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Abstract: Recently, the BESIII Collaboration has observed the three-body decays DY — nwn™, D* — K(S) n*w and
D® - K=7*w. In this work, we investigate the contributions of the subprocesses p™ — wn™ in these Cabibbo-
favored decays D — hwr, with pt = {p(770)*,p(1450)*,0(770)" &p(1450)*} (and h = {r],Kg,K_}, by introducing
these subprocesses into the decay amplitudes of relevant decay processes via the vector form factor F,,, which has

measured in the related 7 and e*e™ processes; we provide the first theoretical predictions for the branching fractions
of the quasi-two-body decays DY — n[p™ —]wn™, D* — Kg [p* =lwr* and D - K~ [p* —)wr*. Our findings re-
veal that the contributions from the subprocess p(770)* — wra* are significant in these observed three-body decays

D} - nwr*, D™ - KYwr* and DY - K~ wr*, notwithstanding the contributions originating from the Breit-Wign-

er tail effect of p(770)*. The numerical results of this study suggest that the dominant resonance contributions for

the three-body decays D} — nwn* and D™ — KQwr™ are originated from the P-wave intermediate states p(770)",

p(1450)* and their interference effects.
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I. INTRODUCTION

The three-body decay D! — nwn* has been observed
for the first time by BESIII Collaboration recently, with
its total branching fraction B = (0.54 £ 0.12, +0.044,)%
[1]. This numerical result aligns an earlier measurement
by the CLEO Collaboration, which reported a branching
fraction of (0.85+0.54, +0.064)% in Ref. [2] for the
same decay channel, but the BESIII measurement offers
significantly improved precision. Given the quark struc-
ture of the initial and the final states in this D, decay pro-
cess, the Cabibbo-favored transition ¢ — s along with the
W* — ud will be the dominated process at quark level.
The prospective intermediate states for this process could
be the resonances ay(980)*, p(770)*, b;(1235)*, and
w(1420), etc., and their excited states which will decay
into the n*n, wn* and wn pairs in the final state, respect-
ively [3]. The combination of n* and wn with the inter-
mediate resonance w(1420) means a pure annihilation
process for this D! decay. The union of ® and
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ap(980)" — n*n for this decay is very similar to the decay
process D — n°[ay(980)" —]n*n, which has been meas-
ured by BESIII [4] and the branching fraction was found
to be consistent with the triangle rescattering processes
via the intermediate processes D! — n”p*, Df —» K*'K
and D' — KK* [5-10]. But the branching fraction for
D! — way(980)" was found to be less than 3.4x10™* in
Ref. [10], due to the cancellation of the rescattering ef-
fects and the suppressed short-distance W annihilation
contribution. Consequently, the dominated contributions
for the decay D! — nwn* are expected to come from the
combination of 7 and the resonances which will decay in-
to wr™ pair in the final state.

The light meson pair of wn which originating from
the weak current of the matrix element {(wn|V¥—A#|0) in
the three-body hadronic D and B meson decays is related
to the processes T — wnv, and e*e” — wn. The G-parity
conservation requires that the wn pair is determined
mainly by the vector part V# of the weak current [11],
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which is associated with the p family resonances as the
intermediate states via the P-wave transition amplitudes
[12]. The axial-vector part A# of the weak current for wrn
system goes to the resonance b;(1235) and its excited
states. The state b;(1235), with the quantum numbers
JPG =1**, is related to the second-class weak current
classified in terms of parity and G parity [13]. The
second-class weak current has been searched in 7 decays
in recent years, but no evidence has been observed [14,
15]. The decay amplitude for the b,(1235) — wn subpro-
cess through S- and D-waves in relevant processes is pro-
portional to the mass difference between u and d quarks
[3], which makes the contribution of ws from the axial-
vector resonance b;(1235) accompanied by the second-
class current highly suppressed.

The ordinary decay mode for p(770) — wn is not al-
lowed because of the pole mass of p(770), which is ap-
parently below the threshold of the wn pair [3]. But the
Breit-Wigner (BW) [16] tail effect of p(770), also known
as the virtual contribution [17-20], was found indispens-
able to the production of wr pair in the processes of
T — wnv, [21-24] and e*e” — wn® [25-34]. The excited
state p(1450) has been observed to decay into wr pairin
B meson decays by the CLEO, Babar and Belle collabor-
ations [35—37]. This state has been suggested as a 25 -hy-
brid mixture in Ref. [38] in view of its decay characters
[39—41], but its mass is consistent with the 2S5 excitation
of p(770) [42]. The further investigation of the interfer-
ence between the p(1450) and its ground state will
provide deeper insights into its nature.

