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Abstract

We analyze, in the framework of the recently introduced doublet Ma-
joron model, the contribution from the emission of a pair of light scalars
to the decay K~ — 7~ 4+ nothing. We find that, for reasonable choices
of the parameters, the new scalar contribution may be as large as one
additional neutrino—antineutrino mode and provide a substantial modifi-
cation of the pion spectrum. The effect may be a few times larger in the

triplet Majoron model.
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1 Introduction

In a recent paper [1] we addressed the problem of the apparent solar neutrino deficit {2]
in the context of a new majoron model in which total lepton number is broken sponta-
neously by a Higgs doublet. By assuming a standard fermion field content, an immediate
consequence is that Majorana mass entries for the neutrinos are generated radiatively. This
leads to a quite simple extension of the standard electroweak theory, where a solution of the
solar neutrino problem through matter enhanced neutrino oscillations (Michejev-Smirnov-
Wolfenstein mechanism [3]) is naturally implemented. Indeed, the combined presence of
the strong astrophysical bound [4] on the lepton breaking vacuum expectation value (VEV)
and the radiative origin of the neutrino mass matrix lead to neutrino masses in the regime
required by the MSW mechanism. In addition, the peculiar structure of the neutrino mass
matrix (the same as in the original Zee model [5]) provides a simple description of oscillations
in terms of only one mixing angle, thus leading to a predictive model for matter enhanced
neutrino oscillations. Only four extra scalar fields are present in addition to the content of
the standard model (SM) : the majoron J and its light neutral partner py, (always present in
non-singlet majoron models [6]) and two singly charged scalars whose mass ranges are quite
constrained by present phenomenology. The presence of these new scalar degrees of freedom
provides interesting phenomenology for the model and a way of testing neutrino oscillation
parameters in experiments not directly related to solar neutrino physics. Indeed, the com-
bined effects of the presence of the majoron (and therefore the small bound of the order of
10 KeV on the related VEV) and the required consistency with the MSW explanation for
the solar neutrino depletion, bound from above the masses of the charged scalars in such a

way that the loop induced g — e 7 decay is, for a wide range of the paramenters, within



two orders of magnitude from the present experimental limit. The two charged scalars may
provide also important corrections to the Veltman p parameter and the W and Z mass in-
terdependence. The constraints coming from the present data are quite stringent and were

discussed in ref. [1].

If the phenomenology related to the coupling of the majoron (and pr) with the neutri-
nos is here largely suppressed due to the radiative origin of the coupling (the interaction
with other matter, through the mixing with the ordinary Higgs doublet, is suppressed as
well due to the small VEV), quite interesting turns out to be the analysis of the majoron
phenomenology related to the gauge couplings. In particular, the fact that the majoron
belongs to an SU(2) doublet implies that the scalar contribution to the width of the Z,
through Z — J pr, is equivalent in our model to 1 /2 a neutrino-antineutrino mode. This
contribution is four times smaller than the analogous one in the triplet model of Gelmini
and Roncadelli [7], thus providing a way of discriminating the two models through neutrino
counting at the new e* —e~ colliders. Indeed, neutrino counting at LEP is expected to reach
a sensitivity of 0.3 —0.2 neutrino generations [8]. In addition, it is worthwhile to remark that
Z — J py, represents the only non-standard contribution to neutrino-like decays present in
the model; this may be relevant when comparing with the prediction for the Z—width in the
supersymmetric majoron model [9] (which shares the feature of a doublet majoron), where

light neutralinos and/or sneutrinos may provide indeed further contributions.

Among other decays of gauge bosons to scalars which may lead to an experimental
signature of the model, particularly interesting is W+ — ht J, where ht is the lighter of
the two charged scalar present in the doublet majoron model, which allows for a test of the
charged scalar mass up to the W scale [10]. The presence of pr, a light neutral scalar which

in our model interacts very weakly with matter, may also have various cosmological and



astrophysical implications [11].

In this paper we are extending the analysis of the phenomenological implications of
the majoron gauge couplings to a rare kaon decay which may provide in the near future a
sensitive test for new physics, namely the decay K~ — n~ + nothing [12,13], where nothing
stands in SM for a neutrino-antineutrino pair. The branching ratio predicted in SM, by
summing over three neutrino generations, varies between 3 x 10~ and 6 x 107° [14], where
the constraints on the mixing angles and top mass coming from the observed related decay
K? — ptp~ are taken into account. This is about three orders of magnitude below the

present experimental bound of 1.4 x 10~7 [15].

