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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), doublets in theory. In the former case the
radiative corrections are essential for large (a few hundreds
of GeV) messes of Higgs field. If e second SU(2), doublet exists
in theory, then it ﬁakes an additional essential contribution
to the neutrino mass provided thet the Dirac aesses of charged
leptons are much leas than the Dirac massses of neutrino
( % & 1 }. In the latter case not only masses but alao
mixing angles of neutrino may considerebly differ from the tree

approximation.
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I'.M.ACATPfiH,A.H.}OAHHUCHH

MACCH HERTPAHO B IEBO-IPABO CUMMETPUYHHX MOZEIAX

BuupcieHH pajuMalMOHHNe NMONMpPaBKM K MaiopaHOBCKOR Macce Helt-
TPUHO B neno—npauo CHMME TPMYHHX MOZEJAX IIPH HAZWYMM B TOOpUM
OZHOTO WM AByx SU(2), AyO6neToB. B nepBoM clyvae pazuany -
OHHHE ITTONMpaBKM CYMECTBEHHH NpM GoAbuMX (HECKONBLKO COTeH ['aB)
maccax mojA Xurrca. Eciu B Teopdum cywecTByeT BTOpod SU(2),
Ay6neT, TO OH BHOCMT ZOMOJHWTENBHHI CYWeCTBEHHHI BKJaAZ B Maccy
HEUTPUHO, €CJM AMPAKOBCKHE MACCH 3apAXEHHHX JIENITOHOB HauHOTO0

m
MEeHbWE AMPAKOBCKMX MACC HERTPHHO (;;g <<1) . B nocleaHem
clydyae MOTYT CyWeCTBEHHO OTAMUATHCA OT APEBECHOTO IN1pUOIAMEeHMS

He TOJBKO MACCH, HO M YI'JAH CMEUWBAHUA HEHTPUHO.

EpeBaHCKul QU3HYSCKUNR MHCTUTYT
EpeBan 1989



The Dirac neutirino masses in the left-right symmetric mo-
dels are of the same order as the masses of other fermions. In
particular, in a aimpleat version of SO(10) model they &re
equal to the messes of upper quarks, i.e. they are inadmigsibly
large. In Ref. 1 Gell-Mann et al. have noted for the first
time that in such models at (B-L) symmetry bresking the right
component of neutrino acquires majorana mass, owing ton which

the mess matrix takes a form:

i (° mh) %
"= mt Me ) vg (1)
DN Vr

After diagonalization of this matrix we obtain instesd of

nne Dirac reutrino two majorana neutrinos:

-
4

%=c-dt shgrcii+ ST,

. € ~ oD -y
0, =-59,+cDg =8V, ~Ct, (2)
1

m
§=sincl, €=Co8d, 4:320(*2—';‘—,

m®
with messen my=-gn ¢ M2 Mgq



If the scale of (B-L) symmetry breaking is sufficiently
large ( Mg » m° ), then the left neutrino mass comes out to
be sufficiently small.

In a simpleat SO(10) modil, if mixing is ignored, thf light

neutrino messes are m zﬂ*‘— my = —=- my = Me
o] e Mg ? Oﬂ Mg °* 2 ~ Ma .

Values of these masses do not contradict the cosmologicel pre-
dictions (EZmy < 65 ev) it Mg >10'° gev.

Our purpose is to consider the radiative corrections to the
matrix (1). .

Radiative corrections to the matrix (1) were considered
elsewhere too.

In meny works (see, e.g. [2] ) the radiative corrections %o
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
mess matrix (1) essuming no additionel particles or symmetries
in theory.

Neutrino obtaina a Dirac mass in the. SU(2), x SU(2)y* U(1)g.,

scheme owing to Yukawa interaction:

gL, Ple, (3)

where

L 2(:);_,,,1 ‘p:(gj -,111;/).' <5°>2+<’]°>z=(24BGeV)Z:



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

& majorans mass:

gRLTRCARL.,,, (4)
whexre
° 1At
Ay = y EA }<A°R>“’MR
54 av /

After acquiring vacuum expectation value (v.e.v.) by fielda
P and A , we obtain a neutriro mass matrix (1).

Radimtive corrections to metrix (1) are smell, O (gé/fﬁdtz),
therefore they are egmentiul only for the zero element of this
matrix, i.e. essentisl may be radiative corrsctions to the lert
rneutrino ness.

The left neutrino can obtain mass owing to the interaction
with the iiiggs fleld left triplet which ie absent in cur model.
But it can be constructad from doublets (2 x 2 = 3 + 1). Teking
into account the fact that the v.e.v. of the right triplet
breaks the (B~L) aymmetry, we can write out an effeciiva term

whose v.e.v. gives masa to the left neutrino:
eft
P(2.20)xP(2.2.0) * Ap(f 3.2) =4 (31.2)% ... (5)

Here fields are wriiten in the SU(2) * SU(2) » Y(1)g.,,

repressntation.

