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Konomnes H.II. E2-2005-161
HHcT HTOHHBIE MOEeBble KOH(UTYD LMK U YEPHbIE AbIPBI

O6cyxn ercs poinb peistuBu3 1muud B Kyym B KXJI u teopuu sup . Ilok 3 Ho,
YTO PENATUBUCTCKUN B KyyM JOJIKEH OIMCBIB ThCS B KYyMHBIMU Yp BHEHUAMU DIH-
wreitH . B KX]JI uepHble IbIpbl ZOJDKHBI MOSBUTHCS OJI TOA Psl LIB PLILMIBIOBCKOMY
PELIEHHIO 3TUX yp BHEHHH. MHCT HTOHHBIE KOH(UIYD IMH JIIOOBIX MOJNEH HE MEHSIOT
yp BHeHMH DHHIITEH U UX pEIleHHi, MOCKOJbKY UX TEH30p 3HEPrUU-UMIIYJIbC
p BeH Hymo. Ho oHM Jen 10T BO3MOXHBIM OIPENEIEHUE TOMOJIOTUU MPOCTP HCTB -
BPEMEHH, KOTOp g HE MOXET 3 A B Thcs AU((EpeHIn JIbHBIMUA Yp BHEHUSIMH DIHH-
mreiH . [109TOMy 4YMCIIO YEPHBIX OBIP B IPOCTP HCTBE-BPEMEHU MOXKHO CBA3 Th C
UHCT HTOHHBIMU KOH(UTYp LMIMHU Toned U Apyroil M tepuu. MHCT HTOHBI He I -
I 0T B YEpHBIE JbIPHI U SBIFIOTCA UMEHHO TOIl M TepHell, KOTOp S UX OKPYX eT.

P Gor Bemonnen B JI Gop Topuu Teopernueckoit ¢usuku uM. H. H. Boroso-
6o OWSIH.
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Instanton Field Configurations and Black Holes

The role of vacuum relativization in QCD and nucleus theory is discussed. It
is shown that relativistic vacuum must be described by vacuum Einstein equations.
Black Holes have to make their appearance in QCD because of Schwarzschildean
solution of these equations. Instanton configurations of any fields do not change
vacuum Einstein equations and their solutions, because their energy-momentum ten-
sors are zero. But they make it possible to determine a space-time topology, which
cannot be defined by differential Einstein equations. Therefore, Black Holes num-
ber in space-time is possibly connected with instanton configurations of fields and
other matter. Instantons do not fall into Black Holes and are the very matter which
surrounds them.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical
Physics, JINR.
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1. RELATIVIZATION OF VACUUM

Any physical field describing interactions between particles can be regarded
as a gauge field (see [1]). In this approach, different Lie groups of symmetry
transformations correspond to different kinds of forces. If these groups are global,
their transformation parameters do not depend on a choice of space-time point.
It means that the domain in which the symmetry transformations are realized is
the whole space-time. In this case, vacuum must be also given globally and its
properties can not depend on space-time point. Practically it is a nonrelativistic
situation. In this sense Special Relativity is only a relativistic theory in 3D space,
but in 4D space-time it must be considered as a nonrelativistic one. It is a
corollary of the symmetry transformations of SR that are globally carried out in
flat Minkowski space-time V.

When we go over to 4D relativistic theory, we have to assume that all
symmetry transformations are realized locally, i.e. their parameters depend on
space-time point. It concerns both internal and space-time symmetries. Local-
ization of internal symmetries leads to gauge field appearance, and localization
of space-time symmetries leads to gravitational field appearance. Therefore, lo-
calization of vacuum arises [2]. General Relativity does inevitably come to the
gauge field theory, both classical and quantum forms of it. GR is connected with
localization of space-time point coordinate transformations: z*' = f#(x"), where
f# are arbitrary continuous functions of point coordinates x*.

Einstein equations describe world geometry formation process step by step
when invariant square form ds? = g, dx*dx” is given to start with. Although
we can always choose the local geometry to be flat, the whole space-time will be
curved. Its properties are described by Riemannian geometry without torsion.

So, in a real 4D relativistic theory global vacuum should be replaced by
infinite set of vacuums, where each vacuum corresponds to some point of 4D
Riemannian space-time [2]. Each local space-time is flat and coincides with
Minkowski Vj in infinitesimal neighbourhood of Riemannian V. Both the whole
4D space-time and set of the local vacuums are described by vacuum Einstein
equations. This relativistic vacuum is universal for all kinds of matter and their
interactions. Any field equation system must be supplemented with Einstein
equations if vacuum is regarded as a relativistic and local one.

