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Abstract: This work is devoted to the study of the asymptotics of the gravitational field of primary 9 

particles with nonzero rest mass. These particles are structurally composed of two closed “null 10 
strings” (thin closed tubes of a massless scalar field) in the shape of a circle, and they are formed in 11 
a gas of null strings as a result of gravitational interaction. It is shown that on time scales much 12 
larger than the time of one complete cycle of oscillation of the null strings forming a particle, or at 13 
distances much larger than the dimensions of the region within which the oscillations of interacting 14 
null strings occur, the gravitational field of such a particle is described by the Minkowski metric. It 15 
is noted that with decreasing observation time or on distance scales that are commensurate with 16 
the size of primary particles, significant deviations of the gravitational field from the flat 17 
Minkowski space-time should appear in the gas of null strings. 18 
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 21 

1. Introduction 22 

Observations carried out indicate that visible matter and detected radiation make only a small 23 
contribution to the total mass of the Universe. Evidence for the existence of dark matter comes for 24 
example from studies of gravitational lensing, cosmic microwave background radiation (CMB) or 25 
rotation curves of spiral galaxies [1-7]. According to the results of observations, dark matter plays a 26 
dominant role in the evolution and acceleration of the Universe. In this connection, the urgent task is 27 
to search for physical systems (models) for which the presence of dark matter is an intrinsic 28 
property. 29 

One of such physical systems can be a “null string” gas, i.e., a multi-string system that 30 
structurally consists of gravitationally interacting closed thin tubes of a massless scalar field in the 31 
form of a circle. In works [8,9], a study of the influence of the shape of a closed null string on its 32 
gravitational properties was started. This study showed that closed null strings in the shape of a 33 
circle are stable when moving in an external gravitational field. That is, the shape of a closed null 34 
string in the form of a circle should be preserved when moving in an external gravitational field. It 35 
was noted that the observed manifestation of the action of an external gravitational field on such a 36 
null string can only be a change in its size (radius) or a change in the direction of its motion. 37 

The possibility of taking into account the gravitational interaction in a gas consisting of closed 38 
null strings in the form of a circle was investigated in the works [10,11]. The result of these works 39 
was the ability to qualitatively take into account the mutual change in the trajectories of motion for 40 
two interacting null strings. The algorithm proposed to take into account the mutual influence is 41 
based on the study of the trajectories of the probe null strings in the gravitational field of the null 42 
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string of the source. It should be noted that an interesting feature of the gravitational interaction in a 43 
gas of null strings is the possibility of the formation of coordinated motions of closed null strings, in 44 
which they perform oscillatory motions within a region limited in space. In this case, we can say that 45 
two gravitationally interacting null strings that oscillate inside a space-limited region form a 46 
primary particle with an effective nonzero rest mass. 47 

Fig. 1 and Fig. 2 in a cylindrical coordinate system, qualitatively, show examples of trajectories 48 
of motion of two null strings, the gravitational interaction between which leads to oscillations of 49 
each null string inside a region limited in space (the repeating trajectories of motion of null strings 50 
forming the corresponding primary particles are bounded both in the variable z and in the variable 51 
 ) [10,11]. The examples given are distinguished by the location in space of the regions within 52 

which the oscillations of the null strings that form the primary particles occur. 53 

 54 
Figure 1. The figure shows an example of the trajectories of motion of two null strings forming a 55 
primary particle, the meeting surface for which is orthogonal to the   axis ( 0R  ). 56 

 57 

Figure 2. The figure shows an example of the trajectories of motion of two null strings forming a 58 
primary particle, the meeting surface for which is orthogonal to the z  axis ( 0z z ). 59 

For the cases shown in Fig. 1 and Fig. 2, two gravitationally interacting closed null strings have 60 
the shape of a circle, they are located in parallel planes and move “towards” each other. For the 61 
situation shown in Fig. 1, the meeting surface (i.e., the surface on which two null strings “meet” 62 
when moving towards them) is 0R  . For the situation shown in Fig. 2, the meeting surface is the 63 

surface 0z z . In Fig. 1 and Fig. 2, the direction of motion for string 1 defines a sequence of points: 64 

A1, B1, C1, D1, ..., and for string 2, a sequence of points A2, B2, C2, D2, ... In this figures, the points on 65 
the trajectories of motion, which are designated by the same letter (but with different indices), 66 
correspond to the positions of null strings forming the primary particle for the same time value t . 67 

