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Abstract

We discuss about the possibilities of decoupling the Standard Model dynamic
from the effects due to extra gauge symmetries. We generalize the Georgi-Weinberg
hypotesis allowing a standard Z coupling in ¢*> = 0 interactions and show that,
analogous conditions on the higgses may cause, at ¢> = M% , the decoupling between
the virtual currents. FEg derived canonical models can fit the requested Higgses
decoupling condition and reproduce, both at ¢> = 0 and at ¢ = M2, standard
couplings for the Z vector boson and the photon; this Higgs representation can
justify an eventually large difference of mass between the Z and the Z’.



1 Introduction

Last LEP 1 run as well as g’=0 APV experiments, have given no evidence up to now
about the existence of the extra intermediate vector boson foreseen in most of the Grand
Unified theories; in particular in almost all of the U(1)' expanded models, the amount
of Z — Z' mixing as it comes from experiments, results to be less than 1% and next

experiments will probably thin this already small interval around the zero[1, 2|.

At this rate the hope to find a new intermediate neutral vector boson goes away
from present accelerators forward the next generation of more energetic ones; but, in
the meantime, one can try to guess some special mechanism which could hide the Z’

manifestation within the context of extended gauge theories.

Already in 1978 Georgi and Weinberg[3] tried to explain the absence of extra neutral
gauge currents in ¢°=0 neutrino interactions, by a very peculiar vacuum breaking Higgs
structure, and in Sec. 2 we will analyze some models which have found able to satisfy to
those implications even without strictly submitting to such restrictive conditions on the
Higgses. However, as LEP 1 physics describes the eTe™ interactions at ¢> = MZ, it would
be quite interesting to generalize the validity of the theorem even to the case of charged
particles interacting at energies higher than zero.

With this aim in mind, in Sec. 3 we firstly seek for the eigenfunctions of the squared
mass matrix and analyze, in particular, the rank three extended models. The experimental
request of a vanishing Z, — Z| mixing angle 65; in L-R models, imposes an infinite limit
for the Z’ mass. In canonical models the phenomenological condition 85; = 0, occurs with
the block diagonalization of the mass matrix at the x neutral generator which causes in
turn, the automatic decoupling of the extra gauge dynamic from that of the Standard
Model. The only not trivial way to simulate a Z — Z’ decoupling, is to expand to rank 4
models. In this case, in fact, one can require a “8y; = 0” behaviour of the Z eigenvector

by imposing some simply relations among the various elements of the mass matrix.

In Sec. 4 we show as, in analogy with Ref. [3], the whole neutral propagator can be
expressed by means of the squared mass matrix and its eigenvectors in such a way that,
when the exchange of each neutral vector boson becomes dominant, the non-resonant
neutral Hamiltonian connects some “fictitious” currents to the associated reduced mass-
matrix. The dynamical currents have a feature analogous to that described by Georgi
and Weinberg, so that in the g?=0 sector, there is complete equivalence between the two
descriptions and the S.M. limit can be easily checked. In this way we get an extension
of the ¢ = 0 dynamic described by Georgi and Weinberg, also at the scale of the mass

squared of each neutral intermediate vector boson.



As it will observed in section 5, the rank 4 decoupled models get a standard Z,
coupling. Moreover, if the reduced mass matrix is block diagonal, at the scale of the Z
resonance each fictitious virtual current will interact independently from the other; as for
canonical models, one of the virtual fictitious currents is the electromagnetic current this
causes the dynamical decoupling between the ordinary and the extended physics. For an
“Inert” Z’, we can justify the cancellation of the extra virtual current so that the dynamic
will exactly reproduce the Standard Model predictions.

2 The Georgi-Weinberg theorem

Trying to explain the absence of non standard neutral current effects in neutrino scatter-
ing, Georgi and Weinberg argued that, if the gauge symmetry is constituted of a direct
product of the kind G; ® G, ® U(1), broken by the VEVs of two sets of scalar higgses
¢ and ¢, transforming respectively non (and) trivially under G; and G, , then in an
elastic process involving electrically neutral and G, neutral fermions, at zero momentum

transfer, the neutral current effects due to the G; symmetry would completely disappear.

