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We study the effects of charged tensor weak currents on the strangeness-changing decays of the 7
lepton. First, we use the available information on the K} form factors to obtain B(7~ — K~ 7%v,) ~
10™% when the K7 system is produced in an antisymmetric tensor configuration. Then we propose
a mechanism for the direct production of the K3(1430) in 7 decays. Using the current upper limit
on this decay we set a bound on the symmetric tensor interactions.

PACS number(s): 13.35.Dx, 14.40.Ev, 14.60.Fg

I. INTRODUCTION

The 7 lepton is the only charged lepton massive enough
to decay into hadrons. This property serves to test in-
teresting standard model (SM) predictions in a clean
way. In particular, one can also study several prop-
erties of the charged vector [p(770), K*(892)] or axial
vector [a;(1260)] mesons produced in 7 decays because
their production mechanism is free from strong interac-
tion complications.

Experimentally, the production mechanism for tensor
mesons is of hadronic origin. For example, the a2(1320)
is observed in mp collisions or in J/v¢ decays while the
K5 (1430) is produced in Kp experiments [1]. These ten-
sor mesons cannot be produced by a leptonic mechanism
because of the V or A character of the electromagnetic
and weak interactions in the standard model.

The aim of this paper is to estimate the effects of ten-
sor interactions in strangeness-changing decays of the 7
lepton. For the purposes of this paper, it is convenient to
start by introducing some terminology. We will call an
antisymmetric tensor interaction to the low energy effec-
tive Lagrangian which involves the product of antisym-
metric fermionic currents of the form Jj,,; ~ Eam,z/)’ s
while the symmetric tensor interaction will involve the
product of the currents Jy,,; ~ JE,,,A,/)', where ¥, is a
symmetric tensor involving Dirac «y matrices.

Let us first argue that on-shell tensor particles (JF =
27) cannot be produced by the SM interactions. The
V — A structure of the weak charged currents at tree
level does not allow the production of tensor mesons in 7
decays [the hadronic matrix element (T'|gv,(1 — vs5)u|0),
q = d, s vanish identically]. At the one-loop level, a ten-
sor vertex of the form o,,¢” (¢” the four-momentum
transfer) can be induced in the SM by the first order
QCD corrections to the vertex g¢'W= [2]. However, the
orthogonality conditions on the polarization tensor e¢,,}
describing the tensor particle, forbid the production of
this particle when it is on shell [the only antisymmet-
ric tensor that can be written out of ¢# and ey,,} is
(T130,,ul0) = €uvargs(el®Ptg* — {*8rg™) which van-
ishes because g,e{#*} = 0]. As an alternative, in this
paper we will consider the |AS| = 1 flavor partner of
the energy-momentum tensor as a possible mechanism

0556-2821/95/52(5)/2850(5)/$06.00 52

for the production of the K3(1430) meson in 7 decays.
Note that symmetric tensor interactions cannot be gen-
erated from radiative corrections to the V — A vertices
[2].

The search for tensor currents dates from the beginning
of the weak interaction theory. Recently, the existence of
tensor fermionic interactions has been raised in several
contexts. For instance, the presence of tensor antisym-
metric interactions has been suggested in order to explain
the apparent problems observed in (a) the 7 — evy decay
rate [3] and (b) the measurement of a nonzero tensor term
in the decay K+ — w%etv, [4] (see also Ref. [5]). One
also observes the presence of tensor fermionic currents in
the context of the effective Lagrangian formulation for
the low energy weak interactions [6]. Since the tensor
interactions in K ;} decays is closely related to this work,
let us first discuss it in more detail.

When the V — A requirement for the weak interactions
is relaxed, the decay amplitude for the K — wlTy; (Ki3)
decays can be written as (Ref. [1], pp. 1530-1531)

M x f+(‘12)[(PK + P,,),J’yﬂ(l + vs5)v]
+F-(@®)[mul(1 + v5)v] + 2mx fsl(1 + vs5)v

2T (p)a(Pr)dora(1 + 1) 1)
mg

where g2 = (Pg — Py)%. The form factors f,, f_ are
associated with the vector hadronic current of the SM
and, in the SU(3) limit, they are normalized such that
f+(0) = (1, 1/v/2) and f_(0) = (0, 0) for (K3, K}}), re-
spectively [7]. fs, fr are scalar and tensor form factors;
their nonzero values would indicate signals for physics
beyond the standard model.

