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The Higgs fields preserving Suac can be present in (1,8,1)+ 
+ ( I ,  1,8). It is known that if the group SU3 is broken by the 
Higgs fields from its octet representation, the subgroup SU2 
can remain only with the U *-factor. Thus, SusL can be broken 
to SUZeL x U lL: The charge YL corresponding to U 1L cannot be 
identified with the weak hypercharge Y. It follows from the 
relation 

and decomposition of the 27-plet (3) that in this case SUa3=- 
singlet antiquarks would not carry the electric charge gem 
and the leptons would have a fractional charge. Consequently, 
one of the preserved quantities corresponding to SuIR must 
make a contribution to the weak hypercharge Y. In other words, 
at least one subgroup U 1 R ~ S U 3 R m s t  survive the breaking. So 
a group appears in the superstring-inspired E6-model, it is 
wider than the standard one at least by one Ui-factor 

This is just the indication of existence of an additional Z'- 
boson associated with U;. 

In a general case the E6-symmetry may be broken in super- 
string models only to the rank 5 and rank 6 subgroups depen- 
ding on the topology of the compact manif~ld'~'. Other possibi- 
lities are regarded as non-realisticI6'. 

Below we shall consider a model with an intermediate gauge 
group of rank 5, since its predictions are more definite. 

Note that there can be direct and indirect experimental 
manifestations of the Zcboson. Produced in high-energy colli- 
sions, Z' can be directly observed in colliding beams of SSC 
(,/S = 40 TeV), LHC (\/S = 16.5 TeV), UNK (4% ' 6 TeV). The stu- 
dy of indirect manifestations of the Z'-boson has good pro- 
spects in fixed target experiments at UNK (t/S = 75 GeV) . In 
some cases these manifestations are practically independent 
of the energy and the possibility of observing them is deter- 
mined by the accuracy of measurements. According to tentative 
estimations" { the necessary statistics can be provided by the 
planned neutrino experiments at UNK'~'. Higher neutrino beam 
energies, as compared with the present level, result in larger 
statistics owing to the linear growth of total cross sections 
for neutrino interactions (U - oOE ). 

In this paper we study the coni!ribution of the Z'boson 
0 to neutral currents taking into account the Z - Z '  mixing. IJe 

have found quantities composed of deep inelastic v ( S ) N  scatte- 

ring cross sections which are most sensitive to the Z' con- 
tribution. These quantities analysed, we discuss some possibi- 
lities of indirect observation of this particle in neutrino 
experiments at UNK. 

1. MASS MATRIX AND Z ' INTARCTIONS WITH FERMIONS 

Properties of the Z'-boson can be considered on the same 
basis within the models with the intermediate group of both 
the 5th and 6th rank: 

SU3 x SUZL x Uly x U ; rank = 5, 

SU,,X SUzL x UlYx UIXx U,$ rank = 6. (6) 

Imbedding in E6 is determined by a sequence of subgroups: 

when 

SU, 3 SU3C x WZLx UIY 
(8) 

Generators of U; have the form 

% and 8$ are the generators of Ul and U . Q ' is associated 

with the Z'-boson in the model witK the group of rank 5. 
In the version with the group of rank 6 there is also one 

light boson. This is the additional Z(B)-boson coupled with 
the superposition of the generators: 

Values of the charges Q X, Q ,Q' for the fields from the E6 
27-plet are listed in the Tab e. The angle B E  parametrises t 
the Ecsymetry breaking scheme. Evidently, ( 8 )  is a particu-. 
lar case of (10) at B E  =142.24O, i.e. Q' = a(142.24'). It is 
this case that we shale consider. The narrowing of the paramet- 
ric arbitrariness allows more specific estimations of the con- 
tribut ion of the Z '-boson. 

The initial Lagrangian of interactions with neutral currents 
has the form: 



Table. Quantum numbers of the Es 27-plet 

left- 
soto su5 handed S"3~ I ~ L  sem 2 f i - o '  2t??ibo, ~Z-Q, 

field 

em 
Here J p  is the usual electromagnetic current, J Z  + and J Z *  
are the currents interacting with Z- and Z'-bosons, respective- 
ly, 

2 where x W  = sin Ow. 

Let us /9  specify / the coupling constants g and g' by the 
formulae : 

Then the normalization of the charge Q' chosen ensures 
equality of these constants at the scale of unification of M c  
into the E, group. Ignoring a slight difference in the renorma- 
lisation-group evolution of g and g', we shall use expessions 
( 1 4 )  for energies - M, as well. 