The proof of the theorem (we refer here to Ref. [3] for notation) is based on the
fact that, as a consequence of the assumed higgses’ proprieties, the inverse of the U(1)
reduced squared mass matrix [p~?], ; can be decomposed into block-diagonal components
of separate (G; and G origin. Combining these results with the main observation that
[#~%)i; is strictly connected with the propagator of the effective four fermion neutral

current at low momentum transfer

Dop =Y m *uiattig (1)
i#0
by the relation
Bag =Y, Lailaslis iy (2)
1,j#0
it results that the neutral current hamiltonian
1 = i
H =53 ($7"ts¥)(Pruta?)9agsBas (3)
af
transforms into
1 T - &
H=3 > (i) (Pyumiv) ;s (4)
ij£0

and can be then divided into two pieces related to G| and G, respectively; if the fermions
involved are both electrically neutral and neutral under G5, the second term will not

contribute to the interaction.



This is typically the case for the L-R symmetric breaking pattern S(B) described in
Ref. (4],

S(B): SO(10) — SU(3). ® SU(2), ® SU(2)r @ U(1)5-1

where the two sets ¢; and ¢, of the breaking higgses with VEVs v;, are chosen to
transform according the 16 representation of SO(10) :

¢ = ( ; i Im=0 ; B-L=1)
¢z = ( Ipa=0 ; Ipg=3 ; B—L=1)

one can see that the left or right isospin, alternatively vanish thus reproducing the re-
quested hypothesis on the higgses. In literature however, one can find other models which
still satisfy the Georgi-Weiberg implications even without requiring the strong over de-

scribed higgses proprieties.
In canonical models, for example, the spontaneous symmetry breaking S(A),
S(A): SO(10) — SU(3). @ SU(2)r. ® U(1)y, ® U(1),
may occur by means of a couple of higgses transforming as :
b= (In=} ;i Yn=-3 i n=55 )
$2 = ( Ir2=0 ; Yu2=0 P X2 =—57= )

which do not satisfy the above condition. Anyway in this case a very lucky situation
occurs, because the ¢, field does not broke the S.M., which makes it possible to reproduce

the implications of the theorem as well.

In fact the vanishing of the isospin-left in ¢,, allows us to divide the inverse reduced

squared mass-matrix into two components :

1 1% 1
g2 L (g7 0) 1 FB  Tamh (5)
Voogtih | g o) viXE

of which the first term reproduces the S.M. neutral current, while the second one turns
out to be a perfect squared quantity when contracted between the current doublet (n;,n,)

in this way we get the interaction hamiltonian as :

1 I 1 X1 iy?
H==In n++—(n-———n~—-) 6
2 [ l(glvltl) I v3X3 1Q'lti 292 (6)

with ny = g, ¥y* (I, — sin® § Q)9 the standard neutral current and ny = g, ¥, x; ¥ the
extra neutral one. Considering that the neutrino transforms like ¢, , we will get for the

interactions involving this neutral particle an automatic cancellation of the second term.
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Unfortunately this is not always the case when we extend our analysis to a generic
pattern of S.5.B. Already in the well known Eg models derived from string theory, ordinary
(and exotic) particles can be represented within the 27 of Eg [5]; as a consequence, also
the number of necessary higgses becomes larger and they will generally not satisfy neither

the G-W hypothesis, nor the peculiar cancellation mechanism above described.

In the following we will find a more general condition on the Higgses which still may
cause the decoupling of the virtual currents in g*> = 0 interactions, moreower we will

proove an interesting generalization of the theorem at the scale of the Z exchange.

3 The squared mass matrix

Let us now consider a Gauge theory for an effective symmetry group given by the direct
product G = G; ® G, ® U(1) with G, and G; being arbitrary groups. Be this theory
broken by the VEVs of a set of higgs scalars ¢; each of them having charge y,; with
respect to the ath neutral generator T, but still leaving the electric charge unbroken

Q= Z Caly (7)
the higgses’ charges y.., are then asked to satisfy to the relation

; caysi = 0 (8)

The main problem arising in spontaneously broken gauge theories, is that gauge and mass

eigenstates generally do not coincide. The most general squared mass matrix results to
be

P'.?;,g = gugp Z '”?yaiyﬁi (9)

where the 7 index runs over the all the Higges involved. In order to get the mass eigen-
states, we diagonalize it by means of an orthogonal transformation U. Calling u,, the
generic element of the U matrix, we can write:

Zﬂiﬁuﬂt = M{uo: (10)
B
For the photon eigenvector M? = 0, and we can easily take:

Ca
Uap = N 11
5 (1)



which automatically annihilates, by virtue of eq. (8), the mass matrix eigenvalues equa-

tion. The normalization constant IV, results to be

=[] e

and has the meaning of the elementary electric charge e.

