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Astronomy is an 
obsession

that can strike at a
very young age…

“A long time ago in a galaxy far, far away…”

Discovering an Early Model  
of the Universe



Astronomer? 
or Astrophysicist?

Yes!



How many?
• American Astronomical Society (AAS) ~7,000 

members (not all are professional 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 labs, national facilities, 
museums and planetariums, etc.)  

• Astronomers really are ~1 in a million!



Why I love being an 
astronomer:



Astronomy provides 
perspective…





You are here
(not to scale!)



…but still keeps you 
centered.



Bloom County - Berkeley Breathed



We are all 
stardust.



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



A Selection of “Experiments”



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!



Electromagnetic Spectrum and Observation Limits



Images of a nearby star (the Sun)



Spectrum of a nearby star (the Sun)

Credit:  N. Sharp/KPNO/NSO/NOAO/AURA/NSF



Emission Line Spectrum

Types of spectra





Credit:  NASA ADS Bumblebee

Frequently Used Word Cloud 
(my refereed publications)



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





Credit: Kalas
Credit: Rosenfield et al.

TW Hya
HR 4796A



Simpler Case: Be Stars with Gas Disks



Be star with a black-hole companion

Credit:  McSwain (2014) Nature 505, 296



Carciofi et al. 2009



Credit: Carciofi



Ritter 
Observatory

on the  
University of Toledo  

Main Campus 
Home of the  

Ritter Astrophysical Research Center & 
Ritter Planetarium 



Credit: Buil
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Dynamical
Spectrum 
of zeta Tau

Credit: N. Richardson
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Mauna Kea Observatory, Hawaii

Gemini North
CFHT

NASA IRTF

Keck

Subaru

UKIRT

JCMT



NASA IRTF (Mauna Kea, Hawaii)



π Aqr Brackett γ Profiles
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Basic Physics of Polarization

polarizer

Use polarization 
analyzers to 

determine degree 
of polarization & 
position angle

analyzer



Polarizing Mechanisms

• electron scattering 

• dust scattering 

• interstellar dichroic extinction* 

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

• magnetic fields (circular polarization) 

• line scattering



Polarization in Hot Stars

n Dominated by electron scattering in 
circumstellar envelope (CSE) 

n Polarization is in a direction 
perpendicular to scattering plane 

n Envelope not resolved, so observed 
polarization is the co-added net 
polarization



Effect of  Asymmetries 
(Unresolved case)

SPHERICAL BLOBS

Vectors co-add: 
Total Polarization = 0

Net polarization depends 
on relative contributions  

from individual blobs

Polarization perpendicular  
to disk/jet (No cancellation  

from polar material) 

Note: can “flip” with  
wavelength if pole  

dominates at one wave- 
length and disk dominates  

at another

DISK (or JET)

Polarization at each point is perpendicular to the radius vector



Polarization from Disk Scattering



Wisniewski et al. 2010 ApJ 709 1306 

Polarimetry Probes Disk Geometry

Axisymmetric 
edge-on 

simple disk

Departure from 
axisymmetry 

(inner warped disk)

Injection of  
non-equatorial 

clumps

Region producing polarization

Region producing hydrogen emission



Why Spectropolarimetry?

n Polarized light produced when starlight scatters 
off electrons in disk 

n Polarized light then passes through disk before 
arriving at telescope 

n Disk opacity (hydrogen etc.) imprints 
wavelength dependence on polarized light 

n Polarization level gives geometry info





HPOL at Ritter Obs

James Davidson
UT PhD 2013

(now at U. Virginia)



Slit-viewing
Camera

Rotating
Super-Achromatic
(Quartz/MgF2)
Halfwave Plate

Calcite Wollaston
Prism (E,O Beam
split  perpendicular
to dispersion)

Collimator

Detector:
     400X1200 pixel
           CCD
     TEC Cooled

UV  Glan-Thompson
        calibration prism

Instrument  focal  plane

All-Refractive
    UV  Achromatic 
                  Camera

Plane  Grating 

HPOL   Spectropolarimeter

IR  block

Figure 2-2 The HPOL spectropolarimeter. (Credit: K. Nordsieck)

21

Credit:  
K.H. Nordsieck



Spectropolarimetry

n Photons scattered by 
free electrons in disk 

n Scattered light is 
polarized 

n Degree of 
polarization depends 
on disk geometry

Wood, Bjorkman, & Bjorkman 1997

ζ Tau



Case of the Disappearing Disk of Pi Aqr

n Spectropolarimetric monitoring for 15+ yrs at Pine 
Bluff Observatory (U. Wisconsin) 

n Spectroscopic monitoring at Ritter Observatory 
(U. Toledo) 

n Additional spectroscopic and photometric 
monitoring elsewhere (published) 

n Significant changes observed over last 20 yrs; 
most striking changes from 1989-1995 

n Disk began to rebuild ~2005, still weak



High State

Example Extremes
Low State



As we mentioned in x 1, the fundamental parameters of
the underlying star as determined by different authors scat-
ter significantly. One of the main reasons for the scatter is
that all the studies used data obtained during the active Be
phase of the star. The added effect of the circumstellar enve-
lope distorts both the continuum SED and the spectral line
profiles, making determination of the star’s characteristics
uncertain and model-dependent. Thus, it is appropriate to
make use of the data obtained during the quasi-normal star
phase for re-estimation of the main parameters of the star.

