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This paper proposes models of interaction of dark particles with massive bodies. The models describe the
resonant amplification of effective interaction between two massive bodies with large distances between
them. The phenomenon is explained by the catalytic action of dark particles rescattering in the system of two
heavy bodies. We consider the system of two heavy stellar objects where one of them located in a center of a
galaxy and another stellar body located at the galaxy's periphery orbiting the center of the galaxy. Resonant
amplification of the effective interaction between these two heavy bodies imitates the increase of their mass
while their true gravitational mass remains unchanged. Such increased interaction leads to more pronounced

gravitational lensing of bypassing light.
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1 Introduction

Understanding of the interaction between dark
matter particles and usual matter, as well as the
nature of dark matter and dark energy, still remains
among the challenging problems of modern
science. Quite a lot of was collected from
observations and analysis of various effects of dark
substances such as anomalously high relative
velocities of galaxies at high orbits around their
common center of mass [1-3] and the phenomenon
of gravitational lensing at passing of light through
clusters of galaxies [4-6].

The well-known gravitational laws give for the
observed total mass in the clusters insufficient
values for keeping the galaxies on their peripheral
orbits at the observed high velocities. The mass of
the clusters of galaxies should be much higher than
the observed one. This invisible matter is called as
dark matter [1-4]. Moreover, the effect of
gravitational lensing has been observed in passing
of light through clusters of galaxies, what can also
serve as an indication of the presence of dark matter
in such clusters [4-7].

Understanding why dark matter is slightly
exhibited at smaller distances within galaxies and in
small stellar systems is still an enigma; dark matter
is almost imperceptible within our solar system
[8-13].

Numerical experiments show that dark matter
should have existed at early stages of galaxy
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formation [14-19]. Simulation of processes at those
stages (i.e. ~ 10"”seconds after the Big Bang)
showed that without the dark matter action, the
gravitational forces were not able to bind the
scattering particles, since their kinetic energies
were very high [17-19]. It is the action of dark
matter which enabled the formation of atoms,
molecules, dust particles and, later, massive
objects, stars and galaxies.

The nature of dark matter particles is one of the
most intensively discussed issues. There are many
theories and ideas about types of dark matter
particles, their mutual interactions and interactions
with usual matter proposed for solution of related
specific and general problems [20-22]. We would
like to note that the “dark matter problem” is still
unsolved in its core: the nature of dark matter and
the character of interaction within dark matter and
with particles of usual matter remain undisclosed.

Several particle types, different in their
character, are considered to explain the available
data. Hypothetical candidates for the dark matter
particle are either weakly interacting particles, such
as ultralight axions, or massive WIMPs (Weakly
Interacting Massive Particles), such as neutralino
[23, 24]. Nevertheless, any small or heavy dark
particles have not yet been observed.

The theories like CDM (Cold Dark Matter) and
ACDM (Lambda Cold Dark Matter) are of particular
interest [20, 25]. They are based on the well-
developed theoretical approaches. However, these



Takibayev N.

Phys. Sci. Technol., Vol. 2 (No. 2), 2015: 58-69

theories also faced certain obstacles. Therefore, the
galaxy rotation curves due to dark matter action
should demonstrate in the CDM the constant density
in central parts of the galaxies, while the models for
slightly interacting CDM particles give the structures
with sharp density peaks the centers of galaxies [26,
27]. Besides that, the calculations provide excessive
numbers of CDM clouds in massive halo of the
galaxies — for 10 or even 50 times more that the
observed ones [20].

ACDM is a parameterization of the Big Bang
cosmology model with A as a cosmological
constant of the Universe responsible for
contributions from dark energy and cold dark
matter [20, 26-29]. There are extended ACDM
models, which take into account cosmology
inflation interactions [30], quintessence and other
elements studied by cosmology [31-33].

Study of about 400 stars located at distances
within 13 thousand light years from our Sun was
published in 2012 [12, 16]. It was declared that
there is no evidence for noticeable presence of dark
matter within this large spacious area while the
theories predicted average amount of dark matter in
the solar vicinity of about 0.5 kg per volume equal
to the volume of Earth. The measured values gave
0.00+0.06 kg of dark matter for this volume. This
means that the attempts to register the presence of
dark matter on Earth have almost failed [13-15].

