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INTRODUCTION 

It is wide1y believed that superstrings c-an provide a con
sistent quantum theory of al1 fundamental inferactions, inclu
ding gravitation. Noticeable progress is made in this fie1d, 
and some definite contours of a future theory are already 
out1ined. Now it seems that the most rea1istic scheme is the 
E 8 x Es heterotic s t r i ng theory in ten dime'nsions 111 • 

An effective fDur-dimensiona1 theory can be obtairted from 
a ten-dimensional one by compactification on the Ca1abi-Yau 
manifo1d /2/. In this case the gauge ~roup Es x Es is reduced 
down to E8 x Ee , E 8 )( SOlO or E 8 x SU õ ,4/ and N = lsupersym
metry is conserved. 

A11 observed partic1es be10ng to the sing1et representation 
of the unbroken ES-gauge group~Threfore its gauge fie1ds in
teract wi t h ob servab l e p ar t i c l.e s by me.ans ofgravitation alone 
and form a dark sector of matter.This 1eads to the four-dimen
siona1 N = 1 supersymrnetric theory with EB or SOlO' SU 5 g~uge 

groups. We wi11 ~onsider tne theory with the E 6- gauge group~ 

This group was ear1ier considered .as, a basis of the old Grand 
Unified modelo The supe-r s t r i ng version of the EB-model dif 
fers in many aspects from such approach to unification; it has 
a more regid f r arne, For .examp l e , ch i r a l superfie1ds on1y be
Long to the f o l l owi ng E6- mu1t i p1e t s /2/ 

( 1) n r CZl + b 1. 1 (27 H + 27H) + 7, 

where n r= X/2 is the number .of a .pa r t i c l e generations, X and 
b l , 1 are the Euler characteristic and the Betti-Hodge number 
of the Ca1abi-Yau manifo1d. 

A phys ica11y acceptab 1e picture be l ow t he compac tificat ion 
sca1e can be obtained if the compact manifold is non-simply 
connected. Usua11y, one c on s i.d e r s quotient manifo1ds K = Ko/G, 
wh'ere K·o i s the s i.mp-l y c ormec ted manifo1d and G is i ts free1y 
acting discrete synnnetry group. The Euler character'Ístic of 
K is X(K) =)( (K O) /n(O) • 'n(G) being the number of elements 
of G. 

This is very important, since va1ues of X 'for the we11
known simp1y connected Ca1abi-Yau manifo1ds are toa 1arge 

Dtn,\:í1'hu( ,I, ,di .. t, '~TY'f \ 
flt1"'''jH'~',~ Uf :' !' M.lllfH;~~Q 

6~'*Sllh~~..TEHp.\ 
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(~100), which leads to an unacceptably large number of gene
rations. 

Gompactification on multiply connected manifolds provides 
a new type of gauge symmetry breaking - flux breaking caused 
by topologically nontrivial configurations of gauge fields/ 3 / • 

Topology of the compactmanifold K determines many other 
important properties of the 4-dimensional theory. Only some 
of these properties have been studied now and they make super
string phenomenology rather restrictive. 

Some questions arise: does this scheme describe the well 
known experimental and cosrnological facts? Is it po s s í.bI'e to 
solve problems which are not solved in Standard Model and' in 
Grand Unified models? Now many papers are devoted to these 
que s.t ions /&~;10/ • 

'N~utrino mqSS problem is one of the most complicated prob
lems for superstring in~pired models. In particular, it ís 
diffi<::ult to bring weak nnive.rsality into line with the small 
neutrino mass. A well-known "see-saw" mechanism /11,12/ is in
valíd in this case/9 / . There are some approaches to this prob
lem: 

I. to take into account non-renormalizable terms like/13 / 
1- 

-	 27 x 27 x ,27H x 27 H ' 
Me, , 

2.	 to use neutral gaugino, corresponsing to B-L-symmetry 
to forro A(B-L}= lDirac mass .te rm /14/,. 

3. to take into account the Yukawa Ínteractions with the 
- ~6- sínglet field 115,16/ 

r . 27 x, 27H x 1I 

4.	 to generate the neutrino mass in a high order of per
turbation theory /17/ . 

