
/ 

\.1 t) ~ v 
LJ q r1. C f,;<,-7 '1 

R.Lednicky, V.Tzeitlin 

0 fi b e A M H e H H bl M 
MHCTMTYT 
RABPHbiX 

MCCIBAOBaHMM 

AYfiHa 

-e 

J/.z,- 17 
E2 · 12496 

THE PROBLEM OF NEUTRAL CURRENTS 

IN THE GRAND-UNIFIED E 7 -THEORY 

1979 



E2 · 124-96 

R.Lednicky, V.Tzeitlin* 

THE PROBLEM OF NEUTRAL CURR.tNTS 

IN THE GRAND-UNIFlED E 7 -THEORY 

Submitted to .Rt/J 

1
.. "' 
lli P. >.· , 

' . 

* P.N.Lebedev Physical lnstitut, Mo scow. 



E2 - 12496 
neAH~~K~ P., Ue~Tn~H B. 

npo6neMa He~TpanbHbiX TOKOB B 06beA~HeHHO~ 
E 7 - Teop~~ 

noKa3aHO , 4TO B E7 - Teop~~ rpaHA-06beA~HeH~.R cy­
~eCTByeT B03MOmHOCTb on~CaH~.R cnafi~X ~ 3neKTpOMarH~TH~X B3a­
~MOAe~CTB~~ c noMO~b~ Kan~6poB04HO~ rpynn~ SU(~ s[U(0] 3 . B 
3TOM cny4ae E 7 - Teop~.R HaXOA~Tc.R s xopoweM cornac~~ co see 
M~ ~Me~~~M~c.R 3Kcnep~MeHTanbH~M~ AaHH~M~ ~ ~MeeT P.RA cne~~­
<ll~4eCH:I1X np·eACKa3aH~~, KOTOpble MOryT 6b1Tb nposepeHbl B 6n~ma~ 
wee speM.R e. roToB.R~~xc.R 3Kcnep~MeHTax no pp- ~ e+e--aHH~r~n.R 
~~.RM ~ pacce.RH~~ M~-Me30HOB Ha HyKnOHaX. 

PafiOTa BblnOnl-ieHa B na6opaTop~~ TeopeT~4eCKO~ <!J~3~K~ QI.HH1 

npenpHHT 06tie!IHHeHHOI"O HHCTH1'YT8 S!JlepHblX HCCne!IOBSHHll • .0y6H8 1979 

Lednicky R., Tzeitlin V. E2 - 12496 

The Problem of Neutral Currents in the 
Grand-Unified E7-The;ry 

We show that in the E7 -theory of grand unification 
there is a pos6ibil ity of describing the weak and electro­
magnetic interactions in the framework of the gauge group 
SU(2) s [U(l)] 3. In this case the E7-theory is in good agree-
ment with all the available experimental data. Some of its 
specific predictions are discussed. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

Introduction 

At the present time all the available experimental data 
are in a brilliant agreement with the predictions of the 
Weinberg-Salam (WS in what follows) theory of weak and 
electromagnetic interactions provided sin 2ow::: 0. 23 , except 
for the atomic-physics experiments where some clarifica­
tion of the situation is needed. The common belief in the 
validity of the WS-model has grown up substantially espe­
cially after the recent fine SLAC experiment on polarized 
electron-nucleon scattering has been fulfilled (see ref.111). 
Due to the successes of the WS theory it is commonly as­
sumed that the more ambitious schemes which try to unify 
weak, elektromagnetic and strong interactions must coincide 
with that model in the sector of weak interactions. Among 
the known models of grand unification the E 7 -theory seems 
to be the most consistent one in view of general ideology 
since all the fundamental fermions are placed here in a 
single irreducible representation, i.e., there is a total 
symmetry among quarks and leptons up to spontaneous 
breakdown. Besides, the E 7 -theory is the most attractive 
one as it admits natural definitions of electric charge 
and color SU c (3) -group 121 . But the attempt to des-· 
cribe the weak and electromagnetic interactions with the 
help of WS-model meets severe troubles here. The main of 
them is the l arge value of sin 2 Ow = 3/4 (2/3 after renor­
malization 131) fixed by the SU(2)sU(l) embeding into E 7 
and being in apparent contradiction with experiment. How­
ever, we may try to go beyond the traditional WS-scheme 
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to avoid this problem in describing neutral-current phe­
nomena in the E 7 -theory. 

