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The nature of the 10'°~10'¢ eV neutral primary radiation recorded for the galactic source
Cygnus X-3 is discussed. It is argued that these particles cannot be y-rays, neutrinos, or
photinos. It is suggested that they are the bound states of a gluino and a gluon (glueballino)
with a mass of the order of 2-4 GeV. The properties of glueballinos are discussed, and it is
shown that the above hypothesis is not inconsistent with data deduced from accelerator

experiments and those obtained in cosmology.

I. INTRODUCTION

The flux of 10'*-10'¢ eV neutral radiation recorded
from Cygnus X-3 (Ref. 1) is usually interpreted? as consist-
ing of y-rays. However, this natural interpretation en-
counters two difficulties. The first is that the atmospheric
showers in which the Cygnus X-3 radiation has been record-
ed contain a relatively large number of muons, whereas
showers due to y-rays should be depleted in muons. The
number of muons in such showers in the direction of Cygnus
X-3 was measured in Ref. 3 and it was found that it was the
same as the usual number in nuclear showers: N, (Cyg X-
3)/N, (p)>0.8. On the other hand, in showers initiated by
y-rays, the corresponding ratio is much smaller: N, (y)/
N, (p) <0.1 (Ref. 4). The Akeno installation® has been used
in a search for radiation from Cygnus X-3 in muon-depleted
showers, i.e., showers generated by y-rays. Of the 18 record-
ed events in the direction of Cygnus X-3, seven were classi-
fied in Ref. 5 as belonging to the signal. The events were
distributed within a very wide phase range (0.45-0.8). If
these events can be interpreted as a real effect and not simply
as the upper limit, the flux corresponding to energies E3> 105
eVis (1.1 4+ 0.4) X 10~ cm~2s~!, whereas the flux at the
same energy in the phase interval 0.55-0.65, measured by
the Haverah Park installation in the same year (1984), was
7X 107" cm~2s~" (see Ref. le). This means that the y-ray
flux recorded by the Akeno system was several times smaller
than the total flux.

The other difficulty involves the expected absorption of
y-rays with energy E~2x 10'% eV in the Galaxy as a result
of interactions with primordial photons: ¥ + 7, »e™* + e~
(Ref. 6). If we accept the current lower limit for the distance
to Cygnus X-3, namely, 713 kpc, the absorption of y-rays
should lead to a reduction in the flux by a factor of 5 at
E~2x10" eV. This valley has not been seen in the spec-
trum of Cygnus X-3.

Two other known particles, namely, the neutron and
the neutrino, again cannot be the primary particles incident
on the Earth from Cygnus X-3. The lifetime of neutrons with
energies of 10'°-10'6 eV is too short to allow them to reach
the Earth (at E = 10'® eV, the time taken to traverse the
distance between Cygnus X-3 and the Earth is about 2000
neutron half-lives). ‘

If we suppose that showers with energies in excess of
10'® eV are generated by neutrinos incident on the Earth,
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Cygnus X-3 will have to produce a flux of about
10~7 cm~2 s~! on the Earth in order to account for the
observed ground-level flux of extensive atmospheric
showers (AES) of 7X 10~ cm~2s~!. (We are assuming
that, at E = 10'> eV, the v/ interaction cross section is
oy =107 cm?. This estimate takes into account the fact
that, in this energy range, the linear increase in the cross
section with energy is no longer valid.) If this neutrino flux
were produced in the source by known mechanisms, i.e.,
P+ N-m + X, m—puv, and p —evv reactions, it would re-
quire the emission of L ~ 10** Q/4r erg s~ by accelerated
protons in the Cygnus X-3 source, where { is the solid angle
into which the protons radiate. A luminosity of this order is
out of the question.