In the next section it will be shown that in General Relativity both global and
local vacuums are the solutions of self-duality equations of Riemannian curvature
tensor.



2. INSTANTON FIELD CONFIGURATIONS

In the quantum field theory, instantons are classical trajectories connect-
ing vacuums among themselves. They are being used for description of tunnel
processes between vacuums [3]. All calculations are usually carried out in Euclid-
ean space-time. But now we are interested in pseudoeuclidean space-time. In
such a space with metrics of hyperbolical signature it is possible to define ob-
jects which satisfy equations similar to self-duality equations of Euclidean space.
Earlier I named similar objects «hyperbolical instantons» [4, 5]. Here for the
sake of brevity all solutions of self-duality equations will be named «instantons»
independent of metrics signature.

In the Euclidean version of the gauge field theory (GFT) instantons are the
solutions of self-duality equation

F, =F"Fj,. (1
Here F, is the gauge field strength tensor and * means dual conjugation.

In Euclidean version of GFT there are examples of nontrivial solutions of
self-duality equations. But it is evident that trivial solutions of (1) satisfying
equation

F2,=0 (2)
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exist in both Euclidean and pseudo-Euclidean cases. They are named «pure
gauges». Vector-potential of the gauge field A, in this case is Af, = J,¢%(x),
where €¢(z) are gauge transformation parameters depending on space-time point
x.

When the gauge field is gravitational one in pseudo-Riemannian space-time
there is an analog of Eq. (2) having the form

R,x =0, 3)

where R { is Riemannian curvature tensor of space-time Vj. It means that
space-time is globally flat, i.e. it is Minkowski space-time. It is trivial instanton,
and simultaneously it is global vacuum in GR and GFT.

Moreover in GR, Eq. (1) has a nontrivial analog [5]

R/w;\— = :F*R/w;\—*' (4)
It follows from (4) that
R., = TR}, &)
and
R=F"R". (6)
Therefore
R/w = 0. (7)



This is vacuum Einstein equations. Their derivation from self-duality equa-
tions (4) was carried out in [5]. Hence, all vacuum solutions of Einstein equations
are nontrivial instantons (more exactly, hyperbolical instantons). In particular,
Schwarzschildean solution is a gravitational instanton.

Very important property of all instanton solutions is vanishing of energy-
momentum tensor 7},,,. It is a corollary of their definition by Eqs. (1) and (4) in
the gravity case.

Another important property of all instantons is transmutation of gauge field
action integral into a topological constant characterizing number of field singu-
larities.

If nongravitational gauge fields or other kinds of matter form any instanton
configuration, i.e. their energy-momentum tensor 7, is zero, they cannot change
Eq. (7). Therefore, all instanton configurations of fields and matter correspond to
vacuum FEinstein equations. They are the matter without gravity. Instantons do
not fall into Black Holes and they are the very matter which surround them.

Both Minkowski space-time and vacuum Einsteinian spaces are instanton
field configurations (trivial and nontrivial ones, respectively).

So, vacuum solution of Einstein equations describe relativistic localized vac-
uum in GR and GFT.

3. BLACK HOLES

Black Holes are known as objects of radius r < ry. Gravitational radius 7 is
just value of corresponding parameter r in Schwarzschildean metrics which make
it singular one. This metrics has the form [6]

dr® =11

Jdt* — |

2M
_ =My |7 dr? — r2df — r? sin® 0dp?, ®)
T

2M
| 2My
;

where dr is invariant eigentime; r, 6, ¢ are usual spherical polar coordinates; -y is
gravitational constant; M is integral constant.

Under r = r4 = 2M~ metrics, components g,, become infinite. Therefore,
on the Black Holes’ surface, gravity becomes so strong that any signal cannot
leave it.

Moreover, by Birkhoff theorem, space spherical symmetry of metrics (8)
leads to its statical character [7]. Even internal pulses of spherically symmetric
object can not generate radiation. This result is valid both in Newtonian theory
and GR. Black Holes can be objects both of Newtonian gravity and Einsteinian
one. We see that Newtonian gravitational potential appears in Schwarzschildean
metrics. This vacuum solution of Einstein equations includes a parameter M,
which gets sense of energy of some object when Schwarzschildean metrics is
considered with respect to the flat Minkowski one. In Minkowski space-time, one



can calculate integral components of energy-momentum vector P, corresponding
with Schwarzschildean metrics. They are the following: P; = 0 (i = 1,2,3);
Py = M (see [8]). Therefore, usually the parameter M is interpreted as an object
mass. But really we have only potential energy of gravity field. In Newtonian
mechanics this energy corresponds to gravitational energy of massive body whose
center coincides with point » = 0 of Schwarzschildean metrics. But in GR we
have nobody in our problem! We have only relativistic vacuum and its potential
energy relative to flat global vacuum. Only singularity in spherically symmetric
metrics exists in Riemannian V}; but not any massive body.

