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The radiative corrections to the majorana neutrino mass in

the left-right symmetric models are calculated in the presence

of one or two SU(2)L doublets in theory. In the former case the

radiative corrections are essential for large (a few hundreds

of GeV) masses of Higgs field. If a second SU(2)L doublet exists

in theory, then it makes an additional essential contribution

to the neutrino mass provided that the Oirac masses of charged

leptons are much less than the Dirac masses of neutrino

( —y- « i ). In the latter case not only masses but also

mixing angles of neutrino may considerably differ fro-n the tree

approximation.
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МАССЫ НЕЙТРИНО В ЛЕВО-ПРАВО СИММЕТРИЧНЫХ МОДЕЛЯХ

Вычислены радиационные поправки к майорановской массе ней-

трино в лево-прало симметричных моделях при наличии в теории

одного или двух SU(2) L дублетов. В первом случае радиаци -

онные поправки существенны при больших (несколько сотен ГэВ)

кассах поля Хиггса. Если в теории существует второй s u ( 2 ) L

дублет, то он вносит дополнительный существенный вклад в массу

нейтрино, если дираковские массы заряженных лептонов намного

меньше дираковских масс нейтрино ( -^ф « i ) . В последнем

случае могут существенно отличаться от древесного приближения

не только массы, но и углы смешивания нейтрино.
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Ереван 1989



The Dirac neutrino masses in the left-right symmetric mo-

dels are of the same order as the masses of other fermions. In

particular, in a simplest version of SO(10) model they are

equal to the masses of upper quarks, i.e. they are inadmissible

large. In Ref. 1 Gell-Mann et el. have noted for the first

time that in such models at (B-L) symmetry breaking the right

component of neutrino acquires majorana mass, owing to which

the mass matrix takes a form:

(D

After diagonalization of this matrix we obtain instead of

one Dirac neutrino two majorana neutrinos:

•;?, = c-a
L
* si?«• с of; + s d

R
 ,

with raaesua m , •=*• - - j ^ - :



If the scale of (B-L) symmetry breaking is sufficiently

large ( M R >> rrr ), then the left neutrino mass comes out to

be sufficiently small.

In a simplest S0(10) model, if mixing is ignored, the light
ГПц ГПс П1*

neutrino masses are Шр
с
 * — - , m^ » -j^— ,

 m%;
 » -j-^- .

Values of these masses do not contradict the cosmological pre-

dictions ( Ггп^, < 65 eV) if M* >1O
1 0
 GeV.

Our purpose is to consider the radiative corrections to the

matrix (1).

Radiative corrections to the matrix (1) were considered

elsewhere too.

In many works (see, e.g. [2] ) the radiative corrections to

matrix (1) were considered on the assumption that the addition-

al light particles exist in the low-energy sector of theory.

In Ref. [3] the existence of additional discrete symmetry was

assumed.

Here we shall study radiative corrections to the neutrino

mass matrix (1) assuming no additional particles or symmetries

in theory.

Neutrino obtains a Dirac mass in the. SIH2)
L
* SU(2)

R
 * U(1)

B
_

L

scheme owing to Yukawa interaction:

(3)

where



After (B-L) symmetry breaking the right neutrino acquires

a majorana mass:

where

1
Л
Л

After acquiring vacuum eicpectation value (v.e,v.) by fields

ф and Д , we obtain a neutrino mass matrix (1).

Radiative corrections to matrix (1) are small, 0 ( ^ / 1 б я
2
) ,

therefore they are essential only for the zero element of this

matrix, i.e. essential may be radiative corrections to the left

neutrino mass.

The left neutrino can obtain mass owing to the interaction

with the Higgs field left triplet which ie absent in cur model.

But it can be constructed from doublets (2 x 2_ = Д + J.). Taking

into account the fact that the v.e.v. of the right triplet

breaks the (B-L) eymaietry, we can write out an effoctive term

whose v.e.v. gives mass to the left neutrino:

Here field» are written in the SU(3j
u
 * SU(2;

fi
 » 'JiVs-i.

representation.

The diagram which gives шаеа to the left neutrino is

in Pig.1.



