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Abstract. The model with the SU(2)r, x SU(2)r x U(1)p—1 gauge group, containing one bidoublet and
two triplets in the Higgs sector, is considered. The link between the constants determining the physical
Higgs boson interactions and the neutrino oscillation parameters is found. It is shown that the observation
of the ultrahigh-energy neutrinos with the help of the processes e"ve =+ W™ Z,e"ve — p vy, gives
us information on the singly charged Higgs bosons. The processes of the doubly charged Higgs bosons
production, e” = — Agfi)'y, e - — A(f*)Z, are investigated. From the point of view of detecting the
neutral Higgs bosons the process of the electron—muon recharge e~ ut — ey~ is studied.

1 Introduction

For the unified gauge field theories such basic properties as
unitarity, renormalizability and endowing the fundamen-
tal particles with masses are strongly connected with the
existence of the Higgs bosons. The observation of one or
several Higgs bosons would establish the Higgs mechanism
as the physical basis of the symmetry breaking. However,
even for the standard model (SM) the Higgs boson sector
is a crucial part of the theory still escaping direct exper-
imental verification. Direct experiments searching for the
SM Higgs at the LEP II ete™ collider have placed a lower
limit of 89.3 GeV on its mass.

It is quite possible that the actual scalar sector in
nature has more than one doublet of Higgs bosons or
has Higgs bosons in other multiplets. This is expected
in many theories that go beyond the SM. One such ex-
tension of the SM is provided by supersymmetry and the
desire to tackle the hierarchy problem [1]. Another at-
tractive motivation for extending the Higgs sector is to
generate the small masses of the left-handed neutrinos
whose existence is hinted at by present solar and atmo-
spheric neutrinos data, as well as cosmological observa-
tions of the large scale structure and the possible ex-
plaining of the hot dark matter picture in the universe.
Amongst the extensions of the SM having a massive neu-
trino the left-right models (LRMs) based on the gauge
group SU(2);, x SU(2)r x U(1)p_r [2,3] are of special
interest because the LRMs also offer a dynamical solution
to the problem of parity violation of the weak interaction.
The symmetric LRMs, because of their invariance under a
discrete LR symmetry, imply that the gauge couplings gr,
and gr of the SU(2)r, and SU(2)r subgroups, respectively,
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are equal. These models are viable when considered in iso-
lation, but run into serious difficulties when they appear
as constituents of grand unified theories or when their
cosmological implications are treated. For example, the
symmetric LRMs exaggerate the value of sin” Ay, fail to
provide a natural explanation for the cosmological baryon
asymmetry, and may lead to problems associated with do-
main walls in cosmology. These contradictions can be re-
moved by assuming that the discrete LR symmetry is not
a good symmetry at low energies, i.e., it is violated at en-
ergies whose scale is much larger than the scale at which
the SU(2)p, x SU(2)r X U(1) p—, symmetry is broken. As
a result, it turns out that gp, # gr.

The purpose of the present work is to investigate the
Higgs sector of the asymmetric LRM. In the next section
we shall provide necessary insights into the scalar sector
build-up of the model under study and express the Higgs
bosons coupling constants through the masses and the
mixing angles of the neutrinos. In Sect. 3 we shall consider
the detection signatures of the singly charged Higgs bosons
in the ultrahigh-energy neutrinos experiments. There we
shall also study the production processes of the doubly
charged Higgs bosons and investigate the detection sig-
natures of the neutral Higgs bosons in the process of the
electron—muon recharge. The analysis of the results ob-
tained is presented in Sect. 4.

2 Description of the model

The subject of our study will be the asymmetric LRM
(91 # gr) [4] with the bidoublet
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and two triplets

5++ 5++
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AL(17072) = 5;5 ) AR(071a2) = 6§
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(in brackets the quantum numbers of the SU(2)y, SU(2)r
and the U(1)p_r groups are given). With this choice of
the Higgs sector the neutrino is a Majorana particle.

The spectrum of the physical Higgs bosons consists

of: four doubly charged scalars A%i), four singly charged

scalars h() and 6+ four neutral scalars S, (i=1,2,3,4)
and two neutral pseudoscalars P; 2. The masses of these
bosons are functions of the vacuum expectation values
(VEVs) of the neutral components of the Higgs fields,
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where v, << max(k1, k2) << vg, and of a large number
of self-coupling constants entering the scalar potential.

Let us choose the Higgs potential in the same form as
the authours of [5]. Its obvious expression is given in the
Appendix. We shall start with a definition of the inter-
action Lagrangians of the charged Higgs bosons. In the
sector of the singly charged scalar bosons we have four
physical Higgs bosons:
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«;, p; and (§; are the constants entering the Higgs potential
(see (A.1)). The squared masses of these particles are given
by
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We also have four doubly charged physical Higgs bosons

A%i), which are orthonormal mixtures of the 5£ii) and
the 6§{ii) states:
AP = ¢, 5% + 59,05F
++
AF) = 5,05 4 o, 08
where cg, = cos by, sg, = sinf; and
2k2 [B3k? k1k
tan 20y = ~ b + Bk 2>2 .
ki(2p1 — ps — 4p2)vi
Their masses are given by
2 ask? + 4pavd k* (Bsk2 + Brkiko)?
A 2 2k1(4pa + ps — 2p1)vE
m2 = azk? — (201 — p3)vi B k% (Bsk? + Brkik2)?
Az 2 2kt (4p2 + p3 — 2010

We shall take the Yukawa Lagrangian describing the gauge
invariant interaction in the lepton sector in the following
form:

Ly =— Z{habaaLdnpr + h WU 1 PR
a,b

+ifup UL Co(7 - AL)WL, + (L — R)] + conj.}, (3)

where ¥,1, (¥,r) describes the left-handed (right-handed)
lepton doublet, 723 are the Pauli matrices, C' is the
charge conjugation matrix, & = 758*7, a and b label
different generations, and hqp, hl, and fop = fie are the
bidoublet and the triplet coupling constants determining
the interactions between leptons and the Higgs bosons.

Using (1)—(3) we obtain the Lagrangian which describes
the interaction between leptons and the singly charged
Higgs bosons

ESC
habkl

T
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where the superscript ¢ denotes the operation of the charge
conjugation.
With the help of the identity

Va1 = 75)ly = (v5)(1 — 75) (I5)°
= —(v)TCT 1 = ) O )"

h(+) d5(+)>

=lg(1 —vs)v,
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and the Majorana condition
Cc o\ k
Vg = )\Valja7

where A, is the creation phase factor of the field v,, the
first two terms in (4) can be rewritten in the form

- habkl
b *
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At vy, = 0 the interaction of the singly charged Higgs
bosons with the W; and the Z; bosons is determined only

by the Lagrangian
ngRCW&pb/{iQ

v { V2ks
_ngRg’SW(L‘]'*lSWCqS + 91;1845)
cw
aﬁko S(+
) T
+conj., (5)

R
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where cyr = cosfOw, sw = sinfw, cg = cos P, s = sin P,
ce = cos§, s¢ = sin&, Wry, = —sWiy + ceWoy,, Wi, =
ceWiy + 5¢Woy, @ and £ are the mixing angles of the
neutral and the charged gauge bosons, respectively, and
g’ is the gauge coupling of the U(1)p_y subgroup. We
recall that the W7 — and the Z; — gauge bosons are the
analogs of the gauge bosons of the SM. After taking into
consideration the contributions connected with v, in (5)
once more the term appears, namely

~egrsavn(9'gr’ +9rg' )
cw
dBk?
X( ﬁo
(a+p1 —

)UR

h+) d8<+>> WiruZi,. (6)

At quasi-degeneracy of the bidoublet vacuum expectation
values (QDBVEVs)

Ak: Ak Ak
ki=k— o5 kg—k?-i-T, ?<<17
the minimization conditions
ov oV
@ = @ =0 (7)

allow one to express the constants xf, in the following
form:

= S0+ 20—+ (AR) (B4 24K}, (8)

1
= 1{71 + 275 + 73 — (Ak) Tk, 9)
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where

Y1 = 2k52(/\1 42X + A3 + 2/\4),
Y2 = o1 (vf 4+ v})/2 + Bovrvg,
Y3 = 2k52(—/\1 +2Xo + /\3),

Y4 = az(vf +vR)/2 + (B3 — B2)vL VR,

v5 = a(vf + vR) + BivLvr/2.

