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OF MULTIHADRON EVENTS IN THE DIRECTION
OF CYGNUS X-3

The resuits of the search for the signal of hadron groups
correlated with Cygnus X~3 using data of the PION experiment
from Februaryjhn$i# August 1985 have been reported. It has
been revealed the enheancement in the statistical significance
of the observed excess with increasing both the size of the
cell centred in the direction of Cyg X-3 and the number of
hedrons in the group. The statistical significance of the
excess achieves a maximum value (~ 76 ) in a 30°x30° cell for
groups with the number of hadrons n 3 6. The phase analysis
with the 4.8-h orbital period revealed the presence of a peak
in the phase interval 0.3-0.4 for hadron groups with n » 6,
The fluxes of multihadron events in the direction of Cygnus
X~3 are comparabie to the fluxes of high-energy muons detected

in the two underground experiments, Soudan~1 and NUSEX,
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1. Introduction

The compact X-ray scurce Cygnus X-3 remeins the focus of
attention of both physicists and estrophysicists during the
last few years. This source, being an X-ray binery, in many
regpects is unique and stands out against a background of other
gulactic sources from this class by its puzzling and non-

& tandard properties revealed at various electromagnetic wave~
lengths (gee, e.g. [1,2] ). Furthermore, many physicists cell
in question the electromagnetic origin of the ultrahigh energy
radiation of this source. Such & radical aséumption is caused:
by unavoideble and insuperable difficulties encountered in the
interpretation (in the fremework of the existing theories of
particle physics; see, e.g. [3-5] ) of the set of experimental
date on atmospheric showers (high content of muons revealed in
Kiell and CYGNUS experiments, as weli a8 proton-like characterj
istics of Cerenkov light images observed by Whipple 10 m |
gamme-ray teleascope) and underground muon events observed in

Soudan-1 and NUSEX experiments, At the seme time it should be
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noted a discrepancy in the data of various experiments obtain-
ed in particular in the underground muon detectors [6,7 .

In such situation, taking into account a paramount importance
of the emerged prodlem, it seems necessary to carry out new
explorations on search for anisoiropy and periodicity of radi-
ation in the direction of this source.

An attempt to search for excess of multihadron events (MHE)
in the direction of Cygnus X-3 using the data of PION experi-
ment, obtained during 1984-1985, was undertaken in Ref.[8] .
To our surprise, according to data of 1985 we revealed a sta-
tistically significant signal of MHE in a relatively wide re-
gion of the celestial sphere (30° x 30°) which covered the
Cygnus X-3 coordinates.

In the present work we present a more detailed time and
directional analysis of data reported in Ref. [8] , and dis-
cuss some model-independent constraints on properties of the
primary raediation from Cygnus X-3 initiating MHE in the PION
'xperiment.

2. Experimental Data

The PION instaliation consista of an ionization calorimeter
and XTR detectors. It is located at the high-mountain Aragats
station, at &n elevation of 3250 m (40.18° N latitude and
44.5° E longitude). The PION installation having been in ope-
ration since 1978 is intended for studying a compo-:l.tion. ana’
propertigs of the cosmic-ray hadron component at mountain al-
titudes as well as for determining major characteristicas of



interaction of pions, protons and neutxons with different
nuclei, The total amount of matter in the calorimeter consist-
ing of iron and lead is ~900 g/cm?. The calorimeter effective
erea is ~10 m2, the accuracy for determining an arrival di-
rection of particle is n'2°, energy resolution in fhe range
0.5 - 50 TeV is about 15-20 % . A detailed description of the
PION installation can be found in Ref.[9].

Below, under MHE we shall imply a aimultaneoug detection
of several parallel (with an accuracy to ~2°) hadrons tra-
veraing at least 4 layers of the calorimeter. The hadron group
in the calorimeter is identified on the basis of a reastored
trajectory of each hadron in projections using a set of energy
liberations in the successive calorimeter layers. The technique
of identification of hadron groups in the PION ionization ca;
lorimofer is described in detail in Ref, [10] . '

It should be noted that above the ionigzation calorimeter
in the PION 1n:tallat;on the XTR-detectors are used to sepa-
rate hadrons of diffeiont masses, namely nucleons and pions.
However practically in all MHE cases the XTR-detectors were
in the state of saturation, presumably due to the EAS electro-
magnetic component accompanying the hadrons. Therefore we
cannot identify a sort of hadrons in the group. At the same
time we can claim that the detected MHE are produced in the
atmobphere rather than in the calor;mcter.

