
Louis Abramson

UCLA Physics & Astronomy
 http://www.tapir.caltech.edu/~phopkins/movies/

Galaxies: a biography 
 The surprisingly human lives of some   
 definitively alien objects



Louis Abramson

UCLA Physics & Astronomy
 http://www.tapir.caltech.edu/~phopkins/movies/

Galaxies: a biography 
 The surprisingly human lives of some   
 definitively alien objects



Disclaimer

• As an academic, I can be myopic. 

- I study how very distant galaxies grow and change over time. 

• You probably know more about the celestial sphere than I do!  

• As such, yell out if you catch a blunder! 



Outline

• What is a galaxy? 

• What is the galaxy “lifecycle”? 

• What processes shape it?



Outline

• What is a galaxy? 

• What is the galaxy “lifecycle”? 

• What processes shape it? } How do these relate 
to more  

familiar phenomena?



A modern galaxy

M81



M49

Another modern galaxy



Either galaxy seen a very long time ago

}} Gas



A galaxy is nature’s way of converting gas into stars

• Galaxies’ “life process” is to take 
gas and process it into stars. 

• While they do this, they are “alive” 

• When they stop, they are “dead.”

alive
dead





• How did we get all of these galaxies? 
• Why are they not the same?



It’s not so different from a more 
familiar story…



Modern humans



Modern humans
• How did we get all of these people? 
• Why are they not the same?



Galaxy development 
is not so different from  
human development.

≈



The Milky Way



A Milky Way-like galaxy

M101



How are we going to do this?



UC’s Keck Telescope, Mauna Kea, Hawai’i



The Hubble Space Telescope, Low Earth Orbit



http://currents.ucsc.edu/03-04/03-15/hubble.html

History of the Universe

http://currents.ucsc.edu/03-04/03-15/hubble.html
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History of the Universe
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History of the Universe

TODAY
10 billion  

yr ago
12 billion  

yr ago
13 billion  

yr ago
13.8 billion  

yr ago

(If we have time)

Earth  
formed

http://currents.ucsc.edu/03-04/03-15/hubble.html






Assume different galaxies at different 
times reflect stages in the growth of a single 

“average” galaxy.



Assume different galaxies at different 
times reflect stages in the growth of a single 

“average” galaxy.

(this is problematic, but all we can do…)



http://currents.ucsc.edu/03-04/03-15/hubble.html

I — The Young Milky Way

TODAY
10 billion  

yr ago
12 billion  

yr ago
Earth  

formed

http://currents.ucsc.edu/03-04/03-15/hubble.html


Blue galaxies are young galaxies.



 http://www.tapir.caltech.edu/~phopkins/movies/

~12 BILLION 
yrs ago



 http://www.tapir.caltech.edu/~phopkins/movies/

~12 BILLION 
yrs ago



Playing with the other kids.



Growth is rapid, which can be painful.





Regions 
of intense 
growth  
through 
star 
formation







http://currents.ucsc.edu/03-04/03-15/hubble.html

II — The Twentysomething Milky Way

TODAY
10 billion  

yr ago
12 billion  

yr ago
Earth  

formed

http://currents.ucsc.edu/03-04/03-15/hubble.html
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II — The Twentysomething Milky Way

TODAY
10 billion  

yr ago
12 billion  

yr ago
Earth  

formed

http://currents.ucsc.edu/03-04/03-15/hubble.html




Redder colors mean 
more mature galaxies.



Begin to take on familiar shapes, but are growing much faster than today.



Begin to take on familiar shapes, but are growing much faster than today.

Vigorous star formation!



From my own work…



 http://www.tapir.caltech.edu/~phopkins/movies/

~5-7 BILLION  
yrs ago
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~5-7 BILLION  
yrs ago



Establishing 

an identity.



http://currents.ucsc.edu/03-04/03-15/hubble.html

III — The Middle-aged Milky Way

TODAY
10 billion  

yr ago
12 billion  

yr ago
Earth  

formed

http://currents.ucsc.edu/03-04/03-15/hubble.html


http://currents.ucsc.edu/03-04/03-15/hubble.html

III — The Middle-aged Milky Way

TODAY
10 billion  

yr ago
12 billion  

yr ago
Earth  

formed

http://currents.ucsc.edu/03-04/03-15/hubble.html






 http://www.tapir.caltech.edu/~phopkins/movies/

~Dinosaurs—
TODAY



 http://www.tapir.caltech.edu/~phopkins/movies/

~Dinosaurs—
TODAY



Bought a Nordic Track®
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IV — Retirement

TODAY
10 billion  

yr ago
12 billion  

yr ago
Earth  

formed
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IV — Retirement

TODAY
10 billion  

yr ago
12 billion  

yr ago
Earth  

formed
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~2-5 BILLION 
yrs IN FUTURE
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Youth 
😀

Maturity 
(smiling is for Communists)



thin, blue, 
growing

fat, red, 
DEAD



Just like people, 
all galaxies 

eventually lose 
the ability to 

function.



All galaxies will become “red and dead” someday …



What sets a galaxy’s 
lifespan?



External stresses?



External stresses?



Trauma?



Fuel for new star formation can be disrupted in close encounters.



Disks that support star formation 
can be destroyed in massive 

collisions 



Size, mass…

…and shape?
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Less massive More massive
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Disky Spherical
(Transformation?)





Stars 
still forming 

in disk

…but not 
in spherical 

bulge.



Where they 

were born?



