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Abstract

We compute the one-loop oblique corrections in a typical model with neu-
trino masses due to the see-saw mechanism. We verify that a Dirac neutrino

mass up to 178 GeV is still allowed by the experimental data.

There has been recently some interest on the implications of one-loop corrections
due to majorana particles on the electroweak measurements [1, 2, 3]. Most of this
interest was focused on the consequences of the Hill and Paschos model [4], where
it is introduced a fourth generation of leptons, which accomodates a heavy neutral
member with a majorana mass of O(G;'/?), and where the light neutrinos obtain
small masses through the see-saw mechanism. Computing the oblique corrections for
such a model, it was verified that a heavy majorana neutrino in the third generation
decouples from electroweak physics and cannot be excluded experimentally [3].

The one-loop corrections in these type of models have been parametrized in
terms of the heavy (or fourth generation) charged lepton mass, and of the light and
heavy neutrino mass eigenstates (see, for instance, Refs. [2, 3]}, and they show some
intricate behavior as these masses are variated [2]. Although the introduction of
a new generation is phenomenologically attractive [5], there is a much wider class
of models, where we have majorana neutrinos without the company of the fourth
generation charged lepton, and where we expect that the contribution of the new
physics to the oblique parameters S, T and U [6], will be described only in terms
of the light and heavy neutrino mass eigenstates. Therefore, we expect to constrain
directly the neutrino masses, when we compute and compare their contribution to
the radiative corrections with the experimental data.

Grand-unified see-saw models [7] are typical examples of the models we have in

mind. They have a neutrino mass matrix given by the see-saw relation
m, = mDMﬁ,"mg, (l)

where mp(My) is a Dirac(Majorana) neutrino mass matrix, which can be naturally
of O(my), i.e. the up-type quark mass matrix, and where all the heavy sector
decouples from the low energy physics. With the evidences for a heavy top quark
we may wonder about the effects of having a quite large Dirac neutrino mass! The

relation given by Eq.(1) is also the case for many majoron models [8], where most



of the new physics is concentrated in the neutrino mass matrix m,,, and where there
is not much hope to detect the remaining physics of the model.

The question we want to address in this note is a very simple one: Which is
the limit that present experimental data put on the Dirac neutrino masses (mp)
given in Eq.(1)? We certainly have an upper limit of few T'eV on mp coming from
unitarity, however, we will see that the oblique corrections are more restrictive. The
limit on mp is directly translated into a constraint on the physical mass m,, and,
obviously, for large Majorana masses we will have very small upper limits on m,,.

Any model with the see-saw mechanism will be suitable for our calculation. As
we expect that the most interesting limit on m, will come from a model with large
Majorana masses, we will select one where My is obliged to be large. Therefore, we
consider a model proposed by Shin [9], where besides the standard generations of
quarks and leptons, it contains three generations of right-handed neutrinos (Nor),
one superheavy quark, and one SU(3). ® SU(2), ® U(1)y singlet complex scalar
o. One of the interesting points of the model is that the o boson carry nonzero
Peccei-Quinn charge [10], i.e. the ¢ boson will acquire a large vacuum expecta-
tion value (vev), which will be identified with the scale of Peccei-Quinn symmetry
breaking, which resolve the strong CP problem. At the same time the ¢ will give
large Majorana masses to the right-handed neutrinos (Nog), therefore, as it carries
lepton-number and PQ charge, the Goldstone boson associated with this symmetry
breaking was called “majoraxion”. As occurs with the ordinary axion, the vev of
this scalar boson (Vpg) will be limited to 10'®—10'? GeV [11]. Notice that we could
have chosen a GUT for our calculation, but the only difference would be a possible
larger particle spectrum and values of the Majorana masses. Further details about
the model can be found in Ref. [9], and here we will restrict ourselves only to what

is necessary to compute the oblique corrections in this model.

In a general way, we can write the neutrinos mass matrix as follows,
_ _ 0 mp l/cR
(po NG) . R 1t He (2)
mp MN NOR
This procedure allows us to consider an arbitrary number of lepton families, i.e., for

n families the mass matrix elements, mp and My, are indeed n x n matrices, with

v

(mo)s; = (7)) e (M) = (‘%’) x exp(ibo)yl;”, (3)
where 6 is the vev phase of o, which must be fixed according to the strong CP
problem.