In the present paper we show that there is a possibility 
to describe the weak and electromagnetic interactions in 

3 
E 7 -theory in the framework of the gauge group SU(2) ® [U(1)] 
In this case the E7-theory is in good agreement with all 
available experimental data. Some of its specific predic­
tions are discussed. 

The paper is organized as follows. In Section I we des­
cribe the neutral-current phenomena under experimental 
investigation at the present time. In Section II we give 
the general properties of the E 7 -theory of grand unifica­
tion. In Section III we show that Higgs mechanism gives 
possibilities to have SU(2) 0 [U (1)] 2 and SU(2) 0 [U( 1)] 3 
as gauge groups of weak and electromagnetic interactions 
in the E 7-theory. We also discuss the problem of flavor­
changing neutral currents in this Section. In Section IV 
the E7-theory is compared with the experimental data on 
neutral-current phenomena. It is shown that good agreement 
of the E7 -scheme with experiment may be achieved. In Sec­
tion V we discuss the results obtained and some specific 
predictions of the E7 -theory. In Appendix A the second 
possible definition of the electric charge in E 7 -theory 
is discussed and some remarks on E8 -theory are presented. 

I. The Phenomenology of Neutral Currents 

In what follows we shall use the experimental data on 
neutral-currents. So, below we describebrieflytheir phe­
nomenology. 

Up to the date, the three types of netral-current phe­
nomena in weak interactions are under experimental investi­
gation. The first-type processes are those involving dif­
ferent vN-scattering phenomena described with the help 
of the model-independent effective Lagrangian 

0 G - IL · v- v-
.L = -~2.=-vy (1+y5 )v[uLuyJl (l+y5 )u+u RuyJl (1-y 5)u + 

v- v-
+ dLdyiL(1+ y 5)d + dRdyJl(1- y 5)d] . 

( 1) 

h . v v dv dv T e values of the quark coupl1ng constants u , u , , R 
in Eq. (1), up to the common sign, may be dir~ctl~ determined 
by using the full set of data~/ . Processes of the second 
type involve the ve -scattering. The corresponding effective 

Lagrangian is as follows: 

0 G - Jl v- v-
.L = Ji:-vy (1+y

5 
)v [eL ey Jl (1+y5 ) e + eRey IL (1- y5 )e ]. (2) 

For this _!cind of phenomena the values of a ef(vll e), a ef (viLe) 
and a ef (vee) are known. 

Processes of the third kind are the effects of parity 
non-conservation of the electron-nucleon interactins. Till 
recently the only source of these data has been the atomic­
physics experiments where the different and hardly consis­
tent results have been obtained by several groups. However, 
after the recent SLAC experiment has been carried out, the 
more reliable data have become available. In this experi­
ment the asymmetry in polarized e scattering on nucleons 
was measured. 

The set of data on all three types of phenomena is in re­
markable agreement with the WS-theory, provided sin 28w ==0.23, 
~o.23, see ref./1/ and b~low. 

II. General Properties of the E7 -Theory 
of Grand Unification 

On the other hand, an idea attractive from the aesthe­
tical and theoretical points of view of the grand unifica· 
tion of strong, weak, and electromagnetic interactions in 
a unique gauge theory has been intensively investigated 
for the last time. The theory of such a kind is based on 
some grand symmetry group which contains the group of 
strong, weak, and electromagnetic interactions. This grand­
group containing the Weinberg-Salam group SU(2) 0 U(1) fixes 
the value of sin 28w · This ·"symmetric" value of sin28w 
correspond to the physical value of this parameter in a 
range of energies where the breakdown of the initial grand­
symmetry may be neglected. To obtain the value of sin28w 
at the present energies the certain renormalization proce­
dure must be carried out 