In a general case the mass matrix in the basis of Z0-Z'is 
non-d iagonal : 

It leads to the mixing of the ZLboson with the standard Zo-bo- 
son. Diagonalisation of matrix ( 1 5 )  results in the states Z 
with a definite mass: 

The masses and the mixing angle are expressed through the ini- 
tial parameters: 

In the models with SUZL-doubIet and singlet Higgs fields the 
following relation occurs: 

i.e. for Xw = 0.229+0.05 we have M Z  = 92.1'0.7 CeV. In t l ie 
superstring-inspired E,-model with t?1r intr rmrdiate pause 



- 
group of rank 5 there are two doublet (H, H) and one singlet I 

(N) Higgs fields. In this case 

- C - 0 - - where <HO> = <NE> = v , <H > = <i; > = v , <N>=<n>= x .  This E 
structure of the Higgs sector leads to a restriction for the , mixing angle1 lo/: 

/ 11/ In the popular "no-scale" version of the model 6 > 0. With 
allowance for mixing, the Lagrangian ( 1 1 )  has the form: i 

Hence we obtain the low-ener y effective Lagrangian of vN-neu- 
tral current interactions 1 1 2 7  

Dependence on the mixing angle 8 and the masses M I  and M 2  
of intermediate bosons is concentrated in chiral constants: 

2 
g' sine 

C = -  ) (Pi mse + Q.'C sine) + 
M? g 3 ' g 

td2 
.zo g'  cos8 + -  (sine + - - g ' ) (Qi sine + Q;- cose), 

~ 0 2  g 3 g 

where Qi and Q; are defined in (I 2) and ( 1  3). 
In the standard model (SM) the chiral constants have a sim- 

ple form 

A cross section for dee inelastic scattering is the follo- 
wing linear cumbination 7 i 2 P  

The coefficients Ci  are determined by the hadron target struc- 
ture and do not depend on the type of the intermediate boson. 

2. DEVIATIONS FROM THE STANDARD MODEL DUE 
TO THE SUPERSTRING 2'-BOSON 

To investigate these deviations, we shall analyse the quan- 
tities of the type 

A'(Z, Z') - A(Z) 
6 = 

A(Z)  

RtZ, Z') and ATZ) are the observsble quantities calculated with 
and without the Z' contribution. It is important that the va- 
lue of S weakly depends on the hadron target structure. 

1 .  Let us consider deviations in the ratio of cross sections 
R = o N C / o  CC. 

At h i ~ h  energies the total cross sections £of deep inelas- 
tic V(;)N scattering have the form: 

where C = Z % % E ~ ,  n h  is the number of nucleons in the target 

h ,  = ~xdxd: (x, ~ 2 )  is the total momentum of valence d-quarks 
in a proton; 



1 8 = n/ h , n is the number of neutrons in the target h , @ = 0.16 
=(0,1/2,1) for  roton on, isoscalar, neutron, 7) = Jxdx u:(x)/D:, 
in our case q =  2 (isotopically symmetric distribution func- 
tions), 

0.12 
a / 13/ 6 = J xdxs (x) /D: = 0.25 , a. ? @  

P 5 = J x~xc(x)/D, = 0.125, 
'. 

u =  113 is the kinematic factor. 0.06 0.06 - 
The multiplicative factor C taken out of the brackets in 

I 

(28) is insignificant, since it is removed when one calculates , 
the quantity 0.02 

, R'- - RV,p e,~; - 0" ,- - 
3 

8 - = "9" - 
(30) "9" R - 0 - 

"Y " 7" 

Figs. l (2) show the dependence of Sv(SI;) on the mass of the ' -0.04 -0.04 
Z'-boson M 2  for different mixing angles. The curves have ty- , 61 r"m 4 ~ x 1  brim 8 20FI 4- 6m 

pica1 features : i 2 ' - 60:;iw MA85 r GEvl 2' -BOSON' W S  ( GEV, 
I 

a) They all intersect at the same point for M 1  = M 2 .  It 1 
follows from (24). There is no dependence on the mixing angle I 
if M l  = W2; I 

b) At zero mixing angles I%,; ( decreases, at non-zero I 0.16 

ones it increases with the mass M 2 .  In fact, if 8 =  0, 
I 

2 sin Q~ M: 
E=c -q (31) 1 

1 i 

tends to the ei (standard model) with growing M 2 .  At fixed 
non-zero 0 the second term in (24) proportional to q2 rapid- I 
ly decreases while M 2  increases, and the first term propor- I 0.W 

tional to M ; ~  increases, since M I  decreases because of rela- 
tion (18). Fig. 1. Deviat io?~ from the  

A disagreement betweenef and f i  leads to considerable de- st/zr?&rd mode2 2s  a function 
viations of R;,; from RV,;; of the Z '-boson mass M  for 0.02 

c) According to (18), the value of the Z,,-boson mass M I  = the  mixing angZes -0.1; 

91.5'1.2'1.7 GeV -0.05; 0; 0.05; 0.1 rad (cur- 
/ I u  know from the experiment imposes a cons- ves  1-5 respezt.i':~eZy); a )  neu- traint I trino-proton s ~ l . ~ t  t ~ ~ i ) i g ,  

