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Why Infrared?

Infrared Light




Why Infrared?

Objects colder than stars give off infrared light
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Why Infrared?

o

Objects colder than stars give off infrared light

L '. 2. 2 .

Protostars gy SRR L s N
Planets L . - o ey
Asteroids and o b |
Comets - |

.t -+ Infrared light



Why Infrared?

Visible Light (OSS/0. De Martin)

Easier to see
through dust in
the infrared

North America Nebula Comparison Spitzer Space Telescope * IRAC+ MIPS
NASA / JPL-Caltach / L Rebull [SSC/Caltech) #8c2011-03b
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Easier to see
objects in the
early Universe

Light from
objects gets
progressively
redder with
distance due to
expansion of
Universe

Why Infrared?

.~ Reddish

blobs are

' ~distant

galaxies



The Spitzer Space Telescope

Spitzer launched 25 August 2003

Last of NASA’s Great Observatories
Program

Expected lifetime 5 years
Cryogenic mission ended 15 May 2009

Warm mission science started 27 July
2009 and is still going!




The Spitzer Space Telescope was named after
Lyman Spitzer

Expert in the interstellar
medium




The Spitzer Space Telescope was named after
Lyman Spitzer

Expert in the interstellar
medium

First to think of a telescope in
space SRS e S

1990 reprmtmg of h]S 1946
article




The Spitzer Space Telescope

85 cm infrared telescope




The Spitzer Space Telescope

85 cm infrared telescope [ —— —

3 instruments - ] 3
set of 4 cameras from 3-9 microns '
spectrographs from 5-38 microns 4 n | e B
cameras at 24, 70, 160 microns /\l / Mg ‘\ /

=] 10 15
Rest \Waveksacth fricrors)]
Embedded Cutficw nHH 45737 Spitzer Space Telescope * IRS ~ IRAC

MAGE / S Ceftact / A Neroge-Crengo S50, Cvtech] 2200546



The Spitzer Space Telescope

85 cm infrared telescope

3 instruments

set of 4 cameras from 3-9 microns
spectrographs from 5-38 microns
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The Spitzer Space Telescope

85 cm infrared telescope

3 instruments

set of 4 cameras from 3-9 microns
spectrographs from 5-38 microns
cameras at 24, 70, 160 microns

Earth-trailing orbit around the sun

Passive cooling




Spitzer gets farther away from the Earth

” . Beyond Phase Starts
10 -“‘_‘rj :N‘f"’"!' Oct 1, 2004 15" Anniversary
01115 .‘1' 2N J. / Aug 25'2018

Cryagen Deplatec
Warm Mission Starts
May 15, 2006 .

Minimum Raquired
Cryogenic Lifetime
Apr 25, 2006 -

Spitzer Launch
Ao 25, 2003 . LS 03AJ A AU

Distance ram EartF increasas over time






A Roadmap to the Milky Way
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Transiting Exoplanets

HD 189733b
Knutson et al. (2012)
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Spitzer was not designed for exoplanets

Ch 2 {4.5um) Photometric Sensitivity Map
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Spitzer was not designed for exoplanets

Ch 2 {4.5um] Pholomelric Sensitivity Map Br]ghtness Var]es by a few
MR |  Percent with location on
camera

Want to measure 0.005%
variations to study
exoplanets

©
>
[
-
2
o
[
a
o

Ingalls et al.
(2018)




Spitzer was not designed for exoplanets

XU-3 b Eclipse Raw Light Curve
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Ingalls et al.
(2016)



Clever processing is needed
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X0-3 b Eclipse Corrected Light Curve
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Ingalls et al.
(2016)



Average data to reduce noise
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4
Hours Since Start

6

8

Ingalls et al.
(2016)



First detections of thermal emission from
exoplanets

Relrtive Brightnass

Planetary Eclipses  Spitzer Space Telescope * IRAC * MIPS

MAGK ¢ JPLCa ek D Chewbaesa v [Heno o Garithaseler G sec 008 00a
£ Dar g jGxkdard By Mghe Garver|



First detections of thermal emission from

exoplanets
TrES-1
T=1060 K
£ Charbonneau et al.
: (2006)
HD 209458b :
T=1130K

Deming et al. (2006)

Planetary Eclipses  Spitzer Space Telescope * IRAC * MIPS

NAGK ¢ JPLCa orek D Chowbae e v [Heno oGaithaseler LAY sec 008 00a
£ Dar g jGxkdard By Mghe Garver|