Various authors have discussed the implications of the presence of “new” physics for this
decay. In particular, it has been argued that the presence of a fourth generation of fermions,
may allow for a enhancement of more than one order of magnitude over the SM prediction
[16]. The presence of supersymmetry may show up in a twofold way: by contributing to the
standard v channel through the virtual exchange of supersymmetric particles or by directly
adding new channels through the emission of light neutral weak interacting superpartners.
The first case has been studied in ref. [17] where it is shown that virtual SUSY loops may at
most give a contribution of the same order as the SM one. Analogous results are obtained
for the one-loop emission of a pair of photinos [18,19,20], higgsinos [18], sneutrinos [21]. One
remarkable exception is given by the possible presence, in a class of low-energy minimal
N=1 supergravity models, of flavour non-diagonal photino-quark-squark vertices. In this
case there may exist a “tree” level contribution to the decay K~ — 7% which, for squark
masses below my, leads to a decay rate close to the present experimental limit [17,22]. We
have however to remark that such a small values for the neutralino masses, required to render

the process kinematically allowed, are disfavoured in most of the models so far proposed.
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From this short revue of the K~ — 7~ + nothing physics, it is clear that the possibility
that in the very near future the experimental bound may be improved by about three orders
of magnitude [23], bringing it at the SM treshold, makes further investigation of this process,

in view of the search for signals of new physics, very interesting.

In non-singlet majoron models the presence of the massless majoron and its very light
neutral partner pr (m,, < 10 KeV) provides extra channels for the aforemontioned decay,
namely JJ, prpr and prJ. Whereas the latter turns out to be generally not relevant, the
first two modes may give a contribution comparable to one neutrino generation and provide
a substantial modification of the energy spectrum of the emitted pion. In addition to the
graphs which take advantage of the majoron (and pr) gauge couplings there is a further
contribution provided by the effective flavour changing vertex of the “ordinary” neutral
Higgs. Its coupling with the light scalars depends on a ratio of coupling constants in the
Higgs potential and may therefore vary in principle over a wide range. Indeed, for a light
Higgs this contribution could be by far the dominant one. However, the study of the effect
of the renormalization of the Higgs potential on the VEV’s hierarchy present in the model
allows us to give a definite estimate of the standard Higgs contribution, which turns out to
be of the same order of the “gauge” ones. It is also to be remarked that there is an ongoing
controversy about the perturbative calculation of the effective ¢’ H vertex. We will comment

on that in sects. 3 and 5.

The extension of these results to the Gelmini-Roncadelli model is straightforward and
we find that, once analogous values for the masses of the charged scalars running in the loop
are considered, the triplet majoron model gives contributions about four times higher, analo-
gously to what happens for the Z° width. This is a consequence of the different hypercharge

associated with the majoron, which appears whenever gauge couplings are involved.



Although the potential increment in the K~ — n~ + nothing branching ratio overlaps
with other possible sources, we think that the combination of the Brookhaven experiment
with the information coming from high-energy experiments (as neutrino counting at LEP and
SLC), may provide some insight on the presence of physics beyond the standard model. In
addition, if in the future it is possible to obtain information on the shape of the pion spectrum,
this could discriminate among different interpretations as well. We consider therefore this
decay as a possible interesting test for the physics related to the spontaneous breaking of

lepton number.

The paper is organized as follows. In sect. 2 we report the relevant majoron couplings
in the doublet and triplet models. In sect. 3 we derive the effective Lagrangean for the
K~ — 7~ + nothing decay in majoron models. The resulting pion energy distributions and
relative branching ratios are obtained in sect. 4. In sect. 5 we discuss the numerical results

and present some final considerations.

2 Majoron Couplings

In order to compute the contributions to the K~ — @~ + nothing decay related to the
emission of the two “light” scalars, we recall here the couplings of the Majoron and pr to
the gauge bosons and the “standard” neutral Higgs in the doublet majoron model. Unless

otherwise stated we follow the notation of ref. [1].

