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Abstract

We consider the accretion onto objects consisting of
the hypothatical y-matter, suggested by L.B.Okun. It is
shown that the presence of such an object in the Solar
neighbourhood might resolve some difficulties of the hypo-
thesis of a massive invisible companion t6 the Sun. A pla-
net-like y-object inside the Sun may explain long period

Solar oscillations.
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Intensive developﬁenf of the particle theory giQea
numerous interestiné astronomical coﬁaequenoés; New typel‘
of particles with extraordinary ﬁropertiea'and new tyj;é of
interactions are predicted. L.B.Okun /1/ hss rocently aug-
~ gested the possibility (which may be realiaed within the _
the frame of developing grand unified theoriea) ogrcxistenoo
of the so-called y-partioles 1nteracting with the oxdinary
matter (o-matter) by means of the gravitetion on;y. (See
refs. /2,3/ on some other possible new types of particiess).
These y-particles may have their own yhinteractiona; aiﬁilcf"
to the weak, strong and electromagnetic interactionn of ghe
o—particles. The exiatence of such y-interaotionn, not acting
on the o-matter, may lead as & result of ‘the coamolOgical '
evolution to the formation by the ybmatter of oompact natro—
nomical objects (y-stara and y-planets), which may be dis-
covered only by their gravitational effect on the o-matter.
It was pointed out in ref. /1/, that the presence of y-mat~
ter may explain the phenomenon p: the "hidden masga™ of ga-
laxies and of clusters of galaxiéa and maj give ri?e to the
oscillations of the gravitj field on the Earth and to the
disturbances in motion of o-planets. ' ‘

Leaving aside interesting aspects of the cosmological
evolution of the y-matter (this will be done elsewhers) 'we

show in the present note thei there are some observational

indications, which may be interpreted in the framework of




the program proposed in ref. /1/ for the search of y-matter
within the Solar system. We suggest that the y-matter may
help to resolve sone difficulties of the hypothesis of e
massive companion of the Sun /4/ and of the explanation of
the solar oscillations having the period of 160 min./5 6/

. One must, obviously, check such a suggestion both from
the point of the reality of thé observed phenomena and from
the point of the possible oonsequences of our hypothesis.

- Qur aim is not to build a complete theory of fhe phenomene
which may be refuted by furjher observations or may have
another, less exotic, explanation. We just wish to draw atten-
tion to pfincipel poasibilities of the appearance of the y-
matter. The. very absence of observational indications of

this matter may put useful restrictions on its properties

and hence én the fundamental physical theories. Contrariwise,
the preaenoe of such a matter may offer to aatroﬂomy new

fantastio possibilities for the interpretation of observa-
tion’o

"1. Massive solar companion - the evidence from.pulsers

Let us consider first the Harrison's /4/ hypothesis on
the invisible companion to the Sun. The acceleration of the '
barycentre of the Solar ayatam'in the diroctioﬂ'to thil\com-'
panion of the order of a = 10"% om 872 may decrease the
observed rates of deceleration P for the pulsars viewed in
the same direction by the quantity AP = -aP/c because of
the Doppler effect. Here P ia the pulsar period and ¢ is the
speed of light. For thelbulsArs with the intrinsic values
P, 10"1® ~ 0.01 ns/day that decrease may lead to the ob-

served values iob which are several orders of magnitudé
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lower and may even make them negative. Harrison suggested
his hypothesis Jjust to explain the clustering of pulsaers with
enomalously low éob in a definite regionoo?~the sky.

This hypothesis may be'critieized;from two points:

1) the possibility B, 2 P, is not exoluded, and 2) it is
almost improbable that “such & companion could bave escaped
the observationu(by disturbances of planet orbits or by its
radiation).

