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WEAK MESON__DECAYS IN A RELATIVISTIC
QUARK—MODEL!

DIETER FLAMM*, PIOTR KIELANOWSKI**, JOACHIM SANCHEZ*, WIEN

Bohm, Joos and Krammer [1] have recently solved the Bethe-Salpeter (B-S) equation
n the limit of the small meson ¢g-system bound by a 4-dimensional harmonic — oscilator
potential of the form :

E(R) = o + BR%, B = (2} + x2)12, (1)

Choosing for the spinor structure of the interaction the combination pseudoscalar, vector,
scalar (P+V +8) they have been able to reproduce the experimental mass spectrum of
mesons. Foc the groudn state pseudoscalar-and-vector-mesons the B-S amplitudes in
this model aer as follows

2p(r, p) = |1A_ + vﬁaxﬁlw\&\w ) g (2
[E2
zv(r,p) = AIHIAAH + %IYV% _ iepr “
B2\ M
. exp ( !ql\w_\ml | gD 3)
where r is the relative momentum of the quarks,
Am_\mula = 3<ww&$ =o' =~ 1GeV-2 @)

is the universal Regge slope and ¢ is the SU(3) part of the amplitude and &y the polari-
zation vector of the vector mesons. Using these amplitudes and an effective electromag-
netic current for the constituent quarks we have obtained good results2[2] for the radiative
meson decays. It is thus mbomnmm_.bm”ao study the weak decays of mesons by the same method.

Since hadrons are bound states of constituent quarks, we need the matrix element of the
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weak current beetwen the constituent quarks. As has been stressed by Gell —Manns3,
there is an important difference between constituent and current quarks. We assume
the following form for the effective matrix element of the weak current

{q constituent [Jwesk(0)[ ¢ constituent) = N{uy{y.Fi(q?) -
+ eruysta(g®)Jua cos B + uplyaFs(g?) -+

+ [

-q“Fa(g?) + ev*ysFs(g?)u; sin 8c) (5)
2M
In eq. (5) N denotes the usual normalization factor. Fi(g?Y i =1, ..., 5 are form factors
which take into account the quark-quark interactions at the vertex. The interaction
which is responsible for the ¢g bound states could be accounted for by the meson spectrum
itself, suggesting pole dominance for the form-factors as indicated by Fig. 1. p is the axial
vector renormalization. ¢/2M is the coefficient of the SU(3) breakig term in 4S8 =1
*part of the vector current. The inclusion of the SU(3) breaking is necessary if one intends
to account for the Ky form faktor f_(g2) and for the K® — 2z decay rate within a cur-
%:a.mwiazn picture. Indeed such a term can be derived using the mechanism shown in
ig. 1b.

The first decays to test this model are the leptonic decays sz — uv(ev) and K — uv(ev)
for which the relevant diagram is shown in Fig. 2. These loop diagrams are finite, due
to the cut—off provided by the B-S amplitude in contrast to the corresponding ordinary
Feynman diagrams. One finds

(m3) (6)

and
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Fig. 1. The quark—quark interactions (a)
are approximated by the meson spectrum
(b). The circles are the B—S§ amplitudes
and the dots weak currents. (e) )

3 Gell-Mann M., Lectures at the Schladming Winter School 1972. Act. Phys.
Austr., Suppl. IX (1972), 733.
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Fig. 2. Diagrams for the
decays n—>ur(ev) and K—
—> uv(ev). r is the relative
and p the total momen-
tum of the ¢g system.

The effective quark mass M is a parameter of the model which should be the same for
similar processes and thus can be eliminated by taking appropriate ratios. For FnfFg
we obtain, for instance, using A;-meson dominance for Fa(g?) and K,-meson domi-
nance for Fs(g?) in Egs. (6) and (7)

.
F 2
Sk _ ™ qyqq (8)
Fy 1 _ my »
m,

in excelent agreement with the experimental value! Fg/Fz = 1.18 £ 0.003. As one can
see from Eq. (8) there is a small SU(3)-symmetry breaking due to the weak form factors
but the Weisskopf— Van Royen paradox [3] does not arise.

Next consider the semileptonic decays n+ — nf+y and K — nuv(ev). Here the relevant
graphs are given in Fig. 3. For these processes the matrix element does not depend on
the quark mass up to terms of the order (m/M)=2. For the pion f-decay we find using the
notation of 4

. 1 :
) = )2 ——— (9)
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Fig. 3. Diagrams for the decays K->mey(uv) and n*—>n%y.p, n and 1 denote the
three quarks. To the K-decay only (a) contributes.

assuming ¢ dominance for F1(g?). For the Ku3 decay we find

FHg?) = Fa(g?) exp (g/16)/8) .

20
i) = ~Fulg®) exp (@?/16]/B). (10)

4 Pascual P., CERN Yellow report 68-23, p. 125 and “K decays”, GIFT Report 1972
Zaragoza University.
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Our result in eq. (10) includes &l ~=sz integrals. The SU(3) symetric result
=) = 1 (11)

u.m&r:movnmmzm&mzmn.ozniimum. H.8ooﬁmnao:mOmn:mcnmma»:\muﬁ.Hﬂsnrmuéa
obtained :

:=2¢. (12)

There are contradictory experimes= = = but all recent results based on K,3/Ke3 spectra,
analized without putting 1. = ¢ & ¥=ween —0.35 L 0.22 and —0.8 + 0.5 [5]). From
the experiment with A, closest © arediction [6], which gives £ = —0.62 + 0.28,
one has

T=—293 4 0.42. (13)

This value of C also gives the com= =silts for K- 27 decay ratess. Both f_ (0) and
the K -> 2x amplitudes are in fac morional to C. They are therefore explained by
the same symmetry breaking pamr== ind vanish in the limit of exact S U(3) (C=0).
Expanding f¥(¢2) in powers of ¢ o=

~ = 0.027 (14)

which is in good agreement with = ===mental value 1, = 0.028 + 0.005 [5]. For the
coefficient of the g% term we obiz = —alue 0.0007. Results on hadronic weak meson
decays are reported in note-.
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Note added in proof: In a lse aeer ..Weak meson decays in a quark current ®
current picture with symmetry brus- HEP VI/1973 and Nuevo Cimento (in print})
we were able to estimate theoretis - symmetry breaking coefficient ¢ and found
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which is in better agreement with »==s neasurements of f_ (0).
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