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During many years, numerous attempts were made to extend
the Einstein gravitation. One of these attempts is the well - known
bimetric theories. At first, this type of models were considered by
N. Rosen. He has treated some special cases when the background
metric is a flat [1] or constant curvature metric {2]. If the back-
ground metric is flat (or Ricci - flat), the Rosen equations coincide
with the Einstein ones. On the contrary, when the background met-
ric is not flat, the equations obtained differ from the Einstein equa-
tions and nobody found spherically symmetric solutions to these

equations.
Recently, Chernikov suggested considering a new interesting
case [3] when the background metric

ds? = g,-,-d:rid:rj

describes the space - time that is a direct product of 3-dimensional
Lobachevsky space and the "cosmic time” c?dt?:

d3? = cdt? — dr? - k’sinh"';:-(doz + sin20dg?), (1)

where the Lobachevsky constant k is the radius of the spatial cur-

vature.
The Rosen - like equations are

R; = Ry;. (2)

Here R;; = R;;; is the Ricci tensor of the physical metric g;;, where
the Riemann tensor

R:ln = afrlan - 311-‘2;- + FZIF;H - PI‘.P;,.,

Rij is the background Ricci tensor.
These equations are derived from the Rosen - like Lagrangian

L= Y _ggmn(P:an:n - P:cPv:m)7
where the affine - deformation tensor
P:;m = F fnu -T fml

1



is the difference between the background connection coeficients I'X,,
and the Christoffel symbols I'%,,. Let us denote

d? = d6? + sin® 0d¢?,
sinhf=%
A = exP(2To/k);mh—-,—:r,

hﬂn
As = exp(2ro/k) ok

oshile’

Chernikov found [3] the spherically symmetric solution

ds? = Ayc2de? — ATldr? — exp(—2ro/k)k?sinh? " ",'c""

Here ry corresponds 1o the Schwarzschild radius in the harmonic co-
ordinates. This solution coincides with the well-known Schwarzschild
metric in the Fock representation

d?. (3)

2_T—=T0 2,9 "+7'0 - 2 132
ds® = v cdt” — — dr (r + ro)“d2°, (4)

if we put k — oo.
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Fig. 1. The metric function and the luminosity dis-
tance for the metric (3). The dashed line
shows the value of g~!



However, this solution is not unique, and there is another branch
of the solution [4] which has not Einstien’s limit:

ds? = A2c2dz2—A;1dr2_exp(—zr.,/k)k%osh?i%dm. (5)

All the spherically symmetric static metrics can be written as
ds? = gcldt® - -l-dr2 — R%2.
g

The solution (3) corresponds to the choice of g and R as is shown
in fig. 1.

The conventional Fock metric is shown in fig. 2, and the solution
(5) is illustrated by fig. 3.

We can see that R in metrics (3) and (4) is a monotonic function
of the radial coordinate r. Both these solutions have singularity at
r = —rg and horizont at r = ry.

On the contrary, the solution (5) is free from singularities. It is
worth noting that in this case the quantity R has the minimum at
r = —rg and g changes in the limits 1 < g < exp4ro/k. It means
that the space - time described by this metric must be extended for
negative values of r.
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Fig. 2. The metric function and the luminosity dis-
tance for the Fock metric (4). The dashed
line shows the value of g~}



+ +
exp(4r,/k)
Y (2ro/k) /
1 \
To\O (T —rf -, 0|\r :
a) b)

Fig. 3. The metric function and the luminosity dis-
tance for the metric (5)

The total space - time can be considered as a solution of eq. (2)
if the spatial sections of the background metric consist of two Lo-
bachevsky spaces glued at r = { as shown in fig. 4.

Fig. 4. The spatial section of the back-
ground metric embedded in fic-
titious high - dimensional space

For interpretation of the region with negative r, we can do the
following coordinate and constant transformations:

F = —rexp(—?—;‘l); t = texp(%2);
k = kexp(-32); fo = roexp(—2p).



Note that 7p/ k= ro/k, k> k. The metric (5) takes the form
ds? = Agpc?di® — A;' — exp( %)E2cosh2r—;—r—odﬂ2,

where fiF
Ay = exp(—@ Ef'l‘l'-—_'i-

k cosh"—’;ﬂ1

The constant - time slice of the solution is shown in fig. 5.

Now, we can see that our solution contains a traversible worm-
hole [5] at r = —ry connecting two infinite space - times r > —rg and
r < —rp. Itconsists of two asymptotically Lobachevskian  spaces.
The scalar curvature takes different asymptotical values on these
sheets. Moreover, while on the sheet with the biggest curvature we
have attraction by the central source, but on the sheet with the
lower curvature we have repulsion!

Finally, this solution seems to be interesting since it is

spherically symmetric and free from singularity.