The diagrum which gives maea to the ieft uneutrino is ghown

in Fig.1.
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Tlo 11"'
If field @ is real, P =<"l' _;l-,,) , then this diegram can
be pregsented as & sum of two ordinary (without tails) diegrams

(Fig.2). In ihe first diagram we show a usual Salsm-Weinberg

M°+7°
Higge t son running slong the loop: Hgw =5 3 in the
<+ . v e " ’1"' ﬁo
cther cne - the Goldstone boson: "‘gDZd ol
H.:re the left neutrino mags is
¢ Memi Ma (6)
m, = . > bn ’
1812 Mg ~ my my

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

We rewrite (6) as follows:

2 2 2
m m? 1 m} 1 on Mo _ m® 1 my o Ma_
L™ Mg 82 <> _ﬁari muy Mg B8%% <Of mu . (7)
Y

With account of the radiative correction the light neutrino

mage is

o 2
o 1 e il ) 8
Fig.3 shows a region where depending na the Higgs boson
mags My and the »ight neutrino meas the radiative correction
to the neutrino mess may be larger than the tree approximation.

For example, at Mg = 1672 GeV the radietive correction is
larger than the tree approximation if my > 400 GeV.

The presence of sgeveral generations of neutrino does not
change the situation. The mess metrix of light neutrino looks

a3 follovs:
Y 4] -1 2 .
Jl;:j = fuiK(JuR >Ke Ren.ﬂl.“") ‘.9)



where

F4
{ m Mg,,.
HPn = Ogm (‘f t+ Ba? <TI_: ) Oam

I.)J',K,f,m,."l=1-2, 3.

Ogm is a matrix which diagonelizes che right neutrino mase
metrix Ug . M are eigenvalues of uatrix Julg .
R Rm &

© +
Consider now a case when field P is complex, (5- é;) .

which usually takes place. If we assume that there exists
only one light Higgs doublet q'=cosp~5+ sing 3 (<M =<=
= 175 GeV), then the other doublet, 1, = -5inﬁ'51'cosp}5
e mag8 of the order of (B-L) symnetry breaking and a zero v.e.v.
) <g°>
<n,> =0 (i.e. tgp-— 5% Y.

As 8 result we have the fecllowing neutral fields with

messes:
Hgofd = Tlfl‘?ﬂf_ mgogd =0
Haw = ﬂi%;li Mgw = My (10)
-7
Hy =77 My @ M, = M, ~ Mg
Ha __'_151_‘_2;_@_ Mi-Mi= A< (a-uy

‘liege all make a contributicn to the left neutrino msss
(Fig.4).

Hernce for the light pneutrince mass we have



__m’;zf_ff M g Me MR A AL Y
M= Mg |71 Bg2 <t Tt 3!3 7 ’*“'!5_, /J_ (1)
R

/

With accounti of several generations the mass matrix of leaft

neutrino has a form:

b 2 -1 2
‘{uij = U (fun )K? Bﬁﬂjujn )

where , 2
m Mg I ?n—:‘z'—m
_1__ _H_ ¢ m . e, ) _ R’
-’I"’Oem‘mz{quz " Mgﬁr”—f-[ 1+1_f_5_ ” (12)
MRe H
At tgpmo end min(Mgy,) < My <max (Mg, ) the matrix

Ben strongly differs from the unit cne. Hence, in this case the
light neutrino mixing matrix will chenge too, compared to the
usual "see-zaw" mechanism, Thugs, one should neceasarily teke
into account the radietive corrections to the neutrino meas
matrix (1) when dealing with models with two Higgs field doub-
lets where tgp) 10.

1t min (Mg, )> My, then metrix-Ben will be diagonel:

- ' -’T'I,.. Mﬂ = -
Ben=-1I+3g <1zf T lm't‘ﬂp 8" 1) (3

Here we have neglected the difference of masees Mg, . If

we require such fine tuning of legrangisn parameters that
i Ben l « i , then masges of all 1lignt neutrino will be
sirongly suppressed compared toc the ususl "see-saw" mechanisn.

Ir this case strong right currents may take place { MWn ~ 1 TeV).



In the latter case large maguetic transfer moments are
poasible in neutrino, and the problem of the lack of solar
neutrino can be solved. At the 3ame time the problem of too
rapid cooling of & supernova which took place in case of Dirac
neguirino nc longer arises,

Thus, the above analysis points out a necessity to take
intc account rediative correciions to the neutrino mess matrix.
Under certain conditions radietive corrections can greatly

affect neutrino masses and nlxing.

In conclusion, the authors would like to express their
gratitude to Z.G. Berezhiani, M. Vysotsky, 3.G. Matinyan and

K.A., Ter-Martirogssyan for the useful diacussions,
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Figure Captions

¥ig.1. 4 diagram that contributes to the left neutrino mass.
Fields are given in the SU(2) * SU(2)g* U(05¢ group
representation.

Fig.2., A diagram that contributea to the majorane mass

of left neutrinc in terms of ordinary fields.

¥ig.3. Arrows point out regions where a radiative correction
to the light neutrino masg is larger than the {tree

approximation { Ma and My, are measured in GeV),

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

in the presence of two Higge field dcublets in theory.
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