The problem Df an additional neutral lepton ís in close rela
tion with the neuttino mass problem. During the last years 
such leptons have been searched for at various experimental 
facilities /18/. In this paper we ~onsider the neutrino mass 
problem and a possibility of existence Df an acfditional light 
neutral lepton within the framework of the superstring inspi

with the intermediate energy scale. Our approachred E6-model 
differs from the above-mentioned one by a maximum wide sector 
af neutraI fields far one generation. The non-renormaliz~ble 

terms fields are not used.and 'E6-singlet
It is shown that the mass matrix of neutral fermions consis

tent wíth weak universality does not exclude existence of an 
additional neutral lepton 'witha mass of tens or hundreds MeV. 

2 

Neutrino appears to be a Majorana particle with a m~ss close 
to zero. More exact quantitative estimation of these masses 
is very difficul t becaus e o f large uncert aint I.e.s produced by 
compactification of the ten-dimensionaI theory. 

We neglect the mixing of neutral fermions which belong to 
different generations. To take it into account is very diffi 
cult from the technical point of view. On the other hand, no 
unambiguous. prediction of this effects fram superstring i5 
known. 

The paper is organized as follows. 
Section I is devoted to some aspcc t s o f: superstring phe

nomenology. Tke mass term of the initial Lagrahgian is discus
sed in Sect.2. The mass sp~ctrurn of neutral'particles has been 
obtained by means of diagonalization of the mass matrix. 

Some possibilities of experimental observation of neutral 
fermions are considered in Sect.3. 

I.	 HIERARCHY OF SYMMETRIES A~ SET OF FIELDS 

Let us consider some questions of superstring phenomenolo
gy ditectrly related to determining the mass matrix of neutral 
fermions. 

An important part of superstring models is topological sym
metry breaking at the compactificatíon scale Me. This effect 
is due to topologically non-trivial vacuum configurations of 
gauge fields Am on the multiply connected manifold K = Ko/G. 
It í s t he sub group j'[ C Ee satisfying the cond t on /12/í í 

['~ ~ Ug T = 0,	 (2) 

where 

U g = .p exp ti rAm,dx ml , g <;. G	 (3) 

that remains unbroken. 
The condition Fmn = o is fulfilled for fields Am• Integra-

t ion was carried out over the Loop s on K which are not cont r ac-: 
table to a points. 

If G is an Abelian group, @has the rank 6; if it is non
Abelian, the rank is 5/ 4 / • In this paper we consider a case 
with the subgroup of rank 6 

E	 ':)§ = SU x SU SU x U xU 1R • 
(4 )

S ac 2 Lx 2 R 1L 
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(, 

Here the e1ectric charge operator has the form 

1 
Q = 13L+ 13 R + "2(Y L + Y R ) • 

The ind~x theorem app1ied to the Dirac operator on th€ ma
nifo1d K guarantees mass1essness of alI fie1ds of 27-p1ets 
in formula (I) 114/. At the same time some 27H and 27H fields 
get a 1arge mass Mc due to topo10gica1 symmetry breaking and 
decoup1e from the observed spectrum. The index theorem on1y 
demands that the r~~ained 1ight fid1s shou1d be present in 
combina t ion 27H + 27H • Then 1 igh t componen t sare usua11y re
garded as Higgs fie1ds; they ensure spontaneous breaking of 
the gauge group ~ accorrling to the scheme. 

~ - Su sC x SU 2L x U ( x U 1 ) -} SU3 C x U ~ m • (5 )
M lY )( mF 

I 

Here M - 10 11 GeV and fi F - 10 2 GeV are the intermediate /20/1 
and Fermi sca1es. is the possib1e gauge extra factor.U1X 

From the point of view of the hierarchy prob1em supersym
metry breaking at th~ scale M1 is inadmissib1e. To preserve 
it be10w M

I , vacuum expectation va1ues must comp1y with the 
fo110wing condition: 

<27H > = <27 H > . 

It ensures that the D-term in tbe scalar potentia1 is equa1 
to zero. 

Since this paper is aimed at considering the mass matrix 
of neutra1 fermi6ns in the most general form we sha11 proce
ed from the maximum wide Higgs sector, which wi11 inc1ude 
alI e1ectroneutra1 co10ur1ess fie1ds of 27. 

In order to determin the members of the 27-p1et we show its 
[ SO SU] con tent s /19/10' 5 . 

