The Growth of Structure
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From Sound to Stars Baryons follow Dark Matter

After recombination, the baryon gas can fall into the dark
peak matter clumps - its clumpiness quickly grows
trough trough

2. Contrast grows /\/\/
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The Growing Hiss First 100 Million yrs

Movie time flow exponential : 2sfor each 10x increasein real (cosmic) time:
0-2s= 10?103 yrs; 2-4s = 103-10* yrs etc; waveform and cosmic color also shown
Movie 5: volume increase included, but artificially reduced so we can hear it all.
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peaks on peaks on peaks

Dark matter clumps of all sizes are randomly distributed

Thefirst clumps to collapse are where all peaks coincide :
small on top of medium on top of large

-> starsare born in groups, which are also in groups
stars stars stars

2. A Hierarchy of Structures

tapestry clusters galaxies stars
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.. Massive Stars
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to form the first stars Crab 108 yr-

Massive starsionize

surrounding gas

Or click on the image T = | Pink HII regions

Movie 7

54Mb !!

Cygnus loop - Xray—
Massive stars explode
as supernovae
- shed new elements
- next generation

contains these




Universe at 1 Gyr
« Spectacular sight: proto-galaxies merging, everything closer,
huge HII regions, O& B stars common, SN common
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Large Galaxies:
form from the successive
merging of smaller galaxies,
star clusters and gas clouds.

See next slide for simulation.

5. Gaaxy Clusters Form

Galaxies are born in over-dense regions
These regions collapse to form galaxy clusters
Rich clusters are forming at ~7Gyr

4. The First Galaxies

Stars cluster to form sub-galaxies
Sub-galaxies merge to build galaxies
Significant construction within the first Gyr

Merging group of galaxies

100 kpc region, 6 galaxies merge, 1 Gyr = 60 sec




Movie: cluster formation with athousand galaxies
Computation: ~10 Mpc region ~103 galaxies form, 14 Gyr = 10 sec

6. The Tapestry Emerges

The Universe continues to Expand

But it gets ever more “contrasty” - Tapestry grows
Therelic of the first harmonic sound wave has been
discovered in this pattern of galaxies
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A Path to the Solar System

Within the galaxy, stars continue to form, evolve, and die

) With each generation, the interstellar medium gets more
7. Arrival at Planet Earth polluted with heavy elements. The “metalicity” continues
to grow, more so in galaxy nuclei.
» After galaxiesform, they continue to evolve
» Stars continue to enrich the interstellar medium Presently, galaxy disks have ~2% heavy elements (old
» With more heavy elements, planets can form..... galaxy halos are ~0.2%, galaxy nuclei ~4%)

These help in the formation of planets..... and people!




Cosmic History.




