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We analyze the semileptonic decayD1→K2p1l 1n l using an effective Lagrangian developed previously to
describe the decaysD→Pln l andD→Vln l . Light vector mesons are included in the model which combines
the heavy quark effective Lagrangian and chiral perturbation theory approach. The nonresonant and resonant
contributions are compared. With no new parameters the model correctly reproduces the measured ratio
Gnres/Gnres1 res. We also present useful nonresonant decay distributions. Finally, a similar model, but with a
modified current which satisfies the soft pion theorems at the expense of introducing another parameter, is
analyzed and the results of the models are compared.@S0556-2821~98!02017-7#

PACS number~s!: 13.20.Fc, 12.39.Fe, 12.39.Hg
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I. INTRODUCTION

The experimental result for the nonresonant semilepto
decay modeD1→K2p1l 1n l is @1#

G@D1→K2p1m1nm~nonresonant!#

G@D1→K2p1m1nm#
50.08360.029.

~1!

It is important to understand this result before making p
dictions for the other yet unmeasuredD→P1P2ln l decay
modes. Furthermore, this could also be helpful in und
standing theD→Pln l @2,3# andD→Vln l data@4,5#.

Two main issues arise in the description ofD meson
semileptonic decays. The first potential problem is that theD
mesons might not be heavy enough for heavy quark effec
theory~HQET! @6# to be very accurate. The second possi
problem is the application of chiral perturbation theo
~CHPT! in D→Pln l and D→P1P2ln l decays, where the
light pseudoscalar mesons can have quite large energies@6–
9#.

In order to investigate the semileptonicDl3 decays ofD
mesons we have developed a model@10# which accommo-
dates the available experimental data using HQET and
CHPT description of the heavy and light meson sectors,
spectively. The experimental data for the semileptonicDl3
decays are unfortunately not good enough at this time
empirically determine theq2 dependence of the form factor
What is known experimentally are some branching rati
based on measuring the relevant form factors at some k
matical point andassuminga pole-type behavior for all the
form factors. The same assumption is also used in m
theoretical calculations, for example in@8# and @11#.

In our model@10# theverticesof the processes considere
are assumed not to change appreciably from their value a
zero-recoil point, where they are predicted in the hea
quark limit. However, in our model@10# the complete propa-
gators for the heavy mesonsare used instead of the usu
0556-2821/98/58~5!/054009~7!/$15.00 58 0540
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HQET propagators. Assuming that these modified Feynm
rules can be approximately applied to the entire availableq2

region, one can naturally understand why some form fac
do have a pole-type behavior and why others are mainly
which is also in agreement with the predictions of the QC
sum rules analysis@12#. Moreover, in the region where th
heavy meson is nearly on-shell, where HQET is most r
able, the HQET prescription and our model@10# almost per-
fectly overlap, providing a simple and consistent picture.
calculating the decay widths of all the measured charm
meson Dl3 semileptonic decays we found@10# that our
model, which is a simple modification of orthodox HQE
worked well, providing confidence in extending it to theDl4
decays.

There are some previous theoretical calculations attem
ing to describe theD→Kp ln Dl4 semileptonic decays us
ing HQET @9,13,14#. Reference@13# includes only the light
pseudoscalars, while for the understanding of the experim
tal data one must also include the light vector mesons.
authors of Ref.@14# considered resonant and nonreson
contributions in the overlapping region and indicated th
outside the resonant region both contributions could be
same order of magnitude. However, no predictions w
made. In the present investigation we use our simple
instructive model@10#, which was quite successful in de
scribing theDl3 decays, to calculate the nonresonant con
bution to theD1→K2p1l 1n l semileptonic decay. The ex
perimental ratio~1! is then found to be reproduced withou
introducing any new parameters, which is remarkable, c
sidering the simplicity of the model.

Since the weak current in the model does not satisfy
soft pion limit exactly, we have also investigated a modifi
current which does have the exactly correct soft pion lim
for comparison, even though the light mesons are not p
ticularly soft in theDl4 decay. Of course, the strong La
grangian automatically satisfies the soft pion constraint.

