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Renormalizability and the model independent observables for the Abeliarz’ search
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The observables that are useful for the model independent search for signals of the Kbelrathe
processesa+e‘—>f_f are introduced. They are based on the renormalization group relations betwegh the
couplings to the standard model particles developed recently and extend the variables suggested by Osland,
Pankov, and Paver. The bounds on the values of the observables at the center-of-mass+/energy
=500 GeV are derived.

PACS numbe(s): 14.70—e, 12.60.Cn

[. INTRODUCTION rametrize the vector and the axial-vector coupling of Ziie
to the fermionf. Therefore, assuming the lepton universality
The AbelianZ’" boson with a mass much larger than the one obtains the sign definite observallle .. .
W-boson massrfiz:>my,) is predicted by a number of ex-  Usually, the parameters describing at low energiesZthe
tensions of the standard mod&M) of elementary particles coupling to the SM fermionglike Ufz' andafz,) are assumed

E)l]'dAt th_ebcgr[)ent enezjgileg detheZ’his df?cogpled. ltcan 4 pe arbitrary numbers which must be fixed in experiments.
e described by a model based on the efiective gauge grOl1-Li’owever, this is not the case if the renormalizability of the

SU(2).xU(1)yxU(1) which is assumed to be a low en- ynderlying theory is taken into account. In Ref3,4] it has
ergy remnant of some unknown underlying the[jf}e grand  heen shown that, if one uses the principles of the renormal-
unified theory(GUT), for exampld. However, theZ’ would i, 4ti0n group(RG) and the decoupling theorem, the correla-

be light enough to give the first signal in future experiments.;, o henyeen the parameters describing interactions of light

i Becaui%o;é%e I(()Bw<\a/r mallss”!lrgl_t frc:inzt,he Fe_;mlia? Teva’particles with heavy virtual states of new physics beyond the
ron, m;, >0(500) GeV, only "indirec manttestations = gy can be derived. It is most important that the relations

caused by virtual heavy states can be searched for at th

: . _Qptained, being the consequence of the renormalizability for-
energies of present day accelerators. In general, one is nQ

able to estimate the magnitude of A signal because of mulated in the framework of scattering in the external field,

the unknown couplings and the mass. However, numerou®® independent of the specific unQerIyiﬁ@JT) 'T“Ode'-
In Ref. [4] the method was applied to find signals of the

strategies to evidence manifestations of #fein experi- N X .
ments at high energg* e~ and hadronic colliders have been heavy AbelianZ’ in the four-fermion scattering processes. It

developed. The analysis can be done with or without asWas found that the renormalizability of the theory results in

sumptions on the specific underlying theory containing theéhe following constraints on th2" couplings to the SM fer-

Z'. Hence, there are model dependent and model indepef?IONs:

dent variables allowing the detection of tAé.

One of the model independent approaches useful in , )

searching for th&’ signal in the leptonic processese™ ufz,—afz,:ufz,—afz,, afz,=|;Y¢, ?)

— 171~ has been proposed in R¢2]. The basic idea was to

replace the standard observables, the total cross segtion

ano_l the forwgrd-backward_asymmemes, by a new set of ‘where f' denotes the isopartner df (I'=wv,, v/ =1, g

variables defined as the differences of the cross sections in- . - £
g,=0q, Wherel=e, u, 7 stands for leptons|; is the

H - qu ’
tegrated over suitable ranges of the polar arégle third component of the weak isospin, alvg, is the hyper-

charge parametrizing th2’ coupling to the SM scalar dou-
1 do 7z do . . -
c.==+ f dcoshH= f dcosg. (1) blet. Since the parameters of various fermionic processes ap-
=z7d cosé —1 dcosé pear to be correlated, one could expect that it is possible to
introduce specific observables sensitive to Ziemanifesta-
Because of the SM values of the leptonic charges and thions. In the present paper we propose such observables
kinematic properties of the fermionic currents, they havewhich generalize the variables. (1).
chosen the valug’ =2%%-1=0.5874 to make the leading The content is as follows. In Sec. Il the structure of neu-
order deviations from the SM predictionsr.. dependent on tral currents induced by th2’ boson as well aZ-Z' mixing
the combinations;‘;,vlz,ta;alz, , Where vfz, and afz, pa- is briefly discussed. Employing the relatiof® between the
Z' parameters the optimal observables for searching for sig-

