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Abstract— Tibet-ASG array has a wide field of view and
carried a long term observation for all supernova remnants
(SNRs) in the northern sky. Using the huge data sample collected
by Tibet-III array between 1999 and 2005, we have obtained
significance values for TeV gamma-ray emission from 57 SNRs.
The distribution of significance values showed a slight positive
excess but in consistent with normal Gaussian distribution, and
no clear correlation was seen between 1 GHz radio intensities
and significance values. As a whole, we set the average upper
limit at 95% C.L. on the gamma-ray flux above 3 TeV as 2.4×
10−13 cm−2s−1 for the northern 57 SNRs.

I. I NTRODUCTION

Cosmic rays below 1015 eV are currently believed to be
accelerated in dense shock waves of supernova remnants

in our Galaxy. High energy electrons accelerated in these
shocks are emitting synchrotron photons in very wide band
from radio waves of GHz to hard X-rays. These high energy
electrons might generate TeV energy photons through inverse
Compton scattering with CMB photons or with circum-stellar
photons. When this scenario is true, TeV photons will be
detected at positions of strongest radio emission in SNRs.
Tibet ASG array, which is observing TeV gamma-rays from
Crab nebula with 6.4 sigma but hard to detect other weak
SNRs, will possibly show statistically significant feature of
emission of TeV gamma-rays when event numbers of all on-
source windows centered at SNR radio peaks are summed up
together. In this analysis we set centers of on-source windows



Fig. 1. The radio structure of Cygnus Loop observed by X.H. Sun et al[1].
Wide separation of dense shock and center of SNR is often seen. We set the
center of on-source window at highest position of radio signal. This figure is
11 cm radio and polarization map of Cygnus Loop. In our analysis we set
the on-source center at▲ mark where the highest radio signal is seen. The
mark＋ seen near the center is centroid of whole SNR radio signal.

at the highest radio positions of SNR shocks, as shown in
Figure.1 as an example, and examine the statistical significance
of event numbers which is obtained by summing all event
numbers of such on-source windows as mentioned above.

II. T IBET ARRAY DATA AND METHODS FOR BACKGROUND

ESTIMATION

The Tibet III air shower array is settled at Yangbajing
(90.522E, 30.102N; 4,300m a.s.l) in Tibet [2], covering an
area of 22,050m2. The array is composed of fast-timing 533
scintillation counters of 0.5 m2 and 3 cm in thickness, with
7.5 m separations. The angular resolution is about 0.9°for
gamma-ray induced air showers in the energy region above
3 TeV. The trigger rate is higher than 680 Hz depending on
running phases. The observational period was 1319 days from
November 1999 to October 2005. The number of analyzed
shower events is about 4.0× 1010. The window size of shower
event analysis is fixed at 0.9 degrees. On-source excess number
of air showers above the background showers are obtained by
the Equi-zenith angle method [2] for TeV energy gamma-ray
induced air showers. The significance values of the excess is
estimated by the Li-Ma method [3].

III. R ESULTS FORSNR CENTERS

Figure 2 shows the significance distribution of 57 SNRs
other than Crab nebula. The center of on-source windows are
set at the centroid of SNR as given in Green’s SNR table
[4]. Solid curves present normal Gaussian distribution with
total number of SNRs normalized to the experiment. When
the distance to a SNR is short, intensity of gamma-ray flux
from the SNR will be higher at the earth. But exact distances
to SNRs are not generally given except for some well known
SNRs. On other hand ages of SNRs are known as important
factor for the development of shock and the acceleration of
particles in SNRs. The apparent SNR size represents distance
and age of the SNR and is an important parameter for detection
of gamma-rays from SNRs. To study the dependence of

Fig. 2. SNR size dependence of significance distribution (Crab nebula is
not included). On source center are set at peaks of radio intensity. Solid line
represents the normal Gaussian distribution. Size of SNR are a: size< 20
arcmin., b: 20< size < 30 arcmin. and c: 30 arcmin.<size. No significant
excess is seen in these figures.

significance on apparent size of SNRs, the significance distri-
bution for three groups of SNRs in different size are shown
in figure 2. The correspondent sizes of SNR are< 20 arcmin
for (a), between 20 and 30 arcmin for (b) and>30 arcmin for
(c). Though an excess at the high significance values is seen
in the size band b, it’sχ2 /n.d.f. = 3.87/5 indicate consistency
with the normal fluctuation of distribution with no excess. For
these 3 cases no statistically significant excess is observed.

