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Abstract

We derive the effective action for gravity at finite

temperature in spinor pregeometry. The temperature-dependent

effective potential for the vierbein which is parametrized as

e, =b-diag(l,C ,S £ ) has the minimum at b=0 for fixed f, and

behaves as -£3 for fixed b. These results indicate that the

system of fundamental matters in spinor pregeometry cannot be

in equilibrium.

Recently many people are interested in the fundamental

theory including gravity. One way is to regard the graviton

as a member of the fundamental multiplet. Another is to take

gravity as quantum fluctuations of matter fields, which is

called pregeometry. This idea was first proposed by Sakharov

in 1967[1], and since then many authors have proposed various

models of pregeometry [ 2-41. In 1978, Akama, Chikashige,

Matsuki and Terazawaf 3] proposed a field theoretical

formulation of pregecmetry where the space-time metric

appears as a composite of fundamental matters. Subsequently

Akama[4] presented Lagrangian models which consist of

fundamental matters alone. In these models, the metric

structure of space-time is not assumed although

reparametrization invariance of the action is a fundamental

assumption.

One of the most interesting features of these models is

the possible existence of the "pregeometric phase" where the

space-time metric g is decomposed into fundamental matters

[5], in this letter we assume that fundamental matters are in

equilibrium and calculate the temperature-dependent effective

potential for the vierbein in spinor pregeometry where

fundamental matters are spinor fielcL Later we shall see that

the system of fundamental matters in spinor pregeometry

cannot be in equilibrium.

Before discussing the temperature-dependent effects in

spinor pregeometry, let us review those in scalar pregeometry

where fundamental matters are scalar fields, which was



discussed by Akama and TerazawaC 5]. A fundamental Lagrangian

for the matter field in scalar pregeometryt4] is given by

(1)

where n•.=diag{-1,1,••• ,1), *1(i=l-N) are the fundamental

scalar fields and F($) is an arbitrary function of $ 1 that is

invariant under reparametrizations of space-time coordinates.

This Lagrangian is effectively equivalent to the following

Lagrangian:

(2)

with

and g=det(g 13]

where the space-time metric g is introduced as an auxiliary

field, since variation of L' with respect to g leads the

following constraints:

(4)

For simplicity, we choose F"1!*) as

(5)

where m and c are the mass of the fundamental scalars and an

arbitrary constant with mass dimension four, respectively.

The effective action for the metric g in the limit of zero

temperature is given by

Seff=-i-ln{/[d*
1]exp(i/d"xL1)

(6)

For small curvature, this action can be expanded in powers of

curvature as follows[3]:

Seff=/a*x/-gU+R/16,rG+a M (7)

with

,̂',11 /128ir2 ,

a=ln(A2/m2) /3840;r2 and b=2 (B)

where A, G and A are the cosmological constant, the Newtonian

gravitational constant and the momentum cut-off of the Pauli-

Villars regularization, respectively.

The temperature-dependent effective action is calculated

by applying the technique developed by Dolan and Jackiw, and

Weinberg[6] to the effective action in (6). For simplicity, a



restricted class of configurations of the metric which is

parametrized as

l,-52,-52,-52) (9)

is assumed. One of these parameters, b, is regarded as the

order parameter that characterize two phases, the

pregeometric one and the geometric one. That is, if the

effective potential for b has the minimum at b=0, the phase

is called the "pregeometric" one ,and if it has the minimum

at a finite value of b, the phase is called the "geometric"

one.The temperature-dependent part of the effective potential

is given[5] by

(10)

illustrated in Figure 1. The minimum of this potential for a

fixed 5 is located at b=0, where

V e f f l b = 0 (11)

As the depth of the potential well is proportional to T*, the

temperature-Jdependent part of the effective potential can be

neglected for sufficiently high temperature. This seems to

indicate that the pregeometric phase is stable for

sufficiently high temperature, and the geometric phase is

— 5 —

restored in the limit of zero temperature where gravity is

controlled by the action in (8). But the situation is not so

simple because the depth of the potential well in (15) is not

bounded below as £»«. We shall discuss this point later.

Now we go on to discuss the temperature-dependent

effects for gravity in spinor pregeometry. A fundamental

Lagrangian for the matter fields in spinor pregeometry[4] is

given by

(12)

where ii)1(i=l-N) are the fundamental spinor fields,and F( 1̂,41)

is a function of î 1 and "ty1 which is invariant under

reparametrizations of space-time coordinates. This Lagrangian

is effectively equivalent to the following Lagrangian with

the vierbein e. as an auxiliary field:

t1 " 3F"1/3] (13)

with

(14)

since variation of L1 with respect to e u leads the following

constraints:

leu
(15)
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If we choose 3F to be

with

(16)

mn_l.mi/ nx'e"A(b -b tb, ),
U L* A î  AM AUi/

O e.X u k

b tb,
U L* A î  AM AUi/

-S e. ) ,» ^ kp' (17)

L' is invariant under local Lorentz transformation.The

effective action for the vierbein at zero temperature is

given by

Seff=-i-ln(/[di|,
:Ldi(l

1]exp(i/d''xL1)

(18)

where

ft =$ +i mn (19)

For small curvature, this action can be expanded in powers of

curvature as in (7) with coefficients!! 3 ]:

- 7 -

A=-A*/32ir2-c, 1/16JIG=A2 /192JT2,

and b=-3. (20)

To calculate the temperature-dependent effective action for

the vierbein, we restrict ourselves to a specific class of

configurations of the vierbein e^ parametrized as

eku=b.diag(l,£,5/C) , (21)

which gives the metric g parametrized as in (9).We regard b

as an order parameter, and make the same definition of the

pregeometric and the geometric phases. After a

straightforward calculation, we obtain the temperature-

dependent part of the effective potential for the vierbein:

"[ 1 + e xP t- (c 2+"2b 2) 1 (22)

The behavior of V f as a function of b for a fixed 5 is

illustrated in figure 2, which is essentially the same as in

scalar pregeometry. The minimum of this potential for a fixed

5 is located at b=0, where

(23)

As the behavior of the effective potential is essentially the

the same as in scalar pregeometry, we may also have a naive



expectation that the pregeometric and the geometric phases be

realized for high and low temperatures, respectively.

However, take the £-dependence of the effective

potentials into account, we find that it is too naive to have

such an expectation in both scalar and spinor pregeometries.

As the effective potentials for ( is not bounded below as

C*», any finite value of £ amplifies itself to <•>. Here we

should notice that 5 characterizes the scale of the universe

in the geometric phase, and T-l/5 in the radiation dominant

era. If there is an analogous relation between T and 5 in

(11) and (23), the bottom of the potentials could even become

shallower as ? become larger. If this is the case,

transitions from the pregeometric phase to the geometric one

could be possible as far as E is not too large to violate the

local quasi-equilibrium of the pregeometric phase. As the
pi***.

pregeometricvcannot be in exact equilibrium, we can expect

inhomogeneous matter-distribution in the universe after the

phase transition from the pregeometric phase to the geometric

one.

For further investigation, we must take into account

other interactions among fundamental matters which make

various composite fields such as quarks, leptons and gauge

bosons, and treat the system as one in non-equilibrium or, at

least, in local quasi-equilibrium.
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Figure captions

Fig.l The temperature-dependent part of the effective

potential for the space-time metric as a function of

b for fixed E. in scalar pregeometry. The metric is

parametrized as g =b2diag(1,-Ez,-£2,-{2).
u v

Fig.2 The temperature-dependent part of the effective

potential for the vierbein as a function of b for

fixed £ in spinor pregeometry. The vierbein is

parametrized as e, =b-diagfl, £,5,5).
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