nals of the heavy Abelia@’ are constructed in Sec. lll. In
*Email address: gulov@ff.dsu.dp.ua Sec. IV the experimental bounds on the observables are pre-
"Email address: skalozub@ff.dsu.dp.ua dicted. The obtained results are summarized in Sec. V.
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IIl. NEUTRAL CURRENTS AND VECTOR-BOSON MIXING

2

2 2 \y2 2
My 497/ Yy My
mz —

Considering the interactions of th& with the SM par- ©

ticles, one has to conclude that at low energiegm;. , the

renormalizable interactions are to be dominant. Terms of,4 as a consequence, the parametem?,/m2 cogé,
. , ' ,

nonrenormalizable  type [for  example, ~(d.Z, =1 Therefore, the mixing anglé, is also small 6,

—d,Z,)¥o,,4], being generated at the GUBr some in-  ~tang,~sin go~m§\/m§,_

termediateA ®¥T>A’>m;,) mass scale, are suppressed by The differencem?2—m2/cof4,, is negative and com-

GUT ’
the factors 1A”"", 1/A", and can be neglected. Thus, the yjetely determined by thg' coupling to the scalar doublet.
interaction of theZ’ boson with the fermionic currents can Tn,s. constraints on tha’ interaction with the scalar field

be specified by the effective Lagrangian can be obtained by experimental detecting this observable:

 coghy 9> m5,—mi/cosoy)

miy

—4) . (10

z'

Lyc=eAIr+072,35+092.2, 35, , (3 g;Yﬁ)
whereA, Z, andZ’ are the photon, th& boson, andZ’ m;
boson, respectivelye=\47a, gy=e€lsinf,cosh,, and _ . _
g stands for the (L) coupling constanté,, denotes the As has been provelfj in Riﬂ‘él], the following relations
SM value of the Weinberg anglganéy,=g'/g, where the hold for the constant¥s andYy:

chargesg,g’ correspond to the gauge groups SU(2) yhovt  yadfy (11)
U(1)y, respectively. The neutral currents can be param- f! ' 73 s

etrized as

+0

m3 cog GW) g2

ama,

my

where Yi=Y{—Y?, YR=Y!+Y2, and Y, is the hyper-
o charge parametrizing the coupling of the SM scalar doublet
=2 fyrul+aly®f (4) - ith 1
VT < Yy loyTayy)l, to the vector boson associated with the€l) symmetry. As
is noted in Sec. |, the notatidr stands for the isopartner of

—h

with V=A,Z,Z'. The vector and the axial-vector couplings ] ]

SM axial-vector currents have the universal absolute value, if
vA=Qr, ay=0, (5)  the single light scalar doublet exists. Among the four values
Y, Y?, Y{,, Y] parametrizing the interaction of thg’
A ) 92, . boson with the S(®) fermionic isodoublet only one is inde-
vz=|75 = Qx Sin? 6y, | cosfy+ EYf sinfy, pendent. The rest can be expressed through it and the hyper-
chargeY , of theZ' coupling to the SM scalar doublet. If the
|; 9y hypercharges are treat.ed as unknovyn parameters, these rela-
a,=— > cosfy+ —Y§ siné,, (6) tions are to be taken mtq account in order to preserve the
9z gauge symmetry4]. Relations(11) also show that the fer-
mion and the scalar sectors of the new physics are strongly

oo 9z |g . . correlated. As a result, the couplings of thé boson to the
vz:= Yt COSOo— ;(E_Qf S'nZBW)S'nGO’ SM axial-vector currents are completely determined by its
z interaction with the scalar fields. Therefore, one is able to
9 (f predict theZ’ coupling to the SM axial-vector currents by
afz,zY? cosfy+ ¥z 3 sinéy, (7)  measuring thep parameter. When th&" does not interact
gz 2 with the scalar doublet, th&-boson mass is to be identical to

