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Observational data from the Fermi Gamma-ray Space Telescope are analyzed with the goal in
mind to look for variations in the γ-ray �ux from young shell-like supernova remnants. A uniform
methodological approach is adopted for all SNRs considered. G1.9+0.3 and Kepler SNRs have not
been detected. The light curves of Cas A and Tycho SNRs are compatible with the steady GeV
�ux during the recent ten years, as also X-ray and radio �uxes. Less certain results on SN1006 and
SN1987A are discussed.
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I. INTRODUCTION

Almost two decades passed since the �rst view of a
shell-like supernova remnant (SNR) in γ-rays: HEGRA
stereoscopic system has detected a �ux from Cas A [1].
The next generation of the Cherenkov telescopes as well
as the Fermi observatory advance our knowledge about
γ-ray emission from SNRs. At present, there are 12 �-
rm con�rmations of TeV gamma-rays from the shell-
like galactic SNRs: 9 observed by H.E.S.S. [2] and 3 by
northern Cherenkov observatories [4�6]. In addition to
this, 8 H.E.S.S. sources are composite SNRs (consisting
of pulsar and SNR shell), and almost 20 H.E.S.S. sources
are SNR candidates [2, 3]. The results of the systematic
search for SNRs in a softer GeV photon energy range are
presented in the Fermi SNR catalogue [7].1 There are
30 SNRs, and 14 possible SNRs have been listed in this
source.
A useful tool for those interested in the high-energy

emission from SNRs is the catalogue �rst introduced in
[8].2

All γ-ray observations of SNRs are a clear demonstrati-
on that SNR shocks are able to accelerate cosmic-rays
(CRs) to multi-TeV energies. The shapes of the spectra
give a deeper insight into related physics. In particular,
detection of the high-energy cut-o� at the photon energi-
es < 1014 eV in the γ-ray spectrum of Cas A [9] and other
SNRs is somehow unfortunate: it demonstrates that at
least these SNRs do not accelerate cosmic rays to the

1 https://fermi.gsfc.nasa.gov/ssc/data/access/lat/1st_SN

R_catalog/
2 http://snrcat.physics.umanitoba.ca/

energies of the knee in the CR spectrum. The low-energy
portions of γ-ray spectra in IC443 and W44 appear to be
more impressive: they are the �rst observational proofs
that protons accelerated (or re-accelerated) in the SNR
shocks [10].

In contrast to SNRs, no supernova has been observed
in γ-rays (except for the long GRBs which are believed
to arise from the core-collapse event). Therefore, there is
also no observational clue of how the γ-ray light curves
of these explosive events look like.

There is a sign of the temporal evolution of the γ-ray
spectra from SNRs � on a time-scale of the SNR lifespan:
spectra of the young, middle-age and old SNRs seem to
group separately [Fig. 6 in 11]. Such a property re�ects
mostly the cardinal changes in SNRs' properties relevant
for di�erent evolutionary stages.

Time evolution of the γ-ray emission from the shells
of young SNRs could be important as an insight into the
physics of the time-dependent particle acceleration at the
fresh shocks. Therefore, the remnant of SN1987A would
be a promising source. An interesting result related to
the possible detection of GeV γ-rays from SN1987 has
been published recently in [12]. Other historical SNRs
are interesting in this respect as well.

The goal of the present paper is to look for the time
variations in the GeV γ-ray �uxes from young SNRs.

In particular, we analyse, under a uniform approach,
γ-rays from the historical supernova remnants, aged up
to a thousand years: SN1987A, G1.9+0.3, Cas A, Kepler,
Tycho, SN1006. Our primary focus is on the shock parti-
cle acceleration, therefore, we are interested in shell-like
SNRs only. Therefore, the pulsar-dominated historical
SNRs, Crab nebula and 3C58, are not considered in the
present paper.

