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Tracing galactic supernova activity via the decay of 26Al
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Abstract: Gamma rays from the decay of radioactive 26Al in the Milky Way have been mapped by the COMPTEL
detector aboard CGRO. The 26Al is presumed to be produced in massive stars, and would subsequently be released
via stellar winds and supernova explosions. Therefore the measured 26Al intensity should trace supernova activity over
several megayears. Using the COMPTEL 26Al map and the comprehensive catalog of supernova remnants including
recent FERMI-LAT and TeV detections from air Cherenkov telescopes, we establish a correlation between 26Al surface
brightness and supernova remnants on the 70% level. Furthermore, we constrain the properties of young supernova
remnants in the Vela-region via their 26Al luminosity.
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1 Introduction

Gamma rays due to the decay of 26Al have been discovered
in the Milky Way by using the HEAO-C instrument at 1809
keV [1]. These measurements were later confirmed by the
COMPTEL instrument (Compton Telescope) onboard the
NASA satellite CGRO (Compton Gamma Ray Observa-
tory), which was launched in 1991. From this data, an all-
sky map of the 26Al brightness was obtained [2]. 26Al can
mainly be observed along the galactic plane. It has a half-
life of 0.72 Myr [3] and decays into 26Mg. This timescale
is roughly comparable both to the lifetime of massive stars
(≈ Megayears) and the lifetimes of shell-type supernova
remnants (SNRs) and pulsar wind nebulae (PWNe) (≈ tens
to hundreds of kiloyears). Therefore, the measured 26Al
intensity is potentially a viable tracer of massive star devel-
opment and nucleosynthesis throughout the Milky Way.
The primary candidate sources for 26Al are massive stars
like Wolf-Rayet stars and their subsequent core-collaps su-
pernovae [2]. The integral line intensity of 26Al in the
Galaxy is about 4 · 10−4 ph cm−2 s−1 sr−1 [4]. This corre-
sponds to an ejection of 2-3 M� of 26Al in the galaxy every
Myr [5]. Using an overlay of the point source catalogue of
the Large Area Telescope on the NASA FERMI space ob-
servatory, we search for a correlation between SNRs and
26Al sources. There are 39 identified SNRs in the FERMI
point source catalogue [6].

2 The 26Al map

The 26Al map is shown in Fig.1. The map is given in galac-
tic coordinates, ranging in x-direction from 0 ◦ to 360 ◦ and
in y-direction from −90 ◦ to 90 ◦. The zero-point in both
directions lies in the center of the map. We plot the flux
in units of ph cm−2 s−1 sr−1. The highest flux level is
at 1.2 · 10−3 ph cm−2 s−1 sr−1. The point spread function
of COMPTEL is 1.5 ◦ [7]. Every pixel on the map corre-
sponds to one square degree.
COMPTEL has a high background level caused by the
charged cosmic rays. We characterize this background
via analysing the COMPTEL - measured intensity at high
galactic latitudes (where only a negligible contribution
from 26Al is expected). This background level on average
amounts to 1.6 · 10−4 ph cm−2 s−1 sr−1. For a significant
detection we subsequently require a signal-to-noise ratio
of five or more. Of course, this simple background estima-
tion may be biased towards overestimating the significance
of detections at high galactic latitudes, since COMPTEL’s
background shows some dependence from galactic latitude.
A closer study is demanding here.

3 SNRs in the 26Al -map

Due to the limited sensitivity of the COMPTEL detec-
tor, the 26Al flux of individual sources should only be de-
tectable out to a distance of ≈1.5 kpc. To valid this as-
sumption we created a table of those TeV-detected SNRs
from the TeVCat [8] for which we could identify counter-
parts in the 26Al map. It turns out that in fact, all SNRs in
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Figure 1: 26Al allsky-map with an overlay of the SNR of the point source catalogue [6] and known pulsars and SNR. The
map is given in galactic coordinates, ranging in x-direction from 0 ◦ to 360 ◦ and in y-direction from −90 ◦ to 90 ◦. The
zero-point in both directions lies in the center of the map. We plot the flux in units of ph cm−2 s−1 sr−1. The highest
flux level is at 1.2 · 10−3 ph cm−2 s−1 sr−1.

this table have distances smaller than or equal to 2 kpc. The
most distant source displayed for comparison is the well
known Crab Nebula, which has a distance of 2 kpc and a
measured 26Al flux of only 1.2 · 10−4 ph cm−2 s−1 sr−1,
which does not correspond to a significant detection above
the background level.
From the FERMI point source catalogue we then select all
39 SNRs. Of these, 27, or 70%, can be identified in the
26Al map. In Fig.2 again the 26Al map is shown. The red
crosses depict the known SNRs from the table, the green
crosses mark the SNRs from the FERMI point source cata-
logue.
Some of the 26Al sources, where no counterpart in both
tables can be found, can still be identified with SNRs by
cross-checking with radio and X-ray data [9]. For example,
at the galactic coordinates l=116 ◦, b=1 ◦ we find the SNR
G116.5+01.1 with an estimated distance of 1.6 kpc. The
second object in this region is PSR J2354+6155 which has
an estimated distance of 0.95 kpc. The measured flux from
this area is 2 · 10−4 ph cm−2 s−1 sr−1, tentatively corre-
sponding to a positive detection.
At l=351 ◦, b=20 ◦ there are two potential sources: PSR
J1614-2230 (352.54 ◦,+20.30 ◦) and PSR J1612-2408
(351.01 ◦,+19.45 ◦). These sources have distances of
1.3 kpc and 1.6 kpc, respectively. The measured flux of
26Al in this region is 2.8 · 10−4 ph cm−2 s−1 sr−1. As in
many other cases, it has as of yet not been possible to iden-

