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ABSTRACT 

In the first Sec tion the properties of n eutrino 
decays , magnetic dipole momen t ) are studied in R-even 
R-odd N= 1 supersymmetric approach. It is shown that in 
SUSY models the mass of unstable 't -neutrino can be in 
following range : 1 MeV< m"'1: c: 35 MeV. 
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In the second Sect ion the viabil ity of the existenc e of 
light photino is studied in the N=2 SUSY model . The see saw 
mechanism is suggested for the light photino mass generation. 
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1 .  THE PROBLEMS OF NEUTRINO MASS AND DECAYS IN THE 
R-EVEN AND R-ODD MODELS OF N•1 SUPERSYMMETRY 

From the viewpoint of the naturalit;r of theory one 
might expect zero neutrino masses but , on the other hand, the 
masslessness a particle requires the exist19nce of a rigorous 
local gauge symmetry. Since such a symmetry :ts unknown in the 
case with n eutrino , one should not expect :tts mass to be zero 
either. According to the 1 s t  experiment co13ducted in 1 980 , 
which gave an evidence for a nonzero mass of electron antine­
utrino , 20 eV<m�< 45 eV. All other experime13tal results 1 )  
yield just the upper bounds on the values 1:>f masses for known 
neutrinos 

m ( �e ) < 18 eV 
m ("ll'C' )  < 35 MeV, 

m (\IJ-' ) L 15QK19V, 
m( .Je ) "- 27 eY. 

( 1 ) 

The data on the 2nd momentum of n eutrino �nission through the 
explosion of the Supernova 1 987A from Magellanic cloud regis­
trated with detectors Kamiokande II and IMJB do not contradict 
the idea on the existence of massive neutr:ino states ( ..Je ) in 
the 0 .-:: m .y < 20 ev2 ) range. 

Additional bounds on the masses of all sorts of neut­
rinos can be obtained by reffering to cosmc:>logical estimates. 
A universally recogn ized standard model giYing the true desc­
ription of the Universe evolution is considered to be the mo­
del of Big Bang (MBB ) .  According to the MBB estimates , the 
mass sum of all sorts of neutrinos does no·� exceed 1 00 eV. 
One should note that these cosmological bounds are no longer 
valid if neutrino decays sufficiently fast.. The MBB suggests 
that a stable neutrino is lighter than 100 eV or heavier 
4 GeV, while the mass of an unstable one may range for 1 00 eV 
to 4 GeV providing its lifetime satisfies 1�he condi tions3 )  

[mC �i )] 2't ( �i ) � 2 · 1 020 ev2 sec , if m(�i ) � 0 ( 1 ) MeV, 
( 2 )  

(m C -li )J -4't(� i )f,1 . 5 · 1 0-22 ev-4 sec , U m(�i h0( 1 )  MeV, 
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In the standard SU(2 )xU( 1 )  theory of electroweak int e­
rac tion s ,  � is massless because the simple h iggs structure 
of the theory leads to the global symmetry corresponding to 
the conservation of leptonic number. A massive neutrino ap­
pears unstable as a rule and therefore the study of possible 
ranges of neutrino mass becomes expedient from the viewpoint 
of cosmological bounds ( 2 ) .  In this light, it is suffic ient 
to study two and three-particle neutrino decay channels pos­
s ible in the extended versions of SM: 

( 3 )  

In the model of horizontal gauge int erac tions the de­
cay �i�3 �j due to flavour-changing neutral currents occuring 
at the tree level is possible. The estimate of the width for 
the �ecays -J/" -.. ..le�e�e and .,i't ...... �j..ik'1k (-..l t- -JJA..JiiJJ'A • -lf..Je� e ' 
�e vµ �? • �e �eJe ) together with experimental ( 1 )  and cosmolo­
gical bounds ( 2 ) yields the following bounds on the neutrino 
mass4 ) : m ( \l� )->90 MeV, m (-l't ) >70 MeV (for 11r *' 1  TeV) the for­
mer ones excluding decay modes ( 3 ) .  On the contrary , in the 
L-R symmetric SU( 2 ) LxSU( 2 )RxU( 1 )  gauge model the situation 
may vary, i . e . , the decay v't -. 3v is possible and the mass of 
�� can be observed in the 1 MeV�m<�c )<35 MeV range. 

If �-onic neutrino is heavier than 1 MeV, the decay 
\/'t � veee is possible.  