If each primary particle shown in Fig. 1 and Fig. 2 is considered separately (i.e., outside the gas 68 
null strings), then the “lifetime” of such a particle will be unlimited. However, the “lifetime” of the 69 
primary particle located inside the gas of null strings, due to the gravitational interaction with 70 
external null strings, can be both long and very short. Long-term existence (“lifetime”) of primary 71 
particles is possible if they are combined into many-particle spatial structures. 72 

Among such structures, the most interesting can be axially symmetric (“one-dimensional”) 73 
objects - “threads” and spherically symmetric domains - “macro” objects. 74 

It should be noted that the possibility of combining primary particles (pairs of gravitationally 75 
interacting null strings) into complex many-particle structures depends on the direction of motion of 76 
the null strings involved in the formation of the primary particle [10,11]. To characterize the 77 
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direction of motion of the null strings that form the primary particle, a vector orthogonal to the plane 78 
of the location of the null strings that form the primary particle can be constructed. To unite 79 
interacting null strings into complex multiparticle formations, for example, into a 80 
“one-dimensional” object (“thread”), the directions of the vectors that characterize the direction of 81 
movement of individual null strings (locally) must coincide. 82 

For the case of combining primary particles into a spherically symmetric domain, the forming 83 
“threads” are located at the radii of such a domain, and null strings belonging to different “threads” 84 
form spherical surfaces (form layers of the domain). Fig. 3 shows two possibilities of such a 85 
combination (schematically). In Fig. 3, each vector corresponds to a null string (the vector 86 
determines the direction of motion of the null string, which is involved in the formation of the 87 
“thread”). Null strings that participate in the formation of a spherically symmetric domain are 88 
always located orthogonal to the direction of the corresponding vector [10,11]. 89 

 90 

Figure 3. In the figure (a,b), two possibilities of combination of gravitationally interacting null strings 91 
into a spherically symmetric domain are schematically presented. 92 

It can be noted that an interesting feature of such “macro” structures in a null string gas is the 93 
fundamental impossibility of having a fully formed (finished) structure. The following reasons can 94 
be named that lead to the impossibility of having a fully formed structure for “macro” objects 95 
(“macro” structures) in a gas of null strings: 96 

 The presence of external (“free”) null strings and other “macro” objects in the gas; 97 
 Possible movement of “macro” objects relative to each other; 98 
 The existence for each null string of an “interaction zone”, outside of which the null strings 99 

do not experience the gravitational influence of each other [12-18]. 100 
The listed reasons should lead to a random (dynamic) change in the number of null strings that 101 

gravitationally “belong” to a specific (considered) “macro” object (specific “macro” objects). It is 102 
clear that due to the random change in the number of null strings that gravitationally “belong” to the 103 
considered “macro” formation, the spatial form of the “macro” object (domain) will also randomly 104 
(dynamically) change. 105 

Considering the spatial distributions of “macro” formations in a gas of null strings on different 106 
time scales, one can introduce the concepts of “substance” and “field”.  Namely, the “macro” 107 
formations averaged over a long period of time form the “substance”, and the structures that are 108 
associated with the “macro” objects but whose “lifetime” less will form the “field”. Obviously, with 109 
a decrease in the observation time, various ordered structures (“particles”) will be observed in the 110 
“field”, which can be interpreted as interaction “particles”. Moreover, with decreasing observation 111 
time, the number of “particles” forming the “field” should increase, and the structure of the 112 
“particles” forming the “field” will become more diverse. 113 

In this model, dark matter can be formed by extremely numerous and spatially diverse 114 
structures with nonzero rest mass, which are formed in a null string gas (gas of thin closed tubes of a 115 
massless scalar field) as a result of gravitational interaction. It is important to note that the “lifetime” 116 
of such structures in the gas can be extremely short, but their number and permanent formation of 117 
new ones can make a considerable contribution to the overall mass. 118 
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An interesting problem is the study of the gravitational field of such structures, in particular, 119 
the study of the gravitational field of two gravitationally interacting null strings in the form of a 120 
circle (primary particles with nonzero rest mass), the trajectories of which are shown in Fig. 1 and 121 
Fig. 2. 122 

In the articles [17-21], the gravitational field of solitary closed null strings was investigated, the 123 
trajectories of which do not change over time. Namely, in the articles [20,21] a solution of the 124 
Einstein equations was found for a closed null string of constant radius, which moves along the z  125 
axis and at each moment of time t  lies entirely in the plane orthogonal to this axis. In the articles 126 

