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. The search for new particles beyond the Standard Model at
accelerators is undoubtedly one of the main tasks of modern
nuclear physics. On the other hand, the interpretation of the
spectra of soft photons in collisions of high-energy elementary
particles is also a mystery for elementary particle physics.

Using the black body formula, it is possible to describe both the spectra of
strange particles and the spectra of new particles X17 and X38 with the
found temperature already for a “cold” electromagnetic plasma, when

compared with experimental data for soft photons.

As-is known , rotation curves of rotation of stars of our Galaxy -
the Milky Way and other galaxies cannot be explained without
involving hidden mass - dark matter. This is currently one of the
main| issues of modern Natural Science. A  possible
interpretation of the increasing speed with distance from the
center of the Galaxy is the inclusion of a dark matter halo

In this paper, within the framework of the equations of non-
relativistic hydrodynamics for dark matter, taking into account
the gravitational interaction, we obtained an approximate

solution to the problem.
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In [1-3], we have shown the manifestation of new X17 and X38 particles with masses of
17 MeV and 38 MeV from the spectra of soft photons in collisions of protons and nuclei
at high energies. They were discovered earfier in the experiments of the Hungarian
ATOMK] group (boson X17) and in collisions of protons and high-energy nuclei at the
International Nuclear Centers CERN (Switzerland) (boson X17) and JINR, (Dubna)
(boson X38). These new particles can be considered dark matter particles. Recall that the
visible part of the mass of the Universe is only 5% in the Universe. The obtained
indications of the existence of these new particles need independent confirmation.

V' That is, such an interpretation of the spectrum of soft photons (its hardening) can serve
as another evidence in _favor of the existence of a new particle, the X17 boson. On the
same Figure 1 also shows the contribution of photons from the decay of another new
particle, the X38 boson with a mass of 38 MeV/ (dash-dotted [ine) predicted in
experiments carried out in Dubna [5]. However, its contribution appears only at the tail
of the spectrum and is weaRly visible in the figure. Note that such a hardening of the
photon spectrum is not obtained due to the contribution of photons from the hot spot.
Since in this case its contribution is 10 times less than the total cross section, and the

hoton mass s zero, the ﬁarc{eng%Oo Mt@e g)/{il?t(gnzggfctrum in the energy region of 20
MeV due to the higher hot spat temperazure is Still negligibly small. S T AR S T
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Dark matter for soft photons
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contribution from the X17 boson,
the calculation underestimates
. the experimental data, and taking
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Rotation Curves

W« Inthe hydrodynamic continuity equation, we included a term of dark
N\ matter annihilation proportional to Ap? , where p is the particle density,
\ the particle annihilation coefficient is equal to

N A=<cu>/m, (1)

* where <ou> is the annihilation cross-section, m, is the mass of dark

\Y matter particles [8,9]. As a result, we consider a system of hydrodynamic

\ equations for dark matter in spherical coordinates, where equation (2) is

\ | the continuity equation for the density p, taking into account the
annihilation of dark matter, equation (3) is the Euler equation for the

\ velocity v, taking into account the gravitational potential ¢, for which we

\ use the Poisson equation, where G is the gravitational constant

\, Op O(répv ov
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Equations

The velocity i = U +0, can be represented as radial and tangential
velocities, respectively. Assuming that the distribution function of dark
matter particles is isotropic, we can assume that v, =u_=v. In addition,
p(rt) =p(r), u(r,t)=u(r), and @(rt)= cp(r) are mdependent of time. From

equation (3) we find d(‘; 16:) =, d; v =L :—j—@ér Therefore
t t| |r r

2
d d(r 1 d(r?