The neutrinos incident on the Earth take part in the
reactions v + N—u + X (if they are muon neutrinos) or
v+ N-7+Xand 7—v, uv, (if v=1v,) and create high-
energy muons underground, which can be recorded by un-.
derground installations (IMB,” NUSEX,® Soudan,’ and the
Baksan scintillation-counter telescope'®). A neutrino flux of
the above order should give rise to a high muon counting rate
in the IMB and Baksan installations in the horizontal direc-
tion (3000 muons per annum for v = v, and 600 muons per
annum for v = v, in the IMB installation ), which, of course,
would have been noticed. If v = v, , the resulting muon flux
due to the neutrions would exceed by a factor of 40 the
NUSEX muon flux from Cygnus X-3, and should give rise to
a weak dependence of the counting rate on the zenith angle,
i.e., on the thickness of the ground traversed by the neu-
trinos, whereas experiment® shows that the muon flux de-
creases with increasing zenith angle. The conflict between
data obtained in underground experiments and the conse-
quences of the neutrino hypothesis could be avoided if the
flux incident on the Earth were to consists of electron neu-
trinos alone. However this is difficult to imagine, even when
possible neutrino oscillations are taken into account, be-
cause the source must generate both muon and electron neu-
trinos in comparable amounts.

Stenger''® has put forward the qualitative hypothesis
that high-energy photinos from Cygnus X-3 could explain
both the muon flux recorded by the Sudan and NUSEX de-
tectors and the extensive atmospheric showers at 10'5-10'¢
eV. However, it can be shown that this hypothesis requires a
proton luminosity that is too high for a galactic source
(L, ~10* erg:s~', Ref. 11b). Moreover, a muon neutrino
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flux would unavoidably accompany the photino flux, and
would lead to a disagreement with underground detector
experiments analogous to those discussed above.

The main reason for the contradiction that has arisen is
that the photino-nucleon cross section is small, namely, o
=107%2 (40 GeV/m;)? (Ref. 12), where m, is the mass of
the scalar quark (m; > 20 GeV, Ref. 13), so that the shower
imitation probability in the atmosphere is W~ 10~ instead
of the W~ 1 for a photon.

In this paper, we consider the hypothesis that the pri-
mary AES particles with energies of 10'4~10'6 eV that arrive
on the Earth from Cygnus X-3 are the bound states of the
gluino and gluon, to which we shall refer as glueballinos.

The idea of the glueballino flux from Cygnus X-3 was
put forward by us in Ref. 14 and independently by Aur-
iemma et al.'* The present paper is a somewhat extended
version of the preprint in Ref. 14.

2. BASIC IDEA

Let us suppose that the neutral particles with energies
of 10'*-10'® eV that arrive on the Earth from Cygnus X-3 are
stable or quasistable bound states of the gluino g and gluon g
(glueballinos G = gg). To ensure that the glueballino does
not decay during its flight, the gluino must be the lightest
(with the exception, possibly, of the gravitino) supersym-
metric particle. In particular, the gluino must be lighter than
the photino m; < m; ) and, moreover, G must be lighter than
£9q (see below for a discussion of this point). The mass of
the gluino can be chosen on the basis of the following consid-
erations. On the one hand, we must have a high enough cross
section for the creation of gluon pairs in hadronic collisions,
which sets an upper bound for m, (m; <3-5 GeV). On the
other hand, m; > 1 GeV because the gluino production cross
section for m; S 1 GeV is greater than the cross section for
the production of charm, and it seems unlikely that such a
light glueballino would have remained unnoticed in labora-
tory experiments. The calculations glven below refer to the
case m; = 3 GeV.

The idea underlying our hypothesis can readily be un-
derstood if we assume, as a crude approximation (more ac-
curate estimates will be given below), that the cross section
for the production of the gluino in p-p interactions and the
cross section for the gluino-nucleon interaction can be char-
acterized by o~ 1 mbarn. The range of the glueballino in
matter is then x ~ 1000 g-cm ™2, and the probability that a
shower will be initiated in the atmosphere is W~ 1. If the
thickness of the “target” in Cygnus X-3 is x ~ 1000 g-cm 2,
the glueballinos will freely leave the source, but photons will
be strongly absorbed by it. The luminosity of the source will
therefore be greater than that in the usual “photon model”
by the factor

o(pp—~n’X)/o(pp—~§8X)~10
(a more accurate estimate will be given below), i.e., by a
relatively small factor.

