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We show that the supersymmetry breaking scale { R-parity), the global
U(1) fermion symmetry scale and the electroweak symmetry breaking
scale are strictly connected to each other.
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1. Introduction

The idea that the supersymmetry is broken for not too large scale
Mz < Msysy < 1 TeV is promising from the theoretical, experimental
and astrophysical point of view. It gives the natural way to cancel the ra-
diative correction in the perturbative approach. The quadrative divergences
are still to cancel when the supersymmetry is softly broken. Supersymme-
try predicts the rich structure of the new particles which could be observed
if the supersymmetry breaking scale Mgysy is not too high. Half of them
are boson fields which can condensate breaking for example the global sym-
metries. Such a case could happen if the minimal supersymmetric standard
model (MSSM) [1] is extended by including the right neutrinos and an ad-
ditional fermion field. The aim of this paper is to construct such a model
in which the lepton number is broken in the result of the sneutrinos con-
densation (7). This condensation breaks also the R-parity. The lepton
symmetry breaking for the ~ TeV scale has also an interesting astrophysi-
cal meaning [7].

* Presented at the XVII International School of Theoretical Physics“Standard
Model & Beyond ’93”, Szezyrk, Poland, September 19-27, 1993.
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2. The model with the right sneutrino condensation

Let us consider the simplest supersymmetric version {1} of the standard
model where the scalar Higgs sector is built from three fields {H, H, $}.
They are in the SUy,(2) dublet representation

T

and one singlet representation $. The left handed leptons are in

N € 1 I T

representation (f is the family index). In this model, however, our attention
will be focused on the neutrinos in this model. For simplicity we limit
ourselves to the first family. Neutrinos are present in our model in the form
of two supersymmetric multiplets {v1,,%,, } and {vg, 1/),,;\} belonging to the
SUL(2)xUg(1) representations (2, —'/2) with the weak isospin T5 = 1/, the
lepton charge Qg = 1 for v, and with only the lepton charge @ = —1 for
vi. Spinors 1/)%,1/:,,& eventually will form the Dirac or Majorana fermion
fields while the sneutrinos vy, v§ should gain high masses. But as bosons
they could also condensate breaking the lepton number conservation law.
The minimal supersymmetric standard model is extended by the additional
isosinglet scalar field S carrying the lepton number @ p = —1. These singlets
can also arise in superstring models. The Lagrange function may be written
as the sum

L= ESM + Lext (3)
of the ordinary Glashow-Salam-Weinberg model with
Losw = —1Fe,F** _1B,,B* + D,H*D*H + D,H D*H
+D v DRy, + 08,8106 - V(H,H,$) + iery*D,L + her HL  (4)

with )
F;},, =0, W, - 0.W; + z‘gea,,chjW,f, (5)
Bp,u = a/LBV - aVB;La (6)
i i
D#—_-B,L— EQW:Ua—EgIYB#. (7)

The potential V in the supersymmetric phase is fully defined by the super-
potential
W = WSM + Wext ) (8)
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where the superpotential

Wsnr = heei ;H Lief + VA (e1,H HI$ — 18%), (9)

is responsible for the leptons interaction inside the standard model. R parity
is a discrete symmetry and if it is an exact symmetry, all particles of the
standard model are R-parity even while their superpartners are R-parity
odd. The relation between R parity, the total lepton number L, baryon
number B and spin § is as follows

Rp — (_1)BB+L+2S‘ (10)

R parity can be broken in two ways either explicitly or spontaneously. In
this paper the lepton and R symmetry violating term is postulated in the
following form .

Woezt = hoei jH LIvg + VASUES. (11)

The supersymmetry breaking potential may be written as
§V = m2é*é — hu(e; jH HI + Sug)e - k(@ + %), (12)
The total potential is the sum of two parts
Ve =Vo + V1, (13)

the first one comes from the superpotential W
= z 14
Vg Z [ 6@2 ( )

where &' = {H, H,vL,v§, S, #}. Let us suppose that the spontaneous lep-
ton number breaking occurs in the result of the boson condensation. This
means that H, H, § and vg fields get nonvanishing expectation values

1 —_
(H) = ﬁ{o’v}a (H) = \/-{'” ,0},
1 1

(5)= 0, () = 71-2—y

and most of bosonic and fermionic fields get masses. This superpotential
determines the fermion mass matrix

(15)

9w

Mij = 55587 (16)



1392 R. MANKA

The part of this matrix concerning the &' = {H, H,vp,v§, S, 8} fields has
the following form

h
/ 0 mp \—/%y 0 0 0 \
mp 0 0 0 L3z /iy
h 2 A

M = =Y 0 0 \/;z 0 \/:v
1] = ]