Due to the derivative nature of the coupling, the Z gauge boson couples to both the

majoron and py, :

~_—— 9  gugy’ 1
Lpz ~ 200s0wz JoupL (1)



where we neglect the small mixings O(v/u), u ~ 174 GeV being the standard electroweak

breaking VEV. On the other hand, the derivative couplings of the W are given by
wrylo-5, 4 lo-g
Lpw~gW z(§d> “pL+1,§¢ J) + he (2)

where ¢~ is the charged component of the new doublet and is expressed in terms of the
physical states as ¢~ ~ cos 6,3k + sin 6,5h;. We need also the couplings of J and pr, to two
Ws,

2
g ;
Lww = TWFIWH(J + 4}) (3)

Finally, we will consider the diagrams generated by the effective flavour changing vertex of
the “standard” Higgs boson (pg), whose coupling with the Majoron and p;, depend on the
details of the Higgs potential. For this purpose and for further reference we report here the

complete expression of the potential from ref. [1]

V= XM(plp —v®) + Ay(ld — v%)?

+hs(plp — u?)(¢'¢ —v?)

(') (#16) — (#18)(¢%)) (4)

s | pht — @Tind 2 +6 | pht + Tirsg |?
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In eq. (4) ¢ and ¢ are respectively the standard and new Higgs doublet, whereas A% is
a charged scalar singlet. The extra doublet and the singlet each carry two units of lepton
number. We recall that hermiticity requires all the A;’s to be real and the dimensional
coupling p may be taken, without loss of generality, real by absorbing its phase in the
definition of the singlet h*. For \; > 0, i # 3, and |As| < 2v/A; )z the potential is semi-

positive definite (V > 0) and assumes its minimun on the broken vacuum. The coupling we



are interested in is readily extracted from eq. (4):

1
Lg =~ —ﬁz\au(ﬁ + p%)pn (5)

It is important to notice that all the gauge couplings of the Majoron and pf, in the doublet
Majoron model differ, with respect to the couplings in the triplet model, only by factors
related to the different quantum numbers of the multiplets. It is therefore straightforward

to rewrite the couplings in eqs. (1)—(3) for the GR model:

£ =2Lp; , (6)
£, = V2Low , (7)

and
£ = 2Lww (8)

where in eq. (7) the charged component ¢~ of the Higgs doublet has to be replaced by the
singly charged component w™ of the triplet Higgs. The coupling with the standard Higgs
is analogous to the one in eq. (5). We will consider however in more detail the question of
the evaluation of the Higgs couplings in the two models in sect. 5. For the time being, it is
enough to remark that from egs. (6)—(8) we expect the contributions to K~ — 7~ + nothing
in the Gelmini-Roncadelli model to be generally larger than in the doublet model (by about

a factor 4 if one considers only the “gauge” contributions and analogous masses in the loops).



3 Effective Lagrangean for d 5§ — nothing in Majoron

Models

While the amplitude for d 3 — v ¥ has been computed by different authors [12,13,18], we
need here to calculate the effective lagrangean for the transitions d 8 — J J, pr pr and J py.
These processes occur at the one loop level through four classes of diagrams. The first class is
given by the Z-exchange graphs, which take advantage of the induced flavour changing vertex
dsZ (fig. 1). As the coupling of the gauge boson Z to scalars is derivative, these diagrams
only contribute to d 3 — pr J. The second class uses the gauge coupling of eq. (3). The
diagram is depicted in Fig. 2, and only contributes to d 3 — J J, pr pr. The third one
consists of box diagrams where the physical charged scalars run in the loop (fig. 3). These
diagrams give a contribution to all three scalar channels. We have neglected diagrams where
charged higgses are coupled to the fermions because they are largely suppressed by factors
v/u. Finally, the fourth contribution is due to the standard-Higgs exchange (fig. 4) through
the coupling of eq. (4), similarly to the Z exchange. This graph only gives a contribution to
the decay in identical scalars and its size depends critically on the parameters of the Higgs

potential.