In the case of non-vanishing eigenvalues, things appear less simnple. Looking for a
solution of eq. (10), we also want to take into account of the physical request about the
Higgses’ neutrality expressed in eq. (8). With this aim in mind we sum over the a index
in the eigenvectors equation (10).

Z(Z gagaz v} Yaitisi — M} Jug, =0 (10")

In the same way we can generalize eq. (8) by multiplying it with the term v7g,y.; and

then summing over the a and ¢ indices
Ca 2 ’
zg: 98 za: 4

we try to derive the generic £ eigenvector by requesting equality for each member of the
sum, and get, for such models in which the coefficients ¢; # 0 and the squared mass matrix
would be not block diagonal:

E:a }u’czx,ﬂ

wph =Ny B e lad
g.BE F‘aﬂ MZ

(13)

where the normalization coefficient N;, which allows Y4 (ug:)* = 1, is

nj=

[ ) (e

consistently with the definition of the electric charge given above (12).

We now observe that the ug; obtained in this way, are, by construction, a solution
of the eigenvalues equation (10) and therefore, because of uniqueness, they represent, in
the case of no degeneration of the bosons’ masses, the searched solution to the problem.
The orthogonality conditions can be used to check the eigenfunctions of the model under

consideration; they suggest some useful relations among the masses of the neutral vector
bosons as (¢t # t):

Zuasua:f == Z ( ) (S tha) =0 (15)
(Zh p‘ha Mtz)(z;h pu‘f21a - M?")
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Relation (15) comes out to be very useful when applied to the photon, in fact, in this case

2
Ca z:h .u'huaz
E X =0 16

(ga) Zh p‘ha2 - Mtz ( )

from which one can get informations about the masses of the others neutral vector bosons

it simplifies to:

starting from the mass matrix and the definition of the electric charge.

In practical cases, one restrict his research to just one extra non-standard Z' coming
from residual Gauge groups like SU(2), @ U(1)y ® U(1), or SU(2) @ SU(2)r @ U(1)p-L
which are supposed to appear in the low energy behaviour of more general Grand Unified
models like Eg [6].

In rank three models, the mass matrix can be written as

G Tiviys 9091 Liviyoiyni Goga X vIYoilai
sz = | gogr 22: v.?yo.-yu 9‘% PR ”Eylzi 9192 22 ”.?yli'yzi (17)
9092 Ziviyoivai 929 Tivivaivii 93 Liviva;
where the index 0 conventionally refers to the U(1) symmetry in the Gauge group as for

example the weak hypercharge gauge symmetry in canonical theories.

The gauge fields will be mixed into the physical ones

Yo cosfcost) —(cospsinfcose+ singsiny) — cos¢siny + sin @sin fcos

i | = sin 4 cos @ cos ¢ — cos @ sin ¢

Y, sincosl  sin¢cosy) —cos¢sinfsinyg  (cos@cosy + sin @sin sin )
(18)

for canonical and L-R models we can respectively take (Y5;Y;;Y2) ~ (Y ;Ts5x) ~
(B — L;Ts.;T5r). Comparing this equation with the general eigenvector equation (13),
we get for the “Weinberg” angle,

i

sinf = u;p = e— (19)

9
that is, for ¢ = 1, sinfyy = ;ez consistently with the definition of the Standard Model;
this is the quantity experimentally measured in the ratio sin’fy = 1 — M@ /M3 ~

0.2339 =+ 0.0022[7]. For the other two Euler angles, we have the relations:
P e Bl ] (19)
gy  Co G2

which vanishes in canonical and in g, — oo models, and

ta.nd):—www E{ M%_th‘?ll

19"
un Ny X piy — M3 o
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The ¢ angle gives the mixing between the S.M. Z;, and the extra gauge boson Z/, in fact
* tan ¢ results to be proportional to the non-diagonal element of the Z,, Z/ mass matrix:
M2 = M? cos? ¢ + M3, sin’ ¢ AM? sin ¢ cos ¢ (20)
- AM?sin ¢ cos ¢ M%, cos® ¢ — MZsin® ¢
with AM? = M%, — M%. Defining M{ the first term of the M? matrix, we find the well

known relation

M3 — Mg
M — M2,
When ¢ = 0, the M? matrix diagonalizes and the physical boson masses coincide with

tan? ¢ = (20')

the mathematical ones.