According to the Planck space observatory, data
interpreted employing the standard cosmological
model ACDM [16-18], the total mass energy of the
observed Universe consists of usual (baryon) matter
for 4.9%, dark matter for 26.8% and for 68.3% of
dark energy. Therefore, 95.1% of the Universe
consists of dark energy and dark matter [18].

Discussions of the dark matter problem could
be found in thorough reviews and original papers
such as [21, 24-26]. General problems related to
both dark matter and the dark energy challenges are
discussed, for example, in the works [31-34].

2 The quantum scattering theory for large
distances

In the present paper [35], we discuss specific
cases applying the methods of the quantum
scattering theory for astrophysical scale systems
and considering the interaction of dark matter
particles with massive gravitational objects.

The extremely weak interaction of dark matter
particles with ordinary matter and enormous

Compton wavelength of dark matter particles make
it possible to use the quantum-mechanical
approaches in our considerations. Therefore, we
take the mass of dark matter particles to be
extremely small.

We keep in mind the known quantum features
of the particles: Compton wavelength of a particle
of mass m determines the range this virtual particle
can pass from the place of its origin. Location of a
particle can be determined with precision within the
Compton wavelength of this particle:

A=hlp=hc/E=hc/me® =2, (1)

To locate a particle with mass m, one needs to
irradiate it with photons of the wavelength A, which
is to be less than the particle localization region;
this corresponds to the photon energy £.

Photons can generate particles with energy in
the localization region Ac,.,. A particle cannot be
considered as a point object in the localized region
Acomp. since part of the time it exists in the state
“particle + the pair (particle-antiparticle)”.
Compton wavelength does therefore determine the
minimal uncertainty in the measurement of the
particle’s coordinate. That is the particle’s
localization region cannot be determined less than
its Compton wavelength.

However, the scale where a particle cannot be
considered as a point object depends not only on
the particle’s Compton wavelength, but also on
Compton wavelengths of other particles, which the
considered particle can dynamically transform into.
For leptons with no strong interaction, for instance,
a transition into a different form is a less probable
event — one can say it is rare and takes much time.
Lepton coat remains therefore transparent and, in
many tasks, leptons can be considered as point
objects with a high rate of precision.

So, extremely low interaction between a dark
particle and ordinary matter can guide us to the
following assumptions:

— dark particles are transparent for small-
scale objects of ordinary matter (with dimensions
r<<Ac.py) and they do not interact with ordinary
matter;

— such a dark particle becomes “visible” for
small objects of ordinary matter when their scale is
r>Ac.pu, 1.€. objects are of the same scale as the
dark particle’s Compton wavelength; one can
consider the interaction potential for a dark particle
interaction with such ordinary matter object;
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— dark matter particles do not interact directly
with each other at relatively low energies.

Within these assumptions, we can now use in
our considerations the quantum-mechanical
scattering theory and find possible solutions of this
problem. We can use the Lippmann-Schwinger
equation solutions [36] for the quantum-mechanical
scattering of two bodies with different mass; and
the Faddeev’s equations for scattering of three
bodies with one of the bodies possessing extremely
small mass and heavy two other bodies [37, 38].

We consider two models for the interaction of
dark matter particles with massive gravitational
objects; results obtained within these models are
discussed, and selective character of dark matter
particle interactions with usual matter is explained.
Some of the results obtained earlier [35] are
incorporated in the present work for the sake of
logic and represent ability and for more
comprehensive comparison of the newly obtained
results with the observed data.

The starting point of the proposed approach is
consideration of the main questions: what is the
reason for selectivity in the dark matter particle
interactions ~ with  ordinary  matter?  More
specifically, why and how do the dark matter
particles interact more intensively with massive
bodies at very large distances, but demonstrate very
little or no impact on bodies at relatively small
astronomical distances? For instance, why within
the solar system is the observed action of dark
particles vanishing?

Here we can find an analogy with the catalytic
action of an additional third particle on the
interaction of two initial particles [35]. The
catalytic interactions are known in chemistry [39],
and take place in certain cases in the systems of
several interacting nuclear particles [36, 38].

In our astrophysical three-body models, we
consider the gravitational interaction of at least two
stellar objects (i.e. two gravitationally interacting
bodies), but at the same time, we assume that there
is the third sort of objects (dark matter particles). In
the sum, this sort of objects introduces an additional
interaction between the two massive bodies, and
must be considered in the quantum scattering
theory of three-body systems [40-42].

