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Abstract

The suggestion of Baryonium Dark Matter (BDM) has been appeared recently after the many decades of
hadron-production studies on proton-proton collisions of High Energies (HE) [5, 6,7, 8, 11, and 12]. It was
seen that the mediators of interaction have been changed with the energy growing: from quark-antiquark
annihilation between colliding hadrons to only multi Pomeron exchanges, because quark-antiquark trans-
fer becomes impossible along big rapidity interval between projectiles. It is important that the baryon-
antibaryon production asymmetry at the rapidity center may be brought only with baryon or antibaryon
String Junctions (SJs) from projectiles [7]. The hypothesis appeared to build neutral constructions of arbi-
trary heavy masses and with hidden baryon and antibaryon charges in order to consider them as Dark
Matter (DM) particles. The idea that DM consists of ordinary matter and antimatter seems natural. BDM
particles have to be important constituents, which are carrying the valuable mass of the Universe. Quark
less baryonium resonance has been expected in the old report on the theory of baryonium [4]. This idea
can be expanded to the multi baryon-antibaryon states as Baryonium Dark Matter particles, see [9]. The
structure of BDM conglomerates and their masses have been investigated on the basis of achievements of
quark-gluon string phenomenology. The light-mass BDM states may be the progenitors of hadron genera-
tions. It was shown that the baryonium resonances, like tetraquarks and pentaquarks, are to be debris of
light BDMs in each flavor hadron generation, because these resonances include the matter and antimat-
ter baryon string junctions. The BDM states should have discrete masses because of color confinement, so
BDM mass progression can be exponentially extrapolated to very heavy masses. In such a way, these states
are taking the valuable mass relatively to mass of ordinary matter. It should be mentioned that particles of
Dark Matter must be the functional constituents of Universe. Starting from fundamental features of living
nature to expand and to propagate itself as more as possible, it may be approved that Baryonium Dark
Matter should exist in order to stockpile baryon-antibaryon matter in condensed form and to transport
matter into empty places of Universe for multiplication new stars and galaxies. BDMs can be also the nu-
trition for Super Massive Black Hole (SMBH). BDM state of biggest mass can even make an interior of
SMBH; we see that torus has two singularities and one wormhole. In our Galaxy the waves of BDM from
central SMBH may transfer the energy and matter to the periphery. The other manifestations of BDM have
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been also considered.
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1. INTRODUCTION TO BARYONIUM DARK

MATTER

The suggestion of Baryonium Dark Matter(BDM) has been ap-
peared recently after the many decades of hadron-production
studies at proton-proton collisions of High Energies (HE),
[5, 6,7, 8,11, 12].It was seen that the mediators of interaction
have been changed with energy: from quark-antiquark annihi-
lation between colliding hadrons to multi Pomeron exchanges
at high energy proton-proton collisions because of growing the
rapidity interval between projectiles.It is important for baryon
production that baryon charge can be brought into the rapidity
center only with String Junctions [7]. The hypothesis appeared
to build neutral constructions with arbitrary heavy masses and
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of hidden baryon and antibaryon charges in order to consider
them as Dark Matter particles. The idea that DM consists of
ordinary matter/antimatter seems natural. It should be men-
tioned that particles of Dark Matter must be the functional con-
stituents of Universe. Starting from fundamental features of liv-
ing nature to expand and to propagate itself as more as possi-
ble, it may be approved that Baryonium Dark Matter should
exist in order to stockpile baryon-antibaryon matter in con-
densed form and to transport matter into empty places of Uni-
verse for multiplication new stars and galaxies. As it also can
be seen BDMs can be nutrition for Super Massive Black Hole
(SMBH). In our Galaxy the waves of BDM from central SMBH
may transfer the energy and matter to the periphery. In such a
way, BDM particles are important constituents, which are car-
rying the valuable mass of the Universe.

1.1. Background

Quarkless baryonium as it was proposed by E. Fermi and C.N.
Yang in 1949, bound state of nuleon and antinucleon should
be pion. “We assume that the 77-meson is a pair of nucleon
and anti-nucleon bound this way. Since the mass of 77-meson
is much smaller than twice the mass of a nucleon, it is nec-
essary to assume that the binding energy is so great that its
mass equivalent is equal to the difference between the mass of
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FIGURE 1: The simplest quarkless diagram of baryonium is
shown at the bottom of the figure [4].

the nucleons and mass of the meson” [1]. Baryon-antibaryon
resonances were the object of interests of hadron physics since
1960s years, see [2], because proton and antiproton were found
not to annihilate, due to a decay of baryon-antibaryon pair into
the set of just mesons is not seen. The name baryonium has
been named in the report on quark-gluon diagram topology for
hadron-hadron collisions [3]. The study of BDM states has be-
gun from quarkless baryonium diagram that was invented in
[4], see Figure 1. Quarklessness does not mean here that quarks
are not necessary, pairs of quarks are appearing at the cut of ev-
ery gluon line and producing baryons and mesons in the decay
of resonances.