In addition to data for the D! — nwn* decay, the ab-
solute branching fractions of the decays D’ — K rn*w,
D’ - K{n’w, and D* - K)n*w have been determined by
BESIII Collaboration recently in Ref. [43], with the res-
ults to be (3.392+0.044, +0.085,)%, (0.848%
0.046 £ 0.0314y)%, and (0.707 £ 0.04 14y, +0.029,y4) %,
respectively. To better understand these experimental res-
ults, we shall study the Cabibbo-favored three-body de-
cays Dt — nwn*, D* - Klwr* and D° - K wn* in this
work, where the wr pair is attributed to the decays of in-
termediate states p(770)* and p(1450)*. The schematic
diagram for the quasi-two body decay D! — np* — nwn*
is shown in Fig. 1. In its rest frame, the state D! will de-
cay into the intermediate resonance p* along with the the
bachelor state #, and then the p* decays into @ and 7* via
the strong interaction. The similar pattern will arise in D*
and D° decay processes, with the # replaced by K? and
K, respectively. The subprocesses p(770,1450)" — wnt
in these decays will be introduced into their decay amp-
litudes in the isobar formalism [44—46] via the vector
form factor F,,. This form factor has been measured in
the related processes of 7 decay and e*e™ annihilation.

The contributions of p(770,1450) — wr for the three-
body decays B — D®wn were studied in Ref. [47] very
recently. The p family resonance contributions of kaon

n
o+

Fig. 1.
D} — np* - nwn*, where p* stands for the intermediate states
p(770,1450)* which decay into wn* in this work.

(color online) Schematic view of the cascade decay

pair have been explored in Refs. [48—54] and in Refs.
[55—58] for the three-body B and D meson decays, re-
spectively. In Ref. [25], four resonances p(770), p(1450),
p(1700) and p(2150) have been employed to parametrize
the related transition form factor for p — wr for the pro-
cess ete7—wn’ — xtna%° in the energy range 1.05-
2.00 GeV by SND Collaboration. But we will leave the
contributions of p(1700,2150) — wn to future studies for
the relevant decays, in view of that the masses of
0(1700,2150) are very close to or even beyond the masses
of the initial D*° and D} mesons, the contributions of wr
from p(1700,2150) are unimportant comparing with that
from p(770) and p(1450) [25], and in addition, the ex-
cited p states around 2 GeV are not well understood [34,
59].

Due to the c-quark mass, the heavy quark expansion
tools and the factorization approaches, which have been
successfully used in hadronic B meson decays for dec-
ades, encounter significant challenges when applied to
the two-body or three-body hadronic D meson decays. In
this context, model independent methods, such as the to-
pological-diagram approach [60—66] and factorization-as-
sisted topological-amplitude approach [67—70] have been
adopted in various D decay studies. In Ref. [55], we con-
struct a theoretical framework for quasi-two-body D
meson decays with the help of electromagnetic form
factors, with which we studied the contributions of
p(770,1450) — KK for the three-body D decays within
the flavour SU(3) symmetry. In this work we adopt the
method in [55] and investigate the concerned decays
within the quasi-two-body framework [55, 71, 72], while
neglect the interaction between wr system and the corres-
ponding bachelor state in relevant decay processes.

This paper is organized as follows. In Sec. 11, we take
D° — K~ [p(770)" —]wn* as an example to derive the dif-
ferential branching fractions for the quasi-two-body D
meson decay processes. In Sec. III, we present our nu-
merical results for the branching fractions of the quasi-
two-body decays D! — nlp* —]wn®, D" — K2 [p" —>]wn®
and D° — K~ [p* —]wn*, along with some necessary dis-
cussions. Summary of this work is given in Sec. I'V.

II. DIFFERENTIAL BRANCHING FRACTIONS

In this section, we take the decay
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D° — K~ [p(770)" —]wn* as an example to derive the dif-
ferential branching fraction for the quasi-two-body D
meson decay processes. If the subprocess p(770)* — wn*
was shrunk to the meson p(770)*, we will have the two-
body decay D° — K~p(770)*. The related effective weak
Hamiltonian for D decays is written as [73]

Gr
Her = —= { A,(C101+C20,)
6
— Y Ci0; = 4,Cs,Ox | Q)
i=3
where the Fermi coupling constant

Gr =1.1663788(6)x 10> GeV~2 [3], the product of the
Cabbibo-Kobayashi-Maskawa (CKM) [74, 75] matrix
elements 4, =V; V,, and 4, =V, V,, the C's are Wilson
coefficients at scale u, and the O; and O, are current-cur-
rent operators, 0;-0, are QCD penguin operators, and
Oy, is chromomagnetic dipole operator. Then the total de-
cay amplitude for the process of a D meson decays into a
pseudoscalar (P) plus a vector (V) can be described with
typical topological diagram amplitudes Tpy,Cpy, Epy and
Apy according to the diagrams shown in Fig. 2, as well as
additional penguin amplitudes in the factorization-as-
sisted topological-amplitude approach [68] and the topo-
logical-diagram approach [62—65]. One is referred to the
Refs. [62—65, 68] for the detailed discussions on these the
topological diagram amplitudes.

