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OBSERVATIONAL PHYSICS OF MIRROR WORLD

M.Yu.Rhlopov, G.M.Beskin, N.E.Bochkarev, L.A.Pustilnik,
S.A.Pustilnik

1. Introduction.

The existence of the whole world of shadow particles,
interacting with each other and having no mutual interactions
with ordinary particles except gravity (1,21, is a specific
feature of modern superstring models, being considered as models
of the theory of everything. The presence of shadow particles is
the necocesary condition in the superstring models, providing
compensation of the asymmetry of left and right chirality states
of ordinary particles. If compactification of additional
dimensions retains the symmetiry of left and right states, shadow
world turns to be the mirror one, with particles and fields
having properties strictly symmetrical to the ones of
corresponding ordinary particles and fields [3,4]. Owing to
gtrict symmetry of physical laws for ordinary and mirror
particles, the analysis of ocosmological evolution of mirror
matier provides rather definiie conclusions on possible effects
of mirror particles in the Universe [5-8].

In the present paper we'"ll give more general, than [5-8]
qualitative discussion of possible astronomical impact of miéror
matier, in order to meke as wide as possible astronomical
cbservational searches for the effects of mirror world, being
the uniqueway to test the existence of mirror partners of
ordinary particles in the Nature.

2. Physics of mirror pariicles.

One puts into correspondence to each ordinary particle
{photon, electron, leptons, quarks, gluons, W,Z-bosons eta)
respeciive mirror partner. Interactions between mirror partners
are striotly symmetrical to the ones belween the corresponding
ordinary particles. Putting mirror and ordinary particles into
the =same space-time 1results 1n  the indentity of the
gravitational properties. (The guestions on the difference in
these properties and on the existence of mirror and ordinary



particles in the different space-times as g possible solution of
the problem of cosmological constant were discussed in [91).

Assume, that no other interactions except gravity act
between mirror and ordinary particles. So we exclude from the
further oconsideration ordinary - mirror particle oscillations
[10]1, corresponding to the mixing of mirror and ordinary quantum
states, as well as the existence of mixed particles,
participating both ordinary and mirror interactions-mirrons [11]
and fractons [12].

Strict symmetry of properties of ordinary particles and
their mirror paritners means, that their masses, spins and
constants of respective interactions are equal. So, for example,
ordinary electron corresponds to mirror electron-a particle with
spin 1/2, with the mass equal to the mass of electron and with
the charge of iits interaction with mirror electromagnetic field
equal by the absolute magnitude to the electric ocharge of
electron. Mirror electron is electrically neutral. It has no
interactions with ordinary photons. Mirror photons, interacting
with mirror electron, do not interact with the ordinary charged
particles, penetrating freely through the ordinary matter.
Ordinary nucleons correspond to mirror nucleons, forming mirror
nuclei. Mirror nuclel and mirror electrons form atoms of mirror
matter, bullding material structeres similar to the ones, built
by the atoms of the ordinary matter.

The modern theory ascribes the particle masses to the
interaction of these particles with the scalar Higgs field,
breaking respective local gauge symmetry (see cf. [13]).Egqual
masses of ordinary particles and their mirror partners implies
strict symmetry of all the parameters of the ordinary Higgs
fields and their mirror partners.

3. Mirror particles in the early Universe.

a) Inflation and constraints on the domain structure.

Modern theoretical ideas relate the global properties of
the observed part of the Universe - its homogenity, isotropy and
flatness - to the existence in the very early Universe of the
stage of exponential expansion, of the so called inflational



stage. In the framework of inflational cosmology ofter the end
of inflation the reheating of the Universe takes place, so that
the further cosmological evolution follows the scenario of hot
Friedmarm (i.e. big band) model. The ratio of the ordinary and
mirror matter densities, which dis maintained after the
transition from inflational to Friedmann stage of expansion, is
determined by the relative probability of ordinary and mirror
particle production in the course of reheating of the Universe.

If there is an interaction in the energy scale P> 10° GeV,
maintaining transitions between ordinary and mirror particles,
then, assuming that the oross section of such transition is (in
the units h=oc=1)

y/T°  TF

one obtains, that the thermal equilibrium is established between
the ordinary and mirror particles at the rate nov o
exceeding the rate of cosmological expansion for F<ynbe and for
the reheating temperature TE>(F/rmpe)1/3F only. These conditions
being valid, independent on the mechanism of inflation after its
end the cosmological reheating leads to equilibrium symmetric
distribution of ordinary and mirror matter. These oconditions
being 1nvalid, the equilibrium distribution of ordinary and
mirror matier may be established, if the decay of the inflaton
field is dinduced by the interaction mutial for ordinary and
mirror particles, by gravity, in particulas.

The latter is surely true in the case of inflation, induced
by R® effects in the polarisation of gravitational vacuum, or in
the ocase of inflaton, having symmetric interactions with
ordinary and mirror particles. If the products of inflaton decay
have distinguished mirrority, the symmetry of ordinary and
mirror particles demands the existence of the mirror partner of
such an' inflaton.