2
d(rv ) A {d(rv?)
dr dr T aGr2l dr 1 (8)
d%v _dv  4r(dv F T A v2 4y dv dv 4
2r +5—+ ( j + + +4(—j =0. (9
dr2 dr v {dr 47G| 2  r dr dr
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Solution of the equations

This nonlinear differential equation of the second order has a singularity
at the origin, which is a generally recognized feature and difficulty in the
hydrodynamic interpretation of rotational curves. However, by lowering
the order of the equation, we have circumvented this difficulty. If we
substitute u=Ceprqdr, into equation (9) where g is an unknown function,
C is a constant. Then from (9) we obtain an equation for g, which we

consider a smooth function ( 3_‘::%4:0 ).In this approximation
r
2 4
(6rq2 +5q)(—+qj
AC | |t |, il (10)

q L
47G 1 4 2 1 4 2
( =414 ] (r2+rq+4q2]
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Problem solution

Keeping only the leading terms close r—>0 , we find that
approximately, taking into account the two roots of equation (10) and
the choice of constants, when the velocity vanishes at I' = (

iy e

2+——60r

\/ AC T2 (11)
12 12

’ v~ Csin

which depends on the choice of constant C. We find the constant C by
comparing the solution (11) for the transverse velocity with the
experimental rotation curves of our Galaxy [11]. In our case, it turns out
thatC ~ 200km/s. With this choice of constant C, we manage to reproduce
the increase in velocity v with distance r from the center of the Galaxy
due to dark matter. In this case, as the constant <cu> we use the value
102° cm3/s [12] and A=3*10°cm3/s/g, the constant G = 6.67 10!
m3/kg/s%. With a mass of dark matter particles of the order of 10-100
MeV, or more precisely 17 MeV, expression (11) agrees with the
available experimental data [11].
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\) Figure shows the dependence of the velocity v on the distance r according to
\ formula (11) (red line), the contribution to the transverse velocity due to

\ attraction to the center of the Galaxy without taking into account dark matter
\) (blue dashed line) (contribution of the bungee and disk), the resulting curve
(blue line) taking into account the contribution of dark matter according to
V (11), red dots are experimental data from [11].
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DISCUSSION

As a result of comparison with the experimental slope of the rotation
curve, it turned out that this corresponds to a dark matter particle mass
of about 10-100 MeV. This is close in mass to the new particles X17 and
X38 with masses of 17 MeV and 38 MeV, respectively. The interpretation
[6,7] of the detection of which at accelerators and their discovery by the
Hungarian group ATOMKI [6,7] in Be-8 decays were discussed by us
earlier [13,14]. The fact that the mass of dark matter particles turns out
to be about 17 MeV can also be seen from equation (7).

Indeed, knowing the average density of matter in our Galaxy p =
1.8'10-2* kg/cm3, for r=3 *10 kpc we obtain

v Apr ~ 10720/ (17*%1.6-10727.107°)1.8-1072% .3-10-10%km /s ~ 200km / 5

A similar assessment is given in [15] The matter remains to be seen in
subsequent experiments.
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DISCUSSION 0f New particles

The X17 boson predicted in Refs [6, 7] may manifest itself in the
spectrum of soft photons. This was reported in Wong's papers [8, 9] as
well as in our papers [1-3]. Wong [16] proposed an interpretation of this
boson as a result of combining QCD and QED. In this case, the union is
performed for two-dimensional QCD, QED, in the tube model

In [1], we proposed a modified tube model. In this case, as well as Wong
[16], we consider both the hadronic tube at the coupling constant

0=t and the electromagnetic tube at o=o.=1/137 . The tube radii are
determined from the minimum energy per unit Iength and the strong
interaction constant is o =0.5 .According to the model of a tube
stretched between two quarks [1], one can find the masses of the
resulting hadrons, and in the case of an electromagnetic tube, the mass
of the X17 boson. In this case, according to [18, 19], the energy density
.of the tube consists of two terms:

p= A+G (12)
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The first term A'is determined by the field strength . If the field were distributed uniformly, then the
energy per unit length of the tube of radius | would be distributed into the hemisphere, equal to
A= E24—nr2 %Eznr2 (13)

T
But, since in the direction of the length of the tube it is necessary to sum only the solid angles multiplied

by bsal the projections of the unit vector onto the direction of the tube, then the solid angle
/2 21
14
Q= I cos@sin@d@jd(p:n (14)
0 0

but not 271: o Tha'['S Why

Q 1
A=E24—nnr2:ZE2nr2 , (15)
where the intensity m/2 r . :
i — L Exrl , and intensit
Lo E  fluxis @= j Ecosede_[andr = Enr y
0 0
()] g : ] g°
E= o117 and the coupling constant | g ==— I is the radius of the tube.
r 118
Hence A — [ (16)
2
r
The second term is expressed in terms of the bag pB=0.17 GeV/fm3[12]:
constant
G=Bmr? %

