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Abstract: The gamma-quantum spectra produced by the electronic afrdriia components of cos-
mic rays have similar shapes at the energies from 1GeV to 1dieto the synchrotron losses of the
electrons. So, the only observational possibility to dimarate between leptonic and hadronic contribu-
tions is to measure the gamma-quantum spectrum at energres than 1 TeV, where these two spectra
are expected to be essentially different. The gamma-qoaetmitting objects in our Galaxy are the
supernova remnants and binary. According to the theotgirealiction about 20 Supernova Remnants
should be visible in the TeV gamma-rays whereas only two wetected up to now by SHALON in
northern hemisphere, namely Tycho’s SNR and Geminga. Thkerehtion results of gamma-quantum
sources Tycho Brage and Geminga by SHALON gamma-telesaepg@esented. The energy spectra of
Geminga supernova remnants and Tycho's SN, > 0.8 TeV) o« E* are found to be harder
than Crab Nebula spectrum. The integral energy spectrumralh Glebula is well described by the
single power lawl (> E,) oc E;****%07  Geminga is one of the brightest sources of MeV - GeV
gamma-ray. The value Geminga flux obtained by SHALON is lothan the upper limits published
before. Its integral gamma-ray flux is found to {48 + 0.17) x 10~'? at energies of> 0.8 TeV.
Within the range 0.8 - 5 TeV, the integral energy spectrum édl described by the single power law
I(> E — ) o E;%%8%011 The integral gamma-ray flux of Tycho.s SNR above 0.8 TeV bABBIN
was estimated a&).52 4 0.09) x 10~ '2. The energy spectrum of Tycho’s SNR at 0.8 - 20 TeV can be
approximated by the power lai(> E.) oc E*v, with k, = —1.00 = 0.06. The expectedr°-decay
gamma-quantum flu¥’, o« E; ' extends up to 30 TeV, whereas the Inverse Compton gammatpay fi
has a cutoff above the few TeV. So, the detection of gamms.abgnergies of 10 - 40 TeV by SHALON
is the evidence of hadron origin.

I ntroduction

10 T T T T T T T
The observations on Tien-Shan high-mountain sta- ol b2, Crab Nebula 1
tion with SHALON had been carried out since 107 I 1
1992 year [1 - 4]. During this period 12 meta- i} f # !
galactic and galactic sources have been observed. % ot o ]
Among them are galactic sources Crab Nebula (su- i 0"f 2 coss “oooy, i
pernova remnant), Cygnus X-3 (binary), Tycho’s 2 ;‘;H % Eﬁ?E“E %ﬁ%* 1
SNR (supernova remnant), Geminga (radioweak ali X ;‘”EIQSN = ‘Ef !
pulsar) and 2129+47 (binary) [1 - 14]. The results ijr v Tomisode  Upperlimitu WT
of observation data analysis for the each source 1‘; * CANGABOO O aasawm 13
are integral spectra of events coming from source - 10 100 10 10" 10" 10° 10° 10"
kon, and background events, coming simultane- E,ev

ously with source observationkorr, temporal )
analysis of these two kind events and the source Figure 1: The Crab Nebula gamma-quantum
images. At Figs. 1, 2, 3, 4, 5, 6, the observation tegral spectrum by SHALON in comparison wil

results of Galaxy gamma-sources are showed. ~ other experiments: EGRET, COS-B, CELEST
CAT, Asgat, Whipple, Themistocle, HEGRA CT._

CANGAROO, Tibet, CASA-MIA [1 - 5; 10 - 12].
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Figure 2:left: The Crab Nebula gamma-quantum integral spectrum with piowlex ofk., = —1.44+0.07;
The event spectrum from Crab Nebula with background witlexnaf ko = —1.60 + 0.06 and spectrum
of background events observed simultaneously with Cratutdehith indexkorr = —1.74 +0.06. right:
The image of gamma-ray emission from Crab; The energy im&g}é @nits) of Crab by SHALON.

Crab NebU'a 10-4 E ""l T b T T T i
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As in many other bands of electromagnetic spec- w0 . ]
trum, the Crab Nebula has become the standard m,i LA

candle for TeV gamma-ray astronomy. It is avail- - .t

able as steady source to test and calibrate the tele- ; m_,} 3 ]
scope and can be seen from both hemispheres. = 0y i
Since the first detection with ground based tele- & 10"F 3

scope the Crab has been observed by the number

of independent groups using different methods of
registration of gamma-initiated showers. Some of
these detections are presented below and shown
on fig. 1. The SHALON observation results of
well-known gamma-source Crab Nebula (Fig. 1)
are consistent with observation data of the best
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world telescopes. The spectrum of gamma rays

from the Crab Nebula has been measured in the Figure 3: The Geminga gamma - quantum ¢
energy range 0.8 TeV to 11 TeV at the SHALON 0.8 TeV) integral spectrum by SHALON in com
Alatoo Observatory by the atmospheric Cerenkov Parison with other experiments

technique. The integral energy spectrum is well

described by the single power lai(> £,) o that is radio-quiet. Geminga has been the 1