Within the frame of the model of chaotic inflation [14]1 the
difference in the random values of the amplitudes of these field
may arise, what leads to the formation of the domain structure
in the distribution of ordinary and mirror matter [15]. Where
the amplitude of the ordinary inflaton is higher than the



amplitude of the mirror one, ordinary particles would dominate
after the end of inflation and the admixture of mirror particles
will Te exponentially small {and vice versa Tfor the inverse
ratio of inflaton amplitudes}.

Since inflation embraces generally regions, much greater
than the one within the modern cosmclogical horizon, this ocase
would have been corresponded to the exponentially small density
of mirror matter in the observed part of the Universe.

If inflaton has no definite mirrority, and equal amount of
ordinary and mirror particles are produced after the end of
inflation, the domaln structure may have been formed owing to
random local asymmetry of the amplitudes of ordinary and mirror
scalar field in various periods after general inflation, in the
periods of phase itransitions, in particular. The scale of such a
domaine structure 1s determined by the concrete parameters of
the fields [15] and it may be much smaller, than the scale of
the modern horizon. If this 1s the case, the analysis of the
effects of matter streaming into the mirror domain on the light
element abundances and on the spectral and spatial properties of
the thermal eleotromagnetic background determines the allowed
scales of the domain structure. This scale must be either
gsignificantly smaller, than the size of horizon in the period of
big band nucleosynthesis, or much larger than the size of
superclusters.

The case of the allowed smzall scale structure { MK<M, )
has no practical difference by its cosmological features from
the case of initially homogeneously mixed ordinary and mirror
matter, cosidered earlier in [5-8]. Allowed large scale mirror
domains (M 2 1016149 } would have been looked like gilant voids
in the distribution of the ordinary matter and in a particular,
highly peculiar case might have lead to the "island" model of
the Universe [16-17]1. The observed isotropy of the thermal
electromagnetic background excludes the case, when the modern
outer border of the mirror domain is beyond the ocosmologloal
horizon. It excludes the structure of such domains [{15] in the
scales

1.(t Y&/ T+z <1<1

H( rec rec H{1)



where 1,(t___) is the size of the horizon in the period of

recombination at z=z ., and 1, is the size at the modern
horizon.

b) Baryosythesis and possibie inhomogenity of mirror baryon
distribution.

The neccesiiy to invoke the mirror world followed from the ‘
fact, that left- and right- handed coordinate systems turn to be
inequivalent in the presence of CP-violation in the world of
ordinary particles [4]. For mirror particles (P-violating
effects are equal by the magnitude and have the opposite sign to
the corresponding effects of ordinary particles. So the
generation of the baryon excess at the baryosynthesis of the
ordinary particles ([18,19] in a strictly symmetrical way
corresponds to the generation of the same excess of mirror
antibaryons. However, since the s=ign of the baryon number for
the mirror particles is, inobservable, we shall mention the
baryon excess in the cases of both mirrority.

Since the evolution of ordinary and mirror matter is
symmetric, local processes of baryon excess generation in the
very early Universe lead to simultaneous production of equal
baryon excesses in the ordinary and mirror matter. In the
absence of domain structure equal local densities of mirror and’
ordinary baryons are produced in the Uuniverse. In the presence
of domain structure domain scales and averaged densities of
mirror and ordinary baryons are to be equal. If the genesisis of
baryon excess 1is not related to CP-violating local baryon - non
- oonserving procoesses of ordinary and mirror matter, new
interesting possibilities of Yentropy" density perturbations of
the ordinary and mirror baryon excesses arise, in principle at
any scales.

The mechanism [20] of baryosynthesis in supersymmetric GUT
models, ascribing the baryon asymmetry of the Universe to the
existence of primordial condensates of scalar quarks and
leptons, can lead to inhomogeneous distribution of mirror and
ordinary baryon excesses. At the equal densities of ordinary and
mirror relativistic particles all the scales are possible for
such inhomogenities. In the difference from mirror domains,



congidered in a), in which the conceniration of both baryons and
radiation is exponentially suppressed, in the regions of
enhanced mirror baryon density, being discussed here, the
concentration of ordinary baryons only is small, where as the
density of radiation is equal to the averaged one. In this case
of entropy (isothermal) density perturbations formation of
astronomical objects - baryon islands of the fixed mirrority is
possible at any scale up to the modern horizon.

¢} Nucleosynthesis and mirror world

It should be noted, that in all the cases, except the case
of large-scale mirror domains, the presence of relativistic
mirror particles (mirror photons, electron-positron pairs,
right-handed neutrinos and left-handed antiﬁeutrinos) in the
period of big band nucleosynthesis results in the growth of the
primordial ‘He abundance up to ¥228% [5-8.21.22]1. Then the
radical restrictions Y@rim < 25%, widely used in the literature,
lead to the conclusion [22] that homogeneous mixing of mirror
and ordinary maitier is excluded by the observations. However,
taking in mind, that observed averaged ‘He abundance (see rev.
{21] and refs. wherein) is Y=(28%12)% and it do not contradict
the predictions of the mirror world model by itself, and that
the question on the reliable model independent estimation of the
possible primordial 4He: abundance seems not yet to have obtained
its final answer, well follow in the suceessive discussion the
general sitream of the scenario of ocosmological evolution of

homogeneously mixed mirror and ordinary matter [5-8].

