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Constraints on the SNR origin of cosmic rays from gamma-ray
observations in the TeV region
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Department of Physics, Saitama University, Saitama 338-8570, Japan

Abstract. If shell-type supernova remnants (SNRs) are the In the present paper is discussed the model of diffusive
acceleration site of cosmic rays in the energy region of lesshock acceleration of cosmic rays in shell-type SNRs by in-
than at least 100 TeV, the associated interactions should reerring from those measurements in the sub-TeV and supra-
sult in a detectable flux of gamma-rays in the TeV region for TeV regions.

each of nearby these SNRs. Many searches for gamma-ray

emission have been performed with imagitigrenkov tele-

scopes and air-shower arrays in the sub-TeV and/or suprgg Measurements

TeV regions. However, most of measurements failed in ob-

servations of significant emission. We set the flux limits on So far several positive observations of gamma-rays from shell-
gamma-ray emission from nearby SNRs in the TeV region bytype SNRs, have been made with imagi@igrenkov tele-
using these data. These results constrain model predictionscopes in the sub-TeV region. The gamma-ray flux from
of diffusive shock acceleration of cosmic rays in the shell- the northwest rim of SN1006 measured by the CANGAROO
type SNRs. group [3] is higher than the expected value assuming the
model of diffusive shock acceleration. By comparing with
the X-ray flux, which is interpreted as synchrotron emis-
sion from high energy electrons, from the same rim mea-
sured with the ASCA [4], these gamma-rays would be con-
sidered to be Inverse Compton photons scattered by elec-

It has been generally believed that shell-type supernova r®Mtons. Therefore there is no evidence of hadronic cosmic-ray

nants (SNRs) are the site of acceleration of cosmic rays Wm};\cceleration in the rim of SN1006. The gamma-ray flux from

the energy of less than at least 100 TeV. According to thethe SNR RXJ1713.7-3946 measured by the CANGAROO
model (.)f.d|ffuswe ShOCk. acceleration, it Is possible to con- group seems to be in a similar situation [5]. The gamma-ray
yert efﬁugntly the .klnetlc energy of supernova explosions emission from the SNR Cassiopeia A is detected in a lower
Into cosmic rays with the energy up to. at Ieas.t 100 TeVv andlevel than the prediction for hadronic cosmic-ray acceleration
to_explam the energy den5|ty of galactic cosmic rays. If COS~ the TeV region by the HEGRA collaboration [6].

mic rays are accelerated in shell-type SNRs, then high energy Pioneering measurements of the TeV gamma-ray flux from

gamma-rays induced by neutral pions are also produced as i . i
the cosmic rays interact with ambient matter [1,2]. While the six nearby SNRs, 1C443-Cygni, W63, W44, W51 and Ty

cho, were performed with the Whipple imagiigerenkov

presence of an additional flux of gamma-rays would be alsc{elescope [7]. However no significant emission was detected

considered from Inverse Compton scattering with amblentand upper limits on the sub-TeV flux were reported.

photons and bremsstrahlung in matter by high energy elec- i . .
trons in the same energy region. A nearby shell-type SNR Recently, the Tibet air-shower array has been much im-

at a distance of less than 2 kpc should have the gamma-ragroved and the detectable flux level has reached into the pre-

luminosity detectable with ground-based imagiverenkov Sllc\:ltlgd otne doif tha:]dron;cl COS{E'C:;yk acc_?_lk(‘arat:]on Torrra nela;ibyn
telescopes and air-shower arrays in the sub-TeV and supra- s atadistance otiess tha pc. The anguiar resoiutio
d the energy determination method with the air-shower ar-

TeV regions. Many measurements therefore have been so 4" . .
performed with ground-based detectors. ray have been confirmed by observing the darkness and the

shift of the center of the moon’s shadow casted in the cosmic-
Correspondence tK. Mizutani ray flux. Therefore highly unambiguous measurements of
(mizutani@cr.phy.saitama-u.ac.jp) multi-TeV gamma-rays have been realized by using the air-
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shower array because of highly decreasing of systematic ungamma-rays from an average shell-type SNR. Assuming that
certainties. This air-shower array is suitable for measure-shell-type SNRs would supply all the energy density of galac-
ments of gamma-rays from many sources since this is obtic cosmic rays, the luminosity of gamma-rays induced by
serving day and night at about 1 sr aperture. hadronic cosmic rays in the multi-TeV region depends mainly

The Tibet ASy Collaboration has measured multi-TeV gamma-the frequency of supernova explosions and the effective
rays from sixteen nearby shell-type SNRs which are locatedime for cosmic-ray acceleration. Therefore so far as the
within 5 kpc and younger than 1@ears. No excellent excess estimation of these values is considered to be suitable, the
has been found and upper limits on the multi-TeV flux have evaluation of the luminosity of shell-type SNRs would not
been set for each of sixteen SNRs. Piled up the data of sevelpe much changed. Another site of cosmic ray acceleration
nearby SNRs, Cygnus Loop, G65.1+0.6, HB21, IC443, Mondsesides shell-type SNRs might be required by the data on
ceros,y-Cygni and W63, located within 2 kpc distance, the gamma-ray flux in the sub-TeV and multi-TeV regions.
gamma-ray flux upper limit from a SNR of 1 kpc distance  The Tibet air shower array would be improved further in
has been set to be6 x 10713 cm2 s~! above 3 TeV. 2002. A clear evidence or strong constraint on hadronic cosmic-

The EAS-TOP, the CYGNUS and the CASA-MIA groups ray acceleration in shell-type SNRs would be expected by us-
also reported upper limits on the flux in the 10 TeV and 100ing the improved air-shower array in the near future because
TeV regions from nearby SNRs by using air-shower arraythe statistics would become much better and the angular res-
[8,9,10]. olution would be improved.
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According to the model of diffusive shock acceleration,
the allowed region of the conversion efficiency of supernova
explosions ranges from 10% to 30% and the spectral index
of the gamma-ray spectrum in SNRs from 2.1 to 2.7. The
kinetic energy of the supernova explosion and the density
of ambient matter range also widely. Those values used in
the predictions would be appropriate for the estimation of