[17-19], solutions are given that describe the gravitational field of a solitary closed null string, for the 127 
cases in which the null string radially increases or radially decreases its size (radius). One of the 128 
results of these papers is the statement that the flat Minkowski space cannot be considered as an 129 
asymptotic for such gravitational fields. On the other hand, in accordance with Petrov's classification 130 
[22], the gravitational field of particles with nonzero rest mass should be of the type D , 131 
respectively, the asymptotics of the gravitational field of particles with nonzero rest mass should be 132 
flat Minkowski space. 133 

This article is devoted to the study of the asymptotics of the gravitational field of primary 134 
particles with nonzero rest mass. These particles are structurally composed of two closed null strings 135 
in the shape of a circle and they are formed in a gas of null strings as a result of gravitational 136 
interaction. In this work, a unit system is chosen in which the speed of light c = 1. 137 
 138 
2. Construction of the quadratic form  139 

We will assume that the source of the gravitational field are two gravitationally interacting null 140 
strings in the form of a circle (primary particles), the trajectories of which are shown in Fig. 1, and 141 
Fig. 2.  142 

When constructing a quadratic form describing the field of two gravitationally interacting null 143 
strings, we can assume that the trajectory of motion of each of the interacting null strings consists of 144 
four segments (see Fig. 1, and Fig. 2). Moreover, on the segments l lA B  and l lC D  the null string 145 

moves with a constant radius. On the segments l lB C  and l lD A , the null string radially decreases or 146 

increases its size (radius).  147 
It is important to note that on each of the given segments, the null strings that form the particle 148 

move in opposite directions (“towards” each other). So, for example, for the case shown in Fig. 1, on 149 
the segment 1 1A B  string 1 moves in the positive direction of the z  axis, and string 2, at the same 150 

time, on the segment 2 2A B  moves in the negative direction of the z  axis. On the segment 1 1B C  151 

string 1 radially decreases its size (radius), and string 2, at the same time, on the segment 2 2B C  152 

radially increases its size (radius). 153 
If a closed null string, on a certain segment, moves along the z  axis without changing the size 154 

(radius), then its “trajectory” of motion (world surface) is determined by the equalities 155 

   0 0 0 0 1,  ,  ,  ,  ; ,  0;2 ,t t R z z                                  (1) 156 

where   and   are parameters on the world surface of the null string, 0  and 1  constants that 157 

determine the value of the   parameter on the boundaries of the segment, 0R  null string radius, 158 

the constants 0t  and 0z , respectively, determine the initial time value and the initial position of the 159 

null string on the z  axis. The motion of a closed null string in the negative direction of the z axis 160 
corresponds to the case 0z z   . The motion of a closed null string in the positive direction of the z 161 

axis describes the case 0z z   . 162 

If, on some segment, a closed null string radially increases or decreases its size (radius) while 163 
being on the surface 0z z , then the “trajectory” of motion is determined by the equalities 164 

   0 0 0 0 1,  ,  ,  ,  ; ,  0;2 ,t t R z z                                    (2) 165 
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where the constants 0t  and 0R , respectively, determine the initial time value and the initial radius 166 

of the null string. The case 0R    describes radial compression, and the case 0R    167 

describes the radial expansion of a closed null string. It is assumed that 168 

0 1 0 0 0 00,  0.R r R r                                       (3) 169 

In the equalities (3), the constant 0r   is the radius of the null string at the initial moment of time 170 

( 0t   ) for the case of radial expansion, and 0r  is the radius of the null string at the final moment of 171 

time ( 1t   ) for the case of radial compression. 172 

Since for trajectories of a null string (1), (2), the shape of a null string is preserved during motion 173 
(remains a circle), the metric functions ( , , )mn mng g t z . Then, using the invariance of the quadratic 174 

form with respect to the inversion of   on  , we obtain 02 12 32 0g g g   . 175 

It can also be noted that for the cases shown in Fig. 1, and Fig. 2, on time scales much larger than 176 
the time of one full cycle of oscillation of the null string (or at distances for which the geometric 177 
dimensions of the particles shown in Fig. 1 and Fig. 2 can be neglected), the functions of the required 178 
quadratic form must be invariant under the simultaneous inversion t t , z z , i.e., 179 

( , , ) ( , , )mn mng t z g t z    .                               (4) 180 

The consequence of (4) is 01 31 0g g  . Also, using the freedom to choose coordinate systems in 181 

