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The SHALON Cherenkov gamma-telescope
located at 3338 m a.s.l., at the Tien Shan high-
mountain observatory of Lebedev Physical
Institute, has been destined for gamma -
astronomical observation in the energy range
1-100 TeV. The gamma – astronomical 
researches are carrying out with SHALON 
since 1992. During the period 1992 - 2008
SHALON has been used for observations of
metagalactic sources: Mkn 421, Mkn 501,
NGC 1275, SN2006gy, 3c454.3, 1739+522
and galactic sources: Crab Nebula, Cyg X-3, 
Tycho's SNR, Geminga, 2129+47XR.
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HIGH MOUNTAINOUS OBSERVATORY SHALON ALATOO

SHALON mirror Cherenkov telescope created at Lebedev Physical Institute and stated in 1991 - 1992

• Total area of spherical mirror    — 11.2 m2

• Radius of mirror curvature — 8.5 m
• The angle range of telescope turn: 
– azimuth — 0о-360о

– zenith                                         — 0о-110о

• The accurace of telescopic 
axis pointing     — ≤0.1о

• The photomultiplier tube camera (12х12) —
144 elements

• Field of view                                   > 8о

• Weigth 6 ton
• altazimuth mounting

It is essential that our telescope has a large matrix with full angle
>8o that allows us to perform observations of the supposed
astronomical source (ON data) and background from extensive
air showers (EAS) induced by cosmic ray (OFF data) 
simultaneously. Thus, the OFF data are collecting for exactly the
same atmospheric thickness, transparency and other experimental
conditions as the ON data. 



• the integral spectrum of events
coming from a source under
investigation (ON events);

• spectrum of the background events
coming simultaneously, during the
observation of the source (OFF 
events);

• the source spectrum;
• the source images;

The standard output of the SHALON 
data processing consists of :

SHALON ALATOO OBSERVATORTIONS



TeV gamma-rays from Crab Nebula

As in many other bands of electromagnetic spectrum, 
the Crab Nebula has become the standard candle for 
TeV gamma-ray astronomy. It is available as steady 
source to test and calibrate the telescope and can be 
seen from both hemispheres. Since the first detection 
with ground based telescope the Crab has been 
observed by the number of independent groups using 
different methods of registration of gamma-initiated 
showers. 

Crab Nebula has an extraordinary broad 
spectrum, attributed to synchrotron radiation of 
electrons with energies from GeV to PeV. This 
continuous spectrum appears to terminate near 
108 eV and photons, produced by relativistic 
electrons and positrons (1015eV) via Inverse 
Compton, form a new component of spectrum 
in GeV – TeV energy range.



The SHALON observation results of Crab Nebula

The Crab γ-quantum spectrum with power
index kγ=-1.44 ± 0.07The images of Crab Nebula by SHALON.    right – energy image of Crab.

A Chandra X-ray image of Crab Nebula. 
The Crab PWN in the energy range 0.2-20 keV. Image of 
the central 200’’×200’’ of the Crab Nebula. In this energy 
band most of the PWN X-rays come from a torus
surrounding the pulsar.
The pink contour lines show the TeV - structure by
SHALON observations. The most part of TeV energy 
gamma-quanta come from the region of bright torus
whereas the contribution of energy gives the region of  the 
southern jet.



Tycho’s SNR

A Chandra image of Tycho’s SNR (X-ray);

This image of the supernova remnant shows an
expanding bubble of multimillion degree debris
(green and red) inside a more rapidly moving shell of
extremely high energy electrons (filamentary blue).
The supersonic expansion of the stellar debris has
created two X-ray emitting shock waves - one
moving outward into the interstellar gas, and another
moving back into the debris. These shock waves
produce sudden, large changes in pressure and
temperature.

Tycho’s SNR has long been considered as a candidate to cosmic ray hadrons source in 
Northern Hemisphere.
Tycho’s SNR have been detected with SHALON mirror Cherenkov telescope at TeV
region. The integral gamma-ray flux above 0.8 TeV was estimated as
(0.52 ± 0.09)×10-12 cm-2s-1

Kinetic nonlinear theory of diffusive CR acceleration 
in SNRs (Berezhko, V¨olk) connects the gas 
dynamics of the explosion with the particle 
acceleration.



The integral average gamma-ray flux above 0.8 TeV was 
estimated as ITycho = (0.52±0.09)×10-12 cm-2s-1

The energy spectrum of
Tycho's SNR at 0.8-20 TeV
can be approximated by the
power law F(> EO) Ekγ, with
kγ = -1.00 ± 0.06.