Recall that (8) and (9) are taken into consideration while
obtaining the obvious expression of the Higgs boson mass
matrix. In the case of the degeneracy of the bidoublet
vacuum expectation values (DBVEVSs) (k1 = ko = kg) we
should suggest that

v4 = 0. (10)

Then for the squared mass of the h(¥) boson the calcula-
tions produce the following result:

'U2 'U2
mj, ~ f1uLvR + (é?r—-p1) =

To estimate vy, one can use the inequality

vt < peApogr (KT + K3), (11)
which follows from the analysis of the CDF and DO ex-
periments concerning the measurement of the parameter

po [6]: ,

1+A Ty
o= o= cymz, (1+pr)’
where
3Gpm§
Pt = .
8+/272

Putting ((p3/2) — p1) = f1 = 1, vg = 1 TeV and using for
vy, its upper bound, we obtain

my, < 140 GeV.

Thus, even with the DBVEV the h(¥) boson can be as
heavy as the singly charged Higgs boson in the minimal su-
persymmetric standard model H*) for which as we know
the following equation is true:

myg > mywy.

It is necessary to stress that the existence of restrictions
similar to (10) entirely depends on the Higgs potential
choice. Thus, for example, while making the change in
(A1)

> — P

only with the terms being proportional to ag, the condi-
tions (7) do not lead to any restrictions on the mass of the
h(%) boson and my, turns out to be proportional to vg.

Since the mixing angle in the sector of the charged
gauge bosons is defined as

2k1 ko

2
R_UL

tan 2§ =
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tan 20y =
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Ak1k2k2 [2(202 + A3)k1k2 + Aakd]

it has a maximum in the case of DBVEV. However, even
if vg is about 1 TeV, &4z is of order 1.5 x 1072; this is in
accordance with the present experimental bounds.

If at the DBVEV (QDBVEV) in the quark sector one
uses the traditional expression for the Yukawa Lagrangian

Ly = - Z(hz(z%)aaLéQbR + h[(g;)/@aLéQbR +conj.), (12)
a,b

where Qq1, (Qqr) describes the left-handed (right-handed)
quark doublet, then one gets the relation

Mu - Mda (Mu ~ Md)) (13)
where M,, 4 are the diagonal mass matrices for the up and
down quarks. Then, to avoid (13) one can introduce the
additional Higgs triplets A7 (1,0,2/3) and A%(0,1,2/3)
and one supplements the Lagrangian (12) with the term
7]

_Z{fab Qar,Cra(7 - A 1)Qur, + (L = R) + conj}.

There is also another way — introduce the additional bi-
doublet ¢,(1/2,1/2,0) which interacts with both the up
and the down quarks, but which contributes only to the
up quark mass [8]. However, in both approaches the un-
desirable increase in number of the physical Higgs bosons
takes place. In the asymmetric version of the LRM it is
not at all necessary to complicate the Higgs sector to ob-
tain M,, # M . Thus, for example, instead of (12) one
can take the Lagrangian similar in its structure to the
corresponding Lagrangian of the SM

£§3) == Z {hfz?aaLT—@TJrQbR

a,b

—l—hg%)l@aLTJr(P*T, Qur + conj.} , (14)

where 71 = (1/2)(71 £ im2). At such a choice of ng) the
interaction between the singly charged Higgs bosons and
quarks does not take place. We note that the Lagrangians
(12) and (14) give the same values of the quark masses.
The Lagrangians describing the interactions of leptons

and Z; bosons with the A(f;i) scalars are given by the
expressions

L = - Zb: %@(1 +95)Ibco, — 15 (1 — 75)lbse,] AT
a,
+(A _>A279d_>¢9d—g)—&—conj.7 (15)
LY =[(avch, + angd)Agii)auAgﬂ
+(abch, +akst ) AT A 2,

kika[(4X2 + 2s) (K2 — 4k?k3) —

k2 (2X\1k2 + 8Aakikz)] — azvikl’

+(A1 — As, 04 — 9d+7'('/2)
—sp,¢0, (a1, — aR)AY*)BHAgMF) (16)
—5604C04 (ai - a%{)Agii)Ag++)Zlu + Conj-]Zl;u

, 1
o o 2
Cwe Ir

a1, = e[2 cot 20wee — g/quCﬁ/lgﬁl]a

-1 /-1
ar = e[—2cy' swea + sacy g on

Yok — 9],

For the Higgs potential (A.1) the matrix of the transition
to the mass eigenstate basis for the neutral scalar Higgs
boson is too cumbersome. Since we are going to restrict
ourselves only to the investigation of reactions in which
the singly charged and the neutral Higgs bosons do not
appear simultaneously, we can simplify the expression for
the Higgs potential. Let us suppose that the following is
true:

2C¥2k‘2_
kiks ’

2&2 k2

2(33ks
k '

ky

o = — a3 = — pr=—

(17)
Then at vy, = 0 we have four scalar,

S, = @O_rcgo + @TSQO, Sy = 7@9{990 + @TCQO,

Sy =68, Sy=06r (18)
and two pseudoscalar,
P =9%,  Py=4, (19)

neutral physical Higgs bosons. In the formulae (18) and
(19) the superscript r (i) means the real (imaginary) part
of the corresponding quantity, cg, = cosbp, sy, = sinbp,
and (see formula on top of the page)

The squared masses of these bosons are defined by

m3, = 2\1k3 + 8kTk3 (2X2 + A3) /KT + 8Aski ko
Ak1kok® [2(2X0a + A3)k1ko /K2 + Ma]?
| Ak 2(2)2 3)212/+ 4]7 (20)
ozngk
2 1.2
o ouRhy
M2 = T Tk,
4k‘1k‘2]€§ [2(2)\2 + /\3)]61]%‘2/]{?_2’_ + /\4]2 (21)
v k% ’
mi, = 2p1vf,  ms, = (p3/2 — p1)Vi, (22)
k2
m3 = 262 (A3 — 2)\y) — 2 BE
1 k1 koo
mp, = (p3/2 — p1)v (23)
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It should be stressed that (20)—(23) still hold at both the
DBVEV and the QDBVEV.

The Lagrangians which determine the interaction of
the physical neutral Higgs bosons with leptons and gauge
bosons are given by the expression

Ly
1 ,
=- > malarlar(Sico, — S256,)

V2k
1 _
- > larlen[(havky — hyka)(S1sa, + Saco,)
+ a,b

+i(hapk1 + hlypko) P1]

1 —
"k, > AN arvsLlhas(kico, — kaso,)
+ a,b

+hey (k2co, + k156,)]51
—[hav (K150, + k2co,) + by (kase, — k1co,)]S2
7i(habk2 + h;bkl)Pl}

1 o
s Z fab[PeLven(Sa + iPs) + Ny Nyr Ss)
a,b

+conj.,
2Ln,
= kWi, Wau(gi.cg + ghse) + Wi, Wau(gis: + grcz)

1 . *
-‘1-5825(9% - g%{)(WluWQ# + W2,LLW1#)](SICGO - 52890)

~ gLgr
k.