its SM value. In this case thg’ couplings to the axial cur-
whereQy is the fermion charge in the positron charge units.rents are produced by loops and to be suppressed by the
The constantsy{ and Y{ parametrize the vector and the additional small factog?/16m2.
axial-vector coupling of the fermiofito the (1) symmetry
eigenstate, whereas, is the mixing angle relating the mass Ill. OBSERVABLES
eigenstate€ , ,Z,, to the massive neutral components of the

~ . . In the present section we consider the electron-positron
SU(2). X U(1)y and the Y1) gauge fields, respectively. Its P P

value can be determined from the relatié apnihilation into fermion. pairse’e” —V* _>f_.f’ for ener-
giess~500 GeV. In this case all the fermions except for
m\zN /cof6,,— m% thet quark cgn be treated as massle'ss'partim%so. The
tarf 6= 5 2 10020 (8) Z'-boson existence causes the deviations(,,”) of the
m3, — M/ COS By cross section from its SM value:
Because of the mixing between tdeandZ’ bosons, the * 2
) ’ d d d RTELAT s
massm, differs from the SM valuem,,/cosé,, by a small AT 29 TIsm_ dTswAT] +o|l =1, 12
; 212 dQ dQ  dQ 327s m?
quantity of ordemy,/m3, [4], )
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FIG. 1. The amplitudd, of the procesg*e”—V* —ff at the
Born level.

with
Tsm=Tat Tzl g5-0,

whereTidenotes the Born amplitude of the process™
—V* —ff with the virtual V-boson Y=A,Z,Z’) state in

thes channelthe corresponding diagram is shown in Fig. 1

The quantityAdo/d() can be calculated in the form

do  aliN; o 92,5t

Ada” 43;7 % Zih {1Q¢]+ x(s)(sgnk —¢)

X[sgné+|Q¢|(1—e)—1]}(z+sgnh §)?,
(14

whereN¢=3 for quarks and\;=1 for leptons,\,é=L,R
denotes the fermion state helicities, x(s)
=[16sirf6y coSh(1—ma/9)] %, z=cose (where 6 is the

PHYSICAL REVIEW D 61 055007
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FIG. 3. The quark functionsq(,=u,c) Fg“ (the solid curve,
Fu (the long-dashed curyeF3" (the dashed curyeandF3" (the
dotted curvg at \/s=500 GeV.

To discuss the consequences due to(Ed). we introduce
the functiono(z) defined as the difference of cross sections
integrated in a suitable range of a@s

(16)

The value ofz differs from that in Ref[2] and will be chosen
later. Actually, this observable is the generalized of Ref.

angle between the incoming electron and the outgoing fert2] [0+ =o(—2')]. The two conventionally used observ-

mion), e=1—4 sir? 4,~0.08, and

2
mi,/cog by .
LY G YE2 i Oy 8, L)

+215Y , YA(—2|Qql sirPhw+ 8],

S=YaYE-
(15)

with 6, ,=1 whenk=¢ and 6, =0 otherwise.

a4k N -

RN
1N

-0.5 0 0.5 1

FIG. 2. The leptonic function§, (the solid curvg F} (the
long-dashed curve F,, (the dashed curye and F} (the dotted
curve at \/s=500 GeV.

ables, the total cross sectiarny and the forward-backward
asymmetryArg, can be obtained by the special choicezof
[o1=0(—1), Agg=0(0)/o7]. One can express(z) in
terms ofo1 andAgg:

1
o(z2)=o07 AFB(l—zZ)—Zz(3+zz) . (17

-0.5 0 0.5 1

FIG. 4. The quark functionsgy=d,s,b) Fg? (the solid curv
FJ¢ (the long-dashed curyeF3? (the dashed curyeandF3? (the
dotted curvg at \'s=500 GeV.
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Then let us introduce the quantitdo(z)=0(2) [
—oswm(2), which owing to the relation§ll) can be written 0.320f

in the form

2

Aa’(z)— 8

ydl

+2Fh(z,9)I15YFY 4+ Fi(z,9)YsY, ], (19)