In our work, instead of a standard interaction
problem with two bodies involved, we consider the
problem of several bodies’ interaction; more
specifically, the three bodies scattering problem.
We should note here that in the quantum-
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mechanical problem of three and more bodies,
unique phenomena, that have no analogy in the
usual two-body problem, may take place. As
examples of such phenomena, one can mention the
well-known Thomas effect [43] and the Efimov
effect [44],when all three particles that binary
interact with each other give anomalous increasing
of the number of levels in discrete spectrum. The
number of levels is growing as the logarithm of the
ratio of the scattering length to the pair force radius
[44].

Another example could be the appearance of
new resonance states in a system of two heavy
particles and a particle with very small mass. In this
case, should a pair consisting of one light and one
heavy particle has a quasi-stationary state, then new
quasi-stationary states appear in a system of three
particles at certain distances between two heavy
particles [37, 40, 41].

In the next part, we propose two models of
interaction between dark particle and heavy body.
In first model, the interaction between dark particle
and heavy body has a separable form, and a
solution for amplitude can be written in the
analytical forms. In the second model, the two-body
amplitudes are taken in the Breit-Wigner forms.

Then we consider the problem of three bodies’
interactions, i.e. the system that consisted of one
lightweight particle and two very heavy bodies.
While here we deal with the quantum-mechanical
problem with a scattering of a lightweight particle
in a system of two heavy bodies, we later expand
the obtained results for the galactic systems,
assuming that the lightweight particle is a dark
matter particle and the heavy bodies are galaxies
orbiting their center of mass.

We refer to the two heavy stellar objects as a
system of one massive body located in a center of a
galaxy cluster and another stellar body is the galaxy
located at the periphery orbiting the center of the
galaxy cluster. These objects interact between each
other with gravity forces. Moreover, we consider
that the additional forces act between them: it is
dark matter interactions [38]. Here, we would like
to propose a model for resonance amplification of
interaction between two astronomical stellar objects
stimulated by additional interaction with dark
matter particles (hereinafter-dark particles).

We suppose that the dark particles do not just
increase a gravitational mass of stellar objects.
More importantly, they noticeably change the
effective interaction between these two heavy
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bodies, i.e. two galaxy clusters. The most
noticeable factor here is that the orbital velocities at
the specific large distances between the heavy
bodies become high enough to be registered.
Resonant amplification of the effective
interaction between the two heavy bodies imitates
an increase in their mass while their true
gravitational mass does not change so much. Such
increased interaction results in more pronounced
gravitational lensing of the bypassing light.

3 Models of potential for a dark particle with a
massive body

First model. We consider the task in the non-
relativistic case and take into account a simple
potential model for interaction of a dark particle
with a massive body:

Vou =1Vor > &or <Vpu |, 2)
where g, is the coupling constant, the subscript
DH denotes an interaction of the Dark particle and
the Heavy body. Then, the Lippmann — Schwinger
equation takes the form:

Tow =Vou +VouGo(E)Tpy 3)
where Gy(E) is the free Green’s function of the
system. We use the units with =1 and c= 1.

The solution of (3)7py also has the following
separable form:

TDH :| Vou = Mor <Vpu ’;

V/n,, =1/, +I(E) ; 4
where
2
I(E) — _I dﬁ 3 VDH(p). , (5)
r) E-E, +i-0
and vy, =N 1 t =t = p/B, whereff — potential
+t
parameter, N'=4z/mf; E = pel2m, to=pyP;
E=p’/2m; m is the mass of a dark particle.
For S-wave we obtain:
1-2it
I(E)=1(t)=—="0 (6)
(B)=10)=

Note, Apx< 0 would correspond to the attractive
forces. For —1<Apy<0 the amplitude pole

corresponds to the virtual level, and for Apy<—1
corresponds to the bound state. Apy is real by
definition. In the case of —1<Apy there are no
bound states for a system of a dark particle and a
heavy body.

The value 7,y is frequently referred to as an
amplification coefficient to highlight the similarity
between the potential and the Tpy-matrix forms as
well as the dependence of 7, on the initial energy
of the pair.

