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Hubble optical
Space telescope




You are here!
This is a cartoon not a telescope image
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Galaxy Cluster MS 0735.6+7421 CXO= HST= VLA

X-ray
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NASA, ESA, CXC/NRAO/STScl, B. McNamara (University of Waterloo and Ohio University) STScl-PRC06-51




Radio telescope array
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The very large array (VLA) in New Mexico




When are star bubbles formed?

Do all stars form bubbles?



60 M.
2 am
30 M.,
, 2 1))

» 5 Contaun . ‘
,10 My, Canopus
. Ballasx " '

MAIN

7’

Antres

Polans

///H.a'n;:r:t s Starw 0.1 M.
* Roes 128
‘Wolf 356,
Proxima Centaun

DX Cancr




Asymptotic Giant Branch (AGB) stars
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Asymptotic Giant Branch (AGB) stars
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Jets
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Jets from Young Stars HST - WFPC2

PRCES-24a - ST Scl OPO - June 6, 1995
C. Burrows (ST Sci), J. Hester (AZ State L), J. Morse (ST Scl), NASA
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Jets from powerful binaries
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Evolution
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Evolution




Simulations
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Simulations
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“ffee emission

dust & molecular emisssion
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Simulations

wee: AstroBEAR

ofSe,
‘ An Adaptive Mesh Refinement Code for Computational Astrophysics

http://clover.pas.rochester.edu/trac/wiki/WikiStart




ceraefiias 308 B84
4 JS8SSE Ben St .
3 lenass emns I8 B
1 IS88SE BeES 198 B¢
3 B o
3 OSSN BN I2R B
3 IS88E Bu S 198 B8
3 1 et
b 08 B¢
198 B84
198 BRS
i e
3 IO8 B84
1 198 D88
rom B
198 B¢
ISINSINNINN IS8
51515 I BESNNIN BRINSISNIRRINR NI
I e nannnsanat
s+ DESRSIS BRsassassansannt
3352 : NSNS BRISNISSISNISE S
e e nIanIantanat
44+ BRSNS RRsESIaRsansa S
i :NNSNEE RRIENIGNISNIES
|SSSS8 SNtNNINatanIan:
ISSSNSE basansansansanst
ISSNIE RRsERIENINRIAE
|SSSNsS NNsENINNIanIaN:
7 I BNINNE BRsERIansann =
331113 : RESESIE BRINNINNINNIN S
ISSNIE ARsaIanIanIN
R anannIanInnInnn
3 W [ B e
RNl
j3; Se@e sy
HE e
NS
S SRSSNSS 8+
1S BRINNISNeNt
18 B RN NeNt
e siass
S SSsSSs8 84
1S BRSNSt
D e
e
: IS BSI8S 84
3 J S B e e
} s
} N tanana naa
3 IS BeSSsaassaRsanss snsnas
i IS BISHISENINNINNIE SRIRE
1 IS BISNISENINNINNIE B¢
} 1S B8N NNINNINNN 8t
b 1S Beassasssansanss ans
} s i il
3 IS SSNINNNINNINN
b R IR RS RN B
} R IR R RoRees B
4 cferrereterterate
3 IS Beascannsansnnsn B e
3 B R ed Bt
} HHH
rIrrImrTTT




The grid
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Asymptotic Giant Branch (AGB) stars
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Answer: AGB>jet>wind



Jets. Got it!

These ones?

NO. Astrophysical jets.



How are astrophysical jets formed?

This is a cartoon not a telescope image




Jets are formed by gravity, rotation and
magnetic fields

To Earth

| Accretion disk
(remember it for your scrabble games or to impress your friends)




Magnetic fields exist.
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Magnetic fields exert forces




http://sdo.gsfc.nasa.gov/gallery/gallery/assets/movies/
20110224 _monster_prom.mp4

SDO/AIA 304 2011—-02—24 07:27:08°01
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Bubbles filled with <3
magnetic fields in lab =~ T
experiments

(Lebedev et al. 2005). )
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x 100 AU

Initial magnetic fields



Force differences lead to motion
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Before you sleep (again)...

3. Touch each fingerto 4. Bend wrist to 90 deg,
thumb in tum. Repeat  fingers straight — make
sliding finger tip to afist.

base of thumb

1. With forearms rested, 2. With fingers straight,
tum palms up thendoms.  spread appart then
together,

1. Start; Head upright, 2. Sholders still, head
relaxed. Lower chin, then A forward. Bend head
retum. Pause. Tilt head back, towards left sholder, then
then retum. Do not attempt full retum. Repeat on other
head circles as this can often : I F ¥ side.

injure the joints of the neck.

Stretch slowly to the point Repeat stretch 3 & 4 on both sides.  Have palm plat on chairto
where you feel 2 mild stretch forearm.
stretching

sensation,

hot pain, in




Now this one




Magnetic fields In
radio galaxy bubbles

Galaxy Cluster MS 0735.6+7421 CXO= HST = VLA

X-ray
Chandra X-Ray Observatory

Visible ' .
Hubble Space Telescope

Radio
Very Large Array

NASA, ESA, CXC/NRAO/STScl, B. McNamara (University of Waterloo and Ohio University) STScl-PRC06-51




Radio galaxies

Hot Spot  Counter Jet  Core Jet Hot Spot

Parts of a DRAGN (Cygnus A)
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Radio galaxy NGC 4261 (what a name, huh!?)
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Radio galaxy NGC 4261 (what a name, huh!?)
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How does it change Polarization

in time ? map
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Observation or simulation?



Observation
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Synthetic observations
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We can also study how astro bubbles affect their
surrounding ambient. This is a modern topic In
Astrophysics, called “Feedback”.
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Summary
-Some stars in our galaxy form jets and bubbles.

-Radio galaxies, far, far away, form huge jets
and bubbles as well.

-Jets and bubbles can be produced in the lab
and in computer simulations.

-With simulations we can study the evolution of
the shape, the growth, the density, the velocity,
the magnetic fields and the energy of bubbles
and their surrounding media.



THANKS!

Also to:

Adam Frank, U of R

Bruce Balick, University of Washington

Eric Blackman, U of R

Jonathan Carroll, U of R

Martin Krause, Max-Planck-Institut fur Extraterrestrische
Physik, Garching Germany

Paul Alexander, University of Cambridge UK

Joel H. Kastner, RIT

Raghvendra Sahai, NASA JPL

Find this talk (in pdf format) at:
http://www.pas.rochester.edu/~martinhe/talks.htmi