2 2 2 b )  neutrino s~. .7f tc-~i)zg 071 the  -o.M 
M, 5 - -  ctan OMmin, (32) 1 isoscaZar targe t ,  neutr i-  D 4m ~ B R  

(1 - xw) sin 28 t;o-neutron scat r .~<t zg .  2'-BOSm WSS ( E V ,  



Fig. 2. Deviation from the 
standard model a s  a function 
of the  Z'-boson mass M2 for 
the mixing angles -0.1; 
-0.05; 0; 0.05; 0.1 rad (cur- 
ves  1-5 re spec t i ve l y ) ;  a )  an- 
t ineutrino-proton scat tering,  
b )  ant ineutr ino scat tering on 

0 the  isoscalar target ,  c! an- 
t ineutrino-neutron scat tering.  

where Mmi, t 90 GeV. Therefore at increasing, 1 0  1 the cur- 
ves are cut off at smaller MP' Besides, very large values of 

1 8 , ;  I ( 6 ,  2 1 0 % )  are excluded owing to the experimental 
accuracy achieved. 

The present region of allowable mixing angles and masses of 
the additional Z'-boson ( 0  and M 2 )  is shown in Figs.3 (4) by 
contour 1 Is/. Curves 2 and 3 show the narrowing of this region 
when Rv(R;) is measured on the isoscalar target with an accura- 
cy 1% and 0 . 5 % .  It is the accuracy that one plans to achieve 
in neutrino experiments at the UNK. 

As is seen, the same accuracy 'of measurements in the anti- 
neutrino beam will probably allow more rigid constraints on the 
region of M2 and 8. 

2 .  Let us consider deviations from SM in the Paschos-Wolfen- 
stein relation - 

~ ( v h  -. v X )  - u ( 5 h  + v X )  
r h  = i- . 

u ( v h  -. p X )  - o ( l / h  + p X )  

F i g . 3 .  Constraints on the mixing ancle 8 and the mass 
M, o f  the Z'-boson from neutral currents.  1 - contour 

from Ref.' 15/ ; 2,3 - contours corresponding t o  the measu- 
rement o f  R, on the .isoscalar targe t -  wi th  &n accuracy I %, 
0.5%. 





Peculiarities in the behaviour of the curves (coincidences 
at M 1  = M2, increase with M at non-zero 8 and decrease at e 
8 = 0, cut off graphs when M2 and 8 increase) have the same 
reasons as in the case of R V , p .  h 

The accuracy achieved in measurements of r is not high 
(about 10-20%); only the region of large negative mixing an- 
gles is excluded. Hore details can be found in Fig.6. Besides 
contour I, one can see curves 2 and 3 corresponding to the mea- 
surement of r on the isoscalar target with an accuracy 3% and 
1.5%. 

The measurement of r on the isoscalar target with the above 
accuracy will evidently allow one to exclude almost the whole 
of the region of negative mixing angles 8 5 -0.02. , 

3. Let us consider deviations £ram SM in the ratios of cross 
sect ions 

0 
-8.10 -0.86 6.m 0.05 0. t @  0.16 0.20 

HlXlNG MULE ( R W )  
Fig. 6. Constraints on the mixinp angle 8 and the Z'- 
boson mass M2 fron the analysis  o f  the Paschos-krolfen- ' 151 
s t e f n  reZaticn.1 - contour from Ref. , 2,3 - contours 
corresponding to  measurements o f  r on the isoscalar 
target  wi th  an accuracy 3%, o. 5%. 

The quantity'we-are interested in 

is calculated by means of formulae (28)-(29) for the proton 
and the neutron. 

Figs.7 and 8 show the dependence of 8, , $ on the Z'-boson 
mass for different mixing angles. The curves do not go beyond 
the presently achieved experimental accuracy in determination 
of Rn'2 (about 10%). At all 8 they decrease as M2 increases, at . V9.V positive 8 they increase in absolute values. 

In figs.9 and 10 the curves corresponding to measurement 
of R:,'; with an accuracy 3% and I .5% are numbered 2 and 3. 

Thus, measurement of R:,': with an accuracy 3% does not 
impose more constraints on the region of allowable values of 
the parameters. 

-0 .03  < - I  
0 2-m 4 0 0  666 

2'-WYON MA83 ( E V )  
Fig. 7 .  Deviation fro? the  
standard model i n  @ as a 
function o f  the 2'-boson mass 
M for mixing angles -0.1; 
-0.05; 0; 0.05; 0.1 rad (cur- 
ves  1-5 respec t ive ly) .  

- 8.03 - 1 1  
0 288 4841 6m 
2 ' -msm MASS ( G E V )  

Fig.8. Deviation from the 
standard model i n  R;'P as  a 
function o f  the 2'-boson mass 
M for  mixing angles -0. I ;  
-0.05; 0; 0.05; 0.1 rad (cur- 
ves  1-5 respec t ive ly) .  






