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What has Blue Waters done for our research?

1. Provided a stable, capability-class computational platform for several years
with large memory per core, a fast interconnect, and an excellent I/O
subsystem.

2. Provided excellent, friendly, and highly capable technical staff throughout our
time working with the project.

3. Provided strong support for students, including excellent training and
opportunities to present their work to a national audience!



Two key results from our Blue Waters
simulation campaigns



A new mechanism for forming supermassive
black holes in the early universe

Wise et al. 2019, Nature, 566:85-88
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M87 black hole, c/o Event Horizon Telescope collaboration



The Renaissance Simulations (O’'Shea et al. 2015)

Movie c/o Donna Cox, Bob Patterson, NCSA Advanced Visualization Laboratory


https://docs.google.com/file/d/1fRSjF80cauGRiC8ZliQg9IAbHEYqlRRD/preview
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The high-resolution
circumgalactic medium

Peeples et al. 2019 (ApdJ, 873, 129; arXiv:1810.06566)
Corlies et al. 2019 (ApJ, submitted; arXiv:1811.05060)
Hummels et al. 2019 (ApJ, submitted; 1811.12410)
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Spatial size of “cells”
(resolution elements): Slice of oas metallicitv:

6.0 kpc 6.0 kpc

5.0 3.0

1.5 1.5
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0.19 0.19

0.093 0.093




Standard simulation 7 .
Ilustris
~ 5 uriga,
Cold, T < 10 = IAGLE 4.4
Cool, 10*<T <105 = 4 |
Warm, 10° < T < 106 @ MARVELous
© 3 S
€ | = _ _ . _ __ _Triple Latte
Q2 ]
S {
0
-1

Position



Forced refinement
simulation

Cold, T < 10
Cool, 10* < T < 10°
Warm, 10° < T < 10°
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Enhanced CGM
resolution

Standard CGM
resolution



https://docs.google.com/file/d/1NqeQsscXliOtpa0CkvQvN1b6vUCdHX47/preview
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Preparing for exascale architectures
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Summary

Blue Waters has provided a powerful platform for exploring some of the most
extreme physical phenomena in the universe.

We have discovered a new mechanism for forming supermassive black holes,
in primordial galaxies that grow quickly in radiation-rich environments.

We have discovered that highly resolving the circumgalactic medium is critical
to forming observationally-plausible structures and interpreting observations.

Our experiences on Blue Waters have given us crucial insights to preparing
for exascale supercomputers.



