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Recently, the study of the D+ ----+ f<*0e+ve decay was in the focus of 
attention of many theoretical [1]- [6] and experimental papers [7]- [9]. In 
most of the theoretical papers [1 ]- [4] only the vector form factor of this 
decay is satisfactorily described whereas the estimates of the axial form 
factors deviate strongly enough from the experimental values (see 
Table 1). 

The present paper is an attempt to find additional intermediate pro
cesses which would allow to, improve this situation. For estimation we 
will use a simple phenomenological model providing only a qualitative de
scription of the given decay. This model is similar to the known Nambu
Jona-Lasinio model (the NJL model) which has successfully been applied 
in the low-energy meson physics [10]-[13]. It has also been used to de
scribe charmed mesons [14]. Taking into account the fact that the chiral 
symmetry, which underlies the NJL model, is strongly violated in the re
gion of charmed mesons, we will use only some specific phenomenological 

· metho_ds of that model for estimating form factors of then+ ----+ f<*0 e+ve 
decay. 

The amplitude of the D+----+ f<*0e+ve decay has the form 

(1) 

(2) 

Hµ = < I<*o(q, E(K))l(Jfad = vµ - Aµ)ID+(p) >= 

(M M ).A ( ) µ 2A2(t) ( ) µ .(3) = D + K* 1 t E(K) - Mv + MK* E(K)P · P -. 

i 2V(t) Eµvpu E(K)p q 
Mv + MK* 11 

Pu • 

Here, the fourth form factor in the.zero-lepto_n-mass limit is omitted, 
lµ and Jfad are lepton and h_adron currents, Gp is the Fermi constant, 
Vcs is an element of the Kobayashi-Moskawa matrix which corresponds 
to the c-s quark transition, t = .(p - q)2 = Q2 is the momentum of a 
lepton pair, Mv and MK* are masses of D+ and f<*0 me~ons, V(t) and 
A1(t), A2(t) are the vector and axial form factors, respectively. 

The largest difficulties arise in describing the A1(t) form factor. Many 
quark models lead to the values of A2 which do not differ much from the 
values of V (see refs.[2]-[4]) whereas the experiment gives A2(0) = 0 and 



V(O) = 0.9. This resembles the situation that took. place 5-10 years 
ago in describing in quark models vector and axial form factors hA and 
hv of the 1r- - ev, decay [15]. Quark models led to equal values of 
these form factors, which was in contradiction with the experimental 
data (,exp = hA/hv = 0.52 ± 0.06 [16]). 1 In our paper [18] we have 
shown the way of solving this problem. Since in the present paper we 
propose an analogous way to describe form factors of the D+ - 1(*0e+v 
decay, let us briefly remind the method used in paper [18] . 

The structure part of the decay amplitude- 1r- - ev1 has the form 
similar to ( 3) 

.A,,.---+ev-y = ihe[hA(gµvpq - pµqv) - ihvtµvp"pi,q"]ti7 >T,., (4) 

Herep and q are pion and-photon momenta, T,., = 72cos0cii,.,1,.,(l_:_,
5
)~e, 

0c is the Cabibbo angle, e is the electric charge, t~-r) is the photon 
polarization, hv and hA are the vector and axial form factors. _ 
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Fig;l-. Diagrams describing the 1r- -:...c+ ev7 decay. 
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1We should like to note that 11 years before the publication of this 
experimental value we obtained the estimate -y=0.57 [17] in the model of • 
nonlinear chiral Lagrangian with baryon loops. 
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The diagram la leads to equal values of the form factors hA and hv 
[18] 

1 
hA = hv = --. ,. . (5) 

81r2 F,,. 

Here F,,. = 93M e V is the decay constant 1r- - ev . This is the well
known result that has been obtained in various quark models [15]. How
ever, the inclusion of diagram lb with the intermediate axial-vector me
son a1 decreases the value of hA in agreement with experimental data. 
Indeed, in the NJL model [10]-[12] for the amplitude of the decay a1 - ev 
proceeding through the diverging quark loop the following expression is 
derived: 

A _ .Jig_( (-i3) !A. dk _ ~)[QµQv µ.vQ2 6 2 µv] (adz 
a1--+ev - 3~ 41r4 ( m~ - k2)2 - g~ -g + mug tµ ,.,. 

(6) 
Here Q2 = (p - q )2

, gp = 6 is the decay constant p - 21r, mu = 0.3Ge V 
is the mass of the u or d constituent quark. The regularised diverging 
integral determines the constant g;2 [10]-[12]. 

Using the amplitude (6) one can easily express the contribution of 
diagram lb through the corresponding contribution of diagram la with 
the factor (-~~) , so that the total contribution to the axial form factor 

a1 . 

h A becomes equal to 

h~+b) = h~\1 - :}) = h~)z-1 = 0.6hv 
a1 

(7) 

which approximates the experimental value. In the vector channel one 
could take into account the diagram with intermediate vector mesons 
but the amplitude, analogous to (6), would not contain a large constant 
term of the form 6m!gµv and its contribution would be small. 2 

2The same result can easily be obtained in terms of the axial-vector. 
dominance of weak interactions [19] ( as it was made with a photon, 
see fig.I). The Lagrangian describing the transitions w- - p- and 
w- - a1 has the form 

Af2 
L w "' [M2 - + a1 - ]Wµ+ h = - pPµ -z a1µ . + .c. 