It is difficult to refute the first pos#ibﬂity, i.0.
the decrease of P due to intrinsic propérfiea of the pulsars.
Indeed, this possibility would be preferable if the pulsars
with low iob were distributed uniformly around us, i.e. the
Harrison's argument /4/ is purely statistioal . As was poin-
ted in ref. /7/.'in'order to falsify the hypothesis of a
companion it is sufficient to find only one pulsar with a .
low value of P in the opposite région of the sky. In raf./4/
there were selected 5 pulsars (exoiuding the douhle PSR 1913
+16) in the region 17P230™ & O £ 21h°ém wifh low P, incldding
two pulsars with §<O. . | ’

What is the situation in the 1light of more recent results
of observatinns? According to the latest available t0 us com-
pilation of the puisar parametérs,bj Y.Terzian (roi. 21?1979)
there is more or less reliable information on P for Bj pul-
sara. ihe value P<0 (of low reliability) is given only for -
PSR 1813-26. This value may be explained by random errors -
the phenomenon well known for measuring small, but essentially
positive, quantities (e.g. parallaxes). Nevertheiesa the fact |
of tﬁe clustering of pulsars with low éob in the same region
of the sky is not refuted.

The data on i’ob are given in Fig.1. We subdivided 'the

pulsars into two groups. The first group a is in the area .



of the invisible compa.nioni?%é o($,22h (43 pulsars) and
the second group b contains the rest of pulsars with known
P (40 itemgl:_One finds that according to the new date there
are six pulsars in the group a and only one pulsar in the
group b with P < 0.01 ns/day (though the groups areﬁgpproxi—
mately equal). The only anomalous pulsar from the group b
fSR 2305+55 has an unreliably &etermined value P = 0.006
ns/dey. This pulsar cennot felsify the hypothesis /4/, since
- it is situated very close to the group a. As g confirmation
of the hypothesis /4/ may be taken a certain deficit of the
' pulsars with 0.01 < P <.0‘1_ns/dgy in the'group & as com-
pared to the group b, since the correction of iob for the
acceleration leads to the increase of the number of pulsars
'from the group & in the bin 0.01 < P < 0.1 ns/day. Unfortu-
nately, tﬁe statistics ia too poor to make far-reaching
conclusions (in particulasr, the remark /9/ on the small
number of measured values of P in the region -90° < 1 <.05.
where 1 is the galactic longitude, remains valid), but it
d;es not contradict the hypothesis /4/.
The second possibility fo criticize this hypothesis -
i.e. the low proiability thet such an object remains un-
ﬁoticed,ia congidered in refs. /8 - 10/. The acceleration
of tﬁe centre of mass of the Solar system 18 a = GMb/dg ,
where M, and dc are the mass and the distance frpm the com-
panion. For a = 10™® cm 872 and K, =1 M, we obtain /4/:
a, = 10° a.u. It was pointed out in ref, /8/, that these
parameters contradict the data on the disturbances of the
Neptune's orbit, determined by the tidal effect, which is
proportional to Mc/dg. From the condition of the constancy
of Mc/di it was obtained in ref, /8/ that dc'z.6'104 a.lu,
and M; 2 67103 Mgy . The Harrison's answer /7/ end the re-
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mark /9/ that this restriction is unnecessary for nonciroular'’
orbits and thus M, may be of order ? H@aalipped the attention
of the experts in celestial mechaniés - the final decision 1is
left for them. Note, that from time to time indications arise
on unexplained perturbations within the Solar system (socA
e.g. /11/). '

2+ The accretion onto the y-objects

It is shown /9,10/ that if the companion were a white

dwarf, a neutron star or a black hole it would have baﬁn _
| very probably observed by‘its radiation. Thosé roéulta made
the Harrison's hypothesis much 1ess‘attractiVé. We would
like to emphasize that if the invigible companion were a
star made of y-matter, its radiation could be b& many orders
of the magnitude lower than in the cases considered in refi.
/9,10/. Let us give the estimates. .

