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On the question of the detection of new particles possible candidates

for the role of dark matter particles
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It is proposed to improve the agreement with experimental data in comparison with the previous works of the
spectrum of soft photons in terms of transverse momentum in pp collisions with an incident proton momentum of
450 GeV/c in order to clearly isolate the signal about the detection of the X17 boson. An interpretation has been
proposed for the detection of a boson with a mass of 38 MeV in the spectra of photons emitted in reactions of
protons with carbon nuclei at an incident proton momentum of 5.5 GeV/c
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Hardening of the soft photon spectrum in particle
collisions is a puzzle for nuclear physicists. At the
same time, while signals from the Large Hadron Collider
corresponding to new particles outside the Standard Model
are lacking, the search for such particles remains one of the
primary goals of modern physics. Relying on the works of
Fermi [1], Pomeranchuk [2], and Landau [3] focused on the
statistical model of multiple particle production, we used the
thermodynamic model [4,5] to interpret [5-8] the spectra
of soft photons in terms of transverse momentum in pp
collisions with an incident proton momentum of 450 GeV/c
(c is the speed of light) [9].

The aim of the present study is to characterize the
features of the spectrum of soft photons by isolating
a well-pronounced contribution of new particles while
improving the statistical model for the adiabatic reduction in
temperature at the stage of expansion of a composite system
and taking into account the correction to the Boltzmann
distribution of multiplicity of emitted photons.

It was noted in [9] that the traditional bremsstrahlung
mechanism cannot reproduce the obtained spectrum of
soft photons. The introduction of a new particle (the
X17 boson with a mass of 17 MeV, which was discovered
in the Hungarian ATOMKI group experiment [10]) helps
rectify this discrepancy. The mentioned boson is neutral,
is not a baryon, and, consequently, may be regarded as
a candidate dark matter particle, but the ATOMKI data
require independent confirmation. Trying to explain the
results reported in [9], Wong [11] has simply adjusted the
temperatures for the unperturbed photon spectrum and the
X17 boson contribution.

We have determined this temperature and calculated
the corresponding contribution from the decay of the X17
boson into two photons. We have also clarified the effect
of the X38 boson with a mass of 38 MeV, which was
discovered in reactions of protons with carbon nuclei at

an incident proton momentum of 5.5GeV/c [12], on the
photon spectrum. Several different explanations have been
proposed for the existence of these particles, such as the
existence of the fifth force [13-15], dark matter [16-18],
an axion [19,20], an instanton [21], a QED meson (QED is
quantum electrodynamics) [22], or a tetraquark [23]. An
interpretation of new bosons within the electromagnetic
tube model with unified two-dimensional quantum chromo-
dynamics and two-dimensional quantum electrodynamics
has been discussed in [4,5]. The masses of bosons X17
and X38 were obtained this way.

The following distribution for massless (m = 0) and mas-
sive (M > 0) particles is more correct than the distribution
of multiplicity N by transverse momentum used in [4-8]:

dN m +p: —m
apr —CTPT\/EGXP<—7>’ (1)

where pr is the transverse momentum, m is the particle
mass, and C is the normalization factor. One needs to use
ultrarelativistic hydrodynamics to determine temperature
T. Additional (compared to the previous analysis) factor
v/Pr outside the exponential function arises in transition
from the Bose—Einstein distribution to the Boltzmann
distribution [24]. Tt is possible to introduce the microcanon-
ical distribution or non-extensive Tsallis statistics [25] into
analysis, but we do not do this here.

Instead, we simplify the description. We believe that
owing to the redistribution of initial energy Ep in three
directions, a third of the energy is converted into thermal
one, and the remaining part is converted into kinetic
energy of the longitudinal expansion of a Lorentz-contracted
system. Indeed, since Pascal’s law is actually fulfilled in the
present case, the mean squares of projections of particle
momenta

(P = (p)) = (p2) = P*/9 (2)
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a — Experimental spectrum of soft photons [9] (dots) and the results of calculations with the X17 boson (curve /) and without it
(curve 2). Curve 3 — contribution from the X17 boson; curve 4 — contribution from the X38 boson with a mass of 38 MeV. b — The
same experimental data from [9] (dots) with the background (curve 2 in panel a, which was calculated using formula (1)) subtracted.
The net contribution of bosons X17 and X38 is represented by curve I, while curves 2 and 3 correspond to the individual contributions

of bosons X17 and X38, respectively.