The decay amplitude for D% — K~ p(770)* is domin-
ated by the color-favored tree amplitude 732 with the
D" — K~ transition as shown in Fig. 2-(a), where the su-
perscript 2B stands for a two-body decay process. We
have the amplitude 732 as [63, 64, 68]

Sty
V2 ©

2B
=M€, pp,

C _
T8 = { 31 +C2} fom,FP7R(m2)2€, pp

2

where the subscript p stands for the resonance p(770)
here, the F{~(m}) is the transition form factor for
D" — K~ process. Beyond the dominated amplitude 732,
there is a W-exchange nonfactorizable contribution from
the amplitude E;? from the topological diagram Fig. 2-

(¢), which can be parametrized as the form
E = MZPe, pp, and we have [68]

M = Ly v ottt [fxl £ 3

A 2w, €% fomp | fxl fx] 3

in the factorization-assisted topological-amplitude ap-
proach, with x! =0.25 and ¢/ =1.73 [68] are two para-
meters which characterize the strength and strong phase

ARV,

(c)

Typical topological diagrams for the concerned de-

[»)
>

h(P)

P(h)

Fig. 2.
cays at quark level, where p stands for the intermediate states
p(770,1450)", h-for n,K9 or K-,
the weak vertex in this work.

and the symbol ® stands for

of the corresponding amplitude, and the decay constants
fos fp, fx and f, for the p(770), D°, kaon and pion, re-
spectively. In addition to the amplitudes T3% and E, we
also need [68]

G A
CV' = M6 pp = ~5ViiVaa [Cro+ Co(1/3-4x3e )
X fxmpAg " (m)2 €, po,
“4)
= Mf‘,B 7 pD
_ Gy o
V Vudcl/\/f{‘e "fDmD [fn(/)/fﬂ} €°'PD> (5)
V2 S
in the numerical calculations of the decays

D* = K2p(770)* and D! — np(770)* according to the to-
pological diagrams Fig. 2-(b) and -(d), respectively. With

the parameters yx§ =-0.53, ¢{ =-0.25, x;=0.11 and
¢, = —0.35 found in [68].
For the two-body D°— K p(770)" decay, the
Lorentz-invariant total decay amplitude is
= MPe¢,-pp = (M + M), pp. (6)
Utilizing the partial decay rate
= 2 | q |
dr =17 ()

in Review of Particle Physics [3], along with the formula

p”p

yng

> & (p, D (p,A) =

A=0,+

) ®)




Wen-Fei Wang, Jiao-Yuan Xu, Si-Hong Zhou et al.

Chin. Phys. C 50, (2026)

it is trivial to get the partial decay width

ﬁ
(D’ — K p(770)") = [
87Tm2

|M28} (9)

The magnitude of the momentum [¢| for p(770)* or K~ is

- 5

2| = g Vb = Oy 2] [ = (my =],

in the rest frame of D° meson, and the m;'s (with
i={D° p(770)*,K"}) are the masses for relevant particles
above.

By connecting subprocess p(770)" — 7*n°% and the
two-body mode D° — K-p(770)" together, we will get the
quasi-two-body decay D° — K~p(770)* — K~ n*n°. Its de-
cay amplitude can be written as [55]

1
ﬂQZB = MQZBEP'pD ngmrep ' (Pn* _pﬂo)‘ (11)
BW

Where the BW denominator Dy, = m) —s—im,I,(s). for
the p(770)* propagator, and the related s-dependent width
is

3

X2

I,(s) =

(12)

BW)'

The Blatt-Weisskopf barrier factor for'p family reson-
ances is given by [76]

1423
X(z) = , (13)
@ 1+22
where |qx| =1 +/s—4mZ, qno’ is |72| at s=m?, and the

barrier radius is rgy = 1.5 GeV~! [77]. One should note
that the amplitude M2# could be obtained from the re-
lated amplitude M?? with the replacement m, — +/s.
With the help of Eq. (8), the decay amplitude A%*# of Eq.
(11) is reduced to

