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Most evidently this correlation can be seen in the renorm-

alization group equations where the running Yukawa coupling

constant of the t-quarks with the Higgs field h(cf) ( m ^ = h (TJ
2
)TJ

 f

n is the Higgs field vacuum expectation value) is connected

with the running self-interaction constant A(CJ ) of this

field ( ГП
И
 = 4&(tf)r\

Z
 , Ц = 175 OeV).

therefore, it is no mere chance that the renormalization

i'.roi.n approach to the problem of determination of restrictions

on ГП. and ITî  and correlation between then, has been attract-

ing . ttention for a long time.

Here one can clearly single out two approaches that differ

ii\ the assumptions concerning the regimes of ultraviolet b^ha--

vicr of the standard ir.odel running constants.

Vho first approach which goes beyond Lhe- standard model

v-.rA which con be called a scheme of nonperturbative unification

Is based on the idea that the low-energy coupling constants

«. ffeet: vely are close to the possible infrared stable fixed

points of the renorraalizntion group equetiont [3] . In this

i;. the scale of this "nonperturbative" u.'iifioation Л Э> Ц

'.'т. atr.Ti.j-couplinL; regime ia inevitably realised, 't-Jid the low-

'-'.. ?;'У , ..v:;ica is independent of theory details on the scales

Л .

li. <. ..ii a scheme, due to the large number of ferraion3 rjid

'.'iVjs b.-.ont- ' one CLUI obtain [3,4j a satisfactory description

t .is ij r.roprinte to mention that this approach has clone

•sonnet.-! or. with 1..D. Landau's idea [5] abo\ t the possibility

to rvpK.in tho snallneas of the fine-structure cousiimt fcj-

•'.«.' .1:
4
--J:S mnbei

1
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Df some parameters of the standard model and applying this idea

to h (<̂
2
) and Л(С^) obtain restrictions on the heavy quark

masses and the Higgs boson mass.

This approach seems to be nontrivial and interesting in

view of the "new physics" manifestations; however the necessity

to have a large number of the generations of quarks and lepton-"

; Ng = 8-S) and Higgs bosons ( N H « 3) [6] as well aa the

restriction to the lowest loops when studying the evolution of

the coupling constants from the strong-coupling region ( G ~ Л )
о

to Q, » 10 GeV reduce the value of the model.

The other approach to the restriction on heavy quark and

Iliggs boson masses is by the definition perturbative, so here

one has no difficulties with the highest ( > 2) loops. Besides.

here one has not to introduce artificially a large number of

generations of fermions (and Higgs bosons). We mean the "tri\ial"

grand unified rcodels in which the asymptotic freedom is pre-

served to the end and which make practical sense precisely for

the гэазоп that all interaction constants in them including h

and «̂  remain small up to the M
x
 -unification scale, rust

on such a way, demanding thougn the smailness of h ; nd Л

in the region Q, ~ П only, the restriction on П7.). ,

m
H
 ( ̂  1 TeV) was determined for the first time ["] .

One should bear in mind that the Higgs self-actirn Л у*

introduced in the renormalization group equations кг .es them,

generally speaking, unstable. Prom this point of vr' -w, the

requirement that Л would be small up to Mx t̂ i
1
 ing o. ressric

tion on Ш|4 implies that the renormalization grrup equations

гге stable in the whole energy region from Tl to M
x
 ( the



"great desert" hj'-pothesi.s).

In Ref. 8 the above-mentioned idea was successively real-

ized with the resulting interesting restrictions on the stan-

dard model parameters, in particular on (ТЦ and ГПц ,

In the present paper we also use the approaches of that

pioneer work and apply them to some unified models.

2. The Study of the Renormalization Group Equations

for the Minimal Model

We are considering the renormalization group equations for

the gauge, Yukawa and Higgs coupling constants in the standard

model based on the gauge group SU(3)
C
 x зи(2)^ У. U(1)y .

As distinct from Refs [8,3,4] where only the -case with one

scalar field doublet connected with SU(2)^ x U(1)y breaking,

was considered, we are studying here also the case with two

scalar doublets.