+50¢ (Wo, Way — Wi, Wa,)|[(2k1 kace, + k2 56,)51

—(2k1k2s9, — K cp,)So]

—igrgrks (W3, Wiy — Wi, Wa,) Py

+g oL W, Wi cg + Wo, Ways

(24)

{le2e (W3, W1y + Wi, Way)

1
+§82§(Wpr2H + W;uwlu)]54 + gl%{UR[Wl*MWI;LSE

1
+W2*,LLW2,LLC§ - 582§(W1*;1.W2/1 + W;;J,WIH)]SS7 (25)

It is known that the interactions in the sector of the neu-
tral gauge bosons are defined by the angle pr which is
connected with the orientation of the SU(2)r generator
in the group space. Below we choose ¢r to be equal to
zero. We recall that in this case our model will coincide
with that proposed by Mohapatra [3]. The reader can find
all the Lagrangians describing the interactions of the neu-
tral gauge bosons with the fermions and charged gauge
bosons in [4].

The constraints on the Yukawa couplings (YCs) could
be obtained by investigation of the neutrino oscillations.
Nowadays, there exist three indications in favor of the neu-
trino oscillation scheme. The first indication comes from
the observations of the solar neutrinos in various experi-
ments [9] and their disagreement with the predictions of
the standard solar model. The solar neutrino data may
be explicable in terms of v, — vx oscillations (X = p, 1)
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with either a small mixing angle MSW solution [10]
sin? 20, x ~ (0.4-1.3) x 1072,
or a large mixing angle MSW solution
sin? 20, x ~ (0.5-0.9),
or vacuum oscillations
sin® 20, x > 0.67.

The second indication in favor of neutrino mixing comes
from the observations of the atmospheric neutrinos by sev-
eral previous experiments [11] and the most recent con-
firmation of the earlier results by the Super-Kamiokande
Collaboration [12]. The atmospheric neutrino data are ex-
plicable by v,, — v, oscillations with

sin® 26, > 0.8.

A description in terms of v, — v, oscillations alone fits
the data less well, and is in any case largely excluded by
the CHOOZ experiment [13]. However, there may be some
admixture of v, — v, oscillations [14] as well.

The third indication was obtained in the Los Alamos
liquid scintillation neutrino detector (LSND) experiment
which gave the first laboratory evidence for the oscillation
of both 7,, — 7, as well as v, — v [15]. The interpreta-
tion of the LSND data favors the choice

0.002 < sin*26,,, < 0.03.

The experiment KARMEN 2 [16] (the second accelerator
experiment at medium energies) is also sensitive to this
region of parameter space and restricts the allowed values
to a relatively small subset of the above region.

Most likely the final determination of the oscillation
channels could be done in future high statistics short-
and long-baseline oscillation experiments in which neu-
trino beams are produced at high-energy accelerators, and
oscillations could be detected at distant undergroud de-
tectors. Such experiments include the KEK-Kamiokan-
de K2K Collaboration [17], the Fermilab—Saudan MINOS
Collaboration [18], and the CERN-Gran Sasso ICARUS,
Super-ICARUS, AQUA-RICH, NICE, NOE and OPERA
Collaborations [19]. Experiments using a muon storage
ring [20] should be especially important due their ability
to measure both v, — v, and/or v;, and v, — v, and/or
v,, as well as the corresponding oscillation channels for
antineutrinos.

We shall represent the relations connecting the neu-
trino oscillation parameters and the YCs in two-flavor ap-
proximation. The neutrino mass matrix in the basis

T_ (T T T T
v _(VeLvNeRvaLvNXR)

has the form

feev, m% fexvn Mp
m$  feevR  Mp  fexUr

fexvn Mp fxxvn mp
Mp fexvr mp  fxxvr

M =
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where mb, = hyki + hjjka, Mp = hexky + bl ko, M), =
hxeki + h'x k2, I = e,X. Recall that the constants hy
and hj; define the charged leptons masses according to
the relation
my = hyks + h;lkl-

Let us assume a mixing scheme in which the transition
to the eigenstate neutrino mass basis m; (i = 1,2,3,4) is
carried out by the matrix [21]

CpcCoy  SpcCon  CpcS8, Sp.S0n

U= | “5C0 Coclon TS0.50, CocSon 7
“Cox 50, TSpxS0n CoxC0, SepxCon
Spx 50, “CoxSOn TSpxCh, CoxCOn

where ¢; is the mixing angle inside the [th generation,
0, (0x) is the mixing angle between the light (heavy) neu-
trinos belonging to the e and X generations, c,, = cos ¢,
84, = sin ., and so on.

Using the eigenvalue equation for the mass matrix we
obtain the relations which define the YCs through the
masses and mixing angles of the neutrino,

€

mp = CpSp.
2 2 2 2 26
X (—=micy, —ms3sy, +macy, +masy,),(26)

Mp = ¢y, 545 Co,50,(m1 —m3)

+50p, Cox Con Son (M4 — M), (27)
JeXUR = S50y Co, 86, (M3 —m1)
+Cop, Coy Coy Soy (Ma — M2), (28)
feevr = (8p.¢0,)*m1 + (cp.Coy ) *ma
+(Scp650u)2m3 + (C¢539N)2m4a (29)
Fxxvr = (spx80,)7m1 + (Cox Sy ) > M2
+(spx o, )Mz + (Cox Cox ) Pma, (30)

T
mp (cpe — ox,0,.n = 0, N+ 5) )

3
)
[

Mb = MD((,De — (px).

The change L — R in the left-hand sides of (28)—(30)
results in the change . x — e x + /2 in their right-
hand sides.

It should be stressed that in the LRM even if the mix-
ing angle between the light neutrinos belonging to the e
and X generations 6, is equal to zero, the non-diagonal
YCs could be not equal to zero.

Let us show that assuming the “sea-saw” relation to
be obeyed,

my,my, = m?,

we can have both small and large mixing angles between
the light and the heavy neutrinos ;. This could easily be
done in a one-flavor approximation. Thus, demanding

mby = my, vy, — 0, (31)
we have the expression
m \ 172
tan 2¢; & 2 (V’> . (32)
mny,
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On the other hand, having suggested that

(mp)? = fivror, = m7, (33)
to define the angle ¢; we obtain the formula
5 1/2
tan 2p; ~ 2 ( i ) + o . (34)
Juvr VR

If one assumes the mass of the W5 boson to be equal to
800 GeV, as we are doing hereafter, then with the help of
the inequality

1.6TeV)4

my, < 63GeV (
mw,

resulting from the experiments aimed at finding the neu-
trino-less double 8 decay, for the heavy electron neutrino
mass we obtain a value of order 1 TeV. It is reasonable to
assume that mpy, has the same order of magnitude. To
find vg one can use the relation

4(m%v2 — m%vl)

VR g2 (2 + tan? 2¢)’
following from the definition of the W; 5 bosons masses.
In our case we obtain vg equal to 1.7 TeV.

Equation (32) will always lead to small values of the
angles ;. However, (34) can produce not only small an-
gles ¢y, but also large ones. Actually, let Apy be equal
to 1074, then vy, can reach the values of order 1.7 GeV,
and we find ¢; to be of order 3 x 1072. Another possi-
ble version with vy, = 0 always generates small values of
1. Therefore, we should distinguish two possibilities: (i)
the mixing angles inside the neutrino generation are small
(1075-107°), which occurs at both vy, = 0 and vy, # 0;
(ii) at non-zero values of vr, the values of the angles ¢,
can be as large as a few x1072.