We can conveniently describe the amplitudes for d 3 — nothing in our model by the

following effective lagrangean

3
- - 1 -
E D,-ﬂ;‘y,‘Lu; —_ AJ&:pL) + §§(m,L + de)d B (J2 + pi)] (9)

i=1

G
Legs= ——\/%4x [ 39*Ld (

where L and R are the left and right-handed projector operators respectively and following

the notation of ref. [13] we define

2
g a
= = 10
X (4m)? ~ 4msin® Oy (10)




6w being the Weinberg angle.

All the coefficients in L, ;s represent a sum over the contributions of the different quarks
weighted by the elements of the Kobayashi-Maskawa (KM) matrix. Using the unitarity of

the mixing matrix, the various coefficients appearing in eq. (9) may be generally written as

A({zs}, {wi}) = 3_ U3, Usdlcos® 612 A(z;, w,) + sin® 61, A(z;, wn)] (11)

j=ct

and analogously for B. The form factors A(z;,wx) and B(z;,w;) represent the difference
between the contribution of the quark j and the quark u (this leads to the cancellation of
the divergences independent on the quark masses). The variables ; and wj are defined
as the square of the masses of u-quarks and charged scalars respectively in units of the W
mass, namely z; = m?/mj, and wp = m}, /mj,. In the case of the triplet model, where
there is only one singly charged scalar, or for those contributions which do not depend on
the charged scalar mass, the two terms in eq. (11) reduce to one. In the next subsections
we will evaluate the form factors A and B in the unitary gauge. As expected, the ultraviolet

divergences proportional to the quark masses cancel when all the contributions are summed.

3.1 Z exchange diagrams

The one loop diagrams contributing to the effective coupling 5 d Z, in the unitary gauge,

are depicted in Fig. 1. We can write the vertex as

" ; svHLd 12
PZ (411')2 cos 9W 32—; _-,dr(a:_.,)S‘y ( )

where the evaluation of the diagrams in Fig. 1 gives

N 1 43 8 . 13
P(ZJ)—. 8 (De+2+1nma+1—2::+(1—2:J)21nz:) ( )
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The term Dg is deﬁned as fouows

where 4 — n = € represents the usual pole of dimensional regularization, vg is the Euler’s
constant and p is the mass parameter introduced by the dimensional regularization (*t Hooft

mass).

From the effective vertex in eq. (12) and the coupling of the Z to J and py, in eq. (1),

by comparing with eq. (9) one obtains

Az(zj) == P(Zj). (15)

3.2 The “seagull” diagram

Through the quartic gauge coupling of eq. (3) we obtain the graph of Fig. 2 (“seagull”
diagram). This diagram contributes to the effective lagrangean for ds — prpr and ds — JJ,

thus giving a contribution to B. The evaluation in the unitary gauge gives

3:2:_.,'

= 1 .
BWW:—(DG-%-}-IHKBJ'- L + % lnm,-) (16)

8 Q—z;)2 (1—z)

Again this term contains a divergence proportional to the internal quark masses which will

cancel in the sum.
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3.3 Box diagrams

The consideration of the diagrams in fig. 3 is necessary to insure the gauge invariance of
the calculation and the final cancellation of the ultraviolet divergences. The sum of the
direct and crossed diagrams in the case of JJ or prpr is equivalent to the symmetrization
necessary for identical bosons. This gives origin to the same structure of the amplitude
obtained previously for these modes. In the prJ case, a minus sign due to the couplings
arise between the “direct” and “crossed” contributions, thus selecting the component of the
amplitude antisymmetric with respect of the momenta of the final scalars. This leads to an
effective derivative coupling to the scalars in analogy with the Z-exchange diagrams. The

computation of the contributions to the two form factors gives

— z; 5 Wi 3wk -2:3_7' T;
=3 |_ . — = . In=2
By, 3 [ 3(D 5 +Inz;) + L z_,-)zwk o (17)
and
: _ %l l . Wy wp Zz5
Apoz = 3 [ (D‘+2+1“”)+2+w,,—z,-+(w,,—m,.)z e

__ 6 (mjlnzj_wklnwk)] (18)

Tj — W l—z_.,- l—wk

respectively. We remark that in eqs. (17) and (18) all the terms independent on the quark
masses ¢; do not appear because of the GIM cancellation (we take z; = 0). It is also
wortwhile to notice that in the limit wj, — oo these contributions do not vanish, but increase

Wlth ln'w,,.
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3.4 Higgs exchange diagrams

The short distance contributions to the flavour changing transition s — d pyg have been

computed by different authors [24,25]. They find* [24]

Loart (4,1.)2 mw Z Usa "’J 5(m,L + mgR)d px (19)
i=1

Using this effective vertex and the coupling in eq. (4), we can write the contribution to

B induced by the diagram in fig. 4 as

= 3 A3 mW 3A3
By =-— | = =T
H=o@m2, 7 16, 7 (20)
where in the last expression we have used the relation m = 4\ u?. We see that the size

(and sign) of this contribution is critically model dependent.