This work may be used under the terms of the Creative Commons Attribution 4.0 International License. Further distri-

bution of this work must maintain attribution to the author(s) and the title of the paper, journal citation, and DOI.
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II. DATA ANALYSIS

The standard binned likelihood analysis with gtlike3

tool provided by Fermi Science Tools is used for all SNRs
presented in this paper. For our analysis we use the latest
release of the LAT Pass 8 data and consider a period
that covers 10 years of observation (from August 2009 to
August 2019). The region of interest (ROI) is centered
on a given object and has radius 14◦. All events with a
zenith angle greater than 90◦ (see the LAT instrument
team recommendation) are ignored. The latest versi-
on of the Fermi Science Tool with the P8R3_CLEAN_V2

Instrumental Response Function is used.
The energy dispersion in the data analysis which

is particularly important below 1GeV is taken into
account. The upper limits are calculated with the
UpperLimits python module; they are on the 95% con�-
dence level.
We model ROI taking into account all known

neighbouring and background sources, namely, all
sources from the 4FGL catalogue (gll_psc_v19.fit)
as well as both the Galactic di�use background
gll_iem_v07.fits and extra-galactic isotropic
background iso_P8R3_CLEAN_V2_v1.txt.
The spectra of the neighbouring sources are the same

as in the 4FGL catalogue. The normalisation parameter
is free for all objects in ROI; other parameters are �xed.
We also include the sources with �xed parameters which
are within the annulus of the size from 14◦ to 28◦ outside
of the ROI region. All sources which appears to have
TS < 0 were excluded from consideration.
In the present paper we analyse six young SNRs.

Three of them are listed in the 4FGL catalogue [19]4,
namely, Cas A (4FGL J2323.4+5849), Tycho (4FGL
J0025.3+6408) and SN1006 (4FGL J1503.6-4146).
Therefore, we used for each of these SNRs the

model with the PLSuperExpCutoff2 spectrum5 with a
free normalization.6 The PLSuperExpCuto�2 model was
adopted because 1) it is used in the Fermi catalogue and
2) this model is rather general: i) it restores the cuto� if
it is in the spectrum; ii) if the break energy is high then
this model behaves like a simple power-law (Tycho case);
iii) this model cannot be distinguished from the broken
power-law (eventually, the case of Cas A) in the photon
energy range which we consider.
As to the other three SNRs, SN1987a, G1.9+0.3 and

Kepler, which are not included in the catalogue, we adopt
a model with the power-law spectrum with free normali-
zation and the spectral index 2.1 [12], 2.6 [15], 2.0 (lower
index in [20]) respectively. This model is used in order
to reduce the number of free parameters in the cases

3 https://fermi.gsfc.nasa.gov/ssc/data/analysis/
4 https://fermi.gsfc.nasa.gov/ssc/data/access/lat/8yr_ca

talog/
5 https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools

/source_models.html
6 We tried also models with a free exponential factor; the results
were amost the same as with the factor from the 4FGL catalogue
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Fig. 1. Flux versus age for young historical shell-like SNRs.
Red data points (the left axis) represent the GeV �uxes in
the photon energies 1-100 GeV and for 10 years of observati-
ons. The values of the test statistics of our analysis for the
red points: SN1987A (TS = 36), G1.9+0.3 (TS ≈ 0), CasA
(TS = 3642), Kepler (TS = 4.9), Tycho (TS = 132), SN1006
(TS = 23). Errors are at the 1σ level. Blue data points (the
right axis) show the TeV �uxes (for photon energies > 1 TeV).
References for the blue points: SN1987A [21]; G1.9+0.3 [22];

Cas A [23]; Kepler [20]; Tycho [6]; SN1006 [24].

which have low signi�cance and an unclear shape of the
spectrum in the GeV range.

III. RESULTS

A. GeV �uxes

First, we checked if our methodology reproduces
known measurements.

Table 1 presents the list of the historical shell-like
SNRs with the γ-ray �uxes from the literature (sixth
column). The �uxes calculated with our approach (in
the seventh column) correspond to the same observati-
on period and the same photon energy range as in
the reference. The di�erences are within the errors and
appear because we used the last data release of (P8R3)
and the most recent source and background models.

Then, we performed a uniform analysis of the Fermi
data for all these SNRs. At the beginning, we have
measured the �uxes in the photon energy range 1 −
100GeV7 for 10 years of observations (27 August 2009 �
27 August 2019) and plotted them versus the SNR age
(Fig. 1 red points). GeV �uxes are shown on this �gure
for the objects with the test statistics TS > 20; the upper
limits are shown for the smaller TS.

