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Abstract

The positive hyperon production asymmetries that have been measured at LHC are real demonstrations of
string junction role in the baryon charge transfer at baryon production in HE proton-proton interactions.
In order to invent the neutral heavy particle with zero baryon charge as a candidate for Dark Matter, it is
necessary to turn back to the times of dual topological unitarization of hadroproduction physics, where
the pomeron exchanges play a leading role with the growing energies. The topological presentation of
pomeron exchange at the HE proton-proton collision is a cylinder that is covered with a quark-gluon net.
Taking into account the fact that the junction of three gluons (S]) has a positive baryon number, as well as
the antijunction (antiS]) is of negative baryon charge, the neutral self-connected baryonium configuration
with zero baryon charge is a torus that is covered by a discrete number of hexagons with 3 string junction
and 3 antijunction vertices each. The possibilities of observing such baryonium tori are discussed in this
paper for three cases: collision at p-p colliders, collision of cosmic particles with atmosphere, and inside
the relativistic jet at the Active Galaxy Nuclei as well.
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1. INTRODUCTION

Historically, the term baryonium appears in the 1970th, based
on the experimental expectations [1]. The definition was done
in [2]: “it was quickly realized by J. Rosner that duality for
baryons implies new particles family—combination of two
quarks with two antiquarks. Assuming these new states to
be long-sought Rosner exotics, they have tentatively dubbed
“baryonium”.” The main feature of baryonium was marked in
[3]: “The most striking property of baryonium states is the ex-
istence of selection rules, which forbids baryonium decay into
purely mesonic states.” This actually means the absence of an-
nihilation between baryon and antibaryon. At the same time,
the string interpretation of dual topological models was de-
veloped [4] that led to topological expansion of pomeron di-
agrams, which are responsible for HE hadron production. The
studies on various colliders [5, 6] have shown that the baryon
charge is transferred by string junction (SJ), the configuration
of three gluons, which is connecting three quarks in the baryon
and, correspondingly, the same for antiS] in antibaryon. The
purpose of this work is to build the objects from SJs and anti-
SJs, which are self-connected, have zero baryon charge, and are
of valuable masses, in order to present them as baryonium DM
candidates.

2. STRUCTURE AND MASSES OF
BARYONIUM TOROIDAL PARTICLES

Structure of baryonium DM particles was discussed in [7]. The
idea was based on the hexagon diagram with three proton SJ
and three antiproton ones, see Figure 1. In such a way, this con-
struction is neutral with zero baryon charge. The hexagons can
be collected into the net, and this hexagon net is able to be self-
connected. It can be closed only on the surface of torus. The
number of hexagons is discrete, and the number of gluon ver-

tices is Ngjiants] = 2Nhexagon- I this hypothesis, the baryonium
means the nucleon-antinucleon construction with one param-
eter, it’s mass that depends on the number of hidden baryon
charge: Ngjants). The mass of baryonium DM particle is dis-
crete because of the discrete number of hexagons, which can be
closed on the torus.

The self-connected SJ-antiS] construction, see Figure 2, cer-
tainly has a discrete progression of masses.

The invisible neutral states of hadron matter have been
studied in [8, 9], where the masses of possible prehadronic
neutral QCD states go with the progression: M, = 0.251
"1 GeV. The lowest mass can be interpreted as a construc-
tion of just one SJ with one antiS]. The first state with a mass of
0.25GeV should be the proton-antiproton SJ-antiS] state, which
has reduced its mass almost 8 times. This neutral baryon-
antibaryon construction can be easily incorporated into the nu-
cleon.

3. TOROIDAL BARIONIUM DM

Let us consider where the baryonium Dark Matter (BDM) can
be met. First of all, it should participate in multipomeron ex-
changes in proton-proton collisions at LHC and certainly play
an important role in the relativistic jets from Supermassive
Black Holes (SMBHSs). There are also a lot of puzzles and mys-
teries in the physics of cosmic rays that could be explained by
BDM collision with the atmosphere.

3.1. BDMat LHC

Double diffraction dissociation (DD) is a next-order contribu-
tion in the topological expansion after the pomeron exchange
and should be presented as one pomeron diagram with a
pomeron loop in the center, see Figure 3. Actually, the DD
configuration is similar to a cylinder with a handle that takes
1/N f4 part from the single pomeron exchange cross section
that is 1.2 percent of 0y,e;. Looking at the pomeron loop in this
diagram, we are realizing that it is SJ-antiS] torus, or BDM, in
3D topology.