3.5 The coefficients A, B and D

From the results of the previous subsections, we can now obtain the final expressions for
the form factors A and B. It is immediate to check that all the divergent terms, as well
as the dependence on the t’'Hooft parameter u, cancel out, as it must be on the grounds of

renormalizability of the model. We therefore obtain for the function A

% : %5 1 1
A=t hem =3 [3(1—m,~+(1-z,-)2

lnz_,-) +2

*There is an ongoing controversy on the reliability of the existent short distance evaluations of the flavour
changing effective Higgs vertex. The authors of ref. [26] claim that on general grounds the transition
amplitude in eq. (19) should be further suppressed by a factor O(m2 ;/miy) [27] and that this substantial
discrepancy is a consequence of a failure to incorporate correctly scale invariance in the perturbative

calculation. A detailed analysis is currently unavailable.
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We wi % __8 z;lnz;  welnwg (21)
wp—z; (We—2;)? wp z;—wp\1—2; 1—w,
which in the limit of light internal quarks reduces to
A(Zj((l,wk)zﬁ(G-i-‘ilan'- 7_wk1nwk) (22)
8 - W
Analogously, we obtain for the function B
z; 6 14,
B, B -3 Z_Inz;
B = Bww + Bioc + By = [ A=z -z
wy, 3wy —2z; z; E_)\_s
w —z; (Wi — ;)2 wi In we 2\ (23)
and
3]s
B(:c, <<1 w,,)--—; 5+31nwk——A— (24)
1

It is important to notice that in this limit the dependence on In z; in B cancels exactly.

For the purpose of comparison with the amplitude for the standard decay in two neutrinos

we report the expression of the form factor D from ref. [13]
1 + 1 Inz;)+2+1nz;
8 1—z;  (Q—z)? I

o e A ((:j:f)zmﬂ”f-(i’,ﬁ—:f)zwlnyi)] (25)

where y; = (mr,/mw)?, and L; = e, p, T are the masses of the charged leptons runing in the

D

box diagrams. In the limit of y; < z; eq. (25) reduces to

z;+2 T;—2
D(z;,y: =0) = o ( . +3( ;__ 1)21113.1') (26)

Finally, for small quark masses we obtain

D(z; < 1,3 =0)= -—(1 +3Inz;) (27)
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4 Pion Spectrum and Branching Ratios

From the effective lagrangean of eq. (9), we can easily obtain the physical amplitudes for

the different modes of the decay of the charged kaon. For the decay to prJ we obtain
2 i . GF 1 A = = "
T(K~ —7"pJ) = —i 5 2xA (7 (pr)| 590 |[K = (px) ) (1 — p2)

.G =
= —zTI;ZxA [F+(*) tu + f-(*) @u](P1 — p2)* (28)
where t = px + pr, ¢ = px — P~ and p; and p, are the momenta of J and pp, respectively.

The form factors f1(q?) and f_(q?) are known from K — mwub [15).

The amplitudes for the decays to JJ and prpr are instead given by

T(K™ =" J7) = T(K™ = 7 pupr) = =t TS ZEn B (e —mdMfo( ) (29)

where the form factor fo(q?) is defined as

(@) = (@) + f-(qz) (30)

As myq < m,, we can replace, with good approximation, the ratio between the masses of the

external quarks in eq. (29) by a factor one.