A preliminary analysis of events registered by the PION
during 1984-1985 revealed a statistically lisniticﬁnt excess
of MHE for data of 1985 in the direction of the Cygnus con-

stellation from the region with angular sises 30° x 30° (8]



Here we carry out a more detailed analysis concerning the
tempnral and spatial distributions of MHE, detected in 1985
only. We have gelected only MHE with the number of hadrons in
the group n > 4 and with total energy release in the calo-
rimeter ZEI\ 21 TeV,

In 1985 the installation was working during the period
February-August (effective time T :§{66 s), and 251 MHE
have been detected. For each event the valuea of right ascen-
sion o and declination § were calculated using measured
values of a zenith and azimuth angles c¢f direction and local
time of detection. The analysis of MHE distribution in &
(for arbitrary o ) points out the presence of a distribution
maximum for & ~ 40°, which reflects the dependence of the
ingtellation sensitivity to the zenith angle. This is due to
the location of the PION ( & ~ 40.18° N), since the hadrons
incident at small zenith angles are detected most effectively
by the celorimeter [8] . From this point of view, the location
of the PION is ideal for the observation of Cygnus X-3
(ol =20,5h, and § = 40.8°). At the same time, in order
to avoi@ a misinterpretation of the event distribution maximum
in the direction of Cygnus X-3 as a real signel, arguments are
needed that would exclude the priority of events by another
coordinate of this source, namely by o . Such a gsituation
can, in principle, incidentally arise due té discontinuous
operation of the installation. However the analysis of distr®-
bution of the installation operation durations versus the lo-
cal sidereal time shows that ail directions were gcanned

practically uniformly by & , At 1least in the time_interval



19.5 h - 21.5 h of local sidereal time which includes the
transit time of Cygnus X-3 (LST = 20.5 h) the installation
operation time was at a mean value level [8] .

In the further enelysis of obtained data we carried out a
purposeful search for a time-modulated signal in the direction
of Cygnus X-3 with the known orbital period of 4.8 h of this

source,
2.1, MHE Directional Distribution

Fig. 1 shows distributions of MHE with N » 4 in
for 4 values of intervals in § : a) AS = 10°
(35.5° ¢ & € 45.5%); b) A6 = 15° (33° ¢ § < 48°);
¢) a8 = 20° (30.5%°¢ § € 50.5%); @) A6 « 30°
(25°¢ & & 55°). Note that all these intervals are epproxi-
mately centred around the relevant coordinate of Cygnus X-3
( § = 40.8%). For eech of distribution the size of Acl
is chosen equal to AS . In other words, the 10° x 1C°%;
15° x 15% 20° x 20° and 30° x 30° cells in the celestial
iphere were analyzed.

For each distribuiion the background mean value was esti-
mated without regard for the number of events in the chosen
cell in the direction of Cygnus X-3: B= ;i-': Ni /(k-1) ’
where Ni. is the number of events in the “ i-th cell, K is
the number of cells, and | is the chosen cell number towards
the Cygnus X-3. In this case the background error in the j ~th
cell is 6; =[B+B/(K-1)]'/‘2 . In Fig. 1 to the left of the

axic of ordinates (Y-axis) the number of events is shown, an



to the right of it the statistical significence S/6; 1is
merked, where the signal S 1s the number of events above the
background ( S= N; -B ).

A noticeable correlation between the values of the signal-
to~noise ratio ard the cell aize comes out quite unexpectedly
from the comparison of distritutions shown in Fig. 1. Regard-
less of our expectations, an apparent growth in the value of

S/f% with increasing cell size is observed. The statistic~
al significance of the effect reaches a maximum value
(~4.46; ') for the cell size 30° x 30° ard further dresti-
cally falls off as the cell size decreases. Fig. 2 shows a
dependence of S/E% on the value of the s80lid angle centred
in the direction of Cygnus X-3. Experimental points for groups
nith M > 4 can be-approximated in the form:

1,35 ] .