If field ф is real, Ф =1 _—,] , then this diagram can

be presented as a sura ot two ordinary (without tails) diagrams

(Fig,2). In the first diagram we show a usual Salarn-Weinberg

Higgs t son running along the loop: H
s w

 =
— ^ f f — ; in the

no. "no

ether one - the Goldstone boson: HooW = ' '

Н'.те the left neutrino mass is

where m
H
 is a mass of a usual Salam-Weinberg Higgs boson.

Л'е rewrite (6) as follows:

e
 ?

е
 m

H
 . (7)

With account of the radiative correction the light neutrino

mass is

Fig.3 shows a region where depending on the Higgs boson

maas m
H
 and the right neutrino mass the radiative correction

to the neutrino mass may be larger than the tree approximation.

F<r example, at M
R
 = 1 0 GeV the radiative correction ia

larger than the tree approximation if m
H
 > 400 GeV.

The presence of several generatio'ns of neutrino does not

change t'ne situation. The mass matrix of light neutrino looks

aa follov. з:



whe re ,
a — r, ( i . ' m H ;« " r T \ n

•>am

J - -

Oj m i s a matrix which diagonalises one right neutrino mase

matrix JUR . MRm are eigenvalues of • latrix MR

Consider now a case when field Ф is complex, Ф = ( 5 " ~z^) •

which usually takes place. If we assume that there exists

only one l ight Higgs doublet T](-COSj3 • S+ sinj3 - | (<T](>a<T]> =

= 175 GeV), then the other doublet, TJ? = -sinp-S i- c°S_P'j , hap

a mass of the order of (B-L) symr.ietry breaking and a zero v.e.v.

< T 7 > = 0 ( i . e . t q 0 = —-4:-—• ) .

As a result we have the following neutral fields with

masses:

Hew

1°, - Ч°г
H, = • Lj2* " M, = М г е М „ ~ М „

These a l l make a contribution to the lef t neutrino швея

Hence for the l ight neutrino mass we have



ЯГ Tfrbfr&r*-^*^}. С»)т

With account of several generations the mass matrix of left

neutrino has a forrr".

where

ГПн
 0

 Mfi

At taj3>10and min (MR^) < M
H
 < max ( М

й т
) the matrix

en strongly differs from the unit one. Hence, in this case the

light neutrino mixing matrix will change too, compared to the

usual "see-saw" mechanism. Thus, one should necessarily take

into account the radiative corrections to the neutrino mass

matrix (1) when dealing with models with two Higgs field doub-

lets where tqp> 10.

If min ( M R
m
) > M

H
 , then matrix - Ben will be diagonal:

Here we have neglected the difference of masses M
R m
 . If

we require such fine tuning оГ lagrangian parameters that

I 8sn \ « i
 f

 then masses of all light neutrino will be

strongly suppressed compared to the usual "see-eaw" mechanism.

In this case strong right currents nay take place ( M
W R
 -' 1 TeV)



In the latter case large magnetic transfer moments are

possible in neutrino, &nd the problem of the lack of solar

neutrino can be solved. At the aame time the problem of too

rapid cooling of a supernova which took placa in case of Dirac

nautrino no longer arises.

Thus, the above analysis points out a necessity to take

into account radiative corrections to the neutrino mass matrix.

Under certain conditions radiative corrections can greatly

affect neutrino masses and mixing.

In conclusion, the authors would like to express their

gratitude to Z.G. Berezhiani, M. Vyaotsky, 3.G. Matinyan and

K.A. Ter-Martirossyan for the useful discussions.
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Figure Captions

fig.1. A diagram that contributes to the left neutrino mass.

Fields are given in the 5U(2)L * SU(2)R* U(f)B-L Sroup

representation.

Fig.2. A diagram that contributes to the majorana mass

o.f left neutrino in terms of ordinary fields.

Fig.3. Arrows point out regions where a radiative correction

to the light neutrino masa is larger than the tree

approximation ( Mft and m H are measured in GeV).

Pig.4. Diagrams that contribute to the left neutrino mass

in the presence of two Higga field doublets in theory.
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