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Bubbles determed in \1' for the theory with
 

the degenerated vacuum by the La.grangian:
 

%(_)=112(~2_~2C~Z~~2)2 , CD 

(here ).. andJ) are const.ant) ~re regarded later in t.he theory 

wlth the metastable vacuum '2'. an~they were investigated rather 

carefully in papers '\3, with the same Lagrf1ngian (D. A number of 

papers "", examined lbe influence of the own gra.vitat.ional field 

on the bubble dynamics. But the problem of t.he gravitation influence 

on t.he bubble evolution may be coinsidered in a different way. We can 

imagine the case when t.heinfluence of t.he own gravit.at.ional field 

_y be neglected 1n t.he background of a st.rong ext.ernal field , 

Here we 1nvestigat.e t.he bubble evolution in t.he t.heory 

descr ibed by the Lagrangian (1) in t.he background of t.he external 

met.ric of the type: a) the expanding Fri~ space-t.i_ '\S'­

(here t.he cosmological constant. A=O and t.he pressute of mat.t.er p=O): 

dsG=a2C1J)(d."Z-d{G-sh'Zt CdsZ+s1nZg di». (2)
 

here a(7):ac(ch ." -1); b) the de Sitler space-t.ime ~ CA'l=31i-. and
 

H Is t.he Hubble const.ant.)
 

ds2=dt.G-a2(t.)(dr2+ r~~+S1n28 ~2)L (3)
 

herea(t.):aOexp(Ht.). There 1s· exist a large number of papers
 

investigat.ed the behavior Of'PhYSical fields in the de Sitt.er
 

metric background taken ~ a vacuum (see, for example. ,7, a.nd
 
-1 

references there), The scalar field act.ion tor (1) ()..=~ .~:1) 

'wilh t.he minimal int.eraction in gravit.ational f1~ld has the 

standard form: 

S=ld4 ~ [ gik -.1-,~ -C¢2_1)Z] , (() 



2 

~ - get the following equations of mt1an for the scalar 

f1eld in _tries (2) ~. (3): 

¢."."+ 2 a.."a-1..".. ~~.t- 2 d\~ / sht _~ +GaZe l)) -.I--O:II{J. (5l 

here the inlt1al eondllion is,: -'llo>alh [a(l1o)(t- ko») ~ -Tt(~)-o .. 

as they correspond to the rest. bubble for the ·Ja')fDent.1):t1l0 when ~ 1s 

large enough. By the analogy to t.he prevlous case the equa.l1on 

in the de Sitter space-liM is: 

~l + 3 ~a-1~ - ~-1a-wl~ - a--~rr'" 2(J(~-l)-o (6) 

with initial conditions: ¢(lO):t.h [a(lO)(r-rO)}' ¢tCto}=0. 
The equatlon describing the bubble radius evolution can be 

written using two met.hods: the first one is the "contracted action" 

method. first regarded in the paper '2'.. FolloWing to this met.hod 

the action for t.he Friedmann space-time was obtained using the 

expression (4): 

S=fdn a3(ry) ShCt -'I ~ (7)
ry 

and the corresponding equation of motion is: 

:tT]TJ + 2 cht /shx( 1-:t~) + 3a71/a :t7)C1-X~) =0. C8) 

(here ,t(.,,) is the bubble radius). By the analogy for lhe de Siller: 

S=I dt a2{t.)~ l-a¥ (9) 

and 

R' + 2 a-?R-10-a2R2) + 3 aa-1R<1-a¥) .. aa-1R = O. (10) 

here R=RCt) is the bubble radius. 

It. is possible direct.ly get. the bubble radius equat.ion of 

motion frOll eqatlons (S) and (6) USing t.he second _U1Od . It was 

developed for the flat space-ti_ in the paper ....... Here we descr1be· 

t.his method when applying it Lo t.he curved space-t1_ of "'rics 



,-''J

CZ) and (3). \Ie shAll search for the solulion of the following 

equation: 

lrl=g (~ g1k ~i)1c +QIi.;G...1)s() 

in t.he form fJ =- tha. here a is the new var lable . tftlen passing 

to the lildt. of inflnitely thin wall this exact equat.ion 

disintegrates into t"'O equations: 

gikCli~+l~r 
uu 

1/"fZg (~ gtlcQi >Jc-af 

here f is SOlIe function which has not. influence on the forll of 

the bubbleradlus equat.ion of 1I01.1on. Next. transtormt.lons depend 

on the concret.e type of background -.tries. For the space-t1. (2) 

we insert the paruet.rizatlon resolving the f1rst equation (11): 

