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Radio and Gamma-ray SNRs 
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• Missing SNRs Problem: Know of ~300, expect ~1-2,000. Deeper radio surveys?

ASKAP - EMU

SNR III, 2024

MeerKAT GP+MCs (Goedhart+,Cotton+24a,b,c)

• Started in early 2022
• ~150 fields (tiles) observed so far
• Problems with computers
• 943 MHz, BW=288MHz, B.S.=15” ⨉ 15”
• All Stokes
• RMS ~25-30 µJy/beam
• Some tiles are in the Galactic Plane (Ball+2023)
• Most of the so far observed fields are 

showing typical background sources – AGN

Section of Galactic Plane from the 
SMGPS survey (Goedhart+ 2023). 
MeerKAT 1.3 GHz radio. Herschel 
Hi-GAL 70 𝜇m and 250 𝜇m.

GeV to GHz flux comparison of young and interacting 
SNRs (1SC, LAT collab. 2016). Open circles are 
extended, filled are point-like sources.



6 years; 10 GeV < E < 1 TeV

Figure. Radio 1420 MHz image (Leahy 2004)

IC 443

S147 HII regions 

SNR G189.6+3.3

Radio and X-ray view of SNR G189.6+3.3
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6 years; 10 GeV < E < 1 TeV

Figure. eROSITA color image (0.2-0.7 keV, 0.7–1.1 keV, 1.1–
10 keV) of IC 443 and SNR G189.6+03.3. Image is adaptively 
smoothed to S/N = 3 to 5 (Camilloni, et al. 2023)

Suzaku detects X-ray recombining plasma 
(Te < Ti) indicating past interaction with ISM 
(Yamauchi, et al. 2020)



LAT detection of SNR G189.6+3.3

4

Preliminary

• Updated LAT analysis using 15 years, 
Pass8r2, E ≥ 1 GeV, 4FGL-DR4 model  

• Custom template for IC 443 (see next 
talk by B. Humensky) 

• Extended source needed to account 
for SNR G189.6+3.3 

• PL index = 2.00±0.06 

• RadialDisk with R = 0.92°±0.03° 
(TSext = 154) 

• Has negligible effect on spectra of 
IC 443.

Preliminary



“Nereides” SNR G107.7-5.1
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Figure. Optical composite image 
showing [OIII], Hα, and [SII]. Distinct 
features across the SNR are labeled. 
(Fesen+ 2024)

• 2° diameter SNR 
discovered by imaging 
narrowband emission line 
filters in 260 hours of 
amateur astrophotography  
(Fesen, et al. 2024) 

• No radio counterpart (just 
outside CGPS survey) 

• Extremely faint optical line 
emission with spatially 
broad filaments suggests 
evolved radiative SNR. 

• Possible interaction due to 
morphology of Western 
filaments 



LAT emission from Nereides SNR
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• Coincident with FHES J2304.0+5406 from high-
latitude extended source search (FHES, LAT 
collab., 2018) prior to discovery of optical line 
emission. TS map from FHES is shown. 

• Updated LAT analysis using 15 years, Pass8r2, 
E ≥ 1 GeV, 4FGL-DR4 model  

• SNR has hard spectrum, Γ = 1.8(0.1) 

• Overlapping point source 4FGL J2309.0+5425 
has similarly hard spectrum, but more curvature. 
Possible blazar; coincident X-ray point source 

SNR
Point Source

Preliminary
Preliminary



LAT Extension Fit >1 GeV
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Radial Disk 
• TSext = 78 

• Rext = 0.88°±0.22° 

• LogLike:  -206612.9 

Radial Gaussian 
• TSext = 97 

• Rext = 1.57°±0.22° 

• LogLike:  -206601.7 

Preliminary

Preliminary

Preliminary

Preliminary



LAT Extension Fit >1 GeV
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TS contours at 5, 10. 
Preliminary

Preliminary

Preliminary



G189.6+3.3

Nereides

Two extremely low-luminosity GeV SNRs
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• G189.6+3.3 and G107.7-5.1 are among largest and faintest 
SNRs detected by LAT so far, probing new luminosity space 