In the case we want to deal only with the three Standard Model generations, the
matrices mp and My will assume a 3 x 3 form. In order to obtain the neutrinos
mass eigenstates, we have to diagonalize the mass matrix in Eq.(2). This can be

done introducing a 6 x 6 matrix, V, in the following way

[ 0 mp )
14 T M 14 :dlug(mvumu,nmuanw M’lle}) (4)
mp N

where m,; « M;. Then, we can write the relations between the mass eigenstates

and interaction ones,

vy, _ VT WL , U)CR - V’ VOCR ) (5)
Nlc, 81, Nr Nor
Defining de mixing matrix by
V. W u: up
V= l=zur= b, (6)
Vo Va v: Ui

where V; and U} (¢ = a,b,c,d) are 3 x 3 matrices. Now, we are able to write the

interaction Lagrangian, describing the coupling between leptons and gauge bosons

1 (GrMB\? i
Lo = s (SE) 2, {or U0 = e+ B UL~
UV = 1IN + Ry (UU)(1 = 2N}, (™)
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and

G M2 '21 -
Lwi,n = _< F\/iw) W;{l"'y“(U,,)(l—'ys)u

()L = 6N + He. ®)

In order to make the computation of the diagonalization matrix feasible, we need to
introduce some assumptions on the model proposed by Shin [9], which are summa-
rized in the following. Only the tau neutrino (v;) will acquire mass via the seesaw
mechanism. The heavy neutrinos (Ny, N2, N3) are expected to have masses of the
same order of Vpg (the Peccei-Quinn symmetry scale). We will assume mixing just
between v, and N3, and the mass matrix of charged leptons is assumed to be diago-
nal. These assumptions retain most of the physics of the problem, and at the same
time greatly simplify the calculation, because we get rid of a complicated mixing
matrix, which, if we do have a mass hierarchy in the Dirac neutrino sector, will not

modify significantly our results. Therefore we arrive at the following diagonalizing

matrix )

10 0 00 0]

01 00 00 O

00 : 00

V _ 11+] So (9)

00 0 100

00 0 010
L 00 —is,g 00 Co J

yelding the mixing angle as a function of the v, mass (m;) and N3 mass (m3),

my

2 2 ma
=——— and = — 10
K my + my @ my + ma (10)
which are related to Dirac and Majorana masses by
mp = /mym; and My =m;—m,. (11)

With these results we can rewrite the interaction Lagrangian in terms of these mixing

angles, recalling some properties of majorana particles, which lead us to

Lzn = —%Zu{—cgﬁv“‘rsv — s3Nay" ¥ N3 + ZiSoCoNn“v}
(12)
and,
Lwe,n = —%W;{——ieﬂ"'y"(l — v + sl " yH(1 — 75)N} + H.c.

(13)
Now we are able to compute the oblique radiative corrections to this model. We

will adopt the parametrization given by Kniehl e Kohrs [3], where the independent

parameters S, T and U are determined through

aS = 45 {HZZ(O) - Reﬂzz(z)} , (14)
z 4
or = M2z Tww(0) (15)
z w
ol = 432{HWW(0) - Renw"’(“’)} ~aS, (16)
w w

where we are abbreviating the notation for the weak mixing angle and gauge boson
masses, ¢ = cos 0y, s = sinf,, w= M2 and z = M2.
In Eqs.(14) to (16) the nonrenormalized vector boson self-energies (Ilyv) can be

written as a function of the transferred moment g%
Maw(@) = 55 [0V + 14)(g, my,m,)
8s? o P
+s3(M7 4 114)(g?, ma, m,)] (17)

and

2
€
Nz22(4°) = g7z 264114 (g2, m1,ma) + 253114 (g2, ma, ma)

+4s§c§ﬂv(q2,m,,mz)] . (18)
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where

2 2
my + mg

2

(mi—mj)?

(+,—) 3mim, — 52

1
"V'A(q2,m1»mz) = 1—2"—2 {[‘12 - ] Bo(q’,mf,mi)

2_ 2 2_ 02
+ﬁ{4+ng4&mmhm+mﬂ4+leﬁ

'l 2(]2 ] BU(Oa m%!m;)

3 + 24?

Ks (m?—'"i)f}_ (19)

The function By(q?,m},m?) is one of the scalar Passarino-Veltman coeficients [12],.
which contains an ultraviolet divergent part that in the dimensional regularization
scheme can be fixed as

2
A == — v+ In(4r), (20)
€
where ¢ is the deviation from the four dimensional space-time and v is the Euler
constant. The function B, is written as
z2q® — z(F + mi — ml) + m? - ic
e

1
Bo(q?,my,ma) = A~ [ da log . (@)

The finite part of the above equation can be found in Ref. [13].
We can now compute the oblique parameters, and after some algebra we obtain
the analytic form of S, T and U
2

a m mym;
T = ——r ———[
“ 16mws? { 3 + (my + my)? bmims

+ 2 2 In—=
my—m; m3

mi + m§ — 2mymy(m? + ml) mf]

al

al

«a 1
1272 (ml + mg

z m}  20m?