Observe that the last term in Eq. (1) is just a conve-
nient parametrization introduced to analyze the experi-
ment. This amplitude could be associated, for example,
to an effective Lagrangian that couples two antisymmet-
ric currents:

- agB\ _
L=— \/Eprtﬂaa)‘d' (qqg > lRUg)\VL

as proposed by Chizhov in Ref. [5] (see the Appendix).
In this case, the last term of Eq. (1) would arise from
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the following parametrization of the hadronic matrix el-
ement:

(7|0 8| K) ~ (Pr)u(Pr)y — (Pr)u(Px)w-

In the case of K.3 decays, the observables are not sen-
sitive to f_, and this allows in principle studying the
effects of fs and fr. Surprisingly, the experimental re-
sults reported in [1] indicate |fr/f+(0)] = 0.38 £0.11 or
equivalently,

fr = fr(0) = 0.27 £0.08 (2)

for the K :{, decay, which is more than three standard
deviations above zero [8]. In passing, let us mention that
some other discrepancies between theory and experiment
are observed in K semileptonic decays, namely, isospin
breaking in the ratio f1 (0, KJ53)/f+(0, K%) and isospin
breaking in the slopes of the scalar form factors of KJ3
and K :'3 [9].

In order to clarify this possible experimental evidence
for scalar or tensor antisymmetric interactions, it would
be interesting to have new measurements of the form fac-
tors fs and fr at the ¢ factory, where one expects the
production of about 10!° pairs of K+ K~ /year [10]. In
the following we first will provide an estimate for the
SM contribution to the 7= — Kwv,. In Sec. III we
assume the existence of the tensor antisymmetric inter-
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II. SM CONTRIBUTION TO v~ — Knv,

The SM contribution to the 7 — K7y, decay is given
by the following amplitude:

_ GFVus
2

Mo = SE S gy (1 — a)r(Kmlamslo),  (3)
where G denotes the Fermi constant and V,, the rele-
vant Kobayashi-Maskawa matrix element.

The hadronic matrix element above can be written as

(K (k) (k") |@v.5]0)

= fr(®)(k— k) + f-(d)) gy
2 2
= f1(d) [(k K- i;—q] R @)

where ¢ = k + k' is the momentum transfer to the
hadronic system, A?2 = m% — m2, and f4, fo are form
factors associated to the J¥ = 17, 0% configuration of
K. Unlike K.3 decays where ¢? < (mg — m;)2, in the
7 decay under consideration (mg + m.)? < ¢ < m2.
This allows the possibility of producing the Km system
in a resonant way: for example, the K*(892), K§(1430),
and the K3(1430) in the J¥ = 1=, 0%, and 27 channels,
respectively.

The decay rate corresponding to Egs. (3) and (4) is
given by

2,5
actions and comnsider its effects in 7 decays. In Sec. IV Tsm(m = Knvy) = £7;—6F8—m;—- Vu,|215M, (5)
we will use the current upper limit on 7~ — K, v, to 4
set a bound on symmetric tensor interactions. where
J
1 dg?
Ton = — [ 24 (2 _ o2)2
=g [ S mt =)
x {1£412(m2 + 20)0%/2(q%, i, m2) + 3| fo P A*m2 A2 (g?, mid, m2) } ®)
[
and A(z,y,2) = 22 + y% + 22 — 22y — 222 — 2y=. B(t™ —» K~ 7%,)=(3.35+0.11) x 1073, (M
We can estimate the decay rates by assuming a sim- B(r— - fo'n'_u.,.) — (618 £ 0.21) x 105, (8)

ple Breit-Wigner! form for the form factors in Eq. (6):
namely,

fi(0)m2
3 - qz —im.Is

fz(qz) = m y 1= +7 Oa

where m,, I', are the resonant parameters of the K*(892)
or K}(1430) when ¢ = + or 0, respectively. The form
factors at g2 = 0 are taken from Ref. [11] to be f,(0) =
fo(0) = 0.961 =+ 0.008 and (0.982 =+ 0.008)/+/2 for the

=0
K 7~ and K~ n° cases, respectively.
Using V., and the 7 lifetime given in [1] we obtain

1A Breit-Wigner form with an energy-dependent width can
be chosen as well.

