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ABSTRACT

We discuss the possibility that the ecosmological constant problem is
solved by remising the number of spatiul dimensions a la Kaluza-Klein. In
(L+2)-dimensional pure gravity theory with the explicit A-term we find classical
solutions with vanishing physical cosmological constant and compact 2~dimensions.
However, there also exist solutions with the non-vanishing physical A-term, and
the case Aphys = 0 is not preferred at the classiecal level. We conjecture
that gquantum corrections and/or additional interactions single out the

solution with vanishing physical cosmological constant.
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It is wiedely accepted thet the cosmological problem {1] is one of
the most sericus problems in modern particle theory (for & review see, e.g.
[2]). Wwhile &ll the fuudamental mass scales (the characteristic 0D

parameter AQCD = 0 (100 MeV), the week interaction scale M_=0 (100 Gev),

a
the Planck mass MPl =0 (101' GeV) are rather large, the observed absolute
value of the vacuum energy density, which gives rise to the cosmologicsl

constant {A-term), is very small {if any),

€vac = A Mpzf J8n < (2-{OF5 Mev)!f.

The vacum energy denelty feels all the compliceted phypics
inheront in elementary partiole interactionsi 1t 18 determined
by  the Hipgga vecuun oxpectation values, formion and souee
. fields condensaten, coupling constants, ete., In particu=
lar, it depends on the values of quark and gluon condensates,
<gq> and ¢ Gﬁ,) (which 1n turn con,in principle.be
expressed through AQCB and guerk masses) es well es on the
vacuup eXpeotatlon values of the weinverg-Salam scalars.
0f course, one can make the vacuum cnersy denaity vanish
by adding the constant term to the underlying lagrunginn,
but this requires the highly unnaturel ajjustnent o0f this
parameter. The veniobing vecuum energy density can b8 natursl
in theories with unbroken suporsymmetry (for reviewn soe,
CeSus [ 39%4])+ however, our world is non-supercymmetric at
epergies less than, say, 10 GeV. In any cace, it seems un-
likely that some symmtm which is exact at high energics but
broken at low ones, is alone responsible for vanishing
A ~termy gince the (laorge) contributions to the vacuun energy
denoity come {xom lgw=onermy phyaics {such as ohiral

symmetry bresking in QCDJ.
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fov would o golusion to the /) -torm problem look like?
The probles would be completely colved if the cosmologleml
oonstont 1n the Tlinetein equatlions noturc.iy vonlshad
irrespectively of what was the particuler value of ti.e vacuun
enerpy density, or, in othor words, what were the partiocular
values of the parometors of the theory {renormalized coupling
conctants, masces, constont term in the lagran;ian, ete.),
AL first sight this dogiro is self-ocontradictory, since the
nere oxlstence of the non-vanishing vacuum eneryy deasity
vould inevitobly lead to non~vanishing curvature of our foure
dimensionu]l Spoace=time, which ls forbidden exporimentally. How-
Sver, this pneed not bo the case if our spoce~tine hos nore
than four dimeneions,
In thls paper we report c;?autempt to find a solutilon

of the A —term probleo ctarting from the theory in highore
dimensional spree=time., The pgenoral ides is that in higher
dimensions, the prosencc of the N <term can bave & sighifle
cant oeffect only onm the metrics corresponding to extra
dimcnslens, rather than to four physical ones, so that the obw
served space-time is (alnost) flat, while the extra limensicns
are © curvod due to the A ~term. In this way one cin Do
turally arrive at oxtra dimensions compactlfied a la Kelugem
Klein, the necessary condition for the thoory to be reliawlc”
(tor a . recent discuesion of Ksluzo-RKleio type thoories
800, 0.8, [ 6~9| and reieronces therein), Changes in the
vacuum encrgy density nssvclated, cay, with ointove-

# Wote that the extra dlmensions would also be unobservable
directly, if dimensions were coampactified, but known
{1ight} particles were confined inside a potential well,
which is sufflelently narrow szlong M spatial dimensions,
but flat along four physical ones, This pousibility is
discuseod in[ 57

Salam or «CT phose transitions can produce changos in
the compootifiocntion scole chorncteriotic to extra dimensions,
leavipg . untouched the Linstoin equations deceriblng the
physical fourwdioonsional world®, The relovanco of Kalugae
Klein type thoorics for the A -term problem has been realis
zed by wany authors [10,9]3 however, to our knowledge,no Bo=
lution of the A ~term problem o stated above has becn pro=
posad yet.