3. THE PROPERTIES OF LIGHT GLUEBALLINOS

Let us first consider the status of the light, long-lived
(stable or quasistable) gluino. This question has already
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been discussed'® from another standpoint. To ensure that a
glueballino with E ~ 10°-10° GeV will traverse the distance
r = 13 kpc without decaying, the gluino must be either a
stable particle or a long-lived particle with a lifetime 7 > 10°
(mz/GeV)s. Such a long lifetime excludes the possibility of
the decay of the gluino to any known particles other than the
gravitino: the gluino must be either the lightest supersymme-
tric particle or it can be heavier only than the gravitino. This
possibility does not arise in the simplest supersymmetric
models: the mass m,,, of the gravitino in such models is of
the order of the mass m, of the Wboson and the gluino mass
is greater than the photino mass. However, neither of these
conditions is essential. For example, the inequality m; > m,
may not be necessary if the supersymmetric theory is de-
scribed not by a simple Lie group, but by a product of such
groups, so that the photino and the gluino are gauge fields of
different groups. Next, the global supersymmetry-breaking
parameter may not be related to the gravitino mass m;,,
(Ref. 17), in which case m,,, €my, becomes admissible.

If the gravitino is the lightest supersymmetric particle,
the gluino may decay into a gluon and a gravitino. The
Hamiltonian for the decay interaction has the form?®

{ —
= 'ZM." §°'Y,.0Av'lpqu;_“ + H.C., ( 1 )

where M = M, /(8m)"'/? = 2.4X 10'°GeV, £° is the gluino
field (MaJorana spinor), ¥, is the gravitino field, and G 3, is
the gluino field (@ = 1,...,8). The decay width of the gluino,
calculated with this Hamiltonian, is

I'= (ZnM’mg)‘l (m§ — m?,,)s (1 + m"é/3m?,.) (2)

Here, we note that I tends to infinity as 75,, —0. The reason
for this is as follows. It is readily verified that, for unbroken
symmetry, when the gluino is massless, the current
= & Y0, G5, /4M corresponding to the emission of a
gravitinoin (1) is conserved (d, 7, = 0), so that no longitu-
dinal gravitino is emitted and the theory does not contain
infrared divergences. When spontaneous symmetry break-
ing ensures that the gluino acquires mass, the current 7,
ceases to be conserved (3,1, ~m, ), the longitudinal gravi-
tinos begin to be emitted, and the theory acquires infrared
singularities in m,,, that are proportional to m;.

When m; = 3 GeV and m;;,>10 MeV, the lifetime of
the gluino is 72 1 y. A gluino with this lifetime and E>10°
GeV would not decay to any appreciable extent along its
path between Cygnus X-3 and the Earth.

There are cosmological limitations on the light gravi-
tino considered here (m, 12 > 10 meV). In noninflationary
models, gravitino masses in the range 1 keV <m;,; < 10
GeV are forbidden'® because the generation of gravitinos at
the early stages of the hot Universe leads to energy densities
above the critical value. Exponential expansion in the infla-
tionary scenario gives rise to a lower density of these gravi-
tinos, but repeated heating of the Universe at the end of the
inflationary stage leads to the regeneration of gravitinos (see
Ref. 18 and the references cited therein). The temperature
T, after repeated heating must not be too high because,
otherwise, the gravitinos or their decay products would give
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rise to effects in conflict with observations. The strongest
limitation on the maximum admissible temperature in re-
peated heating is obtained for the unstable gravitino as a
consequence of the splitting of deuterium nuclei by photons
from gravitino decays. For an unstable gravitino with mass
m;,~ 100 GeV, this gives rise to a serious problem because
the temperature in the case of repeated heating must be less
than 10°-10'° GeV (Ref. 18), and such a low temperature
will not ensure the necessary baryon excess due to the decays
of heavy Higgs particles. For the light stable gravitino, there
are less stringent restrictions on the maximum temperature
in repeated heating. The most stringent limitation is ob-
tained for nonrelativistic gravitinos from the nuclear fusion
reaction producing helium: 7, <5X 10" GeV for m,,, =2
GeV (T increases with decreasing m,,,). Thus, the ad-
missible temperature in repeated heating allows the genera-
tion of a baryon asymmetry due to the decay of heavy Higgs
particles.

For a gravitino with m;,, <10 MeV the decay of the
gluino along the path between Cygnus X-3 and the Earth is
significant, and our hypothesis will not work in this case.