GR, we partially fix it by the requirement 03 0g  . Thus, the quadratic form for the problem being 182 

solved can be represented as 183 
2 2 2 2 2 2 2( ) ( ) ( ) ( )dS e dt A d B d e dz      ,                   (5) 184 

where ,  ,  ,  A B   are functions of the variables ,  ,  t z . 185 

3. Null string motion 186 

The motion of a null string in a pseudo-Riemannian space-time is determined by the system of 187 
equations [23]  188 

, , , 0p q
pqx x x 

     ,                                   (6) 189 

, , , ,0,     0g x x g x x   
       ,                             (7) 190 

where g  is the metric tensor, and pq
  are Christoffel symbols for the external space-time, 191 

,
p px x    , ,x x 

    , the indices ,  ,  ,  p q   take values 0, 1, 2, 3, and the functions 192 

( , )x    determine the motion trajectory (the world surface) of the null string. 193 

Since the trajectories (1) and (2) simulate the motion of gravitationally interacting null strings, 194 
on the corresponding segments of the trajectories shown in Fig. 1, and Fig. 2, then the functions 195 

( , )x   , 0,...,3  , must be particular solutions of the equations of motion of a null string. In this 196 

case, the analysis of the equations of motion can give additional restrictions on the functions of the 197 
quadratic form (5). 198 

For trajectories (1), equations (7) lead to the equality 199 
2 2e e  ,                                      (8) 200 

and for trajectories (2), to the equality 201 
2e A  .                                       (9) 202 

For (8), (9), the quadratic form (5) takes the form 203 

 2 2 2 2 2 2( ) ( ) ( ) ( )dS e dt d dz B d      ,                     (10) 204 

where ,  B  are functions of the variables ,  ,  t z . 205 

Note that on each of the segments: l lA B , l lB C , l lC D , l lD A , 1,  2l   (see Fig. 1, Fig. 2), the null 206 

strings forming the primary particle move towards each other (in opposite directions). Then, the 207 
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functions defining the trajectories of the interacting null strings, for each of the segments, must 208 
simultaneously satisfy the equations of motion (6). 209 

For the case of motion of a closed null string of constant radius in the negative direction of the 210 

z  axis, equations of motion (6), for (1), (10), lead to the only equation 211 

, , 0t z   .                                       (11) 212 

For the case of motion of a closed null string of constant radius in the positive direction of the 213 
z  axis, equations of motion (6), for (1), (10), lead to the equation 214 

, , 0t z   .                                       (12) 215 

The joint solution of equations (11), (12) is 216 
( )   .                                        (13) 217 

Equations of motion (6), taking into account (2), for the case of radial compression and radial 218 
expansion of a closed null string located in the plane lead to the equations 219 

, , 0t    ,                                      (14) 220 

, , 0t    .                                      (15) 221 

The joint solution of equations (14), (15) is 222 
( )z  .                                      (16) 223 

The consequence of the equalities (13), (16) is 0 const   . Without loss of generality, we can 224 

fix the value of the constant 0 0  , then we finally get 225 
2 1e   .                                       (17) 226 

4. Einstein's equations solution 227 

If functions ( , )lx    define the trajectory of motion (world surface) of a null string, which 228 

moves in a pseudo-Riemannian space-time with the metric tensor mng . Then the components of the 229 

energy-momentum tensor of such a null string are determined by the equalities [23] 230 

 4
, , ( , )mn m n l lT g d d x x x x         ,                   (18) 231 

where indexes ,  ,  m n l  take values 0,1,2,3, mng g , .const   232 

According to (18) outside the null string, i.e. in the region where ( , )l lx x   , 0,...,3l  , all 233 

components of the null string energy-momentum tensor are identically zero. In this article, we 234 
investigate the asymptotics of the gravitational field of primary particles (i.e., we are looking for a 235 
solution in empty space surrounding the primary particle). Then, without loss of generality, we can 236 
assume that all components of the energy-momentum tensor of gravitationally-interacting null 237 
strings in the investigated region are equal to zero. 238 

In the investigated region of space-time, the Einstein system of equations, for the quadratic 239 
form (10), (17), can be represented as 240 

2

, ,

,

1
0

2

t t

t

B B

B B

   
    

   
,                              (19) 241 

2

, ,

,

1
0

2

z z

z

B B

B B

   
    

   
,                              (20) 242 

2

, ,

,

1
0

2

B B

B B

 



   
    

   
,                             (21) 243 

, , ,

,

1
0

2

z t z

t

B B B

B B B

 
  

 
,                              (22) 244 
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, ,,

,

1
0

2

t

t

B BB

B B B

  
  