From these amplitudes we obtain, in the rest frame of the kaon, the following distributions

for the energy of the emitted pion

dlys _ dT, GEX’ 2 2v2 | B2 2/ 2

iE, = dE, = 8(2m) P (K T ™) |B|" VB2 - m2f3(d) (31)
dr G%x? 12
T = g 4] (B =P £ (2

while for the emission of each neutrino species the result is

T = S B[ (B2 — P ) (33)

15




In egs. (31)—(33) E, varies between m,, and (m% + m2)/2mg. It is worth noting that the
pion spectrum for the Jp; mode coincides with the spectrum for the standard v decay,
being proportional to |p,|>. However, the pion energy distribution for the emission of two
Majorons (or two p;,) only depends linearly on |p,/|, thus leading to a substantially different

spectrum. In fig. 5 we show the shape of both spectra normalized to their maxima.

An interesting quantity is the ratio between the maxima of the spectra, since it is inde-
pendent on the form factors fo(q?) and f,(g?), as fo(0) = f4+(0). This is also the part of the

spectrum which is experimentally relevant. Normalizing to one v mode, we obtain

dl'ysy VD
dE. | .. . dE,

whereas for the emission of Jpr,

dI",,,,
dE,

+ = g——— (34)

dl'y,
dE,

dl'yp

BR(K~ — n~Jpr) _
dE,

1A
" BR(K- —mwvd) 2|p

(35)

The relative rates for the JJ and prp; modes depends instead explicitly on the form

factors f,(q?) and fo(q?). Using the standard parametrization [15]

F@) = HOU+ML), 7@ = 5O+ o) (36)

we obtain

- 12
BR(K- — n~JJ) + BR(K- — = pppr) _ 092+ 7.1\ + 2033 |B|

= 37
BR(K- — n~vp) 0.95 + 4.6\, + 922 I D|2 (37)
Taking the values ), = 0.032 and \o = 0.004 [15), we finally have
- 12
BR(K~- - n~JJ)+ BR(K~ — 7 pLpL) _ GLB_I_ (38)
BR(K- — n~vi) ' |D|2

The analysis is now reduced to the discussion of the relative magnitude of the functions A,

B and D, which we will perform in the next section.
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5 Numerical Analysis and Discussion

The form factors A, B and D, defined by eq. (11), contain the sum over the charm and top
quark contributions weighted by the corresponding mixing angles. To estimate the effects
of the presence of J and py, for the K~ — n~ + nothing decay, we will separatly consider
the case of charm and top dominance. In particular, the case of top dominance, which is
also supported by the recent experimental indication of a large B9 — BY by the ARGUS

collaboration, turns out to be the most interesting one.

We will begin by considering charm dominance. The dominant part in the form factors
A, B and D comes in this case from the Inz; terms. From eq. (22), eq. (24) and eq. (27)

we have in the limit z; < 1

= _ " 3
A~ a:_,-ln:z:_,-, B~ 0(1) Zj, D~ -Ezjln:z:j (39)

N =

The important point is that in the function B, which produces the modification of the
pion spectrum, the logarithmic terms have, in this limit, cancelled exactly. Thus, for
m. ~ 1.8 GeV, B turns out to be one order of magnitude smaller than D, which im-
plies a suppression of about two orders of magnitude in the rate. Also the contribution to

the branching ratio due to the decay K~ — 7~J pr is very small

BR(K‘ —aJ pL) 1
(D) = ~—~0. 40
K. BR(K - — 11"1/17) 18 05 ( )

In the triplet Majoron model, the effect is enhanced but still minimal
R™M = 4R®P) ~ 0.2 (41)

In conclusion, charm dominance does not offer interesting perspectives for a test of majoron
physics in this decay.
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On the other hand, if the dominant contribution comes from top exchange, the modes
related to the emission of the new scalars may give a substantial enhancement. In figs. 6
and 7 we show the dependence of the form factors on the mass of the top-quark, for different
values of the mass of the charged scalars. By comparing the two plots we see that the decays
K- — n=JJand K~ — 7~ ppp; may play a relevant role. For instance for m; = 80 GeV and
my, = 300 GeV we have |B / Dlz ~ 0.4 Using eq. (38) we finally obtain that the contribution
of the decays to identical scalars may well be of the order of one neutrino generation.! In
addition, we recall that in this case there is also an important modification of the shape of the
spectrum (Fig. 5). The effect of K~ — n~J pg is smaller and, as follows by comparing eq.
(35) and fig. 7, it can amount at most to 0.2 neutrino generations, without any modification

of the pion spectrum.