4. Formation of inhomogenities of mirror matter.

According to scenario [5-8] on the radiation dominancy
stage equal by densities ordinary and mirror radiation and light
neutrinos dominate in the Universe with a small admixture of
equal densities of ordinary and mirror baryons. (and, possibly, a
small admixture of equal densities of nonrelativistic ordinary
and mirror particles - c¢.f. ordinary and mirror photino,
ordinary and mirror axions etc)

After the end of the ©radiation dominancy stage
nonrelativistic dark matter particles start to dominate in the



Universe and to form the large scale structure of its
inhomogenities. The oconcrete choice of the model of the
structure formation is not essential for the bulk of our further
conclusions on the effects of the mirror matter. Mirror baryons,
having the averaged density equal to the one of the ordinary
baryons, maintain admixture of nonrelativistic matter,
participating the general development of gravitational
instability. The scenario of structure formation is determined
by the form of the dark matter, dominating in the cosmological
density. The influence of the mirror matter on the observed
properties of such structure are possible only at large socale
domain (with M>10] 6MO ) or island distribution of mirror
baryons.

In the latter case the scale of baryon inhomogenities may
be arbitrary, and the formation of “pure" mirror objects is
possible in all the scales. Having this possibility in mind, we
discuss below effects of mirror objects in all the possible
astronomical scales.

- Numerical simulations [23] show, that the models of
unstable dark matter (unstable massive neutrinos 1in the
simpliest case) make it possible 1o reproduce rather naturally
the observed large scale structure, where as in the cold dark
matter scenarios such a reproduction implies physically unclear
hypothesis on "biasing" in the distrivution of the luminous and
dark matter. Large scale island baryon distribution may play the
role of the physical mechanism for such a biasing in the cold
dark matter scenario. Mirror baryon islands would have looked in
this ocase like voids, devoided of ordinary matier galaxies. |
However, the problem of rapid structure é\{olution seens to
retain is this ocase, being inherent to all the models of
structure formation by stable dark matter [23]. '

We"ll oconsider below for definiteness the ‘“pancake"
scenario of sructure formation, the main features of which are
retained in the ocosmology of hot unstable dark matter. In the
absence of island or domain structure of baryon distribution the
evolution of mirror inhomogeneities follows the scenario ([5-8].
Fragmentation of ordinary and mirror matter within the
“pancakes" results in the ocourse of development of thermal
instability in the formation of gas stellar complexes with the



definite mirrority and with the mass scale M -‘%:'IOGMQ. Depending
on the conditlons of pancake formation the value of M may be in
the range (10°-10°)M, [5-8].

Spatial separation on the scales M of ordinary and mirror
matter inhomogenities in the initially homogeneous mixture is
provided by small gravitational potential of such
inhomogenities, their large velocity dispersion and by the
separate development of thermal instability in the ordinary and
mirror matter. Within the ocomplexes of definite mirrority
further fragmentation takes place parallel to their hierarchical
clustering first in galaxies and then in galaxy clusters.In this
scenaric, not accounting for affects of accretion, fragments of
the mass, not exceeding the one of globular dusters, are the
objects of definite mirrority, and larger formations contain
approximately equal amount of mirror and ordinary matter with
equal averaged density and symmetric distribution of types.,
masses and velocities for ocorresponding objects of definite
mirrority.

In particular "local dark matter" must exist in the Galaxy
with the density equal to the density of the ordinary matter and
with symmetric content and distribution of astronomical objects.
This prediction of the model [5-8] is well confirmed by the data
[24,25]. : '

Based on this picture, contempliated by possivle effects of
island baryon distribution, lets consider observational effects
of mirror matter predicted on different astronomical scales.

5. Effects of mirror astronomical objects on scales of
galaxies and stellar clusters.

It dis clear from the sabove discussion, that s11 the
possible observational affects of mirror matter must be induced
exclusively by its giayitational Interaction with the ordinary
matter, and that any type of mirror objects is possible to
exist.

From the most general view point one may point out two
types of effects, d.e. the ocase of pure gravitational
interaction and the situations, in which gasodynamical effecis



are also induced by gravity. In the first case effects of mirror
matter induce peculiar velocitis of the ordinary objects.
Effects of this kind may be called "kynematical" ones. It is
clear, that they are mostly pronounced in the cases, when the
ordinary object is in the gravitational field, induced by the
mirror configuration of much larger mass. In the second case one
considers effects, arising due gravitational action of different
types of objects on the gas of the opposite mirrority.