’ 0 0 2z o o /i

0 2z 0 0 0 2y

where mp = %hyv. On the tree level the vacuum is determined by the
minimum of the potential

V(o,2,5) =35 + v2)2? + IA(07 + 47 — 22)?
- 2—1\/_—5/\11(112 + vz + %m2z2 - %um:3 . (17)

In fact it depends only on one parameter z = y/v2 + y2. This means that
we have the flat direction for the potential V(v,z,y). One parameter, for
example v must appear in the result of the phase transition induced by the
radiative correction ( the Coleman-Weinberg potential [5, 6]). Keeping only
the contributions associated with the gauge bosons W, Z and the quark ¢
the radiative corrections give

n; mi(v 3
ne= Y ammto{n il

i=W,2Z,¢,...

where for example

mly = 19°0%, (19)
m% = §(g* +¢"”)0?, (20)
m? = hlv?, ... (21)

n; depends on the number of degrees of freedom and the particles statistics
nw=6, nz=3, ng=-12,.... (22)

Q is the renormalization scale. Let us notice that V;.(0) = 0. At the
extremum point vg, where dV,.(v)/dv = 0, the potential V,(vg) should also
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be equal to zero. In other case it will produce the nonvanishing cosmological
constant in the broken phase (v = vg). This estimates the renormalization
scale ). The total potential

V(v,z,y) = Vo(v) + Vi(z,2) (23)
with z = 4/v? + y2 will have the extremum point at
oV _ 08V, 0V, 0:

=0 Tz ow (24)
oV 0V, 0z
—_—m ————— = 2
0y 0z Oy 0, (25)
ov 0V,
i (26)
and will be determined by the condition
aVr _ aV, _ aV‘g _
dv =0 Oz =0 Oz =0 (27)
The first extremum condition gives
v=ug. (28)

vg is determined by the electroweak symmetry breaking scale vg ~ 250 GeV.
The nontrivial minimum V, with respect to z gives
1
22 = —uz. (29)

V2

Using (29) the V(v,2,y) (17) potential may be rewritten in the following
form

V(z) = laz® - 1b2® + Acat, (30)
with
a=m?- %)\uz, (31)
b= 3xu, (32)
c=6A\. (33)

The potential V(z) depends only on parameters which break supersymme-
try. In a result the potential V' (z) can be parameterized by one dimensional
constant u. The solution with z = 0 corresponds to the supersymmetric
phase, whereas the solution with z # 0 to the phase with broken supersym-
metry. The parameter vg is fixed by the W-mass (v ~ 250 GeV). To have
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the vanishing cosmological constant in the broken phase for small B and
(ve # 0) we should choose

mz\/gu\/1+2(§)2; (34)

then
o = — (35)
0= -
The field & gains the mass
1
Mg = —=Ku. (36)

V2

For example, for k = 10, A = 0.3 and for vg = 250 GeV we have u = 51.5
GeV, 29 = 1716.7 GeV, m = 665 GeV, and g = 664.7 GeV. The equation

z= v +y? (37)

joins together the spontaneous electroweak symmetry breaking scale (v ~
vg), the lepton symmetry breaking scale (y = y¢) and the supersymme-
try breaking scale (z # 0). The electroweak breaking is determined by
the W-mass (vg ~ 250 GeV). It is easy to notice that when the lepton
number breaking takes place, the scale of the supersymmetry breaking is
greater then vgp. The values of this scale will increase with y (the lepton
symmetry breaking scale). As a result, due to the see-saw mechanism of

Neutrino mass
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Fig. 1. Thelight neutrino mass (in 10712 GeV) as a function of the lepton symmetry
scale (in GeV).
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the neutrino mass generation we shall have the lepton symmetry breaking
scale y dependent the light Majorana neutrino mass (Fig. 1). The heavy
Majorana neutrino mass meanwhile is of the 1 TeV order. It is interesting
that when the lepton symmetry is correct (y = 0), we have the massless
left Majorana neutrino. In this case, however, the supersymmetry is broken
exactly on the electroweak symmetry breaking scale ( v ~ 250 GeV). The
high symmetry phase (z = 0) implies that all symmetries, including super-
symmetry, the electroweak SUy,(2)xUy(1) symmetry and the global U(1)
fermion symmetry, are restored.

3. Discussion

In was shown that the supersymmetry breaking scale (R-parity), the
global U(1) fermion symmetry scale and the electroweak symmetry breaking
scale are strictly connected to each other.
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