The gluino forms colorless hadrons with gluons and
quarks. It is expected that the lightest of these states is the
bound state of the gluino and gluon. In particular, it is
lighter than the state §gg. The argument for this is that the
dimension of the operator G ;,, 0, (G“ is the gluon opera-
tor and £ is the gluino operator) corresponding to the g8
system is less than the dimension of the operator
gA°v,.qv,.&° corresponding to the system ggg. Within the
framework of the operator expansion approach (the QCD
sum rules), this relation must lead to" mg < mgg,. It will be
seen from the discussion presented below that the existence
of a light stable (or quasistable) gluino will not be in conflict
with existing experimental data if there are no bound states
of the glueballinos with nucleons or nuclei. We shall assume
that this is actually so. This situation will arise, in particular,
if there are repulsive forces between the glueballino and the
nucleon at low energies. There are some arguments in favor
of the latter possibility. Consider the GN forward-scattering
amplitude T'(s) at high energies. Since G is a flavor singlet,
amplitude 7T'(s) is determined by the exchange of P and P’
poles with the framework of the Regge approach. The signs
of the residues at the P and P’ poles are the same for all
known particles, which is usually explained by saying that
the coupling constants between P and P’ are proportional to
the matrix elements of thé energy-momentum tensor. We
shall suppose that this is so for the glueballino, i.e., the signs
oftheinteraction constants between glueballinoand Pand P’
are the same. We shall take T'(s) in the form

1 4 exp (— ine;)
sin ne;

T(s)=—
i=P, P’
where a; are the intercepts, ap = 1, @p. = 1/2, and B; are
the residues of the P and P’ trajectories. For large s,

Im 7' (s) =PpraPrns=>0

s%iB.xBiny (3)

and

1 4 cosnap.

ReT ()= — —snmap

ﬁp'aﬁP’NO (4)
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In accordance with the foregoing, it follows from (4) that
Re T'(s) <0. (5)

If this inequality could be extrapolated to low energies,
it would imply a positive GN potential, i.e., a repulsion. Of
course, this discussion merely shows that the assumed ab-
sence of resonances in the GN system is not in conflict with
the behavior of the GN scattering cross sections at high ener-
gies. We note that our discussion, as given above, is not valid
for the system ggq scattering may involve the exchange of
other Regge poles, apart form Pand P’.

We now turn to another case in which the gravitino is
much heavier than the gluino, i.e., the case of the stable
gluino. Stable gluinos should be created in the Universe at
temperature 7% m, and should exist at present in the form
of primordial particles. Their density in the present Universe
can be calculated as the primordial concentration of stable
neutral hadrons,?' which is n~10""" ny independently of
the mass, where np is the density of baryons. If the gluebal-
linos were to form bound states with nucleons or nuclei, this
concentration would exceed the upper bound for the density
of anomalous isotopes, discussed in Ref.22. Since there are
no such states, it is very difficult to detect glueballinos with
densities n ~10~ " ng.

Let us now estimate the cross section for the interaction
between glueballinos and nucleons at high energies. We shall
compare the GN and mn (or pN) scattering cross sections
and will assume, as is often done in estimates of scattering
cross sections for charmed particles, that

0 (GN)/o (aN) = (rg/ra)?, (6)

where rz and r, are the glueballino and pion radii, respec-
tively. We shall use the constitutent model to estimate
rs/r,.. We then have

ralrn = tog (Mgl2)/ctsghty (N

where @, and @, are the strong interaction constants in the
gq and gg systems, a,,/a, =4/9, m, =350 MeV is the
mass of a constituent u or d quark, and u=m,m;/
(mg + my) is the reduced mass of the gluino and the con-
stituent gluon. Assuming that m; =3 GeV and m, = 0.6
GeV, we find from (7) that rg/r, ~1/7, so

O(GN)/G(RN)=’/501 (8)

that? o ( GN ) =1/2 mbarn. It is, of course, important to bear
in mind that the above estimate is very crude and can be
criticized on a number of counts. For example, when we
derived (7), we did not take into account the fact that ¢, was
a function of distance, i.e., the ratio a,, (r,)/ay (rz) must
be greater than 4/9. This effect may make the right-hand
side of (8) several times greater. However, the true GN scat-
tering cross section can hardly exceed a few millibarns. We
also not that the low GN scattering cross section is an argu-
ment in favor of the absence of resonances in the GN system.