2gp 

Here "' is the weak interaction constant, Wµ+ is the vector W meson 
field, Mp and M01 are masses of p and a1 mesons. 
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If the (axial)-vector dominance of weak interactions is not used, the 
n+ --+ J(*0ev decay is described by the three diagrams depicted in 
fig.2.Let us write down the Lagrangian that 1s necessary to calculate 
the amplitudes corresponding to these diagrams 

L = i V2gncy~D+ d + gv (:, s) d,vK*0v s+ 

gy(s,c)_ ·(n*+v n+v) - (1 ) JV V2 C1v 8 + /5 SJ S + S,v - /5 C (8) 

Here c, s and d are the fields of the charmed, strange and d quarks; 
n+' !(*0

' n;+ and Dt are the fields of the pseudoscalar meson n+' vector 
mesons K*0 and n;+ and the axial-vector meson Dt 
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Fig.2. Diagrams describing then+ --+ ]{*0e+ve decay. 
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We will use relations arising in the N JL model between the coupling 
constants of pseudoscalar and vector (axial) mesons [10]-[14] 

r,: -½ _1 .3(ms + mc)2 (d ) ( ) 
9v(s,c)=Y09nsZsc' zsc =l- 2M2 '9v ,s =gp. 9 

D~I 

4 

IOI 

) 

' . .f 

Here ms and me are masses of the s and C constituent quarks 

_ 
1 

· _ MJ/w _ 
ms - 0.5Ge l , me - ~ - l.55Ge V (10) 

Mn
5

J is the mass of the axial-vector meson DsJ • With the help of the 
Goldberger- Treiman identity the constants 9D and gn5 .can be expressed 
through the decay constants Fv and Fv5 •, 

md+mc 
9D = 2Fv 

nis + nic 

9D, = 2Fvs 
(11) 

where Fn = l.9F" and Fv
5 

= 2Frr ( see ref.[21] ). And the last we are 
going to take from the NJL model is the relation of the constants gv(i,j) 

with the regularised diverging quark loops [10]-[14] 

- 2 ( . • ) ( - i ) J A -----:::----:-::-::--;--;,~ ' 
9v i,J = 81r4 . (mr - k2)(mj - k2) 

dk 
(12) 

where A means some regularisation of this integral the concrete form of 
which is out of our interest. · 

Let us start our calculations with the vector part of diagram .2a. 
This anomalous- type diagram is similar to those describing the decays 
(1r0 ,11,1J') --+ 21 ,r,'--+ ,(p,w),'p--+ 1 (1r,17),w--+ 71'1 ,<p--+ 1 (1r,17) and 
others ( see ref.[11] ). It is to be noted that in describing the above 
decays one should use only the first step of the momentum expansion 
of quark loops. Then, theoretical estimates will satisfactorily agree with 
the experimental data [11]. 3 

The contribution of diagram 2a to the form factor V(O) in the above-
mentioned approximation equals 4 

;(a) ) _ (me+ md)(mc +ms+ md)( ( · ) _ 
l (0 -9p (41r)2Fv. Mv + MK*)I mc,ms,md - 2, 

( 13) . 

3 The use of this method of cakulation allows one. to approximately 
. conserve the group U(3) , which results in reasonable relations between 

the amplitudes of the above processes.The allowance for t~e influence 
of momenta of legs makes the results worse as it .strongly violates this 
group. 

4 1n the case inc= m.8 = md and Fv .= F" the form factor (13) easily 
results in expression (5) for the vector form factor of the 1r- -+ eiry decay 
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where 

J(me,ms,md) 1 /. dk 
= i1r2 (m~ - k2)(m; - k2)(mJ - k2) = 

(14) 

= 2 [ln(mc/md) _ ln(ms/md)] 
(m~ - m;) 1 - m'j/m~ l - m'j/m; 

Now let us estimate the contribution of diagram 2b with the inter
mediate vector meson Ds . The amplitude of the n;+ - ev decay· 
proceeding through a quark loop has the form 

A *+ - = gv(s,c) { 6 }[QµQv - µvQ2 + 3(me - m~)
2 

µv]t(D})z 
D s -+ev 3 0 2 ( ) g . 2 g µ v. 