In Sec. II we briefly summarize the strong Lagrangi
describing the heavy and light pseudoscalar and vector
sons, based on HQET and chiral symmetry. In Sec. III
© 1998 The American Physical Society09-1
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two weak currents we consider are given: the usual o
whose form is based on HQET, and another, modified
exactly satisfy the soft pion theorems, albeit at the expe
of additional parameters. In Sec. IV the expressions desc
ing theDl4 semileptonic decays are given and used to ca
late the resonant and nonresonant decay widths, as we
some distributions which might be useful in future analys
of experimental data. The results are presented in Sec
Finally, a brief summary and a few comments are given
Sec. VI.

II. HQET AND CHPT STRONG LAGRANGIAN

Our strong interaction Lagrangian@10#, which incorpo-
rates both heavy mesonSU(2) spin symmetry@15,16# and
SU(3)L3SU(3)R chiral symmetry, spontaneously broken
the diagonalSU(3)V @17#, describes the heavy and ligh
pseudoscalar and vector mesons. A similar Lagrangian,
without the light vector octet, was first introduced by Wi
@6#, Burdman and Donoghue@9#, and Yanet al. @18#. It was
then generalized to include the light vector mesons
@7,19,20#.

The light meson sector of the strong Langangian is

Llight52
f 2

2
$tr~AmA m!12 tr@~Vm2 r̂m!2#%

1
1

2gV
2tr@Fmn~ r̂ !Fmn~ r̂ !#, ~2!

where

Am5
1

2
~u†]mu2u]mu†!, Vm5

1

2
~u†]mu1u]mu†!,

~3!

Fmn~ r̂ !5]mr̂n2]nr̂m1@ r̂m ,r̂n#, ~4!

u5exp ~ iP/ f !, r̂m5 i ~gV /A2!rm , ~5!

andP andr are the usual 333 Hermitian pseudoscalar an
vector matrices.f 5130 MeV is the pseudoscalar decay co
stant andgV55.9 is determined by the values of the lig
vector meson masses.

Both the heavy pseudoscalar and the heavy vector me
are described by the 434 matrix

Ha5
1

2
~11v” !~Pam* gm2Pag5!, ~6!

wherea51,2,3 is theSU(3)V index of the light flavors.Pam*

andPa annihilate spin 1 and spin 0 heavy mesonscq̄a hav-
ing velocityv, respectively, and have mass dimension 3/2
that the Lagrangian is explicitly mass independent in
heavy quark limit mc→`. Defining H̄a5g0Ha

†g0

5(Pam*
†gm1Pa

†g5)(11v” )/2, we can write the leading orde
strong Lagrangian as
05400
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Leven5Llight1 iTr~Havm~]m1V m!H̄a!

1 igTr@Hbgmg5~A m!baH̄a#

1 i b̃Tr@Hbvm~V m2 r̂m!baH̄a#

1
b̃2

4 f 2
Tr~H̄bHaH̄aHb!, ~7!

whereV m in the heavy meson kinetic term makes the deriv
tive covariant and also ensures that the kinetic term is ch
invariant, since the heavy meson field transforms n
linearly under chiral symmetrySU(3)3SU(3). The La-
grangian~7! is the most general even-parity Lagrangian
leading order in the heavy quark mass and the chiral s
metry limit. The first of the four terms in Eq.~7! is the
kinetic term for the heavy fieldHa and is thus properly nor-
malized. The second term represents the strong interact
of the pseudoscalar meson field with the heavy meson fi
The third term gives the interactions of the light vector m
sons with the heavy field. These terms involve two unkno
parameters,g andb̃, which are not determined by symmetr
arguments, and must be determined empirically. As we w
see below, only the parameterg will be relevant in the
present investigation. Finally, the last term comes from
requirement@7# that the Lagrangian~7! reduce to Wise’s
Lagrangian@6# in the limit gV→`. The vector fieldr̂m then
has no derivatives and can be explicitly integrated out. W
this requirement the coefficient of the last term is fixe
However, this convention is irrelevant for our calculatio
since the vertex with four heavy fields does not appear in
diagrams we need to consider.

