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Fig. 4. HESS γ-ray image of SN 1006. The linear colour scale is in units
of excess counts per π × (0.05◦)2. Points within (0.05◦)2 are correlated.
The white cross indicates the geometrical centre of the SNR obtained
from XMM data as explained in the text and the dashed circles cor-
respond to R ± dR as derived from the fit. The white star shows the
centre of the circle encompassing the whole X-ray emission as derived
by Rothenflug et al. (2004) and the white triangle the centre derived by
Cassam-Chenaï et al. (2008) from Hα data. The white contours corre-
spond to a constant X-ray intensity as derived from the XMM-Newton
flux map and smoothed to the HESS point spread function, enclosing
respectively 80%, 60%, 40% and 20% of the X-ray emission. The inset
shows the HESS PSF using an integration radius of 0.05◦.

Fig. 5. Radial profile around the centre of the SNR obtained from HESS
data and XMM-Newton data in the 2–4.5 keV energy band smoothed to
HESS PSF.

centred on −143.6◦ ± 6.1◦ (SW region) and 29.3◦ ± 4.0◦ (NE
region) and with similar widths of 33.8◦ ± 7.0◦and 27.9◦ ± 4.0◦.

4. Spectral analysis

Differential energy spectra of the VHE γ-ray emission were de-
rived for both regions above the energy threshold of ∼260 GeV.
These regions correspond to 80% of the X-ray emission (after
smearing with the HESS PSF) and therefore slightly underesti-
mate the TeV emission of the full remnant.

Fig. 6. Azimuthal profile obtained from HESS data and XMM-Newton
data in the 2–4.5 keV energy band and smoothed to HESS PSF, re-
stricted to radii 0.12◦ ≤ r ≤ 0.36◦ from the centre of the SNR. Azimuth
0◦ corresponds to East, 90◦ corresponds to North, 180◦ to West and
−90◦ to South.

Fig. 7. Differential energy spectra of SN 1006 extracted from the two
regions NE and SW as defined in Sect. 2. The shaded bands correspond
to the range of the power-law fit, taking into account statistical errors.

Table 2. Fit results for power-law fits to the energy spectra.

Region Photon index Γ Φ(>1 TeV)
(10−12 cm−2 s−1)

NE 2.35 ± 0.14stat ± 0.2syst 0.233 ± 0.043stat ± 0.047syst
SW 2.29 ± 0.18stat ± 0.2syst 0.155 ± 0.037stat ± 0.031syst

The spectra for the NE and SW regions are compatible with
power law distributions, F(E) ∝ E−Γ, with comparable photon
indices Γ and fluxes. Confidence bands for power-law fits are
shown in Fig. 7 and Table 2. The integral fluxes above 1 TeV
correspond to less than 1% of the Crab flux, making SN 1006
one of the faintest known VHE sources (Table 2). The derived
fluxes are well below the previously published HESS upper lim-
its (Aharonian et al. 2005). The observed photon index Γ ≈ 2.3 is
somewhat steeper than generally expected from diffusive shock
acceleration theory and may indicate that the upper cut-off of the
high-energy particle distribution is being observed; however, the
uncertainties on the spectrum preclude definitive conclusions on
this point.
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Rationale and objectives

www.physics.umanitoba.ca/snr/SNRcat

Ferrand & Safi-Harb 2012

● focus on high-energies (X,gamma)

Dave Green’s catalogue: identification and typing from radio emission
SNRcat: particle acceleration from broadband X-ray and γ-ray emission

● provide a unified view of all SNRs

Some observatories offer dedicated resources
SNRcat: all observations from the major relevant observatories are presented together 

Some other websites present all observations in a specific energy domain
SNRcat: complete and broad-band view of all Galactic SNRs

● be up-to-date

Green’s catalogue: snapshot at a given time (last update in 2009)
SNRcat: weekly/daily updates, to keep pace with the surge in X-ray and γ-ray obs

● be easy to manipulate

SNRcat: stored in a relational database + publicly accessible on the web
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with Samar 

Safi-Harb

http://www.physics.umanitoba.ca/snr/SNRcat
http://www.physics.umanitoba.ca/snr/SNRcat


A service to the community

first 2 years statistics (2012/02 – 2014/01)
> 36,000 accesses from > 3,600 unique IPs (robots excluded)
98% of these IP addresses can be localised at country level

www.physics.umanitoba.ca/snr/SNRcat
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Some statistics

• 317 records of a supernova remnant (SNR)
(with more age and distance estimates)

. 108 contain a neutron star (NS) or candidate, 90 identified as a pulsar (PSR)

. 6 AXPs + 2 soft γ-ray repeaters (SGRs) + 2 high-B = 10 magnetars candidates

. 15 central compact objects (CCOs) or candidates

. pulsar wind nebula (PWN) detected or suggested in 86 cases (not a subset of the 
SNRs hosting a NS: only 65 SNRs are associated with both)
. interaction of the shell with a molecular cloud (MC) reported in 65 cases

• 14 records of the sighting of a supernova (SN)

referred to by 14 SNRs records 
(non-bijective: some SN have multiple candidates, others have none) 

• 1268 records of high-energy observations made with 39 observatories 
(added several legacy instruments + some new instruments)

NB: 307 of these are actually non-detections
NB: the emission might not be coming from the SNR

• 1737 references as ADS bibcodes plus 100s of other URLs

http://www.physics.umanitoba.ca/snr/SNRcat/SNRcat_stats_20140617.pdf
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Omissions? 
Ideas? your 
feedback is 
welcome!

http://www.physics.umanitoba.ca/snr/SNRcat
http://www.physics.umanitoba.ca/snr/SNRcat


Extension: Pulsar Wind Nebulae

Matheson & Safi-Harb 2010

← G21.5-0.9 revealed 
with Chandra in X-rays

PWNs without a shell?

a dedicated catalogue of PWNe

96+ objects currently listed (still sorting out candidates...)
- multi-wavelength view (from radio to γ-rays)
- detailed X-ray properties (photon index, flux, column density, etc)
fully searchable and sortable 

by Heather 
Matheson

coming soon
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Many isolated PWNs: where are the shells?

http://iopscience.iop.org/1538-4357/533/1/L29/005061.text.html
http://iopscience.iop.org/1538-4357/533/1/L29/005061.text.html


Extension: Bilateral SNRs by Jennifer 
West

Link with the Galactic field?

coming soon

with qualitative and/or quantitative description of the morphology of the radio emission 
(and of the polarization when available)

dedicated catalogue of bilateral SNRs
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← a sample 
of 24 bilateral 
radio shells
(synchrotron 
emission)



Longer term perspectives

● Instruments coverage

to be updated regularly following new results, in particular 
from instruments having started operations (NuSTAR and H.E.S.S. II), 
satellites about to be launched (Astro-H, eROSITA, ASTROSAT in 2015), 
as well as planned next-generation observatories (CTA).

H.E.S.S. found new SNR J1731-347 = G353.6-0.7 [H.E.S.S. Collaboration 2011]

CTA should be able to detect ∼80 TeV SNRs [Acero et al 2013]

● Extragalactic coverage

can be extended to LMC and SMC

● Wavelength coverage

eventually get a full multi-wavelength view of all SNRs, 
with all regions of the electromagnetic spectrum (IR, optical, UV)

                                                                        (interested?)
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montage courtesy 
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