In the minimal possible SU(5)- and also in 80(10)- and E6 -
grand unification models where sin 28 w takes a symmetric 
value of 3/8 the renormalization leads to reasonable 
value of this parameter at present energies~·8/, However, 
it is necessary to use reducible representations of the 
grand-group to embrace all the fundamental fermions in these 
theories that seems unsatisfactory. The most consistent in 
this view are the models based on exceptional groups 



E 7 and E 8 • Besides, these schemes are attractive as they 
admit natural definitions of the colour SU(3) and elec­
tric charge operator. The E8 -model possesses a very big 
number (248) of fundamental ferrnions and has not been yet 
under detailed investigation owing to this redundancy. The 
choice of E8 as a grand group may be justified by the abi­
lity of E8 -theory to reproduce the WS-model with a reaso­
nable symmetric value of sin20W<see Appendix A).However,here 
we analyze the more economic E

7 
-theory. 

The fundamental ferrnions, quarks and leptons, are placed 
in 56-plet in the E 7 -theory while the vector gauge fields 
fo~133-plet. According to the maximal subgroup SU(6)®SU <(3), 
where SUc(3) is the gauge group of QCD, SU(6) is flavor 
group, these representations decompose as follows 

_Q{)_ 
c c - -c 

(20.1 ) + (6.3 ) + (6.3 ), (3) 

c -- c -c c 
!.33 = ( 35. 1 ) + ( 15. 3 ) + ( 15. 3 ) + ( 1. 8 ) . (4) 

Hence, leptons form 20-plet and quarks and anti-quarks 
form sextet and anti-sextet respectively. There is total 
symmetry among all quarks and leptons up to spontaneous 
breakdown. The vector fields responsible for weak and 
electromagnetic interactions are the members of SU(6~-plet, 
the colour octet corresponds to gluons. The mernhers of 

-- c - c 
representations (15.3 ) and (15.3 ) in Eq. (4) are the 
lepto-quarks. They enter both quark-, anti-quark and quark­
lepton vertices and, hence, lead to the proton decay. 
There are two ways to provide the observable proton stabi­
lity in the theory of such a kind. In the first of them it 
is supposed that the lepto-quark fields acquire super-large 
masses under spontaneous symmetry breakdown. In the second, 
the proton stability is provided via some additional global 
symmetry generalizing the baryon-number conservation (owing 
to the mechanism proposed in ref. 12/), i.e., in principle, 
no superlarge masses are needed. In the E 7 -model of ref. 19 1 

the first method is used while the models of ref./10/ uti­
lize the second. Note, however, that the small ratio of QED 
to QCD coupling constants at present energies 13 / leads to 
the necessity to introduce the superlarge .masses in the E 7-
models of ref. /10/ as well. 

In the present paper we adopt the simplest two-stage 
pattern of symmetry breakdown. The initial symmetry is 
broken at the first stage down to SU c(3) ® G w , where G w 
is responsible for presently observed weak and electromag­
netic interactions, and at the second stage Gw is broken 
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down to U(lrgroup of the electric charge . In this case the 
difference between the E 7 -models of refs. 19/ and /lO/ is 
unessential in view of our investigation (the renormalized 
value of sin 20 w being 2/3 131 ) and in .what follows we 
shall not refer to the differences of the two approaches~ 

The generators of E7 corresponding to the intermediate 
vector bosons of weak interaction and to the photon are 
contained in the set of SU(6)-generators. If the following 
basis is choser. for the latter 

Am® aa , Am ® I , ®a a (5) 

where Am' m =1,2, ... ,8 are Gell-Mann matrices, aa ,a= 

=1,2,3 are Pauli matrices, J is unit matrix, the standard 
(and most natural) definition of electic charge operator 
is 191 : 

Q=T
3 
+-~-::_-T8 , 3 J3- 8 

1 
=diag(2/3,-l!J.- l!J.2/3,-1/3,-1/J). 