7 Considering that the �uxes of young SNRs below 1 GeV are
typically low [11], we decided to skip the 0.1-1 GeV range, in
order to have a higher validity of the results.
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SN energy observational �ux or �ux or

SNR event Ref range data from upper limit upper limit units

year GeV the period (reference) (present paper)

SN1987A 1987 [12] 1.0�100 08.2016�12.2018 8.3± 2.4 9.7± 2.7 10−10 ph cm−2s−1

G1.9+0.3 1900(1) [15] 0.2�300 08.2008�06.2014 4.43 0.22 10−9 ph cm−2s−1

Cas A(3) 1680(2) [16] 0.1�100 08.2008�04.2012 6.2± 0.4 5.8± 0.3 10−11 erg cm−2s−1

Kepler 1604 � 0.1�100 08.2009�08.2019 � 2.73 10−10 ph cm−2s−1

Tycho 1572 [17] 0.4�100 08.2008�05.2011 3.5± 1.1 2.6± 0.5 10−9 ph cm−2s−1

SN1006 1006 [18] 0.5�500 08.2008�12.2018 5.9± 1.7 5.8± 1.2 10−10 ph cm−2s−1

(1) [13]; (2) [14]; (3) note that the energy �uxes are given for this SNR

Table 1. GeV �uxes of the historical shell-like SNRs. Comparison with previous measurements. In cases of G1.9+0.3 and
Kepler, the upper limits are presented.

One may notice that the GeV �ux from SN1987A
calculated over the 10-years period (Fig. 1) is almost
two times smaller than that obtained by the same
approach from the observations during 28 months in
years 2016-2018 (Table 1). This discrepancy is discussed
in Sect. IVB.
The GeV signal from Kepler SNR has TS = 4.9,

therefore, one cannot claim its detection in the data
collected by Fermi LAT during 10 years of observati-
on. The upper limit for the total photon �ux is
2.7 × 10−10 ph cm−2 s−1. G1.9+0.3 is not detected ei-
ther (TS is close to zero) with the upper limit 6.0 ×
10−11 ph cm−2 s−1. Kepler SNR is within ROI for
G1.9+0.3 (the distance from the center is about 7◦). Its
test statistics is larger than zero, therefore, we included
Kepler SNR in the model for G1.9+0.3, with the power-
law spectrum with free normalization and the spectral
index given at the end of Sect. II.
Looking at Fig. 1, we cannot infer any meaningful hint

about an evolution of the GeV γ-ray �ux in young SNRs.
Di�erent SN types and their expansion in di�erent ambi-
ent conditions are rather more important in the determi-
nation of the individual SNR �ux than eventual similari-
ties in the early evolution of the particle acceleration.
TeV �uxes appear to behave in a similar way to the

GeV �uxes, as shown in Fig. 1 for Cas A, Tycho and
SN1006. This is not a surprise because GeV and TeV
�uxes are parts of the broader spectra of the same SNRs.
Interestingly, TeV �uxes for Cas A and Tycho are lower
than the GeV �uxes, in contrast to SN1006 where the
γ-ray spectrum is harder.

B. Light curves

Four young SNRs have rather a high detection signi�-
cance in the Fermi LAT data for 10 years of observations.
Therefore, we have analysed �uxes of these SNRs in the
consecutive 2-year time intervals. The results are shown
in Fig. 2. For this plot, the upper limits were calculated
if the test statistic for a given point is less than 4.
Such a plot is more informative in respect of the

temporal variation in the γ-ray emission of young SNRs
than Fig. 1. Each point in the light curves for Cas A and

Tycho has signi�cance above 4σ. Four out of �ve poi-
nts for the region of SN1987A are above 3σ. Trend for
SN1006 is less signi�cant.
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Fig. 2. Flux evolution for four supernova remnants in the
photon energy range 1-100 GeV. One point corresponds to 2
years of Fermi LAT observations. The values of TS are shown

near the data points.
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Fig. 3. Light curves from 4FGL with the one-year intervals.
Photon energy range 0.1-100 GeV; upper limits are at the

95% con�dence level.
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Light curves for Cas A and Tycho in GeV γ-rays are
compatible with the constant emission over the recent 10
years. Variability of SN1987A and SN1006 is discussed
in Sect. IVD and IVE.

IV. DISCUSSION

A. Comparison with 4FGL catalogue

Changes in the �ux are analysed in the forth Fermi
LAT catalogue [19]. There are variability plots as well as
variability indices (see Sect.3.6 in [25] for the de�nition
of the index TSvar; the source is considered variable at
the 99% con�dence level if TSvar > 41.6). Low variabi-
lity indices for Cas A, Tycho and SN1006, namely 4.27,
4.02 and 3.32, support the conclusion about steady �uxes
from these sources over the period of observations.
Fig. 3 summarizes the data from 4FGL (with the 1-

year time intervals) which are available till 2016 August
only.
There are nice correlations with our Fig. 2 in the

shapes of the light curves for Cas A and Tycho which are
detected with high signi�cance (amplitudes di�er due to
di�erent photon energy ranges).

