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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 wsmological constant to zero. The arguments are supported by the dired 
calc:ulation in SU(2) and £'6 GUTs. 
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We iugue that the cllrved spau~-t.ilne renorlI1i1.lization group in the asyrnp­

toticidly free GUTs Cil.n sllpport the Coleman's wormholes proposal of driving 

the coslllological consta.nt to zero. The arguments are sllpported by the direct 

calclJlatioll in SU(2) and b'(i C lJTs. 

Wormholes call provide Lhe lwautiflll rnecha'lizm [1-:1] which call help 1.0 

dc('id(~ the 10ng-sLandillg cosmological COIl:>tallt problem (for a review, ~e<: 

ref [~]),It is noL qllite clear a,t the 1ll0mclIt, is this the case (see papers [5] 
and ref(~renccs therein for the uelicriptiofl of the different poiJlt.s of view alld 

approaches) and can the wormholes really drive the cosmological constaut 

to zero [1-3]? Tn any case Llle mechanizrn of refs.[1-3] demanus the further 

illvestigations. 

In the present letter we consider asymptoLically-free GUTs in curved 

space- ti me [6,7] (see [7],for a rt:view). We argue that rellormalisation grollp 

analysis of GUTs in curved space-time can support the wormholes rnecha· 

nizm of the drivillg the coslllological constant to zero. 

Let liS start from the SU(2) gauge theory in cllrv~d space·time. The 
renorrllalized Lill';rangian is [7] 

L =L",[ + L,., 1 .t 

L...
f

: a 1(1 t gG + CC!, Vdf' + d0 R+ JZ R rAJ 

- L +1 (D:glfe)~+ -l ~RLf(4Lp0 - i f(lP 14lpO)z+L t\\ - VM J.. I 0<.- 4! 
. ~. 4' a (xflIJoB _ 0 [ace, DC) II) e + 1h12 t.pQ '-fa 

+ Ltt (k:) 0 (-A h '-( '1 (k) J. (1) 

where (L = 1,2,3,11 = I or 1'1 = 2 (t.wo dilTcrent lllodcls),for simplicity, we 

I.ilke only scalar masses to be 1I01l·zero. The r(~lIoI'lTlalizid,ion grollp equid,ion": 

for tile ((mpling consLailts [7j lead to the following aSYIllPtotically fH'<' n:gilllc 

in sector of LTl!: 2 '2. t ,- i _ 

~1(t) c 92(1, Q~-i) ) RQ (t): Ki g~ (t) ) 
. (4JD. . 2 ~ ~ nt) = 1<_<9 2 

(l)j 5(l) =t t (s' - tJ(i~ B @. ~)
B2~t g (4JI) J

\'1/ U)'': t'Y? e~2t ( i (Ij ,)2) (.2) 
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wl!!'11' I.Iw COllstallts, /]2, /(1, /(.2, b arc given in lcf.[7]'( we do 1I0t Iwcd the 
('xpiciL v(llucs of t.hese r.ollsl<ll1t.s), h <f) WIWll 11= I and b')O wllell II - L. lin!', 

as II!jllidly scale transforIllatioll of tile metri c [7] 

/V -'It 
9)Ay~e 9JAV (3) 

is lIsed to formula~ tile renormalization group ill curved space. Under 
eirt R2.thi s trilnsforIlIation R2 ~ , i.e. i ~ 0() corresponds 

In 1I1(~ Ltrge scalar ClI rvalll rc (small d ist. iUI((~$ or h igll ellergies). 
III Id.[LI Coicmall ma.de th(~ ; ; illlpl<:~; t. assllfliptiu[I that. the 8uclidcall fllne 

l.iOllid illtegral is dominated hy 1I11! siHldle points of I.lll ~ cffecl.ive act.ioll. In 
his work the effective action r hct.s L<:cll obtained by integrating out tile 
nuctuatiolls of all the fields except g,Mv .Now a.s ill reLl8] we suppose 
that. litis effective action is prodllu!d by t.he rCllorlllalized theory of quantuITI 
gravit.y.(Asyrntotically-frce CUTs Oil fixed curved bilckgrollnd can be cOllsid­
cr< ~d ilS t.he one-loop ilpproxilllation to sllch a theory) . Using this proposal 
WI! Cilll writ.e (at leas!., qlJilitative\y) the dredive action itS

reSd4xvg ( /\ft) + ]2(7) Q+ ) (LJ) 

wltcre ir Ali) is SllIitll, thell t.he :;Llt.iollMY points or 1 (ln ~ vrry 
SIIJ(Jolh Ill a llirolds alld lligllcr dcrivcti.iv(; t.erll1~; ill (1) are Ilegligibk 