The best laboratory limits on the left-handed neutrino
masses can be summarized as follows [6]:

my, <bevV, my, <170keV, my,, < 18.2MeV.

These are most independent of the model as they follow
purely from the kinematics. The mass of the electron neu-
trino (more precisely the electron antineutrino) has been
investigated using the 8~ decay of tritium:

H— SHe+e™ +7..

The limits for the mass of the v,, comes from the study of
the decay

at = ;ﬁ + vy,
with the pion at rest. The bound on the v, mass follows
from the investigation of the decays

7T - KKv,, bnv,, 6nu,.

To make an estimate of the YCs below, we shall use for the
left-handed neutrino masses and the interfamily mixing



G.G. Boyarkina et al.: Higgs bosons in the left-right model

angle 6, their upper experimental bounds (6, < 0.03) and
assume

91, = HN, myn, = 1TeV, MmNy = 1.5TeV.
To suppress the oscillations between the charged leptons
it is necessary that the bidoublet non-diagonal constants
hex and hly satisfy the relation

kshex + kihl = 0.

Then, taking into consideration the definitions of my, and
Mp, we can express hl, v, by, hex and hx. as a function
of ]{,‘12

2k
;X = ‘Qa heX - 7717
ko
Nelhxe) = hex(hex){Mp — Mp}, (35)
where
o_ /(tpeApo—4k? v} 129, *m¥, —k3 (1+pe Apo)] Mp

)

2g; 2miy, —2k7 (14p: Apo) +4k v}

and the values of k; are within the range from 0 to 2g; Qm‘%vl
/(1 + ptApo). In (35) we have changed vy, by the upper
bound which follows from (11).

From the expression for the Yukawa Lagrangian (3)
follows that in the lepton sector the LRM will generate
both the flavor changing neutral currents (FCNCs) and
the flavor changing charged currents (FCCCs) at the tree
level. The Higgs doublet of the SM does not generate a
tree level FCNC because the mass matrix is directly pro-
portional to the Yukawa coupling matrix, so diagonaliza-
tion of the former automatically diagonalizes the latter.
However, in the LRM, the mass matrix is the sum of the
four Yukawa coupling matrices (each times the appropri-
ate VEV), and since the Yukawa coupling matrices are
generally not simultaneously diagonalizable, diagonaliza-
tion of the mass matrix will not, as a rule, diagonalize the
Yukawa coupling matrices, leading both to the FCNC and
to the FCCC at the tree level. The LRM structure allows
one to obtain sizable values of the bidoublet non-diagonal
constants not only at large values of . and ¢x, but at
both Mp =0 (DBVEV) and Mp = 0 (QDBVEV). Thus,
for example, at the DBVEYV these constants become arbi-
trary because the equality of their sum to zero is the only
demand they must satisfy. On the other hand, investigat-
ing the cases of the large mixing angles, the DBVEV and
the QDBVEV we must consider only such values of the
lepton non-diagonal couplings h.x, h.y and the physical
Higgs bosons masses which do not conflict with the ex-
perimentally obtained bounds both on the FCNC and on
the FCCC. Up to now there are several experimental tests
of lepton number violating interactions mediated by the
virtual doubly charged Higgs bosons of the LRM (see [22]
and references therein) which lead to constraints on the
triplet YCs and the doubly charged Higgs bosons masses.
Let us investigate two lepton number violating processes
which could give us information about the bidoublet YCs
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and the mass values both of the neutral and of the singly
charged Higgs bosons. First, we consider the decay

P = e Vel (36)
For the case of the right polarized u~ we get
d4 e o 2
F;r%e*vciu - M 5 (37)

96(2m)3ml " *
Using the current data [6]

M <12x1072,
F/A*—)all

we are lead to the following bounds on the FCCC param-
eters:

~ 2
A foo fup < 0.746 x 1073 ( é’lﬁv) (38)

Having done the analogous calculations for the decay of
the left polarized muon, we obtain

mp

GeV) ’

Daea, < 0373 x 107 (39)

where
hl ko — hapk:

ke

The most stringent constraint could be found from the
upper limit for the lepton flavor changing decay

Qgp =

po —eteTe. (40)
The detailed calculations of its width can be done taking

into account the Feynman diagrams with the A§__)—, S1-
and S5- exchanges, which yield

™md

I,- cem = - 41
u——ete e 96(271')37 ( )
where
2 2
feefe,u 1 2 MeCoySoq — Oéeek+890
= 2 + Sz | Qen 2
mi, 8k% mg,

2
2
MeSp,Coy + Qeek+Ch, )

2
m52

_|_

(heek + M, oko)?(hepky + hl, ko)
k3mp,

2
MeCoy S0, — Ceek+ 580
Qep m2
S1

2
MeSe,Co, + aeek+090 )

Zmefeefeu
mum? kg

2
m52

_ (heekl + héekg)(heulﬁ + h/eukg)
k.;.m?;l ’
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and for the sake of simplicity we set 6, = 0. Experimental
constraints [6] thus imply that the LRM parameters must
satisfy

VT <232 x 1071 GeV 2. (42)

Now we could estimate the values of the lepton bidoublet
YCs at the DBVEV. Since in this case 0y = 0, and he,, =
—h’w, the contributions connected with the S; and Py
Higgs bosons have disappeared. Having assumed that fe,
is equal to zero and mg, is of the order of 1 TeV, we obtain

hephee < 3.25 x 1075 43
|

The bounds on the neutral Higgs bosons masses may be
found from the investigation of the K" ¢ K° transitions
as well. We recall that for the model under study the two
kind of Yukawa Lagrangians £§§> describing the gauge
invariant interaction in the quark sector could be used.
Thus, we have

1 _ 2k1 ko
Ly =— a u - T 19 S
v {[m (00 = T o)
2k k .
—My, (390 + klz 2690)52 - lmda75P1:| dab

k}2
Jrk% (ICMd’C*)ab (Slsgo + SQC@O)} Uup

+(ua - dav My, <> Md,,75 — 775)7 (44>
for the case when £§§’) is given by (12), and
1 ky
L = — Ty S My Co, + —So, | S
q \/ik.l,_ za: { a |:< 0o kQ 90) 1
k imy, k
— <$90 — k;1690> SQ:| + lmka 175P1} Uq
2 2
+(uq = da, o — —0o), (45)

when (14) is used for the definition of ng). From (44) and
(45) follows that for our choice of the Yukawa potential
(see (17)) only the Lagrangian (44) contains the flavor

violating couplings which could generate large K o KO
transitions in contradiction to experiment. Therefore, the
bounds on the masses of the Higgs bosons giving rise to
the FCNC in the quark sector could be obtained for the

case when [,g) is determined exclusively by (12). Due to
the tiny angle 6y (6p < k2 /vd), the main contribution to

the K KO mixing comes from the diagram with the S
exchange. It can be shown that in this case the bound on
the So boson mass will be given by

mg, > 10 TeV. (46)

3 Higgs phenomenology

At present the most powerful neutrino accelerators are the
cosmic accelerators in the outer space. Some are known
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sources of ultrahigh-energy (UHE) cosmic ray neutrinos.
One of them exploits neutrinos produced when UHE pro-
tons inelastically scatter off the cosmic microwave back-
ground radiation (CBR) in processes such as yp — nmw™
where the produced pion subsequently decays. The CBR
neutrino energy can be as large as 1 EeV. Other sources of
UHE neutrinos are the active galactic nuclei (AGN). Typ-
ical AGN luminosities are in the range 10%* to 10" erg/s.

