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The Yakutsk FAS arrey has been designed for detecting
the showers generated by the 1017«102%V primary cosmic
reys and eonsists of numerous electron, muon, and Cerenkov
1ight detectors arrenged on & 20-km® ares terrain (see Fig,
4). The array 1s featured dy the feasibility to detect the
'EAS=produced Cerenkov light, hence, as will be shiown below,
to f£ind the mean energy of the primary particles generating
an ensemble of EAS of given sise,

The Yakutsk array deteciors ere on the aversge spaced

‘a relatively small distence apart (cowpared, for exemple,
‘with the Haverah Park snd University of Sydney arrays), the=
reby permitting a comparatively high accuracy in determi-
ning the basic paremcters of the EAS detected, For instence,
the Monte Carlo caloulations ellowing for the fluctuations
of ¢t e lateral distribution function of charged partiocles
have shown[1] that (see Table 1) the error in finding the
paremeter (.., of individuel E&S, which is ile particle
density at a 600-m distance from the EAS axia”. does not
exoecd 25%6 1if the shower axes fell within the effective de=
tection area of the Yakutsk array for EAS of a given size,
The calculetions were carried out for the various valdes of
’ 9600 and the verious zenith angles of the EAS axes., The ef-
fective detection area is determined in terms of the requi-
rement that the probability of FAS detection within the

“#ane value of § 600 ©8n be dctermined most accurately
with the Yakutek array. Besides, ?600 1s known to be
a good measure of the primary energy,
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area should be at least € = 0,9, irrespectively of the
possible fluctusiions in the form of the leterel distrie
buiion function. Ji’:i.L .a shows the e¢ffective detection area
for BA3 with F 7/‘10 9oV, The primary energy spectrum is
inferred from the Yekutsk arrsy dete by finding, first,
the EAS $ 600 Spectra for various intervals of the zenith
engles of the detectcd BAS axes, The FAS exis direction
and position and the TAS size (j’ ere found by the ma=
ximum likelihood method deseribed in d«tail in [‘l],

Figz.3 shows the TAS 5’6,)0 gpectra for the various ze-
nith angles” corxeﬂpon g to the traversed atmospheric
depthe of 1046 g/ca, 1133 g/om?, and 1313 g/eu® [1]). The
deta of 71,9 may be used to find the experimental absore
ption path of BAS with a given velue of f&OO' 1 = 500 g/em®
which, in turn, msy be used to scale thie observed spectra
to the verticel directiom ¥ = 0° (it should be noted that
the sase procedure is used to infer the -P600 spectrum
frou the llaversh Park erray date).

Fla .4 coupares between the 'f’ 600 speetra inferred
from the Vekuisk deta within 38000 hours end from the Ho~-
vereh FPerk deta, The Haverah Perk spectram’hvs been obtaiw
ned by secaling 9600HP from the weter-tenl date to the S5~
~om thick scintilletor readings using ‘he foruule [2) -

ant, '!.06-0 03
S 6005z (1.72%0.25) § oo *

on the hasis of the § 5., spectrum deta from [3] and the
§ 600 Spectrun data of the Vekutek errey from (1], From
Fé. o4 1t is soin that the o .. spectre measured at Yo
kutsk end Haversh Park are in a good a. reoment with each
other at § .4, sc<2oo(4/m ) end differ somewhat at higher
5)60380’ decpuse of a limited mcourecy in measuring the
perticle flux densities with the Yakutsk arrey, the effect
of its geometry (for exauple, et the boundary of the erray)
the limited accuracy in f£inding the exis position and di-
rection an’ the peartbeler S)GOO' the inaccurecy in celoue
latingz the effeciive dutection eremns, and the deteoted TAS.
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selection effect, the necessity erises to test the distors
ting role of all thesec feotors in terme of the lionte Carlo
method, thet is, to find the § 600 Spectrum distortion ‘fun=
otion, The distortion function was ealeulated in (1] on the
agsumption of the a priori power law S>60050 spectrum 30ﬁ~y‘
allowinz for the real errors in determining t:e densities
with the Yekuisk array end for tie real selection of the
EAS to be studied, From Tig.5 it is seen that the distore
tion funetion diifers little (by not more than 10-20)from
unity at .5 ﬂ(1/m ) and ~ 10(1/u® ). The corrections at
f ~1 enc 40(ﬂ/m ) erise from the efiect of the EAS selece
tion system on messuring the particle flux densities with
soineilletors if tie latter are included in the system, At
5> 20(4/m2), the corrections ere even smaeller, The EAS
§ gop Spectrum may be used to infer théknergy spectrum of
primery cosmic reys frem the experimentel time-intezrated
end differentisl Cerenkov 1li ht flux in an EAS ensemble
with e given velue of 600+ As wes Tirst shown in [4], the
1uto;ral FA3 Cerenkov light flux Q is directly related to
the energy E; lost by the s.ower perticles for ionization
en? for the excitetion of the medium atows ebove the FAS
obse: vaiion level, nemely, E, = kQ, where, according to the
ealouletions[5), k depends 1ittle on the position of the
EAS meximum, On the other hand, the date on the time=dife
ferential Cerenkov light flux at . reat aistqaeea from EAS
axis make 1t pogsible to find the gesifion of the maxjmum
of en individuel FAS [6] and, hence, to juige evout the ex-
tent to which ¥ By is cloae to the primery enerzy E o« In the
renge of 5)600 = 4~1QK4/m ), congiderinz the altitude of
the wmexime of the respective B*owess, we obtain thet the
factor k in the relation Ey = k0 is 3,ax10% eV/photon/eV to
within severel per cent. At the seme time, beceause of the
hi h location of BAS msxinum for f .o, = 4~100(4/m2). it
appeared that Ty = 0.8&0, in other words, the enerzy scete
tercd by & ssower above the observatlon level makes the mow
Jor contribution to the energy of the primery perticle ge=
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nereting an FAS ensemble with e given § ., %) =) . Uhen
finding the value of B, (which is tihe major couponent of K )
it 15 aebsolutely nccesvary to mllow for the RAS Cerenkov
1ight ebsorption in the atmosphere due to the Reyleigh
scettering and the scattering by serosols, The value of O
measured &1rect1y‘ﬁay differ from the number of the gene=
ratcd photons involved 1. the relation Ey = xq.

