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We argue that the curved space-time renormalization group in the asymp-
totically free GUTs can support the Coleman’s wormholes proposal of driving
the cosmological constant to zero. The arguments are supported by the direct

calculation in SU(2) and Eg GU'Ts.
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We argue that the curved space-time renorimalization group in the asymp-
totically free GUTs can support the Coleman’s wormholes proposal of driving
the cosmological constant to zero. The arguinents are supported by the direct
calculation in SU(2) and E; GU's.

Wormbholes can provide the beautiful mechanizm [1-3] which can help to
decide the long-standing cosmological constant problem (for a review, sce
ref [4]).1t is not quite clear at the moment, is this the case (see papers [5)
and references therein for the description of the different points of view and
approaches) and can the wormholes really drive the cosmological constant
to zero [1-3]7 In any case the mechanizm of refs.[1-3] demands the further
mvestigalions.

In the present letter we consider asymptlotically-free GUTs in curved
space-lime [6,7] (see |7],for a review).We argue that renormalisation group
analysis of GU1's in curved space-lime can support the wormholes mecha-
nizm of the driving the cosmological constant to zero.

Lel us start from the SU(2) gauge theory in curved space-lime. ‘The
renormalized lagrangian is [7)
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where a = 1,2,3, n =1 or n = 2 (two different models),for simplicity, we
take only scalar inasses Lo be non-zero. ‘I'he renormalization group equations
for the coupling constauts [7] lead Lo the following asymptotically free regune
in sector of Ly,:
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where the constants, 82, 1, Iy, b are given in vel.[7],(we do nol need the
expicil values of these constants), b<) when n=1 and b>0 when u-2. Here,
as usually scale transformation of the metric [7)
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1s used to foxmulate thie renormalization group in curved space. Under
this transformation R —» "R ,i.e. £ —» 0O corresponds
Lo the large scalar curvature (small distances or high energies).

I ref.[2] Coleman made the simplest assuniption that the Buclidean une
tional mtegral is dominated by the saddle points of the eflective action. In
his work the effective action F has been obtained by integrating out the
fluctuations of all the fields except my  Now as in rel.[8] we suppose
that this cffective action is produced by the renormalized theory of quantum
gravity.(Asymtotically-free GU'l's on fixed curved background can be consid-
cred as Lhe one-loop approximation to such a theory). Using this proposal
we can wrile (at least, quilitatively) the effective action as
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where il /\H.) is small, then the stationary points of 1 arc very
stnooth manifolds and higher derivative terms in (4) are negligible.
Then, the stationary points approximately salisly
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According to Coleman, the dominaat stationary point is the one with the
lowest action. For a positive cosinological constant, this is the large 4-sphere

x(t)

. __°
(De Sitter space where T = - , ). However,in this situa-
tion we can also assuine[8| tha no v, but alse g,«v corresponds
to 4-sphere. Here 1 = E QM(k ( g ‘z’ . Thus, we obtain some

self-consistent equation for »?
Ge-ex(B D) E)

‘The action turns out to be
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As it has been shown lll) Bthe Euc hdean path integral in a large universe
has a \hd,lp peak at N H’) .Now we ¢an check the
Coleman’s proposal fol some GUTs.If 20~ 2(£)A([)¢—>oo (strong

curvature),then we can say that such a model supports (at least, quialita-
tivly) the Colernan pmposdl (as it has been checked in [8] this is the case
for supe rbymm( tric (‘U I's). Now oue can write the renormalisation group
equations lor f' % ({) i the model under investigation :
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The solutions of these equations (with functions (2) ) are:
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In the strong gravitational field limit 1200 we get (in the case b0
vihich corresponds to the first model of (1) ):
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Now, one can say that there exists the class of asymptotically frec
GUTs which supports the Coleman proposal. Of course, for real Universe $ —»00
means that tis big (but finite). lerc, one say that the effective cosmo-
logical constant is tending to zero when Lhe curvatnre is growing (at lcast
quilitatively)

Now, as in ref.[8] we can lo()k 1o the sell-consistent equation for rvadii (6).
One goet (i——»OO 'z >>ZQ
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To be more realistic, let us look to the asymplotically-free realistic Eg
GUT of ref. [10]. In curved space this model has been investigated in ref.[9],
where the Lagrangian is written. The [ree part of the Lagrangian connected
with the scalars is (again, only the scalars have the masses)
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where @5) MCJ ) Nd are the scalars, ol=1,..,78, a=1,...,27,
for inore detail, see refs.[9,10].
In the asymptotically [ree regime [10]
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and all other coupling constants are proportional to (13). The solution

of the (ff((LiV( cquations for gq) ('IL) 5 v mZN ({) is [9):
5= f v [0.03u1( (34~ L)+ 0.1067 (5,5 JU,
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? ~94 ) 2 2.05%4 . where a,b are the constant parameters depending on the initial values of
m (” - e . (m 2 m 2 ) 9 ( t) masses and conformal couplings, the terms with the degrdes of t which are less 52492
M, - M N 92 + than 5.2492 are not written explicitly in (16). Again, whent o0, I'— - const- t y
aad  Coleman’s proposal can be realized in the Eg GUT. 1t is not difficult also

o 2 2 7\ 312({-) 2,1246 to check that the number of SU(N) GUTs listed in reviews [7] supports the
+ [O, IS l‘l Im’ 4+ O 4230 (m + YHA/) :l ( 9 < Coleman’s wormholes mechanizm. Note that one can analyse more compli-
? M 9 cated case where the fermionic masses in GU'l's under consideration arc not

zero. The conclusion will be the sane.

2/, 1\0-5034
i/)} ( 9 U’)) The most interestihg topic for further investigation seems to be connected

with the inclusion into the analysis the quantum gravitational effects.
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