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Smoking Gun for GRB in Milky Way?
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I will start this review with considering the youngest neutron star and the youngest black hole
in our Galaxy. Then, I will describe the supernova remnant W49B that probably harbors the
youngest galactic black hole. The properties of this remnant suggest that it originated about one
thousand years ago during a bipolar/jet driven type Ib/Ic supernova explosion. This event could
be associated with a gamma ray burst in our Galaxy.
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1. Introduction

The search for young very compact stellar remnants such as neutron stars or black holes is
not very difficult because they are in most cases surrounded by an expanding nebula of supernova
remnant (SNR) that could be observed for several tens of thousands of years. In the case of neutron
stars it is additionally easier because the compact object itself is usually seen as a source of a
characteristic thermal radiation from its still hot surface. Additionally, it is frequently seen as a
radio and/or a X-ray pulsar or a gamma-ray pulsar. In this way, we are reasonably sure that the
youngest neutron star seen in our Galaxy is the one in the SNR Cas A. Its age is only about 330
years.

In the case of young black holes the situation is not so easy because we can observe only an
expanding SNR. It is not difficult to estimate its age but the presence of a black hole in its interior
can be established only by circumstantial arguments. Such task was recently successfully carried
out by Lopez et al. (2013) who found the convincing arguments indicating that a thousand years old
SNR W49B most likely contains a black hole. At this moment this unseen object is the youngest
known black hole in our Galaxy.

2. Neutron star in SNR Cas A

Figure 1: X-ray image of Cas A taken by Chandra (from http://chandra.harvard.edu). The small white dot
in the center of the picture is the young neutron star.

Cas A is a very young SNR located at a distance of 3.4 kpc. Its age estimated from the nebula
expansion rate is only ∼ 330 years (Fesen et al. 2006). The supernova that exploded around 1680
was not observed optically except possibly one proposed but controversial sighting by Flamsteed in
August 1680 (Stephenson & Green 2003). The explosion left a neutron star discovered by Chandra
in 1999 (Tananbaum 1999). The neutron star is located at the center of the nebula (Fig. 1) and its
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X-ray emission shows a thermal spectrum consistent with the emission from the surface of a young
neutron star with the present temperature of 2× 106 K. In spite of many efforts no evidence for
pulsations in X-ray emission was found (Halpern & Gotthelf 2010). No radio or optical counterpart
was detected (McLaughlin et al. 2001, Fesen et al. 2006). However, there are little doubts that the
source of the emission is a neutron star because Chandra observations detected rapid cooling of
the surface temperature of the source, consistent with the cooling of a young neutron star with
carbon atmosphere. Heinke & Ho (2010) found a 3.6±0.6 % decrease in surface temperature (21
% flux decrease) over 9 yr period (Fig. 2). Elshamouty et al. (2013) using larger body of Chandra
observations found temperature decrease of 2.9±0.5stat ±1.0sys % over 10 yr period. In any case,
there are no doubts that we are seeing a very young rapidly cooling neutron star.

Figure 2: Surface temperature Ts of the Cas A neutron star, obtained from spectral fits of Chandra obser-
vations, as a function of time (crosses and triangles indicate best-fit values with 1σ errorbars). Curves are
fits (to well-calibrated data, the 5 red crosses) with a simple model for neutron star cooling by different
mechanisms; see Heinke & Ho (2010) for explanation. Figure after Heinke & Ho (2010).

3. Unusual SNR W49B

W49B is a young galactic SNR with a number of highly interesting and unique properties. It
is located at a distance of about 10 kpc (Hwang et al. 2000) and its age is estimated to be about
1000 year (Hwang et al. 2000, Immler & Kuntz 2005). W49B is one of the most luminous Galactic
SNR in X-rays (with LX ∼ 1038 erg /s (Immler & Kuntz 2005)). It is also very bright in γ-rays, as
observed by Fermi LAT (Abdo et al. 2010).

The X-ray spectrum of W49B has strong emission lines from ions of several metals with super
solar abundances, indicative of their ejecta-dominated origin (Lopez et al. 2013).
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The morphology of W49B is quite unique. W49B is the only Galactic SNR with large-scale
segregation of its nucleosynthetic products (Lopez et al. 2009, 2011). This is particularly true about
iron. Generally, iron shows higly supersolar abundances, but its distribution is highly asymmetric:
it is missing from the Western half of the SNR. This segregation indicates highly asymmetric SN
explosion. Such bipolar explosions were investigated by Umeda & Nomoto (2008). They found
that bipolar explosions have much greater nickel yields (comparing with the symmetric explosions).
These yields increase with asphericity, progenitor mass and explosion energy.