In our analysis we take into account of all the neutral generators entering into the
squared mass matrix before diagonalizing it and therefore it is quite different from the
one done in Ref. [8], where the authors only consider the U(1) reduced mass matrix in
order to get the physical mass eigenstates of the two neutral vector bosons. The M?* mass
matrix of the Z, and Z in our description comes out by the double rotation of the p?
matrix with the two Euler angles  and . For this reason, our elements of the M? matrix
are, in general, more complex, and in particular the mixing angle does not result any
more proportional to u?,. However for canonical (¢=0) models (to which we will dedicate

a great part of our paper) the two descriptions are coincident.

The present experimental limits on the Z-Z' mixing angle 8,/ 1, 2] suggest values very
close to the zero, for most all the canonical and L-R models, and even compatible with
it at 1% confidence level. It would be thus interesting to look for assumed conditions on
the Higgses which could induce an exact decoupling between the Z and the Z’. We will
call “Spontaneous Decoupled” [9] all those models whose Z — Z’ mixing angle is a-priori

posed equal to zero, already into the bare Lagrangian.

- Seeking for spontaneous decoupled rank three models, we try to compare the mass
eigenvectors 4z and 4z from eq. (13) with the respective ones of eq. (18) at ¢ = 0.
Note that, in this way, it is not possible to get any Higgs’ decoupling condition without
incurring into indetermination. In fact the same request for a vanishing u,z/ term, which

is proportional to sin ¢

2
g~ LTl _ g (21)

g1 Th i — M;%f -
together with the assumed behaviour of the Z eigenvector
Zpeoy = (—cosysinf; cosf; —sinysinf) (22)

requires, in a real model with a finite value of M2, either the degeneration of the masses,

or the block-diagonalization of the mass-matrix.

9



In the limit of large Z’ mass, which can be reached by shifting the g, coupling constant
to infinity, both the u,, and the u;7 need to vanish because of the exploding third column
of the mass matrix. On the other side, in canonical models, the spontaneous decoupling
condition f; = 0 always requires the off-diagonal M? matrix element, proportional to the

g3, term of the mass matrix, to vanish:
9L 9x D v TLixi = g gx D_v;¥ixi =0 . (23)
] | 3

This automatically causes, in this case, the complete block-diagonalization of the mass
matrix at the Mz eigenvalue. The 4 eigenvector is therefore coincident with the extra
gauge current: @z =~ (0;0;1) and we fall into the previous case. This is the only
spontaneous decoupled rank three model allowing a Z’ of finite mass; in fact the block-
diagonalization of the mass matrix makes the extra gauge dynamic independent from the

standard one.

In this sense, rank three models cannot allow a vanishing ¢ angle without requesting
at the same time the complete decoupling between two physics, the standard and the
extra one, thus preventing the last one to take part into the low energy dynamic (that is
the Z dynamic) even at the virtual level; its manifestation is therefore submitted to the
only possibility of direct production of extra gauge bosons. However in rank 4 models, to
which typically belong all the Eg models, it is possible to get the hoped Z;-o behaviour
without necessary imposing a vanishing value to u,z. This is because it’s possible to
think about successive rotations of the fourth gauge group which could just influence the
u;z» term making it no more proportional to sin ¢. Note that, in this expanded case, the
¢ angle , which defines the L — x rotation, will not coincide any more with the Z, — Z|
mixing angle 85, on the contrary, the most general relation between the two quantities
will be generally far from a simple proportionality. In fact, because of the rank-4 rotation
on the uz eigenvector, relation (19”) defining the ¢ angle in rank three models, looses its
validity. However, we observe that, if the Z mass eigenvector assumed the typical rank
three ¢ = 0 behaviour, by looking at the Z resonant physics, there would be little room

to realize the presence of other symmetries.