5/6; = 13 (.O./O,lﬁ)"gsexp [-(&/0,16) (1)

According to this epproximation, a maximum of the aignsl-
to-noise ratio is achieved for S ~0,2, which corresponds
to the angular size of the region ~'30°. Recall that the
angular resolution of the PION ie ~ 2°; thersfore the observed
correlation cannot be caused by the apparatus effects.

for the point-like source the signai-to-noise ratic appe-
rently muast be inversely proportional to the cell anguler size,

since
: *

.. * -1, -
S/(B = (n-t/Ag.)‘" Fs/VFs o< a2 " oc ¢, (2)

i
where Fg 1s the signal flux (em™® s™') from the point source,

8
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Fg 1is the background intensity Ccm™2 5'1 ater’1); A 1is
the effective detection area, t 1s the time of observation.
In case of extended source and when events are distributed
uniformly inside the cell wherein the aignal is observed, we

have to expect an inverme dependence:
i
S/VB = (At AR Fn AL ~Y (5

where F. 1s the signal flux (cm'? s~1 ster~1).

It follows from the compariaﬁn befﬁegn the obaerve@ (Eq.(1))
and expected (Eq.(3)) dependences that events inside the cell
are distributed not quite uniformly, the density of events
near the periphery being higher than in the centre of the cell.
However auch.a statement can be done only with regerve, taking
into account the poornesa of statistica.
~ The observed excess inside the large aolid angle points out
that either the source of primary radiation is extended or the
effect is due to the kinematics of interaction of primary
particles, namely due to the emiasion'of gecondary products
(hadrons) under 1a:ge.anglea. Below we present arguments,
based on ;he phase énﬁlysis of data, in favour of the second
agsumption.

Anothér interesting fealure of data obtained in the direc-
tion of Cyganus X-3 is that the signhl-to-noise ratio grows with
increasing number of hadrons in the group (see Table 1).

Fig. 3 shows of ~-distribution of MHEwith n » Sand N 3 6
for three intervals of § :a) 33° ¢ § < 48° ;
) 30.5°¢ § ¢ 50.5% o) 25° ¢ § <. 55°.



Table 1 (see also Figs 1 and 3) shows that for each chosen
size of the cell AX x AS one observes a growth in the
aignal-to~noise ratio with increasing n , deapite the
sharply decreased statistica. In particular, for the cell di-~
mensions Ao x AS = 30° x 30°, when the obmerved effect is
maximal, thgigtatiatical significance of excess for hadron
groups withv A EI ) 4, ny»5 and n » 6 is respectively
4.46; ; 6,26; ana 76; .

Fig. 4 shows a distripbution cof detected MHE by the number
of hadrons in the group, I (»n) in the direction of
Cygnus X-3 ("on" direction) and outside this direction
("off" direction) for the cell 30° x 30°, According to 1984
date no difference is practicaily observed between MHE distri.
butions in "on" and "off" directions. This should have been
expected, since the analysis of 1984 datea did not reveal a
statistically significant excess in the direction of Cygnus
X-3 (8] , whereae by 1985 data substantially different de-
pendences in "on" and "off" directions are observed. If we
epproximate the distribution I(3>n) by power-law function,
then for "on" direction we have]. (>n )= 6 10°n —3-69:0.54
while for "off" direction I, gprl>n) =4 104n -5-7310.42

Pig. 4 presents essentially difterent dependencea of dis-
tributions in "on" and "off" directions by 1985 data which
clearly demonstrate the cause of the enhancement of stetistical
significance of the signal with the increase in the number of
hadrons in the group., It is interesting that the values of

I.onn (¥n) aﬁd I.,; w(>n) Dbecome comparable for n-~3;

therefore the search for the ‘excess of MHE with the nwnber of
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hadrons No < 3 does not lead to a positive result, though
the statistics of such events is considerably higher.:

