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* Developed by NASA In
collaboration with the
ESA and the ©S .

 Named after James E.
Webb administrator of
NASA during the Apollo
era.

JWST

https:/iwww.nasaspaceflight.com/2021/12/ariane-5-webb-launch/


https://www.nasaspaceflight.com/2021/12/ariane-5-webb-launch/

JWST

* Primary mirror composed of 18 hexagonal gold-plated
beryllium mirrors, together with a total aperture of 6.5m.

James Webb Space Telescope

Primary mirror

Secondary mirror

Scientific
instruments

Stabilization
flap

James Webb telescope: Sun shield deployment is critical https://www.bbc.com/news/science-environment-59820059


https://www.bbc.com/news/science-environment-59820059

JWST o

e Search for the first stars/galaxies
that formed after Big Bang.

 Formation and evolution of

galaxies. g
 Formation of stars and planetary e e
systems. %
* Planetary systems and the origins \

of life!

* NEED INEFRARED ‘
f:-OB S E R VA TI ON S I https://www.stsci.edu/jwst/about-jwst/science-themes



https://www.stsci.edu/jwst/about-jwst/science-themes

JWST

* Will observe at wavelengths of 0.6 to 28.5 um (red light

to mid-infrared).

* Must be kept cold, so has a large sunshield and will orbit
at 1.5X10° km from the Earth at the Sun-Earth L, Lagrange
point.
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Webb Orbit https://webb.nasa.gov/content/about/orbit.html


https://webb.nasa.gov/content/about/orbit.html

* Instruments: JWST

* NIRCam - Near-IR camera (0.6 — 5.0 um)

* NIRSpec — Near-IR Spectrograph (0.6— 5.0 um)

* MIRI — Mid-IR Instrument (camera & spectrograph, 5 — 27 um)

* FGS - Fine Guidance Sensor (0.8 — 5 um).

* NIRISS — Near-IR Imager & Slitless Spectrograph (0.8 — 5 um).

Infrared sensitivity of Webb's instruments.

wavelength

(im microns) > 10

NIRSpec

I Mid-Infrared

ITI
Visible:  Rewveals:
The light Cooler red stars Planets, comets, and asteroids
we Can see Dust is transparent Dust warmed by starlight
Protoplanetary disks

httos://iwst.nasa.oov/content/observatorv/instruments/nircam.htmil



https://jwst.nasa.gov/content/observatory/instruments/nircam.html

JWST

* The JWST Is the successor to the Hubble Space Telescope!
* ['s also a successor to the Spitzer Space Telescope.

Selected space telescopes and instruments!’']

Wavelength | Aperture .
Name Year Cooling
(Hm) (m)

Spacelab Infrared Telescope (IRT) 1985 1.7-118 0.15 Helium
Infrared Space Observatory (ISO)"?1 | 1995 | 2.5-240 0.60 Helium

Hubble Space Telescope Imaging
Spectrograph (STIS)

1997 Passive

Hubble Near Infrared Camera and Multi-

. _ _ 1997 Nitrogen, later cryocooler
Object Spectrometer (NICMOS)

Spitzer Space Telescope 2003 3-180 0.85 Helium

Hubble Wide Field Camera 3 (WFC3) | 2009 Passive, and thermo-electricl’?!

Herschel Space Observatory 2009 55672 3.5 Helium

2021 Passive, and cryocooler (MIRI)

https://en.wikipedia.org/wiki/James_Webb_Space_Telescope


https://en.wikipedia.org/wiki/James_Webb_Space_Telescope

Primary Mirror Size Comparison Between Webb and Hubble
https://www.youtube.com/watch?v=j3mk6tUokm4&list=TLGG9AeINNnPkoFQzMTEyMjAyMQ&t=6s



https://www.youtube.com/watch?v=j3mk6tUokm4&list=TLGG9AelNnPkoFQzMTEyMjAyMQ&t=6s


JWST

Why have telescopes in space?

* The Earth’s atmosphere hinders observations...

* Turbulence blurs images (although adaptive optics techniques
are improving).