We will also need the odd-parity Lagrangian for th
heavy meson sector. The lowest order contribution to t
Lagrangian is given by

Lodd5 ilTr@HasmnFmn~ r̂ !abH̄b#. ~8!

The parameterl is a priori free, but we do know that it is of
the order 1/Lx with Lx being the chiral perturbation theor
scale.

III. WEAK LAGRANGIAN

The weak Lagrangian for the Cabibbo allowedD meson
semileptonic decays is given at the quark level by

LDC5DS51
eff 52

GFVcs*

A2
@ l̄ gm~12g5!n l #@ s̄gm~12g5!c#,

~9!

where GF51.1731025 GeV22 is the Fermi constant and
Vcs50.974 is the relevant Kobayashi-Maskawa matrix e
ment.

Of course, as usual, we have to interpret the quark cur
in terms of meson fields. We will present two different mo
els, ~A! and ~B!, for the weak part of the Lagrangian:

Model ~A!: In the first model, which is based on th
HQET approach, we assume that the weak current tra
9-2
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forms as (3̄L,1R) under chiralSU(3)L3SU(3)R and is lin-
ear in the heavy meson field. Using HQET one can th
write the most general weak current contributing to D mes
semileptonic decays to leading order in 1/M and to the next-
to-leading order in the chiral expansion as

j l
~A!51

ia

2
Jlu†2a1J~ r̂2V!lu†2a2Jlva~ r̂2V!au†

1a3JA lu†1a4JlvaA au†

1@Jlva2Javl2 i emlabJmvb#

3@a1~ r̂2V!a2a3A a#u†, ~10!

where

Jl5TrD@gl~12g5!H# ~11!

and

J5TrD@~12g5!H#. ~12!

The first term in Eq.~10!, i.e. the one proportional to
a (5 f DAmD), isO(E0), while the rest isO(E) @10#. In the
processD→Pln @10# one takes into account only the fir
term in Eq. ~10!, which is formally the leading term. In
D→Vln @10# the terms proportional toa1 and a2 must be
included as well, since the diagrams where they appear a
the same order as the diagrams with the terms proportion
a. Actually, the latter diagram has also aD* DV vertex~8!,
which isO(E).

Model ~B!: In the decayD(pD)→P1(p1) ln l or D(pD)
→P1(p1)P2(p2) ln l one would expect that the part of th
amplitude proportional topD is the most important since
pD

2 5mD
2 while pi

25mi
2!mD

2 . The procedure described i
model~A! takes into account the leadinga term in Eq.~10!
and neglects the higher terms which contain derivatives
the light fields and are thus formally next-to-leading ord
terms. However, what is measured is not the amplitude
the matrix elements squared, and because the leptons
almost massless, the part of the amplitude proportiona
(pD2( i pi)

m cannot contribute. WritingpD
m5(pD2( i pi)

m

1(( i pi)
m one sees that the formally large part of the amp

tude proportional topD
m contributes to the decay width onl

through the term (( i pi)
m. So unless the coefficientsa1,2,3 in

Eq. ~10! are found to be numerically negligible compared
a they can contribute comparably, even if formally they a
next-to-leading order terms. However, the term proportio
to a4 is of higher order and the terms in the last line of E
~10! do not contribute at all toD1→K2p1l 1n l decay. Con-
sequently, the formal procedure described in model~A! does
not take into account these possibly important contributio
However, if we assume that the lower dimensional coe
cients of higher dimensional operators in Eq.~10! are natu-
rally smaller~i.e. suppressed by powers of some large sca!,
then we can continue to use the usual approach~A!, as was
done in the past@6,10#.