Second model. Let us consider the second
model for the two-body Tsp-matrix in Breit-Wigner
form assuming that the dark particle has resonant
interaction with heavy body of ordinary matter. The
Tew~-matrix can be written in the form:

_ 1 F/2. 7)
mo(E) E-E,+il'/2

BW

where Ey is the resonance energy and I' is the
resonance width, p(E)=mp,/27x. We can
present this 7-matrix also in separable form:

Loy =l Vi > Mgy <V |, (8)
where form-factors can be taken in the simple form
Viw =1/ 72p(E), ©

and the resonant part equals

r/2

= 1
Mo E-E,+il'/2 (19

We suppose that interaction between two dark
particles must be extremely small and, therefore,
can be omitted. In its turn, the simple model for
two-body interaction of a dark particle with a
massive body allows to solve the three-body
problem analytically.

It is important to note that the two-body
interactions between a dark particle and a heavy
body themselves cannot increase the interaction
between two heavy bodies. However, action of dark
matter as catalytic particles can change intensity of
interactions between heavy bodies and, remarkably,
this influence could be nonlinear with increasing of
distances between the heavy bodies.

These solutions distinctly demonstrate the
resonance dependence of the effective interaction
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between two massive bodies as a function of
distance between these bodies.

So, at relatively small distances the catalytic
amplification is negligibly small and effective
interaction here coincides with direct (gravitational)
interaction between the heavy bodies. At larger
distances, the catalytic action of the dark particles
increases, and effective interaction of the heavy
bodies also increases. At even larger distances,
catalytic action can reverse and, instead of
attraction between the heavy bodies, cause their
repulsion. This to certain extent can emulate the
dark energy action [35].

In reality, the nature of interactions between
dark particles and a heavy body can be more
complex and the catalytic action may happen to be
far from simple.

4 Scattering of a dark particle on a pair of
heavy bodies

Faddeev equations for components of the three-
body 7-matrix can be written as [36]:

T,(E)=T py + > TouG(E)T,  (11)

I#i

where 7, j = 1, 2, 3; T;py is the corresponding pare
T-matrix.
The complete 7-matrix would correspond to the
sum: T:Z T,. The index i in 7} stands for the
L]

number of the pair, which interacts last at the left
asymptotic, i.e. corresponds to the number of a
body, which first escapes the interaction region.
Similarly, the index j denotes the number of the
pair, which interacts last at the right asymptotic.

Here we solve the problem taking into account
interaction of a dark particle with the one heavy
body. The potentials are taken in the separable form
(2). At this stage, we assume that there is no pair
interaction between the two heavy bodies.

Related components 7j; with non-connected and
connected parts can be written as:

Tij = Ti,DH5ij+ | Vipu =

, (12)
> ni,DHM;‘/n_/,DH <V, pu |

and transferred into the matrix equations for Aj;
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Mij = Aij +Z Aiﬁ/,DHMlja (13)
I#i

where
Ay =<v |Gy|v,> ] =*1. (14)

It is important that the diagonal elements of this
matrix are identically equal to zero, i.e. A, =0.

This peculiarity of the Faddeev equations [36]
assures compactness of the core of the integral
equations.

We consider the case when m/M—0, where m is
the mass of a dark particle and M is the mass of
heavy body. In this limit the total energy of the
system is E, = p(iDM /2m , wherepy is the initial

momentum of the dark particle.
Pair interactions between a dark particle and
heavy bodies would not depend on momentums of

heavy bodies:< v, | p >=v(p), <V, | p>=v(p).
Correspondingly, 7, =7, =n(p,) would also be

the functions of initial momentum of the dark
particle.

The value A takes the form(J # # )[37]:

- 1 - -
Ay =2mv(P)———5——v,(P)=1;(P.py)- (15)
Po—D Ty

We denote with the prime the variables of
heavy particles at the reaction outlet; those without

a prime — at the reaction entrance. Then A j can

be written in the form:

Aij(ﬁi’ﬁj )=

~ - . _.» 6
= j dr exp(ip,;r)J,(r)exp(ip, ')

where

J3(7) = [ dpexp(ipF) £, (B, p) - (A7)

The same transformation for amplitude (9) gives

M7 ) = [dF" 0 =)L, (P S+ 7 ) +
+3 T FE ()M (7))

=23

(18)
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Since o-functions call off the integration in the
right part of (14), the equation for A (7,7') takes

a simple form:
M, Go7 ) = J, ) 6 +7 )+
IR GUICHACHAL

1=2,3

(19)

