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QUANTUM CREATION OF IRPLATIONARY UNIVERSE
A.D.Linde
Lobedev Physical Institute, Mosoow, USSR

i% is shown that the process of gquantum creation of the
universe in a wide claas of elementary pairticie theories with
s large probability leads to the creation ef %he exponentially

expanding (inflationary) universe, whick aftsy expansion amuilres
tre size €2 10%® ca,

{Racelvad 1I?2 October 1983)
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There i8 a large interest now in the inflationary univer-
se scenario [1—3] , which may help us to solve simultanecusly
meuy different coemologiczl problems., Por a revisw of the
present status of this scenario see 54,5] « The main feature
of this scenario is the existence of the stage of exponential
{or quasiexponential) expanﬁion (inflation) C{A)A-a,eH\ dur-
ing sowe timwe At X 70 B~ at the very early stages of the
universe evolution, Here C?(f) is the scale factor of the uni-
verse, f* is the Hubble “eonetqnt“. which may vary eslowly
during the expansion, so that H «KH .

The standard gssumption which is usually made in this
acenario is that the exponential expansion starts after some
earlier astage of expsnsion and cooling of the hot singular
Friedmann universe [1—5] « However there exists one more poa-
8ibility to realize this -cnnariQ. It is known, that any clas-
sical description of the universs evolution becomes imposaible
due to lakge quantum fluctuations of metric in the very early
universe, when the energy density :r the universe 9 excesdn
the Planck density @, =M: ~ 10 g.om™>. Therefore 1t is
possible that the universe never was in a singular state,but
it was created as a whole either from “nothing" or from some
other universe {j6~1d] - The theory of suci processes is far
from being completely developed, end even the very concept of
creation from Ynothing" or frow “esome other universc" dese-ves
a more detailed sxemination, see @ discussion of this question
in [4] « Hevertheless some qualitative features of auch pro-
ceased oan be easlily understood, It is clear, for exawple,
that the process of quantum creation of the uriverse may

effectively occur only 1f the energy Gansity of the crated
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universe g is asufficiently large, 9 2 ngMP since
only in that cage quantua fluetuations of wetric at a mcale of _
the sise of the universe way become conaiderable [12]. Presusably '
the process of guantum creation of the universe is somewhat '
eimtlar to the barrier tuxmenng procesas, and therefore one may
expect that ehe prohability of the unlvene creation with
g«g? ie exponenualls auppressed, P ~e ¢ . whete

¢ =0Q) [17]+ Por the sase reason the probabihty of quantum
ereation of the univeree of the size (»M aleo should be
exponentially suppressed. Therefors only cloued universe of the
size fs MP ~ 10733 ca can be crasted "from nothing". A ques- '
tion arises, how auch 'a small universe could give rise to 6m' '
universe of the aize l.l 1028 cu; ¢ with the baryon asymmetry
—':‘!uo‘e. with the density perturbations 98 ~ 10°% etc. ‘
A new stage in the developwent of vtho idea of quantum creation
of the universe is connected with the works of Zeldovich and
Qriahchuk[’f] v in which it wae pointed out that all theseé prob-
lems can be easily eolved if the creagted univefae is de.scribed
either by the inflationary universe aoanuithJ] or by &
similar scenario suggusted by Starobineky end based on the ine.
veatigation of quansum gteV1t3 erfecta in the very early uni-
verase [11]

This obsexrvation of ut.[7] was especially important for

the development of the Starobinsky scenario, since the only

possibility to realize this scenaric, which was known at that .
: tine, was éonnecied Just with the idea of quantum craation of
the universe, On the other hand, the possibility of quanfum
creation of the inflationary universe at that time seemed .ra-

ther improbable, since the typical vacuum energy V(W) during
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inflatisn in Whe £ivet versions of the inflationary univerae

seenayise {1.!] 1® many orders of nanituda aneller than PP ’
and, sensequently, suantum gravity effects, which oould lead to
ke uuauén of the inflasienary umvorh, in these versions of
the inflatienary universs ssenario are negligibly smwall.

A 2ire% aitempt of a guaniitative investigetion of gquan~
$us srepsion of Ihe inflationary universe hes bsepn made by Vi-
lenkin [83. Howgver, a8 we have weitten in [4] » his approuach
te this ptoblem, being intuitively appealing, was not well wmo-
sivated, 48 a u.nuu, ke hag obsained the expression for the
prebability ef ¥ho wniverse oreation P~ aﬂ' , from which 1%
whuld follew thn'tha guantum gravily effects become atronger
at Qpl’? , end that guantum fluetuations of metric become
gvediny at gysuter length sceles, Such a conclusion would be in
Y ohnt!ni&otin with the prnoht undeutundiﬁ of quantue gra-
vivty effecte and with the well-known Mot thet apacetice is
l‘u#l%kn Just wt sead), and not utv large scales .Da] « One wo~
pe evdenpt $o Biudy thie question has been wade racenily by_
Most wnd Frigns [10]. However they have ﬁwacﬂaniod the
$hetey of %he tonformel soalayr field W'bhu,’ in which, a® it
was sxpested befove {4] s the inflationary universe scenaric
agnnoy bp bPealiszed,

Pyom sup point of ﬁav:, a reasonable estimate for the pro-
bubilssy of crsetion of the dnflabionary universe is P—ve_