The fact that the gluino in the glueballino takes practi-
cally no part in processes with high energy loss is an impor-
tant feature of glueballino-nucleon scattering. To verify this,
it will suffice to note that, when the gluino is scattered, the
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square of the miminum transferred momentum is given by
Qin=m3 (E'JE + E/E’ — 2), 9)

where E and E ' are the energies of the gluino before and after
scattering, respectively. For the heavy gluino (m; =3 GeV)
and the high energy loss (E — E')/E~1/2, the momentum
Q2. turns out to be high (Q2,, ~m?), which leads to a
small gluino scattering cross section. It is readily seen that
these considerations will not apply to the lighter gluon
(mg =0.6 GeV) in the glueballino. Thus, it may be consid-
ered in a crude approximation that the inelastic interaction
between the glueballino and the nucleon involves the partici-
pation of only the gluon in the glueballino. If we use this to
estimate the cross section for GN scattering, and assume that
the hadron cross sections are proportional to the number of
active constituent components of the hadron, we find that
o(NN):o(7N):0(GN) = 3:2:1 and o(GN)~10 mbarn.
This seems to be the upper limit. We have seen that the scat-
tering of the gluino in the glueballino cannot lead to a large
energy loss. On the other hand, the scattering of the constitu-
ent gluon cannot ensure a large energy loss either. The fact is
that, if the gluon is scattered through a large angle, the loss of
longitudinal momentum by the glueballino will be Ap, /
py ~mg/(my +m,) <0.2. We may therefore suppose that
the high-energy glueballino loses about 10-20% of its energy
in the GN collision.

We must now consider the upper bound for the mass of
quasistable (stable) gluino, which can be deduced from ac-
celerator experiments. First of all, the fact that the gluebal-
lino is neutral is of cardinal importance from this point of
view. If the lowest bound state of the light gluino and the
gluon or quark were charged (like, for example, the system
£9q), it would have been discovered long ago.

It is quite clear that the restrictions deduced from the
beam-dump experiment and the experiment involving the
search for unbalanced transversed jets in colliding-beam sys-
tems have been completely removed: in the former case, the
gluino does not generate penetrating particles and, in the
second, there are no jets that are balanced in p, .

The glueballinos should be most noticeable in the exper-
iment of Gustafson et al.* In this experiment, the proton
beam was incident on a target in the form of short pulses, and
secondary particles were recorded at a distance / in the de-
tector of thickness x = 900 g cm 2 The velocity and the
Lorentz factor ¥ of a secondary particle could be determined
by measuring the time of flight Az, and the energy released in
the detector SE was assumed equal to the particle energy E.
The mass of the particle was found from the formula
m = [2c(8E)?At /11'/2. The analysis reported in Ref. 23 was
confined to events with m>2 GeV because the neutron flux
was too high for m <2 GeV. If the detector in Ref. 23 were to
intecept glueballinos, then for o(GN) ~3 mbarn, it should
have recorded about two collisions in the detector, and for
AE /E ~0.2 the energy release was §E = 0.36E. For this rea-
son, the mass obtained in the experiment was smaller by a
factor of three than the true value, i.e., the glueballino fell
into the region of the neutron background.
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FIG. 1. Schematic diagram illustrating the model of Cygnus X-3. The
pulsar 1 emits a beam of accelerated protons 2 in the direction of the
observer. As the binary system rotates, the gas target low-density part of
the Roche cavity of the massive companion 3) cuts the beam periodically,
and the glueballinos are created in this region.

4. GENERATION OF GLUEBALLINOS IN CYGNUS X-3

The so-called hidden neutrino source, suggested in Ref.
24 and illustrated in Fig. 1, will now be adopted as a working
model. The massive component (M~ 10M,) filling the
Roche cavity forms a binary system with the active pulsar
which generates the beam of accelerated protons pointing
toward the observer. Gluino generation
(p+p—g—+ g+ X) occurs in the peripheral parts of the
Roche cavity when the thickness of matter along the line of
sight is of the order of the range of the generated particles.
The number of protons with kinetic energy E emitted per
second by the pulsar is

—(1+4) Lp dE
E, E,’

