PLANETARY SCIENCE
with the Hubble Space Telescope

Heidi B. Hammel

Vice President for Science at AURA

With thanks ta Nikole Lewis (Cornell) and Caral Christian
(STScl) for some content



Why use HUBBLE to look at Solar System objects?!?
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Pop Chart https://popchart.co/products/the-chart-of-cosmic-exploration



Mars Exploration Family Portrait

43: EBxoMars TGO / Schiaparelli

esa = March 14, 2016
Orbiting Mars / Crash-landed
42 MAVEN Wl ;
L= November 18,2013
Orbiting Mars

41: Mars Orbiter Mission

November 5, 2013

- Orhiting Mars.
A40: Mars Science Laboratory Curiosity
November 26, 2011
Exploring Gale Crater

£

39: Phobos-Grunt / Yinghuo-1

— - MNovember 82011
L Stranded in Earth orbit

38: Phoenix
= a0
Landed at northern polar region, returned data

37: Mars Reconnaissance Orbiter '
August 12,2005
= GubitingMars
35, 34: Mars Exploration Rovers
ity and Spirit
June 7/ July 10, 2003
Meridiani Planum / Gusev Crater

34: Mars Express / Beagle 2 lander
June 2, 2003

Orbiting Mars / Lost after separation

11178

33: Mars Odyssey
Apell 7, 2001
Crbiting Mars ,

32: Mars Polar Lander / Deep Space 2
January 3, 1999
== Ccrshedonsurface o

31: Mars Climate Orbiter
December 11,1998
= Crashed on surface

NASA / JPL / Roscosmos / JAXA / ESA / ISRO / Jason Davis / The Planetary Society

44: Insight
May 5,2018

Landed at Elysium Planitia

1, - MARS 1M Mo, 1/ MARS 1M Ne, 2
Cetober 10/ October 14, 1960 E
Both destroyed during launch

3,4,5,8:MARS ZMV-4 No. 1/ Mars 1/ Mars 2MV-3 No. 1/ Zond 2
Ockober 24/ 1/ November 4, 1962/ 1 30, 1964

horbit / Radio f:

e -
- L

bt / Radio fail route

6,7 Mariner 3/ Mariner 4 o
MNovember 5/ November 28, 1964
Payload fairing falled to open / First flyby and picture return

. 10: Mariner &/ Mariner 7
February 25 / March 27, 1969
Both flew by. returned pictures

11, 12: Mars 1969 A/ Mars 1969 B
A oy March 27/ Aprll 2, 1969 &
'n" Both destroyed during launch

13, 17: Mariner 8/ Mariner 9

May B/ May 30, 1971
Destroyed during launch / First probe to orbit Mars

14,15, 1é: Cosmos 419 / Mars 2./ Mars 3 & |
Bay 10/ May 19/ May 28,1971
Failed in Earth orbit / Lander crashed / Lander failed

18,19, 20, 21: Mars 4/ Mars 5/ Mars 6./ Mars 7 "

July 21/ July 25 / August 5/ August 9. 1973
Missed planet / Orbited planet / Lander failed (6 and 7)

22,23 Viking 1/ Viking 2 =
August 20/ September §, 1975
Bath landers and orbiters returned data

-
24,25:Phobos 1/Phobos 2~
July 7/ July 12,1988 |
= st Lost ication en route / Lost near Phobos
26: Mars Observer
September 25,1952 S

Lost communication near Mars

*

27: Mars Global Surveyor
November 7. 1996
% Orbited and returned data

28: Mars 96
= November 16,1996
Destroved during launch

29: Mars Pathfinder f
December 4, 1996 i
Landed AresVallis -

Deployed Sejourner rover



VIARS as seen by Hubble over the decades

1995

Mars Near Opposition
Hubble Space Telescope




Mars * Global Dust Storm

June 26, 2001 September 4, 2001
Hubble Space Telescope * WFPC2

MNASA, J. Bell (Cornell), M. Wolff (SSI), and the Hubble Heritage Team (STScl/AURA) = STScl-PRC01-31



Cassini spacecraft - orbited Saturn
for nearly 18 years

NASA artist’s concept of Cassini spacecraft about to dive between Saturn and its rings

Saturn’s aurorae imaged by
Hubble in the ultraviolet




ubble complements space missions

Illustration of Juno at Jupiter (courtesy NASA)

Juno spacecraft - currently Jupiter’s aurorae imaged by
in orbit around Jupiter Hubble in the ultraviolet



ubble complements space missions

Hubble

Illustration of Juno at Jupiter (courtesy NASA)

Juno spacecraft - currently
in orbit around Jupiter




New Horizons spacecraft - studied Pluto
and its moons discovered by Hubble

ubble enhances space missions

Nix

: Kerberos
Hydra W \ . ® Pluto . \.

® Charon &%

Composite of Hubble images
shows Pluto moons



ubble enhances space missions

Kerberos

& Pluto ..

* Charon «+

LTS (LU U

New Horizons spacecraft - studied Pluto Composite of Hubble images
and its moons discovered by Hubble shows Pluto moons

LCOY INADMA)






ubble enhances space missions

Arrokoth (2014 MU69) from New Horizons (courtesy NASA) .'_:: * r.
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Hubble found a new target for NH

New Horizons spacecraft after Pluto i, 2014, YEARS after NH was launched!