Another potential inadequacy of approach~A! is that the
soft pion theorems are not satisfied by the weak current. T
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has its origin in the absence of all terms of order 1/mD in
Eq. ~10!. In our case the soft pion theorem requires that
D decay amplitude vanish in the limitpp→0 @21#. The only
term in the current~10! that does not satisfy this constrain
is the first one, i.e.2 i f DAmDvlPu†, since it does not
have a derivative acting on the pion field. In HQET th
term comes from the term (f D /AmD)D(]Q2V)lu†, where
D5e2 imDv.xP: one takes the derivative of only the expo
ent and neglects the rest, which is of higher order in 1/mD .
However, since 2(]1V)lu†5A lu† and the relevant
component ofAl in our case is proportional to the deriva
tive of the pion field, it is clear how to modify the wea
current in model~A! to satisfy the soft pion theorems: simp
modify Eq. ~10! by replacing (P,P* ) with (D,D* ) and
2 imDDvl with D(]Q2V)l . Keeping only the term relevan
for our present purposes explicitly one finds this modific
tion of Eq. ~10! to be

j l
~B!5

f D

AmD

D~]Q2V!lu†22a3DA lu†

22a1D~ r̂2V!lu†2
2a2

mD
2 D~]Q2V!l~]Q2V!a

3~ r̂2V!au†2 f D* AmDDl* u†, ~13!

which we shall refer to as model~B!. Note that this modifi-
cation of the original model~A! based on HQET has come a
the expense of the appearence of a new parameter, viz.a3 .
As a result, the semileptonicD→Pln data do not determine
the parameterg in Eq. ~7! as in model~A! @10#, but only a
combination ofg anda3 .

IV. FORM FACTORS AND DECAY WIDTHS

Following @13# we write down the general form for th
matrix element of the weak current:

^p~pp!K~pK!us̄gm~12g5!cuD~pD!&

5 ir ~pD2pK2pp!m1 iw1~pK1pp!m1 iw2~pK2pp!m

22hemabgpD
a pK

bpp
g . ~14!

The form factorr does not contribute to the decay wid
if the lepton mass is neglected and we will not conside
further. The following combinations of the remaining thre
form factors will be particularly convenient below:

F15Xw11Fb

2
~mD

2 2sKp2sln!cosuK1S mK
2 2mp

2

sKp
DXGw2 ,

~15!

F25b~sKpsln!1/2w2 , ~16!

F35bX~sKpsln!1/2h. ~17!

Here uK is the angle between the kaon three-momentum
the Kp rest frame and the direction of the total momentu
of the Kp center of mass in theD rest frame and
9-3
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sKp5~pK1pp!2, sln5~pD2pK2pp!2, ~18!

X5
1

2
@mD

4 1sKp
2 1sln

2 22mD
2 sKp22mD

2 sln

22sKpsln#1/2, ~19!

b5
1

sKp
@sKp

2 1mK
4 1mp

4

22sKpmK
2 22sKpmp

2 22mK
2 mp

2 #1/2. ~20!

The D1 meson differential semileptonic decay rate c
then be written as

d3G

dsKpdslnd cosuK
5

GF
2 uVcsu2

~4p!5mD
3

Xb

3
@ uF1u2

1sin2uK~ uF2u21uF3u2!#, ~21!

where the physical region of phase space is defined
ucosuKu,1, 0,sln,(mD2AsKp)2 and (mK1mp)2,sKp

,mD
2 . The form factorsFi in Eq. ~21! have both resonan

and nonresonant parts, which we separate by defining

Fi5Fi
r1Fi

nr , i 51,2,3. ~22!

The resonant parts are given by

F1
r 5CgVAmD

sKp
slnF ~mD

2 2sKp2sln!
a1

2
2

X2

mD
2 a2GcosuK ,

~23!

F2
r 5CgVAmDa1 , ~24!

F3
r 5CgV2XAmDs*

mD

mDs* f Ds*
sln2mDs*

2
l, ~25!

where

C58Apsln

b

AmK* GK* ~sKp!

sKp2mK*
2 1 imK* GK* ~sKp!

~26!

and

GK* ~sKp!5
3

2

gV
2

96p

b3sKp

mK*
. ~27!