Ny(B)dE=(1—1)1 (_g—+ ) (10)

where y is the exponent of the integrated spectrum, E, is the
normalizing energy, and L, is the luminosity of the pulsar
due to accelerated protons with energies E > E,. From now
on, we take ¥y = 1.1, E, =1 GeV, and E and L, in units of
GeV and GeV/c, respectively. The flux of glueballinos with
energy E emitted by a source that is transparent to gluebal-
linos can readily be deduced by analogy with the generation
of neutrinos®’

FE(E)==_X£1::11_ (11)

- ~(y+1)
1—av Pz (E) LyE ",

where w is the fraction of time per period in which the glue-
ballinos are emitted, i.e., when the proton beam falls on the
target, @ ~0.5 is the fraction of energy retained by the proton
in an inlastic p, p collision, and @, (E) is the gluino yield
given by

1 do(E/z, )

1
~ = V——————_
¢ () 205 daa¥ e

(12)

where o,, =40 mbarn is the inelastic p, p scattering cross
section, x = E/E,, and do(E,x)/dx is the inclusive cross
section for the production of gluinos in the p +p—-g + X
reaction. By analogy with Ref. 26, our calculations were per-
formed in the fusion model, i.e., we took into account the
reactions

gte—~g+g,
The nucleon structure functions determined in Ref. 27 were
employed. The p + p—g + X cross section and the yield
@g (E) for my = 3 GeV are shown in Fig. 2. In particular,
when E = 10° GeV, @, =6X 103, For comparison, we re-
produce the yields for y-rays (from neutral pion generation)

gtq—~g+é, qtg—gt+i.
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FIG. 2. pp—ggX reaction cross section (right-hand scale) as a function of
the proton energy in the laboratory system, and the gluino yield asa
function of the gluino energy.

and the neutrinos v, + ¥, (from the generation of charged
pionsand kaons): ¢, ~@,,, + @5, ~0.12 (Ref. 25). Wenote
that we have calculated the yields for gluino production in
the fusion model. In the case of charm, it is known?® that the
observed charmed hadron production cross section is sever-
al times greater than the theoretical value obtained in the
fusion model, and the fraction of energy taken up by the
charmed hadron is found to be much greater. We shall now
assume (and, in our view, this is a very conservative assump-
tion) that the yield @, is greater by a factor of 2-3 than the
prediction of the fusion mode, so that ¢, /@, ~0.1.

To ensure that the glueballino flux exceeds the photon
flux from the source, the range xz of the glueballinos in mat-
ter must be appreciably greater than the photon range x_,4,
and the target thickness x must be greater than the photon
range. The smallness of @, /@ is balanced in the ratio of the
glueballino to photon fluxes by the relative absorption factor
k =exp[x/x.q4 —x/xz].

For the above glueballino-nucleon cross sections and
the energy loss in GN collisions, the glueballino range is
much greater than the photon range. For example, when
o(GN) =3 mbarn and AE /E=~0.2, the glueballino range
corresponding to the loss of half the energy is xz~ 1500
g'cm™? as compared with the photon range in hydrogen

Xaa =63 g-:cm™* One can therefore readily imagine the
conditions in the source under which the photons are com-
pletely absorbed, but practically all the glueballinos created
there will escape from the source. The source luminosity due
to high-energy protons must be greater than the ‘“photon
model” value by only an order of magnitude. By analogy
with the usual assumption employed in the photon model,
the absolute luminosity can be reduced by assuming that the
emission of the proton beam (and, consquently, the gluebal-
lino beam) occurs within a relatively small solid angle Q.

5. ATMOSPHERIC SHOWERS DUE TO CYGNUS X-3

When they enter the Earth’s atmosphere, the gluebal-
linos generate a nuclear cascade as a result of their strong
interaction. The particular feature of the development of this
cascade in the gradual injection of energy (two-fourfold, de-
pending on the cross section) along the cascade develop-
ment length. This produces a spreading of the shower maxi-
mum and superposition of electromagnetic cascades of
different age at sea level.

The muon component of the shower in the reigon of
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low-energy muons (of the order of a few GeV) is approxi-
mately the same as in the usual nuclear showers, which is in
agreement with observations.' It is thus clear that the glue-
ballino hypothesis removes both difficulties encountered
when it is assumed that the flux from Cygnus X-3 consists of
y-rays.