Hubble spectroscopy vyields rich results
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Hubble spectra yield insights into chemistry of
Europa's plumes




Hubble Spectroscopy vyields rich results

: .,Comet Garradd, S'i'ren_e'Obsle.rvatory :
-Credit & Copyright: Olivier Sedan

Comet Lovejoy
Credit: Nick Howes
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Comet ISON
Credit: Pete Lawrence

4]

Brightness (rayleighs A™")

1500
Wavelength (A)

/ Comet ry ; - Q(CO) QH20) Q(CO)MQ(H,0) N(C) N(S)
’ " - (aw) (kms™" (% 10?8 molecules s 1)
103P/Hartley 2 2010 Nov04  1.06 26+1.3%x1073 085
Comet 103P/Hartley 2 / C/2009 P1 (Garradd) 2012 Jan 19 1.59 5. 2.164+0.28
Credit: NASA EPOXI mission { / C/2012 S1 (ISON) 2013 Nov0l1  0.99 22 2.6+04x1072 2.0 0.05 0.6

C/2014 Q2 (Lovejoy) 2015 Feb 02/03  1.29 2.23+0.27 45. 1.0 12.0

/ Far-ultraviolet Hubble spectroscopy of

201311-2206:21 - D640 UT Pete Linarence

recent comets




ubble enables a WEALT

Interstellar Comet 21/Borisov Hubble Space Telescope

Uranus Dark Spot

of Solar System science

Hubble Space Telescope = ACS ELropa Plumes and Ganymede Aurorae Hubble Space Telescope

5,000 miles
8,000 kilometers

NASA, ESA, and L. Sromovsky (University of Wisconsin)

Comet-like Asteroid P/2010 A2 - January 29, 2010

STScl-PRC06-47

Hubble Space Telescope « WFC3/UVIS

WFC3/UVIS
April 21, 2014

Comet Shoemaker-Levy 9
Impacts on Jupiter
Hubble Space Telescope

MNASA ESA and D Jewstt (LCLAY

STSelLPRC10.07






nlanetary science
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Hubble images exoplanets!

Fomalhaut System

Hubble Space Telescope « STIS

\‘/’:x

Or maybe not?

Model of Fomalhaut b
Expanding Dust Cloud

2014

2012

2010

2008 ‘

2006 i
2004 i

& NASA and ESA

Hubble in 2006

Gdspar and Rieke 2020, accepted in PNAS, https://arxiv.org/abs/2004.08736

STScl-PRC13-01a

Hubble in 2012

Hubble in 2020*

(* about a month ago)




Hubble detects exoplanets via gravitational microlensing

Star: 0GLE-2007-BLG-343 Hubble - 2007 Oct 8

SOMETIMES A CLOSER ;
STAR MOVES IN FRONT

OF A FAR STAR. ITS | )
GRAVITY BENDS THE LIGHT [ ; =

LIKE A MAGNIFYING GLASS I

BECOMES BRIGHTER. o i e

WHEN A PLANET IS ORBITING

THE CLOSER STAR, THE
FLRTHER STAR GETS EVEN g | 2

BRIGHTER. SCIENTISTS FIND &&" "™ -

THE PLANET BY MEASURING =
THE EXTRA BRIGHTENING,  Observer o

Hubble - 2008 May 4



Hubble detects exoplanets  via gravitational microlensing

Hubble - 2007 Oct 8

Star: [GLE-2007-BLG-343

Hubble pots Saturn-sized 'Tatooine

" planet’ orbiting TWO suns
DISCLAIMER: the ”picture” above is an ARTIST’S « Astronomers spotted the strange star system 8,000 light years from Earth
CONCEPT — not a Hubble imaae of this planet « They used the Hubble Space Telescope to spot light being bent by gravity
HUbee - 2008 May 4 g f P « This allowed them to determine the system was a planet orbiting two stars

Bennett et al. 2016, Astronomical Journal 152, 125 http://dx.doi.org/10.3847/0004-6256/152/5/125









Hubble - first detection of an exoplanet atmosphere

HST detects [ myeas
additional sodium
absorption due to
light passing through Additional
planetary atmosphere at?g(:rlptrig?a?ue
. 2 ;
seplanet vansits |

Sun-like

siar Gas-giant

= planet orbits
"W its sunin
<" 3.5 Earth

& O o O aavs lorbit
Light absorbed Additional light

not to scale)
Brightness i “planetary
of star i atmosphere

Duration
of transit

r
v

Time

Artist’s View of Planet around the Star HD 209458 e

NASA and G. Bacon (STScl) « STScl-PRC01-38




Hubble spectrum of WASP-1Z1b
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DISCLAIMER: the “picture” above is an ARTIST’S
CONCEPT — not a Hubble image of this planet



Hubble spectrum of K2-18b
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DISCLAIMER: the “picture” above is an ARTIST’S
CONCEPT — not a Hubble image of this planet

0.4 0506 08 1.0 15 20 2530 40 50

Wavelength [um] Maybe nice for humans?

Hubble data show 1.4-zm vibrational band of water vapar




Hubble - exoplanet powerhouse

Hubble revealed atmospheric escape from exo-atmospheres

DISCLAIMER: the “picture” above is an ARTIST’S CONCEPT — not Hubble image of this planet



Hubble - exoplanet powerhouse

Hubble has mapped surface temperatures of exoplanets

Extrasolar Planet WASP-43b Temperature Map
Hubble Space Telescope « Wide Field Camera 3







Hubble - exoplanet powerhouse

Hubble has shown us the colors of the skies on alien worlds

Visible-light Colors of Planets

ht

= Venus
Uranus

¢ o
— Jupiter .
= =
S Neptune
g ®
§)
= Saturn _

Earth

Titan HD 189733b
& Mars .

Reflection of Blue Light




Hubble - exoplanet powerhouse

Hubble heralded the era of comparative exoplanetology

DISCLAIMER: the “pictures” above are all ARTIST’S CONCEPTS — not Hubble images of these planet



Hubble Space Telescope BRLE

3l years of revolutionary planetary science
in our Solar System and beyond... eidi B, Harmre

, hbhammel hbhammel@aura-astronomy.org
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