The factor functionsFif(z,s) depend on the fermion type
through the|Q;|, only. In Figs. 2-4 they are shown as the

functions ofz for \/s=500
to Fl(z,9),

Fi(z,5)= ——|Qfl(1

Fli(z s)=f[1—z2—|Q |(3z+2%)]+0
1\ & 3 f £

Fl(z,5)=— E(1—22)+ E(32+z3)
s 3 9

2 [Fi(z, S)Y5+2F (2,915 Vg

0.318

0.316

0.314}
GeV. The leading contributions 0.312 . ‘ .
500 600 700
z m3 FIG. 5. z* as the function of/s (GeV).
z—-7*— —|+0| &, S )
, Fl(z*,s)=0. (20)
_Z
s )’ The solutionz* (s) is shown in Fig. 5. As is seerz* de-

creases from 0.3170 af’s=500 GeV to 0.3129 atys
=700 GeV. Table | demonstrates the corresponding behav-
ior of the functionsFif(z*,s). SinceFif(z*,s) depend on the

5 center-of-mass energy through the small quarrriéls, the

mz) order of the shifts is about 3%. Therefore, in what follows

X(4|Q-1)+0 e, s/ the value ofy/s is taken to be 500 GeV.
AssumingYs~Y;~Y,~Y;~1, one can derive, for the
‘ m3 lepton and quark observables,
Fi(z,5)= |Qf|(l 3z—72-7%)+0| ¢, S |
(19

2 2
agZ,Y¢
Aoy(2*) = —0.10—2—2[1+0(0.04],

are given by th&Z’ exchange diagrarfthe first term of Eq. mz,
(15)], since the contribution of th& exchange diagram to

AT [the second term of Eq15)] is suppressed by the factor

2 gy, Y
mz/s. _ o Aoy (z5)=1.98\0|(z")+0.32———
From Egs.(19) one can see that the leading contributions ! 2mz,
to the leptonic factor§} , F,, F} are found to be propor- ) .
tional to the same polynomial im This is the characteristic ><[(Ye/Y¢_0-6)YqU+0(0'07)]'
feature of the leptonic functionE! originating due to the
kinematic properties of fermionic currents and the specific TABLE I. Energy dependence &/ (z*).
values of the SM leptonic charges. Therefore, it is possible te
choose the value af=z* which switches off three leptonic /s (GeV) 500 600 700
factors F|, Fl,, Fj simultaneously. Moreover, the quark "
function F§ in the lower order is proportional to the leptonic z 0.3170 0.3144 0.3129
one and therefore is switched off, too. As is seen from Figs. F{(z*) -0.8012 -0.7889 -0.7815
2-4, the appropriate value af is about~0.3. By choosing FL(z*) 0.0346 0.0341 0.0338
this value ofz* one can su_nphfy Eq(18). ItI is also f(lnllows Fi(z*) -0.0346 -0.0341 -0.0338
from Eg. (18) that neglecting the factors;, F;, F3 one
obtains the sign definite quantityo(z*). Fo'(z*) -0.5277 -0.5216 -0.5179
Comparing the observableAo (z*) with Ao Flu(z*) 0.4250 0.4215 0.4194
=A0)(—0.5874 or Aoc_=—A0,(0.5874) one has to con-  F(z*) -0.2532 -0.2499 -0.2479
clude that the sign of the variabldsr.. is completely unde- Fau(z*) -0.0331 -0.0296 -0.0276
termined in the case of arbitrary leptonic Couplmljjlﬁ
Therefore, in order to predict the sign of the observables Fqo'(Z*) -0.2513 -0.2522 -0.2527
Ao one must assume an additional restriction such as the Fq"(Z ) 0.8500 0.8430 0.8388
lepton universality. Fai(z*) -0.5410 -0.5339 -0.5297
Let the value ofz in Eq. (16) be determined from the ng(z*) -0.0362 -0.0282 -0.0235

relation
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gl Y variance and lepton universality. As a result, six variables
e N 9z Ys f le U U dd i lu o id h
Aoq (zF)=0.940((2")-0.32—— (for example, )| , 7. 7R+ MRL: TRR: 7RR) CAN be cho-
mz, sen as the basis.