From this tremendous power output one infers that the
source powering AGN is gravity, i.e. matter accretion into
a supermassive (M > 10°M) black hole (such objects are
known to exist in the centers of nearby galaxies observed
with the Hubble space telescope). Within AGN, protons
accelerated to a very high energy interact with matter or
ambient radiation and produce pions whose decay prod-
ucts include photons and neutrinos. The maximum energy
of AGN neutrinos is of the order of 1 PeV. There are a lot
of papers where the diffuse fluxes both of the CBR and
the AGN neutrinos have been estimated (see [23], and ref-
erences therein). Let us discuss two processes with UHE
cosmic neutrinos which could be studied with the help of
such neutrino telescopes as DUMAND, BATKAL NT-200,
NESTOR and AMANDA.

The first one is

e ve = Wi Zy, (47)
In Fig. 1 the Feynman diagrams corresponding to the pro-
cess (47) in the second order of perturbation theory are
shown. For reasons of convenience we shall investigate this
process for the left and the right polarized target electrons
separately. First, we focus our attention on the former
case. Let us assume that we deal with a right polarized
neutrino beam. Then this process is described by the di-
agrams pictured in Figs. la,b,c. Since we have been ne-
glecting the neutrino mass, the cross section will have the
same form as that of the reaction

e Ve = W[ Zy (48)
when the neutrino is of a Dirac nature. For the SM the
reaction (48) was considered in [24] while for the version
of the LRM suggested by Mohapatra and Sidhu [25] it was
investigated in [26]. Since for the right polarized neutrino
beam there are no diagrams with virtual Higgs bosons
and there are no resonance peaks we shall not discuss this
case. We only note that the total cross section is of order
8-10pb.

In the case of the left polarized neutrino beam the
contributions to the cross section of the reaction (47) come
from the diagrams shown in Figs. 1lc,d. The total cross
section is given by the expression

OLL
g%ﬁwz 2 2 . LL LL

= gaice Y (ALE)imi(ALE) jmi My (mi,my)
1287s 52
+ feeSW

ewl(s — m§)2 + Fgmg]
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Fig. 1. The Feynman diagrams giving the contributions to the
reaction e~ v. — W[ Z;
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a+p1—p3/2 gr 9
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g IR 2
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where

(49)

2
_ m12/V1 + m2Z1 2mW1 mz, ?
Bwz = 1- S - S ;

L o
Mi(mimy) = S L) ls+ o, MZJ)

2 2
somg; Bw z 8myy, m%,
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(miy, +m%)Cyj
Qm%,vl mQZ1
Li+L,

2 2
Sy, My, Bw z

x[2(miy, +m3,)(miy, +m3,
s m? = md) - s(m? + )]
2(s — 2myy, —2m%))
2 2 ’

miy, My,
32L; m2, +m% — s)m?
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ﬁWZ myy, My,
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My = 64s + ( W12 221 ) ,
miy, My,

1
Cij = =[(miy, + m%z, — s)(mi +m3)
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—m; —mj] —my,mz,,
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miy, +my —s—2m; + sPwz
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miy, +mz —s—2m; — sBwz
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L— L'L|mi:07 (5m” —mi _mj,

ga1 = (& Cop + Sp
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2ew \ew /e ghe 2 -1
Z(AgeL)imi = fee'UL

i

and the expression for the total decay width of the 6(-)
boson by the assumption

ms < mw, +mgz,, Mz, + mw,

is given in the Appendix. In Fig. 2 we present oy, as
a function of the energy in the center of mass system
of the leptons s'/2 for different values of k; and mj at
cy = (daf)/(a+ p1 — p3/2) = 2 and f.r = 0.9 in the
case of the small angles ¢;. The value of f.. correspond-
ing to our choice of parameters is 0.58. As follows from
Fig. 2 the cross section increases moving away ki from
kg ~ 122.9537 GeV. The analysis also shows that it does
not practically depend on the values of both v, and ;.
Note that I'5)_,y— 7, is of order of a few x1072 MeV

and grows very slowly with the increase of mj.

So, the value of f,, is getting very important when
the 6(-) decay channels with such heavy particles as Ws,
Z3, Ne, N, etc. are closed. Actually, let us consider the
case of the DBVEV. Then, the total cross section in the
non-resonance region is very small. Notwithstanding this
fact, the (=) resonance could be detected. For example,
at cy = 3, fee = 0.2, v, = 1.7GeV and mjz = 200 GeV,
the resonance peak height (opr); is 3.6, 24, 15 x 102 fb for
frr equal to 0.8, 0.5, 0.1, respectively. Special attention
must be given to the Higgs potential parameters o + p; —
p3/2 since they have potent effects on (orr);. There are
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Fig. 2. The total cross section of the reaction e; ver, = Wy Z1
as a function of /s at & = 9.6 x 1072, £ = 1072, gr = 1.4gy,
ey =2, 0. =107% ¢, =2.5x107* and v, = 1.7 x 1077 GeV.
The solid (dotted) line corresponds to the case ms; = 180 GeV
and k1 = 10GeV (k1 = 40 GeV). The dashed line goes to the
case mz = 250 GeV and k1 = 10 GeV

no reasons that would forbid this combination to be very
small. Recall that the sole constraint on the parameters
follows from arguments relating to vacuum stability which
demand [5]

p1—p3/2 <0.

Then, assuming a + p; — p3/2 = 1072 and setting the
remaining parameters to values which are the same as in
the case of Fig. 2 (solid line), we get

(oLp); = 3.6 x 10° pb.
é

Now we go on to the case when the target electrons are
right polarized. The cross section does not equal zero for
the right polarized neutrino only. The contributions to it
come from the diagrams shown in Figs. 1c,e. It is pertinent
to note that in the two Higgs doublet model we also have
these diagrams.

The total cross section is defined by the expression

6WZ

ORR = 2567s

{[megL%(g% )P M (e, me)
K
(s =m37)? 4+ T ,mj]

" [megL%(g%l —941)(s —
2

(50)

") My(me) + ZMg} }

where
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N ese (3 3 C%Vg%{)
N AR
e eser\/cygne -1 ece
gar = QCW B 2SWCW’
_ LYRCSeR? Qe
=k,

Using the definitions of m; and m!, one could find

_ lekgml — kimlD

= 1
g k% I€+ (5 )

Unlike the §() boson, the h(*) boson could interact with
the quarks. When in the quark sector one uses the Yukawa
Lagrangian in the form (14), then its interaction with the
quarks is absent and there is no restriction on its mass
based on a measurement of the inclusive b — s cross
section. In this case the only restriction will follow from
the LEP experiments excluding at 95% CL any charged
Higgs with a mass lower than 44.1 GeV [27]. If we use the
Yukawa Lagrangian (14) and assume that my, is less than
mw,, mz, and my,, the total width of the h(~) Higgs
boson is given by

Iy = E Ly S H Lo swy 2y
l

the partial widths are determined in the Appendix. How-
ever, for the Yukawa Lagrangian defined by (12) the par-
tial quark widths Iy, (- _,z, and I}, -)_3,, where

3k2

1— (me + m3)2
16mmy, cos? 23

2
my,
x ((m2 +m?2)(1 + sin® 23) — 4m.m, sin 2)

xw(mj, mg, m3),

Thormzs =

Ly S = Thorzs (me = me,ms — my)
k1
tan 3 = %
should be taken into account as well.

The analysis shows that the sole chance for the obser-
vation of ogg is to operate in the h(~) resonance region.
However, the resonance peak height (org), mainly de-
pends on whether the interaction between the h(+) Higgs
boson and quarks takes place or not. Let us assume that
we work with the Yukawa Lagrangian defined by (14).
Then the situation is as follows.