(

A +-j __ A 0 ) 

.T3 0 A +---A 
v, 3 ..r.r 8 

The following generators correspond to standard charged 
weak currents: 

± 1 (A 
1 + iA 2 0 ) ' 

T "' -~~ 0 A 1 + iA 2 . ( 7 ) 

They form, together with T 3 , the weak group SU(2)w· Using the 
known formula 15/ for the symmetric value of sin 2fJw 

sin20w = 1 T 2. I 2 Q 2 
0 j 31 j I ' 

(8) 

where the sum is over all members of 56-plet, we find that 
sin2 fJw

0 
= 3/4 in E 7 -theory. This value corresponds to the 

region of distances comparable with the inverse scale of 
the first-stage breakdown of E 7 -symmetry. At the distances 
achieved at present energies sin 2 Ow takes the value 2!3 13! 

*It may be shown that even in the case of multi-stage 
break-down in the E7 -theory the super-large masses have 
to appear, i.e., the renormalization effects for the quan­
tities like Weinberg angle are essential. 
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Hence, the generator corresponding to standard Z0-bo­
son of Weinberg-Salam is 

1 , __ ] ___ [T -sin28 Q] =.{~-diag(l.-5.4.1.-5.4). 
O cos(;l w 18 w 

(9) 

The lepton 20-plet contains the following SU(2)w -represen-
tat ions 

triplets: 

doublets: 

singlets: 

+ 
L 134 

+ 
L146 

( ~:(L;34 +L0

135 ) • ( J.=<L;46+L~ 56 )) 
L;35 L -;56 

(
L o )(Lo )(L+ )( + ) 

346 136 124 L 145 

L 356 , L236 , L
0

125 , L 
0

245 

(10) 

L~23' L~56 'L ~26 ,L~45' *(L~34-L0135),~(L~46- L ~56). 

L
charge . 1 • 1 k 

Here we denote the components of 20-plet as ijk , 1 ;c J ;c , 

i, j, k= 1, .•• ,6 what corresponds to the representation of 20 
as the totally anti-symmetric direct product of three sex­
tets. With the help of such a representation all the quan­
tum numbers of each 20-plet-component may be easily obtain­
ed. The quark sextet contains two doublets with the electric 
charges (2/3,-1/3) and two singlets with charge -1/3. The 
following quark (anti-quark) assignment in sextet (anti-· 
sextet) is being in agreement with the known properties 
of charged weak currents 

8 

u 
d(8) 

b(8) 

c 

s(8) 

h (8) 

u 
ii (cp) 

d(cf>) 
I (11) -c 

b(cp) 

s<.p) 

(we remind that 56-plet ~ of fermions and anti-fermions 
. -. . 1+y5 1-y5 
1n the E 7 -theory 1s left-handed, 1.e., --2---~=~,,-2--~=0 

whereas the right-handed anti-fermions and fermions are 
their charge-conjugates). 

In Eq. (11) dL(8), etc., denote a mixing of four quarks 
with electric charge -1/3 which depends on six parameters 

8i 

(h(8)b(8)s(8)d(8))L = (hbsd)L·0(4), (12) 

where d(8), etc., are the states entering the interaction 
vertex, d, s, b, h are the fermionic-mass-matrix eigensta­
tes (the right-handed-quark mixings are determined analo­
gously but depend on the other angles .p owing to the non­
symmetric fermionic mass-matrix !9,10/ . The 0(4) is a 4x4 
orthogonal matrix which can be represented as follows* 

O( 4) = gl (81 ).g 2 (8 2 ). g3 (8 3). gl (8 4). g2 (85). g / 86 ), (13) 

where ga(8i) are rotations in (a,a+ 1) plane, a= 1.2.3.4. · 
Here 8i are Cabibbo-type angles, 83 is the original Ca-
bibbo angle 8c. The value of cos82 sin8 3 corresponds to 
sin8c in the usual scheme and we get from experiment 15/ 

cos8
2 

_:::0.96 and 8
2 

S 16 °. There are no strict limits on the 
values of other angles 8i at present time. The just 
mentioned quark mixing will play an important role in 
what follows. 

There is a lot of possible lepton assignments in 20-plet 
as far as neutral currents are not concerned !9 1. -

*In principle, the mixing matrix is complex and it leads 
to the CP-violation in the theory. But here we neglect 
these effects, which are the subject of a separate inves­
tigation. 
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From all the above-stated it is evident that an attempt 
to describe the weak interactions in the E7 -theory with 
the help of the WS-scheme meets severe troubles. First of 
all, sin 2 0w = :M3 is in apparent contradiction with experi­
ment. Besides, there are no charged leptonic SU(2)w-singlets 
in th~ theory. That contradicts the WS-prescription for eR 
and ~R· We should note that there is yet another possible 
definition of electric charge operator ~~ We discuss it in 
Appendix A and show that in the framework of :E<

7
-theory it 

does not lead to a reasonable result. 

