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1. It is well-known that temperature phase transitions take place in gauge theories
at finite temperature’. [1-3]. Some models of the inflationary universe (for review, see [8])
have been constructed on the basis of the proposition about the possibility of the tempera-
ture phase transition in realistic GUT in early universe.

In the recent papers [9-14] the finite theories were discussed. Tt was shown [t1] that
there are the realistic finite GUT’s for which the renormalization group functions
of coupling constants and masses are equal to zero.

In the present paper we consider the supersymmetric finite theories at finite tempera-
ture. It is shown that temperature phase transition does not take place in supersymmetric
finite theories. Suppose that the very early Universe is described by the realistic finite
supersymmetric GUT. Then our results show that in this universe the inflationary epoch
based on the temperature phase transition is absent.

2. Let us consider the SU(2) gauge theory [15] with the Lagrangnan
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wherea = 1,2, 3, ¢, y* A4, are the scalars, spinors and gauge fields, respectively (see [15]).

' The gauge theories at finite temperature have been discussed recently in Refs. [4-7].
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The renormalization group function y,, for the scalar field mass in theory (1) was
obtained in Ref. [16]:

Vm = . ()

(4 )?
Let us consider the theory with the Lagrangian (1) at finite temperature. The SU(2)
symmetry of the theory is assumed to be spontaneously broken at zero temperature so that
m* < 0. We introduce an effective potential at finite temperature ®4(¢b%), where ¢ is the
background scalar, § is the inverse temperature.
The critical temperature g for the theory is defined by the well-known condition {1-3]:

(¢2\
a¢2 P2=0
where ¢ = ¢°%”. Above the critical temperature the symmetry is restored and when 8 > f§,

the symmetry is broken.
We will use the gauge;

m*(B) = 2 —5— =0, &)
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The straightforward calculation for the one-loop effective potential gives (for scalar QED
see, also [6])
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In the expression (4) we omit the ¢2-independent terms (such as In k?). Using Eqgs. (3), (4)
it is evident that in the high temperature limit

B = 2(6 P-4k =3 /). (5)
T 12m
We compare Eqgs. (2) and (5) and get (in onesloop approximation and in high tempera-
ture limit)
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It is easy to prove the relation (6) for arbitrary gauge theory with one scalar multiplet and
scalar mass term like as m?¢'¢’. One can generalize the relation (6) for the gauge theory
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with some scalar multiplets (tensor scalar mass). In the next Section we will use the relation
Tm
B = ~—const;1—2~ .

3. Itis known [9-13] that there are the supersymmetric finite theories for whichy,, = 0.

If such finite theory contains only one scalar multiplet and mass term is as mentioned
above, then

g2 =o0. (M

Thus, the symmetry of the theory under consideration does not change at any temperature.
For example, if the symmetry is broken at zero temperature then the symmetry is broken
at any temperature.

Let us give the example of tlic supersymmetric finite GUT for which the temperature
phase transition is absent. It is N = 1 supergauge theory with the Lagrangian [13}:
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Here 2%, wi are the Weyl spinors, ¢, are the scalars, 7T7;

(see Ref. [13] for details).
The theory with the Lagrangian (8) is one-loop finite (and y,, = 0) when [13]:

3C(G) = S(T), d?;(ldjkl = 4g2C(T)U’ &

are the generators of gauge group

where the quadratic Casimir operator C(T);; = (T°T"),;, S(T) is the Dynkin index of scalar
representation {13} Thus, we presented an example of the supersymmetric finite GUT
for which the critical temperature 7, ~ oo,

It is well-known that non-supersymmetric one-loop finite theories exist. Let such
theory contain only one scalar multiplet and y,, = 0. Then it is evident that temperature
phase transition in this theory also does not take place.

I am grateful to Professors 1. L. Buchbinder and I. V. Tyutin for helpful discussions.
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