In the case of the DBVEV (QDBVEV) and in the case
of large values of the angle . we always can detect the res-
onance peak connected with the h(~) boson. For example,
when mj = 300GeV, ¢, = 2 x 1072 and k; = 140 GeV,
(orR )4 is of order 3.5 x 103 pb. When the angle ¢, is very
small then our possibilities for detecting the h(~) reso-
nance peak crucially depend on the values k1 ((orr)p in-
creases or decreases when k; approaches to or moves off
kg). For example, at mj, = 250 GeV and ¢, = 1075 we
have (orr)n = 2 X 1074,6 x 1072,1.6, 14 pb for k; equal
to 10, 70,100,110 GeV, respectively.
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Fig. 3. The Feynman diagrams corresponding to the process
€ Ve —» |4 Vy

If the gauge invariant interaction between quarks and
Higgs bosons are described by (12) then we have no chance
to observe the h(™) resonance at my, > m¢. At my < my
(orRr)n reaches its maximum (~ few x 10fb) for large
values of ¢, (~ 1072) and values of k; which are well
away from k.

Now we consider one more process with the UHE neu-
trinos, namely

€ Ve = U V. (52)

The corresponding Feynman diagrams are shown in Fig. 3.
The total cross sections are given by

1
32ms2

3
gr,ces
x| (1=A)
( (3[@ “ ) + T3]
29 cé feu(s —miy,)
[(s — le) + nglmwl]

52 m2I2 mi
(=)
X (fz—»ﬂ®§8-+-6626]V§ +-2ﬂ®§f%(_)625>

o1, =
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01l J
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Fig. 4. The o1 as a function of /s when A\, =1, f;- = 0.5,
fup =75 x 1072, foe = 5.5 x 1072 and k1 = 90 Cev for the
cases a mz; = 200GeV (solid line); b mz = 70GeV (dotted
line)

2¢?c2 Ty, s N
+(fe,u)2 4(f€“)2 _490C% 2W1 25( >T’21W17;la
(s—mwl) + Iy, miy,

m3 —mzl2
X <s+m§N5+5 T o L Q;
5

(14 \,)4f2 2 33
+ (53)
(s =m3)? + F52< 3
for the case of left polarized electrons, and
1 1— 2.3
o — L= A o) 5 (54)
128752 \ (s —mj)2 + 2 ymj,
m3 —mp 2
—|—(1+/\,,)o/éu (ermeNth h - h(— )Qh>>
h(=)

for the case of right polarized electrons, where

mi + Fzm%
(s +m2)?+Itm3

s+ mi mg
= arctan | —— | —arctan ( — |,
(Qk ( I%Tnk > ( I% >

and k = 0,h. In (53) and (54) the quantity )\, denotes
the neutrino helicity. For the left polarized electrons and
the right polarized neutrinos the deviations from the SM
predictions are very small. For example, at fe, = 3 x 1072
they are of the order of 0.1%. Recall that in this case
there is the W resonance peak (Glashow resonance) and
its height (oyy) reaches values of the order of 104 pb.
From the definitions of my, and Mp we could obtain

k.,
Qe = ky

ka =In

(55)
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[(S_mAl) +Fi mAJ[(S_mA2) +FE\ mAQ} (S_mA )2 +FE\ mA2 '
o, pb r
104
10°
a Fig. 6. The Feynman diagrams corresponding to the processes
02l e - — Agfi)'y, e - = A§77>Zl
i At high energy the best way of measuring the non-
10 diagonal YCs is to investigate the lepton flavor (LF) chang-
ing processes which has s channel resonance amplification
D or else is described by Feynman diagrams with only one
. L vertex containing the YC. The processes
f epT AT )y (i=1,2) (56)
1071 £ -, — (==)
2 R R R N N R R S A e u — Ai Zy, (57)
50 100 150 200 250 300 350 400 450 500
Js. GeV provide excellent examples. These could be studied at the
. muon colliders (MCs) under construction [28,29] which
Fig. 5. The org versus /s at A, = —1 for the cases a m), =

90 GeV — solid line; b m; = 175 GeV — dotted line; ¢ my, =
200 GeV — dashed line. In all three cases we adopt ¢ = 8 X
1073, 0, =9 x 1073, frr = 0.5 and k1 = 115 GeV

When Mp is non-zero, then even for large values of .
and ¢, the quantity o, is very small. For example, at
Ve =2.5x10~ 2,90“—3><1O 2 and k; = 70 GeV, we have
aey = 1.8 x 1077, Since for the definition of ay we have
(51), the same is true for the case [ = e, while the quantity
oy, could be as large as 1072 even at small angles Yu- In
the DBVEV case we have

/
Qgp = 2h’ab

However, even at abnormally large values of a.,, say 2 x
1072, the cross section for the right polarized electrons
and the left polarized electron neutrinos can reach only
values of order 3 x 1073 fb. Therefore, of primary interest
are the cases with the initial e; v.r, and egv.r. In Fig. 4
we represent the total cross section for the former case.

For small mixing angles ¢;, the value of og, at A, =
—1, (orr) is very small. Figure5 shows the behavior of
orr(s'/?) for the case of large mixing angles.

It is well to bear in mind that the following possibility
could occur. The cross section of the singly charged Higgs
boson resonances (0o, ;- v, )5 5., turns out to be larger
than oy . For example, when fTT = 0.6, fup = 0.75, fee =
0.09 and m; = 70 GeV, we have (Ue_,,eﬁu v )5~ 10" pb.

work both with a fixed electron target and with an electron
beam. When ¢ = 1, the Feynman diagrams corresponding
to the processes (56) and (57) are displayed in Fig. 6.

Below we assume that the initial particles are unpo-
larized and we neglect the lepton masses. Then for the
total cross sections we obtain the expressions (equation
(59) stands on top of the page)

e*p,*%A(lffhy
267 f2,(c3, Py + 53, ) (5% —my)

P} P} P} ) (58)
ms((s —mZ,)? + I3, m%]

where Py = (1 £ X.)(1£),), and \; denotes the helicity
of the initial leptons.

The quantityoc . (——) is maximum at the thresh-

e puT—A] ¥

old (s'/2);,. However, there are two factors constraining

our possibilities when we investigate the behavior of the

reaction (56) near (31/2)th

(i) By virtue of the fact that the AY*) boson is an un-
stable particle (s'/2);y, is smeared within the region of
energy being of order AE; = I'A,qi1-

Taking into account the radiation corrections and the
contributions coming from the soft photon bremsstrah-
lung leads not only to the cancellation of the infrared
divergence, but to a dependence of the cross section
on the photon resolution of the detector (AE,) which
is used in the experiments.

(i)
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Fig. 7. The total cross section of the reaction e” p~ — A§77)7
versus /s at Ae = 0.8, Ay = 0.9 and AE, = 1GeV. The
solid (dotted) line corresponds to the case ma, =200 (ma, =
300) GeV and fo, =3 x 1072 (fo, = 107%)

The total decay width of the Ay boson is much smaller
than AE,. At f;- = 0.9 and ma, =400 GeV it is a mere
0.25 MeV, while, for example, the photon energy thresh-
old of the electromagnetic calorimeter of the OPAL detec-
tor is about 1GeV. In Fig. 7 we display the behavior of
Oy a(-—., 0 the energy region from (sY/?) + AE,
to 500 GeV.

Since the reaction (56) has practically no background,
it is evident that its investigation is one of the most precise
methods to measure the value of feumﬁ.