It is remarkable that 5-functions in (19) give the
equalities: 7 +7,'=0 in the case of j # 7, and

7 —7'=0. It means that I_’; and I_”;-'are counted

from the center of symmetry between the positions

of the heavy bodies. In this case for 7_"; and I7j' the

indices i and j can be omitted. The solutions can be
written in a convenient form [37]:

M@FE FY=M"(F)o(F +7 ")+

, (20)
+M(F)S(F —F ")
where
1
()= BT (7)> (21)
o Z‘ L—K(f)n(po)ll%( )
1
M F) =) |———| K. (22
(r) 21: |:I_K(F)77(p0):|il (r)
and
[K(’_;)]l/ =Kif(;7) =
=2 Ju(n(py)J, (-F) (23)
/
Moreover, K, (7)=0if/ *i,  and

Ko(F) =2 Jy(F)n(py)J,(<F) # 0 ifj = i.

Note that in our three-body problem we deal
with two variables: py is initial momentum of the
dark particle and » = d/2, d is the distance between
two heavy bodies.

5 Effective
bodies

interaction between two heavy

In this section we denote with index ¢ the
solutions and interactions in the three body system,
but with the V; potential excluded. It means that
V,=V,+V3 is the sum of potentials corresponding to
the interaction of dark particle with each of the two
heavy bodies. Then G, is the Green’s function with

V, as the potential, and we mark the wave function

of this system as ‘P,/,. The solutions are determined

in previous section (see egs. (12) — (23)).

Now one can move forward to solve a problem
with inherent pair interaction between heavy
particles, taking into account the gravitational
potential ;. The pair potential V; acts directly
between the two heavy bodies of the system. The
Lippmann-Schwinger equation for scattering at two
potentials can be written as follows [35,38]:

|“P>=|“II¢>+G¢V1|\P>, (24)

where \P(F ) 1s the total wave function for the

system that consisted of two heavy bodies, which
interact with gravitational force, and one dark
particle that interacts with each heavy bodies with
the V,=V,+V; potentials. This symbolic equation is a
short form of the system of equations in matrix form
similar to the Faddeev’s equations. The first term in
(24) at right describes the resonant behavior, but
without direct interactions between two heavy
bodies.

Since G,=Gy+G,T,Gy, where T, is the matrix
with the components as in (11), we can rewrite (24)
in a symbolic form:

| ¥ >=| ‘P¢ >+G0(1+7;éGO)V1 | ¥ >=

_ (25)
=¥, > +Gl, | ¥ >

where I/ef = ([+T¢G0)I/1 ,T(g = Zi’j YZJ with T'l,

determined in (12). This effective potential
corresponds to the distorted potential V;:

Ve_/‘ = (]+T¢G0)V] =

(26
4 +”§23 lv, >77i(§ij +Mij’7j)<"j | GV, (26)
Lj=4s

It then follows that the effective potential as
well as the amplitude M;() would depend
resonantly on both: the distance between the heavy
particles and the energy of the dark particle.

In order to compare the interaction potentials ¥
and V.

Vy=0+8)-7, (27)

acting between the two heavy bodies, it is necessary
to record the first potential in the three particle
representation. For this purpose, V; can be
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supplemented with Born interaction of the dark
particle. A similar addition should be made for the
second potential V.. Then the ratio of these

quantities leads to the enhancement factor ¢& in the

case of first potential model:

E= 1) 2 (8, + My, - F) . (28)
i,J

This important outcome demonstrates that the
interactions with the third particle can substantially
change the character of forces acting between the
heavy bodies.

F =<v. |G, = i[z (sin(k r)ci(ky ry—cos(ky r)[si (k r)+;z/2])—i ¢ M0 Btk )= Ei (-
J j o 0 0 0 0 219 (29)

rp

In the case of A, = 0, , wherel — K. (¥) -1, = A,
(see (21), (22)), we obtain

2 .
£ I1(1,) 5 e ‘5‘ s oo (30)

The & factor in the case of second model will
be more complicated. That depends on resonance
parameters [38].