27 = [1n, IO] + [I 6 , S] + 1I6 , I] + [ IO, 5 J + [Io,5] + [t', I J, ( 6 ) 

where 

[16,IOJ; (u , d) == Q, U 
c ,e + , 

LI6,5] : {v, e-) == L, d C, 
l 

[16,1],: v c, (7 )
 
c .+


[10,5J .: D, (N ,E') ==E, 

[-10,5J : OC,(N, E-) == E'C, 

[ I , I J : S 

I 

Here D is the exotic quark and E,E C are the .exot í.c 1epton 
doub1ets. 

We ob-tain a general form of the superpo-tential in the 
mode1 under consideration 

P = fiQQD édCD C+ rsuCDe Co++ r2u 

+ L (r(i) L E Ce C + r(i) Q uCE :+- r (1) Q dC E~ + 
. k 1 i '2 -l 3 1 (8)

i , J,
 

+ r (1) Q D CL + r (ljk) L. E v c + r (tjk) E -E ~S +
 
4 i 1 lj k 2 iJk 

f (ijk) d C D C + r (ijit) D D c S)
+:3 1 j IIk 4í] k • 

Surrnnation is made over i , i-, k == (H,N) == (f i e Ld-s of 27
H

, 

fie1ds of 27). The Higgs supe r f ieLd s are 

11H ' 11~ ,NH', N~ , SH 

and their mirrar partners 

v* C* N * NO'" S*
JH ' v H ~ H' fi H' 

The sca1ar cDmponents 01 th~se superfields deve10p non-zero 
va cuum expection values -andensure symme t ry b r eak ng (5).í 

Quantum numb e r's for the subgroup ,~) E -s (s e e (4)) for a I I 
c l ec t roneut r aI -f i-el d s o f the mode I are Li.s t ed in Tab Le 1. 

Table 1 
Quantum numbers -of neut.nal. fermions fr'om the 2?-rplet of Eé 
in the eubqnoup SU3C x SU 2R x SU-2L x Un, x U 1R 

Fie1ds 12L "L2R YL Y'R 

v 1/2 O -1/3 -2/3 

lI 
C 

O -1/2 'L/3 1/3 

N 1/2 -1/2 -1/3 113 

N 
C -1/2 1/2 -1/3 1/3 

S O Ü 2/3 -2/3 

5 4 



2. MASS· ~~TRIX OF NEUTRAL FERMIONS 

In this paper we shall confine ourselves to consideration 
of the mass. matrix within one generation. 

In this case the model contains 14 neutral fermions which 
can mix with one another. They are in the following multiplets: 

v, v o, N, NO ,8 : 27-plet of matter 

. 27-plet of higgsino (9)vil' v ~ , NH ' N ~, S H : 

À iR : 7B-plet of gauginoÀ;L' À~ R ' À 1 L, , 

To o&ta~n the mass matrix of these fields we shall proceed 
from the iollowing mass term in Lagrangian of the model: 

L m = L(27 a) + L (27 x 78 x 27) + L (78 2) • (10) 

L(27 3 ) can be determined from superpotential (8). It is 
a usua I Yukawa contribution of the type t/J x t/J x <H>, where ljJ 
ar e- the fermion fields from 27 and 27H , H is the Higgs s cal ar . 

The second and the third terms describe the gauf,ino inte
ractionp and sof~ supersymmetry breaking respectively. They 
have t};1e form 

-- 1 ...
LC27 x 78 x 27) = --=- g2L· À~L· (v <v~ > + 

y!2 H ' 

... C "'c* 1 C ... 0* 
+ NH<NH> - NH <NR> - -:== g2R\OR (vH <v H > +

vZ 
+ NR<N~ > - N~< Ni*» + 

(rt) 
'-2 (1 ... * 2 é "'0*l.+ V g p. Ac1L • \'-' - V <v > + - v <v > 

.IJ aR H 3. H H 

1 ... 1 c ~~ * 2 .... 
- -- N <No *:> --N.e <NO> + -- g <S * :>.)' +a. Ir H 3 H H 3 H R 

,- . (2 ... 1 c ~ c* 
+ V 2 g lR· X1R • '- - "n <v H *> + - v < 11 >-F3 3: H· H 

1 ~~. 1 .. ... c* 2' .... 
+ _ N <N * >- + .-.:..N·o . <N' j. - - SH <8-* > ). ,

3 H fi 3- H H 3 H 

6 

.' 