In the case of the Gelmini-Roncadelli model, these estimates, considering only the
“gauge” contributions and analogous values for the charged Higgs mass, have to be mul-
tiplied by a factor 4. Thus, in the triplet model, it is possible to obtain a contribution from

the decay to identical scalars equivalent to four additional v modes.

What about the contribution of the Higgs exchange diagrams? If in eq. (20) we take
Az =~ g* and m,, ~ 20 GeV, reasonable and phenomenologically allowed values, we obtain
that the contribution of the Higgs exchange diagrams to B is by more than one order of
magnitude the dominant one in the amplitude. Translating this value into branching ratios,

we obtain a decay rate to light scalars which is two orders of magnitude larger than the total

tIn the case of the doublet majoron model the scalar mass indicated in the figures represents effectively
the contribution of the two charged scalars as given in eq. (11). From the analysis in ref. [1], it follows
then that even a quite large value of my, as the one used in the text, does not preclude the presence ofa

relatively light charged scalar (<100 GeV).
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decay rate to neutrinos, approaching closely the present experimental limit.

It is quite interesting however, that we can limit the “arbitrariness” of the Higgs contri-
bution with a theoretical argument. Indeed, Grzadkowski and Pich [28] have studied, in the
context of the triplet majoron model, the conditions for the stability of the VEV hierarchy
under renormalization of the Higgs potential and found that this requirement leads to a sim-
ple relation among couplings in the potential. Considering only the renormalization induced

by the gauge bosons they find

(T o 1tcos*bw (1) (1)
XD 8 M & 5.8 (42)

By comparing with eq. (20) we see that this relation allows us to remove the dependence
of the Higgs mediated amplitude on the parameters of the potential. We have redone the

analysis in our model and, with the same assumptions, we find
As ~ 2 Al (43)

The details of the complete analysis will be presented elsewhere [29]. By implementing the
relations (42) and (43) in eq. (23), we obtain that the contribution of the standard-Higgs
exchange becomes of the same order of the gauge ones, although opposite in sign. Once
again the triplet contribution turns out to be larger than the doublet one. The inclusion of
the Higgs contribution thus generally reduces the previous estimates, the size of the effect
depending on the masses of the charged scalars (for the values considered above there is
a reduction of about a factor two). It is important however to recall that the size of the
effective flavour changing coupling of the standard Higgs to fermions has become recently
controversial (see the footnote in sect. 3). If the claim of the authors of ref. [26] is confirmed,
the Higgs contribution becomes negligeable and only the “gauge” diagrams contribute to

the K~ — 7~ + nothing decay. We like also to remark that, in the interesting case of top
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dominance, QCD corrections are not expected to play any appreciable role, since no large
mass ratios appear in the loops for the scalar modes. The same holds, in the case of top

dominance, for the standard v channel [18].

In conclusion, we have shown that the decay K~ — 7~ + nothing may constitute a
sensitive test for majoron physics, specially if it is possible in the future to obtain information
on the shape of the spectrum away from the maximum. In any case, the contribution to the
branching ratio due to the new scalar modes may be as large as one additional neutrino mode
in the doublet model and few times larger in the triplet model, thus incentivating the search

for the presence of physics beyond the standard model in this class of rare kaon decays.
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Figure Captions

Fig

Fig.

Fig.

Fig.

Fig.

Fig

Fig

. 1 One loop diagrams contributing to the effective flavour changing vertex of the

Z° gauge boson in the unitary gauge.

2 The WW contribution to the effective vertex 3d — J J and § d — pr pr

(“seagull” diagram).

3 Box diagrams, with charged scalars in the loop, contributing to JJ, prpr (a)

and Jpy, (b).
4 Standard Higgs exchange diagrams contributing to 3 d — J J and pr pr.

5 Pion energy distributions in K~ — #~ + nothing. The dashed line represents
the shape of the spectrum for J J and pp pr emission whereas the solid line
shows the shape for the v and J py modes. Both spectra are normalized to

their maxima.

. 6 The ratio of the form factors for K~ — n~J J and K~ — w~vi is shown as a

function of the top mass for different values of the effective charged scalar mass.

. 7 Same as in fig. 6 for the K~ — n~J pr form factor.
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