Various effects of the mirror and ~ordinary matter
interaction may be classified with the case of the Tablel. All
the possible effects are noted in its cells, arising for
different combinations of interacting objects. We"ll consider
below 1In more details some examples of the interactions of
different objects of the opposite mirrority, which may be
accesible for observational discovery.

a) Galaries and galary clusters of definite mirrority

In the ocase of island baryon distribution on scales of
galaxies or clusters of galaxies these astronomical objects are
of definite mirroriiy. Possible admixture of the ordinary matter
in the ordinary galaxies or of mirror matter in the mirror
galaxies may be related either to the presence of small initial
admixture, determined by the local assymetry of mirrority,
arising in the process of baryosynthesis (See 3b), or to
accretion of intergalactic gas on such objects. One may consider
the following observational effects of mirror galaxies and
clusters of galaxies.

1) The ocapture of ordinary galaxies by the oluster of
mirror galaxies can result in the appearance of object with
large peculiar velocities or of small groups of galaxies with
anomalous virial paradox, i.e. with velocity dispersion up to
(1—-2)*103 km/s, inherent to dense rich clusters of galaxies
[26]. Peculiar velocity ocomponent of massive galaxy can be
found, in principle at the level of 21 Oakm/s by the methods,
suggested by Zeldovich and Sunyaev [27] for measurement of
pec;uliér- veloclities of galaxy clusters, i.e. by the measurement
of distorsions of black body radiation induced by its scattering
on the electrons of the gaseous galo of the galaxy. The
probability for the capture of galaxy by rich cluster seems to



be rather large. Assuming that the dissipation of energy,
neccessary for the capture, takes place at the distance between
the centers of galaxies of the order of the diameter of galaxy
d, one obtains, that the cluster, containing N galaxies and with
“diameter D will capture background galaxies with the probability
given by

w = ndzopo%D = AN(d/D)°~ 0.01 - 1 (2)

Here o is the number density of @galaxies 1In the
cluster. The numerical estimation is given for the rich cluster
with N = 10°-10% and a/D=10"2+1072.

2) In the desoribed above process of the capture by the
mirror galaxy ocluster of the ordinary matter galaxies, the
latter will inevitably loose significant ammount of gas. 4s a
result the poor cluster of ordinary matter galaxies, formed in
the potential well of the mirror ocluster, beyond the strong
virial paradox may have significant amount of intergalactic gas
(IGG), filling the region with the size +typical for rich
clusters. The amount and, consequently, the density of IGG must

be k=ao NM/NO times smaller than in the rich clusters,
where NM and NO are respectively the numbers of

galaxies in the rich mirror cluster and of the ones of ordinary
matter, captured by it, and a <1 is the
factor, taking into account, that in the difference from rich
clusters, capturing galaxies of the same mirrority, the cooling
flow (see revs [28-30]) will not be maintained and gas is not
lost by the ocluster. Thus, at NO/NM31O_2 one may await
k = 0.03 and the measure of emission of IGG
M~ K2 10721072 from the case of rich galaxy oclusters.
The next generation of X ray telescopes will make possible to
discover QS0 up to the redshift 2z=5+10 and IGG with z=1-3 in
rich clusters up to z=2-4. Consequently in the case, oconsidered
here, IGG may be observed for z=1-3 .Observations of
hot IGG without visible rich galaxy oluster may be a strong
argument in favour of existence of the mirror (shadow) world.

3) Interaction of ordinary and mirror galaxies results to
the distorsion of their form. In the ordinary galaxy the



distorsion must be observed in the absence of 1ts visible
source. The evolved numerical methods of caloulation of Tfidal
actions of galaxies on each other {(see [32-34] and refs.
wherein) may provide sclution of the inverse proclem of
determination of the parameters of the body, Inducing
perturbations, by the form of the distorted galaxy. In the
difference from the perturbation, induced by a single black hole
of the same mass, the perturbation by ithe mirror galaxy is not
related to the observational effects of accreiion on such black
hole. Respective effects of accretion on the black hole in the
active nuclei of a mirror galaxy will be suppressed by the mass
ratio of the nucleus and of the whole galaxy ( <10 2+10° %)
for active galaxy nuclel, see of [351).

4) In the ordinary galaxy rich of gas or in the
protogalactic cloud of the ordinary gas gravitational
perturbation, induced by the mirror galaxy, may initiate the
burst of stellar formation. As a result the ordinary galaxy will
be observed as an irregular one.

The phenomena described in 3) and 4), may be also induced
by invisible gravitationally bound  clusters of dark matter,
which may be formed due to biasing in the distribution of dark
matter relative to baryons. However, the collisionless gas of
dark matter particles can not form dense inhomogenities, typical
for the mirror matter, having the mechanisms of dissipation. 3o
one must look for effects, induced by the mirror matter of
moderate conoeﬁtration, differing both from the effects of black
holes and from the ones of rather diffused dark matter.