The images of Tycho's SNR 
by SHALON right – energy 
image of Tycho’s SNR



The nonlinear kinetic model for cosmic ray 
acceleration in SNR [H. J. Völk, E. G. Berezhko, 
2001] has been applied to Tycho’s SNR in order to 
compare the model results with the found very low 
observational upper limits in the TeV energy range. In 
fact, HEGRA dad not detect Tycho’s SNR, but 
established a very low upper limit at energies >1 TeV. 
The HEGRA’ s limit is consisted with that previously 
published by the Whipple collaboration, being a factor 
4 lower (the spectral index was assumed to be -1.1 for 
this comparison). The πO - decay gamma-quantum flux 
turns out to be greater than the Inverse Compton flux 
at 1 TeV and becomes strongly dominating at 10 TeV. 
The predicted gamma flux is consistent with the upper 
limits published Whipple and HEGRA collaborations. 

The integral average gamma-ray flux 
above 0.8 TeV was estimated as 
ITycho = (0.52±0.09)×10-12 cm-2s-1

The expected πO-decay gamma-quantum flux Fγ∝Eγ
-1 extends up to ~ 40 TeV,

whereas the Inverse Compton gamma-ray flux has a cutoff above the few TeV. 
So, the detection of gamma-rays at energies of ~ 10-40 TeV by SHALON 
telescope is the evidence of hadron origin.



Tycho’s SNR
Spectral energy distribution of the γ-ray emission from 
Tycho’s SNR, as a function of γ-ray energy εγ , for a 
mechanical SN explosion energy of Esn = 1.2×1051 erg and 
four different distances d and corresponding values of the 
ISM number densities NH. All cases have dominant hadronic
γ-ray flux [L. T. Ksenofontov, H.J. Völk, E.G. Berezhko in 
The Multi-Messenger Approach to High Energy Gamma-ray 
Sources, Barcelona, July 4-7, 2006].
The additional information about parameters of Tycho’s SNR 
can be predicted  (in frame of this theory) if the TeV gamma-
quantum spectrum of SHALON telescope is taken into 
account:  a source distance 3.1  - 3.3 kpc and an ambient 
density NH 0.5 - 0.4 cm−3 and the expected π0-decay gamma-
ray energy extends up to about 100 TeV.

ROSAT HRI image of Tycho’s SNR (X-
ray); The contour lines show the TeV -
image by SHALON observations. 



Geminga
A neutron star in the constellation Gemini is the
second brightest source of high-energy gamma-rays in
the sky, discovered in 1972, by the SAS-2 satellite. 
For nearly 20 years, the nature of Geminga was
unknown, since it didn't seem to show up at any other
wavelengths. In 1991, an regular periodicity of 0.237 
second was detected by the ROSAT satellite in soft X-
ray emission, indicating that Geminga is almost
certainly a pulsar. Geminga is the closest known
pulsar to Earth; and it's the only known pulsar that is
radio-quiet.

The broadband energy 
spectrum of Geminga. 
Upper limits correspond to 
that of pulsed flux whereas 
the data points represent the 
total flux [M.S. Jakson, J.P. 
Halpern and E.V. Gotthelf, 
ApJ, 578 (2002) 935]. Black 
points are SHALON data.



Geminga is one of the brightest source of MeV - GeV gamma-
ray, but the only known pulsar that is radio-quiet.

Geminga has been the object for study at TeV energies with upper 
limits being reported by three experiments Whipple'93, Tata'93 and 
Durham'93. The value Geminga flux obtained by SHALON is lower 
than the upper limits published before. Its integral gamma-ray flux is 
found to be (0.48 ± 0.17)×10-12 cm-2s-1 at energies of > 0.8 TeV. Within 
the range 0.8 - 5 TeV, the integral energy spectrum is well described by 
the single power law I(> Eγ) ∝ Eγ-0.58±0.11. The energy spectrum of 
supernova remnant Geminga F(EO > 0.8TeV ) ∝ Ek is harder than Crab 
spectrum.

The Geminga γ-quantum
spectrum with power index
kγ=-0.58 ± 0.11

The event spectrum from Geminga
with background kON=-0.85 ± 0.09 
and spectrum of background events
– kOFF=-1.72 ± 0.09

The images of Geminga by SHALON

The gamma-ray flux detected by SHALON from this source is
FGeminga(EO>0.8 TeV) = (0.48 ± 0.17)×10-12 cm-2 s-1



Conclusion

• Tycho’s Supernova Remnant has long been considered as a 
candidate to cosmic ray hadrons source in Northern Hemisphere. 
The expected πO-decay gamma-quantum flux Fγ ∝ Eγ

-1 extends
up to ~ 40 TeV, whereas the Inverse Compton gamma-ray flux
has a cutoff above the few TeV. So, the detection of gamma-rays
at energies of 10 - 40 TeV by SHALON telescope is the
evidence of hadron origin.

• The additional information about parameters of Tycho’s SNR 
can be predicted if the TeV gamma-quantum spectrum of 
SHALON telescope is taken into account:  a source  distance   
3.1  - 3.3 kpc and an ambient density NH 0.5 - 0.4 cm−3 and the
expected π0-decay gamma-ray energy extends up to about
100 TeV
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