The eigenvector which simulates a rank three vanishing Z — Z’ mixing angle, can be

expressed as :

2 2
Zo=o = - (—-cﬂc—l; (-C—'i) + (53) ;-2 2 0) (24)
(m)2 " (91)2 g0 @ 9o g2 92 9

g0 92

which, by means of eq. (13), requires
1
o= Xy = 1 M (25)
h h

10



and

o 2_|_ (91)2
2“21: ggo) 3 o 2M2 (26)
e = N EY RN Yo

In the following we will see that the class of models defined by the last two relations,
which simulates 8, = 0, gives exactly the standard coupling for the Z current.

After having deduced the neutral vector bosons’ eigenfunctions, we show now, how
it’s possible to generalyze the Georgi-Weinberg theorem to the scale of the Z exchange,
that is LEP 1 physics.

4 The neutral current interaction

Let’s now consider the neutral current interaction Hamiltonian
i | T u -
HNC = 5 Z(¢7 ta¢)(¢7utﬂ¢) Gadp Aaﬁ (27)
af

where as usually, g, is the coupling constant of the canonically normalized neutral gauge

field A, coupled to the T, current whose representation on the fermions we call ¢, and
Dap = Ao” Ag, (28)

is the “propagator” of the neutral gauge bosons. The U matrix allows us to transform
the gauge eigenstates A, into the physical ones Z;, so that, by means of completeness we
can specify in eq. (28) 4, = ¥; 4aiZ;

Aaﬂ = Zum-uﬂj Z,'“ij . (29)
¥
At the tree level the propagator of the “physical” vector bosons, can be written

N A . S
(Z; ? JH> M,_Q'__qz +l€

(30)

where M; is the physical mass of the neutral boson Z;. Substituting this term into eq.

(29) and summing over the j index, we get

Aa'@l = z m 'll.al"ll.‘g,‘ . (31)

When the ¢* is off of a resonance scale, one can neglect the imaginary € term into the
denominator, but considering the case of ¢> = M7 for a fixed value of 7, one need this
imaginary part to define eq. (31). The main observation is that the propagator A,z as

11



obtained in eq. (31), is simply related, to the squared mass matrix p?, in the following
way
2 o
Aap= (1 —¢'I) " 4 (32)
in fact if u,, is eigenvector of the mass matrix with eigenvalue M?, also it will be eigen-
vector of the matrix (p* — ¢*I) with eigenvalue M? — g* ; the inverse of this eigenvector

equation brings, after a little algebra to the expression

y 1
2 gyt =30
which proves the above relation (32).

Inserting eq. (31) into the Hamiltonian eq. (27), we can derive the coupling constant
associated with the fermion-antifermion vertex relative to the exchange of a vector boson

of mass M, as a function of the mass eigenvectors:

Y Gatotiar - (34)

When the interaction scale ¢* coincides with the mass squared of a neutral vector
boson Z;, its exchange, expressed in the propagator (Z;, Z,), will dominate the whole
neutral current Hamiltonian. By virtue of eq. (31) one can then distinguish two terms in
eq. (27) coming respectively from the contributions of the dominant Z, exchange and of

the other vector bosons.

Lve = 5 @708)Fntod) gags AL, (35)
af

+ %Z(%“toﬂ/))(@wtmﬁ) 9ags Yartipe (Zes Zt)
af

with Afﬁ = Yint ﬁ?ququm-u‘g,-.

The second term of eq. (35) has its pole at the physical mass of the resonant vector
boson. It can be easily shown that at ¢° = 0 (Z, = «) the couplings of the zero mass
boson with the fermionic current are, as expected, exactly electromagnetic. In the case
in which the scale of the interaction corresponds to a non-vanishing eigenvalue M7, one
has to check the couplings with the proper eigenfunction #;; in the S.M. limit, as like as

in ¢ = 0 canonical mode_ls, we find the expected standard fermion-Z; coupling.