5) If the activity of galaxy nuclel is determined by the
existence inside them of black holes with masses of the order of
106— 1010 solar masses, the symmetry of propertiies of
ordinary and mirror matter provides the conclusion on the
presence of such black holes in nuclei of mirror galaxies. In
this case mirror galaxies with active nuclel will be observed as
gingle super massive black holes, and their observational
properties will be determined by the amount of the ordinary
matter in their neighbourhood. As it was noted in [5-8] the
presence of mirror matter makes 1t easy to explain the
appearance of oclosed binary supermassive black holes In galaxy
nucledl.



6) Massive mirror galaxies may induce the offect of
gravitational lens without optically visible source of this
effect.

7) Rapid motions of mirror matter masses may be the source
of gravitational waves without any other observational effects.
(Supermassive black holes, which can also be the socurces of
gravitational radiation, may be discovered by effects of
accretion).

8) The presence of the ordinary matter gas 1in the mirror
galaxy will result in the observed single gas clouds or small
mass galaxies with large internal velocity dispersion, i.e. with
large internal virial paradox. As possible candidates in such
formations intergalactic gaseous clouds may be considered: in a

number of neighboring groups of galaxies cold gas in the form
of massive, (M>.1lQ§.Mé*)- HT clouds is observed [36] with the sizes
typical for galaxies: 20-25 knc. The most massive from the
knowwn HI clouds is discovered in the galaxy group G11 in the
Lion constellation near M 96 [37]. This cloud has the size no
less than 10030 knc, the mass of HI M 10°M_and the
concentration n=4 1072 hBD om (1'150=H/50km/5'Mp0) [38,39]. The
surface brightness of this cloud [40] is in the optical range
smaller than 30 stellar magnitudes from the square are second.

Such clouds may appear in the absorbtion spectra of QS0.

b) Globular clusters of definite mirrority

Get's oconsider now the case of separation of mirror and
ordinary matter at the soale of globular clusters. Clobular
clusters are one of the oldest astronomical objects, being
formed possibly before the galaxy formation from inhomogenities:
of the scale 106 M, , which seem to be the objects of definite
mirrority even for the homogeneous initial mixing of ordinary
and mirror matier [5-8] (see Sec.4). ,

1).The capture of ordinary stars by the mirror globulér'
cluster may lead to the formation of diffused cluster of
ordinary stars, being capable to exist without destruction for
very long time and possesing sitrong virial paradox. The better
chances to form such objects by captures of back ground ordinary
stars have mirror globular clusters, moving near the galactic



plane along the orbite with no large excentricitet. But for
diffused ocluster to be in the gravitational field of mirror
globular ocluster the better ohances are in the case, when
diffused cluster is formed from the ordinary gas, captured by
the mirror globular cluster In the pericd of separation of the
matter of different mirrority. According to [5-10]1 the fraction
of gas of the opposite mirrority is in this case to be of the
order of ~ 1072,

The timescale o¢f decay of normal diffused oclusters is
t=(1-3) 108 years [4], whereas such a cluster, being formed
in the potential well of mirror globular cluster may have the
age t 3_1010 years. There are several thus old diffused
clusters observed in the Galaxy. For NGC 188 the age is
estimated as 5-10 byllion years [42,43]1, for M67 it is (520.5)
years [441, for ROO752 it is 2 byllion years [45], for NGC 2243
and Melloffe 66 it is © bylliion years [46].

Stars,captured by mirror globular cluster, may have various
ages in the difference from the usual diffused clusters. This is
to be taken into account, determining, whether the star helongs
to the diffused clusier.

2) At the capture of ordinary star by mirror globular
cluster or of mirror star by the ordinary globular cluster,
close binaries may be formed with the components of the opposite
mirrority. The exisience of nonrelativistic invisible companion
is the specific feature of such sistems. In the cases, when the
gas olouds of ordinary and mirror matter, giving birth to
globular clusters, are sclose to each other or in the same region
of space, the mixed globular cluster may be formed. Besides the
evident virdial paradox in the compact mixed globular cluster of
the radius R, contaning N stars, during the time t due to tidal
dissipation binaries can be formed as a result of close neigh
bouring of stars. For
N=2 10°, R=5 ps, t=10
will have mixed mirrority.

10 ars, Ngin=60, about half of which

c) Effects of mirror matter in the clouds of
the ordinary molecular gas
Giant molecular olouds are the most abundant among the
massive unitary obJects in galaxies. Having the mass of the



order of the one of globular cluster, these clouds are by an
order of the magnitude more numerous than globular clusters in
the Galaxy [49]. So in the Galaxy, containig comparative amonts
of mirror and ordinary matter oross penetrations through each
other of mirror and ordinary clouds are to be reather frequent.
Molecular clouds contain large amount of internal inhomogenities
(i.c. the regions of the enhanced density), being in the
condition o©lose fo the initiation of development of
gravitational instability. The siructure of the regions of star
formation shows, that even a comparatively small perturbation
can initiate the formation of stars within molecular clouds.
Shock waves are usual triggers for star formation, so that the
youngest objects are found in a thin outer layer of molecular
clouds [50]. Penetration of a massive body through molecular
cloud may also initiate star formation, sco that the region of
star formation will be determined by the spatial distribution of
gravitational perturbation and may embrace significant part of
the cloud volume.