However, the number of independelrytq§ can be de-
creased by employing the correlatiof® instead of the as-
o hat the ob N o _ sumption of lepton universality. In this case it is convenient
g B e e e e oy 1o toduce e coupingnt. b 4 parametiang e
four-fermion interactions between the left-handed and the
axial-vector currents. These couplings are the linear combi-

21— i - .
Am(z*):o.loag ( - P)<0. (22 nations of the variable€5):

4myp

X[(Ye/Y;—0.6Yq +0(0.08]. (2D

g _ | I I |
A= TRr— TRL— M RT M1,

One also can introduce sign definite observables for |
: q—.lq_ lq
quarks of the same generation: A= MR~ L
Aoy(2)=Acq +0.500q, (23 A= 7R - (26)

As follows from Eq.(21), As follows from Eq.(2), one has six independent parameters

2 2 2 L
Aoy(z*)=2.45\0y(z*)<O0. (24) ew 92V 921
AA™ 2+ A=~ 2

4m3, 2m;,

Hence, one can conclude that the vaIuesAofqu(z*) and

Ao, (ZF) in the Aoy (Z¥)—-Aoy (ZF) plane have to be at 2 L 2 Lyl
theqd line crossing(]]|u axes (:;t the points\og (z*) naL= w, Y= izlYu
=2.4500(z) andA o, (2*)=4.900)(2*), respectively. It 2mz, Mz -
also follows from Eq.(22) that the observablaoy(z*) is
negative. which can be used as the basis.

Thus, the dependencé®) between theZ’ couplings to The experiment constrains the specific linear combina-

SM fermions allows one to construct three negative-valuedions of the variables)!’, (see Ref[6]). Introducing the nor-
* * . NE '
observablesAo(z*), 1—p, andAoq(z"), which are cor-  yajized couplings

related by Eqs(22)—(24). These observables are the most
general model independent ones which can be introduced

1
without any assumptions about the specific form of Ze AC = — —— (3 nkt 7 — D).
interaction with fermiongsuch as the lepton or quark uni- 2\/§GF
versality).
1
P — L. | lg _ g _ ,ld
IV. EXPERIMENTAL CONSTRAINTS ACz 2\/§GF(’7RR+ LR RLT L),

ON THE OBSERVABLES

The present day experimental data constrain the magni- Ach — 1 g la_ la 4 la )
tude of the four-fermion contact interactions, allowing one to 39~ 2\/§GF(77RR LR™ TIRLT L)
derive bounds on th&’ coupling to the axial-vector currents
and, consequently, on the observables introduced in the pre-
vious section. Our analysis is based on the data presented in Ag.=— e
Refs.[6] where a study of the experimental bounds on the 2\2G; 't
lepton-quark four-fermion contact couplings has been per-
formed. In general, the contributions of new physics beyond

the SM to the processes considered thef#ia atomic parity Agr=— 212G nqu, (28
violation, the electron-nuclea, the muon-nuclea, and the F
v,-nuclea scattering are described by 20 parameters, . . .
namely where G is the Fermi constant, one can write down the

' experimental bounds as follows:

2 U\ 2 L €
o 9YYe Lo 92704 2ACS,~ACS,=0.217+0.26,
Mhe=— I == 2 (25
z z 2ACE,—ACS,= —0.765- 1.23, (29)

wherel =e,u, q=u,d, and\,£=L,R. In order to reduce the
number of independeng’; one usually assumes SU(2in- 2ACh,—ACL=—1.51*+4.9,
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2ACY,—ACE,=1.74-6.3, (300  [1]). However, relations(36) lead to the constraintA|
<0.0087. Thus, the bound36) are about one order stronger
AC§,+AC$,=0.0152+0.033, (31)  than ones derived from the analysis of pure leptonic interac-
tions.

