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Discovering an Early Model
of the Universe

Astronomy is an
obsession
that can strike at a
very young age...

"A long time ago in a galaxy far, far away...”



Astrophysics is a branch of space science

that applies the laws of physics and chemistry
to explain the birth, life and death of stars,

planets, galaxies, nebulae and other objects in
the universe. It has two sibling sciences,
astronomy and cosmology, and the lines
between them Dlur.

Astronomer?
or Astrophysicist?

Yes!



How many?

American Astronomical Society (AAS) ~7,000
members (not all are protessional astronomers)

International Astronomical Union (IAU) ~ 11,000
members (some overlap w/ AAS membership, not all
are professional astronomers)

Estimated ~12,000 professional astronomers world-
wide (universities and colleges, observatories,
NASA, industry, government lalbs, national facilities,
museums and planetariums, etc.)

Astronomers really are ~1 in a million!



Why | love being an
astronomer:




Astronomy provides
perspective...
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...but still keeps you
centered.
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Human Body Ingredients

The four ingredients below
are essential parts of the body’s

protein, carbohydrate g nd fat _
architecture. (i o & -

Other Key
Elements

Calcium 1.5%
Lends rigidity and
strength to bones and
teeth; also important
for the functioning

of nerves and muscles,
and for blood clotting.

Phosphorus 1.0%
Needed for building
and maintaining bones

-

We are all
stardust.

OXYGEN and teeth; also found
- in the molecule ATP
65 . O % (adenosine triphosphate),
Critical to the conversion which provides
energy that drives

of food into energy. chemical reactions in cells,
Potassium 0.4%
Important for electrical
signaling in nerves and
maintaining the balance
of water in the body.

Sulfur 0.3%
.+ Found in cartilage,
. # insulin (the hormone

* _ » 'that enables the body to
CARBON ..(- ‘use sugar), breast milk,
l 8 5 (y' #: ~_proteins that play a role
. 0 . ":ln the immune system,
The so-called backbone . % ‘and keratin, a substance
of the building blocks of the *in skin, hair and nails.
body and a key part of other ity .
important compounds, such as y :m::‘:y?rezres
testosterone and estrogen. « . to function properly;
. . ‘also helps produce
£ ‘Gastric juices.
; Sodium 0.2%

. Mays a critical role
* . in nerves’ electrical
+ 4. signaling; also helps
regulate the amount
of water in the body.

Magnesium 0.1%
HYDROGEN Plays an important role
9 5 (y’ in the structure of the
. 0 skeleton and muscles;
Helps transport nutrients, also found in molecules

that help enzymes use
ATP to supply energy for
chemical reactions in cells.

lodine (trace amount)
Part of an essential
hormone produced

by the thyroid gland;
regulates metabolism,

Iron (trace amount)
Part of hemoglobin,
which carries oxygen
in red blood cells.

Zinc (trace amount)
Forms part of some
enzymes involved

in digestion,

remove wastes and regulate
body temperature, Also plays
an important role in energy
production,

NITROGEN

3.3%

Found in amino acids, the
building blocks of proteins;

an essential part of the nucleic
acids that constitute DNA.

™ .

(Percentage of body weight. Source: Biology. O

Campbell and Reece, eighth edition.) ,.‘!,,. x ok ?
: 2 ? L gt A e X AT Vel



Astronomy is a bit of a
different kind of science

It is OBSERVATIONAL

In most cases, the experiment
has already been run

You can only
observe the results



iments”

A Selection of “Experi




My Lab Equipment




All the information we get
comes to us in various forms of light®*.

We have to decipher the information
that the light provides.

We also have to wait for
the light to get to us
(astronomy = “time travel”).

*except now we have gravitational waves, too!