ALE = M9?E g’m‘ 1‘ ‘pg}cosa (14)
where
}17| f\/s 4m2,
? (15)
73] =7\/mD (V5 +mg)?] [~ (V5 —mg)?].

are the momenta for final states 7" and K-, respectively,
in the rest frame of the pion pair in the D — K-n*#° de-
cay, and 0 is the angle between n° and K~ in the same
frame for pion pair. After the integration of cos9, it's

trivial to arrive the partial decay width [3]

2

Q2B gpzm

(16)

ds 4873 m3) W
for the quasi-two-body decay D° — K- [p(770)* —]n*n°
We can further define the pion electromagnetic form
factor of the p(770) component as [78, 79]

f;Jgpirzr m/2>
Fr(s) = —, 17)
V2m, Diw
and rewrite the Eq. (16) as
3 3
i _BLBP |y "
ds  24m°m3, Jomp=Fa’
which is the same expression as it in Ref. [55].
To calculate the quasi-two-body decay

D° — K~ [p(770)" —]wn*, we introduce the effective Lag-
rangian [80—82]

prn = gpwngyvttﬁaﬂpya(laﬁﬂ (19)
to describe the p and wr coupling. The related form
factor F,.(s) is expressed as [83—85]

(@(Pas V7P| ju(0)I0) = i€urape” (Pas VP P Fom(s),  (20)

where j, is the isovector part of the electromagnetic cur-
rent, A and ¢ are the polarization and polarization vector
for w, respectively, p,(py,) is the momentum for w(r), and
the momentum p = p, + p, for the resonance p(770)*. The
form factor F,.(s) in the vector meson dominance model
is parametrized as [26, 29, 32, 86]

Z Aiem
pi Dy, (s)

8pwn

Four(s) = 7
P

2

where the summation is over the isovector resonances
pi = {p(770),p(1450),p(1700),...} in p family, with m,,
their masses. The A; and ¢; are the weights and phases for
these resonances, respectively, and we can assign A =1
and ¢ =0 for p(770). Technically, the contributions from
the excitations of w(782) should also be include in Eq.
(21), but their weights were found to be negligibly small
[87].
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The decay amplitude for the quasi-two-body process
D° — K~ [p(770)" —]wn* is primarily written as

1 v (03
Awr = Mwirep'pD DingpwnE,uvaﬁefolgwpbpﬁ' (22)

With the help of the relation [47]

> lwaspe (o D F = sIpFIBF (= cos’0), (3

A=0,+

we have the partial decay width [3]

dr _ sl |7 ’

gpum
” , 24
ds 9673m3, M. Dew 24)
for the quasi-two-body decay D° — K~ [p(770)" —]wn*

after the integration of cosd. Then we can define an auxil-
iary electromagnetic form factor

fwn’ = f;)z/mpFwn = f;)mpgpwn/DBW3 (25)
and rewrite the Eq. (24) as
3 3
ar sy y
e = o Marl g, (26)

9673m3,

One should note that this expression is a little different
from the differential branching fraction in Ref. [47] for
B — D®wr decays. This discrepancy arises from the dif-
ferent definitions for the quasi-two-body decay amp-
litudes between the perturbative QCD approach [47] and
the present paper.

We need to stress that the Dgy = mf, —s—i+/sT,(s) for
the p(770)* in Eq. (22) is different from the Dg,, in Eq.
(11). The former has the expression [25, 26]

2
8 pwr

12

P,
P12
1 S=M 770y

for the energy-dependent width for the resonance p(770),
with the

pal’, (27)

m*em0
p(770)
l";7(770)(5) = l",3(770) B

1
2s

\/ [S - (mw + mlr)z] [S - (mw - mﬂ)z] . (28)

pol =

In addition to the T',770)(s), we employ the expression

qu(s) 3

Tpras0(8) = Docraso) | B (—=—
p(1450) p(1450) '0(1450)—> wr 2
9w (mp( 1 450))

2
)mp(l450) qx(s) 3

(29)
s qﬂ(m?,(msm)

+(1 - Bp(1450)~>w7r

for the excited resonance p(1450) for its energy-depend-
ent width as it was adopted in Ref. [27] for the process
ete” — wn’ — n°7% by CMD-2 Collaboration, where
B, 1450w 15 the branching ratio of the p(1450) — wn de-
cay, Iyz70) and T,q4s0) are the full widths for p(770) and
p(1450), respectively.

