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Milky Way elemental enrichment takes
place “inside-out” and is enhanced close to
the disk, see Fig. 3. However, life is
compromised by accreting supermassive
and stellar black holes, supernovae, and
gamma-ray bursts, occasionally producing
dangerous radiation and particle fluxes. An
SDSS map of large scale structure of galaxies
is shown in Fig. 5. In the denser regions, life
is compromised by mergers, jets, and rapid
star formation. In sparse regions, elemental
abundances are low. The supermassive
black hole in the center of the Milky Way is
usually low mass and inactive.
Galaxy mergers are especially harmful to
complex life. In about 4 billion years, the
Andromeda Galaxy will collide with the
Milky Way, see Fig. 6. The high energy
radiation and particle fluxes associated with
this merger and with the merger of their
black holes will be apocalyptic.
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Timeline of Cosmobiology:
The emergence of life as we know it, see Fig. 1, relies on several
factors including 1) the elements essential to life must be fused in
stars. Galaxies followed the first stars, facilitating the formation of
many more stars and heavy nuclei. 2) Supernovae (SNe), especially
those that explode into their previously ejected winds, play a critical
role as they also accelerate cosmic–rays that drive the Galactic wind
and impact life on planets. Note especially the jet in the top left of
Fig. 2. Galactic disks allow for the concentration of CHNOPS
elements, see Fig. 3. and 4) Enhanced star formation rates and local
AGN activity compromise life, see Fig. 4.
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Figure 1 - The star formation rate (a proxy for GRB and SN rates), AGN
activity, metallicity, and volume of the Universe as a function of time.
(from Mason and Biermann 2017).

Figure 3: The SDSS/APOGEE metallicity distribution of a
Galactic red giants, shown as a function of Galactocentric
and mid-plane distances. (Hayden et al. 2014)
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Figure 2: The Crab SN, Notice
the jet structure, from Rudie
et al. 2008.

Figure 6 – The collision between the Andromeda Galaxy,, and the Milky
Way will compromise life about 4 Gyr from now. Supernovae and GRB
rates will increase by a large factor. Black holes will accrete and merge.
The collision will also involve the nearby spiral M33 (see inset).

Figure 4: Impressive jets in
nearby galaxy Cen A (NASA)

Figure 5: SDSS map of large-
scale structure. The denser
regions are subject to more
threats.