Investigating the reaction (57) at s'/2 = ma,; (j # 1)
we obtain information about the masses and the mixing
angle of the AY*) and Aéfi) bosons. We recall that the
MC is an ideal tool for such research because of the fol-
lowing reasons. First of all, besides the storage ring of the
MC one has a special-purpose ring which allows to op-
timize the collider luminosity near the Higgs resonance
under study. Second, the root mean square deviation of
the beam energy from the Gaussian distribution could
sharpen to 0.01%, which in its turn allows one to reach
the necessary condition to measure even the small decay
widths of the doubly charged Higgs bosons I'a,_qu (the
beam energy resolution must be of the same order as the
quantity FAi*)all)-

For the sake of definiteness we assume that ma, <
ma,. From the absence of the Ag__) resonance peak in the
cross section we must conclude that one of the following
conditions is fulfilled:

04 is arbitrary, (60)
(61)

versus s1/2 for the more

ma, +mz, > ma,,

ma, +mz, <ma, 04~ 0.

In Fig. 8 we show Ue*;raA(l’”Zl

optimistic case when ma, + mz, < ma, and 64 # 0.
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Fig. 8. The total cross section of the reaction e p~ —
AY*)Zl versus /s at A = 0.8, A\, = 0.9, 64 = 10™* and
fer = 3 x 1073, The solid (dotted) line corresponds to the
case ma, = 200GeV, ma, = 300GeV (ma, = 100GeV,
ma, = 200GeV)

From now on we shall consider the process of the elec-
tron—muon recharge,
et —etu, (62)
which practically has no background. One can start to in-
vestigate this process right now, since the energy of the
muon beams used in the current experiments is rather
high. Thus, for example, since 1994 the Spin Muon Col-
laboration at CERN has been working with muon beams
of which the energy reaches 190 GeV and the polarization
~ 0.8 [30]; in the FNAL experiments investigating the
muon—proton interaction muons with energies of 470 GeV
[31] have been used. The process (62) could be also stud-
ied at the MCs. In the second order of perturbation the-
ory its diagrams are given in Fig. 9. We recall, that in
the two Higgs doublet model, provided the YCs have LF
non-diagonal elements (see, for example, [32]), the process
of the electron—muon recharge is also described by dia-
grams with neutral Higgs boson exchanges. On the other
hand, in the case of the SM this process takes place only
in the fourth order of perturbation theory (provided the
neutrino is massive) and there are no diagrams with a
physical Higgs boson in the virtual states.
For the sake of simplicity we set

hew = hye, (63)

and set 04 to zero. Note that from (63) follows

Pe = Pu-

We shall also assume that the Yukawa Lagrangian for the
quarks is defined by (14).
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Fig. 9. The Feynman diagrams corresponding to the process
of the electron-muon recharge

The differential cross section of the reaction (62) for
the initial polarized particles is defined by

2 2
ﬁ = 321%5 {(1 F )1+ A,) - (quLfej)Fi o
F(1 =2, = =X, Ay = AL)
+5%(1 = AeAy)
l (hepky — hl, k)23,
kz( mS1 +ils,;mg,)

(heukl — h/euk2)2820

k3 (s —m3, +ils,ms,)
(hwlﬁ + Rl k2)4
FG - )7 + T

+(s = u e =X, =0)

+su(l — AeAy) Z Fr
k,l:Pl,Sl,z
F2uP AN, Y Gplsi}, (64)
i=1,2
where
po— anl(u—mi)(s —mf) + my Lymi 1)
T w—m2)? + mEA((s — m?)? + m? 7]
G . omslu —mg,)(u—mp) +ms,Is;mp, I'p,]
P (w—m3 )+ mZ T3 ][(w—m3)? +m T3]
. (heukl h k‘g) 890
a5’1S1 -

1 )
k+
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do/d cosO, fb

M|
200

400 600 800 1000 1200 1400 1600 1800 2000
Vs, GeV

Fig. 10. The differential cross section of the process e” ™ —
etu~ versus /s at 0 = w/2, . = @, = 107 fo. = 0.15,
and fu, = 0.3. The solid line corresponds to Ae = Ay = 0,
ma, = 150GeV, ma, = 200GeV, the dotted line does to
ma, = 150GeV, ma, = 200GeV, A\, = 0.7, and A\, = —0.8,
the dashed line does to ma, = 250GeV, ma, = 300GeV,
Ae = 0.7, and A\, = —0.8

as,S, = a5, S, (90 — Oy + 7T/2),

(heuks + e, ho)*
a/Plpl = k4 )

+
(he/,‘kl — h;uk2)2(heﬂk1 + h kz) 69
ap, S, = S, P, = — k4 0’
+
ap.s, = as,p, = as,p, (o — 0o +m/2),
a8152 = a5’281
_ (heﬂkl he,uk2) (hf’#kl +he/tk2) 0005«90

1 ;
k+

0 is the angle between p. and p; in the center of mass
system, and the expressions for the decay widths of the
A(l-,_2_)’ S12 and P; bosons are given in the Appendix.

As the analysis shows, the cross section of the reaction
(62) also depends on k1. It increases while k; is approach-
ing k, and decreases while moving away from &, both to
the region of smaller values as well as larger ones.

Let us choose the following values for the LRM param-
eters entering the cross section of the process (62)

mg, = 900 GeV,

gr = 1.4g1,, mp, = 5HTeV,

mpy, = 750 GeV, =1.8TeV.

mNM

In Fig. 10 we present the differential cross section of the
reaction (62) for small mixing angles ; and a large triplet
YCs fy;. In this case we have no chance to detect the
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do
dcosﬂ’fb

100

200 400 600 800 1000 1200

Vs, GeV

Fig. 11. The differential cross section of the process e u™ —
et~ versus /s at # = /2. The solid line corresponds to
e =10"2 ¢, =2 x 1072, ms, = 85CeV, and k1 = 115CeV.
The dashed line corresponds to the case of the DBVEV at
hey = 3 X 1072. For the both curves the following values of
the parameters. ma, = 150GeV, ma, = 200GeV, A = 0.7,
Ap = —0.8, mg, =90GeV have been used

resonance peaks connected with the Higgs boson S 2 and
P;. As follows from Fig. 10 the cross section decreases
with increasing doubly charged Higgs bosons masses.

In the case of large mixing angles ¢; (¢, = 2 x 1072)
the partial cross sections associated with the neutral Higgs
bosons exchanges are very small. For example, when k; =
118 GeV and § = w/2, the height of the S; resonance
peak is equal to 0.3 and 0.17fb for mg, = 65 and 90 GeV,
respectively.

In Fig. 11 we display do/d(cos#) versus s'/2 both for
large mixing angles and for the DBVEV (in the case of the
DBVEYV the S; and P; Higgs bosons do not take part in
the process (62) at all). Under these conditions just one Sy

resonance could be observed. At increasing f.. and f,, the

contributions coming from the diagrams with the Ag_z_)

exchanges are growing, which in turn might lead to the
absence of the S5 resonance splash in the cross section even
in the DBVEV case with the large values of the bidoublet
YCs hey and h,. Thus, for example at fee = 0.42, f,,,, =
0.65, ma, = 150, ma, = 200GeV and he, =3 x 1072 in
the unpolarized cross section the Sy resonance peak is no
longer observed. It should be stressed that the registration
of the Sy resonance peak in the reaction (62) will also
ascertain the existence of the v. +— v, oscillations.

4 Conclusions

In this paper we have studied the Higgs sector of the asym-
metric LRM. We have chosen the LRM as an example not
by accident but due to the reason that its Higgs sector
contains the elements belonging to other nowaday most
popular models. Thus, for example, the presence of the bi-
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doublet in the LRM causes the existence of the same phys-
ical Higgs bosons in the minimal supersymmetric standard
model and in the two Higgs doublet modification of the
SM.