B. Comparison of the overall and the average
�uxes

It is instructive to compare the GeV �ux derived
from the 10-year observation period with the average
one calculated with the �uxes obtained from the
2-year intervals (Table 2). The two numbers correspond
to each other for Cas A and Tycho SNR, which have
high values of TS. This con�rms the mutual correctness
of the method adopted. The coincidence is better in
Cas A and the reason is obviously the very good stati-
stics which ensures high vaidity of the results for this
SNR. An average �ux from SN1006 may be calculated
without intervals with only the upper limits, i.e. only
from points 3 and 4 in Fig. 2. The average value is
somehow higher than the �ux derived from the data
from the 10 years. The �ux calculated over an extended
period containing intervals of quite low statistical signi�-
cance (with upper limits or small TS) is lower than that
calculated excluding these intervals. The situation is si-
milar for SN1987A. The 10-year �ux is lower than the
average (see the �rst line in Table 2) because the �rst
time interval in Fig. 2 for this SNR is represented by the
upper limit.
The second line in Table 2 is calculated for SN1987A

excluding the interval with the upper limit. The overall
�ux is now higher, to the level that its 1σ range intersects
with the 1σ range of the average �ux. However, it is again
lower than the average.
This situation could be, as in the cases above, due to

the low signi�cance of the second or the last (or both)
points in Fig. 2, which have TS = 9 and 14 respectively,
i.e. the signal for these points is at the level about 3σ−4σ
that is below the certain detection (5σ threshold).

data from �ux from average No of points

SNR the period Fig. 1 �ux for in Fig. 2 used

Fig. 2 for the average

SN1987A 2009-2019 4.92± 1.13 9.16± 2.85 2-5

SN1987A 2011-2019 5.94± 1.30 9.16± 2.85 2-5

Cas A 2009-2019 61.2± 1.70 61.1± 3.70 1-5

Tycho 2009-2019 9.27± 1.00 8.44± 2.18 1-5

SN1006 2009-2019 2.10± 0.54 2.92± 1.26 3-4

Table 2. Comparison of the overall (from Fig. 2) and the
average (of the time periods from Fig. 2) GeV �uxes of
the four SNRs. Energy range is 1.0 − 100GeV; units are

10−10 ph cm−2s−1; periods are switched on August 27

ObsID Start date [UT] Exposure [ks]

Cas A

4638 2004-04-14 19:47:55 164.53

9117 2007-12-05 22:00:54 24.84

10935 2009-11-02 22:16:52 23.26

14229 2012-05-15 09:15:11 49.09

18344 2016-10-21 16:58:44 25.75

19605 2018-05-15 16:06:34 49.41

Tycho

3837 2003-04-29 01:59:47 145.6

7639 2007-04-23 02:18:40 108.87

10095 2009-04-23 21:27:53 173.37

15998 2015-04-22 22:19:05 146.98

SN1006

9107 2003-04-08 06:33:03 20.13

3838 2008-06-24 14:04:29 68.87

Table 3. Observation log for the analysed Chandra data

C. Comparison with X-rays

Are the γ-ray �ux variations for these SNRs similar to
the evolution of the non-thermal emission in the X-ray
band?
To answer this question, we have analysed X-ray emi-

ssion from small regions containing the forward shock
where the non-thermal emission dominates the thermal
one.
We have selected several Chandra observations of three

SNRs performed since 2003 (see Table 3 for details).
After choosing a region, all the observations containi-
ng this region were processed; the region was shifted
between di�erent observation ID in accordance to the
SNR expansion8 to ensure the measurement of the �ux
variation from the same portion of the shock.

8 The expansion is tracked by creating images (see below) from di-
�erent epochs of observations and moving the region in a way to
cover the same pattern (which shifts somehow between observati-
ons) in the same way.
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The analysis was carried out using the software
package CIAO 4.11 [26] and the calibration database
CALDB 4.8.3. Before the analysis, the data were
reprocessed using the chandra_repro script, following
the standard recommendations of the CIAO analysis
threads.
For the spectral analysis, we used the Sherpa �tti-

ng application [27]. After extracting the source and
background spectra, the background spectrum was
subtracted and the �tting was performed for the grouped
spectra with the minimum signal-to-noise ratio 3.