L(7S 2) = O (l)À~L • À~L + 0,2) À2R ' À~R + Q(3) À ' À -tO(4):À1R:À1R. (12)
i L 1L

The mass matrix of the neutraI fermions can be obtaíned 
from. these formulae. Tn get information on the mass spectrum 
one should estimate matrix eIements .. Since SU2L -singlet Higgs 
fields break symmetry at the scale M1 , we shal1 consider ~hat 

....c'" 11
E<v >.",r<S >.",M 1 .", l Q CeVo (J 3)

a H 

The vacuurnexpectation values and Yukawa coupling constants 
which correpond to Higgs fields breaking symmetry;SU 2L-doublet 
at the Fermi scale can be estimated onthe basis of mass for
mulae for the &-bozon and the u-quark 

"'0 2 
M z .",Z == g.. 2L,<N H> o::< 10 GeV, (14 } 

mil"" m == r <N ~ > .", 10-2 GeV. ( 15) 

For the further calculation of the spectrum we shall admit " the following 

, I""(i) G r 1 c:: r, g 2R"" g 2L .", g 1L .", g 1R::::: g, U f=., 

- "'c -2r<v >""r<N >:::::f<N GeV,H H"H>.",m.",10 , 

g<v >.",g<NH>=oIg,<N~>.",Z~102 GeV,
H 

... c -- g 10 15 Gg,<v >::::: g<S >.",A == -M 1 ""eV.
H H r 

The last relation is obtained fFom (13) with allowance for 
(14} and (15). The mass matrix obtained from (B), (lt), (12) 
in this approximation coinsides with the matrix written in 
Table 2 at f3. = a = 1. The mean í.ng of a and f3 will be clear a bit 
later. 

The mass spectrum of neutral fermions corresponds to eigen
values of this matrix, i.e. to ~olntions af the equation 

(1-7)det IM - À I I :::: O• 

It is obvious that the neutrino should be searched far 
among the eigen-vectors with zero eigenvalues' (or those close 
to zero). The matrix under consideration has a high 'degree Df 
syrnmetry, which is manifested in equality of different matrix 
elements. This symmetry is however an approximate one. Its 

'1 



Table 2.	 where 
Elements of the mas~ matrix Mof neutral fermions. The
 
table lists non~zero matrix elements above main diagonal f~ = (v ,v 

C 
,N, N

C 
, S, Vg'V~ ,NH,N'~,SH' À~L ,À~~,ÀIL,ÀIR) (20)
 

.1(i Jj ) 
•»; ,li ~ j) 

..
JU

c.J
.. (LJj) 

,A 

JU ij «.» ... 
)j ii 

V, p( 
V,}/c 

~ VH 
C 

V, IVH ' 

V~ NC 

V~ V.. 
li' ",Co 

' H 

ti,',." 

N.S 
11.1/:' 

, 11, S.. 

-Lm 

d.-fJJ 

J.m 

J.-1JU 

oLvn 

m 
m 

JU 

rYl 

lIA 

m 

" N:S 
AI; V -H 

IV' ,J.C
) H 

N~ J/H 

N~ SH 

5,WH 

S,N: 

V VH
C 

H , 

V" ,N; 

VH,~'lL. 

V nU,H, 

VYI 

vIU 

m' 

u 
m 

m 

m 

m 

JU 

Z/~ 

-2'l/3 

J/H) ~IL 
c MeJ/u , H 

VH
C 
,i\2i 

'lHe. í\IR 

VH 
C 

, i'~t. 
CNH,Wti 

NH,SK 

-AlH,'~l( 

IV,. ,~1L 

NH, ~fA 

NH• a(L. 

-Z/3 
m. 

-A/2 
A/3 

2A/3 

JU 

YYl 

-Z/2.. 
Z/2' 
2/3 

'~ 7}/3 

'toNIIJSH 

W~ I i\21 

Nu'} i\2L 

N,.C, il1R 

M.,~ 

ílfl. 

SM, ai R 

SH •~fL. 

rt1l Jit l ll 

~1l.illt. 

.í\Jl R, ~2' 

i\2L,R2L 

m 

Z/2 
-2/2 

Z/3 
- Z/3 
-2A/3 

2A/3 

G 

G 

G 
G	 

are current fields . 