Our further consideration is based on the assumption that

between the scale n = 175 GeV and some scale Л 2> Tj the

standard model of electroweak and strong interactions remains

a correct theory. The seals Л may coincide with the grand

unification scale or with the Planck mass. This scale may lie

considerably lower on the energy scale if the new physios is

connected, say, with-the emergence of new gauge degrees of

freedom of the type of SU(?)
L
 x SU(2)

R
 x D(1) or additional

U(1).-Here we assume that all coupling constants in the energy

range from t) to Л are relatively small, i.e. we assume i;hs

validity of the perturbation theory in thi3 energy range. Pre-

cisely this condition enables us to obtain some bounds on



particle masses. These bounds are interesting due in particular

to the fact that they allow to obtain information on the struc-

ture of interactions at F. » T[ . Thus, if some relations de-

rived for particle masses at A = 10 GeV are not confirmed

experimentally, this will speak in favour of the existence of

new interactions in the region between TJ end 10
 4
 GeV.

We shall consider in what follows that the number of fer-

mion generations is three or four. In this саяя the smallness

of the gauge coupling constants o(
} t
 oi

z t
 Ы

3
 ±п the energy

range from n to grand unification scale (10 - Ю
1
-

5
 GeV)

and higher in accordance with the renormalization group equa-

tions is guaranteed. And the perturbation theory validity con-

dition for the Yukawa and Higgs coupling constants enables us

to obtain restiictions on fermion and Higgs bosor. masses.

At first, we'll consider the сааэ when the electroweak

group is broken by the vacuum expectation value of only one

doublet of Higgs fields. Then, ев is well known, after sponta-

neous symmetry breaking there axises one neutral scalar field.

The part of the Lagrangian that describes the interaction

of the scalar particle doublet у with the fermions and with

Itself is of the form:

X =-
(D

where I , j denote the number of generations of quarks and

leptons:



u
R
, =

The behavior of the coupling constants Л , h
t)
- , q̂ - , •f • • ,

aCj , o£2 , 0̂ 3 is given by the renormalizatior! group equations.

It is reasonable to study for three generations of fermions

the energy behavior of the Yukawa constant h^ only, because

of the large (compared to other quarks and leptons) mass of

the t-quark. For the same reason, the contribution of other

Yukawa coupling constants may be disregarded in the equations

for Л either. In this case the one-loop renorMalization

group equations are as follows:

( 3 )

d±

where Nr is the number of quark generations.

In cur notation the quantity Л/jj may be regarded a para-

meter of expansion in Л , ana hi /4Si - in h^ , This means

that for tne perturbation theory validity la the energy range

from Tl to /\ these parameters muat be smaller than

8



Besides, the vacuum stability condition is important; in the

given case it is simply <A > 0 .

Equations'(1) were studied in Refs [3,4»8] , where on the

basis of the validity condition of the perfrixbation theory in

the region from T| to the grand unification scale the bounds

on the region of variation 01' parameters h^ and Л and

hence on ГП^ = ĥ TJ and ГП
Н
 = 4 Л ^ were obtained.

Here we are investigating the renormalization group equa~.

tions for the coupling constants in the two-loop approximation.

On account of awkwardness, we present here only a two-loop

equation, for h^ [9-12] :

dt
 z

ггъ

17 г. 1ZO5 4 9 г г 19 г г

Now we turn to the analysis of the two-loop equations for

the coupling constants.

If we believe that the grand unizxcation scenario is

realized without intermediate symmetries, then we must take

Л = 10 GeV (вел, e.g. [12] ), which corresponds to the

grand unification scale. The same validity conditions of the

perturbation theory provide us with bounds on ГП± and



<Ч£. 'i shows the region of admissible values of these moaaeti.

The results differ little from the consequences of one-loop

approximation.