IV. RESULTS FORSNR RADIO PEAKS AND FLUX UPPER

LIMITS FOR GAMMA -RAY EMISSION

SNRs which are strongly emitting radio waves of GHz are
expected to have some correlation to the emission of high
energy gamma-rays. Figure 3. shows the correlation between
SNR radio intensity at 1 GHz [4] and significance values of

Fig. 3. Scatter diagram of significances of 57 SNRs as a function of flux
density of radio at 1GHz given by the D.A.Green’s table [4]. No positive
relation is seen in this distribution, but slight enhancement of significance
values is seen at around radio flux density 10 Jy.



TABLE I

Radio intensity dependence of 95% C.L. superposed flux upper limits of

compiled SNR gamma-ray flux above 3 TeV.

Radio flux intensityS No. of SNRs SumNon SumNbg SumNex Significance Mean flux upper limit at 95 % c.l.　
(photons/cm2s)

S <10 Jy 30 56,717,107 56,700,239 16,868 2.24 3.0× 10−13

10J y< S 27 47,810,483 47,799,875 10,608 1.53 2.5× 10−13

S : all 57 104,527,590 104,500,114 27,476 2.67 2.4× 10−13

Tibet III data. On-source centers are set at the highest position
of radio flux density for every SNRs. In this figure, high
significances are seen around 10 Jy. But no clear positive
relation is seen all over the range of the radio flux density.
Figure 4 shows the radio intensity dependent significance
distribution for gamma-ray emission from SNRs with energy
above 3 TeV. SNRs are separated in three types of radio flux
intensity S as a: S<10 Jy, b: 10 Jy<S and c: S for all
SNRs. In these figures slight excesses are seen in the positive
side. With all sources in each category combined equally, the
number excesses are 2.24 sigma for a, 1.53 sigma for b and
2.67 sigma for c as listed in Table 1. But these distribution
are still consistent with statistical fluctuation of no gamma-ray
sources.

Flux upper limits at 95 % confidence level for summed over
57 SNR gamma-ray are calculated. The effective detection area
of the Tibet air shower array is evaluated by full M.C. simula-
tion assuming a Crab-like gamma-ray spectrum of power -2.6
as presented in Ref.[1]. Table 1 shows characteristics summed
over SNRs. SumNon, SumNbg and SumNex are summed event
numbers for on-source, background and excess of on-source

Fig. 4. Radio intensity dependence of significance distribution of SNR
gamma-rays above 3 TeV. Radio flux intensity S are a: S<10 Jy, b: 10
Jy < S and c: S for all SNRs.

windows, respectively. The average flux upper limit is 2.4×
10−13cm−2s−1 for gamma-ray energy greater than 3 TeV.

V. CONCLUSION AND DISCUSSION

We have examined 57 SNRs for emission of gamma-rays
above 3 TeV setting two kinds of on-source center; one at
centroid of SNR and the other at the highest position of 1
GHz radio emission. For the case that on-source window are
set at the centroid of SNRs no statistically significant excess
is observed.

It is well known that strong radio emission is generated
in the dense region of high energy electrons through the
synchrotron radiation in the magnetic field of SNR shock.
When the magnetic field is too strong the maximum energy
of accelerated electrons are not high enough to produce TeV
energy gamma-rays through the inverse Compton collisions
with CMB photons. Although the excess was still consistent
with statistical fluctuation, it is interesting from this relation
that a slight enhancement of significance values, in Figure 3,
is seen at around radio flux density 10 Jy which happens to
be a moderate radio intensity for SNRs. Flux upper limit at
95 % confidence level for compiled SNR gamma-ray flux is
calculated. The superposed flux upper limit is estimated as 2.4
× 10−13cm−2s−1 for gamma-ray energy greater than 3 TeV.
This flux correspond to about 0.07 Crab.

flux upper limit
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