6 Results of calculations

First model. We introduce dimensionless

variables?, = p,/ f and p = 7 . It is necessary to

note that the resonances take place not only when
distance between the heavy bodies varies, but also

a) Re [¢]

when the dark particle wavenumber changes. It
means that even at resonant distances, the
resonance takes place only at certain wave number
values of the dark particles. This is a distinguishing
feature of resonances in quantum-mechanical of
few-body systems as regards to the continuum.
Such phenomenal behavior of the effective
interaction between the heavy particles is due to
three-particle quantum-mechanical effects. It is
important that location of the amplitude pole

P, plane would change

t5 on the
M, (p.ty)

depending on the coupling constant Apy (Fig. 1).
But the key factor here is the resonant dependence

+
of the amplitudes M i (p) on distance between the

heavy particles.

b)-Im [¢]

Figure 1 — The behavior of enhancement factor & at Apy =—0.98:
a) Re [£] is the real part of € ; b) Im [£] is the imaginary part of ¢.
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a) Re [<]

b) —Im [{]

Figure2 — The behavior of enhancement factor §at Apy =—0.90:
a) Re [€] is the real part of ; b) Im[¢] is the imaginary parts of &

Here one should note that the described above
model could potentially help in explaining
phenomenological interactions at galactic scales.
We can now assess the characteristic distances. For
example in our model, resonance takes place at the
following parameters: Apy = —0.98, o =rfB =3,
Assuming that the distance between the massive
bodies is about » ~ 3/ ~3-10*cm , one can get

22 -l 23 -
p =10 cm and p, 210 cm | Then, taking
into account the resonant behavior of the effective
interaction at such distances (see Fig.1), one can get
from (27) the following multiplication of the
interaction potential for the factor: £~400 at
p=3.

One can therefore state that the flux of
exchange dark particles between heavy gravitating
bodies acts like dark matter. The orbital velocity of
the peripheral body becomes higher than that at
normal gravity owing to the enhancement factor.
Moreover, this flux would glue up these two heavy
bodies and, with respect to other particles and fields
(gamma quanta, for instance) such a system would
appear as a single object. The system would have
an effective mass much higher than its own mass. It
is quite possible that such a mechanism can
contribute  to gravitational lensing of
electromagnetic radiation.

To solve the problem, one can use the Faddeev-
Yakubovski equations [46]. For example, one can
follow the symbolic equations (24) — (27) and take
into account the additional interaction between
electromagnetic wave with ordinary matter. It is
quite possible that such mechanism can contribute
to gravitational lensing of electromagnetic

radiation. Indeed, we can include these additional
interactions in our system of equations. Then we
obtain new enhancement factor for the
electromagnetic waves that gives the results of
gravitational lensing.

It is remarkable that the enhancement factors
can be negative at certain values of p in the case of
two-body attractive potentials [38]. For example, in
the case of Apy = —0.98 we have & ~—-50—-i-0.1

at p>3 and 7,<0.16 (Fig. 1); in the case of Apy = —
0.90 we have &~—-10—i-5 at p>2.2 and #,<0.20

(Fig. 2). Then the resulting potential between two
heavy bodies looks like a repulsive force.

15¢

10 |

-10 +

__________

N

-15t

Figure 3 — Real and imaginary parts
of Z(,0); Apn =-0.98.

The function E(p) is the overall result of
&(t,, p) over the interval 0.001<7,<0.9. The
dependences of the real and imaginary parts of
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Z(p) at Apy = —0.98 are presented at Fig. 3. We

can see that the total action of dark particles gives
the attractive force in the region of distances p<3
and the repulsive one at p>3. Here the question
arises — to what extent can this potential also
simulate the action of dark energy?

Second model. In the case of the Breit-Wigner
resonances in the systems of a dark particle and a
heavy body, such a system would demonstrate a
much more complicated picture.

In contrast to the model 1, in the model 2 the
resonant amplification occurs in the specific area
that is not monotonic over the distance between the

heavy bodies. Note, that the resonance
enhancement of interactions between the small
mass particle and two heavy bodies only happens in
some specific cases [37, 40 — 42]. Thus, there is the
resonance enhancement of interaction between
heavy bodies, which can be selective.

In fact, the dark particles with the energies
close to resonance energy have to create the
intensification of interactions, when the distances
between the heavy bodies will correspond to the
resonant distances.

The samples of solutions in the case of four-
body problem can be found in [47].

Figure 4 — Real and imaginary parts of Z(,0) . The resonance in the system

of dark particle and heavy body: E,.; = 1732; I" = 5 (conditional units).
a) The case of Re[£]; b) the case of — Im[£].