Applying cosmological bound ( 2 ) we obtain the follo­
wing lower bound on the vt mass : m(� ) >5 MeV. However , there 
exists an additional astrophysical constraint4 )  

'l'.( \\ ) < 103 7 104 sec ( 4 )  
on the decay ��- � j +e++e- and also on radiation decays, which 
brings the lower bound on the neutrino mass to m( ..J� ) > 10 MeV. 
It should be noted that condition ( 4 )  is a more stringent 
constraints than ( 2 ) on this and some other decays. 

The combined analysis carried out in ref. 4 )  in the 
light of cosmological and astrophysical constraints imposed 
on neutrino decays in the frames of the SM versions extended 
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nonsupersymmetrically leads to the following results : muon and 
electron n eutrinos should be light , m ( .Je )< 1 8  eV, m ( ../1-' )<_ 1 00 eV 
and 't -neutrino may be relatively heavy , i.. e. , its mass should 
lie in the MeV-energy range. 

Now , we s tudy the n eutrino propert:l.es , in the models 
of simple N=1  supergravity. 

As in the models of simple SUSY andl SUGRA the mass mat­
rix of scalar SUSY-particles (f, q )  has a nondiagona l form : 
not only particles mix in the generations but also do their 
left- and right handed s tates. Such mixings can enhance essen­
tially processes taking place with SUSY pe.rticle exchange in 
a loop, e.g. , radiative neutrino decays. 

The mass matrix of charged scalar leptons and scalar 
quarks have in N=1 supergravity the forms (m�2 

�m312mDT 
( 5 )  

where m£ is the mass matrix of ordinary charged leptons , mD -
ordinary quarks , mL , R "' m312 ( ( 5 )  is a 6x6 matrix ) .  It is not 
a problem to diagonalize matrix ( 5 ) .  Note that here we come 
accross the mass degeneration of scalar leptons over genera­
tions because m£ << m312• Besides , the flavour changing tran­
sition amplitudes are suppressed essentially. The situation 
can be remedied by introducing a right-handed n eutrino in 
which case the superpotential will contain additional terms 
hLHN and MNN (N is the supermultiplet of right-hand neutri­
nos ) .  The former coupling yields the D irac n eutrino mass �� 

�L-lRh<H0> and the latter yields the Majora:na one. As a result , 
following the mechanism of "see-saw" type 'one may construct 
a Maj orana neutrino of mass m 'I  � (m� ) 2/M and. a heavy right-han­
ded n eutrino of mass M. In this case the m;ass matrix of left­
handed scalar leptons will vary to take th1e form 

- + 2 + D D � �+ 2 D+ D � 

f 1Cm1 + me me + cm,, +m,) <:1 '.:< 21(m1 + cm" m..J ) �1, ( 6 )  
which provides a sufficien tly large differ.�nc e  between the 
masses of left-handed scalar leptons of di:t'ferent generations. 
Parameter C can be calculated by solving the system of renor-
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malization group equations for superpotential parameters. In 
our case,  we follow ref. 4 )  and use the value of c � 1 0-1 -1 0-2• 
With a right-handed neutrino introduced into the theory, one 
may have an illusion about an essential increase of the radi­
ative neutrino decay width ( see fig. 1 a ) .  However , the ampli­
tudes of the processes are still proport ional to the neutrino - - ,., D mass : the Yukawa coupling � RiLH is proport ional to m� . A phy-
sically light neutrino contains � R of weight mD/M and the 
trans it ion amplitude � - � t  is proportional to m�m�/M"m·�· 

a )  b )  
... 

w rF'' 
w /1 

" / " I 
--'I R / � L  � L  �L  - - ,/ 

l 1  l1 
Fig. 1 .  One-photon neutrino decay ( photon can be emit ted by 

any virtual particle ) .  

Mixing matric es of scalar leptons and scalar quarks 
have the forms6 )  

s s s s s s s s s (u 0 \ ; 

36 35 34 26 25 24 1 6  1 5 1 4  0 v }  
B "' P36P35P34P26P25P24P1 6P1 5P1 4  ( : �) -

Here V is the lepton mixing matrix and U diagonalizes m�. Sik 
and Pik diagonalizes ( approximately) block-diagonal eubmat­
rices 1-i,  2-i , 3-i ( i=4 , 5 ,  6 )  of scalar lepton and scalar quarks 
mass matrices. The mixing angles Pik are given by the formu-
lae 

tg2.i..i , J+j i , j = 1 , 2 , 3 ( 7 )  
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aij are the elements of the Kobayashi-Maskawa matrix. 
Let us get down to considering radiative neutrino de­

cays in the simple N=1 SUGRA model. The diagrams describing 
on one-photon neutrino decay are presen t ed in fig. 1 .  The de­
cay width is expressed as : 

where rnw is 
1 

F1 (x)=� ( 1 -x+x�nx ) , 
( 1 -x ) 2 

1 1 1 2 F2 (x)=  ( - - -x +x�nx ) .  
2 ( 1 -x )3 2 2 

( 8 )  