III. Weak Interactions and Neutral Currents inE7 -Theory 

As was mentioned above, we assume the two-stage pattern 
of spontaneous symmetry breakdown. To avoid the contradic­
tion with the well-defined universal SU(2) -structure of 
the charged weak currents, we require that the group Gw re­
maining unbroken after the first stage, does not contain 
any charge generator except T ± • Moreover, we require 
all the gauge fields corresponding to the neutral nondiago­
nal SU(6) -generators, as well as all leptoquarks, to ac­
quire superlarge masses at the first stage of breakdown. 
Hence, in general case, after the first stage of symmetry 
breakdown the group SU c(3)®SU(2)w® [U(l)l n survives, where 
n .$ 3 since there are only two diagonal orthonormal ge-
nerators of SU(6) commuting with those of SU(2)W',besides Ts: 

r _ 1 - 1 -- ( 
1 :;if 0 

0 
J ), I' = ( As 0 ) 

2 0 -As · (14) 

The spontaneous breakdown of E 7 -theory occurs via Higgs 
mechanism. We shall limit ourselves to the minimal set of 
Higgs fields, i.e., to the representations of E 7 containing 
in the direct product 56 ® 56 ~. 1 0 1. · Only colour singlets may 
acquire nonzero v.e.v. Hence, we get 

v.e.v. E 6 E9 6 + 20 e 20. (15) -- --
Then it is easy to see, studying representations given in 
Eq. (15), that three different situations for Gw may take 
place depending on what Higgs fields acquire superlarge 
v.e.v. at the first stage of breakdown. They are a) Gw= 
= SU(2)w®U(1) of Weinberg-Salam, b) Gw=SU(2)w®[U(1)] 2,where 
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U(1) 's correspond to Ts and so!fe fixed combination of r 1 

and r 2 , c) Gw =8U(2)wt~~[U(1)],where U(1)'s corresponds to 
T 8 , r 1 and r 2 • The case a) is of no interest owing 
to the above-mentioned difficulties. The cases b) and c) 
must be investigated, but before their studying we have 
to dwell on the question of flavor-changing neutral cur­
rents. 

As i$ known, the conditions of natural flavor conserva­
tion formulated in ref. 11 11 are not satisfied in the E 7 -

thoery.To suppress the strangeness-changing neutral-currents 
(at least in the lowest order) the quark mixings must obey 
some restrictions. Let us denote by Z A. Z=O,l, ... , the eigen­
states of the neutral-field mass matrix, r A are correspon­
~ing generators of Gw. Then to cancel all the vertices 
d~ZA, the following conditions should be imposed. 

7 0(4) fd 0(4)rs zrA =0, A= 0.1. .... , (16) 

where sum is over all quark flavors with electric charge 
- 1/3 (see Eq. ( 12)) and ZfA are eigenvalues of f"A on 
the states dL' s L, b L, h L of 56-plet. The analogous con­
ditions are imposed also on the right-handed-quark mixings. 

The mass matrices of quark- and gauge fields are deter­
mined by the same v.e.v. of Higgs fields. Hence, their 
parameters are connected and, in principle, the validity 
of Eqs. (16) may be checked if the detailed investigation 
of the fermionic mass-generation mechanism is carried. 
However, this is a rather complicated problem and lies 
beyond the scope of this paper. We should only note that 
if Eqs. (16) are not valid the E7-theory comes into con­
flict with experiment. Thus, in what follows we assume 
their validity. 