Considering now the first term of eq. (35), which is relative to the exchange of the off
scale neutral vector bosons, it is possible to generalize the relation already got in Ref. [3]
eq. (15) to the case ¢* = M7. In fact, observing that A%, = [u* — ¢’I];' is the inverse of
the 7,7 # t submatrix [u? — ¢*I];;, and defining the quantity

Rtaﬂ == Z CaiCﬂi[ﬂz » qu]}_i‘.lij (36)
t7F#E

12



where (i = 84 — UaiUi;, we have the relation Aaﬂ = R a:

To demonstrate it one can use the same arguments and note that R',5 defined in eq.

(36), satisfies, at the resonance scale, the two properties

[(#* = IR ap = ) Uaitipi = as (a)
it
and
ZuagRth = Z Rtagu;_;t =0 (b)

which uniquely define also the Af; inverse matrix.

By means of eq. (36) one can rewrite the first part (# Z;) of the neutral current
Hamiltonian as

HNC#Z: = a5 Z(¢7#ta¢ (¢7#t5¢ Z C&!CBJ [,U' - q ]Rlij (37)
17#L
which gives .
Hrncgz = 9 Z(¢7 n,'qb)(tb‘n,nﬂb) [# - q ]R ij (38)
ij#t

where the “fictitious” currents n;, are given by the couplings
Zga(é‘m uatuu) (39)

Specifying them by means of the eigenfunctions ;, one can see that, when the ' vector
boson is the photon (that is g° = 0), the second term in eq. (39) comes out to be
proportional to the electric charge and the coupling n; reproduces the general definition
already given in Ref. [3]. Unfortunately, when the ¢> = M7 of the interaction is different
from zero, the couplings do not generally reproduce any more the expected standard-
generalized behaviour of the kind n; ~ T} — sin® §; @, because the not-vanishing Z; mass
prevents the second term from being proportional to the electric charge generator. Note
that there is no reason a-priori for which the “fictitious” fermion couplings n; which come
from the mass matrix and the fermions gauge currents, should be equal to the physical
ones even at a well defined interaction scale, and therefore, the above generalization of
the standard couplings at g> = 0 should be considered as a dynamical effect due to the
fact that the photon has exactly a vanishing mass. However, checking with this method
the Standard Model limit, both at ¢> = 0 and at ¢> = M, one can easily verify the
equivalence of the non-resonant currents ny, and ny-, to the standard physical couplings

of Jz and J,,, respectively.

13



In general, for those models in which all the off-diagonal terms of the A® propagation

matrix vanish, the non resonant Hamiltonian results in the sum of non-interacting currents

Hye =Y ni(p’ - QZI);I m; (40)
i#l

corresponding to a “virtual” exchange of intermediate particles whose masses and cou-
plings do not necessary coincide with the ones of the physical vector bosons. However this
dynamical description can be found very useful in such models in which, for some peculiar
reason, one can reproduce the standard couplings as in the case described by Georgi and
Weinberg, or such that, under very common hypotheses on the fermions’ representation,
some of them may vanish; in these cases, the suppression of the currents could cause the

cancellation of any extra gauge effect.

In the following we will seek for such models in which this situation can occur according

to given properties of the fermions involved in the interaction.

5 The hiding Z'

In the previous chapter we have seen how, in the four fermion interactions at the physical
mass of each neutral intermediate gauge boson, the Hamiltonian can be divided into the
resonant and not-resonant terms. The exchange of the neutral vector bosons occurs by

means of the resonant coupling of eq. (34), and the virtual currents n; of eq. (39).

When the photon exchange is dominant, the virtual couplings are shifted from the
gauge ones of a term proportional to the y — Z,; mixing angle sin §; = eﬁf, consistently
with the standard physical Z coupling. For the case in which the 0-reduced squared mass
matrix is diagonal, that is 3, v?yriyni =0 (h # k; b,k # 0), all them decouple together,
so that, for Gj-neutral neutrino interactions, any extra gauge dynamical effect will be
absent, according to how has been already observed, limitately to the case of canonical
models, in a previous paper [9]. We like here interpreting this peculiar massive boson
decoupling as due to an orthogonality condition in the spontaneous symmetry breaking
mechanism among the neutral generators of the two main groups, which enter into the
definition of the electric charge; it requires, in fact, the weight Higgs charge vectors
(ViY1,V2Y2+y ey Un¥n )i, associated with the breaking of each Y; neutral generator, to be

orthogonal each other.