Fig. 4. Images of the region around the forward shock in
SNRs: Tycho (top, obsID 15998, 22 April 2015), Cas A (mi-
ddle, obsID 19605, 15 May 2018), SN1006 (bottom, obsID
9107, 24 June 2008). Colors: 1.7�2.1 keV (red, Si line), 2.3�
2.6 keV (green, S line), 4.0�6.0 keV (blue, non-thermal). The
blue rectangle marks the region where the �ux is measured
and the white one shows the region for the background emi-
ssion. Their locations correspond to the time of observation
presented. The green rectangle corresponds to the location of
the same shock region in 2003 (Tycho), 2004 (Cas A), 2000
(SN1006) year. The di�erences between the green and blue

rectangles are due to the SNR expansion.
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Fig. 5. Evolution of the X-ray �uxes from the shock regions
(shown in Fig. 4) for Cas A, Tycho, SN1006 in the photon
energy range 3-7 keV. Colors are the same as in Fig. 2. Errors
represent 90% con�dence interval; they are smaller than the
dot sizes in some cases. Fluxes for SN1987A are from the
whole SNR and for the photon energies 3-8 keV [28]. Open
squares represent the X-ray �ux from the whole Cas A in

4.2-6 keV range from [29], multiplied by 0.01.

For spatial analysis, the data were merged and binned
with a binning factor of 1, which corresponds to the ori-
ginal Chandra pixel size of 0.492 arcsec.
For the estimation of the �ux in the source regions of

Chandra's data with the corresponding background regi-
ons we used the srcflux tool from CIAO software. The
�ux was calculated using a model dependent estimate,
where as a model we used the simple absorbed power
law xsphabs*xspowerlaw.
In order to visualise the di�erences in the spatial

structures of the regions around the forward shock in
SNRs in di�erent X-ray energy bands, we have used
the three-color capabilities of the SAOImageDS9 program,
where data in the three di�erent energy bands were
loaded into RGB frame and highlighted in appropriate
colors (Fig. 4). The images of the selected observations
were smoothed a bit with 2D Gaussian to improve visual
appearance. Actually, the images in colour were used to
choose a region around the forward shock where the hard
X-ray emission dominates.
The evolution of the hard X-ray �uxes extracted from

the shock regions in Cas A, Tycho and SN1006 (Fig. 4)
are shown in Fig. 5. The X-ray light curves for these
SNRs demonstrate that the �uxes are almost steady.
This is in agreement with the evolution of γ-rays from
Cas A and Tycho.
In order to quantify the level of possible variations in

the X-ray band, let us consider the results from [29]. The
authors of this paper found that the overall X-ray emissi-
on from Cas A in the photon energy range 4.2− 6.0 keV,
i.e. the hard bremsstrahlung only (which contains both
thermal and nonthermal X-rays), declines with the rate
∼ 1.5%/yr. Their data for the whole SNR are shown in
Fig. 5 by open squares. Our points (�lled circles), which
represent only a small region around the shock emitti-
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later times. X-ray data in 3-8 keV are from [28, Table 1]. Red
crosses correspond to our calculations for the model from [12];

blue crosses represent our model.

ng mostly nonthermal X-rays, follow generally the same
trend, although have a somehow larger spread and cover
a longer time period.
The two data points in Fig. 5 for SN1006 support the

steady X-ray synchrotron emission from the northeastern
limb in this SNR found in [30]. The decreasing trend in
the γ-ray �ux evolution from SN1006 (Fig. 2) has quite
low con�dence.
The radio evolution of Cas A exhibits a �ux decrease

with the rate ≈ 0.8%/yr [31, 32], which may be visible on
the time-scale of ∼ 50 yr. The visibility of the decreasing
trend is questionable over the ten-year time interval: the
�ux density at 74 MHz was 19.6 ± 0.7 kJy in 1997 and
17.0 ± 2.3 kJy in 2006 [31]. The radio �ux from Tycho
SNR behaves in a similar fashion; the decrease rate was
estimated as 0.4± 0.5%/yr [33].
For the sake of comparison, in Fig. 5, we have

also shown the variation in the hard X-ray �ux from
SN1987A, which is thermal in nature [34]. This SNR is
discussed in more detail in the next section.