Befure presenting the detaile, wo wish to summarize our
mein resul%s, e have roached ouly partisl sucooss in realis
zing the above idea, amely, we have found that in highere
digenoional pure ;rovity theory with ozplicit A -temm, there

doee exist o class of solutions with ocmpactified extra
dimensione and physical four~iimenslonel metrica obeying
the standerd Binstein equaticns with grbitrory (including gow
Z9) values of the oboervable c_:olmological constent A physe
Thorefore, the A-ie: rrovlen . ggg  be "solved” by ohoosing

a solutlon cheracterized by venishing A phy Lowever, we

Bs
have not found convincing arguments in fovour of this cholce,
This is the maln question yet to be understood. Ve hope
that quantun corrcotlons and/or additiona) interamctions will
single out the solution with Aphva o 0, which would be &
cooplete solution to the A ~term problem., It is not exolu~
ded also, that the choice A phys @ O Would arise from sto~
bility conslderations.

iHow, lot ue coneider the pure gravity theory in (GQ+il)=-
dimensional epoco=tine with metrics glAB CApBalyesapdyll=l,

e et

® Hote that chansos in the compactification ocale can in sum
lend to changes in oboerved coupling constents [ 7], Does
this mean that the couplings (inocluding iHewton constent) vae
ry in the coursc of the Universe evolution?
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B1gnature ($y~y>peeey=))s 4 dimensions will turn out to be
physical {in the real world d = 4), whils N others will be
compactified, In whet follows it will be convenient %o dcnole

- the first d coordinates by L’ (K = Oylyeeeed=t) and
Fothers by 2 (8 = d yees,Med=1), The Linstein equations

with the oxplicit A ~term in (d+i) dimencions read
A

Rug - 2 dsaR= Njas ™
where the Ricci tensor ﬁAB is construoted from gAB in a
stendaxrd way, Ve have written the /| ~torm so tnat its sign
oplncides with the sign of the vacuum oncrgy demsity. In

what follows ve assume

A>0D

Note that this sign may be natural in supersymmetric
theories [2].

Ve search for solutions of eqa, (1) which correspend to
d-digensional metrics § = (x™) oteying the dedimensionsl
Zinateln equations, if cxtrae dimensions being compactified,
Therefore, the desirable Anzatz chould nobt break the group
of d-dimensional seneral ceoordinate transformations,

e xS (x")

,I.Efa - xﬂl.

(2

A
In the standard Kaluss-Klein approcch cns assumes 3 pv =
A 4 [l
g/w (I») ) 8}(4 a O, gaﬁ’* gﬂ.g (14). It i8 clear
that undex this nssumption the MV weomponents of cgs.
(1) canoot trensform loto the dedinensional ¥Yipsteln equa~

tions without A ~torm, 50 the A «term problem cannot be sole
ved in this way. ‘e choose snotber Anzrte, which is a

8light genormlization of the stendard Kaluzawilein cne,

%)M’ = 6(%‘1) gfn} A(x}‘) 5

)

dpa =0 ; ()
r~

Bab = Jag (=) (5)

Note thet this Anpats doec not Dresk the inveriance under the
transformations (2).
Subssisuting (3)-(5) inte (1), we obtaln aftor some Io=

srrangemonts the followlng set of equaticas .

Rjax} - %_ ﬂ/n’ Q = AP)‘HS g'/-{\) ? (6)
Dy o2 Ao + E’;ng ?7;6/556“ ,
Ra@ B N+d-12 8ag ( 26_ 462 ) ‘7)
fgag, d:2 VaSV'E 24 o Dy (B
2% 4 5 N+d-2 4-2
m(6) A phys 18 an arbitrary constant, R.., (x) ia

constTucted fros 4y () 15 a standard wey. In (7), (8)
Rue (x*) enma p’ﬁ-’a are the Ricoi tensor and the covariant
derivative in Nediconaional spacewtime with metrics

@:b(xa;u , the indices are lowored with the use of %’ag .
Eqe. (6) coincide with tha Zinstein equatlions in d-dimenaions
with the cosmologlesl sonstents A phys*® For A phys ® Oy
the A-term present in the initial equatioas (1) does not
give rise to the cosmologiosl constant in 4 dimensions, proe-
vided that 3/“,, (x*} indeed san be interpreted as the mete
rios of the physiscal d-dimensional woridas MNoreover, 1L e¢qo.

(7),(8) sdnit solutions correspunding to the compaot Nedi-
mensionnl space, the extra dimensions would be unobservable

ot low energles.
Let us first ehow that egs. (7),; (8) do have solutions
with the desired properties, at least for N=2, For N=2, lot




us denote the fourth and fifth spatial coordinates as follows,

=9, 5= 0
epd assume & o be an angular vertable, & € [0, 24,
let us further assuwoa
(o [9-d - .
Joy =~ 1) Jas 70, 555 955(?) (9)

Thon the set of equations (7),(8) reduces to a single oguow

tion
} /r_ _ 0’ U[zﬁ} )
dz ' (10)
where prime cenotes the Jerivative with respcet to §’ .
the "potontial™ ia d-t
2 a-z
A+ 2 d+4) d+4
U= & Nz2" - et Aphg % (1)
4d $d-1){d-2)
(cee Fig.1) end the functions 6 (¢) and 355—@) are ex-
pressed in terus of ,{»(g)) as follows
Cgdot A-1
855 "‘Q 3 g A+1

(12)
4 )
5= o /)(M

2 -1
R being an arbitrary length scele (we choose R ~ A for

definiteness).

