mesons, re-
spectively. FP7, Fo® and FP® are the corresponding
transition form factors, and «¢; are built up from the
Wilson coefficients ¢; with the form a; = ¢; + ¢, /N For
compactness, we can use the form: XP7 = (mj-
mfr)F(?”(mi‘o/ao) and Y]?fb/ao - f”(m%) _m?‘u/ao)F(?fO/aO(mfr)-

For the CP-conjugate process D* — n*n~n*, the dir-
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ect CP asymmetry can be expressed in the following
form:

_IMP—IMP

= T_ 19
IMP+IMP ()

cpP

IV. NUMERICAL RESULTS

From Egs. (6) to (9), we observe that &,/ and gfa/af
depend on g/ 000, &rk k> Gapdys Saok K-> May> and my.
These parameters, compiled from a range of theoretical
models and experimental analyses [46—56, 59], are listed
in Table 1. The resulting predictions for &7, and &,¢, eval-
uated at +/s=991.3 MeV, along with the integrated
quantities &;, and &, are presented in Table 2 and are
consistent with Refs. [35, 39]. The differential mixing in-
tensity satisfies &;, > &,, across different models, where-
as the integrated quantities exhibit the opposite ordering,
&, <&,;, making &,; a more favorable observable for ex-
perimental measurement. For the decay D* — a)(980)r* —
fo(980)1* — m*nn*, we focus on £,;. The majority of

theoretical predictions place £, in the percent range;
models B and C and experiment E yield particularly large
values. This also suggests that the a)(980) — f,(980) mix-
ing mechanism may have a non-negligible impact on CP
violation. The mesons f,(980) and a{(980) canbe de-
scribed within various theoretical frameworks, including
conventional ¢g states, gqgg multiquark configurations,
meson-meson bound states, or even scalar glueballs. If
these scalar mesons are interpreted as four-quark states,
the decay process necessitates the production of an addi-
tional quark-antiquark. pair compared to the two-quark
scenario. Consequently, it is anticipated that the decay
amplitude in the four-quark picture would be suppressed
relative to that in the two-quark picture when a light scal-
ar meson is involved. Meanwhile, a recent study on the
dominance of the gg configuration demonstrates that its
underlying nature is the color transparency mechanism
[57]. For this reason, we adopt the assumption that the ¢g
structure is dominant in our analysis.

Substituting Eq. (18) into Eq. (10), one can obtain the
total amplitude of the D* — £,(980)[ad(980)]n* — n*n n*
decay with the a(980)- £,(980) mixing mechanism.

Table 1. Meson masses (in units of MeV) and coupling constants (in units of GeV) from various models are determined by experi-
mental measurements.
No. model/experiment Mg, 8agmn 8agK+ K- mg, 8 fyn0n0 8fok+K~
A 4 model [46] 983 2.03 127 975 0.64 1.80
B 3 model [46] 983 4.57 5.37 975 1.90 537
C KK model [47-49] 980 1.74 2.74 980 0.65 2.74
D qe model [39] 980 2.52 1.97 975 1.54 1.70
E SND [50, 51] 995 3.11 4.20 969.8 1.84 5.57
F KLOE [52, 59] 984.8 3.02 2.24 973 2.09 5.92
G BNL [53, 54] 1001 2.47 1.67 953.5 1.36 3.26
H CB [55, 56] 999 3.33 2.54 965 1.66 4.18
Table 2. The mixing intensities £7,(s) and &,(s) are evaluated at +s=991.3 MeV, which is at the center of the K*k~ and K°K°

thresholds. The integrated mixing intensities &, and &;¢ (in units of %) are evaluated using Eqs. (8) and (9), with the kinematics given

in Egs. (23) and (24).