( 8 ' ) 

Functions F1 and F2 correspond to the con tributions 
from diagrams 1a and 1 b ,  respectively. Applying limitations 
( 2 ) ,  (4 ) to expression ( 8 )  we obtain tha t ,  depending upon the 
value of rnw• �t neutrino may be heavier than 1 5f20 MeV. As 
differed from the results of Section 1 of the reference6 ) , 
the N=1 SUGRA model allows a one-photon �-onic n eutrino decay 
with the value of m( v� )  ranging from 20 MeV<m(�� )<35 MeV. 

It would be quite interest ing to consider the problem 
of n eutrino mass origin in supersymmetric :models with R-pa­
rity breaking R= (-1 ) 2S+JB+L , where S is spin�  B is the baryo­
nic number and L is the leptonic one. If R-·number is conserved , 
lightest supersymmetric particle ( LSP) is stable. In theories 
with R-parity violated, LSP decays into ordinary particles , 
for example ,  if m�=>m� , 'f - 'lf;. R parity can be violated spon­
taneously by providing scalar n eutrinos with nonzero vacuum 
expectation values and/or/by adding terms violating the lep­
tonic number into the superpotential. In these models , neut­
rino mixing with neutral Higgsino , gaugino ("1.-(- 'frf-...- H2 ...... z) 
takes place and if photino is a sufficiently light particle 
m- N m,, , mixing .,i -.  t may prove to be rather s trong 7 )

. There-t ' ' 

fore radiative neutrino decays ( see figs . 2 , 3 )  are enhanced in 
R-odd SUSY models. Though the mixing angleis of neutrinos with 
neutral gauginos , left- and right-handed s•:ialar particles 
( leptons , quarks ) are small ,  radiative n eutrino decays are 
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enhanced essen t ially because the GIM mechanism is not  valid 
and the transition amplitudes become proportional to the mas­
ses of virtual particles. In the R-odd theory , the width of 
an one-photon decay has the form? ) ( Fig. 2 ) :  

... \ r 

le q ) 

' / 
/ 

-- -

l1«i'1 > JR( qR ) 
Fig. 2. One-photon n eutrino decay in R-odd supersymmetry < t  

is a photino ) .  

With astrophysical limitation ( 4 )  applied , this yields 
the following lower bound on the n eutrino mass : m ..,  7 1  MeV. 

-1 ( C'llf �10 ) .  
If photino is lighter than neutrino , then R-odd super­

symmetry allows the decay r.) i -... r t  ( s ee fig. 3 )  having the width 

l.( q ) 

Applying the same astrophysical limitation ( 4 )  to formula 
( 10 )  we obtain the lower bound on the n eutrino mass of about 
1 MeV ( C-if ""10-2 ) .  
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SUSY allows new possible neutrino decay channels ( see figs. 1 ,  
2 , 3 ) ,  in which 1 MeV < m(..J't ) <. 35 MeV. The i•ight-handed neutri­
no introduced into in N=1 SUGRA, removes degeneration of' the 
masses of charged scalar leptons and there1f'ore the width of' 
radiative decays increases b ecause the GIM mechanism does not 
work any longer. As a result , the �� mass can still lie in 
the MeV range, 20 MeV < m(� ) < 35 MeV and , correspondingly, 
the V-t can decays into .JI" ,e 1) • In R-odd SUSY models , the lo­
wer bound on the vt mass can be brought d0>wn to 1 MeV. Mixing 
between neutrinos and photinos , left- and right-handed scalar 
SUSY particles ( i, q) enhances strongly ne·utrino radiative 
decays because the GIM does not work and the transition ampli­
tudes become proportional to the masses of' virtual particles. 