The physical origin of W49B’s unusual properties could be due to a bipolar/jet-driven explo-
sion of a massive star (Lopez et al. 2013). A bipolar/jet-driven Type Ib/Ic SN origin is consistent
with the median abundance ratios from a spatially- resolved spectroscopic analysis using XMM-
Newton observations (Lopez et al. 2009), and it may account for the anisotropic distribution of
iron since heavy elements are preferentially ejected along the polar axis of the progenitor in these
explosions (Khokhlov et al. 1999, Mazzali et al. 2001, Ramirez-Ruiz & MacFadyen 2010, Couch
et al. 2011). Also more recent observations by Chandra (Lopez et al. 2013) support the conclu-
sion about a bipolar/jet-driven explosion leading to the formation of W49B. In addition to forming
untypical SNR such explosion is expected to form a black hole rather than a neutron star.

Based on radio observations, the rate of such events is estimated to be 0.7+1.6
−0.6 % of local Type

Ib/Ic SNe (Soderberg et al. 2010), equating to 1 per 103−104 years per galaxy (Lopez et al. 2011).
Subset of these .explosions might be hypernovae or GRBs (Izzard et al. 2004; Podsiadlowski et al.
2004).

4. Nature of the compact object in SNR W49B

Theoretical models predict that a bipolar/jet-driven explosion leads to the formation of black
hole as a compact remnant. There are also other arguments supporting the presence of a black hole
in W49B. From 220-ks Chandra observations Lopez et al. (2013) estimated that any undetected
neutron stars would have an upper limit X-ray luminosity of LX ≤ 3.7×1031 erg/s in the 0.1-10 keV
band. Comparing this limit with the predicted luminosity of a 1000 year old neutron star (see Fig.
4) they find that the observational limit is 2-3 orders of magnitude lower than predictions of neutron
star cooling models. Also extensive search for radio pulsations in W49B using Arecibo (Gorham
et al. 1996) gave negative results. Finally, the spectrum of the bright gamma-ray emission detected
with Fermi-LAT from W49B is inconsistent with it arising from a pulsar (Abdo et al. 2010). It is
therefore reasonable to assume that the compact object produced in the explosion which created
W49B is a black hole.

5. GRB connection?

It is, of course, tempting to ask whether a bipolar/jet-driven explosion leading to the formation
of a black hole was not associated with a GRB in our Galaxy. Such possibility was indicated in the
Chandra press release of June 2, 2004 (http://chandra.harvard.edu/press/04_releases/press_060204.html).
This communicate motivated Ioka et al. (2004) to model the high-energy photon emission around
GRB remnants caused by possible ultra high energy cosmic rays (UHECRs) from the GRBs (Wax-
man, 1995, 2004). They applied the results to W49B and found that if GRBs are indeed sources
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Figure 3: X-ray image of W49B taken by Chandra (from http://chandra.harvard.edu).

Figure 4: Plot of total photon luminosity at infinity L∞ versus age for nearby neutron stars and predictions
from models of neutron star cooling. The light blue diamond is Lopez et al. (2013) upper limit for a
hypothetical neutron star in W49B; dark blue points are detections and red triangles are upper limits, from
Tsuruta et al. (2009). Shaded bands are model predictions of Page et al. (2006) for neutron star cooling
with a heavy element envelope (dark gray), a maximum amount of light elements (medium gray), and an
intermediate amount of light elements (light gray). Lopez et al. (2013) upper limit for W49B (log L∞ ≤ 31.6)
is two to three orders of magnitude below the predictions for a 1000 year old source. Figure after Lopez et
al. (2013).

5



P
o
S
(
F
R
A
P
W
S
2
0
1
4
)
0
4
4

GRB in Milky Way? Janusz Ziółkowski

of UHECRs, a natural consequence of identification of W49B as a GRB remnant would be expec-
tation of a detectable TeV photon emission around W49B. This region was observed by H.E.S.S.
telescope and indeed the emission in the 0.3–10 TeV band was detected with a statistical signifi-
cance of 8.8 σ (Brun et al., 2011). The future C.T.A. observations will produce substantially more
precise imaging of the emission surrounding W49B and might provide new important constraints
on the jet structure of the GRBs.

6. Conclusion

The morphological, spectral, and environmental characteristics of W49B are indicating that it
originated in a bipolar/jet-driven Type Ib/Ic SN explosion. There are strong arguments that W49B
contains a youngest known galactic black hole. It is possible that the origin of W49B was associated
with a GRB in our Galaxy. If it was indeed the case, then the future C.T.A. observations of the TeV
emission surrounding W49B (detected by H.E.S.S.) might provide important constraints on the jet
structure of the GRBs.
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