Carina Nebula: star formation region, d ~ 7000 light years
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energized by the few dozen most massive & luminous stars

HST: Carina Nebula



massive stars produce heavy elements and return them to the
Galaxy via their stellar winds

eta Carina




e The massive stars are also
B strong X-ray sources

> Carina: HST



| am an astrophysicist

| work mainly on massive stars,
especially their radiation-driven winds

| study them mainly with X-ray spectroscopy

HST: Carina Nebula



| work with a medium-sized group of scientists and students
(Swarthmore, U. Delaware, Goddard Spaceflight Center,
Space Telescope Science Institute)

Sometimes | work on detailed studies of one star
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X-ray spectroscopy of the most
e ~ _ massive star in the cluster

| provides new information about
' . this star’s wind
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Tr 14 in Carina: Chandra X-ray Observatory



| work with a medium-sized group of scientists and students
(Swarthmore, U. Delaware, Goddard Spaceflight Center,
Space Telescope Science Institute)

Sometimes | work on large surveys of hundreds of stars
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CARINA OB STARS: X-RAY SIGNATURES OF WIND SHOCKS AND MAGNETIC FIELDS
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Chandra X-ray survey of the Carina Nebula

Study the X-ray
properties of 100s of
massive stars in Carina

CCCP ACIS-l Mosaic
Tpc~ 1.5

HD 93403

HD 93129A8

HD 93250 '
-9

Tr 14 in Carina: Chandra X-ray Observatory



| like research!

You get to decide what’s interesting,
figure out ways to find out things people don’t already know,
talk to people about it,
learn things

HST: Carina Nebula



research learning is very different from
classroom learning

but you will get to see how the concepts you've learned in the
classroom are applied in the real (!) world

HST: Carina Nebula



VVorking in David’s research group will require:

|. Willingness to work a lot with computers - some
programming, a lot of using software written by others.

2.Enthusiasm for trying things until you find something that
works.

3. But also then carefully applying a technique and being
very organized about it.

4. Dedication to getting things right.

5. Motivation to read papers, learn about the context of
the problems you’re working on.

6. Enthusiasm for communicating your work to others.



science Is a
social activity



this presentation

more information on my website

astro.swarthmore.edu/~cohen

Student Research Group

The peesentation | gave in January 2014 0 recruit a stadent or two for my
group provides a brief overview of my rescarch and how students can
contribute to it,

And a similar, but slightly updated presentation, I gave in November 2015
o inform students about opportumities in my rescarch group (nome
available for swmmer 2016, bt 1 will be recruiting students to join my
rescarch group for work durimg the semester starting in fall 2016. Talk w
me anytime if you've got questions.

Summer Research 2013

Zack Li and Kelley Langhans, both rising sophomores, are working on
different aspects of the problems of measuring and modeling the plasma
temperatare distribution in the shock-heated winds of massive stars.

.

Summer Research 2012

Astrophysics major Jake Neely (2013) has been working om 2 project to
analyze the X-ray line emission in the O stars § Ori and { Pup, as
measured with the Reflection Grating Spectrometer on the XMM X.nay
Telkescope, Jake is using these data 1o derive clemental abundances in these
massive stars winds, and address questions related to rotational mixing and
chemical evolution in O stars,

Research Links

Astrobetier - lots of useful informatioa about the nitty-

gointy of astronomical rescarch and many aspects of
being an astronomy student and astronomer

Astrobiles — very short summarics of interesting
rucan:h papers, written for undergraduates by
graduate stodents; an excellent way 10 browse the
liserature or find articles o 2 given topic

Astronomy Image Explorer ~ images from refereed
papers; browsable and searchable

Local computing information

SIMBAD
Astrosomical Catalogs
SkyView

Chandra X-ray Cens
XMM Guest Observer Facility
HEASARC

Historical graphics

Edward Tufte

Visualizing Astronomy at the CfA
Information Aesthetics

Student Travel and Research Funding

HHMI travel
Sigma X1 trawe Ty
(these two will fund travel to mectings)

all faculty websites are listed on the dept site

Recent Presentations

Many of these presentations imvolve stedent rescarch. You can pet nfon
Physics and Astronomy hese at Swarthmore College. You can also see »

Referced papers ae wchived

1 gave s invised talk on Xty spoctroscopy of sooliar winds [pd1] at e Usiverse in Mig
Augus 013

Ignx'aukuaeHnudC(A s Duvisson's weekly s
X mmuuhmmmbdﬂmchux‘umkmxxamlvl.

[ e~

Forde ¢ ft H +, In Amsseedam in Sepsember 2014, 1 gave an mvined talk oo sew X ray
Mmdﬁcmmwmqum thetal On C [pif).

In September, 2013 1 gave the Astrenemy Deparimerns colloguium at Pees Stae, entitied “X.my Spectroscopy of O Sspergiart
Winds: Shock Physics, Clusping, snd Mass-Loss Raes* [pd)

...and there are a few more slides with examples of the kinds of problems we
work on (and sometimes solve) following this slide



Four outstanding questions

|. How do massive stars produce their
strong X-ray emission? VWhat's the physics
of the wind shocks?

2. How strong are their stellar winds (what
are their mass-loss rates)?

3.How clumpy or smooth are the winds?

4.WVhat effect to magnetic fields have on the

winds and X-rays!



observational X-ray astronomy



X-ray spectroscopy with the
Chandra X-ray Telescope

Chandra in orbit

Chandra in the Space
Shuttle cargo bay
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we make models



Line Asymmetry




models make predictions



Wind Prohile Model

wind mass-loss rate

Increasing 7.




we compare these predictions to data
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sometimes we contemplate X-ray propagation
through a clumpy and porous medium



SESNS @ montage-star.mov
h'=5, =1

less
porous

more
porous




sometimes we make complementary observations
with our telescope on the roof

6550 6555 6560 6365 6570
Wavelength (Q)

hydrogen abs/em spectral line
in zeta Ori



Four outstanding questions

|. How do massive stars produce their
strong X-ray emission? VWhat's the physics
of the wind shocks?

2. How strong are their stellar winds (what
are their mass-loss rates)?

3.How clumpy or smooth are the winds?

4.WVhat effect to magnetic fields have on the

winds and X-rays!?

to try to answer these questions



more information on my website

astro.swarthmore.edu/~cohen
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