It ahou]_.d be noted that the N7 distridbution of MHE inside
the "on" cell is determined ﬁy a superposition of contributions
of the background (due to cosmic ray interactions) and the
aignal (Gue to primary particles from Cygnus X-3), Admitting
the power-law dependence of the signal ot n ( S ~ n* )
for the signal-to-noise ratio we have

8/IF o n”H W

From the comparison of obtained data with the signal-to-
noise ratio for N >4, N2 5, N > 6 it follows that
s/IB =< nf s where [ > 1. Therefore the signal spectral
index o < 1.85, which is at least by a factor of 3 less than
the background ("on") spectral index,

The increase in the signal-to-noise ratio with increaaing
number of hadrons in the group is probably due to the fact
that the particles responsible for the observed excess produce
MHE more efficiently than the protons and nuclei of isotropic
primary cosmic rediation., Another interpretation of this effect
is also possible, namely that these particles have nigher
penetrability ( Ac¢ > 100 g/om?, but obviously A, < 700 g/cm?)
than protons and nuclei end interact in deeper atmospheric
leyers. The secondary hadrons of the group have no time to
disperse at large distances and hence are deiected by PION ‘
more efficiently, Perhaps some other explanations for the

mentioned effect are possibdle. ﬁere we shall restrict ourseles
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only to the remark that owing nemely to the introduced crite-
rion of melecting the svents bty high multiplicity, it is pos-
sible to detect the excess in the direction of Cygnus X=3
using the PION installation with a relatively small effective
area ( ~10 mz). ihia‘ériterion; atfecting the signal far more
weakly, allows to sharply suppress the background, Therefore,
despite the reduced statistics, the excess significance

enhances with the required number of hadrons in the group.

2.2. Phase Analysis

The modulation of radiation with the orbital period of
4.8 h is the moat important criterion to relate the detected
flux to Cygnus X-3. In view of this, we have done a phase
analysis for those 30 eventa that occurred in the cell with
292,57 ¢ o« € 322.5° and 25° ¢ & € 55°. The phase for each

event was calculated by the expreasion:
¢=(t-T.)/[R* P (t-T)/2l, (5)

where T, = JD2442946.739, P,= 0.1996851d , P = 7.84:107°,
t is universal time (UT) of event detection.

Here, following Protheroe's recommendation [1 1] s We use
Mason ephemeris, which increases the phase value by 0.07

compared to Gan der Klis epheﬁeris.

Fig. 5 ahows the phase distributicns of MHE. A comparison
of phese distrlbutions for different velues of the number of'
hadrons in the group showa that a statistically significant
peak is observed at Ad= 0,28 - 0,38 only for MHE with n 5.
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It is important here to present the amount of events with the
different N falling into this phase interval: N ( > 6) = 6;
N(>»5)=T7Tand N(> 4) =7 for the total amount of
events observed in the direction of Cygnus X-3, N,, (> 6)=11;
Ntdt( » 5)=18 and N, ( > 4)=30, respectively. Whence it
follows that into the cited phase intervel fall practicelly
only events with n > 6 (only one event with n= 5 and
none with n = 4), In other worda, the radiation modulation
with period F,= 4,8 h is observed only for groups with

N> 6 (for the latter case®he value of the signal-to-noise
ratio is not presented in Fig. 5, since the background is
practically zero). A possible interpretation of this nontrivial

result is discussed below.
3, Discussion

The main conclusions following from the apatial and time
analysis of MHE detected by the PION experiment during the
observations done in February-August 1985 ;;n be sumarized
as follows:

1. A statistically significant excess of MHE in the direc-
tion of Cygnus X-3 is revealed. The signal-to-noise ratio
grows with increesing angular size of the cell and achieves
a maximum value for Ao x A = 30° - 30°. A statistical sig-
nificance of the observed effect ipmide this cell for the MHE
yith the number of hadrons in the groub ny41is 4.46% .

2. A noticeable growtih in the signal-to-noise ratio with
increasing number of hadrons in the group has been revealed.
A statistical significance of the observed excess of MHE

13



inside the cell of Axx AS =30° x30° with n 24, n » 5
ny 6 is 4.46% ’ 6.26% end 76 , respectively.