—2.730C§,+0.65ACS,— 2. 1A CS,, +2.02ACS,

=—0.065-0.19, (32 V. DISCUSSION
376ACE,+422AC8,=0.96+0.92, In the lack of reliable information on the model describ-
ing physics beyond the SM and predictidg boson it is of
572ACS,+658\CS =1.58+4.2, (33  great importance to find model independent variables to
search for this particle. In this regard, it could be useful to
Au,=—0.0032-0.0169, employ the method of Ref4] which gives the possibility of
reducing the amount of unknown numbers parametrizing ef-
Aug=—0.0084+0.0251, fects of new heavy virtual patrticles.
In Ref. [2] observablesr .. alternative to the familiarr
Ad; =0.002£0.0136, and Az and perspective in searching for the Abelizh
signal in the leptonic processese™ —| "1~ were proposed.
Adg=—0.0109£0.0631. (34 It was pointed out that the sign of the, deviation from the

SM value can be uniquely predicted when lepton universality

Equations (29)—~(34) represent the results of SLA€-D, i 55qumed. The sign remains undetermined in the case of

CERN n-C, Batese-C, Mainz e—Be_, the atomic parity vio- arbitrary interactions o2’ with leptons.
lation, and thev,-nucleon scattering experiments, respec-  Thg ‘ghservables introduced in the present paper are the
tively [6]. They determine the allowed region in the space ofgytansjon of that in Ref2] with the choice, specified above,
7 parameters. o _ of the boundary angle. The observablle,(z*) is the nega-

By employing Eqs(26), (29)—(34) it is easy to obtain the e defined quantity even in the case when lepton universal-
bounds on the quantitie@7): ity is not assumed. Moreover, the observable,(z*) intro-
duced for quarks of the same generation is proportional to

0<73x<0.114 TeV? . \ .
T7AA the leptonic oné\ o(z*) being negative, too.

_ 2_ . eu 2 As was mentioned in Sec. lll, the magnitude of the lep-
0.018 TeV <7, <0.006 Tev+, tonic observableA o (z*) is expressed in terms of the
—0.437 TeV 2< 7/¥<0.661 TeV 2 parametefEq. (22)]. Thus, theZ’ contributions to the quan-
LA ' tities 1—p=1—mG/m5 cogy, Aoi(z*) and Aoy(z*)
—0.667 TeV 2<7£Y<0.238 TeV?, have to be negative, allowing one to detect Zesignal.
Now let us discuss the most important properties of rela-
—0.423 TeV 2< 7/"<0.358 TeV 2. (35) tions(2) and(11). The key point in deriving the RG relations

is that the basis theory, being assumed to describe processes

The first of the relationg35) gives the possibility of deter- at low energies, must be fixed. As the underlying theory
mining the allowed magnitude of the observables,(z*)  describing interactions at high energies my, is concerned,

andAog(z*) it is unknown and therefore not specified in our approach. In
Ref. [4] the minimal SM was chosen as the basis model.
—0.13 ph<Ao(Z¥)<0, However, a number of theories, based on the underligg
group and predicting the Abeliad’, are reduced at low
—0.32 pb<Aoy(z*)<0. (36)  energies to the two-Higgs-doublet mod&HDM). In this

regard, let us note that RG relatio(® and(11) respect the

Thus, if the low energy physics is described by the minimal~, 1 ; ; f the Yuk f the SM La-
SM, the signals of the Abeliad’ should respect the above U(1) gauge invariance of the Yukawa terms of the SM La

lati grangian. That is why one could expect that if the THDM is
re ?t'.on.s' . he fi f E486) based chosen as the basis theory, the same RG relations have to be
tis instructive to compare the first o o .) ased on gptained for each of the scalar doublets. But, of course, the
the analysis of lepton-quark interactions with direct con-

ints derived f ) ENCINETE relations have to be quite different if we consider the non-
straints derived from experiments on teée™ — scat-  Apelianz’ boson(see for detailg4]).

tering.' Introducing the normalized’ coupling to the axial It is interesting to check whether RG relatiot® and
leptonic current, (11) hold for theories which extend the SM at low energies.