K 53) tsonpure with [8]). *his result cun be obtained
by Shd sethed euggeetsd evently by Hardle and Hewking [9 ]
: va‘,ﬂn sams iwprovewehd of yuantizatien of the acale fastor a
in the iiniﬁuﬁ“ﬂéi approach, Poi a detailed discumsion of '
this queation see ref. [13']. We will not discuss this question
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here arigmere, @aince the only fact which will be neeessary fov
ua in the present pepar is thet, su we have amzuaé gbete, the -
probabiiity of crestioh af $he wniverse w;.’sﬁ& © «g‘p aheuld
be Bliron~ly duppressed, The 18in elm of our puper i6 e Ghew

. that in the novel verwlon o: the infilaﬁm’eezg yniverse @88~ -
nerso |37 there ie ne exponentisl supproveten of Guaniue
c¥gation of the Mt‘ln’slbna:y univarges,

It il olear that the etporoniial euppression of %ias probi~
bility of guantun creetien of the univesse cheuld be mmaais 3¢
the enargy density of the orsated wnivorss %E?sﬁ%‘k&, e,
howevet, this oheryzy density 4o due to ths laige »nhaaagamiw
of the field “? . oF due to iia kinsetic snugg s % 4 bhem
the newiy bol’ﬁ universe duee et expond expemnam’lg T
typical Efetine of auch a universs 36 &'@.‘" M'@ o ot theune
fare ﬁ doue wenyo duch a univorse éaée wiob uppeuy %2 E‘s'm_ain
clsasical objest, but looks just 1ike e gqusntim flustuvaties .
of wetrie und of the field ¥ . Lot uws considér now ap oppee
site ousla, in whioh tha smrgy demﬁg S’R‘.‘Qa Qéaasi?s due
to the lerge velus of the effective pawnﬂ@l‘\ﬁs!ﬁ) ol & Buf-
ficlently howogencoue (&% @ sosle QEH’ E}} } dnd alowig
changing i @’}QQ‘ZV@}) eie1d @ . tn thie eces it ean by
shown, ¥hat, under sowe rather patural adousptiong abous V{‘g,
the univerow filled with cush 3 Fioid ¥ after its oroséien
expﬁnentlélm sxpands , and ita size afier tho a%pumian
crocede tne siia of the cbdervable part of our univerce
{x 10% o

Let w3 eongidar s sn exemple the theory W‘P) = 4 ‘@
a% J\(’k !0”2 witheut any amira Ltotme m§&'$ in the Iage-
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vengian. A8 1% was argued abeve {see alse [13] ), the expomen-
tial euppreasion of the probability of the universec evention
dwmpwms 1€ eme univerme &u oveated with such o field Yo,
L é B z ?'fgb , whonee %, 7 %(ﬁﬁsﬁma ubzequent
svolution of the homogenscus fleld ¥ in Uhe =mlvesd vniverse
18 governed by eguaticu ‘ '

a4 8 ‘ ' {8
Peag=-cg |
ané the soale foetor Cl(*) aeiisficn the Biuwkels aqmﬁea

(é' tab T aw‘ (Veoy + 4 9*),

ag
wltere Wv}ﬁ % 9" . 1¢ snittansy é-%') & V{‘p) TR0
have sweumed, tham Proa eq. (1) 1% edn be akown thai dat
‘ ‘?» %’ the Field P  changes in tlws vefy elesly,
% :«H s+ where Hﬂgﬂgﬂ "‘g%@ L’B] T Sueh o cdee from (2)
1% foliows that the universve bohuves a9 & eloaéd de Bikter
spata, -t
G{Q} w4 chAHE, (1)

% iw womt iikely %}mt the m:ivwm; maattaﬂ oseurs dt the
gouaent t=0 s at mi&: ths spatiat vamm of the univarus
i oiuimal, Gg"‘H - « Prea (1), (3) 15 Polloms that &
‘?kﬁ?‘fp the fieid @ dosd not shange considerebly Suve
ing the tice &t~ o Kesording e (3}, after that tise
the seale factor (%] becoses such greatsr Hhan H*E
“the value of % Lh €4), (2) bessuss equer t¢ M, and th
garms P in (1) and 3 @E in {2} sen be neglestsd
until the fiedd W vesorvs amaller then 4P , Thepafoss
at 9x j’gz the fi01d ¥ behaves es Follows {3] :

eat, enp(- 48 1), @
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which, together with eq. (1), implien that $he universe, ia
whish initislly '9"?.!5 M, . during the pericd of ulpnael-
tial expension grews mers than. & 1 tines, This observetion
10 o basie peint of the ehaciie infiaticn mosnsrts [3). Wew it
is closr that the sems obwervation may siwplify eonsiderably
the realization of she ideg of quantua srestion of the univirae.
Inde2d, ap we Rave argued sbove, there is ne uponantnl nn;pﬂe
eior of the uwniveree ersation with ?l‘%) H whish {for
A g 19 ) iz sufficient fer the reslisadion o! the duflas
tienayy univerep scenerio [J]

Prou the results ebiained in ref, {ﬂ iy :oun- that the
same result is valid mot only for the theory R !t with Mg i0”
But for the wide aless of theories in wutsh V(i) te not Vos wur
ved at YXM, . therefors if tie process sf yuautue evesdisn
of the universe is posaible, ik the ebovemsntivaed tﬁunu i
prosess with a considersbls pnhﬂﬂtr deads to She sreation .df
the inflationary unirerse | 3} wuteh during infistion end dus-
ing the gubsggueni: npanuon (3411 nhutm. aquires tho wsise
g 10 e ,

I aw greatly shenkful to Ya,B.feldevieh, uﬁp havs gidvee-
tive my attentien to the prubled of duatituk trveation of the
universe, and also te VJ’.!'uslav, A. s.eumuv. V.P.M“Mh&,
R.l.lnllouh. DasA.Nizrohnits and V,P, Mukiterov for tany valudbie

discussions,
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