3. A8 a result of the time aenalysis of data it has been
revealed the presence of périodic component of radiation with
the known orbital period of Cygnus X-3, .R,= 4.8 h, for the
MHE with N > 6. Here a peak in the phase range ~ 0.3 - 0.4
is observed. The phase analysis reveals no periodic component
for the MHE with M < 6 of hadrons in the group.

Asguming that the above-ciygpd effects are of real physical
‘nature (in any case, no apparatus-causéd arguments against
this assumption have been revealed [8] ), one can establish
some model-independent properties of MHE-initiated primery
particles from Cyghus X-3. By tradition, we call these hypo-
thetical particleg "cygnets"., This term was introduced origi-
nally in connectibn with the serious difficulties occurred
in the interpretation of EAS data and underground muon events
observed in the direction of Cygnus X-3 (see, e.g. [3-5] ).
The anelysis cf these data implies that the cygnets must be
neutral, (quasi)stable ( T, < '106 (I"/‘IOG)'1 8, where rzE/mﬂ(:_ais

c

Lorentz factor of the cygnet) and relatively small in mass

( m;.'ca < 0.5 ( E /10 TeV) GeV; see, howevcr [12] too).

In addition, théy must copiously produce .econdary muons.

The presented data on MHE agsociated with Cygnus X-3 allow
one to derive a new intqrmation'about properties of the cygnets.
It follows from Fig. 1 that the "source" of MHE ohseryed
in the direction of Cygnus X-3 is an extended one with the
angulér size of the order of 30°, It is noteworthy that the

exceas of multimuon events in much large cell (30° x 30°) wae

14



reported in the first publication of the Soudan-1 group [13] ,
and their result wes obtained without implication of the phase
analysis. The further publications of this as well as NUSEX
groups reported only data on the excess of the underground
muon eventa revealed after the phase analysis, However for these
casea too, the angular spread of events remained large [14,15],
especially for the data of the NUSEX experiment - of the order
of 10° [15] .

The presence of the periocdic component in the obsexrved
signal with the known orbital period of the X-ray binsry
Cygnus X-3 excludes a possibility of an extended source of
primary radiation (cygnets). In this case the wide angular
spread of the obaerved MHE:excean m&y be ceused either by the
broadening of the cygnet beam when it travels the way from the
source to the observer or by peculiarities of the kinematics
of interaction of cygnet with atmosphere. The former version
was discussed by Arbuzov [16,17] to interpret the angular
spread of underground muon events [14,15] end the time delay
of the signel from Cygnus X-3 between EAS deta [18] and a
maximum of the redio outburst in October 1985.

The prinoipal idea of this model is that cygnets are free
gluons produced in Cygnus X-3. As to the muon angular apread,
it is caused by the broadening of ultrahigh-energy gluon beam
owing to multiple scattering on a thermal (primordial) gluon
gas. This model also gives rise to a qualitative understanding
of angular spread of MHE, eapecially as the model implies thet
gluona because of large cross section ( ~ 1023 cmz) intaract

effectively with the atmoaphere.
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Another reason of the large angular spread of MHE may be
sonnected with the peculiarities of the kinemaetics of the
sygnet - atmoapheric nuclei interaction, ramely with the
:migsion of secondary products'at large angies. Such a possi-
bility cen be realized in case when the detected hedroas are
the product of the decay of an intermediate short-lived heavy
particle, Such 1idea to explain the wide angular spread
£ underground muon events was suggested in thé 'phen.omenolo-
ical model of Ruddick [19] .

It should be noted that the very fact of detection of the
VHE excess from the Cygnus X-3 at an observation levél of

~ 700 g/cm2 implies that the total cross section of the
sygnet - atmosphere interaction must be larger then a few tens
of mb. In case of underground muon events, 1t is difficult to
egstimate unambiguously the interaction cross sectiorn, aince

in this case the interaction of cygnetas both in the atmosphere
( ~100 mk) and in the rock ( » 10pb) is not excluded *),
Therefore; in order to explain the muon events, the models
assuming the interaction of cygnets both with the atmosphere
{16,17,20-23] and the rock [19, 24-26] have been proposed.