1 
At the same time uhiversality of weak interactions !21/ and 

experiméntal data on the matri~ element of neutrinú mixing 
with neutral Lep t on s lIa! 

I-U j 2 < 10 -8 vn ....	 (21) 

imposes limits on states corresponding to the neutrino 

I1 2. -8 2 1 2 O -8 .f2 2 ) Xl == 1 - -IUvnI ~ 1 - 10 , I. X k == U SI. ,
2 k==2 v n 

These conditions cannot be fulfilled for fields (19~. This 
rneans that, ~he above-mentioned approximate syrnmetry' of the 
mass matrix is broken. The breakdown must ensure at least 
fulfillment of conditions (22). Let us intrnduce the parametet 
a ~ 10 3 in matrix. Then, as the solution of equations (18) 
shows, conditions (22) will be fulfilled for each of the two 
massless states which are still present in the spectrum. Each 
state can be regarded as a neutrino. 

However, t he r-e is only one neu t ríno per gene r ation , There
fore one must eliminate degeneration.o.f the zero mass leveI, 
so that only one massless state sàtisfying (22) remained. The 
minimal complication of mass matrix leading to the necessary 
resul t i s to introduce the parameter f31- 1 (Tabl.e 2). 

Thus we obtain a mass matrix yielding one massless neutri 
no. Its masslessness is the result of approximations (16). 
This implies a conclusion that"the model under conaideration 
allows a light, perhaps massless, neutrino. More accurate 
calculations of its mass are possible after refining the va~ 

lues of matrix elements. It is a separate problem which is not 
accuracy does not exceed the accuracy of approximations (16).	 ! solved yet because of its d i f f ecu Lt.y .• 

IAs a consequence of the symmetry, the mass matrix has two ze Solution of the equa~iort (17) for mass matrix leads to the 
ro eigenvalues. The corresponding two-dimensional subspace of following mass spectrum of neutral fermions 
eigenvectors X is characterised by the relation Xl =X8=X 9=~. ,il

-. mv == m (I) ~ (), m(2) "" _ 2 (m 21M) :::I 10 -8 eV , This follows from the solution of the set of equations 

m n = m(3) ::::: m (1 - (3)U ::::: m ... 10 -2 GeV , m (4)::< Z "" 1O2 aeV , (23 ){M - À(1) I) X(1) == O , IX(1) l 2 = I , i == 1,2, ••., 14. (18) 

~(5,'6) == ±am-Ç" ... ±arn::< 10 2 csv , m(7,8):::::-!(O±v0 2 + ~Z2a2 ~ 
Ther~f~e physical massless fields have the forrn -	 2 

Ph. X 00 N C	 m(9,IO)llII.± ~a:::::"10SOeV, m(11,12) ... ±M:::I ±101.1 a eV , v == k (,k = CV + cVg + c H + ..• ,	 (19) 
m(13,14t ±A :::::±10 16 GeV, 

8	 9 



where	 qua Li t a t i.ve Ly change when values of parame t er s a , {:3, M , m , Z 
vary within three orders. 

2/(3a2(a 2 + 4)(1 = [(a 2 +:5) a	 + 5,- tH3·+ a 2' ) + {32(.} + a 2 )}] 1/2 

ç = [2'a 2(a2' + 3)/(4a 4 + 7a 2 + 1)] 112/0 • 3. ON A POSSIBILITY OF EXPERIMENTAL OBSERVATION 
OF NEUTRAL LEPTONS 

As is seen, f i.e I d s with masses m (2),111(3)., m E4) are Majo ! ~mv' 
rana fields; others are D-irac fields.	 Thus, beside the almost massless neutrino, other quite\. 

Physic-al fields	 light neutral leptons can be found in each generation of fer
mions. The model under consideration admits of masses which

Ph. Ph. 
allow direct experimental observation of these particles. Lepf k = (v , X , n, n 1 t ••• , n 11. ). . (24) 
ton n (27) is of special interest from this point of view, 

with these ~asses are related tQ original current fields (20} since it can contain, a noticeable admixtur~ of the SU 2L-doub
via the formula let field, and consequently, it must part i.c i pate in w:eak in

teractions. Weak vertices get the corresponding factors IUvnl 
eP h. "'-- no 

.... 
U - X'(i)	 (see (26)-(27)) . . k-- = U kí l. i- '	 (25 }ik - k' The Figure shows up-to-date resuIt obtained in studying 

the pro-blem of the neutral leptoTl;where U is the rnixing obtained õy solving set of equatíons 
(1:8). Because of íts complic.ation we do not write down this IU,,~12
matrix, but present only those physical fields~ which are in \ \ JUARki 
teresting from the physical point of view.	 \ \