It is easy to see that for the resonant parts of the form fact
in the zero width approximation (GK*→0), one obtains the
previous expressions for theD1→K̄* 0ln l decay@10#.

The nonresonant contribution to the decay rate is
05400
y

s,

d3Gnr

dsKpdslnd cosuK

5
GF

2 uVcsu2

~4p!5mD
3

Xb

3
3$uF1

nru21sin2uK~ uF2
nru21uF3

nru2!

12Re@F1
nrF1

r* 1sin2uK~F2
nrF2

r* 1F3
nrF3

r* !#%. ~28!

The nonresonant form factors will be calculated from t
leading order Feynman diagrams and given in the next s
tion. Note that this nonresonant contribution contains
only the nonresonant amplitude itself, but also the interf
ence terms with the resonant contribution.

V. RESULTS AND DISCUSSION

For the calculation of the Feynman diagrams we use
strong Lagrangian described in Sec. II and the weak
grangian from Sec. III for both currents in models~A! and
~B!. As briefly summarized in the Introduction, and di
cussed in detail in@10#, we use the vertices as given by o
Lagrangian, assuming that they do not vary apprecia
away from the maximum recoil point, where HQET is app
cable.However, we use the complete heavy meson propa
tors, instead of the HQET approximation.The nonresonan
form factors can then be straightforwardly calculated fro
the Feynman diagrams with the result

w1
nr52

g

f K f p

f D* mD*
AmDmD*

@~pD2pp!22mD*
2 #

F12
pp~pD2pp!

mD*
2 G

1
d1

2 f K f p
2A mD

f K f p
Fb

X

mD
2 a2cosuK1

mK
2 2mp

2

sKp
a1G ,

~29!

w2
nr5

g

f K f p

f D* mD*
AmDmD*

@~pD2pp!22mD*
2 #

F11
pp~pD2pp!

mD*
2 G

2
d2

2 f K f p
1

AmDa1

f K f p
, ~30!

hnr5
22g2f Ds* mDs*

AmDmDs*
f K f p@~pD2pp!22mD*

2 #@~pD2pK2pp!22mDs*
2 #

.

~31!

In @10# the parametersl, a1 and a2 were fitted to cor-
rectly reproduce theD1→K̄* 0 decay. In the same referenc
it was found that the decay modeD0→K2 fixes the param-
eters g. Because of the nonlinearity of the equations
volved there are 8 possible sets of these 4 parameters.
same values for the decay constants and masses as in@10#
will be used here, namelyf D5 f D* 5(0.2460.05) GeV,
f Ds5 f Ds* 5(0.2760.05) GeV@22,23# andmD51.87 GeV,
mD* 52.01 GeV ,mDs* 52.11 GeV@24#. In deriving Eqs.
~29!–~31!, and in the following, the approximate relatio
gV5mK* /Af K f p55.9 was used for simplicity and will no
affect our conclusions.
9-4
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TABLE I. The predictions in model~A! for the ratio R5Gnr/(G r1Gnr) in the decay D1

→K2p1l 1n l . Results are given for all the values of the input parameters determined from theDl3 decay
data@10# . The experimental ratio isRexpt5(8.362.9)%.

g l @GeV21# a1 @GeV1/2# a2 @GeV1/2# R @%#

0.0860.09 20.3460.07 20.1460.01 20.8360.04 6.460.6
0.0860.09 20.3460.07 20.1460.01 20.1060.03 9.061.1
0.0860.09 20.7460.14 20.06460.007 20.6060.03 4.760.5
0.0860.09 20.7460.14 20.06460.007 10.1860.03 6.460.8

20.9060.19 20.3460.07 20.1460.01 20.8360.04 8.065.2
20.9060.19 20.3460.07 20.1460.01 20.1060.03 3.063.5
20.9060.19 20.7460.14 20.06460.007 20.6060.03 11.366.2
20.9060.19 20.7460.14 20.06460.007 10.1860.03 5.164.7
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The parametersd1 and d2 depend on the choice of th
weak current. In model~A!, d15 f D and d250, while in
model ~B! d15d25 f D22AmDa3 . In the soft pion limit,
mp→0 andpp→0, the constraint

w1
nr1w2

nr50 ~32!

should be satisfied@21#. Combining Eqs.~29! and ~30!, in-
deed, one can easily verify that Eqs.~32! is satisfied in the
soft pion limit only in model~B!, whered15d2 , but not in
model ~A!, which was the main motivation for includin
model ~B!, also, in this analysis.