As can be seen from Pig. 1, the value of the t-quark mass

is limited: ГП^
 < 2

-3 GeV. The upper curve in Pig. 1 refers to

the validity condition of perturbation theory Л < ЗГ . The

lower curve correaponds to the vacuum stability condition. The

upper boundary on ГП-j. corresponds to the smallness condition

of the Yukawa coupling constant h^ < 45Г

More strong restrictions on ffi . and m
H
 can be obtained

if we assume that the standard model and the perturbation the-

ory are valid up to the Planck mass. The corresponding region

of values of rn^ , ГП
Н
 is given in Pig. 2 (curve £).

Now we consider the case when the standard model abandons

being valid up to the grand unification scale. In this case we

obtain weaker restrictions on m^ and ГТ1ц . The regions of

their admissible values for Л = Ю ' GeV are presented in

Pig. 2 (curve 1).

Pig. 3 shows the upper lirtit on ГГЦ as a function of scale

Л after which the new physics begins to display.

A question may arise here: how much strong is the dependence

of the obtained results on the very quantities of maximally

admissible values of coupling constants? This dependence is

rather weak. Thus, for the upper limit of the t-quark mass for

1,

229 GeV for Л = Ю
1 4
 GeV.

.'г /
the case n ./^Д < 2, 1, 1/2 we obtain respectively 235, 233,

10



3. Minimal Model with Pour Generations

Now we pasa to the study of renornialization group equations

for four generations of fermions. We should take into account

that in this case the contribution to the equations comes from

the Yukawa coupling constants of the Higgs field not only with

quark3 but with leptons too, because the t' lepton (a fourth

charged lepton) may have a large mass. Then the cne-loop re-

normalization group equations for the coupling constants h^ ,

n,| , ha/ , Пл./ can be written down as follows:
t о с

о

In (5) we have made an essential assumption that the

mixing angles between the third and the fourth cieuorationa -

be ignored. If we bt-lieve that all Yukawa coupling constfjitr

i1



up to 10
14
" GeV are small (h

+
, ĥ », hg», h

t
,<№ ), then we'll

obtain the following restrictions on the masses of 6 and T :

trig < 220 GeV, m
r
, < 180 GeV.

As for the t'-quark, one should distinguish two possibili-

ties: a) m. « m,/ , and b) m± < m^t . In the first case we

obtain m .
 t
 m./ < 175 GeV. In the second case for ПЦ =100 GejV

we have m^i < 215 GeV, and for ГТЦв 125 GeV fn^< < 205 GeV.

One can see that with increasing ID. the upper limit en m^i

is reducing; in other words, at large values of t-quark masses

( frt, > 125 GeV) the t- and t*-quarks may Ъе rather close in

mass.

4. Two-Higgs-Boson Case

Now we pass to the possibility when SU(2)
b
 x U(1)

Y
 is

broken with the use of two scalar field doublets. In this case

the situation is considerably complicated. The interaction po-

!-:ntlal of scalar fields 9 = { y ) and £ = ( ! - ) is of

the form:

where we aaeumed the presence of symmetry У"* "f and

The minimum of potential (6) is attained at <
t
f°>=a

12



< ̂ °> = fe (for simplicity we assume -that a and 6 ara

э р г 2
real numbers), CL + о = V .

After spontaneo-os symmetry breaking there remain three

neutral and one charged scalar fields. Their masses are given

by the following formulae:

н

г

?
 = г(л

4
- л

6
) т

1

г
,

гл.,)
г
}

1 / г

The vacuum stability condition imposes restriction on the

potential so as at large values of < У°> and < jj
e
> the po-

tential V(.% ̂ ) would be positive. Thia implies that con-

stants 21 mus'c satisfy one of the following conditions:

Л!>0, Лг>0 , Л3 + Л 4 + Л е > 0 ( 8 а )

, + ^ 6 < 0 ; •Я1Лг>(Л3 + ^^ + <Л6)
г. ( 8 Ъ )

Besides these conditions, Л^ , ceitainly, must satisfy the

conditions following from the mass positivity requirements

M
H
- , M

H
c .