The.only source of radiation of o-photons by:tho ybgtu?
is the accretion of the o-matter. The term"acoretion® will
denote here not only the capture of the matter by the atar,
but the whole complex of the processas of gravitatiqpal in-
teraction of the y-star with the surrounding o-medium (ef.
/12/). According to the classical theory of accretion /13/
the gravitating body of mass M effectiﬁely captures the
matter within the radius

Ry = 26W/v?, , (1)

where v is the velocity of the body's nmotion through the
medium in the supersonic case, or the sound speed in thé
medium Vg in the subsonic case. The invisible companion.may

have a velocity of order of the Solar gsystem speed relative

to the surrounding medium (if the companion forms the binary
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together with the Sun) that is 20 km s~!, or higher, if it

‘flies freely by the Sun)- i.e. the motion is supersonic,
since the temperature of the medium T = (0.8 + Dx10* k /147

\ corresponds to vy '™ 10 km s 1. From Eq.(1) we get RA( about
4+ N \ ?

. few B.lUe forM = 1 MQI

If P - %n "is the denalty of the surrounding medium

then the classical expression /13/ for a rate of accretion

is

I = R2 9 v ' (2)
. and for ns 0 2 cm /14/ :Lt glves M (109 g 8 '« Though
Eq‘:(a) is demved in the hydrodynamical approximation it may
be e.pplied in the case of accretion of the interstellar gas
even when the mee.n free path of the partlcles with respect
to collislons is grea.ter than R . Thls is true due to the
presence of the magnetlc fields /21/.

The luminosity is approximately given by

Lzﬁgg" o (3)

where ffo is the characteris‘cic value of the gravitational
: potential in the place of the s%ppmg the infalling matier. .
It R is of order of the radlus of the neutron star (here R
is the radlus of an e.ccreting y-star) then R<<R and L
will approach the lumin031ty of the neutron star. This case
was consgidered in refs. /9,10/. Note that, though the surface
of the y-star is transparent for the infalling matter (similaer
to the black hole), this case is much closer to the case of
a neutron star. The y~star has no event horizon (unless 1t
" has colla.psed) and the infalling o-matter may interact with
the, captured o-matter, generating shock waves etc. (At the

rate M X 109,‘3 g~ about 102'6 g of the o-matter may be
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captured during the lifetime of the solar system. This is
less than the mass of any of the big planats, but at R'v106
cm and M~ 1 MO the equilibrium conditiona imply the con-

traction of the o-matter down to the same radius 106

em and
to the density ~10° g cme:)Evan the neutron star might have
escaped the discovery A10/, though the probability of this is
small. The same' is true for a compact y-star. But if R is much’
greater than the radius of the neutron star, ‘ then Y, and the
luminosity (3) fall down as R~ ! and acoordingly decreases the
probability of observation of the y-atar.v‘

If R is greater then R, there arises a qualitatively new
situation. Now the resultant velocity of particles after the
collisicns in thg wake 1s everywhere greater than“vilocity of
escape and o-matter is not captured by the y-star, since the |
latter is tranasparent for o-;mattei'. Here k should be under-.
stood as a characteriatic radius of an y-star, containiné. iay.
half of its mase and not its photospheric radius ‘which has
nothing to do with the o-matter. For R > 3; we may subst{tute
R instead 61‘ R, in i?.q.(z)' and thus obtain an estimats of the
mass perturbed (but not captured!) by the y-star in unit time:

Mo 3rnzp v, (@2
In this case the main sburce of the luminosity L is- an acpro;
tion shock and one can get a reliable estimate for R R, o

L S Ml o . (4)

The estimates (3) and (4) are then of the same order, so for

R= R, Egs. (1) - (4) give L £10%> (v/1 1m 6" 1)1 erg's™'.
The obtained luminosity of such an order of magnitu§e may

easily explain /10/ why the y-star has not yet been observed.
The special search might discover such an object by, e.g., the




recombination radiation of the shock wave. The verification
of this suggeation needs detailed ocalculations of the pré—
dicted spectra, which now seems to us premature.

If the radius of an y-star is still larger, namely, if

"

R/R, > v/v,, (5) |
the velocity perturbation Av of the infalling gas turns to
be less, than the sound speed v, . In this case the shock is

weak and the heating is of the order l.l(Av)3v;1. If the in-
‘ equality (5) is strong then it is conceivable that the shock
.does not form at all. But even in the presence of the weak
shock in case (5) the y-star perturbes the medium very
slightly, almost adiabatically and its search by the radi- .
ation seems to be practically impossible, Various possibili-
ties of accretion are shown qualitatively in Fig.Z2.