One of Einsteinian ideas just consists in the fact that elementary particles (in
particular electron) are singularities of force lines of gravitational field. Einstein
with his collaborators showed that these singularities move along geodesic lines
of Riemannian V} like real test bodies [9, 10, 11].

In Newtonian mechanics the situation is contrary: gravity is only generated by
massive bodies and, hence, in spherical symmetric case, gravitational singularities
can only be inside continuous massive body but not by itself. It is necessary
to note that inside a spherical shell the solution of Eq.(7) corresponds to flat
Minkowski space-time. Similar result is also known in Newtonian mechanics
(gravity is absent inside a spherical shell).

In support of Einsteinian point of view one can say that optics knows many
examples when singularities of force lines appear and move by itself. Maybe it
is a common property of all field theories especially nonlinear ones.

So, how can Black Holes radiate? Because of static character of Schwarz-
schildean metrics Black Holes cannot radiate. The question is Hawking pseudo-
radiation [12]. It is a flow of real particles to the infinite generated by quantum
effects of vacuum polarization. Hawking assumed that in gravitational field of
Black Hole some virtual particles of pairs can diverge too far from each other
and turn into real ones. Then one of them can fall into Black Hole and the other
one will fly away to the infinite. Just the flow of such particles on the infinite
is implied when Black Holes radiation is under discussion [13]. It is assumed
that such a radiation can be experimentally registered. It must have blackbody
spectrum and finish by explosion. Temperature of Hawking radiation is correlated
with Black Hole mass Mpy and is equal to T' ~ 10~7 ]\];[—@K. Small Black
Holes must be rapidly disappearing in consequence of Hawk?n}é process.

Black Holes with mass ~ 10'® g have radius r ~ 1073 cm, i.e. they are
similar to elementary particles. Their lifetime is similar to Universe age. The
temperature of their radiation is 7' ~ 102 K or kT ~ 100 MeV [14]. If really
Hawking process exists, Black Holes can be registered in modern experiments.
In this connection one must take into account the relation between instanton field
configurations and singularities of corresponding fields.



Acknowledgements. It is a pleasure to thank the Organizers of the Interna-

tional Workshop RNP-2005 for support of this investigation.

10.

11.

12.

13.

14.

REFERENCES

Konopleva N. P., Popov V.N. Gauge fields. Chur—London-N.Y., 1981.

Konopleva N.P. Gauge field vacuum structure in geometrical aspect / Proc. of the
Intern. Seminar ISHEPP XVI. Dubna, 2004. V.2. P.31.

Rajaraman R. Solitons and instantons. Amsterdam—N. Y.—Oxford, 1982.

Konopleva N.P. Hyperbolical instantons and gauge field vacuum structure. JINR
Commun. E2-98-388. Dubna, 1988.

. Konopleva N. P. Instantons and gravity. JINR Commun. E2-96-439. Dubna, 1996.

Schwarzschild K. Sitzungsber. d. Berl. Akad. 1916. S. 189.

Birkhoff G. D. Relativity and modern physics. Harward University Press, Cambridge,
Mass., 1923.

Weinberg S. Gravitation and cosmology. John Wiley and Sons, Inc., N. Y.-London-
Sydney-Toronto, 1972.

Einstein A., Grommer J. // Sitzber. Preuss. Akad. Wiss. 1927. Bd. 1. S.2.
Einstein A., Infeld L., Hoffman B. // Ann. Math. 1938. V.39. P. 65.

Infeld L., Plebanski J. Motion and relativity. Pergamon Press, N. Y., 1960.
Hawking S. W. // Phys. Rev. D. 1976. V.13. P. 191.

DeWitt B. S. // Phys. Rep. C. 1975. V. 19. P.295.

Sciama D. W. [/ Vistas Astron. 1976. V. 19. P.385.

Received on October 19, 2005.



Pen xrop H. C. Crokoé

Ionnuc wo B meu 16 12.01.2006.
®Dopm 1 60 X 90/16. Bym r odcern 4. Ileu b odceTH 4.
Ven. neu. n. 0,44, Yu.-uzn. a. 0,63, Tup x 415 ax3. 3 x 3 Ne 55172.

W3n tenbckuii otaen OOGbeIMHEHHOTO HHCTUTYT SIICPHBIX HCCIICHOB HUit
141980, r. dy6n , Mockosck s 06:1., yi1. 2Konmo-Kropu, 6.
E-mail: publish@pds.jinr.ru
www.jinr.ru/publish/



