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On the Dalitz Plot Approach in Nonleptonic Charm Meson Decays
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We claim that the nonresonant contribution to nonleptonic charm meson decays may not be c
in the phase space of the reaction. We argue that this can be relevant for any weak reactio
discuss in detail the decayD1 ! K2p1p1. [S0031-9007(96)02052-2]
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Nonleptonic charm meson decays have been extensi
studied both theoretically and experimentally. The high
versity and low multiplicity of decay channels provide im
portant information on both weak and strong interactio
These decays have contributions from resonances in in
mediate states, as well from the direct nonresonant (N
decay. The understanding of the decay pattern of ch
mesons as a whole, and therefore the extraction of
decay partial widths for all contributing states, is esse
tial in addressing many open problems in charm physic

The Dalitz plot analysis [1] is a powerful techniqu
widely used in the study of resonance substructures
charmed meson decays. The plot represents the p
space of the decay, and it is weighted by the squared
plitude of the reaction. Therefore, it contains informatio
on both the kinematics and the dynamics. Within th
technique, intermediate resonant and nonresonant co
butions are fitted to get the respective amplitudes a
phases. The corresponding partial decay widths can t
be obtained.

When experimental data on nonleptonic decays
charm mesons became available in the 1970s, J. W
et al. [2] used the Dalitz plot technique to search f
the spin of the recently discovered chargedD meson.
They found a result statistically compatible with a fl
distribution. Assuming that the structure on the Dal
plot is dominated by the hadronic spin amplitude [3], th
concluded theD1 meson would be a spin 0 particle.

Subsequently, resonances were found in higher sta
tics experiments. Since then, attention has focused
them and the NR contribution has been assumed to
constant. For instance, data on nonleptonic decays of
D meson has been fitted [4–8] using Breit-Wigner fun
tions [9] to represent the various resonances (with the
spective angular distribution) and a constant function
describe the NR contribution [10].

Although the above parametrization is widely used
very poor fit has been reported [5,8], suggesting tha
may not be adequate to describe these decays. T
poor results do not improve with higher statistics
considering a larger number of resonances [8]. Moreov
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this problem appears in all theD ! Kpp decay channels
already measured (D0 ! K̄0p1p2, D1 ! K̄0p1p0,
D1 ! K2p1p1, and D0 ! K2p1p0) [11], and the
worst fit is obtained forD1 ! K2p1p1, where the NR
contribution dominates [8]. (In this case, with 29 degre
of freedom, thex2 per degree of freedom is as bad a
3.01.)

A possible explanation for these discrepancies is
incorrect use of a constant amplitude for the NR contrib
tion. An incorrect parametrization will certainly influenc
the fit of the resonances and consequently the extrac
values of amplitudes and phases. As an example, Mar
reported [5] significant discrepancies on the measurem
of the branching ratio (BR) ofD1 ! K̄pp1 obtained
from the different final statesK0p0p1 and K2p1p1.
Note that while the NR contribution to the first final sta
is of the order of 15% of the total partial decay width,
the second it is as large as 80%.

Here, we claim that NR charm meson decays m
contain information beyond the simple hadronic amplitu
of a spin zero particle decaying into three spin ze
daughters. Since we are dealing with weak deca
signatures of this fundamental interaction can direc
appear in the NR amplitude. In weak interactions betwe
quarks and leptons helicity plays an important ro
Consequently, one expects a significant dependence
the weak amplitudes on the momenta of the interact
particles. Thus, the dynamics of these reactions vary fr
point to point of the phase space and the significance
this variation depends on the specific physical reaction

This should be particularly important in weak deca
of charm mesons. The large value of the charm qu
mass allows for a quasiperturbative treatment of QC
Furthermore, charm quark decays into light quarks a
this enhances the importance of helicity. For example,
can see the effect of weak partonic mechanism respons
for the Cabibbo favoredD meson decays, i.e.,c ! sud̄,
by analyzing the decay oft leptons,t ! mn̄mnt, which
are essentially similar. This simple example will she
some light on the dependence of a weak reaction on
phase space.
© 1996 The American Physical Society
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The theoretical Dalitz plot corresponding to the dec
t ! mn̄mnt can be obtained by taking the well know
decay amplitude of pure leptonic decays [12]. This dec
amplitude can be written as a function of two invaria
variables defining a Dalitz plot, e.g.,m2

mn̄m
; spm 1

pn̄m
d2 andm2

mnt
; spm 1 pnt

d2, to give

jMt!mn̄mnt
j2 ~ m2

mnt
sm2

t 2 m2
mnt

d , (1)

wheremt is thet mass.
The dynamics of the reaction has a quadratic dep

dence on the variablem2
mnt

. As the Dalitz plot is weighted
by jMt!mn̄mnt

j2, Eq. (1) shows that a Dalitz plot of a
pure weak decay has indeed significant variations alo
the phase space.

