Carina Nebula: star formation region, d ~ 7000 light years

HST: Carina Nebula



energized by the few dozen most massive & luminous stars
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HST: Carina Nebula




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

eta Carina




. The massive stars are also
R - strong X-ray sources
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Chandra X-ray spectroscopy of the very early O supergiant HD 93129A:
constraints on wind shocks and the mass-loss rate
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B X-ray spectroscopy of the
TR most massive star in the
L NIRRT 4 cluster has already yielded
R new information about this
A star’s wind

Tr 14 in Carina: Chandra X-ray Observatory



VVorking this summer will require:

|. Willingness to work a lot with computers - some
programming, a lot of using hard-to-use programs.

2.Enthusiasm for trying things until you find something

that works.

3. But also then carefully applying the useful 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.



science is a
social act

Ivity




more information on my website

astro.swarthmore.edu/~cohen

all faculty websites are listed on the dept site

Student Research Group Recent Presentations

Summer Research 2013

Zack i and Kellioy Langhans, both rising sophomeornes, ane working on
dfcrent aspects of B¢ problema of measriag and modeling e plasma
tereperatere distribution in the shock-beatad winds of massive sars.
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e tation | gave in Jamsary 2011 %0 recrult a ssadont of two for my
proup provides & brief overview of my sescsech and how wudents can
contribute W i

Semmer Rescarch 2012

Asophysics major Jake Necly (2013) has boes working on a peoject
analyze the X.ray line eenission is e O stars { Ol and { Pup, as
measured wih the Reflection Grating Spectromeser on the XMM X-ray
Telescope. Jake is using these data % derive clemental abendances s Bese
massive sars winds, and address Questions relaned w0 rotational maxisg and
chomical evolunon iz O stan

Summer Research 2011

Shorra Eckont (14) and Jackson Goodman ('13) have stared working on
poojects imvolviag X-ray emimicon line profiles in maaive s, Nesher of
them were 02 canpus this sussmer, bt they're continsing Beir projocts in
the fall

Summer Research 2010

Taitlaly Barajas (Cal. Stae Los Angeles, '12) worked with e Poter van
d¢ Kamp Obscrvatory bere on campuns 10 siady Bp and other magnetic
massive stars. While James MacAnhur ('11) worked oa a new progct
wing the curve of growsh sochnkgas % measure the column donsty and
ionization balance in X-cxy photososized noon plasma we're sadyiag ot
the Z-Machise facility at Sandia Nasosal Lab.

Rescarch Links

Jots of usefel information about the nisty
gty of astrosossical rescanch

Student Travel and Rosearch Funding
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Sigma X grases in ok of res
Natosal Geographic Young Explorens
(thimps Bioe teavel 20 22 obnervatory aoe clighie)
Dol SMART scholarbips

NDSEG gradeate viudent scholarshis

Society of Phiysics Ssudeorms

Grad School Information

£ & pradoate po "a."
n:tptwu rd school
Questions %0 sk whes visisag prad whnn.‘

Advice from Caroer Services about

Many of these preseatations involve stodent research. You ¢an et infon
Dtpmmml devsmand Astronomy here at Swarthmore College. You can nho soe

Refereed papers are srchived bore,

My colleagues, Stan, Jon, mdMaumemdlhnt pulnagﬂhcrane- talk, on(bunpulg and povosity [pdf].
gave it in October, 2011, at the University of Lidge, whille visiting Yad! Nazd's

e
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Dariag October 2011, I gave a colloguium at the Institute Anon | k, the astronomy department, s
the Undversity of Amsterdam. The talk pnwtdodummw o(a.vx ny hucd wind mass-Joss rate
measurements, using both individual X-my emission line profile shapes and also the broadband X-may
spectral encrgy dissnibetions [paf].

At the mecting 1o bs o)y \i fa1, in Lac Taurcau, Quebec, 1 gave a talk on HD 93129A, one of the most
MASSIve stars ia e Guuy [padf of talk and paf of paper].

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



Iwo 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)?



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 Profile Model

wind mass-loss rate

Increasing 7.




we compare these predictions to data



Chandra spectrum of zeta Puppis
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sometimes we contemplate X-ray propagation
through a clumpy and porous medium



SESNS @ montage-star.mov
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sometimes we make complementary observations
with our telescope on the roof
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|. How do massive stars produce their
strong X-ray emission!?
2. How strong are their stellar winds (what

are their mass-loss rates)?

to try to answer these questions
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astro.swarthmore.edu/~cohen
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Dariag October 2011, I gave a colloguium at the Instiute Anton Pannckock, the astronomy department, at
the Unéversity of Amsterdam. The talk provided an overview of our x-nv hucd wind mass-Joss rate
measurements, using both individual X.-my emission line profile shapes and also the broadband X-rxy
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