New Horizons

Pluto and Charon
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EXOPLANETS KNOWN IN 2010
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Star-Planet Separation (AU)

, 10 10! 10° 10!
10 :llllll I | 1 llf_lll -l 1 I llllll 1 | l:llllll I | H
i : : : Radial ]
10t Transits § § .\ Velocity
10° -
- O :
107 E
i ‘Our Solar:System ]
10-2 _ . . ,
i °? :
10° -
- o _
B - . . . . ]
10-4 L 1 1 ul L 11l Lt 1l L 1l L1l L1 11111
10 10° 10* 102 10° 10* 10°

Orbital Period (Days)



Minimum Planet Mass (M, .)

102 =

102

Star-Planet Separation (AU)

10! 10°

10?

P rrrrn

=
o
—

LI R RN

-
o
(=]

LR R |

LILBLLRRALI

1072

LI R AL

1073

LR |

104

Transits

LN |

school zo
speed

slow walker

UL RN -l

Radial
Velocity

EOur SolaréSystem

ol [N NEEE:

1 aaunl

ol o rruul

1 aauul

Ll L rlll

10!

10°

10? 10° 10°
Orbital Period (Days)

104

10°



Minimum Planet Mass (M, ;..)

Star-Planet Separation (AU)

, 10 10! 10° 10!
10 —~1 T I I | UL I -l 1 L l 1 | LR I | | H
i . & ): i 5 : Radlgl ]
10t Transits ; : .\ Velocity  _
10° |- \ . =
E \ z ? ‘'®
107 - e : : —
: Y @OR 5 g Q00:
i N ; Our Solar System ]
10-2 _ O . - f . -
i °? :
107 E
u Q i
- . . ° ' . -
10-4 L 1 1l L 11l Lt 1l L 1l L1l L1 11111
10 10° 10? 102 10° 10* 10°

Orbital Period (Days)



Discovery:

Regular Jupiters

best chance for surviving rocky planets

!

Low prob of rocky planets
need to look elsewhere

!

So0000 many Hot Jupiters ___,, planet migration
I.e. close-in Jupiter-sized planets iInner planets thrown into the star



ALMA Observes Planet Forming Disk

HL Tau



ALMA Observes Planet Forming Disk
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ALMA (Atacama Large mm Array)




ALMA (Atacama Large mm Array)

A high-altitude Interferometer
desert in Chile (many telescopes
acting as one)
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MY STUDIES ON STE

_LAR EVOLUTION

(PRETTY PICTURES

RODOLFO MONTEZ JR.
BRIDGE POST-DO;CTORA'L
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HELIX NEBULA
HUBBLE SPACE FECESC@NE



HELIX NEBULA
HUBBLE SPACE FECESC@NE



CLUES (MNSEE| | AReEUCMMMEBION = .

HOW TO MEASURE CHANGES THAT TAKE BILLIONS OF YEARS
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Post Main Sequence Post AGB

1 Red Giant s Nebula forms
(fast wind?)

2 Core Helium s Nebula is ionized
Ignition “(hot core)

:» Horizontal Branch | 7 Fading Nebula.
(He Burning) and Cor? (pre-WD)
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SPIROGRAPH NEBULA
HUBBLE SPACE TELESCOPE



BLINKING NEBULA
HUBBLE SPACE TELESCOPE



ESKIMO NEBULA
HUBBLE SPACE TELESCOPE



RING NEBULA |
HUBBLE SPACE TELESCOPE



LITTLE GHOST NEBULA
HUBBLE SPAGESFELESCOPE




HUBBLE SPACE TELESCOPE :



CAT’'S EYE NEGEi=S
HUBBLE SPACE TELESCOPE



ERA OF SPACE TELESCOPES

WHAT DOES HUBBLE SPY WITH ITS ORBITING EYE?

VARIETY OF MORPHOLOGICAL DETAILS

MOSTLY ELLIPTICAL OR ELONGATED
VERY FEW ROUND/SPHERICAL NEBULA
JET-LIKE AND BIPOLAR STRUCTURES
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MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

.

round/elliptical hourglass/bipolar multipolar

0% +




MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

hourglass/bipolar




MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

pinched

waist

two lobes

hourglass/bipolar



MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

pinched

waist

two lobes

hourglass/bipolar



MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

pinched

WETE

two lobes

hourglass/bipolar



MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

pinched

waist

two lobes

hourglass/bipolar



MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

pinched

waist

two lobes

hourglass/bipolar



MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

pinched

waist

two lobes

hourglass/bipolar



MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

pinched

WETE

two lobes

hourglass/bipolar



MORPHOLOGICAL CONFUSION

WHY SO ASYMMETRICAL?

pinched

torus binary

WETE

two lobes

hourglass/bipolar



BINARY HYPOTHESIS

RELATIONSHIPS ARE HARD
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BINARY HYPOTHESIS

RELATIONSHIPS ARE HARD

envelope ejection
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ejection




BINARY HYPOTHESIS

RELATIONSHIPS ARE HARD

envelope ejection

ejection

TESTING THE HYPOTHESIS
EVIDENCE FOR COMPANIONS




TESTING THE HYPOTHESIS

EVIDENCE FOR COMPANIONS (PAST AND PRESENT)
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X-RAY SURVEY OF DYING STARS

HOT STARSESEE HOT BUBRISES

CAT'S EYE

NGC 7009 NGC 6826




X-RAY SURVEY OF DYING STARS

HOT STARS AND HOT BUBBLES

NGC 7009 NGC 6826




BUT THE SUN IS NOT A BINARY...

NO BEAUTIFUL SWAN SONG FOR THE SUN?Y




