Leptonic decays of heavy pseudoscalar mesons
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It is indicated that SU(4) symmetry breaking due to the increased mass of the s
and c¢ quarks can lead to an appreciable fraction of two-particle lepton decays of
heavy (charmed) pseudoscalar mesons. The difference between the experimental
values of the vector and axial Cabibbo factors can be explained within the
framework of the developed model.

PACS numbers: 13.20.—v

1. The experimental data indicate that the polarization of the direct u* mesons
produced with large transverse momenta in nucleon-nucleon collisions is pre-
dominantly the same as in two-particle decays of r and K mesons. O3 If the
source of the direct leptons are decays of (charmed) particles (and this assump-
tion seems to be favored by the increase of the relative p/r yield with increasing
energy), this raises, in the usual weak-interactions with left-hand lepton cur-
rents, the question of what is the fraction of two-particle lepton decays of heavy
pseudoscalar mesons.

It is usually stated that the relative probability of such decays is low., The
starting point is the matrix element M=(Gc/f§)f,,kala¢p (where k&, and ¢p are
the momentum and the wave function of the meson P, while [, is the lepton cur-
rent, Go=G cosf. or Go=Gsinbg, 6. is the Cabibbo angle, and fp is a constant),
which leads to a P~y decay probability proportional to the pseudoscalar
meson mass Mp and the square of the lepton mass p :
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At the same time, the total probability of the semileptonic decays (which is
assumed in the quark model to be equal to the probability of the c-quark decay
c¢—s(u,d) +1+v) turns out to be proportional to the fifth power of the mass of the
heavy quark
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Therefore, when it is assumed that in the SU(4) symmetry approximation fp
=f,=0.96m,, the value obtained for the probability of the P— v decays (without
suppression by the Cabibbo factor) a value amounting to 1 —2% of the total pro-
bability of the semileptonic decays.

In this article, on the basis of the quark model, we advance arguments that
the constant fp is indeed proportional to the sum of the masses of the quarks
making up to meson. D That is to say, the constant fp can change strongly when
the symmetry breaking is due to the increased mass of the quark,

Indeed, if it is assumed that the coupling of the meson with its constituent
quarks is of the form gp(gyysqs)dp, where gp is a universal constant, then the
consideration of the P— v decay via the (q49,) loop yields for fp the expression

gp(ml + mz) ‘- A2

In +A(myy my, mp)| (3)
‘- ™My
where A is the cutoff constant, m and m, are the quark masses, and A(my,m,,

mp) is a definite function of the masses my, my, and mp. In the subsequent
estimates we shall use for the quark masses the values

fp=

82

m, =m, = 350 MeV, m_ = 500 MeV, m, = 1500 Mev,

Taking as the constant for the pseudoscalar coupling of the mesons with the
quarks gP/\/'?:= 2myf /My, wherefq='§f and f is the constant of the pseudovector
7NN coupling, f?/4n=0.082 (seef?), we can use the experimental value of f,
to estimate from (3} the value of cutoff constant A= 3,5 GeV.

Comparison of the probabilities of the r ~pv and K—pv decays does not con-
tradict the indicated dependence of fp on the quark mass. Moreover, it becomes
possible to understand the discrepancy between the Cabibbo axial and vector
factors, Indeed, according to (3), in the limit A>> mm, the ratio is
g, fx mg tm, “ 1.9
g6 fy om, tmy

whereas the experimental values (sinf=sinf,=0,208+0,007 and sind, =0, 264
+0.001) BT yield a value v, =1.28+0, 04,

Applying the same considerations to the decay of the meson F(c,s), which
proceeds according to™) without suppression of the Cabibbo factor, we have

2
WF-‘[!V mg <1 my >-2(mc +m\2
14 m mzﬁ_ m, + my,
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For mp=1,9 GeV, Wg.,,~ 620 and W,. = 2,4x10" sec~!. On the other hand,
the total probability of the semileptonic decays F— ivX amounts, according to
the upper-bound estimate (1), to Wg. 5~ 1.2x10!! sec™!, Thus, if the indicated
considerations are valid, the probability of the two-particle F— uvX decays

is about 20% of the probability of all the semileptonic F ~pvX decays. 2

In the standard scheme, "7 the arguments advanced that the fraction of two-~
particle leptonic decays is large are valid only for F—~ v, since the D—puv
decays are suppressed by the Cabibbo factor. If, on the other hand, a hadronic
current (cd) exists, having a (V+A) structure without suppression, then the
conclusions concerning the appreciable role of the two-particle decays remain
in force also for D mesons (as well as for the case of schemes with several
heavy quarks).

In conclusion, the authors are deeply grateful to B.A. Arbuzov, M.B.
Voloshin, B.A, Dologshein, L, B, Okun’, and V. N, Folomeshkin for valuable
discussions.

DThe statement that fp ~(m+m,) can also be obtained from PCAC considera-
tions for the divergence of the current gy ,ysq, with allowance for the Klein-
Gordon equation as k2—0, for a field ¢p with density gyysq, as a source,
DEstimates show that for m,=1.5 GeV and mp=1.9 GeV the semileptonic modes
are practically restricted to the channels F—'lfen, 19,6, and IP,n", wherel is
an electron or muon {in 50% of the cases there are no charged hadrons among
the decay products).
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