~ Tor A phys < 0, any solution of eq. (10) oorresponds
to the "motion" of a "glussical particle” in the "potentiol™
(11) vith vanishing initial "volocity" ¥’ (0), from some
polnt 2, to I = 0, the courdinate ¢ pleying the role
of "timo". This solution desoribos the coopactifiod extra
spatial dimongions in the cense that!

1) e coordinstes g and @ un {rom Q to ¢ max

and from 0 to 2 5, respectively, vhero ?mnx is the (fie

nite) "time™ nocessary for the “particle™ to resch Z = O
from ; (0) = c_t'o 1
11) The' wolume of the twowdimensional space with netrics
gag is finit;e,
n
J dej

vhera ﬁ dei’ ga_g
111) The - volume elonont Al = \)—g d 9‘— in (dwd)w
dimenslional space=time is everywhere finite, provided that

Emax

J’g:afg L0

4 = def 9pv is finite, so the volume of the two=dimensilo
nal slice botween the hyperourfaces 35’“- :t,ju and a
g dx" 18 finite,

J‘ rdedé < oo

Hote, however, that the length of a oircle xﬁ- const,

¢ = const, (2’: 2 JT%';) san be arbitrarily lsrge (eince
N I Bl L
not standard here,

pax)e 80 the notlon of compaotucss is

For A phya > 0, there also exist mnother type of so=
lutions of eq. (10), which gorresponds to a halfaperiocd of
the "negabive onoxgy motlon® inside the "potentilal well"™ of
Fig«.?s In this pase tha topology of the ocxtra tw=dlnonsiow
nal spaca coincides with that of a sphore Sa.

Though tho cxtra dimensions are oY compacdt in the usue
al senee, their oxistence leads to ne comiradletlion with cvery-

experionce, in o pericoct analosy to tho standard

~#lein approaci. 'fo Lew Lhig and to chow that the setoof functions

cana ipaedsd be  laterureted  as the mebtrics of  the
piaysical space-time, we snalyso the patteor fiolds in the

background motries (I5), (9), (12) (ef. [ 7]). Considor,
for exanple, tho mossloss scolay fleld &  whnimally coupies




Le cravity. The equation of motion cnd the cnergy=no-
nentum tonsoX are, respectively.
G 0 (M) =0, Tap=9,30,%- gm(e’cﬂ"i‘?)(’n,
A
whora V; is the oovariant derivative in (d+2)=dimensional
spaco=time and indices are lowored by 9 AB® The Anzatg

f.
Pty = £ (x Y ") (1)
transforms oq. {13) into '
-V Ve mt Y ’ (15)
ar A ra

s, f=m*f (16)
Bge (15) 1s Just the KloinwGordon equaticn for the pertiocle

of maes ™ propsgeting in the dedimenslonal space=time
with wotrics Jsv 4 while og. (16) dotermines the allowed

veluos of M o In order that the perticle with the wave

S oa
funotion (14) have finite onorgy | § f T, 47, <9,
X

°z Cona t

the function {(x"} should obey the following conditions,

(F* G s <o, (3256 adoce . cam

One oazn show that under theso conditions the operator

~ g

sV, V has & diserste cet of eil-envalues, The lowest eigene

value, m' = 0, corresponds to _f = const, others are of or-

dor A by dimensional sxpuments, Therefore, st lew enerzios

only particles with the wave functions independent of extra
coordinates survive and, according to (15), thoy live in
dedimensional spage~time with metrlos 37M¢ » Which is the
desired rosulf.

In conclusion we wish to point cut the main differonce
between our approach to the compactification of extra dimon-

—9-

sions, ond bhe standard Zoluza-Kicln one. #ithin our approe-
ach the notrics of the observed four-dimensionel world is
identified vith G, = 6 g v rathor thon with tho

)u’\) ~conponents of the 4+l dimensional metrics themcelves.
Therafore, the structurce of the 44N dimensionnl space-time

15 poy i x R, whero * is the ordinary Hinkowskl space

and K 15 some compact manifold, Nevertheless, the observed
world is deceribod by the linkowski spaceetime (for A phys™)e
An oxtonsion of our appronch &0 the supergrovity theories in
hiszher dimensions (31] presunably would lead %o new patterns
of spontaoneoous compactification of oxtra dimensions 1n these
theories, Ve hope that ln this way one would be able to obw
tain rellable higher-dimensional supergravity theorles with
vanishing cosmological constant. It nizht well occur that
these pow patterns would be of pipgnificence for constructing
realistie models basod on suporgravity plus KeluzawKledn,
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