\ ,
It fo Llows from (23} and t2.5-) that the spectrum contains 10"2~""'""",	 \ \ /

\ \ .two líght s t ate s with a significant admixture of SU 2L-doublet \ \ ./
current fíelds	 ..•... ~'-'T""'-' 

'.	 " \ monoje(.s 
v P h 

. "" (1- ~a-2}v - a-I (V +N -Na +N~ -N~), (26)
H \ \10-11- ......~ .HAR'H	 

\
\ 

\ 

\
\ 

\ 

-2 (1 1 -2) N	 (27 ) n :::< P I a v - P2 - 2"a H + ..•.
 
TRtUKF ~'·~".I

\, \
\


.' \ \Ph, h· .. h 1 \ \ 
\ \

v - t e MaJorana neut r i no W1 t a mass c ose to zero; n  "D-5~ ."'" \ ("',-.r...\ \ BEBe 

\ \ 

\- \.. 
\- \

the I ight neutra! lepton whose mass mn can be very small. . } '. \.	 \ \In f o-rtnu l ae (27) an insignificant admixture of the Standard <: I- \ .... ;\	 \. \ group singlet fields is not written. .. .. \ 
\ \\. i \	 

\ \ 
Besides, spectrum (23) contains a very I ight fermion x o f '..:	 \ ~ v
 \- I·
the mass 10-5 eV which is sterile under standard group .~ 

\ t 
x = (v e + S ) / v'2. (28) 

\
\ ,.. 

(' 

\_tL
There are a few comments on solution method for equations (17), 
(ia). Coefficients of the polynomial t~ the 14-th power of 
corresponding to the left-hand side of equation (17) were com
puted in an analytical formo Then the equation was solved with 
an acc~racy to the lead.ing arder of the perturbation theory 0.01 0,1·	 l' mt\- (G e V\ 10
in the small pararneter mIM. System (18) is solved in the same Experimental limits on neut.ral. Lept.on maee m . and 
approximation. The obtained solution of (17Y, (18) àoes not equare matrix e Lement: IU 12	 nvn 
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The main sources of neutral leptons (also called "heavy 
-netrinos") are the following processes~ 

- in experiments with wide-band neutrino beams: 

+	 +K ... e n,	 (29) 

vN	 ~ nX (hadrons ) (30) 

in	 "beam-dump" experiments: 

D+	 ~ e+n. (31) 

The neutral lepton n produced in these re.actions decaysby 
ane of the mades given below: 

+ - + - - + 
n~eeve' e.J1. e J1. vJ1.v e' 

(32)
+ - + - +e	 17J1. P. .JI J1. ' -li " • 

The width of each of the above leptonic decay IDades is 
.equa l to 

2
0 F 5 2ruv .192!7 S m lUvo 1'	 . (33) 

The width of respective semileptonic decays 1S 

°F . f -m . [U \2	 (34 ) --cos6ff17 18" C" o VQ 

wheref" ::s 137 MeV, cosOc"'" O.9? Formu Lae (33), (34) do not 
take í n t o account masses o f final par t i.c Les . Study of reaction 
(29) allow~ investí~atiqn of the neutral lepton m~ss region 
mo ,5493.669 MeV. This Li mi t is shiffed to 1868.4 MeV in reac
tion (31). Experimental s t.a t i s t i c s in the mass region m < fi <

K """ 0 :5 mo is determined by the va l ue of the production c r os s sec
tion for charmed particles which increases with the energy 
of incident protons. In some models/2 2/the value of the cross 
section increases by two arders with the proton b~am energy 
growing from 70 GeV to 3 TeV. Larger statistics leads ~o a wi
der region of ~easurernents (see the Figure) with res~ect to 
srnaLl.e r values of [U1. The 1 imi tat ion fi o 5 1868.4 MeV remains 
valid for reaction (31). 