Atmospheric
opacity

Electromagnetic Spectrum and Observation Limits

Most of th
Visible light : ?S od N t _ Long-wavelength
- observable [y = i Radio waves observable  a4ijo waves
Gamma rays, X-rays and ultraviolet absorbed by from Earth.
light blocked by the upper atmosphere from Earth,  Stmospheric blocked.
(best observed from space). with some _ gasses (best
atmospheric  Jcarved
distortion. from space).
100 %
50 %

0%
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Images of a nearby star (the Sun




Spectrum of a nearby star (the Sun)
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Types of spectra

high density diffraction
hot matter grating Continuous spectrum

i— I [

Emission spectrum

Absorption spectrum

Emission Line Spectrum

-
7
e
b
L=

wavelength (A)
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Frequently Used Word Cloud

(my refereed publications)

polarizationH

star °P1° sk
emission ||ne

* observations

Credit: NASA ADS Bumblebee



Fun with Stars

Circumstellar disks (young, intermediate, old)
Stellar winds and envelopes (hot massive stars)
Ultraviolet (UV), optical, infrared (IR)

* sometimes radio, x-ray

Spectroscopy, spectropolarimetry, photometry,
imaging

Space- and ground-based observations



The Hubble GO/12228 Program Debris Disk Sample
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HR 4796A

Credit: Kalas . _
Credit: Rosenfield et al.
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Scattered light: Paul Kalas/NASA/ES -

2e no OT data Boley et al. (in prep)



Simpler Case: Be Stars with Gas Disks




Be star with a black-hole companion

Accretion disk

Credit: McSwain (2014) Nature 505, 296



Carciofi et al. 2009
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University of Toledo
Main Campus
Home of the
Ritter Astrophysical Research Center &

Ritter Planetarium




Two examples of Be stars spectra around H-Alpha (R=3000 spectrograph). Up: 31 Peg. Down: HD193182.

Credit: Buil
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Mauna Kea Observatory, Hawai
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NASA IRTF (Mauna Kea, Hawaii)
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Basic Physics of Polarization

Use polarization
analyzers to
determine degree
of polarization &
position angle

polarizer analyzer



Polarizing Mechanisms

electron scattering
dust scattering
interstellar dichroic extinction™

thermal emission by aligned elongated dust grains
(important in IR)

magnetic fields (circular polarization)

ine scattering



Polarization in Hot Stars

B Domina
clrcums

B Polarizat

=
]

ed by electron scattering in

ellar envelope (CSE)

on IS IN a direction

perpendicular to scattering plane

B Envelope not resolved, so observead

DO
DO

ariza

1on IS the co-added net

arizat

10N



Effect of Asymmetries
(Unresolved case)

Polarization at each point is perpendicular to the radius vector

i

DISK (or JET)

Polarization perpendicular
to disk/jet (No cancellation
from polar material)

SPHERICAL BLOBS Note: can “flip” with
. wavelength if pole
Vectors co-add: Net polarization depends dominates at one wave-

on relative contributions

length and disk dominates
from individual blobs

at another

Total Polarization =0



Polarization from Disk Scattering

<4

’ V
- )
R

'*L/Scattering
> Element

Polarized Scattered Light

Unpolarized Direct Light



Polarimetry Probes Disk Geometry

AXisymmetric Departure from Injection of
edge-on axisymmetry non-equatorial
simple disk '(inner warped disk) clumps

(a) (b) j (c)
" " ‘ o

. Region producing polarization

Region producing hydrogen emission

Wisniewski et al. 2010 ApdJ 709 1306



Why Spectropolarimetry?

Polarized light produced when starlight scatters
off electrons in disk

Polarized light then passes through disk before
arriving at telescope

Disk opacity (hydrogen etc.) imprints
wavelength dependence on polarized light
Polarization level gives geometry info
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HPOL Spectropolarimeter

UV Glan-Thompson

/ calibration prism

| _— Instrument focal plane
IR block

/

/

Slit-viewing
Camera

— All-Refractive
UV Achromatic

Rotating
Super-Achromatic
(Quartz/MgF2)
Halfwave Plate

7

Calcite Wollaston Detector-

Prism (E,O Beam _
split perpendicular 400)(%%3%)0 pixel

to dispersion) TEC Cooled

Collimator

\ Credit:

K.H. Nordsieck




Spectropolarimetry

® Photons scattered by
free electrons in disk

B Scattered light is
polarized

m Degree of
polarization depends
on disk geometry

2000 4000 6000 8000 10000
N A (A)

Wood, Bjorkman, & Bjorkman 1997



Case of the Disappearing Disk of Pi Agr

Spectropo
Bluff Obse

arimetric monitoring for 15+ yrs at Pine

rvatory (U. Wisconsin)

