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Astronomy

Where are these celestial objects located?
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Source: https://en.wikipedia.org/wiki/Astronomy

https://en.wikipedia.org/wiki/Astronomy


Problem: Distance Is Degenerate with Luminosity

f = apparent brightness of object

L = absolute luminosity (inherent brightness of object)

D = distance to object

f ∝ LD−2

In general, we do not know L or D.
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Parallax

6 / 33

Source: CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=443459

https://commons.wikimedia.org/w/index.php?curid=443459


Parallax Accuracy

Best parallax measurements accurate out to ∼ 30, 000 ly.
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Source: http://cdn.phys.org/newman/gfx/news/hires/2015/1-isngc2419awa.jpg



Henrietta Leavitt: Data Science in 1904
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Source: http://adsabs.harvard.edu/abs/1908AnHar..60...87L, http://adsabs.harvard.edu/abs/1912HarCi.173....1L

http://adsabs.harvard.edu/abs/1908AnHar..60...87L
http://adsabs.harvard.edu/abs/1912HarCi.173....1L


Period and Brightness of Cepheid
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Brightness: max mag (≈ 15.27) or min mag (≈ 15.75).
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Period–Luminosity Relation for 25 Cepheids

”A straight line can be readily drawn among each of the two series of points
corresponding to maxima and minima, thus showing that there is a simple
relation between the brightness of the Cepheid variables and their periods.”

– Henrietta Leavitt
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Calibrating the PL Relationship with Parallax

I SMC Cepheids all at approximately the same distance

I PL relation: longer period cepheids are more luminous

I for nearby Cepheids
I know distance through parallax
I use to calibrate PL relationship

I Ejnar Hertzsprung makes first extragalactic distance
determination (30,000 ly to SMC)

I still being improved today
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See “The Period–Luminosity Relation: A Historical Review” http://adsabs.harvard.edu/full/1969PASP...81..707F

http://adsabs.harvard.edu/full/1969PASP...81..707F


Period Luminosity Relations in the LMC
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Computed using OGLE–III data.
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Limits of Cepheid Distances: NGC 3370

Cepheid variables detected as far as 100 million lyr in NGC 3370.
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Source: By NASA/ESA, The Hubble Heritage Team and A. Riess (STScI) -
http://www.spacetelescope.org/images/html/opo0324b.html (direct link)

http://www.spacetelescope.org/images/html/opo0324b.html


Type Ia Supernovae: A Powerful Standard Candle

Supernovae involving two binary stars, one which is a white dwarf.

Type Ia Supernovae produce consistent peak luminosity

Video: https://upload.wikimedia.org/wikipedia/commons/transcoded/a/a7/Artist%E2%80%99s_impression_of_two_
white_dwarf_stars_merging_and_creating_a_Type_Ia_supernova.ogg/Artist%E2%80%99s_impression_of_two_white_

dwarf_stars_merging_and_creating_a_Type_Ia_supernova.ogg.480p.webm
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Source: http://www.uni.edu/morgans/astro/course/Notes/section2/sntypes.jpg

https://upload.wikimedia.org/wikipedia/commons/transcoded/a/a7/Artist%E2%80%99s_impression_of_two_white_dwarf_stars_merging_and_creating_a_Type_Ia_supernova.ogg/Artist%E2%80%99s_impression_of_two_white_dwarf_stars_merging_and_creating_a_Type_Ia_supernova.ogg.480p.webm
https://upload.wikimedia.org/wikipedia/commons/transcoded/a/a7/Artist%E2%80%99s_impression_of_two_white_dwarf_stars_merging_and_creating_a_Type_Ia_supernova.ogg/Artist%E2%80%99s_impression_of_two_white_dwarf_stars_merging_and_creating_a_Type_Ia_supernova.ogg.480p.webm
https://upload.wikimedia.org/wikipedia/commons/transcoded/a/a7/Artist%E2%80%99s_impression_of_two_white_dwarf_stars_merging_and_creating_a_Type_Ia_supernova.ogg/Artist%E2%80%99s_impression_of_two_white_dwarf_stars_merging_and_creating_a_Type_Ia_supernova.ogg.480p.webm


Supernovae in NGC 3370
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Supernovae found out to about 10 billion + ly.