Summing up all the above-stated we come to the following 
picture. The initial E 7 -symmetry at the first stage is 
broken down to its subgroup Sl.!c (3) x SU(2) w x [U(l)] n , n = 2 or 
n = 3. Getting ahead, we should mention that the good 
description of the data is impossible in the case n = 2 
(the Higgs mechanism restricts the generator connected 
with additional Z -bozon in this case to be ±diag (0,0,1,0,0,-1), 

± __ _! ___ diag(-1.-1.-+ 2.1.1.±2) or ± _!.diag(-1.-1.0.1.1.0); corresponding 
2y.r- 2 

Confidence Levels are less than 0.4%) and we pass directly 
to the more general case n = 3. In this case the weak and 
electromagnetic interactions of quarks and leptons at pre­
sent energies are governed by the following covariant de-
rivative: 
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( + + - - 2( D =a -ieQA -igw[T W +T W )+10 Z0 +...j--1 1 Z 1 + 1 2Z2 )].(17) 
!LIL !L ll !L IL 3 IL !L 

Here g W is the SU(2) W gauge coupling constant, e the 
electromagnetic constant 

e = g sinO = g ...;:1-- . (18) w w w 3 

The generators 1 0 , 1 1 a~d 1~ are given in Eqs. (9), (15), 
AIL is a photon field, W/i. , Zo!L are standard intermediate 
vector bosons of Weinberg-Salam, Z 1 , Z 2 are gauge fields . . -2- !L !L 
of r 1 . and r2,and ...;-3 appears because of different renorma-

lization of SU(2) and U(1) gauge coupling constants 13/. 

At the second stage of symmetry breakdown all the vec­
tor fields in Eq. (20), but photonacquire masses. At this 
stage the breakdown is provided by all electrically neu­
tral components of Eq. (16) that did not obtain v.e.v. at 
the first st~ge. Since there is a lot of SU(~w -singlets, 
doublest, triplets, quadruplets and pentaplets, this stage 
of symmetry breakdown is very complicated inE 7 -theory. 
Mixing of all of three neutral bosons Z OIL , Z 1/L , Z 2/L occurs 
and no simple relation of WS-type between charged- and 
neutral-boson masses exists. The free parameters of the 
theory are the v. e. v. '. s of Higgs fields. They determine the 
neutral boson-mass matrix. In terms of the mass-matrix 
eigenstates ZA£L with eigenvalues m~, .A= 0,1,2 we 
rewrite Eq. (17> as follows: 

+" + -· _, - -
D!L =aiL -ieQAIL -igw[(T WIL +T WIL)+~1AZAIL]. (19) 

where 

rA 

2-
...;3-

=MA
8

(0,1j>,t/f)r
8

, A, B = 0,1,2, (20) 

being absorbed into 1 A , and M AB(O,Ij>,t/J) is the 3x3 

Euler rotation matrix in the following parametrization: 
M00 =cose, , M01 =sinOsin¢,M20 =sinOsint/J, etc. we shall 
regard mx and e' ¢ ' "' as free parameters to be determined 
from the neutral-current experiments. 

12 

IV. E 7·Theory Versus Experiment 

The interaction of neutral currents generated by Eq. (19) 
at the momenta transferred small in comparison with the 
intermediate boson masses, leads to the effective Lagran­
gian of the type given in Eqs. (1), (2), where for Fermi 
constant we have 

2 G gw 
--..:-..:- = ------- ( 2 1 ) 
...j2 8m~ 

and the quark and lepton form factors in neutrino scat­
tering are defined as follows: 

f v = l ~ v f , f = u, d, e. · 
L(R) A A A L(R)A 

(22) 

Here fA , v A are fA eigenvalues on fermionic states; it 
is easy to obtain them with the help of Eqs. (9), (11), 
( 14), (20), ~A = 2m~ / m~ is a parameter convenient to use 
instead of , m A (we remind that the value of m w is imme­
diately derived from Eqs. (18), (21) and equals 37.3/sinOvfJeV). 
The various asymmetries in lepton-isoscalar target scat­
tering are defined as follows / 12/: 

A+ =-k(±EA.Jf ,q)+EvA(f,q)g(t))·\A\, 

B = k (E AA(f , q) -\,\\ EVA(f , ~)g(y), (23) 