D. SN1987A

Our results on γ-rays from SN1987A are not so solid as
for Cas A and Tycho. The main negative is the presence
of bright sources nearby [Fig. 3 and 4 in 35]. The contri-
bution of these sources to the emission in the location
place of SN1987A has to be removed in order to estimate
the �ux from the SN1987A region. The results depend
critically on the choice of these sources and their models:
the fewer one subtracts, the more remain as residual and
could be thought of as a `signal' from SNR.
SN1987A was not previously detected in deep

observations of Large Magellanic Cloud either in GeV
[35] or in TeV [21] photons. In contrast, the authors of
[12] used a recent data release and accurately modelled
other sources in order to try to uncover the emission from

SN1987A. After removing the contribution from known
sources, the authors found some remaining emission
which may be interpreted as γ-rays from SN1987A.

We con�rm the results of the paper [12] though our
models somehow di�er. The di�erences consist in a shift
of the observation periods, in the source catalogue (we
have used 4FGL instead of FL8Y), in the background
emission model (we adopt gll_iem_v07.fits

with iso_P8R3_CLEAN_V2_v1.txt instead of
gll_iem_v06.fits with iso_P8R3_CLEAN_V2.txt.
It is worth noting that we have also repeated the
data analysis on SN1987A with (.xml �le) sent us by
D.Malyshev (i.e. with their model and setup). With this
model, we have reproduced their results, including the
light curve (Fig. 6 red crosses, cf. Fig. 1 in [12]).

Our analysis detects some �ux in the region
of SN1987A after removing the emission from the
background and nearby sources, with signi�cance 6σ, in
the data collected by the Fermi observatory during 10
years till the end of August 2019. The variation of this
�ux in time is shown in Figs. 2 and 6 by the blue crosses.

Though the origin of these γ-rays (attribution to
SN1987A) and even their detectability may in princi-
ple be questioned (because it depends on the assumed
level of emission from the neighbouring sources and
background), let us look at one feature in our results.
Our light curve (blue in Fig. 6) generally agrees with the
trend from [12] model (red in Fig. 6): the �ux from the
SN1987A region seems to increase with time. However,
there is a di�erence in the last data point. In this source,
the last point is in line with the brightening while in
our case the �ux drops. (We would like to note that the
period re�ected by the last data point in [12] is August
2016 � December 2018 while in the present paper it is
August 2017 � August 2019.) There is a 0.28% chance
that this break is random if the true trend consists in
the brightness increase extrapolated from 2011-2017 yrs;
this corresponds to 3.2σ signi�cance, that is not strongly
decisive. We cannot therefore rule out that the di�erence
between the results, in particular, the break, is unphysi-
cal. The low statistics that remained after the eliminati-
on of the background �uxes marks this break by the low
signi�cance and is quite sensitive to what we actually
eliminate. In order to look deeper, we compared the lists
of sources involved in the analysis and found that dozens
of those which have been removed from the model in
[12] because of the negative TS, have positive TS and
remained in our model; and vice versa.

The slope of the γ-ray �ux evolution generally agrees
with the X-ray and radio light curves (Fig. 6). It should
be noted that the X-rays from SN1987A are thermal in
nature [34] and increase in the �ux after 2011 yr is related
to the in�uence of the equatorial ring [34]. Interestingly,
such manifestation is absent from the radio data [38]:
green data points in our Fig. 6 do not follow the orange
data points [see also Fig. 10 in 36].

May the comparison of the light curves in di�erent
bands (Fig. 6) suggest a hint about a physical reason
for the γ-ray break? Namely, the correlations between
di�erent bands may be a sign of some physical process
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responsible for the break, and thus it is not a statistical
�uctuation. In particular, could the break in the γ-ray
�ux be linked to changes in the acceleration process?
Why then the radio emission does not show a similar
break? Unfortunately, there are no de�nitive hints from
this plot about a physical reason for the γ-ray break.
There is evidence that the forward shock in SN1987A

is leaving the dense equatorial ring [28, 39]. This could be
a reason for the break if the γ-rays are hadronic; at earlier
times the high-density ring has enough target protons for
interactions with protons accelerated by the shock.
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Fig. 7. Spectra of the GeV emission from the region of
SN1987A location from two time intervals corresponding to

the last two blue crosses in Fig. 6.