Figure 2 presents the diagrams contributing into the 
neutrino magnetic dipole moment (mdm ) in R-odd SUSY. Due to 
the mixing between left- and right-handed mass states of sca­
lar SUSY-particles the value of the neutrino mdm is suffici­
ently large 

2 GFemq � 
f = C�'V'(BiaBiaF 1 (xa ) )  

2.J2r.2 m2 � q 
its maximum value being f "'  10.-1 2710-1 3  fB• 

2. THE SYMMETRIES OF N=2 SUPERSYMMETRIC MODELS 
AND THE MASS OF LIGHTEST SUSY PARTICLE 

( 1 1  ) 

The conclusions of previous chapter about v.r-mass in 
R-odd N=1 SUSY model was highly connected to the fact that 
photino ( the LSP ) was light enough, m � << 1  GeV, or at least � N m �  � 1 GeV, because only in this case the big mixing of' v-r-t 

t' is poss ible.  It is very difficult to obtain the low-mass pho-
tino in N=1 SUSY theories without fine tuning. In this chap­
ter we will try to solve this problem by building the "see 
saw" mechanism for photino mass in N=2 SUSY theory. 
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Let us consider N=2 SUSY theories construct ed from vec­
tor multiplets (gauge superfields ) and hypermult iplets ( mat­
ter and Higgs superfields ) .  In terms of Na1 supersymrnetry, 
the vector multiplet contain s  vector V -::> (Al'- ,  A.) and chiral 
CF� (M, � )  superfields transforming as adj oint representation 
of gauge group , the hypermult iplet is construc ted from two 

,... ,.., 
chiral superfields X :>  (x,  X) and Y ::i. (y,  Y) ( bosonic components 
are given first in parenthesis )8 > . Let the R-charge of super­
fied <p be 1 /2. Than for X and Y R-charges one has the relati-

"' ..., 
on Rx+Ry"'1 /2. 

In the N=2 supersymrnetric extension of Standard Model 
it is difficult to obtain the real istic spec trum of fermionic 
matter, and commonly , to make the mirror fermions heavy eno­
ugh , not to contradict the experimental limitations in the mo­
dels with N=2 superfield content given in present paper this 
difficulty is due to the fac t ,  that fermionic matter fields 
are singlets under the transformat ions of internal SU( 2 )­
group. 

The extension of gauge group is a way of the solution 
of fermion mass problem. For example ,  the extension of elect­
roweak group to SU( 4 )xU( 1 )  makes it possible to construct the 
lagrangian , in which the ordinary and mirror matter is in one 
representation. This allows to give the tree-level masses to 
fermions spontaneously, by VEVs of scalar field M9 > . 

Let us consider how the masses of gauginos will arise 
in such a theory. In the terms of N=1 superfields given below 
V( 1 5 , 0 ) ; V 1 ( 1 , 0 ) ; � ( 1 5 , 0 ) ;  qi>' ( 1 , 0 )  - gauge fields ; 

L 
( - ) ; 
L '  

- 1 
y ( 4 , - ) L 2 

L '  
= ( - ) - matter fields , 

L 

- 1 
Y2( 4 ,  - - )  - Higgs fields 

2 
( L  and L denote SU( 2 ) 1 and SU( 2 )R doublets , while L '  and L '  -
corresponding mirror doublets ) the N=2 supersymrnetric lagran­
gian will have the form : 
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L = [..2._TrWW + i -./2g Y!Xl + h. c. 
Sg2 F 

+ [ 2Tr<J,+e2gV'Jbe-2gV + x+e2gVX + y+e-2gv\]
D

. ( 1 2 )  

The internal symmetry group of N=2 lagranf:ian ( 1 2 )  is larger ,  
than the N=1 one , including the group SU(�· )xU( 1 )R (where 
U( 1 )R is the R-invariance ) .  In addit ion N=:2 theories posess 
the following discrete symmetries : ( i )  R-parity, determined 
in chapter 1 ,  ( ii )  the mirror interchange symmetry x � Y, 'f'­
- PT , v- -VT. ( iii ) Mirror symmetry. As ordinary and mirror 
matter in SU(4 )xU( 1 )  theory is in the same representation , 
the transformations under M-parity will have the following 
f "' 2JTi t JR ""' -21rit JR orm : .,.. - e ":t"" e 

1 where tJR= 2diag( 0 , 0 , 1 , - 1 ) .  
I n  table 1 w e  list the M-quan tum numbers and i n  table 2 

the R-numbers of superfields under consideration � 
Table 1 .  The M quantum numbers of superfields 

Table 2.  R-parities of component fields 
R 

'V � Al' M x y X1 : 2 y1 : 2 + 

.A q_> x y X1 • 2 y1 ; 2  -

We have used the following notation � -�: 
larly for v. 