Cl =a. (l-J1')l.12et -vZ>-1.12 
t :> (12)

~=-va(l-rJr)ll'2cl-V""')-l'" 

The funct.ion v 1s t.he velocit.y of the surface- (aaconst)- .at.lon: 

V=-Cl,(~. As t.he bubble radius 1s the radius of t.he surface CPO in 

t.his tar., ... get. the equation for the tad!\I$ using the feratla 

(11), ~ t.his equat.ion colneldes with the t •• (8). Besides the 

equa.t.1on(S) t.heglven I18t.hod ~llolllS to get the adcUtlonal 1nfor.llon 

about the bubble Pehav10r dUe t.o thelntegrab111t.y condition 

~:tCQ By analogy t.hlS const.ruct.ion may b8 done for t.he de SitterVf 
space-lt_: 

a,c&(1-aGr,l/2Cl-vZa2)-1/2 
(13)

Gt..-varl-ch)l.tacl-~aZ)-1.1'2 

The result.ing equat.lon for the bubble radiQS R f t.he surface 4-0) 

co1nctdes with t.he tera (10). 



4
 

EqUations (8) and (10) wre solved nu.r1cally using t.he 

Runge·Kbtta ~thod for- initial conditions of tne rest bubble 

at t.he t.ime t.O : xCOJ=Ro • %<0)=0. COIIputed results for the 

sq. (8) are shown at F1i'1. Here we see t.hai.•for any init.1al values 

Ro t.he bubble collapses. The eq. C10lhas.:lre COIiplicat.ed behavior 

t.han the eq. (8). For Ro < Rer~ 1.C2 u., bUbble hasti.' f«­

collapsing. But for t.he initial radiusRo which is lIOre t.han t.he 

critical raci1us R • the bubble does not collapse (see F1g.2).cr

After the pr iury s-.11 coapressi-on it. t.endS to t.he' steady
 

asymptot.ical value R . There is t.he piclureof. the ~ ofas
the asympt.ot.ical radius R on the init.ial radiUS Ro' at. F1g.3.. thusas 
in the raglan of applying of the equation Cl0>. that is the region 

~e the bUbble radius R »l ... 111 here l is the width of U. vall. 

the bubble never collapses. Notice here ~t. t.he equat.icn (10) has 

t.he exact. solution : 

R=CoiaQ1a-lexpC -Hl) 

,(CO is the arbitrary constant.. ). but. unfortunat.ely it. dOes not. 

satisfy to tne initial condition R<O)=O. For obt.aining the solution 

satisfying t.o this condit.ion it. is need to upand the fUbCt.iooi 

on powers of exp( -2Ht,) : 

The resolution on non collapsing of t.he bubble in the de Sit.ter 

space-li_ is confirl8i by the computat.ion' of t.he exact. equat.1<Xl (6). 

these result.s ( together with computer invest.iga.tions of the eq. (5) ) 

will be publicized later. 

Authors are thankful to A. S. Gorsky, A. O. Dolgo"-. L. B. Okun and 

K. G. Sel i vanov for useful discussions of t.he paper. 
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rlGlB CAPTIOJlS 

Flg.1	 The dependence or. t.he bubble radius ton canfora ti_ T1 

for1ft1t1&l cond1t.ions: a) ~O)=1. 5; b) xCO}=5.0 in 

t.hI Pr1.-..m.oe-t.i__tr1c. 

F1g.2 a.b.c ". depend_ce of the bubblerad1us R on t1_ t. for 

inlt.ial condit.ions:.) Ree1. 2 {cx»llapse }; b) Ro-5.0; 

c) Ro-10.1n t.he de S1U.erspace-t.1_lMtric CH=O.5) 

F1g.3 'ftw dependenceof' the a5yIIpt.ot.lcal t.... ., value of t.he 

bubble radius on U.S intl1alvalue for t.he de Sitt.er 

~1_ ..u-1c CHaO.S). 
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