In the case of comparative amounts of ordinary and mirror
matter in the galaxy, ocosidered here, the source of such
perturbations will be related, first of all, to mirror molecular
clouds and, a little bit more rare, to mirror globular clusters.
Since molecular clouds inersert with small (. 10 km/s) relative
velocities and are sitrongly dissipating objects, the
intersection of ordinary and mirror oclouds may “from a giant
molecular cloud with, mixed mirrority, inside which the
probabiiity for formation of mixed mirrority stars and binaries
of the opposite mirrority is enhanced.

Multiple gravitational  interactions of stars with
inhomogenities within molecular clouds may lead to the capture
of some stars by molecular clouds, what should strongly enhance
the effects of accretion of interstellar gas on such stars. This
effect may give rise to higher accretion rate of gas on the star
of the opposite mirrority.

d) Effects of mirror matter at stellar scagles.
1) The analysis [5-8] of accretion of intersiellar gas on
the star of the opposite mirrority have lead to the estimation



of the amount of the admixture of the matter of the opposite
mirrority in stars AM =1 0621077 M.

If such a mirror admixture in the Sun forms a mirror planet
near the solar surface, it may give, according to [5-81, an
explanation of the source of solar oscillations with the period
D~ 460 min [51]1.V.F. Shvartzman have pointed on the possibility
of the observation of accretion of ordinary interstellar gas on
the single mirror neutron star (see for details [52]).

2) Due to Doppler effect rotation of an ordinary neutron
star and of an admixture of mirror matter in it around their
common centre of masses must lead to periodical variations of
pulsar period. In the difference from the similar effect of
hardly observed ordinary matter planets the variations due to
mirror matter may have perdiod, corresponding to so olose orbiis,
for which the formation of ordinary planets or their retention
after Supernova explosion are impossible. Searches Tfor these
effects need highly precisional timing of pulsars on the time
intervals, smaller than few hours.

3) Disk of protoplanet type without yound star in its
centre will be formed in the interstellar medium as a result of
acoretion of ordinary gas and dust on a mirror star. Such discs
may be observed by radio line of the molecule C0-2,6 mm. The
mass of the ocentral oconfiguration may be determined by the
Doppler effect, and it will be in sharp contradiction to the low
luminocity of the central body.

Acoretion in the regions of the enhanced density of gas of
the opposite mirrority and formation of binaries, oconsisting of
ordinary and mirror stars, give new possibilities of searches
for mirror matter. Besides the case of formation of the binary
of the mutuzally opposite mirrority inside the globular cluster,
pointed aut in 5 b, such a situation may take place at the star
formation while mutual penetration of giant molecular clouds
(see 50).

4) Star formation or evolution of a binary with mixed
mirrority can give birth to a mixed star, containing comparative
ammounts of ordinary and mirror matter. For the ordinary matter
in the mixed star the relationship between the main stellar
parameters (mass, radius, luminocity, colours, effective
temperature arc)} may be strongly violated. In particular, such



%)

must occoupy an unusual position on the Herzsprung-Rassel
diagram. After supernova explosion in the mirror matter of the
mixed star rearrangement of its gravitational field takes place,
followed inevitably by the rearrangement of the structure and by
a single change of properties of the optioally visible object.
The star seem to enlarge its size and to decrease its surface
temperature.

5) In close binaries of the oppposite mirrority accretion
of the ordinary matter on the potential well, induced by the
mirror star, must result in the formation of acoretion discs
without visible centre of acoretion. In the ocase of
nonrelativistic mirror star, when the potential well has
comparatively "flat' Dbottom, there are to be formed
geometrically thick accretion discs or spheroidal configurations
at the place of the companion of the ordinary matter. For the
rates of mass exchange, typical for close binaries, typical for
highly nonspherical stars. One of perspective methods to study
such objects 1s the analysis of linear polarization of their
radiation [53,54]. For the ordinary companion of low mass such
disos are to remain rather cold, being likely to look like low
luminocity infrared sources, being in sharp contradiction to the
value of the "disc mass", determined by the Doppler and equal to
the mass of mirror star.

In the separated pair of stars of the opposite mirrority
effescts of accretion on nondegenerated mirror star may be
absent. Such stear may be discovered as 1invisible massive
gompanion of the ordinary star.