What happened when Spitzer ran out of cryogen

Spitzer heated up from <12 K
to 28K

Only 2 cameras on one
instrument still work

3.6 and 4.5 micron cameras
Work same as they did before ™




What happened when Spitzer ran out of cryogen

Spitzer heated up from <12 K
to 28K

Only 2 cameras on one
instrument still work

3.6 and 4.5 micron cameras ,
Work same as they did before ™

More focus on exoplanets
and distant galaxies!
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Most distant galaxy

Observed at z=11

13.4 billion years ago

1/100th the mass of the
Milky Way

Oesch et al. (2014)
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Most distant galaxy
Oesch et al. (2014)

Observed at z=11

13.4 billion years ago =
1/100t" the mass of the g
Milky Way 5
HST gives redshift (time)

Spitzer gives mass/age of
stars
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Gravitational Microlensing
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Microlensing Parallax

Can determine mass and +
distance with microlensing - .~ ' Source
Lens' &
Need help to disentangle them
i . \*%
Spitzer 1 /
- 5 4 g &t..
~f) o _ﬁ‘ o L
Earth GaER



First microlensing planet with Spitzer

Star mass = 0.7 Solar

172
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Microlens Parallax Vector of OGLE-2014-BLG0124L  Spitzer Space Telescope * IRAC
NASA / JPLCalktnch / A Usslsks (Mursow Usiversity Observatony) 15008



First microlensing planet with Spitzer

Star mass = 0.7 Solar .

Planet mass = 0.5 Jupiter

172

174 &

Mar1  Apr1  Mayl  Junl  Juld Au?: Sep 1

2014 2014 2014 2014 2014 2014

Microlens Parallax Vector of OGLE-2014-BLG0124L  Spitzer Space Telescope * IRAC
NASA / JPLCaltnch / A Usabski (Mursas Usiversity Observatory) 15008



First microlensing planet with Spitzer

Star mass = 0.7 Solar

Planet mass = 0.5 Jupiter

Planet distance from
star = 3.1 au
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TRAPPIST-1 facts

Star discovered in 2000
Distance = 39.6 light years

Star mass = 0.08 Solar

Star radius = 1.1 Jupiter radii
Star temperature = 2500 K

4000x brighter in IR .
Artist concept (T. Pyle, JPL/Caltech)



TRAPPIST-1 had weird transits

VLT follow-up photometry

Spitzer DDT 21 Feb 2016 (5hrs)

At first, did not understand the
light curves!







TRAPPIST-1 system is much smaller than ours

Jupiter & Major Moons
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TRAPPIST-1 resonance and transit timing
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What we know about the TRAPPIST-1 planets

System
o 2 ¢ f a h

d e

Croito! Perina 1.3 adays 2.42 Jgors 4.05 25/ £10 aays o.21 Jars 12,26 aos 13.76 coys
DitorewtoSrar - 001154 CO156 .w 0.0223 w 0.0393 4, 0.0335 . 00468 w 20619 /L
Placetdadis 1127, IRET IR 0787 o9ln, 1050 IR 077 r_,
Clarax Mass 1020 Lieu 030\ | 077 1__, 093 4 115 &, 033 M,
Flaner Density 0.73, | 0.88 5 as2 5 Loz, 082, 07se 5 | Q72
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Solar System
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Metrcury Venus Mars
Ovoutal Penod B7.97 digy 224870 i 36526 ‘win HES.98 '
DVtares b Star D.387 4. 0.727 au 1.000 ap 1.524 ;)
Pianet Sadius 0394 0.55 7 1005 053¢,
Planat Mass 0.0Gm__ 0.62 u_ 1.00 v St m
Eyanex Densiey 093, 0.55 5 1.00 5 71 o

Surface Gravity 0,38, 0.57 ¢ 1.00 , 038
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Looking to the future

Spitzer operations continue until
November 2019

s
.‘/ :
[" - \:\
“ ‘ l“'§



Looking to the future

Spitzer operations continue until
November 2019

Looking for planets around cooler
stars (and brown dwarfs) than
TRAPPIST-1 &



Looking to the future

Spitzer operations continue until
November 2019

Looking for planets around cooler
stars (and brown dwarfs) than
TRAPPIST-1

May measure the mass of an
isolated stellar mass black hole [



Looking to the future

Spitzer operations continue until
November 2019

Looking for planets around cooler
stars (and brown dwarfs) than
TRAPPIST-1

May measure the mass of an
isolated stellar mass black hole

JWST to launch in 2021



Thank you! '

For more information
www.spitzer.caltech.edu
" @NASAspitzer
@NASAJPL



