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Summary Classical arguments are used to show that the decay D} — pii could
be an indicator of whether or not the axial current is conserved at large g°. Keeping
the x{1300) as the most relevant contribution to the form factor associated to the
fourdivergence of the axial constant we find indications that the decay BR(D} —
pi) could be as large as ~ 1%.
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As it is by now well recognized, the discrepancy between the data and the
theoretical expectations of the naive (spectator) model for the non-leptonic decays of
pseudoscalar charmed mesons is the direct consequence of strong interaction effects.

In this paper we suggest that the decay D} — pfi could be measurable and
could provide additional direct evidence of these non leptonic decays.

The matrix element for the above decay can be expressed in terms of the usual
form factors associated with the (first class) currents of 8 decay and to the D, decay

constant fr,+ as (1)

G .
M= - ﬁ' fp. cos’ 0o 4a fl(qz)ip'l'ﬂ”ﬁ + |
+ i fa(g®),0™Pgpva — g1(*)E,7 7 v (1)
. - gﬂ(qz)qaiﬂ"”n

CVC (i.e. the neglect of the neutron-proton mass difference) makes the contributions
of the vector currents totally negligible. By contrast, the axial vector current is not
conserved at small g% values. The fourdivergence of the axial current vector is given
by

< pil8uAul0 >= Ga(g*)i,7 va (2)

where G4(q?) is given by

Galg®) = 2m 01 (®) + ¢ 92(d”) (3)

in which g;(¢?) is known as the axial form factor and gi(¢*) as the induced pseu-
doscalar form factor.
In general it is supposed that G4(¢®) tends to sero as|g{? — oo or, more

generally, that it obeys an unsubtracted dispersion relation {3

Calg®) = j 4 ImOAL) @
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The latter requirement is highly non trivial; it implies [} a complete cancellation
between 2m, g, and g?gs when|gP — co. This need not be the case at the finite ¢*
values we are considering.

The poles that can contribute to this form factor have quantum numbers
(I9,JP) = (17,07). Thus, we can expect contributions from the » meson and

from the x(1300) (which we will refer to as x’ in what follows) i.e. we shall write

2
VIS g VS (5)

¢ —m} ¢ —m

For ¢ << m2, the first term dominates and the second can be replaced by a

Gale®) =

constant as anticipated [4. In our case, ¢* = m}, the first term is negligible and
G 4 is dominated by the ' pole.
For the Goldberger Treiman relation not to be violated, in eq. (5) we must

have f ,g << f.9_,, or, rather, it must be less than the difference between

NN

the experimental value and the value obtained theoretically from this relation. Using
eq. (1), the width for D} — pfi is given by
T D-l- =Y . G’ 4 "] 2 2 2 3 ﬁ 6
(D} — ph) = Tﬁ;f:' cos ,2m,,g1(mpi) + my, a2 (mn_) my +f1— e (6)
D,
The above can be compared with the decay
Dt = 1ty, (7)
which we read off from

2
G? 2
(D} - 1tw) = 8—“)':' cos’ §,mim,, (1 - ﬂ'::' ) (8)

D,

(where I is any lepton) so as to eliminate the factor fp, to which a large undeter-

mination is attached. We find, for I = 7

BR(D} —pn) _ cos’ 6, (1 - ém_i)*

BR(DY — 7tvy) T 2m? m?

Giulm})) (1 - m7/m} )~

(9)
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which, using cosfg = 0.97 for the codine of the Cabibbo angle, gives us the funda-

mental relation

BR{D} — ph 2
re o R(Rf)rqfﬂ’:’)') ~ 5GY(m3 ). (10)

Measurements of the D} decays can, in principle, give a direct estimate of G al¢?)
via eq. (10). Here, however, we wish to turn things around and give an evaluation
of the decay D} — pi using what is known about G a(g?). For this we need some
estimate of f,g_ . We shall try to get the latter from the knowledge of the form
factors ¢; and g3 of eq. (3).

g1(¢?) is phenomenologically fairly well known up to rather large (spacelike)lg|?
values from v N —» pN scatiering and is parametrized as g;(¢?) & 1.26/(1 + ¢*/m?)?
where, from fitting the data (see ref. [1] p. 296), one finds m ~ 0.95GeV/c?. A
customary (5] we assume that we can continue this form from spacelike to timelike
¢® values.

The only measurement of gz, by contrast, goes back to an old suggestion of
measuring it in muon capture (8], Thus, our knowledge of g; is confined to ¢* ~
m2 i.e. much smaller than we need it. In order to overcome this difficulty, we
can proceed in two alternative but basically equivalent ways. Firstly, we may, for
instance, use for g» an unsubtracted dispersion relation and retain for it just the
x' contribution (since the x term is here negligible and we neglect also the A;

contribution) i.e.

‘/_f"g-unt

Using eqs.(3,5,11) and the value of g1(¢?) at ¢* = m},, one finds

f.9., . ~0.2GeV. (12)
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One could object at assuming an unsubtracted dispersion relation for g2 dominated
by the ' pole. In this case, one could resort to demanding that the Goldberger
Treiman be not violated by more than allowed by the data. This leads to exactly
the same estimate as in eq. {12). Using the above estimate in eq.(5), from eq.(10)

we have

r=0.2. (13)

From the above result we are led to conclude that the branching ratio for D} — pii
could be as large as = 1% (this estimate assumes also fp, =~ 0.2GeV as suggested
by theoretical considerations and depends also on the x'(1300) width which is only
quite poorly known (7).

If our estimate is correct, this decay seems in principle not outside the possi-
bility of detection at existing apparatus and could certainly be measured in future
experiljnents.

In conclusion, we believe that the experimental observation of the D} decay
mode into pfi could be interesting on several counts: i) it would provide a direct
evaluation of the extent to which the axial current is not conserved (at this values of
g?), ii) it would provide a value of the induced pseudoscalar form factor and, finally,
ii1) it would provide a direct information on its microscopic structure, since such
a decay can only occur because of non spectator diagrams (e.g. to the so-called
W-annihilation diagrams). As in the case of another rare decay mode suggested
earlier [%] and dutifully found, the detection of such a decay would be very useful in
discriminating among models striving to explain the differences between the lifetimes

of the pseudoscalar charmed mesons DY, D® and D}.
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