Theil, I.he statiollary POilltS ap[lloxilll(t1.l.'ly saJisfy 

;\ (t)
RfV ) :£(L) 9/',I 

Accordillg 1.0 ColClfIitn, the domillil.nt stat.ionary point is t.he one with tlt<: 
1(l1W':·;( . •-tCt.ioll . F'or'l positiv(~ coslilologi<:<d c()[Jsta.llt., this is the large ,1·spill"fP 

:\ 

6' £It) 
(De SiLLer space where 7.! =- - ' /\ (t.J ). 1I0w~ver,in this situa­
tion we can also asslllfle~81 thak:lloL only 9f4 v' bllt alsfl 9rc v corresponds 
to 4-sphere. Here t = ~ e.,.. ( IR)'= e;, (1. Ii:) . Thus, we obtain some 
self-collsi:;tent equation for 1'2 

[2. 
- G X( ~ ~ ) ~~ (e., [ ) ( b) 

The action turns out to be 

1~ 
3 (ibJT:£ it)) 

~ 

/\ (t) it) 

As it has been shown ill 121 the Euclidean path integral in a large univcI:se 
hds a sharp p(!ak at :r-~{fJ 1\ it) = o~ . .Now we can check the 
Coicfllan'splOposalforsoflleGUTs.lf J€-.2(t)I\{I)t~ Ot- (s trong 

curva1.ul'e),thclI we can say that such a. model supports (at least, quialita­
Livly) the Coleman [Jroposal (as it has been checked in 18J t.his is the c.tsC 
for su persy mrndric C IJTs). Now OllC Cilll wri te the renorTllalisatioll gW11 p 

equaliull:; for Ii If ) J ;e (-i) ill tile model llilder inves tigat iOll 

dMtJ= r 3 YlNt) _ Lr /i{tJ]
cli 2 :2(4JT):J. J 

d:t it)~ !.5 In"{t) (suj- ~) _2. :p(t)7 
d ·t [4JT) 2 J (g) 
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The solutions of these equations (with functions (2) ) are: 

,4 ( , B2a~ tJt d )0'-4t( .3m 1+ ~ _j
/\ il) =e /\ + ,- " ) ( ( 4jjj2 J 

3 rn 2 (S - ~b) (' I i ~ B292t)~e ~ 1)\\')? (i) = e-It ( £ + ~ , (4J1J~~ J) 

( 9j 

III til(' strong gravitatiollal field limit -t~.:::X) we get (in the case b')O 


vl\lidl corresponds to tlte first lfloUel of (I) ): 


~ B~)92 t- )ltl-!r-' 102loi ,bJT)'L (S-J-:)Z(i 
(~Jfj 2 -.BLg4.{2e t-1) b 

---~ - 0<) .. ( 10) 

Now, one Gill sny that there ex ists the class of asymptoti cally free 

Ct 'Ts wlliclt support:-; tlte Coicman proposaL Of course, for real Ulliverse t-oo 
1I11';III S I hat t i~ big (but fillil.e) . 11 ere, one SitY that the effective cosmo.. 

logi(',t/ cOlIsl.itnl. is tendillg 1.0 zcr() when I.lte Cllrvatllre is growillg (at ICi.L~t 

q'liliLtI,ivc\y) 
Now, itS ill ref.[8] we CiUI look t,o t.he sdfconsistent cqllation for radii ((j)
- '2 ~2)


011(' g<'l. ( t ~ C><:») 'l >"> ' ­

1'2 12 ($-- ~ )-v 

rn 2 
(11) 

f> 

To be more realistic, let U ~ look to the Cl...symptotically-free realistic E6 

GUT of ref. [10]. In curved space this model has been investigated in ref.[!)]' 


where the Lagrangian is writtell . The free part. of the Lagrallgian connected 


with the scalars is (again, only the scalars ha.ve the masses) 


['C_)o: 1 [ JJ;f ~~].2 -l-13~ Rcpd'ipJ ~1yY\~ rpirPd 

+ fn;J Md ]2 + SM RMtM + tn~M.tMf-

+ [D;dWJt -4- $~Rt,;t!V+m~Nt,.!+. .. 