III. NUMERICAL RESULTS AND DISCUSSIONS

The key input in this work is the coupling constant
gpwr 10 Eq. (21) for the subprocess p(770) — wr; its value
can be estimated with the relation g, ~ 3g’,,/(87°Fy)
[88] with F,=92 MeV [3] and can also be calculated
from the decay width of w — n% [3]. In the numerical
calculation of this work, we adopt the value
8pwr =16.0£2.0 GeV~' [47] by taking into account the
corresponding fitted and theoretical values in Refs. [12,
22,26, 31, 32, 89-91] for it. In view of the expression of
F,x(s), we have a constraint [47]

A = 8p(1450)wr fp(1450)Mp(770)
=

(30)
8p(770)r Jp(770)Mp(1450)

for the weight A, for subprocess p(1450) - wr in Eq.
(21). With the measured result f3,,50,8(0(1450) — wr) =
0.011+0.003 GeV? [35], we have A; =0.171 £0.036 [47].

In the quasi-two body decay D! — nlp* —]wn, the
mixing between x and 7’ are taking into account. The
physical # and 7’ states are related to the quark flavor

basis [92, 93]
(’7,> ( )(’:)’ b
5

the meson # is made from 7, = (uit +dd)/ V2 and 7, = 55
at quark level in early studies with the mixing angle
¢ =393°x£1.0° and the decay constants
oy = (1.07£0.02)f; and f;, = (1.34£0.06)f, [92, 93]. Re-
cently, the mixing angle ¢ has been measured by KLOE
[94, 95], LHCb [96] and BESIII [97, 98] collaborations.
In this work, we adopt the angle
¢ = (40.0 £2.04, +£0.6,y5)° presented by BESIII in Ref.
[98] for the #-1” mixing very recently.

The three-parameter fit formulae for the D — K and
D, — n, transition form factors are parametrized as [99]

cos¢ —sing

sing  cos¢

0.78

D—K —
Fy70%(s) = (1-15/2.112)(1-0.245/2.112)°

(32)
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0.78
Ds—ny _
Fr = A ama -0 s i) (33)
Besides, we need the form factor [99]
APP(5) = 0.66 34

(1-5/1.872)(1-0.365/1.872)

for the D* — Kp* decay. The result FP~X(0)=0.78
in [99] agree well with the lattice determination
FP=K(0) = 0.765(31) [100]. The form factor for D, —
has been measured by BESIII recently with the results

7 (O Vs =0.452 £ 0.01041, % 0.007, [101],and £7(0)| V.| =
0.4519 £0.007 1 +0.0065,,,, [98] in the D — p"u*v,
and DF — n"e*v, decays, respectively. In Ref. [102], the
corresponding form factors were determined to be
f1(0) = 0.442 £ 0.022, +0.017y,. Given the mixing angle
¢ [98] and |V,,| [3], the result F*~"(0) = 0.78 in Eq. (33)
is in consistent with the measurements in Refs. [98, 101,
102] presented by BESIII Collaboration.

In the numerical calculation, we adopt the mean lives
Tpe = (1033 £5)x 1075 s, 70 = (410.3+1.0)x 1075 ‘s-and
Tp: =(501.2+£22)x 107" s for D, mesons [3]. The de-
cay constants for p(770) and its excited state p(1450) used
in this work are f,77=0.216+0.003 GeV [103] and
foiasoy = 0.18573032  GeV [104, 105]. The masses for
particles in concern decays, the decay constants for kaon
and pion, the full widths for resonances p(770) and
0(1450) (in units of GeV), the CKM matrix elements |V,,|
and |V, [3], and the decay constants fp and fp, for D,
[106, 107] are presented in Table 1.

To verify the reliability of the parameters used in this
work, we calculate the branching ratios for the quasi-two-

D" = K2[p(770)" =]n*7°, and D° — K~ [p(770)" —]n*n°,
and compare them with the experimental results in Ref.
[3]. Utilizing the differential branching fraction of Eq.
(18), it is trivial to obtain the branching fractions for the
quasi-two-body decays D! — n[p(770)* —»]n*n°, D* —
K2[p(770)" =]x*n° and D" — K [p(770)" —]x*n® as
shown in Table 2, as well as the corresponding two-body
data from Review of Particle Physics [3]. For our numer-
ical results of the relevant quasi-two-body in Table 2, the
first source of the error corresponds to the uncertainties of
the decay constant f,770) = 0.216 £0.003 GeV [103], the
uncertainties of CKM matrix elements |V,,| and |V.,| in
Table 1 contribute to the second source of error. One can
find that these errors are quite small when comparing
with their corresponding central values. For the D, decay,
the uncertainty of mixing angle ¢ contributes the third er-
ror. We neglect the errors arising from the uncertainties
of other parameters due to the tiny contributions. In view
of B(pt— n*7°)=100% [3], our results in Table 2 for the
decays D! — n[p(770)" -»]n*x° and D° — K~ [p(770)" —]
x*n° are in consistent with the data. However, for the de-
cay D' — K2[p(770)" —]x*n°, our result deviates from
the experimental measurement by more than 4o. One
should note that our results for the D* decay agrees with
that in Ref. [68]. This indicates that further investigations
should be required to understand the branching ratio for
D" - Kon*n®.