<pB) cpD 
and simi-

And finally the attractive property of N=2 SUSY theory 
is the fac t , that it can be made finit e by choosing matter 
field representations so , that the conditii::m c2 ( G )• �T ( t�) 
be satisfied. Here G is the gauge group wi'th generators t ,  
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6 is the index of representation , T ( t� )Sij = Tr( t!tf) ,  and 
cJG) oit• fijkf ijk ( figk are the group structure constants ) .  
Note , that the consideration of quark sector ( and gauge gro­
up SU( 3 )  xSU(4 )xU( 1 )) makes the theory under consideration c finite.  

There are five types of soft-SUSY breaking operators 
the adding of which to lagrangian ( 1 2 )  does not destroy the 
finiteness of theory : 
1 )  SUSY mass terms : m4Tr ['P 2]F ; [xiyj1F ; [xixj}F ; 
2 )  scalar masses [xixj1 A+h. c . ; Tr [q> 2}A+ h. c. ; 

) + r - +- Q. ... ,.., 
3 the set of scalar mass terms d.M M+ iXiXi+Yiyiyi such that 

-c1.= /.j_+t:. ; 
4 ) followin� operators - �mAA - {2 img �YiMXi+h. c. - lm l 2M+M;  
5 )  trilinear scalar couplings 

ijk � - "' "'+ �+ �+ ijk .� - - - + ·+- + k (XiXjXk + YiYj Yk ) + h . c . ; k '  (XiXj Yk+YiYjXk )+h.c.  

with restrict ions given in  references9 • 1 0 > . 
In order to obtain the realistic fermion mass spectrum 

let us add to lagrangian ( 1 2 )  the soft SUSY-breaking mass 
terms of type 1 ,  breaking N=2 SUSY, and of type 3 ,  breaking 
supersymmetry completely. This terms will give the following 
contributions to the scalar potential of model 

( i•1 , 2 )  ( 1 3 )  

This potential will induce the VEVs of Higgs scalars and 
field �· Let the non-z:ro VEVs be <�1 ) 1 cv1 ; (X2 ) 2=v2 ; (Y1 ) 3= 
•V1 ; ( Y2 )4=V2 < M1 3) 0=v1 ; <M247 0 = v2• We will use further 
the notation gV2= MR. As the value of v determines the masses 
of YI and Z bosons , while V determines the scale of SU( 2 )R 
breaking, it is natural set up the following hierarchy / v/ c< 
« / v i < <  J V / . 

The finiteness of theory allows one to give masses to 
LSP radiat ively,  without adit ion of soft mass terms of type 4. 
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In addition , in N=2 SUSY�theories there is a possibility o:f 
spontaneous breaking of R-syrnmetry, by nonzero VEVs o:f mirror 
scalar gauge bosons M. 

We will try to obtain the low-mass photino by "see 
saw" mechanism in the N•2 SUSY model , assuming that it is LSP. 
In such theories the new energy scale can arise ,  which is 
connec ted with the breaking of internal global SU( 2 )  symmetry. 

In the model under consideration W1e call "photino" 
the :following comb ination o:f gauginos : 

where : 

sintp • g '  

Jg2+g ' 2  
sin e .  g ' 

/g2+2g ' 2 

The mass terms for photino will ar:Lse due to the one­
loop diagrams. 

Let us consider different cases : 
( i )  Let the main contributions to photino mass matrix 

come from diagrams with lepton exchange. In this case the 
mass matrix will have the form 

L = - <):t' '¥ ' i2 > 
m 

whero \V• ;. [::::::: :] • 

e2
1\:in2�:2 

2.Jr2 M1 

a b 

b �1 
2 

0 
gV2 

2 

0 J. t  
gV,, 

<- 'l1 ( 14 ) 
2 

0 x2 



,.., 
egme M 

b=- ln ...1 4 
a�21f 2 M3 

( 1 5 )  

can b e  obtained from sin2 J.f by replacing .e � e 
m m 

f'J/ 
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In eq. ( 1 5 )  M1 , 2 , 3 , 4  are the mass eigenvalues obtained 
after diagonalization of mass matrix of ordinary and mirror 
scalar leptons. The elements of mass matrix in ( 1 4 )  were cal-

"' ,., 
culated in the approximation m ,  m ,  M >? m4n

>> mt . In eq. ( 1 5 )  

a is the contribution from diagram given on fig. 4 ( the mi­
xing of left- and right-handed scalar leptons is due to the 
VEV of field M see eq. ( 1 3 ) ), while b is the contribution 

· from diagram on fig. 5.  