may be expressed in terms of total momentum p. However,
pressure P is the average value of the momentum projection
flux through unit surface (P = \/(p2)nc), and energy
density e = ncp, where n is the particle number density
and c is the speed of light. Therefore, we obtain an
ultrarelativistic equation of state
e
P= 3 (3)
At relativistic energies, the number of particles is not
conserved, but may be determined from equilibrium con-
siderations. Specifically, thermodynamic potential

®=E+PV-TS (4)

is expressed in terms of energy E, pressure P, entropy S
volume V, and temperature T. Since ® = uN and chemical
potential u turns to zero at equilibrium (ie., g—ﬁ =0),
the following relation holds true for energy density e and
entropy density S:

e+P=Ts (5)

Using known relations

dE = —PdV + TdS, dP = sdT, (6)
and taking (3) into account, we find
s=s0(T/To)’,  e=ey(T/To)*, (7)

where constants Sy and €, are determined from the initial
conditions. The temperature of massless particles is deter-
mined this way [4,5]. This is how one can characterize the
transverse momentum distribution for the resulting plasma
with strong interaction [4].

Our interpretation of the photon momentum spectra con-
sists in the use of formula (1) at m = 0 with the temperature
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for photons set according to (7), where, owing to the
smallness of the coupling constant for the electromagnetic
interaction, initial kinetic energy Ey of protons in the center-
of-mass system was reduced by the corresponding factor
(ie., by a factor of 137 x 14.7, as in [5]). The number of
emitted particles and their energy are proportional to the
coupling constant, which is 14.7 for the strong interaction
and 1/137 for the electromagnetic interaction. Here, energy

E, = \/2mpcz(2mpc2 +E) - 2mpc2,
where E; = ,/p?c? +mic* —myc? is the kinetic energy
in the laboratory system, p = 450GeV/c is the incident
proton momentum, and my is the proton mass. The reduced
temperature of electromagnetic plasma [4.5] corresponding
to thermal energy Er = Ej/3 was found to be equal to
T =3.8MeV. In contrast to [5-8], we introduced the
additional isentropic temperature reduction according to
relation (7) using the formula

T3V = T3 Vo, (8)

where Ty is the initial temperature prior to expansion [5]
and Vp/V = G is the Lorentz volume contraction.

The contribution of photon emission in the X17 boson
decay may be presented in the form [5], but modified
to include factor ,/pr and with the same normalizing
coefficient as in formula (1) (see the figure).

This interpretation of the spectrum of soft photons (its
hardening) may be regarded as further evidence in favor
of the existence of a new particle (the X17 boson). The
contribution of the X38 boson, which was predicted in
experiments carried out in Dubna [12], is also consistent
with these experimental data.

Having refined the calculation here, we managed to
obtain a better description of the soft exponential part of
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the spectrum of emitted photons and isolate clearly the
contribution of the decay of bosons X17 and X38 into two
photons in relativistic kinematics (see panel b in the figure).
At its maximum, the X17 boson contribution is on the order
of four standard deviations. However, further experimental
confirmation is needed. These new particles may manifest
themselves in cosmic rays of ultra-high energies on the
order of 10'' GeV, which cannot be probed at modern
accelerators. We were able to reproduce the burst detected
in experiments [26,27] by introducing bosons X17 and X38
into calculations. An approximation of the experimental
spectrum of cosmic rays proportional to E~* and the con-
tribution of the X-boson decay into photons characterized
in accordance with blackbody radiation relations were used
in the corresponding formulae.

Blackbody radiation finds wide application in experimen-
tal physics and engineering [28,29]. Note that our approach
may be used to create black absorbers and emitters (warm
»black holes®) in nanoelectronics [30], and modifications of
blackbody radiation for ,)black holes” may help substantiate
phenomenological quantum gravity [31].

Thus, a simple thermodynamic model for the emission
of soft photons, which play a significant role in cosmology
and may be related directly to dark matter decays [32], was
proposed.
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