Lightest State of BDM. There are multiquark resonances:
tetraquark, gluon loop, and quark-less baryonium in Figure
1. All of them are decaying into baryon and antibaryon. The
quarkless proton-antiproton diagram is actually the first light-
est state of Baryonium Dark Matter and is expected to be of
mass 0.25 GeV, see main section, which is not so far from Fermi
and Yang predictions. The shrinking of mass is 8 times.

2. BDM CONGLOMERATES AS THE STATES

OF TOROIDAL QUARKLESS QCD DIA-
GRAM

The structure of BDM conglomerates has been discussed al-
ready in few previous publications [9, 10]. They are actually
the progression of neutral multi baryon-antibaryon quarkless
states with hidden baryon and antibaryon charges and with
the shrinked values of mass. First few states are participating
in the HE hadron collisions as toroidal pomeron loop contri-
bution, which is third order of the expansion for pomeron ex-
change diagrams [6]. Those states are highly instable and de-
cay into hadrons with doubled baryon-antibaryon multiplicity.
The probability of this contribution is in total near 4 percent per
hadron collision.

FIGURE 2: The torus diagram is shown with insular colored
gluon lines (red, blue, and yellow). The extra 7th hexagon raw
along the big radius of the torus shows that it is impossible to
close such a diagram into an uncolored neutral BDM state. It
means that BDM state masses have to be discrete values.

2.1. Discreteness of torus diagrams for the multi baryon-
antibaryon Dark Matter states

As it was already written in previous publications, the only
possibility to build these constructions from equal numbers of
baryon String Junctions (SJs) and antibaryon anti-String Junc-
tions (anti-SJs) is to connect them via gluons on the surface of
torus [8], see Figure 2.

The torus, which is built from colored hexagons, as it is
shown in Figure 2, was taken from Wolfram community [13]
and has been filled with three colors. This very figure has an ex-
tra row of hexagons, because an uncolored 7th row of hexagons
does not allow closing torus. It means that BDM conglomer-
ates must have discrete levels of mass, only those, where QCD
colors are completely confined within SJ-gluon hexagons. Such
states have 6, 12, 24, 48, 96 etc. hexagons, which are appropriate
for the final deconstruction of BDM up to ordinary protons and
antiprotons. The lowest mass BDM states with String Junction
and anti-String Junction pair [4] decays either into proton and
antiproton or into tetraquark, see Figure 1.

2.2. The geometric progression of BDM masses and hadron
generations

In the Model of Quark-Gluon Strings [6], it was expected that
hadrons are the results of the break of quark-gluon strings be-
tween projectiles. The Pomeron exchange is only string which
is working at high energy QCD phenomena. The baryon-
antibaryon torus is a third order diagram in pomeron exchange
expansion, see [9]. In the paper on mass dependence of average
transverse momenta of hadrons [12], the hadron generations
are shown on logarithmic scale of masses. It is seen that gener-
ations go with exponential dependence on mass, which is nat-
ural for QCD variables. If we suggest that hadrons are the re-
sults of BDM states disintegration, the BDM mass dependence
can be described with an expression:

Mn = 0.251¢" 1 (GeV) 1)

The exponential growth of BDM masses is seen in the ex-
trapolation of mass dependence of average transverse momen-
tum for the hadron production [12]. This extrapolation is sim-
ilar to the energy dependence expansion of hadron average
transverse momenta that has been studied previously [11]. Av-
erage transverse momenta are slowly growing with energy and
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FIGURE 3: The tetraquark and pentaquark diagrams include
the antibaryon constituents.
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FIGURE 4: y ray spectrum as obtained after subtraction of the
total background [14, 15]. The solid line corresponds to a com-
puter fit.

mass of hadrons that will be important for the detail investiga-
tion of heavy BDM collapses.

More features of BDM conglomerates. Such condensed BDM con-
glomerates can be originated in ultra-high energy events like
Big Bang, Supernova explosions or relativistic jet eruptions
from Super Massive Black Holes. Quarks and antiquarks of
hadrons have to annihilate in these processes at the huge den-
sity of matter. The resulting BDM conglomerates are topping
up the Universe. BDM states might be initial constituents of
Universe, but later this sort of matter should be condensed near
SMBHEs, has to be swallowed by them, and then erased with
jets in the periods of AGN activity. The form of BDM torus is
allowed us to state the presence of two singularities and one
wormbhole. Certainly, BDM should be disintegrated along the
pass through the planet atmospheres or in other dense nuclear
environments.