Figure 5 — Real and imaginary parts of Z(,0).

Z(,0) is the enhancement factor in system of a dark particle and two heavy bodies.

The resonance in the subsystem of a dark particle and a heavy body has the energy
and width:E ., = 1332; I" = 35 (in the conditional units).
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It means that the resonances in the systems of
dark matter and two heavy bodies, i.e. two massive
objects of astronomical scale in the dark particle
clouds would create an amazing structure that
cannot be described in the ordinary mechanics.

7 Discussion

In this paper we do not determine the nature of
dark particles. The problem of dark matter and dark
energy is on the current agenda. Here we
considered the task of dark particle interactions
with ordinary matter within the frame of quantum-
mechanical three-body problems. We tried to
understand the co-ordinations between forces that
act together in the different subsystems of the three-
body system. Then we compared our analytical
results with experimental astrophysical evidences.
It permits us to ascertain the possible reasons of
strong influences to explain some observed data.

For instance, the dark particle coupling constant
is taken as App>—1, so the bound states in the pair
of the dark particle and the heavy body does not
arise. Moreover, we consider the reverse limit when
the interaction radius of DH- forces is taken to be
large, but its ratio to the scattering length ~
(1+1/ ;)™ remains unchanged.

The direct gravitational interaction between two
heavy bodies in the models is complemented by
interaction with a third dark particle (or a flow of
dark particles, to be more exact). This additional
interaction has a specific resonant behavior as a
function of the distance between the heavy bodies.
The resonant behavior of the effective potential
implies its significant increase at certain distances
between these bodies.

Figures 1-5 show that the strengthening of
effective interaction occurs when repulsion takes
place at certain distances. This particular fact
reveals a certain similarity in the action of such
effective potential and dark matter.

As it follows from the analysis of astronomical
observations, dark matter in dwarf galaxies appears
to be quite small [11-13], but its effect is huge in
big galaxies [14, 15]. L.e. dark matter interaction is
stronger between massive bodies located in the
center and on the periphery of a galaxy in a large
cluster of galaxies.

Here, we assume that the ensemble of heavy
particles in a distant star should be considered as a
single massive body, as well as an ensemble of
heavy particles in another massive body located in
the center of the galaxy. These massive bodies will
interact with each other not only via gravity, but
also through exchange flows of dark particles.

There is another important fact. Ultra-cold dark
particles apparently cannot be registered in
terrestrial environments. Indeed, the corresponding
wavelengths are large or even of galactic scales.
These dark particles do not form bound states with
other particles and massive objects. Their impact
will be insignificant within the Earth and the Solar
System [11,12].

However, the effect of these particles within
large galaxies may already be quite noticeable.
Strengthening of effective attractive forces will
alter the orbits of massive objects in such galaxies.

At even greater distances than the galactic ones,
this model provides effective repulsive forces. It
requires further investigation to understand how
this effect simulates the dark energy action.

8 Conclusion

The effect obtained within the proposed model
imitates the action of dark matter that leads to
amplification of interaction forces at very large but
definite distances. An important feature of the
resonant amplification is its selectiveness. The
effect is negligible at much less distances than the
resonance distances. The resonance amplifications
are based on well-known quantum-mechanical
considerations and, in particular, on the quantum
considerations of few-body interactions.

We have considered the gravitational forces in
the presence of dark particles, existing in space
throughout the universe. This substance can affect
the action of normal gravity at very large distances.
Although in this paper we do not specify the nature
of dark particles and their characteristics, we
considered some of the possible effects of these
particles on the evolution of our Universe and their
resonant interaction.

It should be noted that the interaction of very
cold light dark particles with ordinary matter can
lead to strengthening of gravitational attraction.
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One should also note that the interaction of
light with ordinary matter reinforced in presence of
dark particles can result in the lensing effect.

We have noted that the presence of low-energy
Breit-Wigner resonances in the interaction of dark
particles with ordinary matter may give no
monotonic deviations from the trajectories of
celestial objects in comparison with the usual effect
of gravitational fields.

It also indicates that the interaction of dark
particles with ordinary matter at great distances can
give its own impact to the effect of dark energy that

leads to the accelerating of the dispersal of clusters
of galaxies at huge astronomical distances.
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