The color-index variations of ! Aqr between the Be and
quasi-normal star phases are typical for the positive correla-
tion between brightness and emission-line strength noted in
many Be stars (e.g., Dachs 1982). At maximum brightness
U!B was bluer, while B!V was redder than at minimum
(Fig. 1). This effect is due to the circumstellar contribution
to the overall brightness of the system (see Harmanec 2000
for a discussion). The values at minimum brightness
(V ¼ 4:85 mag, U!B ¼ !0:90 mag, B!V ¼ !0:20 mag,
K ¼ 5:45 mag), the presence of an interstellar polarization
component, and the sharp Na i D1,2 lines in the star’s spec-

trum indicate that the interstellar extinction toward !Aqr is
not zero. The averaged color indices in 1998–1999 give
E(B!VÞ ¼ 0:05$ 0:01 mag, implying a spectral type of B1
V if we assume a mean interstellar extinction law (Savage &
Mathis 1979). The near-IR color indices obtained in 1998
August (J!H ¼ !0:07 mag, H!K ¼ !0:03 mag) give
essentially the same result. The 1998 brightness in the near-
IR suggests the absence of additional circumstellar emission
in this spectral region. Analysis of the recently released
results from theMSXmission (Egan et al. 1999) shows that
! Aqr was detected (source MSX5C G066.0066!44.7392)
in only one (A band, centered at 8.28 lm) of the six photo-
metric bands (total range from 4 to 21 lm), with a flux of
0.385 Jy. This is nearly 10 times lower than the average IR
flux (interpolated to the MSX A-band wavelength) during
the active Be phase. From this information we can derive
the star’s fundamental parameters by fitting a theoretical
SED to the observed one.

To do this, we used our photometric data in the region
0.36–2.2 lm obtained in 1998 August, the IUE fluxes in a
number of intervals free of spectral lines from 0.12 to 0.31

Fig. 2.—Dereddened spectral energy distributions of ! Aqr in the active Be (panels b and d ) and quasi-normal star (panels a and c) phases. Ground-based
photometric data are shown by filled circles, theMSX (panel a) and IRAS (panel b) data by open circles and squares, respectively, and UV continuum fluxes
from the IUE spectrum LWP 30769 by triangles. The Kurucz model atmosphere for Teff ¼ 25; 000 K and log g ¼ 4:0 is shown by solid lines in all panels. The
IUE spectra of !Aqr supplemented with theUBV photometric data in the corresponding phases are shown in panels c and d.

816 BJORKMAN ET AL. Vol. 573

Bjorkman et al. 2002

Low State High State



Watching a Disk Disappear (pi Aqr)



Watching a Disk Disappear (pi Aqr)



Pi Aqr QU Plot



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 Aqr, 60 Cyg) 

• Timescales 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

Image Credit:  Lowell Observatory



DCT SITE AND INSTRUMENTS
COCONINO NATIONAL FOREST (~40 MILES SE OF FLAGSTAFF, AZ)

x





UT Students at the DCT



Credit: C. Gerhartz



Image Credit: Cody Gerhartz
Univ. of Toledo

LMI/DCT

NGC 6611
&

Eagle Nebula



More to come on the cluster project - stay tuned!



Just don’t forget 
to always look up!



A very big Thank You to:

PhD Students: 
John Wisniewski 
James Davidson  
Cody Gerhartz*  
Erica Hesselbach

Key Collaborators: 
Jon Bjorkman 
Marilyn Meade 
Alex Carciofi 
A. Mario Magalhães 
Ken Nordsieck  
Jennifer Hoffman 
Team WUPPE/HPOL

Postdocs: 
Anatoly Miroshnichenko  
Noel Richardson* 
    * current

With grateful acknowledgement of research funding from:

Key Facilities: 
NOAO/CTIO 
NASA IRTF/SpeX 
Lowell/DCT 
Ritter Observatory 
Pine Bluff Observatory 
WUPPE/Astro 
HPOL

All my wonderful UT colleagues!



Thanks for Listening!
Any questions?

Ritter Observatory
University of Toledo

UT