One can wonder if there are essential di�erences
between the spectra of the SN1987A region from the
two periods in the observational data shown by the two
last blue crosses in Fig. 6. In order to obtain these
spectra, considering the low statistics, we performed
a data analysis for each spectral point separately
(as an independent �uxe, not with the common tool
bdlikeSED.py). The spectra are shown in Fig. 7. It mi-
ght be speculated that the slope of the spectrum changes
between the two time intervals and the break is due to
the emission decrease in the 1− 5GeV range.
In order to make one more check, we calculated the �ux

from SN1987A using the observational data up to May
12, 2020. Unfortunately, there are only the upper limits
in both models for this ultimate time interval. Namely,
the model from [12] set it up at 4.47×10−10 ph cm−2s−1

with TS = 0.01 (the period from Jan 1, 2019); it could
be a sign of the break also in the red-cross trend in
Fig. 6. However, the upper limit for our model is at
1.02× 10−9 ph cm−2s−1 with TS = 1.6 (the period from
Sept 1, 2019), above the �ux designated by the last blue
cross. Though the upper limits support the break, the
pure statistics keeps us in the unclear situation.

E. SN1006

The situation with the GeV emission from SN1006 is
even less clear than in the case of SN1987A. Our esti-
mate of the signal signi�cance is 4.8σ while the typically

accepted value for `detection' is at least 5σ. This is si-
milar to those in the previous publications. This SNR
was found with the detection signi�cance 4.7σ in [40].
An updated analysis by the same authors gave 4.5σ for
NE and 4.8σ for the SW parts of the remnant [18], both
below 5σ. The authors of [18] have also calculated the
variability index [Sect. 3.6 in 25] for the NE and SW regi-
ons and found no signi�cant long-term variations there.
If one plays a bit with source models then one can

�nd a model which gives better TS: the authors of [41]
reported signi�cance between 5.3σ and 5.9σ depending
on the source model. We have used standard models for
all SNRs which we analysed in the present paper, namely,
the source models from the 4FGL catalogue.
The ratio of the surface brightness between di�erent

regions of the SN1006 map in di�erent photon energy
bands may shed light on some properties of SNR [42].
In particular, under the assumption that γ-ray emissi-
on from SN1006 is the result of the inverse-Compton
scatterings, the ratios of the brightness between the two
limbs in the radio Rr and in GeV γ-rays Rγ may be used
to see whether the magnetic �eld strengths B are similar
in the these limbs:

RB = (Rr/Rγ)2/(s+1)
(1)

where RB = BNE/BSW and s is the radio spectral index.
The ratio is Rr = 1.0 in radio [42]. Table 4 shows the
GeV �uxes from the NE and SW parts of SN1006 as
estimated in the two publications. Their ratio (NE to
SW) is Rγ = 7.0± 3.5 [41] or Rγ = 0.80± 0.53 [18]. The
two results are quite di�erent and we cannot draw any
conclusion except that, in the second result, the �uxes
from the two regions have similar signi�cance and they
are compatible with the same magnetic �eld strength in
both limbs.

SNR energy, TS �ux units

part GeV

NE(1) 1− 2000 28 6.14± 2.53 10−12 erg cm−2s−1

SW(1) 13 0.88± 0.24

NE(2) 0.5− 500 20 1.6± 0.7 10−10 ph cm−2s−1

SW(2) 23 2.0± 1.0

(1) [41]; (2) [18]

Table 4. GeV �uxes from the two parts of SN006.

V. CONCLUSIONS

In general, the �uxes from SNRs should not
demonstrate any essential variation on the 10-year scale
because it is small comparing to their ages. Only young
SNRs might be expected to exhibit some variations.
However, it was unclear what is the threshold age for
a SNR when we may expect to see a variation of the
GeV �ux. Thanks to the Fermi observatory observations
one can already say that Cas A, with the age of about
350 yrs, demonstrates an almost steady �ux on the scale
of ten years.
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In our paper

� the systematic analysis of the evolution of GeV γ-
ray �uxes from historical SNRs is presented;

� 10 yrs of observations are analysed (4FGL
catalogue uses data from 8 years);

� the light curves are obtained for four SNRs with
TS > 20;

� the observational data were analysed under the
uniform approach for all SNRs, including the
SN1987A region;

� the results of [12] for a (remaining) GeV �ux from
the region of SN1987A location are con�rmed;

� our analysis of this �ux shows an eventual break
around year 2017 in its evolution; the pure quality
of the data prevents us from excluding the purely
statistical nature of the break;

� the GeV �ux variations are compared with evoluti-
on in TeV γ-rays, X-rays, and radio range.

