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We assume that the vacuum condensates, being the bound coherent quantum systems like quantum liquids in macro-
physics, have the property of superfluidity. Therefore, they should freely flow into the galactic black holes and into
the high-temperature regions of galaxies due to thermomechanical effect inherent to superfluid liquids. The vacuum
condensates that flows into the galaxies, having become inhomogeneous, create a gravitational effect of dark matter
and form the halos of galaxies. The stationary regime of the radial inflow is considered and it is shown that in this
regime the ratio of the total mass of dark matter to the total mass of dark energy is approximately equal to 1/3, that

is in satisfactory agreement with observations.

PACS: 95.35.+d, 98.80.Es
1. INTRODUCTION

In the previous article, ” The vacuum-field nature of
dark energy” it is shown that the self-gravity and the
mutual gravity of quantum vacuum fluctuations rad-
ically reduce the energy density of the physical vac-
uum, com-pared with the predictions of local quan-
tum field theory. In this case, the space of vacuum
becomes discrete and crystal-like at Planck distances.
The formation of vacuum condensates connected with
the continuous symmetry breaking introduces an ad-
ditional reduction of the vacuum density and makes
it a suitable candidate for the role of ”dark energy,”
which manifests itself in the acceleration of the cos-
mological expansion of space. The condition of the
spatial closure of the universe allows us to give an
upper bound for the vacuum energy density. The
present article is devoted to the vacuum model of dark
matter, that is formulated below.

2. THE VACUUM MODEL OF DARK
MATTER

The basic ideas are the following:

1. The intriguingly similar values of the mass den-
sity of ”dark matter” (DM ) and ”dark energy” (DE)
(1]

M%0.24~pc%1 (1)

PDE 0.72 - Pec 3 ’
suggest the idea of their common nature in seemingly
different manifestations.

2. We assume that a common carrier of both ppg
and ppys is the vacuum condensate (V C'), which im-
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plements the lowest (”ground”) energy state of the
quantized fields.

3. This VC, being a quantum coherent state,
is the analog of a superfluid quantum substance,
and can flow onto gravitating bodies (Galaxies), into
black holes and into hot areas (like the star centers)
because of the ”thermomechanical effect” inherent to
superfluid sub-stances.

4. We assume the steady inflow regime, i.e.
a/ot...=0.

3. THE MATHEMATICAL REALIZATION

1. We assume that a massive galactic halo is
formed by a stationary radial flow of VC', and pre-
liminary we will take into account only its self-
gravitation. Under the outflow of VC' from the
boundary regions r ~ Rpq10, the density py ¢ should
be renewed there by quantum-field mechanisms that
ensure the status of V'C' as the ground state of quan-
tized fields [2]!

2. The stationarity of the flow implies:

4mr?p(r)V (r) = My = const (2)

d d o

av(t,'f') = %V(T) =7rV (T) = (3)
2 r r

—V()V'(r) = %VQ( ) _ _Gj‘i( )

M(r) = /r drp(r)ridr = /0 é\({f) dr.

70

(4)

3. We will make the following ansatz:

V(r)%%\lln%.

()
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Then, V2(r) ~ Vo In £2, V(r) ~ Vy. By virtue of the

mean value theorem, we have,
"odr

~
~

ro V(1)

NMO/T dr
Vo Jre /In(Re/r)

so that

M(T):M()

My r—rg

Vo /In(Re/7)’

N %r(l —ro/T) N

M)~ 50 e
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4. Now equation (3) takes the form
»d  Re 2G My

VW—lnh—~ ————————— |
0 rVo/In(Re/7)

r>r>rg.

dr r
r>Tr>nrg,

and becomes the identity when

Vol ————.
VIn(Re/7)
Mo Vo? Vo/In(Re/7)

AV (r)r? = 81Gr? Vir)
Vo?

&nGr2[V(r)/V(r)] "

6. Since V(R) = Vj, we have

VQ Re
PR = e\ (F) 7

R2

)r2\/ln(Re/r) .

p(r) = p(R

7.
M(r) = 47r/ p(r)ridr =
o
" dr
=47 R’p(R / — =
PE) ro \/In(Re/r)
~ 4 R2p(R)———— . 9
) R ®)
8.
4T R3p(R
Mhaio = M<R) = 7p(? s R =~ Rpqio - (10)
VIn(Re/7)
9. Now we consider the Metagalaxy (i.e., the

closed Universe) with volume Vijera = 27°R3,.,,-
Let Npjetq be the number of ”average” galaxies with
the average halo radius Rpqio-
Assuming that
VMeta = 27T2R3Meta 5
RMeta S Rhalo : Nl/SMeta )
pP(Rhalo) = pvc = ppE ,
we have
VJV[eta S 27T2R3haloN]Weta

and

Meta 2 3
Mpg = ppEVMeta < 27°ppER’ hatoNMeta -

(11)

10.