(12) 

where cp~) M ~ ) f\/d are the scalars, ol=1, .. ,78, a=l, .. . ,27, 


for more detail, see refs.[9,lO]. 


III the asymptotically free regime [10]


' tiJ-tg2 (l) := g2 i + 32 (4JT)2I (13) 

and all other coupling constants are proportional to (13). The solul.ioll 


of the dfccti ve equatiolls for ~ q> (+) )' , , J tn ~ (t) is [9]: 


~~(t)=t+ [0.0341 (Scp- t) +O.W61(~M+~/J-l)} 
2 ( t ))- :1. 114 i , , - . 


I t
(T [ O • .9{;~-9 (~1l- t) -O.IObt (~N t 
~ _.i 'J[~)] O.5D3ll
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2 '-~L \[ 2 \1(C)l{~~2.11't'
(I'Ip (f) 0 e < 2 0.03'1 i /np + 0.1061 { 1'>1:' ;- /'}1~)J "7j t 

+ [ O. 9(;:;9 /n~ - 0.1067- (/11~ m~)] ((l(i)) 0, !>-D3~t 

92 ) J) 

5 (·U ~ i + ( 'S. S) (°2(t.) \ 2D O!;2 4 . . 

')M,III - 6 - '>M- 'IN 9i), j- 10. b 41 (5.;> - Ut 

. 23' 1(; 5 1)J (02/t))2.1~"{
-+ D. '-t 0 ~"SM +)w -~ 9'i-) [- O. ,;Ifl (~-1)-I- l­

• O. 01 t L) (SM t ~ IV - J ) J ( .9 ~,
9

UJ )o. s- 034 
2 

) ) 

m.2 (.f)::: -2 t (+- :;.._ '2 (92 
( t) \ .i . OS"2 q 

M, N e! - (In M /11 N) ~z ) -I- _ 

. 2(t),2,J24b
+[O.iS-JdWl~+O.~~30(/n!I-Yl1~J] (V) + 

2. rL-~O. S-VJ-- 2 . . L :2 9..:l! 3 
+ [_ 0, I::'~ J i'YI'I' + O. 0/7-0 (m M tWIN)] ( 92 

l', 'I I It' n ' J10rtllilI" lzallOlt gJotlP ( ~ qll;-l . lOIlS ,.OJ /\ I·t) j )?' f)- < '1((". . O'tJ 

d~) ~ ~' _1,_. (78 n<; (tl t5~ YYI~ If)+ 5~M:(f))-4!\(LY
dt },2(/-/JI)2. J) 

cL)? U) _ ~'_'1_ ( 7 2 m:n (1 )(S UJ (i) ~ 6.1 ) .~ SA m~ (t) 
Cf{ - 2 (4Jf)"- T)r 

I< 

, (~M (/) - t) -t S ~ WI ~ (fJ { ~M (I J - t)j 
(1.5) 
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IL is evident tbill 

/1/1) ~ e- 4-1o ( 1\ t at ('-,2 
11

92+. " ) 

~ it) ~ e-2l (,~ f- gt 5, 2~ 9~I- r ~ ~ (16)) 

where a,b are the conslant parameters depending on the initial values of 
masses anci conformal couplings, lhe terms with the degr~s of t which are less 5249'2 
lhan 5.2492 are not written explicitly in (16). Again, when t _00 J r -p - C{)I1si· t ) 

Oi'lJ Col(~mall's proposal can be realized in the E6 CUT. It is not difficlllt also 

1.0 check that the numlJer of SU(N) CUTs listeci ill reviews [7] supports the 
Colemilil's wormholes mech cUlizl11. Note that olle call analyse more compli­

cated case where the ferfllionic masses in GUTs under cOllsideratioll i-He flOt. 

zero. The conclusion will be lhe same. 

The most interestiltg topic for further invesligation seems to be connected 

with the inclusion into the allalysis the quanlum grctvitational effects . 
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