For definiteness, let us consider thg gauge theonyf1,7]

2 2.2
A= gz Yi'mz (37  With specific values of th&’ couplings, generated in differ-
! 47-,m§, ent scenarios of symmetry breaking. In Tabléske Ref[1])

we show theZ’" couplings to the SM fermions predicted by

one can write down the bounds obtained from the processdBe E theory (notice that the sign of the axial couplings in
efe”—I171" as follows:|A;|<0.025 (see Fig. 2.7 of Ref. Ref.[1] is opposite to the sign oifz,). At first glance, one
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RENORMALIZABILITY AND THE MODEL INDEPENDENT . .. PHYSICAL REVIEW D 61 055007

TABLE Il. The Z' couplings to the SM fermions in thesEand  than that of they field. As a consequence, the fieltd is

LR models. decoupled and the mixing angfe is small (8<1). In this
. ; ; — ; case RG relationg2) and (11) hold in lower order ing for
f B az Uz LR: az Uz theZ’ couplings to quarks and charged leptons. Second is if
B cosB sinB cosg sing 1 1 the masses are of the same.order. Th.is case cannot.be treated
-3 - 3 ~%a %a straightforwardly on the basis of relatiof® and(11) since
V40 24 a0 24 the mixed states 6’ have to be included into consideration
e cosB  sing cosp3 a 1 a expliciFIy. Our_ approac_h_ is alsp appl_ical_)Ie in thi§ case. Hoyv-
- 2—— 2 a2 ever, it requires additional investigations which we will
Vio Ve V10 present in a separate publication.
u cosg sing 0 a 1 « As is usually supposed in theories based on thgraup,
ﬁ - W 2 3273 the Yukawa terms responsible for the generation of the Dirac
masses of neutrinos must be set to Zéfp So there are no
d cosB sinp cospB ~a 1 a RG relations for theZ’ interactions with the neutrino axial-
- J10 6 _Zﬁ 2 3a 2 vector currents. In this case the couplireds given in Table

Il are not restricted by the RG relations. Moreover, the nu-
merical estimate$36) are completely independent of these

would find a discrepancy between the couplings in the Tabl@arameters.

Il and the ones following from RG relatior{g) or (11). This In general, one can consider the problem of searching for
requires to be discussed in more detail. the AbelianZ’ when the basis low-energy theory is not the
There are different symmetry breaking schemes in the Eminimal SM. In this case, the gxistence of new light fields
group. One of them is (for instance, light scalar particlesnust be allowed for.
These additional light fields will enter th@ andy functions
Es—SQ(10) X U(1),,, calculated in the external field substituting the virtudl
state and in this way modify the RG relatioj#g.
SA(10)—SU(3) X SU(2) X SU(2)gX U(1)g- - As a corollary of our analysis we note that the introduced

(38  observables allow one to identifpr to discard the Abelian
Z' effects. They can usefully complement the conventional

It leads to the so-called left-rigitR) model. In this case the Sanalysis ofZ’ couplings based on the observables and

values of theZ" couplings to the charged leptons and quark

. . 7o - . _ FB .
;?;E;yvcmlit;ogézc)ugggﬁ;)té:—rfnzotr:gtresrgﬁg?nn: with neu If one wishes to find variables giving the possibility of

searching forZ' (or other heavy particl¢sand independent
Eg— SQ(10) X U(1) ,—SU(5) X U(1), X U(1),,, (39) of neither high-energy nor low-energy theory, then in our

approach it is necessary to derive a series of RG relations for

predicts the AbeliarZ’ which is the linear combination of different versions of the low-energy theory and the corre-

the neutral vector bosong and y: sponding observables. Overlap of the variables will give
such desired model independent constraints.

Z' =y cosB+ sinpB. (40
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