2.3. Results and Discussion: an example of BDM state dis-
integration as progenitor of charmed tetra- and penta-
quarks

Some debris of BDM structure are discovered in the dia-
grams of multi quarks QCD conglomerates: tetraquark and
pentaquark, see Figure 3. The obvious presence of antibaryons
is seen: the anti-SJ from antibaryon that is included into both
diagrams.

These states are the debris of BDM. The study of baryo-
nium light states in early experiments [14, 15] has shown the
possible bound states at the masses near BDM-I (0,250 GeV),
see Figure 4, but these measurements were not repeated since
1978. The third order of BDM state, BDM-III, can be disinte-
grated into charm pentaquark and anti-charm pentaquark, or
into charm and anti-charm tetraquarks, or charmed baryon and

e

FIGURE 5: Six hexagons net for the third-order BDM can decay
into two charmed multiquark systems plus ordinary hadrons,
if the gluon line in the middle is broken with the production of
charm-anticharm quarks.

anticharmed antibaryon resonances, as it is seen from Figure 5.
The mass of third order BDM state is 1855+-15 MeV.

If we pull gluon line inside the 3x2 hexagon diagram, see
Figure 5, the break of this line can give us two heavy quarks (c
and anti-c) that are connected to baryon SJ and antibaryon anti-
SJ. The results of baryonium deconstruction are two charmed
baryon resonances, or two pentaquarks, where charm quark
(or charm antiquark) are included. Deconstruction of other
hexagons has to be resulted in light baryons and mesons. For
charm production, it is necessary to have enough mass and en-
ergy concentrated in one gluon string. There are 6 protons and
6 antiprotons on the torus that means the mass of BDM con-
glomerate (1855 MeV) is less than mass of included baryons by
6.5 times. Hidden mass gives the possibility to produce c anti-c
quark pair.

Experimental achievements observed the charmed reso-
nances with masses: 1835, 1851, and 1859 MeV [16]. The recent
result on charmed resonances has added two states more to the
baryonic resonances, see [17].

3. CONCLUSIONS

Baryonium Dark Matter states are long-living constituents
of the Universe, whose functional role is becoming increas-
ingly appreciated. BDM conglomerates are condensed quark-
less QCD states which can be originated in ultra-high en-
ergy events like Big Bang, Supernova explosions or relativistic
jet eruptions from Super Massive Black Holes. Heavy neutral
BDM conglomerates have multiple levels of discrete masses.
Heavier BDM can burst in nuclear environments into 6, 12, 24,
48 etc. similar BDM states of the lower mass. We have sug-
gested here that BDM can fulfil the following important func-
tions in the Universe.

a) They keep the stock of matter provision for the Super
Massive Black Holes.

b) May be BDM states even make up an interior of SMBHs.
BDM torus can be a compressed packing of Black Hole. It is cu-
riously to catch sight of torus diagram: it has two singularities
and one wormhole!

¢) The heaviest BDM conglomerates, which are injected
with jets from SMBH, are spending the spared energy for the
acceleration of jets, as well as of protons and antiprotons that
accompany the BDM disintegration into the multiple lighter
states.
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d) They are bringing the matter for new stars and galaxies
and helping the Universe to expand.

e) BDM waves may deliver heat and fuel up to Solar system
too.

f) Finally, the disintegrated BDM states form the hadron
generations with the variety of baryon resonances, as well as
tetraquarks and pentaquarks. Also, the evidence of narrow
bound states at low energy [14] helps to conclude that the
7¥ mesons can be the results of lightest baryonium states de-
constructions into baryons and antibaryons, see Figure 4. Of
course, the masses of BDM-III and BDM-IV states are not fun-
damental constants, because they are just following the masses
of charm and beauty hadrons. But, this approach allows us to
look wider and to discover the exponential dependence be-
neath the chain of hadron-generation masses. It helps also to
continue BDM mass propagation up to the region of giant
masses. As it was analyzed in recent preprint [10], Baryonium
Dark Matter seems as well bringing water to the Earth, while it
is being burned in the oxygen atmosphere, because the BDMs
are actually built from hydrogen and antihydrogen.

Baryon-antibaryon asymmetry in the Universe. The question has
arisen: how does the baryon-antibaryon asymmetry can ap-
pear from this symmetrical scheme? The hidden baryon and
antibaryon charges of Baryonium Dark Matter are solving par-
tially the problem: the Universe is mostly symmetrical because
the half of Dark Matter is antimatter, as well as the half of mass
of SMBHs. The existing difference between protons and an-
tiprotons may be only of functional character: antiprotons re-
turn to galaxy center and support the stock of BDM around
SMBHSs, while the high energy protons go far into the space
to propagate the Universe. Such surprisingly little contribution
of baryon-antibaryon asymmetry turned out to be necessary to
build our diverse and positively-baryonic world.
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