where the quoted errors arise from the uncertainties in
My, Tr, Vus, and f;(0). Adding both results we ob-
tain B(7~ — (Km)~v,) = (9.53 £ 0.25) x 10~3, which
compares reasonably well with the experimental value
B(t~ — K*~(892)r,) = (1.33 £ 0.09)% [12]. The nu-
merical discrepancy between both results, if real, should
be attributed to the simple Breit-Wigner form used to
parametrize the form factors. Finally, the ¢> dependence
of fo is not important because it contributes only 3% to
Eq. (6).
III. ANTISYMMETRIC TENSOR
INTERACTIONS

Let us now consider the antisymmetric tensor contri-
bution to the decay 7= — K~ n%v,. If we assume e — 7
universality for tensor interactions, we can write the fol-
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lowing decay amplitude for the tensor contribution to this
decay:

GF'Vus sz(qZ)
V2 mg

where fr is the g2-dependent tensor form factor.

The decay rate corresponding to Eq. (9) can be writ-
ten in the form (one can easily check that the tensor
amplitude does not interfere with f,, fo in the decay
rate)

M= k)‘kzll‘/'o’\“(l + v5)T, (9)

GElVus || fr(0) 2

I'(r = Knv,) =
( T 768m3m3m?

I4s, (10)

where the integral I45 is given by
Ius = [ da?(m2 = g2)2(2m? + )N/, e, mid)

2 2
x Z(({i))) ) (11)

Notice that the g2 distribution, Eq. (11), contains a fac-
tor (2m2 + ¢?) instead of (m2 + 2¢2) obtained for the
17 channel, Eq. (6). This could help to isolate the ten-
sor contribution in 7 — K#v, and have an independent
measurement of fr.

If we set fr to a constant (see the following paragraph
for the possibility of a g?-dependent form factor), given in
Eq. (2), and compute the branching ratio corresponding
to Eq. (10), we obtain

B(r = K~ n%,) = (1.8 £ 1.0) x 102, (12)

which lies one order of magnitude below the SM contri-
bution, Eq. (7). Thus, if present, it seems possible to
achieve a measurement of the nonresonant production of
K7 in the antisymmetric tensor configuration in a high
statistic experiment such as a 7-charm factory.

The decay rate given in Eq. (10) would receive an en-
hancement if the K7 system were produced in a resonant
way. An exotic candidate for this resonance would be, for
example, the strange hybrid meson of the ggg (J P 1)
family (this exotic meson can be described by an anti-
symmetric tensor €[,,]) [13]. However, this contribution
is inhibited because the hybrid mesons decay preferen-
tially to final states containing excited ¢g mesons [14].

G%’!Vualz 2.2

I'(r - Kjv,) = T6r M3

where M denotes the mass of the 7 lepton.

Finally, if we compare Egs. (16), (17), and the cur-
rent upper limit on the 7= — K} v, decay [['**Pt(r —
K3(1430)r;) < 6.7x 10712 MeV [1]] we obtain the bound
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9i 9% m? (2M? + 3m®)(M? — m?)*,

IV. SYMMETRIC TENSOR INTERACTIONS

We propose that the current X current form of the sym-
metric tensor interaction Lagrangian for the strangeness-
changing 7 decays is given by

L£AS=1 = —G—Fl ws 9t (TX 1) (TZH s),

V2

> >

where the symmetric tensor X,, = i(y, 8, +v, 0 u)
involves first-order derivatives. The dimension of the ef-
fective tensor coupling g; is (mass)_z. We have chosen
the above Lagrangian in order to provide a mechanism re-
sponsible for the 7 — Kjv, decay. Although this choice
does not exclude the existence of other tensor structures,
we have used this Lagrangian for simplicity. It should be
noted that it does not arise from radiative corrections to
vertices with V' — A currents [2].

From the above Lagrangian we get the following am-
plitude for 7(p) — K3 (k)v,(p'):

(13)

G _
M= EEV,g70,Q + 1 QIS 5510,

(14)
where Q = p + p’. The hadronic matrix element in the
previous equation can be parametrized as

(K3|as*s|0) = ggym3e#}, (15)
where m denotes the K3 mass and e{#*} its (symmet-
ric) polarization tensor. With the above definition gk;
becomes a dimensionless coupling.