We note Eqs.~29!–~31! agree with the rsults of Leeet al.
@13#, when the differences off-shell between our pheno
enological approach of model~A! in which d15 f D and
d250 and the exact HQET@13# are taken into account, a
discussed above. Next we present numerical results for
models~A! and ~B!.

In model ~A! there are no unknown parameters. As w
discussed above and showed in@10#, there are 8 possible se
of parametersg, l, a1 anda2 compatible with all theDl3
decay data. For theDl4 decayD1→K2p1l 1n l we have
calculated the ratioR5G(nres)/@G(res)1G(nres)# for all
eight possible sets and the results are given in Table I.
see from Table I that all the combinations of the allow
values of the input parameters predict a ratioR which is
consistent with the experimental value~1! Rexpt5(8.3
62.9)%. The errors quoted are because of the errors on
the model parameters. Unfortunately, due to the large exp
mental error inR, the parameters of the model are not r
stricted further. Indeed, the fact that all 8 sets of parame
that were determined from theDl3 data@10# give an accept-
able prediction forR in this Dl4 decay is remarkable, eve
given the large uncertainties. Perhaps, this merely indic
that R is not very model dependent, provided the model
all the Dl3 data.

Since phase space favors smallerKp energies, the tree
approximation, even though suspect for large energies
adequate for our purposes. We explicitly checked that
nonresonant contribution does not become large at high
ues ofsKp by calculating the distributiond(log Gnr)/dsKp . To
illustrate this point we show this distribution in Fig. 1, takin
as input the mean values of the parameters displayed in
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5th row in Table I, which predict a value ofR near to the
central value ofRexpt. In Fig. 1 three curves are shown: th
dashed line is the contribution of the nonresonant amplit
squared, which omitts the last line in Eq.~28!, and the dotted
line is the contribution of the resonance-nonresonance in
ferece terms, only the last line in Eq.~28!, while the solid
line is the sum of both these contributions~28!. It is clearly
seen that the nonresonant contribution to the decay w
decreases considerably at largesKp . After integrating the
curves in Fig. 1 over the invariant mass squared of theKp
system, we found that almost 80% of the entire result~28!
comes from the nonresonant amplitude, while only appro
mately 20% comes from the resonant-nonresonant inter
ence term. Figure 1 is a prediction of our model~A!, which
can be tested in future experiments.

There is another distribution that is certainly interesting
compare with experiment to test this model. It is the dis
bution of the charged lepton energyEl in theD1 rest frame.
From the kinematics,

FIG. 1. The contribution to thesKp distribution for model~A! of
the nonresonant and interference terms and their sums in Eq.~28!.
The dashed line denotes the term given by the square of the
resonant amplitude (nr)3(nr), and the dotted line is the interfer
ence of the resonant and non-resonant amplitudes (r )3(nr), while
the solid line gives their sum (nr)3(nr)1(r )3(nr).
9-5
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El5
1

2mD
S mD

2 1sln2sKp

2
1X cosu l D , ~33!

whereu l is the angle between the charged lepton momen
in the lepton pair center of mass system and the directio
the lepton pair center of mass momentum in theD1 rest
frame.X is defined above in Eq.~19!.

In general, the distribution inEl is defined by

dG

dEl
5E dsKpdslnd cosuK

d3G

dsKpdslnd cosuK

2mD

X
~34!

with @13#

d3G

dsKpdslnd cosuK

5
GF

2 uVcsu2

~4p!5mD
3

Xb

2 H 1

4F uF1u21
3

2
sin2uK~ uF2u21uF3u2!G

2
1

4F uF1u22
1

2
sin2uK~ uF2u21uF3u2!G cos 2u l

1Re~F2* F3!sin2uKcosu l J . ~35!