tify a supernova shell (and thus confirm a rather young age
of the pulsars). However, since supernova shells exist only
for tens of kiloyears [10], which is considerably shorter
than the 26Al half-life, the shell might already have dis-
solved while the 26Al luminosity is still high.
The region l=42 ◦, b=39 ◦ around the nearby PSR
J1640+2224 with an estimated distance from Earth of 1.2
kpc might be another example in this regard.

4 The Vela Region

The Vela Region was detected with high significance in the
COMPTEL 26Al map. In this region a number of SNRs
are known. The most important remnants are Vela X and
Vela Junior which was discovered in 1998 [11]. The real
distances to earth of the both SNRs are unknown and the
question which of them is located in the foreground and
which one in the background is still open. Due to the
much larger angular diameter of its shell, Vela X has tra-
ditionally been estimated to be significantly older ( 40kyrs)
than Vela Junior [12]. The exact coordinates of Vela X
are l=263.89 ◦, b=−3, 29 ◦ and of Vela Junior l=266.28 ◦,
b=−1.24 ◦ (SIMBAD). In Fig.3 the Vela region is shown.
Vela X (clearly detected by FERMI) lies 3.5 ◦ offset from
the highest measured flux in the 26Al map. This is larger
than the 1.5 ◦ point spread function of COMPTEL. The lo-
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Figure 2: The 26Al map with an overlay of the SNR of the point source catalogue (green crosses) [6] and known PSRs
and SNR from the TeVCat (red crosses) [8]. The highest flux level (white) is at 1.2 · 10−3 ph cm−2 s−1 sr−1.

cation of Vela Junior instead is only offset from the area of
highest 26Al surface brightness by 0.7 ◦, less than the point
spread function of COMPTEL.

Figure 3: The 26Al map with both SNRs Vela X and Vela
Junior. Vela Junior is the main producer of 26Al and seems
to have a smaller distance to Earth than Vela X.

Therefore tentatively identifying Vela Junior with
the 26Al source, the measured flux is more than
2.5 · 10−4 ph cm−2 s−1 sr−1.
Following Higdon et al. (2004) [13], we assume that 10−3

to 10−2 M� 26Al per supernova will be produced. The
distances between the earth and the detected sources can

thus be determined with the help of the decay law

N(t) = N◦ · 2−t/T1/2 . (1)

N(t) is the quantity at time t, N◦ is the initial quantity and
T1/2 is the half-life. The half-life can be written as

T1/2 =
ln2

λ
, (2)

where λ is the decay constant. With these both relations
the activity A of 26Al production can be determined as

A = λ ·N. (3)

We of course assume that N(t)=N◦. This is true, if the
SNRs are young compared to the 26Al half-life, certainly
a valid assumption in this case. The distance of Vela Junior
to earth can then be calculate via the formula

F =
A

4π · r2 , (4)

where F is the flux, A the activity and r the distance.
Plugging in the 26Al mass from the SN as 10−3 M�, we
arrive at a distance of 228 pc for Vela Junior. The errors
bars are, however, substantial. If we choose a 26Al mass
of 5 · 10−3 (still compatible with current understanding
of core-collapse nucleosynthesis), we obviously get more
than twice the inferred distance. However, for less extreme
assumptions, we can at least conclude that Vela Junior lies
closer to Earth compared to Vela X (distance 300 pc).
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5 Conclusion

The search of correlation between SNRs and the 26Al pro-
duction in our galaxy has shown that 26Al sources only can
be seen out to a distances < 2 kpc. To search for a cor-
relation between 26Al intensity and certain object classes,
we used two types of catalogues: the FERMI point source
catalogue and the TeVCat. For both, a correlation could
be found. 27 of the 39 objects in the FERMI catalogue
and 8 of the 10 TeV objects can be identified in the 26Al
map. This results in a correlation of 71% between SNRs
and 26Al intensity.
In the Vela region the SNR Vela Junior seems to be the
main candidate source of 26Al luminosity. This is evident
by the small distance of 0.7 ◦ between the highest 26Al flux
level and the known coordinates of Vela Junior. From the
measured flux at the coordinates of Vela Junior we estimate
a distance from Earth of 228 pc, placing Vela Junior in the
foreground with respect to Vela X.
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