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The Golden Mirror: Seeing Our
Own Story Through the James
Weblb Space Telescope

Brief Bio

Originally from Hamilton, Ontario, Canada (“Steel City”, or
“The Hammer”). Went to college at McMaster University for
liberal arts and physics.

MSc in History and Philosophy of Science at London
School of Economics. PhD at Dartmouth College in Physics
and Astronomy.

Worked at Harvard University and Smithsonian Institution
for 3 + 3 years.

Arrived at Purdue in 2017. Presently Associate Professor in
the Department of Physics and Astronomy.

I've taught over 3000 students and have provided research
projects for over undergraduate 100 students.

| study how stars live and die. | do my best to help people
understand “our place in the universe.”
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The James Webb Space Telescope

The largest, most powerful and complex telescope ever built and
launched into space.
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The James Webb Space Telescope

The largest, most powerful and complex telescope ever built and
launched into space.

Mirrors made of beryllium and coated in gold
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JWST Launch Party December 25, 2021

David Leckrone
Hubble Project
Scientist from
1992 — 2009

https://youtu.be/yzqsDOQoZ1w
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Spitzer
0.85 meters

Hubble
2.4 meters

Webb
6.5 meters
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What Can we expect
from The James Webb
Space Telescope?

Subtitle Acumin Pro Semi Cond Bold 22 pt
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These galaxies appear to
be far larger (mass

upwards of 10t M_, ) than

sun

was presumed possible so
early after big bang (600
million years after the
big).




These galaxies appear to
be far larger (mass
upwards of 101t M_,) than
was presumed possible so
early after big bang (600
million years after the
big).

“Universe breakers!?”
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A protostar (new star) lies within the protoplanetary
disk, seen as a dark line across the middle.
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Tycho Brahe observing
the supernova of 1572

Massive stars end their
lives as supernova
explosions that drive
cosmic evolution and
make raw materials for
life.

When these explosions
happen in our own
Milky Way galaxy, they
can sometimes be seen
with the naked eye —
even during the day.

SN 1987A
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What types of
stars explode?

How do stars explode?
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Supernova Remnant Cassiopeia A

Hubble Space Telescope
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Supernova Remnant Cassiopeié-A
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Spitzer 24 micron
(enlarged)
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JWST/MIRI F2550W

(enlarged)
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3D Reconstruction of a SN Debris Field

Ejecta distribution exhibits
large-scale coherent
structure that was
imprinted early in the
explosion

Mercator projection of reverse-
. o ] shocked O+S-rich material
Milisavljevic & Fesen (2015, Science) Milisavljevic & Fesen (2013)

Supernova Remnant Cassiopeia-A
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NASA + FLOTUS image release

National Space Council

NASA + FLOTUS image release
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The bridge between a galaxy 10 billion light-years away and a tumorin a
human lung is shorter than you think. Both astronomers and doctors
share a fundamental problem: they are trying to see something faint,
distant, or hidden against a noisy background.
Astronomical Origin Medical Application Benefit
Adaptive Optics Retinal Imaging Detection of eye disease at
cellular levels.
. Higher accuracy in spotting
Galaxy Clustering Algs Mammography early-stage tumors.
CCD Refinement Digital X-Rays !_ower radiation doses and
instant results.
Radio Interferometry MRI / CT Scans 'ngh-.resolutlon 3D internal
imaging.
56
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Several of the most important advances in how we scan, visualize, and diagnose

the human body originated from techniques developed to study the cosmos.

Image Reconstruction
Algorithms (CT & MRI)

Astronomers often collect incomplete
or indirect data—radio telescopes
detect signals across sparse
baselines, and X-ray telescopes
reconstruct images from limited
photons.

To deal with this, astronomy
pioneered Fourier-transform-based
image reconstruction and
tomographic techniques.

57
Several of the most important advances in how we scan, visualize, and diagnose
the human body originated from techniques developed to study the cosmos.
Image Reconstruction Astronomers often collect incomplete
Algorithms (VLBI image or indirect data—radio telescopes
reconstruction of supermassive detect signals across sparse
black hole in M87) baselines, and X-ray telescopes
reconstruct images from limited
photons.
To deal with this, astronomy
pioneered Fourier-transform—based
image reconstruction and
tomographic techniques.
58
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Astronomy is a kind of
innovation pressure
cooker: a discipline where
scientists are forced to
invent entirely new ways of
seeing.

When astronomers design a

better way to observe the
universe, those inventions
can also observe us more
clearly.
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Yagen H{3% — An a’waﬁeness of the universe that
triggers an emotional.response-too deep-and -

powerful for words. *

“The cosmos is within us. We are made of star-stuff.

We are a'way for the universe to know itself.”
~-Carl Sagan

E PURDUE  oeoertmentofphysics
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JWST Cycle 1 program to survey Cassiopeia A
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JWST Cycle 1 program to survey Cassiopeia A

Raw data in one filter

Processed image, combined filters
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MIRI Filters
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Why does it look like that?

Images are obtained in
filters sensitive to
different wavelengths of
light. Then, there are
arbitrary decisions on
how to assign colors,
adjust the relative
intensities, and blend
together. This is where
science meets art.
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