V ~ 9v s,c 
(15) 

( The expression in the braces brackets corresponds to the diverging 
quark loop, see(l2)). Using expression (15) one can easily estimate the 
contribution of diagram 2b to the vector part <1f the matrix element H1' 

~(b)Hµ = -i 2v<a)(O) [Q2 - ~(m - m )2]_l_tµvput<K*)p q (16) 
V M +'M 2 e s M2 ,, p" . D K* D* 

Finally, this leads to the following expression for the vector form factor 

v(a+b)(o) = v<a)(O)[l - 3(m;;;b~s)2 l = 1.3 . (17) 

This estimate satisfies the experimental data within the errors [8] 

vexp(0) = 0.9 ± 0.3 ± 0.1 . (18) 

Now let us calculate the axial form factor A2 . The contribution of 
diagram 2a to the corresponding part of the amplitude Hµ bas the form 

(K*) 
( > . 3t,, 

~ a H~ = Z9p9D 
4

7r4 • 

I dk mdpµpv - (me+ m.)pµkv -1- (ms - md)P" kµ + 2(me - md)kµkv .(l
9

) 

· [mJ - k2][m; -- (k - q)2l[m~ - (k - p)2] 

6 
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Hence, for the form factor A~a) we have 

A~a>(o) = 3 . (20) 

Let us consider now diagram 2c with the intermediate axial-vector 
meson Dt . For the decay amplitude Dt - ev we derive the expression 
analogous to (6) [18] 

A~+ - =gv(s,c)( 2 6 )[QµQ"-gµ"Q2+~(me+ms)2gµ"Jtfs1>z,, 
s1 -+ev 3~ 9v(s, c) 2 (21) 

Using (21) we ,.rrive at the following expression for the total contribution 
of diagrams 2:. and 2c to the axial part of the amplitude Hµ 

,6(,,+e) H~ = _6(a).Hµ[l - 3(me + ms)2 Q2 
A 2M2 + M2.] 

Ds1 Ds1 

As a Tesuli., for the form factor A2(0) we finally get 

A(a+c)(O) = 3[1 - 3(mc + ms)2] = 0 06 
2 2M2 . 

Ds1 

which is in complete agreement with the experimental value [8] 

A;xp(0) = 0.0 ± o·.2 ±_ 0.1 

(22) 

·(23) 

(24) 

Finally, let us estim?'te the axial form factor A1(0) . The decisive con
tribution to this form_ factor comes from the diverging parts of. diagrams 
2a and 2c. Let us demonstrate this. 

' . 

The diverging part of diagram 2a has the form 

~ (a) Hµ _ . ) ( -i3) J" dk · µv (K*) _ 
div A - 2gpgv(me + 2m. - md (21r)4 (m~ _ k2)(m~ -_k2)g t., -

(25) 
. . ' 2 ' 

_ ( )[ 3gp9D _ Fvs (me+ md) ] ,,., (K*) 
- me + 2m. - md 2 ( ) - gp F. ( . 2 Zac 9 f,, 

. 9v s,c D me+ m 8 ) 

After the inclusion of diagram 2c the factor Zse disappears and the con
tribution of diagrams 2a and 2c to the form factor A1 beco_mes equal 
to 

F'/J5 (me+ md)(me + 2ms - md) = 0.42 . (26) 
A1(0) = 9p Fv (me+ ms)2(Mv + MK*) 
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The experimental value is 

A~xp(0) = 0.46 ± 0.05 ± 0.05 (27) 

The contributions of the finite parts of diagrams 2a and 2c cannot essen
tially change the result (26) as· they are multiplied by the small factor 
analogously to the fo~m factor A~a) (see (22)). 

Summing up the study of the form factors of the D+-+ K*0 e+v decay 
we should ,like to emphasize again that the author does not pretend to 
a good quantitative description of the above-mentioned quantities as he 
uses very rough phenomenological approximations. However, we think 
that a qualitative physical picture of this process is explained. It is very 
similar to the situation existing in the 1r- -+ ev, decay . Indeed, in the 
vector form factor the decisive role is played by diagram 2a. Therefore, 
all the models give more or less the same, satisfactory enough estimates. 
A more complicated situation occurs with the axial form factor A2 • 

Here arises an additional diagram 2c with an intermediate heavy axial 
meson whose contribution almost completely cancels the contribution of 
the basic diagram 2a. Therefore, quark models disregarding this effect 
give very overestimated results. Finally, in the form factor A1 in a part 
of the amplitude corre~ponding to diagram 2a there arises a large facto1; 
Zsc compensating the effect of subtraction of two almost equal quantities. 
This again leads to a considerable deviation from zero of the form factor 
A1. 

In our subsequent papers we are going to study the momentum de
pendence of these form: factors using one of the versions of p~tential 
quark models to estimate· vertices described in the present paper by sim
ple quark loops. Then, the ratio between .the iimiting and transverse 
polarisations in the decay D+ -+ K*0e+v; as well as form factors of the 
B meson decay could be estimated. 

Table 1. Experimental values for form factors of the decay n+ -> 

K*0e+v. from [8] compared to prediction of various models ( [1)- [6) and 
this paper). · 

E 691 [8) [l] [2] [3) [4) [5] [6] This paper 
A1(0) 0.46 ± 0.05 ± 0.05 0.8 0.8 0.9 LO 0.52 ± 0.07 0.43 0.42 
A2(0) 0.0 ± 0.2 ± 0.1 0.6 0.8 1.2 1.0 0.05 ± 0.35 0.29 0.06 
V(O) 0.9 ± 0.3 ± 0.1 1.5 1.1 1.3 1.0 0.85 ± 0.08 0.50 1.3 
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