Let us point one possibility to distinguish the y-star
as an invisible companion to the Sun from a neutron star, or
a blaci hole. It was noted in ref. /10/ that a compact in-
visible companion might have given a possibility to observe
the effect of a gravitational lens. Such an-effect was men-
tioned in ref. /1/ for the cluster of fhe y—matter..If an
y-star ias compact, the gravitational lens effect would nqt |
differ from the similar effect of an ordinary compact star.’
But if R Rg the angular size of the y-star at 4, = 10°
a.2. 18 about 2", If the alignment of a remote scurce and
of the y-star occurs then it is possible to distinguiéh the
imege from the former case, sincq now we have a transparent
gravitational lens /24/. If R>> R@ the gravitational lens

effect is unobservable -~ the deflection of light is too
small.



3. An y-planet inside the Sun?

Another example of the appearance of the y-matter is
the possibility of oscillations of celestial bodies /1/.
In distinction with paper /1/, where the search for the
terrestrial osqillatiohs was suggested, we draw attention td
the solar pulsations /5,6/ having so far no satisfactory
explanation. '

According to the recént publication /15/ thq‘paranotera
of these pulsations are: the pesiod P = i609010‘i.0?004, the

1 and the mode seems to'bo

' velocity amplitude is 0.5 ¢ 1 m 8~
quadrupole. Sometimes the oascillations are not observed. This
is interpreted [15/ a8 an effect of supergranulatioh, which
explains some negative results (e.g. /16/). But if the oascil-
lations are noticeable they are always in phase with thergro-
ceding cycle of observations - thia is true for about Slyoara.
/15/. The c;nfirmation of those oscillations was.reported on
the base of the observations in Stanford /57/.

The difficulties of explanation of long.period pulsations
on the base of standard solar models are discussed in ref./18/.
The possibility of generation of these oﬁcillations-by the
motion of a small black hole orbiting the Sun at the depth
of 2%10% Im below the photosphere is mentioned in pgp§r‘/15/
as & curiosity. If taken aerioﬁaly this hypothesis aecems td .
be improbable due to the following reason.

" In the approximation of hydrostatic adiabatic tide /19/
the body of mass m et the depth h under the surface oY
the star of mass M and of radius R displaces the surface

for the distance of order

AR:KRﬁR. | (6)




The estimate (6) is valid if h/R << 1, but hZ/R% >
> m/M. The velocity amplitude 1 m 5'1 correéponds to the

of ebout 3 km. Substituting h = 2x10% xm, R = Rg ) M= Mg
into (6) we obtain m = 10‘7H0. This estimate is not very
relisble. If we take into account that the observed AR may
be underestimated owing to the averaging over the large are-a{ ‘
of the solar disk JU R%/Z (and in (6) A R corresponds
-to the area of order ¥ hz), m may increase,substantially.
On the other hand, the estimate of m may strongly decrease
due to the resonance with the eigenfrequency of a solar
g-mode, so we prefer to use the value m = 10"7Mé - 2!10265
(the exact value is necessary for the model with a black
nole, and for the model of the y-planet the orude estimate
is sufficient). B | |

According to the standard solar modei /2()/ at @he depj;h
h = 2210% im the density P = 2x10~% g cn*3, and the tempe-
rature T = 10° K, so the sound speed is v = 3:106 cm & .
The velocity of the body is va= 4.4!107 cm s"1, i.e. the
accretion is supersonic. Substituting the velue m = 16"7150
in Eq.(1 we obtein R, = 10% cm. The Eq.(2) gives m = 1012
gva-1. Such a rate of accretion onto a black hole with ac-
count 'for the magnetic field results in the energy release
/21,22/ of order 0.1mc? = 1032 erg s-1. This is comparsble
with the solar luminosity and so absolutely unaccepfablé.
The account for the radiation pressure decreases the iumino-
gity of the hole down to the Eddington limit ~10°7 erg 8™’
- being unacceptable either. ‘