Estimation of Ifraction of sistems with +the opposite
mirrority of stars among binaries may be obtained on the basis
of existing catalogue of spectral binaries. So, in the catalogue
[656-57]1 the physical parameters and the elements of orbits of
about 1500 spectral binaries are given. 45 among them have the
mass of the second companion M > BMS)(their function of masses
(W) > BMG). Among these 45 binaries only 6 have no lines of

The oconstraint W 3M is taken to exclude the the sistems with
faint white dwarfs and neutron stars. Theoretical upper limit

for- the mass of a neutron star i=s according to [58] 3M, -



the second compgnions. Accounting for possible discovery in
these binaries the second more faint star and for black holes as
invisible components, the fraction of binaries with mirror
companion is estimated as o <6/45=13%. The properties of
these 6 spectral binaries and short discussion of observational
test to distinguish the variants of black hole and massive
mirror star as the second component are given the Appendix.

6) The onflow of the ordinary matter on the mirror white
dwarf or on the mirror neutron star may give birth in the centre
of accretion disc to a dense region, having the size of the
mirror star or of it central core. The latter is by an order of
the magnitude smaller, than the size of the whole star.
Observational properties of such a dense region will be oclose to
sorresponding propertlies of ordinary degenerated stars with some
quautitative differences (possibly smaller size and higher
temperature).

Besides that, in the case of mirror white dwarf presumably
hydrogen object will be observed on its place. Detonation in
such an object may lead to phenomene looking like Nova explosion
with some possible difference in quantitative properties. In the
case of mirror neutron star phenomena looking like bursters may
arise with quantitative parameters possibly different from the
usual ones.

The ordinary neuiron star, being in the binary with normal
mirror star, will be observed as radio pulsar in a binary with
invisible companion. It can be distinquished from the binary of
ordinary relativistic stars by the change of the binary orbite
by many orders of the magnitude more rapid, than owing to
gravitational waves radiation. Such an evolution of the orbit
may follow from: a) the motion of the apside line induced by the
final size of the normal companion, b} accretion of the mirror
matter of the normal component on the observed neutron star, o
mass loss by the sistem owing to nonconservative mass exchange
or from other reasons.

6. Conclusion ,

The given above qualitative analysis of the observational
effects of the mirror matter exitends significantly the
possibilities of astronomical search for the mirror world, as



compased to the previous resulits [5-8]. The development of the
modern superstring theory, for whicsh the existence of mirror or
shadow world is an inevitable fundamental prediction, makes such
sezrch especially actual. It should be noted in this
relationship, that many of effects, mentioned above, do not
imply strict symmetry in the properties of ordinary and mirror
matter and are appropriate to the case of dissipative shadow
matier. S0, if there "1l be no effects of mirror matter in the
observaltions, one not only obtains the observational disproval
of the hypothesis of the mirror world, but also puts constraints
on the possible properties of the shadow world, thus providing
important "“experimental" data for development of the particle
theory in the fields, inaccesible tc direct laboratory tests. On
the other hand, the discovery of such effects, the whole
significance of which can be hardly overestimated, will provide
on the base of their whole set to make the conclusion on the
symmetry of the physical laws of the visible and invisible
matter. Note, that since the search for the mirror world is
possible by its gravitational action only, and such an action on
the scales of galaxies and their olusters may be due to the
presence of collisionless gas of dark matter particles, the
scales, smaller than the galactic ones, are preferable Tfor
"oure" extraction of the mirror world effesct. But on the
geometrical socales, smaller than the size of normal stars,
effects of mirror matter can be hardly distinguished from
similar effects of black holes. So for the search for the mirror
world the most optimal are the phenomena, taking place on the
scales 1O1 0—10206113, i.e. from the size of nondegenerated stars
to the size of glant stellar clusters,assosiations and gas-dust
complexes. The search for mirror matier effects at other socales
has nethertheless general astrophysical significance,
stimilating the search for new asitronomical phenomena. The
actuality and importance of the problem and the presence of
observational possibilities to solve it dimply the need to
elaborate ocooperative programms of astronomical search for
effects of the mirror world.



Appendix

In the table A1. the parameters of 6 spectral - binaries
from catalogue [55-57] are given, for which the Zfunction of
masses is f(M)>3M, and there are no lines observed, belonging
with sure to the second companion. From the definition of the
function of masses f(M) = M2 sinBi/(1+M1/M2) one obtains

M=t (M) (1+M,/M,)*/sin’i > (M) > 3 M,

In the neither case can the second component be the white
dwart, or the black hole. If the successive detailed study of
these sistems make it possible to exclude with definiteness the
presence in them of the second component, being on the stage of
burning of the central thermonuclear source, that will mean,
that either black hole, or mirror star is present in the sistem.

The main oriterium to choose beiween these two variants
seems to be the total power of additional energyrelease in the
pinary. In the case of black hole the power of energy release is
to be by several orders of the magniiude higher, than in the
case of mirror star. Accounting for possible effective shielding
of the radiation by thich acoretion disc one should consider
Just the integral over all the ranges luminosity. Besides that,
very fast vardatious of luminosity with the minimal timescale of
the order of v /¢ [59] are to arise in the case of accretion on
black hole. In this context the binary A0620-00, being the X ray
Novae with millisecond bursis [60], should be related to the
sistems with black hole, and hot to ones with mirror star.