A7 R3 010 R)Nireta
MhaloMEta = MhaloNMeta = Lol pDE( )_ Met .
In(Rpaioe/7)

(12)
11. We calculate the ratio:

Mhato™'* _ Mpy _ 47 R®GNasetaphato(R) o
Mpp™Me® = Mpp = 2m2R3GNpetapcr
% 1 _ g 1 Phalo _ 2
In(Re/7) mIn(Re/F) ppr n/In(Re/F)
(13)

12. The results of observations give the estimate

MhaloMeta 0.24 1 2
Meta — ~e 2, (14)
Mpg™e® 072 37 7\/In(Re/T)
whence
ln<R6>22, 1n<R6>24,
r r
which is quite an acceptable requirement since
ln<R>Z3, 5263,
TCP Tcp
= -3 _ —-3/2,3 _ 1,3 Rhalo
Fr<Re"=R-10 =R-10 SR
r S 0.05 - Rhalo . (15)
Taking
Rhato ~ 2.5 Mpc ~ 2.5 -10% kpc,
we obtain
7 < 2.5 - 50kpc = 75 kpc. (16)

For the Galaxy, we have Rpq,, < %LAndmmeda ~
300 kpc, whence

PGalazy < 0.05 - 300 kpe < 15 kpc. (17)

This is quite a reasonable value!

4. CONCLUSIONS

Thus, the performed calculations and final esti-
mates based on the assumption that the vacuum con-
densate, with superfluidity property, is a common
carrier of both ppgr and ppys lead to the resulting
value of the mass ratio (and, therefore, the corre-
sponding densities) of dark matter and dark energy
(14) which is close to the observed value of 1/3. We
note that the approximations (5) and (9) made in our
calculations are quite "mild,” and affect our results
very little.
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CBEPXTEKYYECTb BAKYYMHBIX KOH/IEHCATOB 1 BAKYYMHA$I MOZIEJIb
TEMHOM MATEPUU

’ II.U. ®omun ‘ , A II. Pomunra

[Ipeamonaraem, 910 BaKyyMHBIE KOHACHCATDI, ABJISASICH CBSI3aHHBIMU KOT€PEHTHLIMI KBAHTOBLIMI CUCTEMAM,
[IOJOOHBIMI KBAHTOBBIM >KUJIKOCTSAM B Makpodusuke, 00J1a1a10T CBOMCTBOM cBEpXTeKydecTn. [losToMmy OHEI
JIOJIZKHBI CBOOOJIHO BTEKATh B IaJlAKTUYECKUE YEePHBIE JbIPBHI, a TaK»Ke B BBICOKOTEMIIEpaTypHbIe 00JIacTh
rajlakTUK - BCUJIy IPUCYINEr0 CBEPXTEKYYUM XKHUJKOCTSM TepMOMeXaHudeckoro 3ddekra. Brekaronmii B
raJlakTUKW BaKyyMHbI KOHJIEHCAT, CTAHOBSICh HEOHOPOIHBIM, CO31A€T IPABUTAIMOHHBIN 3ddekT "TeMHOit
marepun', oOpa3yst IpaBUTHPYIONIE KOPOHBI TaJaKTHK. PacCMOTPEH CTAIMOHAPHBI PEXKUM PaIAaIHLHOTO
BTEKAHUs U IIOKA3aHO, YTO B 3TOM PEXKMME OTHOIIEHUE CYMMAPHOI MacChl TEMHON MaTepUnu K CyMMapHOM
Macce TEMHOI SHEPruy MPUOJIU3UTEHHO PABHO 1/3, 4TO OCTATOYHO YIOBJIETBOPUTEILHO COLJIACYETCS C
HaOJIIOICHU M.

HAOIIJIMHHICTh BAKYYMHUX KOHIEHCATIB I BAKYYMHA MOJIEJIb TEMHOI
MATEPII

 AIL. Doxina

Bsaxkaemo, mo BakyyMHI KOHIEHCATH, Oy/ydId 3B’s3aHUMEI KOT€DEHTHHMU KBAHTOBHUMH CHCTEMAaMU, TOJII0-
HUMH JI0 KBAHTOBUX PiJUH B MaKpoi3uili, MalOTh BJIACTUBICTDb HAAIIUHHOCTI. TOMYy BOHU MTOBUHHI BiJIbHO
BTiKaTH y TaJaKTHYHI YOPHI JipH, & TAKO¥XK y BHUCOKOTEMIIepaTypHi 00JIaCcTi rajlaKTHK - BCHJIy BJIACTUBOIO
HaIJIMHHUM DPiIuHAM TepMOMeXaHIgHOro edekTy. BakyyMmHUil KOHJIEHCAT, 110 BTIKAE B TaJaKTUKM, CTAIOIN
HEOJTHOPIHUM, CTBOPIOE I'paBiTariitauii edekr "TeMHOT MaTepil", yTBOPIOWOYM IpaBiTyOUl KOPDOHU TajiaK-
TuK. Po3risgHyTo cramionapHuii peskuM paiaJbHOrO BTIKAHHS 1 TOKA3aHO, M0 B IbOMY PEXKUMI BiTHOITEHHS
CyMapHOI Macu TeMHOI MaTepil /10 CyMapHOI Macu TeMHOI eHepril npubiausHo JopiBHIOE 1/3, 1m0 mocuth 3a-
JIOBLIBHO y3TO/PKYETHCS 31 CIIOCTEPEYKEHHIMU.
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