In Eq. ~34! the integration region is defined as in Eq.~28!,
but with the additional constraintucosulu,1 where cosul is
given by Eq.~33!. The range forEl is 0,El,@mD

2 2(mK

1mp)2#/(2mD).
In Fig. 2 this distribution (dGnr/dEl)/G

nr is given by the
solid line. In addition, the contribution of the nonresona
amplitude alone is given by the dashed line, while the c

FIG. 2. The charged lepton energy distributions for model~A!.
The dashed line denotes the term given by the square of the
resonant amplitude (nr)3(nr), and the dotted line is the interfer
ence of the resonant and non-resonant amplitudes (r )3(nr), while
the solid line gives their sum (nr)3(nr)1(r )3(nr).
05400
m
of

t
-

tribution of the interference between the resonant and n
resonant amplitudes is given by the dotted line.

Model ~B! satisfies the soft pion theorems exactly and
defined by the current~13!. It has the nonresonant ampl
tudes ~29!–~31!, but with the parametersd15d25 f D

22AmDa3 . Only one combination ofd1 andg is now de-
termined by theDl3 semileptonic decay data. The releva
Dl3 form factor @10# becomes

F1~q2!5
1

f K
S 2

d1

2
1g fDs*

mDs*
AmDmDs*

q22mDs*
2 D , ~36!

and theDl3 decay width is given by@10#

G5
GF

2 uVcsu2

24p3 E
0

~mD2mK!2

dq2uF1~q2!u2

3F ~mD
2 1mK

2 2q2!2

4mD
2 2mK

2 G3/2

. ~37!

After determining the relation between the parametersg and
d1 from theDl3 decay data we then fit the remaining para
eter from the non-resonantDl4 decay data. There are, how
ever, 8 possibilities: four possible sets of parametersl, a1
anda2 for either of the two possible relations betweeng and
d1 . From Eqs.~36! and ~37! one can see there is a relatio
of the form

g6 f Ds* 5
2bd16Ab2d1

2 24c~ad1
2 2G!

2c
. ~38!

Labelling the first four sets as given by the first, seco
third and fourth columns in Table I withg5g2 by 124 and
the same sets forl, a1 anda2 but with g5g1 by 528, we

FIG. 3. The eight possible predictions in model~B! for the ratio
R5Gnr/(G r1Gnr) as a function of the parameterd15d25 f D

22AmDa3 compared with the experimental central value (Rexpt)0

and the values allowed by one standard deviation (Rexpt)min and
(Rexpt)max.

n-
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present their predictions as functions ofd1 in Fig. 3. All the
other parameters are the same as in model~A!. The experi-
mental band between (Rexpt)min and (Rexpt)max around the
central value~1! is too broad to determine the model para
eter d15 f D22AmDa3 . We can only conclude that mode
~B! is also compatible with the available experimental d
~1!. Further precision is needed to make more conclus
statements and discriminate between models~A! and ~B!.

VI. CONCLUSIONS

We have used the effective model developed in@10# to
calculate the nonresonant contribution to theD1

→K2p1l 1n l semileptonic decay. The result agrees with t
experimental data, giving further support to the model c
sidered. More precise experimental data are, howe
needed in order to reduce the uncertainties in the param
and further test the assumptions.

We have also calculated the distributions in theK2p
F

F

hy

05400
-

a
e

e
-
r,

ers

center-of-mass energy and in the charged lepton ene
Both will be useful in comparing with future data and w
provide more sensitive tests of the model.

Since our original model@10# does not obey exactly the
soft pion theorems, a slightly modified version, but involvin
another parameter, was introduced and explored. The pre
tions of this model are also in agreement with the pres
experimental data. Because of the large experimental er
we are unable to distinguish between the two models
present.
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