12 

This limit for mn can be made higher by studying the reac
tion of neutral lepton production in deep inelastic scattering 
of neutrino on the nucleon (30). úne must detect production 
and decay of n . Serni Lep t on i.c. modes n ~ eX (hadrons), IlX (haci
rons) are the most preferable. 

The expected number of decays N of neutral lep~on~ in the 
fiducial vDlume of th~ detector can be computed according to 
the expression 

E
N = ra . f(m fi t JUI) log (-.). cP(E) dE t	 (35)m ' n 

where a is the parameter characterising the detector, f is the 
known function of fin and IUI; ~(E) is the spec t rum of the 
neutrino beam. 

Thus, the nc r eas í ng mean .erier gy of the beam r'e su l t s: iní 

a greater numbe~ of the events. 

CONCLUSION 

So the superstring Ee model with the intermediate scale 
of symmetry breaking allows a light, probably rnassless Majo
rana netrino v and a light neutral Ieptonln~ The lepton n 
(30) participates in weak interactions and can be experimen
tally observed. We have d í scuss ed ' some cond í t í.oris under which 
thes€ observations can be performed dr are already performed 
at some facilities/18 / . 

It goes without saying that our resuIt is not a strict 
prediction of the superstring theory. It only indicat~~.a pos
sible existence o f t he particles men t i oned , A more accura t e 
solution of this problem depends upon a choise of the Calabi
Yau manifold. The theory is still unable to say' what manifold 
shoud be. 

The authors are thankful to Bunyatov S.A. for stimulating 
interest in this work, to Ivanov E.A., Kazakov D.I., Osi
pov A.A. for the discussions of the above results. 
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AnT~CKHH M.B., HcaeB rr.c., KoBaneHKO c.r. E2-87-519 
HeHTpan&Hbie !PepMHOHbi B cyrrepcTpyHHOH E6-Mo.n;enH 

llsyqeH crreKTP HeHTpa.JibHb~ !PepMHOHOB B rrpe.n;enax O,D;HOrO 
IIOKOneHHH KHpa.ribHhlX cyrreprroneH cyrrepCTpyHHOH E6-MO,D;enH. 
B Ka~eCTBe IIpOMe~yTO~HOH rpyiiiihl, Bb~BaiD~eH I!pH TOIIOnOrH
~eCKOM HapYJIIeHHH CHMMeTpHH, paccMoTpeHa rro.n;rpyrrrra su 30 x 
xSU 2L x SU pp. x UL( 1) x Ua ( 1) c E8 • Ha rrpoMe~To~HOM 
MaCWTa6e }Q fgB IIpOHCXO,IJ;HT ee CIIOHTaHHOe HapYJIIeHHe ,D;O 
CTaH,D;apTHOH rpyrrrrhi. CornacoBaHHe MaccoBOH MaTpHQbi c rrpHH
IJ;HIIOM YHHBepCa.JibHOCTH cna6biX B3aHMO,D;eHCTBHH YKa3biBaeT Ha 
B03MO~OCTb Cy~eCTBOBaHHH B MO,D;enH, IIOMHMO nerKOrO MaHOpa
HOBCKOrO HeHTpHHO, nerKoro HeHTPa.JibHOro nerrTOHa. Ero MaCCa 
MO~eT ne~aTb B o6naCTH KBapKOBblX MaCC, T, e. COCTaBnHTb 
,n;eCHTKH HnH COTHH M3B. 

Pa6oTa BbmonHeHa B na6opaTOPHH H.n;epHhlX rrpo6neM OHHH. 
Coo6meHHe 061oe,u;HHeHHOrO HHCTH'fYTa H,llepHbiX HCCJie,llOBaHHH • .lly6Ha 1987 

Altaisklj M.V., Isaev P.S., Kovalenko S.G. 
Neutral Fermions in Superstring E6-Model 

E2-87-519 

The mass spectrum of neutral fermion has been studied 
within the framework of the superstring inspired E6-model 
The subgroup SUsc X su2Lx su2R xuL(l)xU &(l)C Ee is considered 
as an intermediate gauge group surviving after flux break
ing. At the intermediate energy scale -toll GeV it is 
spontaneously broken. The obtained mass matrix is consis
tent with weak universality and allows existence of 
a light, possibly massless, Majorana neutrino and an addi
tional neutral lepton in the spectrum. The mass of the 
lepton can be in the region of quark masses. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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