\ I 
........ / 

tLtt:�*" ll>.(lwiR) 
Fig. 4 .  D iagram for photino 

mass. 

\ 
........ / 

tl,t ( l'tvl1.. ,R) 
Fig. 5.  Diagram for phot ino­

gaugino mixing. 

The diagonalization of mass matrix- ( 1 4 )  gives the following 
results:  the light fermion which is almost photino is the 
combination 



3 1 0  

1 [ sin2t111 <m: + �) - cos21f1 ( 2am4 
A

0= N Ax-+2bm4--------------- � 
(m� + � ) ( 2am4 + M� ) 

2 2 � 

bm4sin2�1 Cm4 + 2MR ) j 
- x 

2 2 2 2 
( m4 + MR ) ( 2am4 + MR ) 

with mass 

f o = a -

eigenvalue 
2 2 2cos 1f

1
b m4 

2 + M? m4 - 1{  
+ 

1 /N  is the normalization coefficient and ain 

( 1 6 ) 

( 1 7 )  

2� 
2� = - -=======-1 Jm2+4M2 

4 R 
Let us perform some numerical estimates fe>r illustration. When 
choosing mass parameters , we mus t take in1;o accoun t ,  that 
they mus t  satisfy the equation s :  

( 18 )  

( 1 9 ) 

comming from the minimization of scalar pc1tential of model. 
If the main con tributions to matriJ: ( 14 )  come from 

diagrams with electron exchange. with the following values 
for mass paramet ers : m =0. 5  MeV, m.t = 1 00 GeV, m4=�·1 TeV, 

m 
i2 , 4=3 , 4 TeV, M

1 , 3
=J TeV, than the eq. ( 1 7 )  transforms into a 

2 2 m2 e g  lm 2 m 
f ,,,_ __ -- �n - ( 20 )  0 

736Ji4 � � 
giving �0

=100 eV. 
If the dominant diagrams for photir.:o mass are the ones 

with t:-lepton exchange , than assuming that mt: =1800 MeV and '=100 GeV (other parameters are as in pr·evious case ) one 
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gets fo•0. 2 MeV; 
( ii )  If the main contributions to photino mass are from 

diagrams with quark exchanges ,  than photino will mix with ga­
ugino f5_i4 and higgsino x1 as well. So the resulting mass 
matrix will be of dimension 5x5. But if the t-quark diag­
rams are the dominant ones , neglecting b-quark contributions,  
the mass matrix will be reduced to the old 3x3 matrix ( 14 )  
replacing <p 1 2_i 1 1  -'"> �  5_i4 , x2 ...... x1 and V 2 ...... v 1 • If mt=60 GeV 
and mt =200 GeV (other parameters are the same ) the photino 

m 
mass will be ro=3 MeV. 

( iii ) If it would be possible to take the masses of 
mirror fermions heavy enough ( "' 0 ( 1 TeV) ) ,  than due to the 
radiative mechanism considered in present paper, the photino 
mass may turn out to be in GeV range. For example , if mt= 
=60 GeV, mtm

=2 TeV, m4 ,..., MR = 20 TeV, M1 , 2 , 3 , 4�J TeV and as-

suming that the main contribution to photino mass comes from 
t-quark loop, one obtains �0=2 GeV. But in the SU(4 )xU( 1 )  mo­
del it is impossible to obtain such a high scale mirror fer­
mion masses. As the VEVs of field M giving masses to mirror 
fermions , at the same time break the gauge group SU(4 )xU( 1 )  
down to U( 1 )EM' the masses of these mirror fermions are re­
lated to W-b�son masses9 ) : � +m� ·� 2�� . where f =1 when M-

m m 
parity is unbroken and j = 1 .  5 for models with broken M-pa-
ri ty. Therefore , if one wants to obtain heavy mirror fermi­
ons ,  the considered SU(4 )xU( 1 )  model must be generalized , 
say, in the frames of gauge group with bigger rank, for exam­
ple , E7 coming from D=1 0  heterotic string compactifications 
on Calabi-Yau manifold (or orbifolds ) with SU( 2 )-group of ho­
holonomy ( or discrete subgroup of SU( 2 ) ) .  
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