• Distance is unknown. Assuming d=1.5 kpc, plot LGeV vs D2

G189.6 G107.7



Emerging class of GeV SNRs?
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Table 2: Proposed Radio Dim, Gamma-ray SNRs

SNR Diameter Energy Flux >GeV Photon References
(�) (MeV cm�2 s�1) Index

G17.8+16.7 0.73 1.4⇥10�6 1.8(0.1) Devin, et al. 2020
G118.4+37.0 0.52 3.1⇥10�6 1.7(0.1) Araya 2023
G150.3+4.5 1.5 5.2⇥10�6 1.6(0.2) Devin, et al. 2020
G279.0+1.1 2.8 1.9⇥10�5 1.8(0.1) Araya 2020
G288.8-6.3 0.92 3.3⇥10�6 2.3(0.1) Burger-Scheidlin, et al. 2024
G296.5+10.0 0.7 1.1⇥10�5 1.8(0.1) Araya 2013, Ackermann, et al. 2018
G323.7-1.0 0.9⇥0.6 1.6⇥10�6 1.1(0.2) Araya 2017
G107.7-5.1 2 8.3⇥10�6 1.8(0.1) This work
G189.6+3.3 1.5 ⇥10�6 2.0(0.1) This work

The color and line formats are the same as in Figure 2. From
left to right, Figure 4 shows the SED from each model at four
chosen characteristic ages as indicated by the arrows in panel
(b) of Figure 3 (red arrows for models A and C with MZAMS=
12Me, and blue arrows for models B and D with MZAMS=
18Me).

The light curves from model D behave similarly in all
wavelengths to the continuous power-law case at early times
(t� 300 yr) and to the Type Ia case at larger ages (t� 3000 yr),
which is in accordance with the hydrodynamical evolution. At
early times, the γ-rays are dominated by the hadronic component
from π0 decay because of the high gas density in the RSG wind,
and suffer from strong adiabatic loss due to the inverse power-
law distribution of the CSM as r−2. As a result, the γ-ray
luminosity decreases with time. The shock expands into the
uniform ISM later on, and the γ-rays stay dominated by the π0

decay channel. The spectral power-law index of the accelerated
proton and hence the γ-ray spectrum becomes steeper, however,
due to shock deceleration in the ISM and an increased influence
from the Alfvén velocity on the nonlinear DSA process as the
SNR enters its Sedov phase (see the rightmost panel in Figure 4),
and the γ-ray luminosity decreases accordingly in particular for
the TeV band. These evolution behaviors are found to be similar
to the results in YL19. At intermediate ages (300� t� 3000 yr),
the SNR hits the RSG shell, and the emissions brighten briefly
for about 200 yr before the light curves gradually converge back
to those similar to the Type Ia case. In model C, the SNR
collides with the RSG shell at an earlier age of 60 yr and
brightens from 100 to 200 yr, but otherwise shows similar
behavior to model D after an age of 2000 yr.

Of the biggest interest and surprise are the results from
model B. Up until the collision of the SNR with the RSG shell
(t� 500 yr), the light curves basically follow the same
evolution as model D. After the collision, however, the radio
and γ-ray luminosities rapidly decrease to a point that they are
undetectable by current observational instruments. We can
interpret this rapid dimming based on two reasons. First, as
the SNR shock enters the tenuous and hot MS bubble region,
it becomes difficult for the shock to accelerate particles
through DSA because injection becomes inefficient due to the
low density of the ambient gas n∼ 10−4 cm−3, and the shock
sonic Mach number Ms decreases drastically due to the high
temperature T∼ 108 K in the bubble, namely, =M Vs sk( )( )~ ´ - -C V T5 5 10 km s 10 Ks sk

