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The setup built for studying Cerenkov radiation of large atmospl1e1·ic slюwei·s 
also measured the intensity and shape of the energy spectrum of p1·imary cosmic 
rays in the energy range 1014- 1015 eV. 

In recent years , in connection with the intensive development of the super-high energy gamma astron
omy, several experimental installations were built for measuring the Cerenkov radiation generated Ьу large 
atmospheric showers in the atmosphere. The study of large atmospheric showers , which are produced Ьу 
the interaction of primary cosmic rays (PCR) with the Earth 's atmosphere , makes it possiЫe to reconstruct 
some properties of primary particles, primarily their energy and direction of incidence. Since gamma-quanta 
are electrically neutral, their trajectories are not distorted Ьу interstellar magnetic fields and point directly 
to the source of the quanta. This property is mostly used to search for discrete gamma-sources. The pres
ence of gamma-sources is indicated Ьу an excessive amount of large atmospheric sho\vers comiпg from some 
direction over the isotropic background of charged particles of PCR. Other parameters of large atn10sp l1eric 
showers, which depend on the nature of primary particles, are used to increase the statistical reliability of 
selecting showers that are generated Ьу gamma-quanta. 

The Tien Shan Atmospheric Cerenkov Telescope system (ТАСТ) described below has been coпstructed 
in the Tien Shan Mountains (Kazakhstan) at the altitude of 3300 т above sea level and consists of six 
Cerenkov radiation detectors arranged evenly over а circle 115 m in radius. Each detector is а searcbligl1t 
device with а parabolic mirror 1.5 m in diameter , in whose focus а photomultiplier FEU-49 is mounted. Tl1e 
device operates when а pulse exceeding а preset threshold appears in each of the six detectors . А nanosecond 
technique was used to analyze the differences in times of arrival of the front of Cerenkov photons from а large 
atmospheric shower at different points and to measure the number of photons registered Ьу each detector. 
The collected data enaЬled the direction of arrival , position of the shower axis, and tl1e priшary particle 
energy to Ье determined with high accuracy. The personal computer-controlled equipment for acquisition 
and storage of experimental data was designed according to the САМА С standards [1] . 

Preliminary measurements carried out in 1993 verified the stability of operation of the facility апd 
the possibility to correctly determine the parameters of individual showers and to measure the energy spec
trum of PCR charged particles. In the present paper we examine the results of measuring this spectrum. 
These measurements , though being а by-product of the gamma-astronomy investigations , are of considerable 
interest Ьу themselves in the context of discussions about the PCR energy spectrum shape. 

In the material presented below, use was made of 377 events registered under the condition of six-fold 
coincidence, i.e ., when signals arrived from all the six detectors. 

The angular distribution of the registered showers is depicted in Fig. 1. The effective zenith angle of 
2.75° for this distribution corresponds to the setup effective solid angle of 0.00724 steradian. The accuracy 
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of measurement of time intervals in this experiment \Vas ....., 5 ns , \vhich corresponds to an angular resolutioп 
of - 0.5°. 
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Fig. 1 

Angular distribution of the studied showers; Z is the zenith angle (in degrees) . 
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Fig. 2 

Energy distributions of events registered in the experiment ( solid line) and simulated ( dashed 
line) . 

The threshold value of the Cerenkov pulse measured in numbers of photoelectrons was chosen in such 
а way as to exceed Ьу about an order of magnitude pulses due to fluctuations of the background radiation 
from the stars. The theoretical estimate of the stellar background for the ТАСТ facility is about 2 х 109 

photoelectrons/s. А threshold of about 270 photoelectrons was chosen in the course of the experiment . This 
value corresponds to an energy of PCR nuclei of about 40 TeV (about 20 TeV for primary gamma-quanta) . 
At present, FEU-49 photomultipliers are being replaced Ьу Quasar photoreceivers [2] which have be~ter time 
characteristics, and the electron measurement channels are also being updated. This will bring about а 
several-fold lowering of the energy threshold and an improvement of the angular resolution of the setup . 

In order to pass from the number of photons recorded to the energy of primary particles а series of 
calculations were made, whose basic principles are described in [3] . According to these calculations, for 
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the ТАСТ facility the relation bet\veen the total number of Cerenkov photons in tl1e \vavelengt l1 interYal 
300-800 nm and tlie energy interval 100- 1000 Те У is described Ьу the expressioн 

Q/E = 1.4 х 107 quanta/Tev. 

This formula is valid to within several percent for any cliarge composition of tlie PCR: from purely 
proton to tliat including only iron nuclei . 