We have considered two reactions,

e ve = Wi Zy, € Ve = b V.

For the former within the SM any resonances are absent
while the LRM predicts the existence of the 6(=) and R(-)
resonances, whose heights could reach values of the order
of a few x10° pb. For the latter, at s'/2 = myy, there is
the so-called Glashow resonance predicted both by the SM
and the LRM. However, the LRM total cross section also
has two resonance peaks related to the (=) and k(- Higgs
bosons. At the corresponding values of the YCs and the
Higgs potential parameters the height of these peaks could
exceed that of the Glashow resonance. The UHE cosmic
neutrino could be used for studying these two reactions at
such neutrino telescopes as DUMAND, BATKAL NT-200,
NESTOR and AMANDA. Then the observation of heavy
muon showers connected with the resonance splashes in
the cross sections will definitely ascertain both the exis-
tence of the singly charged Higgs bosons and the character
of their interaction with quarks and leptons.
We have shown that the process

e u — Ag__)v
is the ideal tool for measuring the quantity feumzf. It
should be stressed that up to now we have only bounds

on the combination fe, feemz.
It was found that with the help of the process

e T — Ag__)Zl,

utilizing the exchange of the Agfi) boson in the s chan-
nel, we could obtain bounds on both the masses and the

mixing angle of the Ag__) and Aé__) bosons. Note that

the A({*) resonance peak height crucially depends on the
value of the above mentioned angle, which in its turn is
extremely sensitive to the choice of both the VEV and the
Higgs potential parameters.

We have considered the reaction of the electron—-muon

recharge

et —etu,
which gives information about such YCs as fuu, fee, Peu
and hy,,. It was shown that under the DBVEV when the
bidoublet YCs could be large, there is a good chance to
detect the neutral Higgs boson Sy by a resonance splash
in the cross section.

We have also obtained the relationships linking the
YCs with the masses and the mixing angles of the neutri-
nos. Using the YCs values found in the accelerator experi-
ment with the Higgs bosons we get information about the
neutrino sector parameters. Therefore, the program aim-
ing at looking for the physical Higgs bosons at the lepton
colliders will also provide the answer to the question of
the masses and the oscillation angles of the neutrinos. In
this sense the lepton colliders shall turn out to be comple-
mentary to neutrino telescopes.



114 G.G. Boyarkina et al.: Higgs bosons in the left-right model

Appendix I's, sfermions = Fglﬁfermwm(ﬁo — 6y + 7T/27m51 — mS2)’
nly2 2 02 2 2
In [5] it was shown that the most general form of the Higgs s, sw,w, = (<) 2+ (ms, "ZWn > miv,)
potential of the LRM is e 167rm%i Am2, m2,
- - 2 2 2

V = —[Sp(@®)] — 3[Sp(61) + Sp(H1P)] xw(m,, iy, miy,).

—15[8p(ALAL) +Sp(ArAR)] + M [Sp(@2"))* e

+22{[Sp(®F)]? + [Sp(dT®)]*} +Co0 (9.6 + IR S¢e)

N i +9rgrsoe(2kikaco, + k2 s0,) [k, n=1=1
A PPN Sp(d'd
+A3[Sp(227)Sp(2'P)] 271 — k-co, (97 5% + 9Rc?)

+Xa{Sp(9®")[Sp(#d1) + Sp('P)]} —gLgrS2e (2krkace, + k2 s9,) /Ky, mo=1=2
+p1{[Sp(ALAD)? + [Sp(ArAR )T} brcon(o? — R)sae/2
+p2[SP(ALAL)SD(ALA]) + Sp(ARAR)SP(ARAL)] —gugreog (2kikaco, + k2 s9,) ks n=1,1=2
+p3[Sp(ALA] )Sp(ARAL)] cit = (00 — 0o + 7/2).

+P4[SP(ALAL)SP(AT Al L)+ Sp(Al ADYSp(ARAR)] For the neutral pseudoscalar Higgs bosons these widths

; + + are given by
+0 {Sp(92")[Sp(ALA]) + Sp(ArAR)]}

+as[Sp(@8)Sp(Ar AL ) + Sp(@16)Sp(ALA] )] Tpy = Ipistermions + 20p, wiw, s
+a3[Sp(PT)Sp(Ar AL) + Sp(&T®)Sp(Ar Al )] where
+a3[Sp(@q5TALAT) + Sp(QSTqSARAqu)] T tetons = 1 {Z (havk1 + hgb/@)QQ,(Pl Lo ly)
+51[Sp(PARDT ALY + Sp(d AP AL)] LCPONS T 6rmup, " k2 re
+Bo[Sp(BARPA] ) + Sp(dT ALdAL))] ) (hapks + h., kl)Qg’(P .
~ v
+33[Sp(PARDT AT ) + Sp(@T AL AL)). (A.1) k2 b Pas )
2
Belon we provide thfe exp.ressions defining the total by s quarks = 1 Z My, k1 G (Pr, tta, )
decays widths of the physical Higgs bosons. For the neutral 16mmp, kok 4
scalar Higgs bosons they have the form .
mq, k2 /
+\ = g P 7d ad ’
FSi = FSi%fermions + Z FSiHWnW“ < klkJr > ( b fa a)}
" G'(Si, fs fi) = G(Sis fy, fi) (my = —my),
where r R (grgrk)? g 8 — miy, —miy,)?
1 Macey )" no 32mmip, Amigy, miy,
r eptons — T, A 7laala
S1—lept 16mmsg, {za: ( ki ) G(5 ) Xw(m?gl,mf,vl,m%%).
n Z (havky — hlypke)? 590 G(St,1u,1b) Finally, the decay widths both of the singly charged and
7 ki 1o tas the doubly charged Higgs bosons are determined by
L Z hay(k1co, — k2sa,) ;hab(klseo + kaco,))? Is = Z(Fg—ﬂ“uz + 5 en) T Dowyz, (A.3)
1
+
where
xg(Sl,ua,Nb)}, (A.2) dQ( ) )
—m? —m?
(m_ +mk)2 9 9 9 Fg—ﬂcl’l - fll 3l w(mgam%7mzl)7
(51,5, 51) = (1= "D i ) B0
S, 2 2327.2(,2 2 2
' fllaﬁk (mg_ml_le) 2 2 2
wleb,e) = o 464 2(abt ac b Tt = “gemT(a— pn — pagpeg, 0N
F81—>quarks = m I _ (gRgLSWCQSEGBkO)
S—oWhZy = 2 3 — . 79)2
(M, (Coy ks + S0, k1 )]2 et 167T0ng (a+p1—p3/2)
N (e I w) ((mﬁ —miy, —my,)* )
a X 1 1 + 2
P)
n Z [ma, (copk1 — 890k2)]2g(31 i d )} dmyy, myz,
(k1ky)? Y ’ Xw(mg,m%vl,mzzl).
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Iy, = Fgﬁlﬂyl
b(h) ke — hyk
x <\[2flld*> bllighs = huky) 2k; L 1), mg %mh),
+
Fh-ﬂﬁl = FS—MCNL
ak b(hyks — h)k
X<0_> (huks = hikr) mg_>mh>’
(%3 k+
I T gRYL Sty Co5cafko
h—W12Zy o—W1Z, CW(a+p1 o p3/2)
cpSebk?
7gRgL i _, mgﬁmh),
\@k+CW
22 [ and
FA1 s = — 2 .
8mma, , my,,
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