Now we proceed with the analysis of the renormalization

group equations. i?irst, we notioe that in the case of two Higgs

doublets we have two possibilities to avoid in a natural way

the occurrence of strangeness-changing neutral currents in the-

ory: I - the f doublet interacts with upper quarlcs only,

and £ - with lower quarlcs only; II - only the У doublet



interacts with quarks, and k - does not. The one-loop re-

normalization group equations for the coupling constants

and hg are of the form:

*Ч
 d t

г

d h
e
 ,г г г g г i г

о

where h,(Tj) = m.w
a
 , ^(Tj) ~

 m
§/e

 i n t n e с в в е
 *»

 a n d

= rn
t
< » bj(Tl) = mg^

a
 in the case II. Equa-

tions (9) enable us to obtain a restriction on the t-quark maas

versus the quantity S/a . Just as before, we
r
ll believe that,

the coupling constants h^ , hg in the range from Ц to A
2 2

are small: h±,h
%

 <
 4-ST.

The restrictions on ГТЦ that result from (3) in the case

I are given in Pig. 4 for Л » 1С
5
, 10

1 4
, 1.2 • 10

1 9
 GeV

versus CL/& . The general restriction on fTli ifl ГП̂ . < 225 GeV

for Л а Ю
1 4
 GeV. It differs little from the upper limit that

waa obtained by us in the one-Higge field case. One can see

ti^t in this case the ratio of the Higgs fields vacuum expecta-

tion values a/g is also limited: a/g < 53.

The case II can be analyzed similarly. The result is pre-

sented in Fig. 5. In this cose the quantity Ct/S is not li-

mited, and the restriction on ГГЦ remains practically

unchanged.

The coincidence of the upper bound of rru in cases I and

II and in the one-Higgs cam is due to the fact that in the

renormalization group equation for h^ , h» the Higgs fields

make no oontribution in the first loop, and in the seoond loop

14



their contribution is negligible.

Now we pass to the analysis of the restrictions emergent

эп Higgs field masses. To do that, it is necessary to consider

along with (9) also ths renormalization group equations for th*

coupling constants &i :

at

J - 6 h f -

^ = 4 [2Л 5 + Л1 +Л г + 2Л^ + 4Л 3] Л 5

15



Analysis of these equations shows that the coupling con-

stants behave differently with energy variation. The constants

Л, , Л2 at relatively small ( 0.2 r 0.3 ) (depending on the

value of m ^ ) initial (at M
w
 ) values of Л, , Лг grow with

energy, "tfhereas the constants A^ , Л5 , <̂ g fail off with

energy at large initial values ( 1 * 3 1 and negative И.3 .

The constant Л3 at large in magnitude (-1 f (-3)) initial

values grows with energy. It is worthy of note that the con-

stants Л^ ( t. = .3,..., C) enter the right-hand side of the

equations for Л; » ^2 in the form of the expression:

+
 Л

г

6
 ]. (и)

This means that the initial values of ̂ g , «Л3 + Ац. ,^з
+
 Лг

cannot be too large; otherwise Л, , 2z will grow intensely

with energy and will rapidly go out of the validity limits of

the perturbation theory. Thus, if ve believe that the validity

condition of the perturbation theory must hold up to 10 GeV,

then these J Л
6
 | , | Л3 + Л4 | , | A

3

 +
 Л5 / must be smaller

гап О.5.

It follows from tha above-said that if we impose on the

magnitudes of Л the restriction j ̂ j | < SI
 f

 then for

г г г
masses Мм- , M^s , MH<> ws s h a l l have:

V | (12)

If a weaker condition j Д[ | <2Я is imposed on A[ , then the

upper limit of M in (12) will also increase by a factor of

two. We. can say that the renormalization group equations prac-

ticallv ffive no restrictions on masses of these Iliggs fields:

16



the reatriotion (12) is the validity condition of the pertur-

bation theory at energies of the order of M ^ .