 
,                              (23) 245 

, , ,

,

1
0

2

z

z

B B B

B B B

  
  

 
.                             (24) 246 

The solution to equations (19) - (24) can be represented as 247 

 
2

1 2 3B t z      ,                             (25) 248 

where 1 , 2 , and 3  are constants. 249 

Since the function B  must be invariant under the simultaneous inversion of t t , z z , 250 
the consequence of (4) is 251 

1 2 0   .                                   (26) 252 

Also, without loss of generality, you can fix the value of the constant                             253 

3 1  .                                        (27) 254 

For constant values (26), (27), we find 255 
2B  .                                       (28) 256 

Applying (17), (28), for (10), we obtain the expression for the required quadratic form 257 
2 2 2 2 2 2dS dt d d dz      .                          (29) 258 

4. Discussion 259 

It should be noted once again that the found solution (29) should be considered only as the 260 
asymptotics of the gravitational field of particles structurally consisting of gravitationally interacting 261 
null strings. It is incorrect to say that null strings forming particles, the trajectories of which are 262 
shown in Fig. 1, and Fig. 2, move in the Minkowski space-time, because when constructing the 263 
solution (29) we applied a number of approximations: 264 

 The trajectory of motion of each of the interacting null strings (see Fig. 1, and Fig. 2) consists 265 
of four segments. On two of these segments, the null string moves with a constant radius, 266 
and on two more segments, the null string radially decreases or radially increases its size 267 
(radius). This approximation allowed us to obtain the equalities (8), (9), and (17). However, 268 
this approximation can be considered correct only at distances much larger than the size of 269 
the region inside which oscillations of interacting null strings occur; 270 

 Symmetry of metric functions with respect to the simultaneous inversion t t , z z  271 

(equality (4)), the application of which made it possible to reduce the quadratic form to the 272 
form (5), can be considered correct only on time scales much larger than the time of one full 273 
cycle of oscillation of null strings forming a particle, or at distances much larger than the 274 
dimensions of the region inside which oscillations of interacting null strings occur. 275 

It is important to note that in the case when the observation time scale is comparable to the time 276 
of one complete cycle of oscillation of the null strings that form the primary particle. Or in the case 277 
when the size of the study region is comparable to the size of the region inside which the oscillations 278 
of the null strings that form the primary particle occur. Then, in these cases, in a gas of null strings, 279 
significant deviations of the gravitational field from the flat Minkowski space-time should be 280 
observed. 281 

5. Conclusions  282 

It is interesting that since by the term “null string'” we mean a thin tube of a massless scalar 283 
field, then, in fact, physical processes in a gas of null strings are processes in a structured massless 284 
scalar field. The gravitational (curvature) interaction between the structural elements of this field 285 
(thin tubes) leads to the formation of primary particles that have a nonzero rest mass. By interacting, 286 
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such particles can combine into various multiparticle structures (“macro” objects). The “lifetime” of 287 
both primary particles and “macro” objects formed in a structured scalar field can be different, but 288 
the result of their existence is the appearance of mass in the scalar field. Since the interaction 289 
between primary particles depends on the “direction” of motion of the null strings forming the 290 
particle (it depends on the direction of the vector that characterizes the “direction” of motion of the 291 
null strings forming the primary particle). The consequence of gravitational (curvature) interaction 292 
in a structured scalar field is the appearance of a vector field, the formation of which is associated 293 
with the peculiarity of interaction between various global structures of the scalar field. In this case, 294 
time-stable “macro” objects are sources of structures that form a “field”, and also are sources of an 295 
external vector field. 296 

It seems interesting to consider a structured massless scalar field (a gas of thin closed tubes) as 297 
the initial matter of the Universe. With such a choice, it may become possible to reduce all known 298 
types of interaction to various realizations of curvature (gravitational) interaction between elements 299 
(formed structures) of such a gas. In fact, it becomes possible to combine the concepts of “substance” 300 
and “field”. The advantages of such a model include its four-dimensionality, as well as the obvious 301 
quantum properties of “macro” structures and “macro” processes that can be observed in such a gas. 302 
In essence, a future theory describing processes in a gas of thin tubes of a massless scalar field can be 303 
considered as a possible example of a hybrid theory. Since this theory should be partly quantum (for 304 
“macro” structures and “macro” processes) and partly classical (motion of the “null strings” forming 305 
a gas). 306 
 307 

To my friend and colleague Marina Glumova. She fought bravely, but lost her personal battle 308 
with COVID-19. 309 
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