For example, in the binaries W Cru and V600 Her lower
estimations of mass of the Invisible component give 16 and 32M_,
respectively. The second components, being neither black hole,
nor mirror star, would have had the luminosities higer than the
ones of visible componentis.

This work was completed under the auspices of NASA grant number

NAGW-1340 at Fermi National Accelerator Laboratory.



Table A1. Spectral-double sistems with invisible massiv second

component.
The name Brigtness in Orbital Amplitude Mass
and other the band V3 periods, of orbital function
names the spectral velocity, T(M),
class days km/s M,
A0620-00 18.2 0.323 457 3.18
HD 72754 6.9 33.9 137 9
B8Ipe
HD 105998 9 198.5 65.7 5.82
W Cru Gilab
HD 149881 6.6 5.2 21.4 5.2
V 600 Her BO.5III
HD 193928 6.8 21.6 130 4.94
WN6
HD 235679 8.9 225.2 64 5.9
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1-I k. Mirror ocluster of galaxies in the ordinary cluster of
galaxies (kinematics): the velooity dispersion is determined by
the mirror matter (dark matter), relative movement of mirror
and ordinary c¢lusters may induce distorsions in the matter
distribution in the ordinary cluster.

1-I g. Mirror cluster of galaxies in the ordinary cluster of
galaxies (gasodynamics)}: hot gas 1is localized not in the
center of the cluster but in the gravitational well of the
mirror cluster. Effeot of gas trap- ping.

2-I k. The ordinary galaxy in the mirror cluster of galaxies
{(kinematics): anomalous velocity induced by the
gravitational field of the ocluster,i.e., galaxy with
anomalous redshift.

2-IT1 k. The ordinary galaxy, interacting with a mirror one
(gasodynamics): gas structure distorsions with induced star
formation.

3-II k. The ordinary globular ocluster in the mirror galaxy
{(kinematics): globular clusters - 'runners' in the Galaxy and
intergalactic space.

3-I1Tk. The ordinary globular cluster in the mirror
globular - cluster (kinematios): anomalous stellar velocity
dispersion induced by the dark matter of the mirror cluster.

4-TITk, 4-VIIIk. The ordinary dispersed cluster in the mirror
molecular cloud or in the globular cluster (kinematics):
anomalous dark matter, preventing the dispersed cluster from
decay.

5-VII g — 6-VII g. The ordinary star or relativistic object in
the mirror interstellar medium (gasodynamics): effects of
accretion, changing the mass and the rotational momentum of the
ordinary obJject.



5-VIII g -6-VIIIg The ordinary star or relativistic object in
the mirror molecular cloud (kinematics): capture of the
ordinéry object, resulting in its anomalous velocity induced by
the dark matter of the cloud.

5-VIII g, 6-VIII g. The ordinary star or relativistic object in
the mirror molecular cloud (gasodynamics): accretion on the
ordinary object of the dense gas of the mirror cloud, resulting
in the effects similar to 7.1.

5-TIII k, 6-II1 k. The ordinary star or relativistic object in
the mirror globular cluster  (kinematics}): capture of the
ordinary object by the mirror globular cluster (stars -
'runners', high-velocity pulsars).

5-V k, 5-VI k The ordinary star, interacting with mirror star
or relativistic object (kinematies): binaries without wvisible
ordinary companion.

5~V g. The ordinary star, interacting with a mirror one
(gasodynamics): effects of accretion on the invisible
graviting center with grawita- tional well of finite depth. The
presence of mirror mass in the center of the ordinary star,
influencing the relationship colour - luminosity etc.

5-VI g. The ordinary star, Iinteracting with mirror
relativistic object (gasodynamics): intensive accretion on
the gravitational well with fin- ite depth and without surface
effects in the energy release.

6-V k, 6-VI k. The ordinary relativistic object, interacting
with mirror star or relativistic object (kinematics):
periodic variations of the period of ordinary pulsars in such
pairs. ‘



6-V g. The ordinary relativistic object, interacting with
mirror star (gasodynamics): accretion of mirror star on the
ordinary pulsar, chang- ing its mass and, consequently, the
period.

7-I1 k.. Similar to 2-1II k.

7-II1 g,7-V g -7-VIIIg. Accretion of the ordinary galactic gas
by potential wells of mirror molecular clouds, globular
clusters, siars and relativistic objects, respectively.

8-11 k. Capture of molecular o¢loud by mirror galaxy viewing
as high- velocity molecular ocloud on the periphery or beyond

the galaxy.

8-VIII k. Capture of the ordinary molecular cloud by the mirror
one: effects of dark matter and velocity dispersion in the
cloud.

8-IIT k. Capture of the ordinary molecular cloud by mirror
globular cluster:effects in the gas velocity dispersion.

8-I11 g, 8-Vg - 8-VIg. Acoretion of molecular cloud gas by
gravitational wells of globular clusters, stars and
relativistic objects.
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