Os

(17)

where we introduced the ratio of the constant “to the strong interaction constant ag - Here
= -1
fm=5 GeV 22 Lomcon MSU 26 August|2025 14
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For an oscillating rectilinear string-tube, we obtain [10] the mass :

M2 = 21pn (18)
o °  Where nis the quantum number. For the hadron tube at n=1, we obtain

VoM ~152MeV for the = -meson. But if the bag constant is chosen equal to

0.13 GeV/fm3, then for the °- meson we obtain aM ~140MeV value that is
closer to the experimental one. For an electromagnetic tube with the
same tube radius, we obtain the mass of the neutral X17 boson 17 MeV.
According to the formulam? = 2npm —, resonances can also be obtained,
where m is a multiple folded string with rotation. So you can get the
P mass - meson, and for the electromagnetic string we get the mass of the
X38 boson 34 MeV at m=4 obtained in Wong's work in a different way.

V-« Note that these results were obtained in our approach using formulas

~ different from Wong's. In his work [16], Wong proposes to interpret the
X17 boson as a dark matter particle, since it is neutral, not a baryon, and
can be a composite particle of large-mass astrophysical objects.

22 Lamcan MSU 26 August 2025 15
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Ultrahigh energy cosmic ray

In this paper, it is proposed to check the manifestation of these new particles in the spectra of cosmic
rays of ultrahigh energies of the order of 10'° eV. Indeed, bursts in the spectrum of cosmic rays in the
energy region of 10! GeV were obtained in [21, 22], which are interpreted in [23] as a manifestation of a
dark photon. This dark photon has a mass different from zero, but very small, less than 10 eV.

We propose an interpretation of these bursts as a contribution from the decay of new X17 and X38
particles in the framework of our approach [1-3]. Indeed, the contribution from the decay of the X boson
into photons can be approximately represented as
’ dN m? +(p—p,)2 —m

N e — (ot g -
where m is the mass of the X-boson, p ’is the momentum, T is the temperature, G is the effective
Lorentz factor, taking into account the motion of X bosons in cosmic rays, p, is the position of the burst.

In order to determine the temperature T and the factor G, we use an approximation of the cosmic
radiation spectrum before the burst

d—ND exp(—BGj %)
dE T

which is _known and approximately proportional to E-3 . From here we find G, assuming that the
temperature T ~14 MeV is about 10 times less than the temperature of hadrons 140 MeV, since we are
interested in electromagnetic interactions. The same is true and of our X-bosons. Included in formula (8)
is found from the definition of the peak maximum.

Approximately P — Py # T / Grelative to the tail of the spectrum (9) for small m . As a result, we compared
this with experimental data. We compared the experimental points from [13, 14] and the data from [15]
for an ultralight dark photon

22 Lomcon MSU 26 August 2025 16
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Figure. Spectrum of ultrahigh-energy cosmic rays. Experimental points from [21, 22]. The solid curve 1
is the spectrum from a dark photon from [23]. Solid curve 2 is our spectrum of photons from the X17
boson decay in accordance with formula (19), dashed curve without taking into account the boson
decay according to formula (20), Solid curve 3 corresponds to a mass of 1000 MeV, curve 4
corresponds to a mass of 10 GeV, dashed curve 5 corresponds to mass 100 GeV

Curve 1 from

P, Tantirangsri, D. Samart, C. Pongkitivanichkul. ArXiv 2301.11122 v1[hep-ph].
Points from

M. Takeda, N. Hayashida, K. Honda et al. Phys.Rev. Lett. 81, 1163 (1998).
D.J. Bird, S.C. Corbat6, H.Y.Dai et al. Phys.Rev. Lett. 71, 3401 (1993).
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CONCLUSION

\9 Thus, we are convinced that one more confirmation of the
g existence of X17 and X38 bosons with masses of 17 MeV and
" 38 MeV has been obtained in the light of experimental data
Y from cosmic rays for ultrahigh energies that are not
Y achievable with modern accelerators. Heavy particles of
large mass also do not contradict these experimental data.