3 1 8 1 2, where Cs is the
local sound speed. Second, the SNR expands rapidly while the

shock is inside the MS bubble. The particles accelerated earlier
on in the RSG wind suffer from fast adiabatic loss from the rapid
expansion, and the luminosities drop down by at least three
orders of magnitudes. These results can also be observed from
the SEDs in the third column in Figure 4. After the SNR shock
has propagated through the bubble and eventually hits the cold
dense shell at the edge, the shock starts to sweep up the dense
material in the shell and the nonthermal emissions are then
enhanced from the increased gas density. The SNR brightens
again enough to be observable by currently available detectors,
as will be discussed in more detail below.
The SNR shock is interacting with the MS shell at an age of

10,000 yr (Figure 2). After that, it is expected that the shock will
break out from the shell and propagate into the uniform ISM
region. In this phase, the shock velocity should have decelerated
to a velocity too low to accelerate new particles efficiently in the
ISM, and the luminosities will decrease with time due to adiabatic
loss. Continuing our simulations beyond 10,000 yr would allow
us to estimate the exact lifespan of the SNR in the radio and γ-ray
energy bands, but it is beyond the scope of this work.
Model A shows slightly different results from model B, in

particular during the MS bubble phase. The ejecta mass of
model A is smaller than model B, and the total mass inside the
RSG wind is also about 5 times smaller. This leads to a shock
velocity in model A almost 2 times higher than in model B
when the shock is inside the MS bubble (Figure 2). As a result,
the sonic Mach number is also higher by roughly a factor ∼2 at
Ms∼ 10 while inside the MS bubble. This shock can accelerate
new particles despite the low gas density inside the bubble;
therefore, the light curves rise gradually with time from 600 yr,
which is different from the behavior shown by model B with a
more massive progenitor.
To assess the observational detectability of a Type II SNR

based on our models, observation sensitivities in the radio and γ-
ray bands are plotted in panels (a), (b), and (c) of Figure 3 with
black dotted lines. We compare the detection limit of the Very
Large Array (VLA) with our models for the radio band. Radio
galaxies and active galactic nuclei are often observed with a
sensitivity ∼100 μJy at 1.4 GHz (e.g., Schinnerer et al. 2004;
Simpson et al. 2012). The lower limit of the radio luminosity from
a source at a distance of 10 kpc is therefore ∼2× 1028 erg s−1.
We note that it is a very optimistic limit, since this is the typical
sensitivity for a targeted observation. If there is no detection in
other wavelengths, the radio sensitivity should be lower. We also
compare with the sensitivity of the Fermi Large Area Telescope

Figure 3. Light curves of the 1 GHz radio continuum (a), γ-ray integrated over the 1–100 GeV band (b), and 1–10 TeV band (c). The line formats are the same as in
Figure 2. In panels (a), (b), and (c), the detection limit of VLA, Fermi-LAT, and CTA are plotted with black lines, respectively. Results from multiwavelength
observations of selected SNRs as shown in Figure 2 are also overlaid.
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The Astrophysical Journal Letters, 919:L16 (8pp), 2021 October 1 Yasuda, Lee, & Maeda

Figure 1: Light curves of the 1 GHz radio continuum (left), -ray integrated over the 1–100
GeV band (center), and 1–10 TeV band (right) from [2]. Models A and B show expected
SNR evolution for 12 and 18 M progenitors, and models C and D show the same but without
considering the wind-blown bubble by the main-sequence star. A model for a Type Ia in
nISM = 0.1 cm3 is shown as an orange dotted line. For compasion observation data from
gamma-ray bright SNRs taken from [1] are overlaid.
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10,000yrs

Simulations of SNR evolution produce central IC dominated SNRs at late ages (Brose, et al. 2021)



Summary
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• In 16+ years, Fermi LAT is detecting numerous faint, large 
diameter SNRs in low-background regions of galaxy. 

• SNR G189.6+3.3 is detected with the LAT overlapping 
and adjacent to bright IC 443. 

• SNR G107.7-5.1 is detected coincident with optical 
emission line filaments. 

• Two new members of the growing class of low-luminosity 
GeV SNRs at high Galactic latitudes with large diameters, 
flat photon indices, and no or very faint radio counterparts. 

• Diversity of gamma-ray SNRs may reflect different 
progenitor types and environments in which they evolve.