In the rank three models analyzed in Sec. 2, we have already discussed about the

possibilities of cancelling the extra-gauge effects in ¢ = 0 neutrino interactions; the first

14



of them, requiring
Y vititai =0, (41)

obviously obeys to the diagonality of 0-reduced mass matrix hypothesis. As over already
observed, in canonical models (where SU(2)r ~ U(1), and c, = 0) this is equivalent to
ask

Zv?y.-x,- =0 . (42)

and coincide with the request of vanishing Z — Z’ mixing angle. Note that both these
conditions orthogonalize the extra gauge symmetry respectively to the T}, and Y reduced
Standard Model; this cause the complete decoupling of the S.M. from the U(1), symmetry
and allows the complete cancellation of the U(1), physical effects, even in presence of Q-
charged (x-neutral) fermions, because of the annihilation of the second term (proportional
to ¢z) in the extra coupling.

The previous considerations refer to fermion interactions at ¢> = 0. Let’s now try to
extend these results to LEP 1 physics where pairs of e*e™ interact by means of neutral
currents at the scale of the Z exchange. In rank three models with p?, = 0, the non-
resonant neutral current Hamiltonian, because of the mass-matrix diagonalization, turns
out to be the sum of two independent terms

1. - e - |
Hnezz = 5(’11"7; no¥)(Yryunod ) (4 — qz)ou ¥ §(¢7"“2¢)(¢7M“2¢)(F'2 = §%)z (43)
with ¢* = M%; the virtual couplings ny = goT\, — uoz n, and ny = g,T» — uyz n; essentially
derive from a modification of the Ty- and T, generators caused by the n; coupling of the

resonant vector boson
mo=gotoz To+ giuizTh + gauaz Ty . (44)

These currents n; do not generally bring to standard couplings, but as we will see in the
following, the standard behaviour is reproduced in canonical models and can be reached
in the L-R one by imposing the asymptotic condition g — oo. May be interesting to
look for real models which can admit the standard Z, coupling for the resonant current,
even without necessary imposing an infinite Z’ mass. In Eg derived models, for example,

the Zd,,__g eigenvector in eq. (24), gives rise, at any interaction scale, to the Z current:

S \/(5,;)2: (m)ﬁ ;_i l_q:ﬂf (;_2)2 ((9%)2 B (;_2)2) PR CRTR} (48)

gy gr

which, by adding and subtracting ¢; 77, brings exactly to the standard Z, coupling

cosf ¢y,

1 L’
nz = ?f[i (CLTL =3 623{—2 Q) H (46)
L
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For the virtual currents, however, we do not generally find any coupling corresponding to
the photon exchange.

In rank 4 models, the hypothesis of a large Z” mass, due, for example, to a large
pﬁ,w value, let us to neglect its influence in the low energy behaviour and, in particular,
the low mass-matrix eigenvalues will result unchanged. In canonical decoupled models,
by egs. (41) and (42), because of the 1 reduced mass-matrix block diagonalization, one
can get rational values of the bosons’ masses and compute, by means of eq. (13), the 7
eigenvector e (& ; — 25 0; 0) and with it, the respective real and virtual couplings. We
find, together with the Standard resonant Z current, the fictitious current n,

Cy
o = ny = gy Ty — uyz(gy Tyvoz + grTrurz) = eng—‘— (47)
=

which, once simplified with the mass matrix contribution 1/M}% cos® 8y, gives the exact

electromagmetic current; on the other side, the extra gauge current n,
ny = gy Ty (48)
results uniquelly associated with the Z' exchange.

Trying to connect the above considerations with the fact that LEP1 experiments have
given no evidence (up to now) about the existence of any extra gauge symmetry effects,
we guess an ambiguous situation for which, in the fermion representation, the e; and
the ep get opposite x-charges: in non polarized beams, a destructive interference between
opposite amplitudes could cancel any x symmetry signal. Taking into account a Z’ coming
from FEg , resulting from the mixing of the 9 and x symmetries:

Z' = Z'(0) = Zy cosd + Z, sin¥ , (49)

the above described situation, then asks sinY = —+/10/4 which corresponds to the so
called “Inert” vector boson Z;[6].