. &7a(%) Eap(%) E1a(%) &,/ (%)
This work Ref. [39] Ref. [35] This work Ref. [39] This work Ref. [35] This work
A 2.24 2.30 2.20 0.94 1.00 0.04 0.90 2.19
B 6.57 6.80 6.50 5.99 6.20 0.88 1.80 10.26
C 20.47 21.00 20.10 14.85 15.00 7.77 11.10 27.21
D 0.52 0.50 0.57 0.60 0.06 1.08
E 8.61 8.80 8.50 8.60 8.90 1.68 2.60 14.32
F 3.24 3.40 3.20 2.39 2.50 0.57 0.80 4.30
G 1.83 1.90 1.80 1.35 1.40 0.21 0.50 2.55
H 2.61 2.70 2.60 2.17 2.30 0.40 0.70 3.97
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Fig. 3 shows the differential CP asymmetry as a function
of +/s for several values of the mixing angle #. The
asymmetry varies rapidly and changes sign in the vicin-
ity of the f,(980) resonance. For 8 =0° (|fo(980)) = |s5)),
Acp ranges from -4.40x107* to 1.52x107*; for 6 =90°
(1/6(980)) = Inft) = 5luit +dd)), it is substantially reduced,
ranging from —0.07x107* to 0.22x 10™*. In reality, the
f0(980) is a mixed state with niz and s5. Taking the cent-
ral value provided in [65], we have examined several ex-
amples, which demonstrate that the range of Acp is highly
sensitive to the mixing angle when both nn and 55 com-
ponents are present. The ranges of Acp corresponding to
these central angles are summarized in Table 3. From
these results, we can clearly see that the a3(980) — f,(980)
mixing mechanism can relatively increase the CP viola-
tion, especially for 6=25.1° and 6=27° conditions,
reaching 107 to 1073.

In the above analysis, we adopt a fixed number of col-
ors N =3 for simplicity [42]. To improve the rigor and
accuracy of the analysis, we extract the effective value of
N by fitting to the latest decay branching ratios [44]:

BR(D* — f,(980)n* — n*nnt) = (1.57+£0.32) x 1074,
(20)

Since the decay process D* — n*n n* has a three-
body final state, the branching fraction of this decay can
be expressed as [44].

T * *
R = W / dslp; llps| / do; / dosIMP, - (21)
D

where 7, denotes the lifetime of the D* meson, Q] and
Q; are the solid angles for the final z in the nx rest frame
and for the final 7 in the D meson rest frame, respect-
ively, and |pi| and |p;| are the norms of the three-mo-
menta of the final-state 7 in the nx rest frame and the 7 in

0.92 0.94 0.96 0.98 1.00 1.02 1.04 1.06

\s(GeV)

(a)

the D rest frame, respectively, which take the following
forms:

\/A(s,m2,m2)
2+/s

A(m3, m2, 5)

sz

where A(a,b,c) is the Killén function with the form
Ala,b,c) =a>+b*+c*—2(ab+ac +be). It should be noted
that M in Eq. (21) refers to the amplitude of the three-
body decay process D™ — f,(980)n" — nta~xt without
a2(980)- £,(980) mixing,

In the fitting procedure, we use the central value
1.57x10™ for /‘B(D* = f,(980)n" — n*n~n*). Based on
the fitted N¢T, the CP asymmetries for various mixing
angles are obtained, which correct the theoretical devi-
ations from the calculation with a fixed N¢™ = 3. The cor-
responding results are presented in Table 4. It is shown
that ‘non-factorizable contributions have a considerable
impact on the predicted CP asymmetries, which are sup-
pressed after including these effects. With the improve-
ment of experimental precision, constraining the range of
the mixing angle can also help us further confirm the
range of CP asymmetries.

V. SUMMARY AND DISCUSSION

We have studied the direct CP violation in
D* — n*x*tn decay, incorporating the ad(980)— £,(980)
mixing mechanism within the naive factorization ap-
proach. The integrated mixing intensity &, is found to be
of the order of a percent for several input parameter sets,
confirming that this isospin-breaking effect is phenomen-
ologically significant. Applying the mechanism to the CP
asymmetry calculation, we find that the differential CP
violation is enhanced to O(1074-1073) depending on the
f0(980) and o(600) mixing angle 6. Since different exper-
imental and theoretical determinations of 6 are not yet
mutually consistent, we present results across the full

0 —

—/

45)

6=34°
— 0=41°

Acp(x10

-10+ — P=423° B

8=90°
151 1

0.92

0.94

0.96

0.98
Js(Gev)

(b)

1.00

1.02

1.04

1.06

Fig. 3. (color online) The differential CP -violating asymmetry as a function of +/s in the decay D* — f()(980)[ag(980)]7ri - natn ot
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Table 3. Ranges of the direct CP asymmetry Acp for different central mixing angles 6, where R = giﬁ k-l g§0”+n_ measures the ratio

of the £,(980) coupling to K*K~ and n*n~.