Now we investigate the contributions of p(770, 1450) —
wr to relevant quasi-two-body D, decays. With the help
of the Eq. (26), we obtain the branching fractions for the
decays D! —nlp* olont, D' - Kl[p* >]wrt and
D’ — K [p* —»]wn* in Table 3, with the intermediate
pt e{p(770)*,p(1450)*,p(770)* &p(1450)*}. For these pre-
dicted branching fractions in Table 3, the first source of

Masses for relevant states, decay constants for pion and kaon, full widths of p(770) and p(1450) (in units of GeV) and the

body decays, involving D! — n[p(770)" —]x*n°,
Table 1.
CKM matrix elements |V,,4| and |V, in [3], along with the decay constants fp and fp, from [106, 107].
mps = 1.870 mpo = 1.865
My = 0.783 mys = 0.494
Jx=0.130 fx =0.156

my(770) = 0.775
Mp(1450) = 1.465 +0.025
[Viual = 0.97367 £ 0.00032

mps =1.968 e = 0.140

mygo = 0.498 my =0.548

fp=0212 fp, =0.250
770 = 0.147

[p(1450) = 0.400 +0.060
[Vesl = 0.975 £ 0.006

Table 2.
ponding two-body data from Review of Particle Physics [3].

The branching fractions for the concerned quasi-two-body D) decays with the subprocess p(770)* — x*2°, and the corres-

Decay modes

B Data [3]

DY — nlp(770)* =)n*x°
D* = K[p(770)* —>]a*n®
D° — K~ [p(770)* =]a*a°

(7.11+£0.20+£0.09+£0.47)%
(3.67+0.10+0.05)%
(9.12+0.25+0.11)%

(8.9+0.8)%
(6.14598)%
(11.2+£0.7)%
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Table 3.

The predicted branching fractions for the relevant quasi-two-body D5 decays with the subprocesses p(770,1450)" — wn*

along with the experimental measurements in [3] for the related three-body decay processes.

Decay modes

B

D} — n[p(770)" —]wn*
D} — n[p(1450)* —]Jwn™*
D! — nlp(770&1450)" —>]wn*

(1.90£0.35+0.05+0.14)x 1073
(0.39£0.16£0.14+0.03) x 1073
(2.89+0.63+0.29+0.20) x 1073

Dt = K2[p(770)* —]wnr*
D* — K2[p(1450)* —>]wn*
D* - K2[p(770&1450)* —>]wn*

(1.03+0.20+0.03)x 1073
(0.16+0.07 +0.06) x 1073
(1.53+0.34+0.15)x 1073

DY — K~ [p(770)* —]wnr*t
D% - K~ [p(1450)* —]wn™*
DY — K~ [p(770&1450)" —]wr*

(196 +0.38 +0.05)x 1073
(0.28+0.12+0.10) x 1073
(2.86+0.63+0.31)x 1073

Three-body modes

Data [3]

D! - nont
Dt — K(S)amJr

DY - K- wnt

(5.4+1.3)x1073
(7.1£0.5)x 1073
(3.39+£0.10)x 1072

the error corresponds to the uncertainties of
8pon =16.0£2.0 GeV™! and A, =0.171+£0.036, the
second error comes from the uncertainties of the decay
constants for p(770) and p(1450), _the mass
Mp(1450) = 1.465+0.025 GeV and full width
[p14s0) = 0.400+£0.060 GeV for p(1450). For those three
decay channels with the meson # in their final states in
Table 3, the uncertainty of the mixing angle ¢ will con-
tribute the third error. There are other errors for the pre-
dictions, which come from the uncertainties of masses
and decay constants of the initial and final states, from
the uncertainties of the CKM matrix elements, etc., are
very small and have been neglected.