Let us address a comment on the evaluation of the
hadronic matrix element. Althought it is not a popular
idea, it has been suggested in the literature [15] that the
tensor meson dominance of the energy-momentum opera-
tor can be assumed in order to give a single parameter de-
scription of the 77 and v+ decays of the J¥ = 2% meson
f2(1270). Since the K3(1430) meson and the &X,,s op-
erator are flavor partners of the f2(1270) and the energy-
momentum tensor, respectively, we can assume the nonet
symmetry in order to relate Eq. (15) and the correspond-
ing annihilation amplitude of the f.. The use of nonet
symmetry gives

\/:_3- myg, 3
s = L3 (Y,

4 m

where gy, = 0.103 &+ 0.011 has been estimated by Ter-
azawa [15] by using the f, — nt7~ decay rate.
The decay rate corresponding to Egs. (14) and (15) is

(16)

(17)

gt < 2.6 x 107 MeV 2, (18)

Equation (13) will also give a contribution to 7= —
K~ 7°%.,. In this case, the hadronic matrix element can
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be parametrized as [15]

9K;9K3 K~ m?

Kr|ax,, =
(K rji, oj0) = TZEHEKTT

(k= k') u(k — k),

(19)

where k(k') is the momentum of the K~ (n°), and T is
the total width of the KJ. The strong coupling constant
gk K can be determined from I'**P*(K;~ — K~ 7°%) =
(16.3 + 0.6) MeV [1] and the expression
* 29?{'1{, |E|5

We can compute the decay rate for = — Kjv — K~ n%
using the matrix element given in Eq. (19) and the upper
bound given in Eq. (18). We obtain

B(t7 = (K™ 7%)symmvr) < 9.9 x 1074, (21)

This upper limit is at the same level as the antisymmetric
tensor contribution given in Eq. (12).

V. CONCLUSIONS

We summarize our results. We have studied the effects
of tensor interactions in strangeness-changing 7 decays.
Using the information on the antisymmetric tensor in-
teractions measured in K}, decays we get a branching
fraction for 7= — [K ”wo]antisymu.,. which is one order
of magnitude below the SM contribution. On the other
hand, we have proposed a mechanism for the direct pro-
duction of the K3(1430) in 7 decays. Using the current
upper limit on the 7 — Kjv, decay mode we are able
to set a bound on the intensity of the symmetric tensor
interactions. Using this upper bound we have estimated
B(t™ = [K~ 7% symm¥-) < 9.9 x 1074,
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APPENDIX

The model of Chizhov [5] was proposed in order to
account simultaneously for the destructive interference
observed in 7+ — e*v.y [3] and a tensor term in KJ;
reported in [4].

In Ref. [5], the SM is extended by introducing two
Higgs doublets and two doublets of antisymmetric tensor
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fields, T, = (T}, T),) and U, = (US,,U,,), having
opposite hypercharges [Y(T) = —Y (U) = +1] in order to
cancel the anomalies. In this brief summary we use only
the interactions of v, e, u, d, s fermions with the tensor
fields that are relevant for the semileptonic processes.

By assuming quark-lepton universality of the cou-
pling constant ¢, the SU(2)zxU(1) invariant interaction
gives rise to the following interaction Lagrangian of the
charged tensor fields with fermions [5]:

t
L= —2—{(71—,0‘"’6}1 + ﬂLO'“"dR)T:;,

+ERO'“"dLU:u + H. C.}, (Al)

where d, u are interaction eigenstates. The tensor field
U, couples only to quarks, because only left-handed neu-
trinos are present.

After spontaneous symmetry breaking the charged ten-
sor fields become mixed and the corresponding matrix of
propagators, in the g2 < m2, M2 approximation, is given
by [5]

P

(T+T_)0 (T+U_)0
((U+T-)0 (U+U—)0)

21 II(q -I
m? = M ( -1 le'I(q)/mz)’ (42)
where m, M are the mass parameters associated with
the vacuum expectation values (VEV’s) of the two Higgs

doublets, (XY)o denote the corresponding Green func-
tions of X and Y, and

Myvap(9) =Tuvap
_ 9p9a9vB — 9u9B9va — Ww9a9us + 9989 ua
q2

(A3)

with Inuaﬁ = %(guagvﬁ - guBgua)-

After diagonalization of P and of the quark mass ma-
trix, Eq. (A1) gives rise to the following four-fermion
effective Lagrangian [5]:

~ » -

L = — V2Gr fyio,ad (qq‘j") Iro" vy, (A4)
where Grf/V2 = t?/(M? —m?) and d = Vyud' + V,, ¢,
with d’, s’ the quark mass eigenstates. Observe that the
hadronic current in Eq. (A4) does not include a pseu-
dotensor term; this will give rise to tensor contributions
inwt — ety and Kt — %ty as required by exper-
iment, but would leave unchanged the 7+ — etv, decay
rate.
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