Showers containing 1000 GeV or less cannot be ex-
plained in terms of glueballinos. If we impose the condition
that the difference between times of arrival of particles with
energies E, and E, due to the different velocities does not
spread the peak' on the phase histogram of duration
7=0.1T, where T'= 4.8 h is the source period, we find that
the primary-particle mass is

CT s
<E. [——.—_ , (13)
B S B TE—1) ]

where = 13 kpc is the assumed distance to the source.
When E, = 10> GeV and E, = 1.5 10° GeV, we find that
m<68 MeV (m<51 MeV as E,— ), whereas, for
E, =10°GeVand E, = 1.5 10° GeV, result is m < 68 GeV
(m <51 GeV as E,— o). It seems to us exceedingly likely
that particles with E S 1000 GeV are y-rays emitted by elec-
trons in the magnetosphere of the pulsar in Cygnus X-3 be-
cause this radiation is observed for the pulsars in the Crab
and Vela. Radiation with E ~ 1000 GeV should then be peri-
odic, owing to the intrinsic rotation of the pulsar.

A separate and possibly unrelated problem is presented
by high-energy muons recorded by the underground detec-
tors Soudan® and NUSEX®). When these are described in
terms of our hypothesis, it must be remembered that high-
energy muons are created by glueballinos with a greater
probability than by nucleons When it interacts with a nu-
cleon, the glueballino may be peripherally excited and may
undergo a transition to the system ggg. The most probable
decay of this system is into a glueballino and a pair of pseu-
doscalar mesons. Since the glueballino is a flavor singlet, this
leads to an increase in the yield of leading kaons (which
carry off 0.05-0.1 of the energy) as compared with NN colli-
sions. On the other hand, charged kaons have shorter life-
times and therefore produce muons more effectively than
pions. This can be used to deduce the following estimate for
the flux of muons with E, > 5 GeV, generated by the glue-
ballinos:

0,64
n(E>Ep= %

K 51— 2E ]G(F>20Eu)

1 €q , .
g g, e (B> 1255, (14
where ny = 2 is the K-meson multiplicity, 1/4 is the prob-
ability of a GN collision with the creation of a K *K ~ pair,
€x ~ 1000 GeV is the critical energy of a charged K meson, at
which the decay range of a K meson is equal to the nuclear
interaction length in the atmosphere, and Ex = 2E, = 10*
GeV is the energy of a K meson creating a muon of the re-
quired energy. Using jz(E>1X10° GeV) =2Xx 1072
cm~? s7!, we find from (14) that j, (E>5X%10°
GeV) ~1X 10~ cm~2s~!, which is lower by a factor of 30
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than the flux observed in the NUSEX experiment for
E > 5000 GeV.

The glueballino hypothesis thus enables to explain the
atmospheric showers observed for E ~ 10° GeV in the direc-
tion of Cygnus X-3, which characterized by the same muon
component as ordinary nuclear-electromagnetic showers.
The necessary luminosity L, of the source due to accelera-
tion protons must exceed the photo-model luminosity by
only an order of magnitude. The impurity of high-energy
photons depends on the source model or, specifically, on the
time spent by the thin part of the target with x = x,,4 in the
line of sight. Although the glueballinos give rise to an en-
hanced muon flux and E, > 1 TeV in showers, this mecha-
nism does not appear to be sufficient to explain the high-
energy muon flux observed in the NUSEX® and Soudan’
experiments.

The authors are greatly indebted to M. B. Voloshin, M.
I. Vysotskii, G. T. Satsepin, Ya. B. Zel’dovich, A. B. Kaida-
lov, L. B. Okun’, R. A. Syunyaev, and A. E. Chudakov for
useful discussions.

"Chanowitz and Sharpe,*® whose work we unfortunately omitted from
our preprint,'* have calculated the gg and ggg masses in the bag model.
The masses obtained in Ref. 20 for certain particular values of the param-
eters are consistent with mg, < mg,, . We note that the name glueballino,
used here for gg, was proposed previously for this system in Ref. 20. We
are indebted to M. Chanowitz for sending us a copy of Ref. 20.

2Qur discussion is confirmed by an analogous estimate of the J /¢, N scat-
tering cross section. We have r,,,/r, =~m,/m_ ~1/4, so that a(J/
¥,N) ~1/160(m,N) ~2 mbarn, in agreement with experiment.
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