If the central pomeron loop (PL) is not cut, we have the DD
spectra of produced hadrons: two intervals at the ends of the
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FIGURE 1: The hexagon diagram for the connection of 3 SJs and
3 antiSJs with zero baryon charge.
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FIGURE 2: The 6 hexagon net and torus that is covered with the
net of 12 connected SJ-antiS] vertices.
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FIGURE 3: The pomeron loop in pomeron-with-handle order of
topological expansion: the crosses mean the possible cuts.

rapidity range, which are populated with particles of multiple
production, and the valuable gap in the center of rapidity. Oth-
erwise, if both sides of PL are cut, we have the same gap in
the center that is populated with produced hadrons of doubled
multiplicity. Both signatures together would give 2.4 percent
of probability detecting the toroidal hadron matter in the pro-
cesses of particle production at HE proton-proton colliders.

3.2. BDM at Cosmic Ray Collisions with Atmosphere

The analysis of the hadroproduction event of 1975 in the strato-
sphere has been carried out recently [10]. The rapidity and
transverse mass distributions have been compared with the

spectra that are measured in nucleus-nucleus collision at LHC.
The conclusions have been as follows. (1) The value of central
multiplicity corresponds to the carbon nucleus (12 nucleons)
collision with the typical carbon-nitrogen-oxygen (CNO) nu-
cleus of the atmosphere. The maximal rapidity corresponds to
the energy per nucleon of the order of 500 GeV in the center-of-
mass system. (2) Two leading particles have transverse mass
near 1GeV and are interpreted as protons that contribute to
the visible peak at the end of the rapidity spectrum. Two pro-
tons in this peak hardly correspond to carbon collision. (3) One

track with M; = 4 /Mg + Pt2 = 16 GeV shows the outstanding
value of transverse mass M; that is far from the mass range
of all other well-known hadrons. This makes us conclude that
a new state of hadron matter can exist with a mass of approxi-
mately 14 GeV. These heavy neutral hadronic states [7] are good
candidates for Dark Matter. These states have a Regge type of
component distribution, as it is seen from a rapidity histogram,
which leads to a small amount of protons in the fragmenta-
tion region. Moreover, this sort of QCD construction can split
into the pair of similar ones with lower mass, so two tracks of
hadrons with surprisingly heavy masses could be seen.

3.3. BDM in Relativistic Jets

Manifestations of toroidally organized matter are typical for
space observations: remnants of Supernovae, galactic dust, etc.
There are few observations of possible BDM near the Super-
massive Black Holes (SMBHs). As an example, here are two of
them: (a) dense matter torus around of SMBH, see [12], and
(b) inside the relativistic jets radiated from SMBH [13]. The last
gives a key to understanding how the relativistic jets are cre-
ated. The toroidal BDM, which was injected from SMBH with
a jet, is invisible in the beginning because the baryonium torus
has to inflate moving out of compressing gravitation area. And
then the deconstruction of such matter leads to a visible parti-
cle shower. Initially, the BDM torus has the giant potential en-
ergy of self-connection. This energy may go for the acceleration
of produced particles [11]. Such is the new concept of particle
production with the relativistic jets from Active Nuclei Galax-
ies.

4. CONCLUSIONS

Baryons have always been the most complicated and challeng-
ing objects in the theory of hadron interactions [1]. The recent
result of baryon hadroproduction studies [5, 6] is the convinc-
ing implication that string junction of proton transfers baryon
charge to the central kinematical region at HE proton collisions.
It is suggested that SJs can build, at some extremal conditions,
Dark Matter particles [7]. These particles have been named
baryonium Dark Matter (BDM), because they have zero baryon
charge. Their structure includes SJs and antiSJs symmetrically.
BDM may be stable in strong gravitation environments. If very
massive, it can be stable in a vacuum and be spread in the
space. It was observed in [9] that the hadron mass generations
may be the result of the decay of neutral hadron states with
the geometric progression of masses. The infinite mass scale
of BDM particles gives us the possibility of fitting the data on
DM in space with the parameters of the BDM mass population.
BDM particles of great mass are to be injected with relativistic
jets from SMBHs. It can be assumed that the potential energy
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of self-connected baryonium toroids, after their disintegration,
gives valuable acceleration to protons in jets [11]. The surviving
low-mass BDM particles will split through collisions with the
nuclei of the atmosphere into the pair of lower-mass BDMs, see
[10]. At the collider experiments, baryon-antibaryon toroid is
just a third-order term in the topological expansion of pomeron
exchange amplitudes, which takes place in 1.2 percent of inclu-
sive production events. It will take time to answer new multiple
questions that are arising from the baryonium DM concept. Fi-
nally, this approach suggests that baryon matter and dark mat-
ter can overflow one into another.
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