If the MHE are initiated byAthe same particlea as the under-
ground muon events are, then, obviously, the preference should

be shown to those models which imply a large interaction cross

*) A lowexr bould on the cross section of the cygnet inter-
action in rook is due to the absence of the effeet of
signal enhancement with increasing zenith angle in the
NUSEX experimen: [15]
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section of the cygnets ( » 10 mb). However, it is not eicluded
that these events are initiated by a different particle, then
we deal with the family of cygnets.

In many astudies baaed on the phase analysis of data of
EAS and underground muon experiments the upper limit of cygnet
rest mass was estimated: m.C ¢ 0.5 (E,/10 TeV) GeV. The ides
1aAthat because of the large distance to Cygnus X-3 ( 10 kpec)
the gignal time structure would not be essentially distcrted
only in case when cygnet mass is less than some critical ohe.
The seme statement is valid also for MHE with n > 6. At the
same time, although for MHE with 4 { N € 6 a atatistically
significant excess in the direction of Cygnus X-3 is observed,
neverthelesas the phase analysis reveals no periodicity for
these events. If the time structure of radiation would not
have been dependent on the number of hadrons in MHE, theu for
events with n & flin the phase range 0.3 - 6.4 one should
have expected the number of events 1.5 times that with n » 6
(i.e. ~ 10, since the total number of evenis in the 30° x 30°
sell for pn > 5 1is 19,.and for n > 6 it is 1),

Actually, for n £ 5 only one event falls into the
mentioned phase range (smee Sect. 2.2). This means thet in fact
the gignal time structure depends on the number of hadroans in
the group. Taking into account that the number of hadrons in
MHE reflecta (directly or indirectly) the energy o2 primary
particles, this statement points out that the signal time .
atructure depend; on the cygnet eﬁergy. A poasaible reason of
such a dependence, to our opinion, may be the non-zerc mass

of MHE~-initiating cvenets. Indeed, the presence of radiatior
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periodicity with the phase width 4¢ = 0.1 P, ~ 0.5 h for
MME with n » 6 implies that the cygnet mass is to be about

m_c? < (2adbc/LYR EX . 0,6 (ES*/10Tev) Gev 6

(38
vwhere E. ) is energy of the cygnet initiating MHE with

N 6, L is the dlstance to tke source, ¢ is the velocit)
of light.

On the other hand, taking into account the absence of the
expected signal from MHE with N < 6 (one event instead of
ten expected) in the phase range 0.3 - 0.4 and assuming that
this abasence is due to the violation in the aignal time atruc-
" ture due to non-zero mess of cygnets, we arrive at the lower
bound on the cygnet mass:

n'lcca?,(aA4>-c/L.)*E,_.(‘5)~ o,s(ei“’/wTeV) GeVv N
where Eé‘a) is the energzy of the cygnet initiating MHE with
n < 6. |

Unfortunately, it is impossible on the basis of the
measured number of hadrons in the group to estimate correctly
the primary particle energy, first of all because of the lack
of any information about the nature of cygnet interaotion.
Therefore we ,cennot estimate the absolute values of the limite
to cygnet mass, At the same time the characteristic values of
measured energy releases in the PION calorimeter for MHE ‘shoyld,
be g:l.vom‘ ~ 1(; TeV and ~ 3.5 TeV respectively for n 36
and N - 4. Th; substantial difference in energy liberations

apparently reflects the fact df the appreciable difference in
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primary energies. In this case taxiug 1uso consideration that

'~ the cygnet arrival time delay (due to non-zero mass) is
L 2/ %2
at = 2c (mcC/Ec) ’ (8)

it turns out that under the given finite mags of the cygnet
there exists a critical energy E: above which the time
structure of primary radiation maintains, and below that
it does not. In our case ‘th:l.a critical energy corresponds to
the number of MHE hadrons n ~ 6. The lack of informetion
about the exact value of E: allowa us to estimate the
cygnet mass only by the order of masgnitude: from one to ten
GeV if the critical energy varies within E: ~ 10 - 100 TeV,
Note, however, that this eatimate of cygnet mass should be
regarded with certain caution, since the correct calculations
need in en additional information about the primary energy
spectrum of cygnets [12] . '