Bearing in wind the above,l wes carried out ihe regular
control of the atmospheric irsnsparency above the Yakutsk
arrey usin: the large optical detecior described in[9]),
the occurrence frequency of the fercukov light burste in
tie detcotor exceedin: a eertein threshold is contingent
on the atmospheric treusparency et the momeunt of measure=-
ment and on the spectrel index of the hurst intensity spec=
trum N() q)-‘(q x'B)-”; where T is the atmospheric transparen—
¢y for the Wevelengthe studied by the detecior; q is the
burst intensity; = 48 the index of the burst spectrum,

742,6 siiows the distribution of the durst occurrence
frequency inferred from the 15-min ohaervation intervels
during severel months of the VYakutsk array operations, The
detected hurst $hreshold is 17 photon/emaeV. The mexinum
velue of N = N, =400, If the varlations of the Cerenkov
1i:ht flux are cssumed to be due only io the ehenges of
the atmospheric transparency, the distribution shown in
Fie .6 may be transformed into the distribution of T with
the mesn velue T = 0,717, end ¢(1)/T = 0,19, wiere T, is
the maxinun trauaperency which corresponds to the Reylel:h
“seettering disregerding the sercsols, Cousidering the ane
gular dilstridbution of the axce of the EAS detected with
the Yakutsk ervay, one may caleulate [9] the velue of T,

’)In [ﬂ] it hes been shown thet, i1 the moean enersy of EAS
_muons is teken to be F. = 9 CeV accordiny to the expe=
riwentel dete (7] and the laterael distribution of elcow
trons neer TAS axis is determined by the IKG fuuction
with 8 = 1,15 (8], the euer vy carried by eleotrons and
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wiich proved to be 0,85, Siuce T = 0,711,, then T = 0.6,

Thus, the true velue of Q difers from its meosured
volue by the factor 1/T ~1,65. It should be noted that e
8 more rigorsus allowarice for t.e atuwospheric trangparency
involves also tie usagze of the vatio 9 (1)/T in making the
Bc@liﬂ«. However, the wvslue of ihe retio is suf iciently
swel) and, to wiihin geversl per ecent, does not afiect the
regults, Iv should also be not=d that t e large optical de=
tector i8 o locel selectlion system wilich zives au idea of
photon absorption by a leyer of seversl km thiickness above
the observation level (9], The coincidence-ucde funotioning
of the Jemerkand arrey o;ticai detecetors spaced 20 meters
apart has s:iown that [10) tie number of coincidences in the
spaccd=apert detectors is i: & good correletion with the
rumber of ccincide.cesin the local opticel etectors at Sa-
merkend (¥ = 0,9), This fact indicetes that the TAS Cercii=
kov 1i.ht absorption occures meinl.  within the layor imme-
dletely ahove the observaiion level, rather then uniformely
throughout the etmosphere, This conelusicn coincides with
the present-~dsy concepts coucerning t:e atmns shieric serosol
layer of a ~ 2-km tiickness [11],

S0, counsidering the correction for the etmospheric
trensperency, we may obtain [ 2] th%following experimental
reletion between the velue of 5’600 in FAS and the meen
enexryy F of the primery perticles responsible for en FAS
eusemble with & given JDSOO’