9 As a result of comparison with the experimental slope of the
o rotation curve, it turned out that this corresponds to a dark
~ matter particle mass of about 10-100 MeV. This is close in
\V mass to the new particles X17 and X38 with masses of 17
Y MeV-and 38 MeV, respectively

22 Loamcon MSU 26 August 2025

18
presentation-creation.ru




References

1. A.T. D’yachenko, Phys. Atom. Nucl. 83, 1597( 2020).
2. A.T. D’yachenko, Phys. Atom. Nucl. 85, 1028(2022)
3.A.T. D'yachenko, A.A. Verisokina, M.A.Verisokina, Acta Phys. Polonica. B-Proc. Suppl. 14, 761(2021).
4.A.Belogianni et al., Phys. Lett. B548, 129 (2002).
5.K.Abraamyan, C. Austin, M. Baznat, et al., EPJ Web of Conf. 204, 08004 (2019); arXiv: 1208.3829
6. A.J. Krasznahorkay, M. Csatlos, L. Csige, et al., Phys. Rev. Lett. 116, 042501 (2016); arXiv: 1504.01527
7.A..J. Krasznahorkay, M. Csatlos, L. Csige, et al., Phys.Rev. C 104, 044003 (2021); e-Print 2104.10075 [nucl-ex].
8.A.F.Jopowkesny,B.U. flyKaw, E.B. Muxeesa, YOH, 182, 5(2012).
9.B.C. bepesnHckuit, B.WN. Alokyyaes, H0.H. EpolwieHko, YOH, 184, 3 (2014).
10. J G. Mamprim1, G. Gambini, L. B. Arbeletchel,M. Olegario, V. Souzal;
https://arxiv.org/abs/2502.11958
11. F. Combes, J. Lequeux, The Milky Way: Structure, Dynamics, Formation and Evolution.
— Les Ulis: EDP Sciences, 2016. — 195 p. — ISBN 978-2-7598-1915-7.
12. R..Brant ,Z. Andrew Phys. Rev. D 79 083525 (2009)
13.A.T. ObsayeHKo, AD, 86, 259 (2023)
14.M.B. Apxunos, A.T. [lbaueHko, MNMucbma B KT, 50 (23),11(2024).

15. B. B. Kamenetskaia, J.-C. Park , M. Reichard , and G. Tomar, Investigating sub-MeV dark matter annihilation to neutrinos using direct detection
experiments. arXiv:2505.07403v1 [hep-ph] 12 May 2025

16.C.Y. Wong, JHEP, 08165 (2020); arXiv: 2001.04864v1 [nucl-th]
17.C.Y. Wong, Phys. Rev. C 81, 064903 (.2010).

18.V.A.Abramovsky, E.V. Gedalin, E.G. Gurvich, and Q.V. Kancheli. Inelastic interactions at high energies and the chromodynamics. Thilisi:
Metsniereba, 1986.

19.B.M. Barbashov and V.V. Nesterenko. Relativistic string model in hadron physics.-M. Energoatomizdat, 1987.
20.V.M. Emelyanav, S.L. Timoshenko, and M.N. Strikhanov. Introduction to relativistic nuclear physics. - M .: Fizmatlit, 2004

21.M. Takeda, N. Hayashida, K. Honda et al. Extension of the cosmic-ray energy spectrum beyond the predicted Greisen-Zatsepin-Kuz'min cutoff //
Phys.Rev. Lett. 81, 1163 (1998).

224.D.J. Bird, S.C. Corbatd, H.Y.Dai et al. Evidence for correlated changes in the spectrum and composition of cosmic rays at extremely high
energies.// Phys.Rev. Lett. 71, 3401 (1993)

23.P, Tantirangsri, D. Samart, C. Pongkitivanichkul. Dark photon bremsstrahlung and ultra-high —energy cosmic ray. ArXiv-2301.11122 vi[hep-ph].

22 tomconMSU-26August 2025
19

presentation-creation.ru


https://arxiv.org/abs/2502.11958
https://ru.wikipedia.org/wiki/EDP_Sciences
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/9782759819157

44

erererr

—A

THANK YOU t

22 Lamcan MSU 26 August 2025

20
presentation-creation.ru