Table 1 presents MHE fluxes for various sizes of the cell
centred to the directiqn of Cygnus X-3, as well as for differ-
ent values of the number of hadrons in the group. These fluxes
are comparable with the fluxes of undergrouné muon events de-
tected in experiments of Soudan-1 [14] (~T.3.10"11 cm"zs"')
and NUSEX (~5.10"12 cm™2s~') [15], and are almost by two
orders of magnitude less than the sporadic muon flux detected
during 2-12 October 1983 at the IMB experiment [27] . Whereas
for the underground muon events it is impossible to unambi-~
guously conclude about the site of cygnet interadtions, the
MHE detected by the PION obviously are connected with the
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interaction of cygnets with the atmosphere. Therefore it is
of interest also to compare the MHE fluxes with the measured
atmospheric shower fluxes in the direction of Cygnus X-3,

The decrease in the MHE flux with increasing n (see
Table 1) eapparently is connected with the fact that groups
with high multiplicity are initiated by more energetic part-
icleg. Unfortunately, because of great uncertainty in the
trangition from the hadron energy to the primary particle
energy and due to the abaenge ol information about ihe nature
of cygnet interactionas we }annot eatimate correctly their
fluxes at different energfes. Nevertheless, a most reasonable
energy range for the MHE-initiating primary radiation seems
to be 10 - 100 TeV. To our regret, this energy range for
Cyganus X-3 is studied worse that the energy regions € < 10 TeV
(using the Cerenkov telescopes) and E > 100 TeV (using the
EAS-arrays). From the available data we should mention the
flux observed ‘during 1980-1983 at the FPlateau Rosa detector
with the energy above 30 TeV : 1 (»30.TeV)=(4.2+1.5) 10™12
cm~2 g~ [28] . in the energy range above 5 TeV a high radi-
ation flux was obtained using the Gerenkov telescope by the

ien Shen group (29] : I (25 TeV)=1.6 10”10 cm™2 ™"
(1977-1978) . These. fluxes obtained by averaging during a large
period of observations should be attributed to a stationary
radiation component of Cygnus X-3, As it is known, Cyguus X-3
beaides the stationary component also has a sporsdic component
of radiation [30] . Recently this sporadic cbmponent has been
confirmed by Fly's Eye installation [31] . Over one night in

June 17, 1985 thias installation detected a powerful cutburat
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in the direction of Cygnus X-3; note that during 21 nights of
observations (in June-August 1985) the averagad flux of s;>ra-
dic radiation above {0 TeV was I (210 TeV)=(1.140.3) 10~
cm? 8~1 , and avove 100 TeV: T (»100 TeV)=(2.5+¢1) 1077

cm"2 3-1 [31] . This result is interesting to us not only in
view of the similar energy range of primary radiation, bdut

alsc because the period of the Fly'!s Eye obaervations falls
within the time interval when the MHE excess towards Cygnus

X~3 is detected by the PION installation., Moreover, namely
during June-July 1985 an appreciable share of MHE in the direc-
'tion of Cygnus X-3 was detected. Thus, 7 MHE with n3 6

inside the cell 30° x 30° were detected during 2 months
(June~July 1985), whereas all the 11 MHE were detected during
T mon hs (February-August 1985) of the PION continuous opera-
tion. '

Although the MHE fluxes listed in Table 1 are somewhat
higher than follows from the conventional representations on
the Cygnus X-3 fluxeg, nevertheless, taking into account a
gporadic nature of rediation of this source and the uncertainty
in the energy range of primary radiation there is no obvious
contradiction between the MHE and air shower data. Besides,
it seems to us not quite correct to compare the MHE data and
the air shower data, since the latters have been obtained under
essumption that the shower excess towards Cygnus X-3 is due to
ultrahigh energzy photons. As to the MHE, they cannct be

accounted for by photons under any reesonable -assumptionsa on

interactions of the latters with matter.
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In conclusion we wish to note that the date on MHE dis-
cussed above and the following radical conclusiona concerning
the existence of new particles even more aggravate a suffici-
ently intricate situation with a puzzling source - Cygnus X-3,

Nevertheleas, we conaider it necessary to publish these data.