By = (5.081,4)x1077 g 0 O 96%0.04 (8 . o9),

The eryor in the nume:ical fector is mainly due 1o the ey~
ror (2% ) 1n the absnslute celibration of the Cerenkov dew
teotors,

The gtetisticel erxrvors, which sre of iuportance when

muon® below “he observetion level will be =~ 15, of B

“he rest energy belongs to noeutrines aund to nuclear
splittiz;;ﬂ.
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dcriving the above relation, can be seen in Fig,7., A given
velue of § goo 19y gemerally, in correspondence to a dis-
tribution of F o Howaver, the width of the E distribution
is so small ( JS?F')/E 2 0,2) that the relation between ﬁ
and § goo 18 auite sufficient to use (to within meveral par
cent) in meking the transition from the Y600 spectrum to
the primary perticle energy spectrum,

Fig,8 shows the experimentel differential energy spece
.tra of primery cosmic rays inferred from the Yakutsk erray
data [1,2], from the Haversh Park dats [3), and from the
Fly's Eye date (12), Fig.9 shows the experimentel energy
spectra obteined slso in [1,8,12), From Fize 8 end 9 it is
seen that at cnergies below ﬂoquv‘the Yakuisk end Haverah
Park data are in a better agreement with each other than
with the Fly's Lye date, The deviations of the latter are
probably due to the tentative character of the results of
calculating the Fly's Eye geometric factors at low primsry
energics, as was noted in L12]. The minor disagreement bet~
ween the Yakutsk and Haverah Park date arose probabdly from
the fact that the lillaes model used for the Haversh Park
array to scale from‘.fsoo to E, is not sufficiently acouw
rete in refleot:ng the true relation betweon .., and B,
At E, 210 19ev tne experimental data of different works ahow
e signifioent spread, Such & spread may be caused by tri-
viel reasons, for exemple, e certain inaccuracy in the ab~
golute calibration of optical detectors for the Yakutsk
array and for Fly's Eye may result in & systematic disage
reement of their data even in the renge of high E° where
Fly's Fye geometric factor has been kmown quite mcourately,
For instance, a 2% variation of the absolute value of ene~
rey leads to a complete agreemant between the Yakutskpend
Fly's Eye date at E, >10 eV, although 1t results in an
increased aiaagreement between their spectra at E '(ﬂo ev
A more essential disagreement 18 observed betveen, on the
one hand, the data obteined at Haverah Park and the Univer-
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versity of Syiney (13) where no direct energy colibration
was medd and, on the other hand, the date obteinec with the
Yekutsk arraey and the Fly's Fye which were energy-calibra=
ted?).

The Heverah Park and Sydney arreys give a flet spec=
trum in the yrange from E >10499V up to the highest detec~
table energles above 10 8eV. It 45 not clear whet is the
role played by the fluctuetions of the charged perticle la=-
in!l&y distribution function in determining the velue of
5 600 forq;he Haversh Perk erray becemse ihe value of fin,
at Ey >10 “eV is not determined by interpolation, but is
found by specifying a fixed meesn leteral distribution fune
c¢tion, This circumstence mey prove to be cven more imporw
tant for the Sydney erray because of o great distence bete
ween its detectors, With a falling 5,600 spectrum (or the
spectrum of Nﬂ » the total nuuber of EAS muons, in case of
the Sydmey erray), the great errors in determining the BAS
sige may fletten the mcasured spoctrum, An additional 80=
urce of errors erises also when we treat the showors whose
exen fall at t..e array periphery.

So, we ihink it necceuary (1) to ri orously restrict,
weking sllowence Yor the lateral distritution funetion flue
etuations. the effeciive deteciion area for TAS with R, >
> 10 9eV by the region where the sccurecy in determinin
the FAS perameters will meake sure thet errors would be gbe
sent and (2) to earry out the Monte Carlo simuletion of the
extire proecss of memsuring and aenelyzing %AS with en expew
rimentel arrey in order to obtein a distodbéion Tunciion of
the type shown in Fig,.S.

i’The enexrzy spectrum inferred irom the Sycney array data
1s not shovm in Pigs 8 and 9 beceuse it is model~depeude
dent, It is neccssary to use the resulis of the Yakuisk
erray calibration (2] and to scale the muon number spec=
trum to the primery spectrum,
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Thus, oh exemining the eveileble Yakutek and Fly's Eye
date, one may arrive at the conclusion that they do not
contradict qualitetively the Zatsepin=ireizen pattern of ]
the cutoff of the cosmic ray energy spectrum due to the
interactions with the 2,7K universal micrewave radiation,
Additional studies have to be carried out to demonstrate
the existence of such a cutoff and to find the 'fine’
spectral struoture (bump),
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Yakutsk EAS array
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Fig. 1

—Effective_area of the Yakutsk array
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Table 1