The parameters x.,*, ¢;*, x{ and ¢{ in Egs. (3)-(5)
were fitted for the two-body D decays with a light
pseudoscalar and a ground vector meson as their final
states. In principle these parameters are not really appro-
priate to the decays with p(1450) as the intermediate
state. But one should note that, these parameters do not
exist in the dominated decay amplitudes for relevant de-
cay processes in this work. In order to check the impact
of these parameters on the branching fractions with the
intermediate state p(1450), we take
D! — n[p(1450)* »]wn* as an example. When we vary
the related parameters with the 50% uncertainties of their
values for this decay channel, we obtain its branching
fraction as B = (0.39+0.03)x 1073. Which means the ef-
fects of these parameters would be tiny by comparing it
with the corresponding errors in Table 3 for
Dt - n[p(1450)* —]wr* decay. The form factor A~ in
Eq. (34) is for the D — p(770) transition. While for the
decay D* — KJ[p(1450)" —]wr*, the form factor A, for
D — p(1450) transition is needed. According to the dis-
cussions in Ref. [104] with the same intermediate state

p(1450) in quasi-two-body B meson decays, we adopt
AODHP(MSO) = f;,(145())/f;7(770)Ag‘)p(770), in view of the lack of
the form factor AJ~""'*” in literature. When we invest
this form factor a 20% uncertainty of its central value, we
will have the branching fraction (0.16+0.03)x10~* for
the D™ — K2[p(1450)* —]wn* decay. Apparently, the er-
ror is not large.

In Ref. [1], the branching fraction for the tree-body
decay D} - nor* was measured to  be
(0.54 £0.125 = 0.044,)%; by comparing this data with
the corresponding prediction (2.89+0.72)x 107 in Table
3 for D} — n[p(770&1450)* —]wr*, we conclude that the
tree-body decay D! — nwn* is dominated by the contri-
bution from the subprocess p(770&1450)" — wn™,
roughly contributing to half of the total branching frac-
tion when employing the phase difference ¢, = 7 between
the intermediate states p(770) and p(1450) [22, 26, 27, 29,
31, 32]. But in Ref. [47], with the choice of ¢, =, the
shapes of predicted differential branching fractions for
B’ — D p* — D"~ wn* were found do not agree very well
with the distribution of wr measured by Belle Collabora-
tion in [37] for B® — D*-wn* decay. The interference
between the  subprocesses p(770)" - wr™  and
p(1450)" — wn* is seriously affected by the phase differ-
ence ¢, =n for the D! — nwn* decay. We switch the
phase difference ¢; from zero to 27 and find that we will
obtain the maximum branching fraction 8 =3.67x 1073 as
the central value for D! — n[p(770&1450)" —]wr* when
we choose ¢; = 1.35x, then the prediction is roughly 68%
of the measured total branching fraction for D} — nwn*
presented by BESIII in [1].

One could argue that as a virtual bound state [17, 18]
the intermediate state p(770)* could not completely ex-
hibit its properties in the quasi-two-body decay
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Dt - nlp(770)* —»]wr*. It is true that the invariant
masses of the wr pair exclude the region around the
p(770) pole mass. However, as we show in the Fig. 3 the
width of p(770) renders its contribution quite sizable in
the energy region of interest of three-body Dy, decays. It
is important to consider explicitly the subthreshold reson-
ances, even if they contribute via the tail of their energy
distribution, in the amplitude analysis of experimental
studies. The differential branching fractions shown in Fig.
3 for the quasi-two-body decay D! — n[p* —»]wn* with
0% = {p(770)*, p(1450)*, p(770)* + p(1450)*} are not typic-
al curves like p(770,1450) — nir in three-body B meson
decays [104]. The peaks of the dash line for
p(770)* — wr* and dot line for p(1450)* — wn™* in Fig. 3
arise from BW expressions for the involved resonances
and mainly from the phase space factor in Eq. (26).

The absolute branching fraction for the three-body de-

cay D'—>Kr*w  was  determined to  be
(0.707 £0.041, £0.029)% by BESIII in Ref. [43],
which is 4.6 times larger than the prediction

(1.53+0.37)x 107* in Table 3 for the quasi-two-body de-
cay D* — K2[p(770&1450)* —]wr*. We need to stress
that the contribution weight of D* — K?[p(770&1450)" =]
wr* in the corresponding three-body decay could be en-
hanced by improving the calculation method employed in
this work, since our prediction for D* — K0 [p(770)* —]
a*n% in Table 2 is just around half of the data in [3].
Which also means the branching  fraction for
D* = K{[p(770&1450)* —]wnr* could be twice of the cor-
responding prediction in Table~ 3. In addition, the
D* — b;(1235) transition with a emitted K9, could gener-
ate the wn* pair from b,(1235) for D* - K{n*w decay.
The wn* pair generated from the D* — b;(1235) trans-
ition is not like it from the matrix element (wn|V*—A*|0)
in D! — nwn* decay, whose amplitude is just proportion-
al to the mass difference between u and d quarks. The
measurement of B(D* — b,(1235)°e*v,) x B(b;(1235)° —
wn®) = (1.16 £0.44,, £0.164) X 10°* by BESII [108]
hinting possible contribution of 5,(1235)" - wn*™ for
D* - K{n*w decay. But we know the contribution
shouldn't be large since we have the theoretical estima-
tion 1.7x107° as the branching fraction for
Dt — K°b,(1235)* [109].