An other question arise whether such models with a vanishing u{., make sense at all.
The problem shifts now to the seek for the ideal Higgses representation which could carry
out the asked annihilation of the non-diagonal x¥ mass matrix terms. Within the context of
the 27 representation of Eg, one can find five neutral candidates for the symmetry breaking
[5], which trasform with respect to the canonical breaking in SU(2), ® U(1)y,, ® U(1)g,
according to the scheme:

hy = ( In=+43 ; Iy, =-1 ; Q= +\/-c0519 \/—smﬂ )
hogy = ( Ip=-% ; Ino=+41 ; Q=+ Tcos19—|-7—51n19 )
b, = ( =43 ; hypy=-1 ; Q= 7(:0519 + 7—511119 )
by Subnde=0 . idpe=045 @= \/« cos ) — ;= sin ¢ )
hn = ( It=0 ; IL,=0 ; Q= jgcosﬂ )



Theoretical argumentations, let us to suppose that the first three of them, h,, h;, and
h., should be associated with “small” VEVs “m;”, while the two I singlets, hy and h,,
contribute to the breaking with “large” VEVs M,. Hypothesizing, for simplicity, equal
“small” VEVs “m” to the first class of Higgses, the vanishing condition for

IVEQUE 1 II'IEQ-i?‘E + IVcQUe ’

again requires the value sin = —4/10/4. Moreover, in this representation, the vanishing
standard charges of the Higges associated with large VEV “M”, may also justify a large

difference between the bosons’ masses.

In conclusion, we have showed that, an orthogonality condition on the Higgs breaking
mechanism can cause the dynamical decoupling of the virtual currents in the ¢°* = M7
fermion interactions. At this scale, we find that the Inert canonical model is able to
exactly reproduce the standard couplings and to justify the absence of the extra gauge
effects in non polarized electrons beams. In this sense, we hope that next experiments
with polarized beams at LEP physics could finally feel the hoped signal of the extra Z;
current. If this will not be the case we cannot find, in the Eg context, a scenario capable
of vanishing both the e; and the ep Q-charges, and therefore, a very large Z' mass is
required, otherwise, may be others, unknown mechanisms hiding the Z’ manifestation are

playing the game.

Acknowledgments

I would express my gratitude to all people who kindly helped me to complete this
work; in particular I like remember L. Hadjiivanov for generous help, F. Boudjema for
disposal and competence, P. Chardonnet for patient support and friendly encouragement.
The Annecy Group of ENSLAPP and its director P. Sorba are also sincerely thanked.

17



References

[1] G. Altarelli et al., Phys. Letts. B 263 (1991), 459 ;
A. Chiappinelli, Phys. Letts. B 263 (1991), 287 ;
J. Layssac, F.M. Renard and C. Verzegnassi, Z. Phys. C 53 (1992), 97 , LPM
Montpellier preprint PM/92-09 .

[2] S.A. Blundell, W.R. Jonson and J. Sapirstein, Phys. Rev. Letts. 85, 1411 (1990);
V. A. Dzuba et al., Phys. Letts. A 141, 147 (1989);
K. T. Mahanthappa and P. K. Mohapatra, Invited talk at the XXV International
Symposium on High Energy Physics, Singapore, August 1990, K. K. Phua and Y. Ya-
maguchi eds. Vol. I, p. 966.

[3] H. Georgi and S. Weinberg, Phys. Rev. D 17 (1978), 275.

[4] R. W. Robinett and J. L. Rosner, Phys. Rev. D 25 (1982), 3036.
(5] J. L. Rosner, Comm. Nucl. Part. Phys. 15 (1986), 195.

[6] D. London and J.L. Rosner, Phys. Rev. D 34 (1986), 1530.

[7] P. Langaker, Invited talk at the International Workshop on Electroweak Physics Be-
yond the S5.M., Valencia, Spain, September 1991 and references therein;
for a recent revew see also J. Carter, Proceedings to the Lepton-Photon Symposium
and Furophysics Conference on High Energy Physics, Geneva, Switzerland, July
1991, Hegarty, Potter and Quercigh eds. (1991), Vol. II, p. 3.

(8] P. Langaker and M. Luo Phys. Rev. D 45 (1992), 278.

[9] A. Chiappinelli and C. Verzegnassi, LAPP Annecy Preprint n. LAPP-Th-333/91
(1991), unpublished.

18