Source: http://hubblesite.org/newscenter/archive/releases/2003/24/image/c/

http://hubblesite.org/newscenter/archive/releases/2003/24/image/c/


Outline

Distance Determination

The Universe is Expanding

Statistical Issues

Non–Distance Motivations for Time Domain Astronomy

16 / 33



Spectrum of an Object

Measure intensity of light as a function of wavelength
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Source: http://spiff.rit.edu/classes/phys301/lectures/doppler/starburst_gal_small.gif

http://spiff.rit.edu/classes/phys301/lectures/doppler/starburst_gal_small.gif


Using Redshift to Measure Radial Velocity

I radial velocity: rate of change of distance
between x (us) and y (star, galaxy)

I redshift: shift in spectrum due to radial
velocity

spectrum→ redshift → radial velocity
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Further Away Objects Are Moving Away Faster?
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Source: http://www.pnas.org/content/15/3/168.full.pdf

http://www.pnas.org/content/15/3/168.full.pdf


Expanding Universe

Hubble constant (H0 ≈ 71km/s/Mpc) is current expansion rate
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Source: http://hyperphysics.phy-astr.gsu.edu/hbase/astro/imgast/uexp.gif

http://hyperphysics.phy-astr.gsu.edu/hbase/astro/imgast/uexp.gif


Metric Expansion of Space

If x , y ∈ R3 are positions, the Euclidean distance is:

d(x , y) =
√

(x1 − y1)2 + (x2 − y2)2 + (x3 − y3)2

But universe is non–Euclidean and expanding with time:

dt1(x , y) > dt0(x , y)

for t1 > t0.
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Distance Ladder
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Expansion of the Universe is Accelerating

I 1998 discovered using Supernovae

I 2011 Nobel Prize

I dark energy hypothesized to cause acceleration
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Source: http://supernova.lbl.gov/union/figures/Union2.1_Hubble_slide.png

http://supernova.lbl.gov/union/figures/Union2.1_Hubble_slide.png
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Classification for Parameter Estimation

Classification is rarely the final step, eg

I classify stars
I estimate PL relation for Cepheids
I compute distance to galaxy

How do we propagate uncertainty through the whole process?
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Cepheid PL Relation: 100 Years Later
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Importance of Redshift

I spectrum → redshift

I redshift ∝ distance

I redshifts are very important

problem: spectra are very expensive to take
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Photometric Redshift Estimation

With spectroscopy (left) we can easily calculate redshift.
Spectroscopy is expensive so we collect much more photometric data
(right). Want to predict redshift only using photometric
measurements.
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Source: “A Framework for Statistical Inference in Astrophysics.” Schafer



Quasar Photoz Dataset

13 rows out of ≈ 50, 000

z column is calculated from spectroscopy. Use filter mag and
sig filter columns to predict z .
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Photometric Redshift Estimation Accuracy

a) Spectroscopic redshift (truth) versus redshift predicted by
photometry.

Possible Project
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Source: “A Framework for Statistical Inference in Astrophysics.” Schafer
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Exoplanet Science

I fraction of stars with planets? multiple planets?
I population distribution of planet masses? orbital periods? etc?
I are there earth like planets? do aliens exist?
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Source: R. Dawson, SAMSI ASTRO, 08/22/16
https://www.samsi.info/wp-content/uploads/2016/08/Dawson-SAMSI-Exoplanets-Farm-to-Table.pdf

https://www.samsi.info/wp-content/uploads/2016/08/Dawson-SAMSI-Exoplanets-Farm-to-Table.pdf


Variable Star Science

Use variable star data to better understand pulsation mechanisms,
deviations from strict periodicity, dust, etc.

33 / 33

Source: http://www.stat.tamu.edu/ jlong/astrostat/fall2015/cephpl.pdf
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