D = k(EAp, q)g(y) +,\EA.Jf ,q)), C = D(,\ = 0), 

where k =0.30 / ...;'irra, ,\ is the longitudinal polarization 
1-' 1- v\ 2 

of lepton, g (Y) = ___ .,___ ... .L_ , 

1 +(1- y) 2 

E AV(£, q) = 2l AV(e ,u)- lAV(£, d), etc., (24) 

\-lhile 

lAV= l ~A(£RA± £L A) .(qRA!qLA). (25) 
VA 
AA 

In comparison of E
7 

-theory with experiment we use all 
the available set of data except for yet uncertain atomic­
physics results. But since the full set of data on neutri­
no-nucleon scattering allows one t o determine the direct 
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values of quark form factors (up to the common sign) we, 
in fact, have eight experimental points f txp , k = 1.2 .... ,8, 
namely, experimental values of the following quantities: 

v '-: l:' v, a eE (;;fl e) a eE (v fl e) a eE (-;:; e e) A- (Y) 
u t · u rf · dLfl' d rf · ---E-.=----, ---E-----, ----E-..=----, ---2--- 10.21 ' 

v v v Q 

where A- (y) / Q
2

10.21 was measured in the famous SLAC exped.­
ment. The theoretical expressions for the first four of 
them are given in Eq. (22). The formulae for asymmetries 
have been just given and the expressions for elastic ve -

cross sections are well-known: 

vfl 2 
- 2 2 (eL ) v 2 

a(v e)/ E - = -- G m [------- + (e fl) ] 
fl v 7T e 3 R ' 

Vp. 2 

( I 
2 2 (eR ) vfl 2 

a v e) E = -- G m [ - ------ + (e ) ] 
p. v 7T e 3 L ' 

ve 2 
r 2 2 (l+e L) v 2 

a\v e)/ E- = - - G m f ----- -- + (e 1'- ) ]. 
e v 7T e 3 R 

Using the experimental values 
refs. 11 ,41 

vp. 
UL 0.35 + 0.07 d~ 

f e xp ' k = 1. .. . ,8 ' 
k 

-0.40 + 0.07 

uvll =-0.19 + 0.06 dRvp. = 0.0 + 0.11 
R -

a(v e)/E:.... = ( 1. 8 + o. 9). lo-42 em 2jGeV 
p. v -;-

a<vp.e)!Ev = (1. 7 .:':. 0.5) · 10-42 cm 2/GeV 

a(v ee)/ E- = (5. 7 + 1. 2) · 10-42 em 2/GeV 
v -

A-(Y=0.21)/ Q
2
=(-9. 5.:':_ 1.6) · 10-5 (GeV/c)-2 

(26) 

see, 

we can determine the values of parameters 
minimizing the x 2 -functional 

~A' e , ¢ , rfi , by 

8 

X 2 = l 
k= 1 

exp 
rkc~ A· e. ¢4l- c k 2 

[ ---- -------------------- l 
ak 

and estimate the level of agreement of the theory with 
experiment according to the x2 -criterium. 

14 

In the course of -this investigation we have to study, 
evidently all the possible lepton assignment in 20-plet 
compatible with the known structure of the charged weak 
currents. As a result of our analysis, we find that there 
are two variants of lepton assignment which provide good 
agreement of E7 -theory with experimen~*. In both of these 
variants e i has quantum numbers of L 256 (the component 
of SU(2) w -triplet, see Eq. (10)). ve corresponds to L 246 
or L ~56 , e t corresponds to L 1:24 (the component of 
SU(2) w -doublet) • vp. and p. "i. _!orm SU(2) w -doublet. In thE;! 
first vaEiant it is (L ~46 , L 356 ) whereas in the second 
(L 0136 , L 236 ) . : The quantum numbers of p. 1 cannot be 
determined from the available data, hence p.~ may be 
associated with L i 45 ( ( 80(2) w -doublet) or with L 1:34 
(SU(~w -triplet). The remaining unoccupied places in 20-
plet may be used for r -lepton assignment; there are seve­
ral possibilities. 