Fewer neighbors More neighbors





Destiny? 
(How distinct are nature and nurture?)



from the ratio of FIR to observed (uncorrected) FUV luminosity densities (Figure 8) as a

function of redshift, using FUVLFs from Cucciati et al. (2012) and Herschel FIRLFs from
Gruppioni et al. (2013). At z < 2, these estimates agree reasonably well with the measure-

ments inferred from the UV slope or from SED fitting. At z > 2, the FIR/FUV estimates

have large uncertainties owing to the similarly large uncertainties required to extrapolate
the observed FIRLF to a total luminosity density. The values are larger than those for

the UV-selected surveys, particularly when compared with the UV values extrapolated to

very faint luminosities. Although galaxies with lower SFRs may have reduced extinction,
purely UV-selected samples at high redshift may also be biased against dusty star-forming

galaxies. As we noted above, a robust census for star-forming galaxies at z ≫ 2 selected
on the basis of dust emission alone does not exist, owing to the sensitivity limits of past

and present FIR and submillimeter observatories. Accordingly, the total amount of star

formation that is missed from UV surveys at such high redshifts remains uncertain.

Figure 9: The history of cosmic star formation from (top right panel) FUV, (bottom right panel) IR,
and (left panel) FUV+IR rest-frame measurements. The data points with symbols are given in Table
1. All UV luminosities have been converted to instantaneous SFR densities using the factor KFUV =
1.15 × 10−28 (see Equation 10), valid for a Salpeter IMF. FIR luminosities (8–1,000µm) have been
converted to instantaneous SFRs using the factor KIR = 4.5 × 10−44 (see Equation 11), also valid for a
Salpeter IMF. The solid curve in the three panels plots the best-fit SFRD in Equation 15.

Figure 9 shows the cosmic SFH from UV and IR data following the above prescriptions,

as well as the best-fitting function

ψ(z) = 0.015
(1 + z)2.7

1 + [(1 + z)/2.9]5.6
M⊙ year−1 Mpc−3. (15)

These state-of-the-art surveys provide a remarkably consistent picture of the cosmic SFH:

a rising phase, scaling as ψ(z) ∝ (1 + z)−2.9 at 3 ∼
< z ∼

< 8, slowing and peaking at some
point probably between z = 2 and 1.5, when the Universe was ∼ 3.5 Gyr old, followed by

48 P. Madau & M. Dickinson

Madau & Dickinson ‘14
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The Universe is…96% done…
• There are some young 

galaxies, but the 
population is more dead 
than it used to be. 

• Why? 

- Slower gas inflows? 

- Gas supplies cut-off? 

- A change in internal 
galaxy properties 
associated with age?



Summary, and The Rub



How did this galaxy  
get this way?

What about this one?



How did this galaxy  
get this way?

What about this one?

What are their 
histories?
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We know: 
Galaxies all 

seem to  
get redder 
over time.
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We know: 
Galaxies all 

seem to  
get redder 
over time.

We DON’T know: 
What sets how 
and how fast 
this happens.



Possible causes?
• Trauma 

• External pressures 

• Internal forces (size/shape) 

• Inevitability (gas runs out)

from the ratio of FIR to observed (uncorrected) FUV luminosity densities (Figure 8) as a

function of redshift, using FUVLFs from Cucciati et al. (2012) and Herschel FIRLFs from
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the observed FIRLF to a total luminosity density. The values are larger than those for

the UV-selected surveys, particularly when compared with the UV values extrapolated to
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Figure 9: The history of cosmic star formation from (top right panel) FUV, (bottom right panel) IR,
and (left panel) FUV+IR rest-frame measurements. The data points with symbols are given in Table
1. All UV luminosities have been converted to instantaneous SFR densities using the factor KFUV =
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Figure 9 shows the cosmic SFH from UV and IR data following the above prescriptions,

as well as the best-fitting function

ψ(z) = 0.015
(1 + z)2.7

1 + [(1 + z)/2.9]5.6
M⊙ year−1 Mpc−3. (15)

These state-of-the-art surveys provide a remarkably consistent picture of the cosmic SFH:

a rising phase, scaling as ψ(z) ∝ (1 + z)−2.9 at 3 ∼
< z ∼

< 8, slowing and peaking at some
point probably between z = 2 and 1.5, when the Universe was ∼ 3.5 Gyr old, followed by

48 P. Madau & M. Dickinson

stars formed  
per year 



TODAY 10 Bil. yr ago 12 Bil. yr agoEarth forms

Now stuff gets deep…



TODAY 10 Bil. yr ago 12 Bil. yr agoEarth forms

Now stuff gets deep…



TODAY 10 Bil. yr ago 12 Bil. yr agoEarth forms

Now stuff gets deep…



TODAY 10 Bil. yr ago 12 Bil. yr agoEarth forms

Different galaxies at 
different times!  

Do these really represent the 
history of a single galaxy?

?
?

?

?

Now stuff gets deep…



We can watch  
as individual humans 

grow and change 
over time …



We can watch  
as individual humans 

grow and change 
over time …

My sis



We can watch  
as individual humans 

grow and change 
over time …

My sis

NOT A 
GALAXY!



What’s 
their story?



What’s 
their story?

…and what 
do these 

photos tell 
us about it?



UCLA’s Keck Telescopes, Mauna Kea, Hawai’i



UCLA’s “paleo-socio-biological space surveyors”



UCLA’s “paleo-socio-biological space surveyors”

YOU own this science. 
YOU enable this exploration. 

YOU can ensure it doesn’t go away. 



Thank you — keep looking up!

Carnegie’s “paleo-socio-biological space surveyors” 
Atacama Desert, Chile





Slightly more gas



Slightly more gas
Slightly less gas















E = mc2!