For the y-planet the condition (5) is realized for

R > 10° cm = 1 km and is surely fulfilled if y-planets have
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the radii of order of those foi' the o-planets. Thus the cas‘e )
of Pig.2¢c is realised for the accretion and the y-planet
induces ingide the Sun only gravitational ahd weak acoustic
effects. The same is true, even if our evaluation of m is’
underestimated by orders of magnitude (it is sﬁrely true if
m is overestimated). Tu_he mass m must not be too large.
"Spreading” m along the ring of radius R o h=Rq (which
is reasonable since P = 160" = 1/9 day << 88 da.ys = PQ‘ -

the period of Mercurian revolution) we obtain the perturba-

tion of the perihelion precession of the Mercury /23/ for

one revolution around the Sun:

where dQ is the mean distance o.f thé Mercury from the S'u.n.
Form = 10"7M® Eq.(7) gives the precession of the Mercurian
perihelion 0402 per century. However, if m is higher by . |
2 + 3 orders then the magnitude"of SSD will contz.'adiot the,
predictions of .general' relativity. Beside's that; the osoil=-

lations of the whole figure of the Sun will be large, since

“the centre of mass of the system is to be at rest.

Leaving aside the question of origin of thé'y—pianet
inside the Sun, we note that the #alue me=102§ g iﬁ subri-.
singly close to the amount of y-matiter accreted 5y the Sun
during its 1ifetime ifAthe parameters of the interstellar
y-matter in the Galexy ére-the same as for o~matter (cf;
Section 1). ‘

The presence of a body inside the Sun may be in priﬁciﬁle
discovered by its gravitaticngl effect on the solar probe,
approaching the Sun for a distance of few Rn. For‘thé test
of this opportunity the detailed analysis is needed of pos-

1
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sible noncircular (and nonpollipticl)'orﬁits inside the Sun.
4. Conclusion .
Summarizing, we conclude that the presence éf the y-
matter near-and inside the Sun seems now not excluded. If
with the growth of the pulsar statistics or in the xegult of
celestial mechanical analysis the hypothesis /4/ is not fal-
sified, then the special search of the dark solar companion
by its radiation will be neéded, and the discovery of the
y-star will probablylbe the most difficult task. The possibi-
' 1ity of discrimination of .the y-star by the effect of gravi-
-tatiOnal lens is not excluded. The discovery of only one low P
pulsar in the region of the sky oﬁposite to the "invisible
companion™ would give stirong constraints on the ‘

quantity

Mc/dg for star-like y~bodies, but it would not exclude

large amounts of the gaseous y-matter spread in the form of
spherical shells around the Solar system /1/.

More serious consideration of the y-planet inside the
Sun wohld be necessary if the existence of pulsations with
P-= 160" becomes generéllg-acgepted. if the phase of the
oscillations and their period are stable, and if alternative
possibilities of'the theoretical explanation of.thié pheno—'
menon are exhausted. _

The cosmological evolution of the y-matter, the evélu—'
tion of y-stars And their relationship to o-stars, the con-
straints on the y-matter from the electromegnetic background
etc. - all these problems are of great interest and they
deserve special investigation. ‘

We are grateful to L.B.Okun for valuable discussions

which stimulated the writing of this note &nd to A.N.Bala-
kirev, M.C.Bourgin, aA.F.Illarionov and B.V.Komberg for

consultations.
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Pig.1. Hystograms for pulsars with known P 1
) in the region of the "invisible compenion® 1785+ §
o & 227 ‘
b) the remaining pulsars.
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Fig.2. Possible regimes of acoretion onto an y—o'bject moving
supersonically through o-matter:

a) R & R,; HS denotes a head shock, TS - possible
trailing shock;

b) R ~ Ry; S is a shock front (the matter is not
captured);

¢) R > (v/vB)RA; W3S denotes a week shock (in general,
presumably, may not form at all).
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