The input parameters for the quasi-two-body D meson
decays were updated in Ref. [70] very recently. With
those updated inputs in [70], the quasi-two-body decay
branching fractions for the D! —np(770)* and
D — K~p(770)* agree well with these corresponding res-
ults in Tables 2-3 with the subprocesses p(770)" — n*n®
and p(770)* — wn*, respectively. While the branching
fractions for the quasi-two-body decays D — K?
[p(770)* —>]x*x° and D* — K9[p(770&1450)* —Jewr* will
be increased to (4.45+0.14)% and (2.63 £0.64)x 1073, re-
spectively. And the latter numerical value is about 37%
of the total branching fraction of D* — K{n*w in [43].

For this three-body decay D* — K{n*w, one also has the
contribution from D*— K*z* with the subprocess
K** - Kw. When we take into account the branching
fraction (1.04+0.12)% for D™ — K*%z* along with
K% — K-n* [3] and the discussions for the virtual contri-
butions of K* in [110], we can't expect a large contribu-
tion from D* — K*%n* — Klwn* for this three-body de-
cay process. In addition, the cascade decay
D" - K*(892)*w — Kin*w isa doubly Cabibbo sup-
pressed model. Then we are pretty sure that the quasi-
two-body process D" — K2[p(770&1450)* —]wn* should
be the most important one for the three-body decay
D' - Kintw.

The  branching  fraction for the  decay
D° — K [p(770&1450)" —»]wn* is predicted to be
(2.86+0.70)x 10~ in this work, which is less than a tenth
of the measurement (3.392+0.044, +0.085.,)% for
three-body decay D° — K-n*w in Ref. [43]. The data
(6.5+£3.00x1073 for D° — K*(892)°w with the subpro-
cesses K*(892)° — K~n* and w — n*n~n° is about twice
of our result for D° — K [p(770&1450)" —]wna* in this
work. Actually, the three-body decay D° — K 7w is
very different from the process D! — nwrn*, the former
has very rich intermediate states. One has the resonances
K*(892,1410,1680)°, K; ,(1430)° ,
K*(892,1410,1680)", K;(1270)" and p(770,1450)* decay-
ing into K~ 7", K~w and n*w, respectively, in this three-
body decay D° — K-n*w. The analyses of the complete
resonance contributions for the decay process
D° — K~n*w is beyond the scope of this work, we shall
leave them to the future studies.

IV. SUMMARY

The Cabibbo-favored three-body decays D! — nwn*,
D* - Kin*w and D’ — K n*w have been observed by
BESIII Collaboration recently, but without any amp-
litude analysis. In order to understand better the relevant
experimental measurements, we studied the contributions
of the subprocesses p(770,1450)* — wn* in these three-
body D meson decays by introducing them into the de-
cay amplitudes of the relevant decay channels via the
vector form factor F,.(s), which has been measured in
the related processes of 7 decay and e*e™ annihilation.

With the parameters g,,,=16.0+2.0 GeV~' and
A; =0.171+0.036 for the vector form factor F,,, we pre-
dicted the branching fractions for the first time for the
quasi-two-body decays D! — nlp" >Jwrt, D' — K
[p" =]wr* and D° — K~ [p* —]wn* with the intermediate
ot ={p(T70)*,p(1450)*, p(770)" + p(1450)*}. By  compar-
ing our predictions with the experimental data, we found
that the contributions from the subprocess p(770)* — wn*
are significant in these three-body decays D! — nwn*,
D* - Kjwr* and D° —» K- wn*, notwithstanding the con-
tributions originating from the Breit-Wigner tail effect of
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p(770)*. The interference effects between the resonances
p(770)* and p(1450)" make the P-wave resonance contri-
butions for wn* pair enhanced in these three-body de-
cays. The numerical results of this study suggest that the

dominant resonance contributions for the three-body de-
cays DY — nwr* and DY — KJwn* are originated from
the P-wave intermediate states p(770)*, p(1450)* decay-
ing into wn™ pair and their interference effects.
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