То check the effectiveness of the experimental data processing algorithm , а Monte-Carlo simulated bank 
of artificial events was processed. Energy distributions for registered and simulated events are sho,vn in Fig . 2. 
The histogram of simulated events, which was obtained assuming а threshold value of 270 photoe lec tro пs, 

demonstrates satisfactory agreement with the experimental histogram. ln the framework of processing of t Ь е 
bank of artificial events, an estimate of the energy measurement accuracy for an isolated event \vas obtained , 
which was about 30% for the energy range of 100-1000 TeV. 
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Fig. з 

Differential energy spectra of events registered in circles of the radii R = 30 m ( 1), 60 m ( 2) , 
90 m (3) and 120 m (4) . 

То obtain an undistorted PCR spectrum, only those events should Ье included in the processing for 
whose parameters the detection effi.ciency is close to 100%. The detection effi.ciency depends on the distance 
between the shower axis and the setup center , and on the primary particle energy. То assess the effi ciency, 
differential energy spectra of showers with axes fitting in circles with radii of 30 , 60 , 90 and 120 111 \vere 
constructed (Fig. 3) . For each of these circles there exists an energy from which on,vard the spectrum 
becomes power-like. For each of the circles, startiiig from the largest one , events in the intervals \vithin t!1e 
power-like spectrum were selected. The final sampling was of 213 events. In Fig. 4, а differential energy 
spectrum of PCR in the 100-2000 Те У energy range constructed in this way is compared wit h certain data 
obtained Ьу other authors (4- 7] . The slope indices of the spectra for the intervals of 100-2000, 200-2000 , 
and 200-1500 Те У are 2.60 ± 0.11 , 2.69 ± 0.12 , and 2.64 ± 0.12 , respectively (only statistical errors of index 
measurements are shown) . 

Refinement of the PCR spectrum at energies of 1012-1015 е У is rather necessary at present in vie\v of 
possiЫe steepening of the proton spectrum in the 1-100 Те У range [6-8]. ln this case the spectrum of all the 
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Fig. 4 

Differential energy spectrum of PCR; (1) data from the present experiment; (2) data from 
(4]; (3) data from (5]; (4) from (6]; (5) from (7]. 

particles must have а characteristic singularity of the step-like type, whose parameters \vould depend on tl1e 
character of steepening of the proton spectrum. The solid curve in .Fig. 4 illustrates tl1e shape of the "step ," 
when the slope index of the proton spectrum increases Ьу 0.6 starting from 10 TeV . The data availaЫe at 
present for this energy range do not allow any definite conclusion to Ье drawn. It is necessary to increase the 
statistical accuracy and, which is especially important, to perform measurements in the range from several to 
,.._ 1000 TeV on the same setup that should have а high enough resolution. Ву lowering the energy threslюld 
of the Т.АСТ system down to several TeV one may try to solve the proЬlem of singularities in the PCR 
spectrum in the 1-1000 Те V range. The necessary observation time in those conditions is 20-30 h. On tl1e 
other hand , when longer observation times are used , one should Ье аЫе to refine data on tl1e break in tl1e 
PCR spectrum observed at energies ,.._ 3 х 1015 е V. 

The method used in this paper to determine the primary particle energy Ьу means of measuring the 
integral flux of the Cerenkov radiation generated Ьу large atmospheric showers is the most adequate опе , 

since the quantity we measure is tightly connected with total ionization losses of shower particles in the 
atmosphere, which in their turn make up about 70% of the primary particle energy. This method l1as never 
been used before in the energy range considered. 

REFERENCES 

1. R . А. Antonov, А. М. Anokhina, V. I. Galkin, et al., Izv . Akad. Nauk, Ser. Fiz., vol . 57 , no. 4, р . 177 . 
1993 . 

2. R. А. Antonov , V. I. Galkin, I. Р. Ivanenko, et al ., Izv. Akad. Nauk, Ser. Fiz. vol. 57, no. 4, р . 181 , 
.1993. 

3. А. М. Anokhina, V. I. Galkin, К. V. Mandritskaya, and Т. М . Roganova, Astrophys. Space Sci. , 
vol . 209, р. 19, 1993 . 

4. N. L. Grigorov, I. D. Rapoport, and V. Уа. Shestoperov, High Energy Particles in Cosmic Rays (iп 
Russian), Moscow, 1973. 

5. I . Р. lvanenk6, 1. D. Rapoport, V. Уа. Shestoperov, et al. , Pis 'ma Zh. Eksp. Teor. Fiz. , vol . 49 , по. 4, 
р . 192, 1989. 

6. V. 1. Zatsepin, Т. V. Lazareva, G. Р. Sazhina, and N. V . Sokol'skaya, Yad. Fiz., vol. 57 , р. 684 , 1994. 
7. К. Asakimori , Т. Н . Burnett, М . L. Cherry, et al., Proc. 22 ICRC, DuЬ/in , vol. 1, р. 57, 1991. 
8. N. L. Grigorov, V. Е. Nesterov, I . D. Rapoport , et .al ., Yad. Fiz. , vol . 11, р . 1058, 1970 . 

23 March 1994 Research Institute of Nuclear Physics 

34 