We hope that our results, as a systematic overview,
might be useful for the time-dependent studies of evoluti-
on of the strong shocks and particle acceleration.
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Âèñîêîåíåð åòè÷íå åëåêòðîìàãíiòíå âèïðîìiíþâàííÿ ïîðîäæó¹òüñÿ åëåêòðîíàìè òà ïðîòîíàìè
âèñîêèõ åíåð ié. Ãàììà-ñïîñòåðåæåííÿ çàëèøêiâ íàäíîâèõ (ÇÍ) ïðÿìî âêàçóþòü íà òå, ùî óäàðíi
õâèëi â öèõ êîñìi÷íèõ îá'¹êòàõ ïðèñêîðþþòü êîñìi÷íi ïðîìåíi (ðåëÿòèâiñòñüêi çàðÿäæåíi ÷àñòèíêè)
äî åíåð ié, âèùèõ ïðèíàéìíi çà äåñÿòêè ÒåÂ. Äî òîãî æ iñíóþòü ñïîñòåðåæóâàíi îçíàêè ÷àñîâî¨ åâî-
ëþöi¨ ãàììà-ñïåêòðiâ ÇÍ íà øêàëi ÷àñó ¨õíüîãî æèòòÿ: âèãëÿäà¹, ùî ôîðìè ñïåêòðiâ âiä ìîëîäèõ
ÇÍ, ÇÍ ñåðåäíüîãî âiêó òà ñòàðèõ ÇÍ ïîäiáíi â ìåæàõ öèõ ãðóï òà âiäðiçíÿþòüñÿ ïîìiæ ãðóïàìè.
×àñîâà åâîëþöiÿ ãàììà-âèïðîìiíþâàííÿ âiä ìîëîäèõ îáîëîíîê ÇÍ ìîæå äàòè âàæëèâó iíôîðìà-
öiþ ïðî îñîáëèâîñòi ôiçè÷íèõ ïðîöåñiâ, ùî ñóïðîâîäæóþòü íåñòàöiîíàðíå ïðèñêîðåííÿ ÷àñòèíîê íà
ôðîíòàõ ñèëüíèõ óäàðíèõ õâèëü. Åôåêòèâíiñòü ïðèñêîðåííÿ çàëåæèòü âiä øâèäêîñòi óäàðíî¨ õâèëi,
à â çàëèøêàõ íàäíîâèõ, ÿêi ñïàëàõíóëè ïîðiâíÿíî íåäàâíî, âîíà íàéâèùà. Ó ñòàòòi ïðîàíàëiçîâàíî
äàíi ñïîñòåðåæåíü òàêèõ îá'¹êòiâ ãàììà-îáñåðâàòîði¹þ iì. Ôåðìi, ÿêà ñïîñòåðiãà¹ âèïðîìiíþâàííÿ â
äiàïàçîíi åíåðã ié 0.1�100 ÃåÂ. Ìåòîþ äîñëiäæåííÿ ¹ âèÿâëåííÿ õàðàêòåðó åâîëþöi¨ ãàììà-ïîòîêiâ
âiä ìîëîäèõ ÇÍ. Ïðîàíàëiçîâàíî âèïðîìiíþâàííÿ îáîëîíêîïîäiáíèõ çàëèøêiâ âiêîì äî 1000 ðîêiâ:
SN1987A, G1.9+0.3, Cas A, ÇÍ Òèõî, Êåïëåðà òà SN1006. Îáðîáëåíî ñïîñòåðåæåííÿ â ìåæàõ îäíîði-
äíîãî ïiäõîäó, ùî äîçâîëèëî âçà¹ìíî ïîðiâíþâàòè ïîòîêè âiä ðiçíèõ îá'¹êòiâ. Ó ïiäñóìêó çàëèøêiâ
G1.9+0.3 òà íàäíîâî¨ Êåïëåðà â ÃåÂíîìó ãàììà-äiàïàçîíi äåòåêòîâàíî íå áóëî. Êðèâi áëèñêó Cas A
òà ÇÍ Òèõî íå âèÿâëÿþòü ñóòò¹âèõ çìií ïîòîêó âïðîäîâæ îñòàííiõ äåñÿòè ðîêiâ, ùî óçãîäæó¹òüñÿ
ç ïîäiáíîþ ïîâåäiíêîþ ¨õíüîãî ðåíò åíiâñüêîãî òà ðàäiîâèïðîìiíþâàííÿ. Îáãîâîðåíî òàêîæ ñòàòè-
ñòè÷íî ìåíø çíà÷óùi ïîòîêè ç äiëÿíîê ðîçòàøóâàííÿ çàëèøêiâ SN1006 i SN1987A.

Êëþ÷îâi ñëîâà: çàëèøêè íàäíîâèõ, ãàììà-âèïðîìiíþâàííÿ, êðèâi áëèñêó.
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