Experimental implications Mixing angle Acp Reference
pure s3 state 6=0° —4.40%x107* to 1.52x 1074
¢ = fov.fo— vy 0=5° -6.78x 107 t0 2.35x 107* [58]
R=4.03+0.14 6=25.1° —20.21x 107 to 7.55x 107 [59]
QCD sum rules and f data 6=27° ~10.29%x 107 to 3.76x 10™* [60]
I = fog. fow 6=34° ~1.79x107* t0 0.63x 10~ [61]
QCD sum rules and a data 6=41° ~-0.39x 107 t0 0.14 x 1074 [60]
R=1.63+0.46 6=42.3° —0.28x 107 to 0.10x 107* [62]
pure nii state 6=90° -0.07x 107410 0.22%x 1074

Table 4. The fitted values of N° are based on the decay branching ratio and the recalculated CP asymmetries for different mixing
angles.
Experimental implications Mixing angle Neft Acp
pure s5 state 6=0° 2:199 -19.94x 1073 to 7.09x 1073
¢ = fov.fo—= vy 6=>5° 2216 -20.32x 1075 to 7.22x 107
R=4.03+0.14 6=25.1° 2376 —-19.27x1073 to 6.76 x 1073
QCD sum rules and f; data 0=27° 2.408 -18.72x 1073 t0 6.55x 107>
I = fod fow 6=34° 2.602 ~14.66x 1073 to 5.07 x 1073
QCD sum rules and aq data 0=41° 3.172 -1.29%x 107 to 0.44x 1073
R=163+0.46 6=42.3° 3.424 ~-1.43x 1073 to 4.22x 107>
pure nii state 6.=90° 1.771 —25.47x107 t0 9.66x 107>
range of reported central values rather than adopting a Vy=1- /1: _ /174 _ /l: [1+842(0% + 1%)]
single value. After accounting for non-factorizable ef- : 2 8 16
fects, the CP asymmetry is reduced but can still reach the _ %88 [5-3242(0% + 1)1,

order of 10™*. The analysis demonstrates that the
ad(980) — £,(980) mixing mechanism should be systemat-
ically considered in amplitude analyses of D or B meson
three-body decays.

APPENDIX A: THEORETICAL INPUT
PARAMETERS

We adopt the s°). and s¢) from Ref. [35]:

P =1(991.3—-4H)MeV], s, =

Smin max

[(991.3+4)MeV]?, (Al)

and

Smin = [900MeVT%, 5,4, = [1000MeV]*. (A2)

We use the Wolfenstein parameterization for the
CKM matrix elements, which, up to the order of A%, can
be expressed as [63]:

P A7
V= —A+ ?Az[l —2(p+in]+ EAz(p+ in),
1
Vi =A- 5Azi(p2 +17°),

1 1
V=1-=2—-2%1+44A%
5 s ( )

_1 6 (1 _AA2 2 .
TeA” (1447 4 164% (o + i)
[ Qa2 4

~ g (5-84 +16A%),

Vi = A0 —in),

/18
V., =Al - ?A3(p2 +1°), (A3)

With 4, p, n, and 1 being the Wolfenstein parameters, we
use the results in Ref. [64]:

A4 =0.22465 £ 0.00039, A =0.832+0.009,

p=0.139+0.016, #=0.346+0.010, (A4)
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where
2 2

A A
ﬁzp(l—g), 7_7277(1—?) (AS)

The effective Wilson coefficients used in our calcula-
tions are taken from Ref. [6].

c; = —0.6941,
cy =-0.0627,

¢, =1.37717,
¢s =0.0206,

c; =0.0652,

cs=-0.1355.  (A6)

For the masses appearing in D decays, we use the fol-
lowing values [64, 65] (in units of GeV):
my, =0.0035, m,;=0.0063, m;=0.119,
my, = 0.5475, my= =0.1396, mg: =0.4937, mgo =0.4977,
Mp: = 1870, n f,980) = 0990, mag(gso) = 0980,

m, = 1.3,

(A7)

For the widths, we use [64] (in units of GeV):

T80 = 0.074, T o950, = 0.092. (A8)
As for the form factors, we use [66, 67]:
FP7(0) = 0.67, with a = 0.50,b = 0.01,
FPP(0) 20.45, witha = 1.36,b = 0.32,
FP®(0) =0.55, with a = 1.06,b = 0.16. (A9)

The following numerical values for the decay con-

stants are used [42] (in units of GeV):

Fios0) = 0.370+0.02, f;g(ggo) =0.365+0.02.

foe = 0131, f 050, = fih080) = 0.350£0.02,
(A10)
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