Now we turn to the study of restrictions on the mass of
о

H
2
 -field. The expression for the mass of this field can be

somewhat simpli/ied if we consider three limiting cases:

(a) Ct»g , (b) a « § > (c) a =8 . We'll obtain:

"г

~ 2Л1

(13a)

if а »6

^ L Л ,

гл

- 2Лг

Л 6 ) а г -

а
i f

i f

г

(1зь)

а « §

= 6

cannot teke large values

+ Л^ are small.

can see from (13) that

because the quantities A^ , Л

It should be emphasized that the analysis of equations (1С)

can be carried out also for the case when the initial conditions

on the coupling constants A[ are imposed not at the point M
w

as we had done hitherto, but at the point A . Then at suffi-

ciently large values of constants Л3 , <Л̂  , Л5 (> 1) at

some point E ( M
w
 < E ^ A ) an infrared pole arises: the

if

I
17



constants increase unlimitedly when approaching that point.

Presumably this implies that in this case only one Higgs field

"survives" at low energies of the order of Myy , it is not

excluded that the presence of this scale Б corresponds to

some additional irtermediate symmetry.

Concrete numerical solution of renormalization group equa-

tions for constants Л^ ( L = 1,,,., 6) from M w to 10 GeV

gives the restrictions from above on the mass H2 that are

similar to the one-Higgs fi^ld case we have? considered. These

restrictions are given in Pig. 6.

ft'e can conclude that the renormalization group equations

Doth for one and two Higgs fields give practically the same

upper bounds on the mess of one of the neutral Higgs fields.

Thus we can claim that if the standard model and the perturba-

tion theory work up to the grand unification energy of

10 ̂  GeV, then the mass of one of the neutral Higgs fields does

not exceed 150 - 220 GeV depending on the t-quarlc mass and

irrespective of the value of mass of the other Higgs Ъовопв.

If ГГЦ < 130 GeV, then this mass too must toe leas than 180 GeV.

5. Supersymmetrie Generalization of the Two Higgs

Doublet Model

Our consideration can be generalized also for the super-

symmetric сазе when the model contains two Higgs doublets.

Equations for the coupling constents in this case are as

follows:



г
 (н;
з

f

dt

We'll consider as before that constants h+ =

g 2hg = nigyg $ ( a 2 + § 2 = TJ2 ) satisfy the conditions

h? / < 1t Ьа/4Я <
 1 *

n
 t*

14
 whole region from Myy to Л

/The supersymmetry breaking effects are assumed to be of the

>rder of M w •) This, ae before, gives a restriction on the

nass m
t
 . The results for Л = 10

5
, 10

1 5
, 1.2 • 10

1 9
 GeV

are presented in Fig. 7. One can see that in the super-symmetric

case we obtain stronger restrictions on ГГЦ and Ct/g .

Thus, our analysis of the renormalization group equations

allows one to obtain definite restrictions for particle masses

if the standard model and the perturbation theory hold up to

grand unification energies M
<4
 . The oase with the symmetries

-•~-t-*rmediate between M
w
 and M

x
 will be considered elsewhere.

19



In conclusion, the authors are thankful to A.G, Sedrakyan

for the useful discussion. -и
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Figure Captions

Pig. 1. The region of admissible values of /Tb » fT)j..

for Л = 10 1 4 GeV.

Pig. 2. The regions of admissible values of m^ , ГПц

for Л = 105 GeV (curve 1),

and Л = 1.2 • 10 1 9 GeV (curve 2 ) .

Pig. 3. Res t r ic t ion on m^ versus the values of Ea Л /1 GeV.

Pig. 4. The region of admissible values of the t-quark mass

for case I versus Ct/g for Д = 10-3 GeV (curve 1),

for /\ = 1С 1 4 GeV (cux-ve 2) , Д = 1.2 • 10 1 9 GeV

(curve 3 ) .

Pig. 5. The region of admissible values of ohe t-quark mass

for case I I versus a / 6 for Л - 10'' GeV (curve 1),

A = 1 0 1 4 GeV (curve 2 ) , Л = 1.2 • 1 0 1 9 GeV (curve 3 ) .

Pig. 6. The region of admissible values of ГП+ , ГПц

in the two Higgs doublets case for A = 1 0 GeV.

P i g . . 7 . The region of admissible values of the t-quark nass

in the supersymmetric case for Л = 10"* GeV (curve 1).

Л - Ю1"5 GeV (cur/e 2) , A = 1.2 • 101^ GsV (curve 3 ) .
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