Obviously, due to the hadronization process of the p
tons after their weak interaction, the result of the previo
example cannot be simply translated into hadronic deca
In the latter case, one has to take into account nonper
bative QCD effects involved in the final hadronic state fo
mation. In order to make an estimate of the effect of t
dynamics in the Dalitz plot, we use an approximate meth
to describe hadronic decays. The method is based on b
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the factorization technique [13] and an effective Hamilto
ian [14,15] for the partonic interaction and has been su
cessfully used to describe heavy meson decays [13,16

As we are interested in the NR contributions, w
analyze the channelD1 ! K2p1p1, which has a very
large NR branching ratio, as mentioned above. T
effective Hamiltonian for the weak vertexc ! sud̄ is
[14,15]

Heff ­

√
GFp

2

!
cos2 ucfa1 : ss̄cd sūdd :

1 a2 : ss̄dd sūcd :g , (2)

where sq̄q0d is a shorthand notation for̄qgms1 2 g5dq0.
The coefficientsa1 and a2 characterize the contribution
of the effective charged and neutral currents, respective
which include short-distance QCD effects. Their valu
have been fitted in the case of charm meson tw
body decays (see, for example, Ref. [14]). The diagra
contributing to the decayD1 ! K2p1p1 are shown
in Fig. 1. Using factorization we obtain the following
decomposition for the hadronic amplitude:
MD1!K2p1p1 ­

√
GFp

2

!
cos2 ucfa1kK2p1

1 js̄cjD1l kp1
2 jūdj0l 1 a2kK2p1

1 js̄dj0l kp1
2 jūcjD1l 1 sp1

1 ! p1
2 dg.

(3)
the
e

n

ell

g

Let us first discuss the term driven bya1, i.e., the one
of Fig. 1(a). The most general form to decompose
first matrix element can be written in terms of four for
factors [17]. Using the parametrization of Ref. [18], w

FIG. 1. The two diagrams contributing to the decayD1 !
K2p1p1 according to the effective Hamiltonian of Eq. (2).
e
can write
kK2p1

1 js̄cjD1l ­ A
m
1 F1 1 A

m
2 F2 1 iV

m
3 F3 1 A

m
4 F4 ,

(4)
where

A
m
1 ­ p

m
K 1 p

m
D 2 Qm Q ? spK 1 pDd

Q2
,

A
m
2 ­ pm

p1
1 p

m
D 2 Qm Q ? spp1 1 pDd

Q2
,

V
m
3 ­ emabgpa

K pb
p1

p
g
D ,

A
m
4 ­ Qm ­ p

m
K 1 pm

p1
2 p

m
D ­ 2pm

p2
.

The terms proportional toF1, F2, andF4 originate from
the axial vector part of the matrix element, whereas
one proportional toF3 originates from the vector part; th
terms proportional toF1, F2, and F3 correspond to spin
1 and F4 to spin 0. The four form factors depend o
three variablesm2

1 ­ spk 1 pp1 d2, m2
2 ­ spk 1 pp2 d2,

andQ2 which is a constant (m2
p ) in this case.

The second matrix element in Eq. (3) has the w
known form

kp1
2 jūdj0l ­ ifppm

p2
. (5)

The only contributing term in Eq. (4) after multiplyin
it by Eq. (5) is the axial spin 0 term, i.e.,

kK2p1
1 js̄cjD1l kp1

2 jūdj0l ­ spp2mF4d sifpp m
p2

d

­ ifpm2
pF4 . (6)
23



VOLUME 78, NUMBER 1 P H Y S I C A L R E V I E W L E T T E R S 6 JANUARY 1997
To find the contribution of Fig. 1(b), one can use the well known expressions [19]

kp1
2 jūcjD1l ­

"
spD 1 pp2 d

m 2
m2

D 2 m2
p

q2
spD 2 pp2 d

m

#
F12

Dpsq2d 1
m2

D 2 m2
p

q2
spD 2 pp2 dmF01

Dp sq2d

and

kK2spK dp1
1 js̄dj0l ­ kp1

1 js̄djK1s2pK dl

­

"
s2pK 1 pp1 d

m 2
m2

K 2 m2
p

q2 s2pK 2 pp1 d
m

#
f1sq2d 1

m2
K 2 m2

p

q2 s2pK 2 pp1 d
mf0sq2d .

In the equations above,q2 ­ spD 2 pp2 d2 ­ s2pK 2 pp1 d2 while the functionsFJP

Dp sq2d (corresponding to a
current of spin parityJP), f1sq2d, andf0sq2d are form factors. We will return to them later.