Fig. 5. The spatial section of the physical metric. The
background metric is also shown. Continuous line
in the background space corresponds to the dis-
continuity of the physical line at r =0
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[IpUHHUMAETCS NOANKCK: Hil NPEenpHHTH, co0Gwenns O6beauHeHHOTO
HMHCTHTYTa SACPHEIX nccaenosannii n «Kpatkue conbienns OUSIU».

YCTiaHOBMEHA CAEAYIOUEIS CTOMMOCTD NOAMMCKH Hi 12 MECALEB Hi W3UHHA
OUSH, Braouasd nepecuiiky, NO OTAE/BHBLIM TEMATHYECKHUM KATETOPHSIM:

Hunexc TeMaTika Llena noanuckn
Hal TOR
1. DkcnepuMenTanbHAA (PU3NKA BHICOKHX IHEPrui 915 p.
2. Teoperthueckas PH3HK: BHICOKHX SHEPTHi 2470 p.
3. DxcnepuMeHTaNBHAA HelTporHaa du3nka 365 p.
4. Teopernueckan QPU3NKI HUIKHX IHEPrUi 735 p.
5. Maremaruka 460 p.
6. SinepHan CNEeXTPOCKONUS W PARHOXHMHS 275 p.
7. DU3NKaA TIXEABIX HOHOB 185 p.
8. Kpuorenuka 185 p.
9. Yckoputenn 460 p.
10. AsToMaTuzaima o6piGoTKH IKCNEPUMEHTMIBHLIX JAHHBIX 560 p.
11. BaluncanrenpHasg MaTEMATHKA H TEXHHK:L 560 p.
12. Xumus 90 p.
13. Texuuka pu3HYECKOr0 IKCNEPHMEHTA 720 p.
14. UccnenoBaHus TBEPABIX TEA M XHAKOCTENH AAEPHBIMH METORAMH 460 p.
15. IkcnepumeHTanbHar Pu3nka SACPHBIX peakiuii
NPH HUIKHX IHEPIHAX 460 p.
16. losumeTpus u PH2MKA JUHTH 9 p.
17. Teopust KOHACHCHPOBAHHOTO COCTORHUA 365 p.

18. Ucnonb3iosauue pe3yabratoB
H MeTOA0B PYHAUMEHTANbHBIX (PH3HUYECKHX NCCIICAOBAHMIH

B CMEXHREX 06/1aCTAX HAYKH M TEXHHKM 90 p.
19. Buodusuxa 185 p.
«Kpatkne coobuienns OUAH» (6 Bunyckos) 560 p.

Moanucka Mmoxet GuiTb ahopmaeHa ¢ Aloro Mecaua roga.
ITo Bcem Bonpocam ohOPMACHHS NOANHCKH chenyer o0palaThcs B H3na-
TenbscxTHil otaen OUSIU no aapecy: 141980, r.AyGua, MockoBckoit obaactu



TentioxoB M.H. E2-94-153
"Kporosas nopa” Ha coHe npocrpanctsa Jlobauesckoro

Uccnenyerca TouHoe ceprueckM-CHMMETPHUHOE DEIICHHE yDPABHEHHM
6umeTpuueckoii Teopun rpaputaumy. GoHoBas METPHKA HE ABASETCS ILIOCKOM;
€€ NPOCTPAHCTBEHHBE CeueHUs NPeAcTasasior coboit mpocrpancraa Jobaues-
CKOIO ¢ "KOcMMYecKuM BpeMereM” c2df?. Beero uMeercs ABe BETBH PEHICHMS.
IMepsas nogobua pemenno LBapunnabna u IepeXOgUT B HEMO, EC/TA KOHCTAH-
Ty JlobaueBcKOro yCTPEMHTB K %, 3 BTOPas OMUCHBACT MPOXOAUMYIO "KPOTOBYIO
HOPY" M HE MMEET INHMTEHHOBCKOTO Npeaeaa.

Pabora punosxHeHa B JIabopatopuu TeopeTuueckoit dpusuku umM. H.H. Boro-
mobosa OUSIU.

Ipenpuut OfbeMHEHHONO MHCTHUTYTA SOEPHBIX MCCAeaoBanmis. Jly6Ha, 1994

Tentyukov M.N. E2-94-153
Wormhole on the Lobachevsky Background

The exact spherical-symmetric static solution of Rosen-like equations of the
bimetric theory is investigated. The background metric is not flat, but curved,
with the Lobachevsky spatial sections and “cosmic time" c2d¢%. There are two
branches of the solution. The first is similar to the Schwarzschild solution and
turns to it when the Lobachevsky constant goes to o, while the second describes
the traversible wormhole and has no Einstein’s limit.

The investigation has been performed at the Bogoliubov Laboratory
of Theoretical Physics, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 1994
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