E71.44:i:0.07(|:ig_2)_ . : . .
7 o ject for study at TeV energies with upper limi
An image of gamma-ray emission from Crab Neb- being reported by three experiments Whipple’¢
ula by SHALON telescope is shown in Fig. 2. Tta’93 and Durham’93. Figures 3 and 4 shq
The spectrum indices for Crab Nebula obtained by the SHALON results for this gamma-source. /
Whipple, SHALON, CANGAROO, CAT, HEGRA  jmage of gamma-ray emission from Geminga
atmospheric Cherenkov telescopes and Tibet aregyal ON telescope is shown in Fig. 4. As
presented in [4, 5]. seen from fig.3 the value Geminga flux obtain
by SHALON is lower than the upper limits puk
lished before. Its integral gamma-ray flux is fou
to be(0.48 + 0.17) x 1072 at energies of> 0.8
TeV. Within the range 0.8 - 5 TeV, the integr
energy spectrum is well described by the sin
power lawI(> E,) o« E;5=0-11(Fig. 4). The

Geminga

Geminga is one of the brightest source of MeV
- GeV gamma-ray, but the only known pulsar
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Figure 4:left: The Geminga gamma-quantum integral spectrum with powaxiodk., = —0.58 & 0.11;
The event spectrum from Geminga with background with indekgy = —0.85 4+ 0.09 and spectrum of
background events observed simultaneously with Gemingaindexkorr = —1.72 4+ 0.09; right: The
image of gamma-ray emission from Geminga; The energy imagé (nits) of Geminga by SHALON

energy spectrum of supernova remnant Gemingain SNR has been applied to Tycho’s SNR in ¢
F(Eo > 0.8TeV) < E¥is harderthan Crab spec- der to compare model results with recently fou

trum. very low observational upper limits on TeV ener;
range. In fact, HEGRA didn’t detect Tycho’s SNF

; but established a very low upper limit at energies
Tycho's SNR 1 TeV. This value is consistent with that previous

published by Whipple collaboration, being a fact
Tycho Brage supernovaremnant has been observecf 4 ower (the spectral index ef1.1 for this com-
by SHALON atmospheric Cherenkov telescope of parison [6]). Ther®-decay gamma-quantum flu
Tien-Shan high-mountain observatory. This object turns out to be some greater than inverse Comg
has long been considered as a candidate to cosmidjux at 1 TeV becomes strongly dominating at .
ray hadrons source in Northern Hemisphere, al- TeV. The predicted gamma-quanta flux is in cc

though it seemed that the sensitivity of the present sjstent with upper limits published by Whipple [:
generation of Imaging Atmospheric Cherenkov 9] and HEGRA [7].

System'’s too small for Tycho’s detection. Tycho’s

SNR has been detected by SHALON at TeV ener- _

gies. The integral gamma-ray flux above 0.8 Tev Conclusion

was estimated a&).52 4 0.09) x 10712 (Fig. 5).

Figures 5, 6 show the observational results for Since the expected flux of gamma-quanta fr
the Tycho’s SNR. An image of gamma-ray emis- =©-decay, F, E;l, extends up to~ 30

sion from Tycho's SNR by SHALON telescope is
shown in Fig. 6. It coincides with spot of the max-
imum intensity in north-east part of rim viewed
in X-ray by ROSAT [14]. The energy spectrum
of Tycho’s SNR at0.8 — 20 TeV can be approxi-
mated by the power law'(> Ep) o< E* , with
ky = —1.00 £ 0.06. The integral spectral indices
of kon andkopr are shown in Figures 6. The en-

TeV, while the flux of gamma-rays originated fro
the Inverse Compton scattering has a sharp cu
above the few TeV we may conclude that the «
tection of gamma-rays with energies-of10 to 40
TeV by SHALON is an indication of their hadroni
origin [6].

ergy spectrum of supernova remnant Tycho's SNR REferences

F(Eo > 0.8TeV) o< E* is harder than Crab spec-
trum.

A nonlinear kinetic model of cosmic ray accelera-

tion in supernova remnants is used in [6] (Fig. 5)
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Figure 5: left: The Tycho's SNR gamma-quantum integral spectrum by SHAL®Mdmparison with
other experiments: the observed upper limits Whipple, HEGRCT system, HEGRA AIROBICC anc
calculations: IC emission (thin lines}y® - decay (thick lines).right: L. T. Ksenofontov, H.J. Voek
E.G. Berezhko in The Multi-Messenger Approach to High Egeegmma-ray Sources, Barcelona, Ji
4-7,2006 an@?
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Figure 6:left: The Tycho’s SNR gamma-quantum integral spectrum with pomeex ofk, = —1.00 =

0.06; The event spectrum from Tycho’ SNR with background witheraf ko = —1.14 £+ 0.06 and
spectrum of background events observed simultaneoudyWyitho’s SNR with indeXorr = —1.72 +

0.06. right: The SHALON image of gamma-ray emission from Tycho’s SNR a@$bRT HRI [14] image
of Tycho’s SNR
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