We then find for the second contribution in Eq. (3),

kp1jūcjD1l kK2p1js̄dj0l ­ F12

Dpsm2
1df1sm2

1d sm2
D 1 m2

K 1 2m2
p 2 2m2

2 2 m2
1d

1 fF12

Dp sm2
1df1sm2

1d 2 F01

Dp sm2
1df0sm2

1dg
sm2

D 2 m2
p d sm2

K 2 m2
p d

m2
1

1 sm2
1 $ m2

2d , (7)
ot

is

t
n

e

ay
g
).
oe

,

n
ou

ay
r

n.
s

e

,
d

lity

nt
ven

n

te
re
e

s as

d
re
where we have explicitly introduced the Dalitz pl
variablesm2

1 andm2
2 defined above.

The contribution of diagram 1(a), given by Eq. (6)
proportional tofpm2

p . Thus, unless the form factorF4
is unacceptably large (F4 , 103), we can safely neglec
this contribution in favor of that of diagram 1(b), give
by Eq. (7) which containsm2

D. As an aside, it is possibl
that the NR part of the decayD1 ! K2p1p1 is large
precisely because the contribution of diagram 1(b)
not small.

The NR contribution to the amplitude of the dec
D1 ! K2p1p1 can thus be simply written replacin
Eq. (7) in (3), neglecting the contribution of Fig. 1(a
The final expression thus depends on the effective c
ficient a2 and the four form factors. The twoDp form
factorsFJP

Dp sq2d have well established expressions [15]

FJP

Dp sq2d ­

√
1 2

q2

M2
Dp ,JP

!21

, (8)

where MDp ,12 ­ 2.01 GeV and MDp ,01 ­ 2.2 GeV.
They have been successfully used in the kinematic ra
we are considering here. The poles lie outside
kinematic region. TheKp form factors, f1sq2d and
f0sq2d, can be extracted from the semi-leptonic dec
K ! pln, with l ­ e, m. Nevertheless, it is not clea
that the usual parameterization [12]

f1sq2d ­ f1s0d

√
1 1 l1

q2

m2
p

!
,

f0sq2d ­ f0s0d

√
1 1 l0

q2

m2
p

!
is valid in the whole kinematic region of our reactio
In Eq. (9), f1s0d ­ f0s0d ­ 1 and the other coefficient
have been measured to be [20]:l1 ø 0.03 independent
of the measured channel, whereas the value ofl0 depends
on the decay:l0 ø 0 for K2 ! p0m2n andl0 ø 0.025
for K0 ! p1m2n.

In order to check the validity of this calculation schem
we have evaluated the NR partial decay widthGsD1 !
24
is

f-

ge
r

s

,

K2p1p1dNR using the expressions above. Withl0 ­ 0
and the value ofa2 extracted from two-body decay [14]
we find a BR of 9% which is close to the reporte
experimental value [20]7.3% 6 1.4% obtained by fitting
the NR contribution to a constant. We studied the stabi
of this result under the change of the parametersl1 and
l0: if we take the various values extracted from differe
channels we find that the BR varies less than 30%. E
assuming constant form factors (l1 ­ l0 ­ 0), the BR
remains of the same order of magnitude.

Figure 2 shows the Dalitz plot for the NR contributio
to the decayD1 ! K2p1p1 as a function of the
variablesm2

1 and m2
2. It has been generated by Mon

Carlo simulation with a weight proportional to the squa
of the amplitude in Eq. (3), using Eq. (7). We hav
considered the same central value of the parameter

FIG. 2. The Dalitz plot of the decayD1 ! K2p1p1,
weighted byjMD1!K2p1p1 j2 as in Eqs. (3) and (7), generate
via Monte Carlo simulation. The Dalitz plot variables a
m2

1 ; spK 1 pp1 d2 andm2
2 ; spK 1 pp2 d2.
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above. As one can see from Eq. (7) and Fig. 2, accordi
to this calculation the matrix element describing th
dynamics of the NR contribution to the decayD1 !

K2p1p1 significantly varies along the phase space o
the reaction. Its shape remains almost the same for ot
values of the parameters of theKp form factor. This
is still valid even if we take the four form factors as
constants.

However, the result presented in Fig. 2 has been o
tained using an approximate method. Nonperturbative
fects, present in this decay through the exchange of s
gluons, or final state interactions could change the structu
shown in this figure. In the extreme case where nonpe
turbative effects completely dominate the decay, the stru
ture will be washed out because of the dispersive nature
these effects, therefore obtaining the flat contribution pr
dicted by the pure hadronic decay of a zero spin partic
Comparison between the distribution shown in Fig. 2 an
experimental data will thus be a test for the validity of th
factorization method.

In summary, we have shown that the natura
parametrization for the nonresonant part of char
decays—based in the spin amplitude of the hadron
decay—could significantly change due to the fundamen
weak interaction between quarks. The appearance of th
structures in the plot could be responsible for the problem
of the various experimental teams with the convergen
of their fits. To clarify this point, it is important in future
analyses to use a parametrization for the nonreson
contribution going beyond the simple constant.
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