Finally, we would like to expresé our gratitude to
V.V. Avakian, A.T. Avundjian, E.A. MamidJanian, G.V. Karageu-
zian, G.G. Ovsseplian, H.Zh. Ohanian, and S.V. Ter-Antonlian
for presenting us the PION -primary data on multihadrcn groups

and for the useful discussions.
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Table 1

Characteristics of multihadron events detected
in the direction of Cyghus X-3 by the PION
inatallation (February - August, 1985)

ad x AD »n Niot B S 5/6; I
4 9 4.09 | 4.9 2.4 4.9 T
15%x15° 5 5 1.52 | 3.48 3.2 3.5 10711
6 3 | o.54 | 2.46 | 3.3 2.5 107"
, 4 17 6.41 | 10.59 1 4.1 | 1.1 10710
20°%20° 5 9 | 2.35 | 6.65 | 4.2 1 6.7 107"
6 5 | o.e8 | 4.12 | 4.3 | 4.1-10""
4 30 | 13.18] 16.82 | 4.4 | 1.7 10710
, . -10
30%%30° 5 18 | 4.45 | 13.55 | 6,2 | 1410
6 11 | 1.64 | 9.36 | 7.0 | 9.4 107"
Ak xab - gize of the cell centred to Cygnus V-3;
N - number of hadrons in the group;
Ny =~ total number of events in the given cell;
B - the value of background;
'S - the value of the signal (of the excess):S=N,B;
G_j - background error in the given cell;
S/G'J' - signal~to-noise ratio;
I - the flux of MHE corresponding to the given

velue of a mignal (ecm 2 s~ 1).
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Figure Captione

Fig.1. The right-escension distribtution of events with
the number of hadrons in the group n » 4 for
different sizes of a cell: a) Ad =10° ;
35.5° ¢ § € 45.5% b) ad = 15° ; 33° ¢ & € 48°%
c) ad =20°% 30.5° ¢ & ¢ 50.5%

a) ad =30%; 25° ¢ & ¢ 55°.

The dotted line refers to the background level,
On the right of the ordinate axis the statistical
significance .. the signal (S/GJ ) is marked.

The arrows point to the cells centred to Cygnus X-3,

Fig.2. The value of 5/6:' as a function of the solid
angle centred to Cygnus X~3, The sclid line is the
approximated value of s/sj for groups with the
number of hadrons Nn 2> 4. Experimental values

of /6, : - n»4; A- n>5; U-n3 6.

Fig.3. The right-ascension distribution of events with the
nunber of hadrons in the group nY5and n>» 6
for different sizes of the cell: a) Ad =15°,
33° ¢ 6 < 48% b) Ad=20%, 30.5%°¢ § ¢ 50.5%
c) Ax =30°, 25° ¢ & ¢ 55°.

The dotted line refers to the background level,
On the right of the ordinate axis the statistical
significance ( 5/6j ) is marked. The arrows

point to the cells centred to Cygnus X-3.
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Fig.4. Distribution of multihadron events by the number

Fig.s.

of hadrons in the group ( I (2 1) ) in "on" and “off"
directions with respect to Cygnas X-3. The cell size
is Ao x A8 = 30° x 30°. Experimental points:

O ~ "on" direction; ® -~ "off" direction

{the 1985 data), and A - "on" direction,

A - "off" direction (the 1984 data). Solid lines
refer to power-law approximation of experimental

points.

Phase distribution of multihadron events falling into
the 30° x 30° cell centred to Cygnus X-3 for the
different values of N : a) Nn2>4; d) N » 5;

c) N > 6. The dotted line refers to the btackground
level. On the right of the ordinate é.les the
statistical significance of the signal ¢ S/GJ )

is marked.
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