The results of our fit for both the variants are given 
in Table 1. For comparison we give in Table 2 the results 
of the analogous analysis for WS-model, where there is the 
single free parameter sin 2ew , note that the doublet assign­
ment for eR is not rejected by the present data, whereas 
the triplet one gives unsatisfactory x2. For the sake of 
completeness we also give in Tables 1,2 the predicted 
(for the values of parameters given in Tables) value of Qw 

QW = 584(cAV(e,U) + 1.15£AV(e,d)) (28) 

which measures the parity nonconservation in bismuth. The 
predictions of y -dependence for various asymmetries in 
muon-isoscalar target scattering are shown in the Figure. 

v. Discussion and Conclusions 

It is evident from Table 1 that E 7 -theory can provide 
a good description of all the available data. It is inte­
resting that predictions of the E 7-theory for Qw are 
consistent with the last result of the Novosibirsk group 1131 

* we have also tried to fit the data with the opposite 
sign of quark form factors in Eq. (27) but have not find 
any solution with reasonable x2 · 
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WS-model 

eR singlet 

eR, doublet 

sin 2 8w 

Table 2 

mw 
(GeV) 

mz 
(GeV) 

lQw x2 / ND 

.23±.03 79±4 90±3 -120±8 4.1/7 

.21±.03 83±6 93±5 0 13.2/7 

CL 

77% 

9% 

and with those of the WS-model. However, one may be disap­
pointed by the fact that good agreement of E 7 -theory with 
the data is achieved by adjusting as much as six parame­
ters. We should note in this connection that the big num­
ber of Higgs fields and, therefore, a big number of v.e.v.'s 
is intrinsic in grand-unified theories /10/ and is the ne­
cessary price we have to pay for the beauty of the basic 
idea of total unification and total lepton-hadron symmetry. 

The E7 -theory has a number of specific predictions . 
First of all, in this scheme the W-boson and some neutral 
intermediate bosons are substantially lighter than the W­
and Z0 -ones in theWS-model (see Table 1).This property 
of the E7 -theory may be verified in the near future in the 
experiments on pp- and e+e-·annihilation. The predictions 
of the E 7-theory for asymmetries in ~-isoscalar target­
scattering also differ essentially from those of the tra­
ditional WS-model and may be checked soon in the CERN­
Dubna experiment under preparation. Hence, in the near 
future we shall be able to give a final judgement on appli­
cability of the E 7 -theory. But, even would the E7 -theory 
turn to be wrong, it is worth remembering that the most 
general and extreme choice in the framework of grand-uni­
fication ideology is to take E8 as a grand group. Due to 
the advantage of the possible replication of the WS-model 
with the fixed symmetric value of 0.3 for ffin 2 8w (see Ap­
pendix A) this choice evidently needs thorough examination. 
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Appendix A 

The second possible definition of electric charge ope­
rator in E 

7 
-theory is 19 / : 

Q = diag(2/3,-l/3, 2!3. 2!3. -1/3, -4/3). (Al) 

Our main remark is that using Eq. (8) we obtain in this 
case 

sin2 ew = 0.3. 
0 

(A2) 

After renormalization we get 

sin 2ew = 2f.:l (A3) 

which is just the value favored by experiment, see Table 2. 
With such a definition of electrin charge we find that 
doubly-charged leptons appear in SU(2) w -triplets in 
20-plet, whereas the charges of SU(2)w -doublets remain 
the same as in Eq. ( 10). It is important that the charged 
SU(~w -singlets appear in 20-plet giving a possibility 
to fulfill the WS-prescription for the known leptons. 
Unfortunately, in this case we loose the possibility to 
place the right-handed d -quark in SU(2) w -singlet while 
doublet dR -assignment is inconsistent with experiment~~ 
Besides, in this case we gave only two -1/3-charged quarks 
and, therefore, b-quark should have electric charge 2/3 
or -4/3 which is not favored by the data /14 /. We should men­
tion right a way that we can avoid all this difficulties 
by passing to the E8 -grand-unified theory and preserving 
the definition of Eq. (12) for the electric charge. The 
detailed discussion of the E 8-theory is out of the scope 
of our investigation and will be given elsewhere. Now we 
only mention that due to the too big number (248) of fer­
mionic fields in the E8 -model the more economic descrip-

19 



tion in the framework of the E7 -theory is more preferable 
at the moment. 
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