5 (16t — mmama(m? 4 122) 4 22 (m? — 2]

(my + ma)? m_; 3 my 3m?

2
my

) [ ER—
+ (ml + m2)2

(z

2z
my + ma

2mymy

— Am?)in— — 2zIn-=-
ml)nm% znm2

2 2

m m
mgln——; + mlln——:
m?2 m2

e+ m2(ml

a1 {
mw (my + my)
mi

6w

2 2 221, ™
— ) [z(m1 +m3) + m,mz] ln;% ; (23)
VO TS Y S0
2 6m2 3m3 6w ' T

1 4
—5eZ(my + ma) + 5(my + my) (w -5 —"ﬁ) x 1

g (m 4 m) = To(m] +m?) + 2o (m] — m)?
+ |2 m? - m?) + ?EZ; * :::; + T2 (i m:)] 1n—§-
[y e
%EZ: : Z§§ (2 — (4 m) - "'3)2)] lnlg
+% 2w — (m} + m?) - (mi -I—sz)’] lnmlur’n,} —as. (24)



where

R

Notice that we subtracted in these parameters the contribution of the massless
v, to avoid double counting. To compare these expressions with the experimental
results we may recall that these variables are related to the ¢; of Altarelli and

Barbieri[14] by:

aS = Asles,
al = ¢,
all = —4she,. (25)

Considering the results of a very recent fit of the € parameters for the experimental
data[15], with m, = 175 GeV and the Higgs mass varying between My = 50 — 1000
GeV,

g x10° = 48+22,
ex10° = -7.0+53, (26)
e x10° = 35+£30,

we may obtain the values of S, T and U, due to some new physics, subtracting from
these the main contribution of the Standard Model [16].

In the model we are discussing the heavy Majorana mass is related to Vpg, and we
have naturally that m; = My = O(Vpg), therefore, when we computed numerically
the values of S, T and U, we assumed m; to be in the interval 10'° — 10'2 GeV.
The parameter S gives the most stringent limit on the mass m;, and our results are
displayed in Fig.(1). In these figures we show the values of the S parameter, due to
the new physics, as a function of m; and m,. In Figs.(1a) and (1b) we show the
surfaces of the allowed values of S for different ranges of m; and m,, and in Figs.(1c)

and (1d) we present a cut of these surfaces at S = 0.3, wich is the maximum value

of S due to the new physics that is allowed by the experimental data. The minimum
value of S does not give any constraint for this model. For m; = 101° (leV we
obtain that m; < 3.2 KeV, whereas for m; = 10!2 GeV we obtain my < 32 eV,
which is a limit smailer than the experimental value of the v, mass. This limit is
a direct consequence of the fact that the experimental data still allow for a heavy
Dirac neutrino with mp < 178 GeV. With the U parameter we obtain a limit that
is at least one order of magnitude worse, whereas the T calculation does not give
any meaningful result.

As the Majorona mass is of the order of the Peccei-Quinn scale we obtain an
extremely small mixing angle between the neutrino eigenstates, therefore our limits
can be easily related to a limit on the Dirac neutrino mass. If we had a much lighter
Majorana mass we would have the same constraint on the Dirac one, however, no
limit would be obtained for the v, i.e. better than the present experimental limit on
m,,. Notice that even if we had not simplified the mixing matrix we would obtain
a similar result, as long as there is a mass hierarchy for the Dirac neutrino masses.

In conclusion, through the computation of the oblique parameters, we verified
that a heavy Dirac neutrino with mass up to 178 GeV is allowed by the experimental
data. The stronger constraint comes from the analysis of the S parameter. In the
particular model that we considered, the Majorana neutrino mass is of the order
of the Peccei-Quinn symmetry breaking scale, therefore, from the constraint on the

Dirac neutrino mass, we obtained a limit on the v, mass.
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Figure Caption

Fig. 1. Figure (a) and (b) show the behavior of the S parameter as a function of
m, and m; for different ranges of these masses. In figure (c) and (d) the shaded
area is the one allowed for m,; and m, by the experimental data, they were obtained
by a cut of the surfaces shown in (a) and (b) at S = 0.3, the maximum value of S

permitted to the new physics.
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