Spectroscopic monitoring at Ritter Observatory
(U. Toledo)

Additional
monitoring

Significant

spectroscopic and photometric
elsewhere (published)

changes observed over last 20 yrs;

most striking changes from 1989-1995
Disk began to rebuild ~2005, still weak




Example Extremes

Pi Agr 08—-10-%21

Pi Aqr 09—-190-8=
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FiG. 2.—Dereddened spectral energy distributions of m Aqr in the active Be (panels b and d) and quasi-normal star (panels a and ¢) phases. Ground-based
photometric data are shown by filled circles, the MSX (panel a) and IRAS (panel b) data by open circles and squares, respectively, and UV continuum fluxes
from the JUE spectrum LWP 30769 by triangles. The Kurucz model atmosphere for T = 25,000 K and logg = 4.0 is shown by solid lines in all panels. The
TUE spectra of m Aqr supplemented with the UBV photometric data in the corresponding phases are shown in panels ¢ and d.

Bjorkman et al. 2002



Watching a Disk Disappear (pi Aqr)

llllillllllll llllllllll!llllllllllllllllillllllllllll

02/13 /B2

0B /1B /52-

03/87/TR

07 /20 /% ==
1 N N 04,/1B/93

i 06,/27/72 NN 07/14 /05

llllllllllllllllllllllllllllllllllllllllllllllllllllll

—-B00 —-400 4, 400 oD —-d400 —-400 0 400 aUD
-1
Vr. kkn s




Ho EQW

O ) O ) O
AN QN -— -— O O !

o~ 91

/
5 4
/
o

O
/

i AQr)

isappear (p

o
o
o
S
- <
N
= A
P,

IS

D

ing a

—
|EHD||; vy __

Pi Aqr 1989-2003
(PBO Data)

Watch

o © o N
o o o o

10d% PUeq-A




Pi Aqr QU Plot

Data: PIAQRALL_U
Model: LineMod
Equation: y = a*(x-b)
Weighting:

y w = (piagrall_qgerr)

Chi?2/DoF = 3.2882E-6
RA2 = 0.98277

-0.50855 :0.00648
-1.00822 :0.01398

06 -04 02 00 02 04
%Q (V band)




Studying individual stars
one at a time Is useful, but...

We would like to have a larger number of examples

for statistical purposes

We can do this by looking at clusters of stars
(many at once)



Variable Circumstellar Disks

A few (~10) examples well studied (pi Agr, 60 Cyg)

imescales differ (small sample)
Need better statistics and larger sample

Combine cluster studies (photometry) with
monitoring of individual stars (polarimetry +
spectroscopy)

Goal: Determine physical mechanisms






Cerro Tololo Inter-American Observatory (CTIO), Chile







Discovery
Channel
Telescope
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Image Credit: Lowell Observatory
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UT Students at the DCT




. Gerhartz #%



- NGC 661 |
_ &
Eagle Nebula

Image Credit: Cody Gerhartz
Univ. of Toledo
LMI/DCT



More to come on the cluster project - stay tuned!



Just don’t forget
to always look up!

When I Heard the Learn’d Astronomer

When I heard the learn'd astronomer,

When the proofs, the figures, were ranged in columns
before me,

When I was shown the charts and diagrams, to add, divide,
and measure them,

When I sitting heard the astronomer where he lectured with
much applause in the lecture-room,

How soon unaccountable I became tired and sick,

Till rising and gliding out I wander'd off by myself,
In the mystical moist night-air, and from time to time,
Look'd up in perfect silence at the stars.

W. Whitman (1865)



A very big Thank You to:

PhD Students: Key Collaborators: Key Facilities:

John Wisniewski Jon Bjorkman NOAQO/CTIO

James Davidson Marilyn Meade NASA IRTF/SpeX

Cody Gerhartz* Alex Carciofi _owell/DCT

Erica Hesselbach A. Mario Magalhaes Ritter Observatory
Ken Nordsieck Pine Bluff Observatory

Postdocs: Jennifer Hoffman WUPPE/Astro

Anatoly Miroshnichenko  Team WUPPE/HPOL HPOL
Noel Richardson”

" current All my wonderful UT colleagues!
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