Turbulent layer
in atmosphere

Perturbed
wavefronts

https://en.wikipedia.org/wiki/Astronomical_seeing

S——
"


https://en.wikipedia.org/wiki/Astronomical_seeing

Incoming solar radiation Outgoing thermal radiation
70-75% transmitted 15-30% transmitted

* Atmosphere adds noise
to iImages, especially in
IR.

* Atmospheric opacity
reduces signal
strength...
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-+ Can access the entire sky when in space. ,

https://www.esa.int/ESA_Multimedia/lmages/2018/04/Gaia_s_sky_in_colour2
- - a8 -


https://www.esa.int/ESA_Multimedia/Images/2018/04/Gaia_s_sky_in_colour2

James Webb Space Telescope Deployment Sequence (Nominal)
https://www.youtube.com/watch?v=RzGLKQ7 KZQ



https://www.youtube.com/watch?v=RzGLKQ7_KZQ


Webb Orbit

https://lwww.youtube.com/watch?v=524fcGyki5c





JWST

Ground-based, NO Adaptive Optics

® -
No Adaptive Optics . |

. - - .
- . Hartigan et al. 2020, ApJL, 902, L1




JWST

HST— “equwalent (Reallyjust a crude equivalence.)

“'ﬁ? : : Hartigan et al. 2020, ApJL, 902, L1



JWST

JWST- “equivalent” (Really jUst a ground-based image with adaptive optics.)

"'5'559 . Hartigan et al. 2020, ApJL, 902, L1



JWST — Discoveries?!! X
SPITZER SPACE TEILESCOPE DISCOVERIES/ADVANCES
* “Big-Baby” galaxy observed at 800 Myr after Big Bang!
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https://www.jpl.nasa.gov/news/nasa-finds-big-baby-galaxies-in-newborn-universe


https://www.jpl.nasa.gov/news/nasa-finds-big-baby-galaxies-in-newborn-universe

JWST — Discoveries?!! N
SPITZER SPACE TELESCOPE DISCOVERIES/ADVANCES

Spitzer finds 4 more
planets in TRAPPIST-1 Jupiter & Major Moons

O
(=
NP e

system! ==
* Atotal of 7 Earth-sized TRAPPIST1 Systemn ,
rocky planets in the ¢ b. € € GE ¢ ¢
SySte m. - S - i p e //

- Hubble spectroscopy -

found no atmospheres ~ 'nnersolarsystem
of hydrogen or helium, &«

but couldn’t rule out -
atmospheres of heavier
molecules.

—

https://upload.wikimedia.org/wikipedia/commons/2/27/P1A21428-TRAPPIST-1-Comparison-SolarSystem%?26JovianMoons-20180205.jpg
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JWST — Discoveries?!! 5

HUBBLE SPACE TELESCOPE DISCOVERIES/ADVANCES
e Contributed to establishing the age of universe at 13.8 Gyr.

* Constrained estimates of the expansion rate of the universe.
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JWST — Discoveries?!! 5

HUBBLE SPACE TELESCOPE DISCOVERIES/ADVANCES

* Discovered that mostmajor galaxies have a supermassive black
hole |‘n.;-“ith‘e:_|:_r,__ centres.

T :“ https://newatlas.com/space/restless-supermassive-black-hole-moving/


https://newatlas.com/space/restless-supermassive-black-hole-moving/

JWST — Discoveries?!!
HUBBILE SPACE TELESCOPE DISCOVERIES/ADVANCES

g
=5

* Discovered two moons of Pluto: Nyx and Hydra.

Pluto System = Hubble Space Telescope ACS

Charon
Pluto

Short Exposure
June 11, 2002

Candidate

Pluto ! I Satellites

" Charon

Long Exposure
May 15, 2005

Candidate
Satellites

Charon

Pluto

Long Exposure
May 18, 2005

NASA, ESA, H. Weaver (JHU/APL), A. Stern (SwRI), and the HST Pluto Companion Search Team

https://www.space.com/2522-pluto-newest-moons-named-hydra-nix.html


https://www.space.com/2522-pluto-newest-moons-named-hydra-nix.html
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HUBBLE SPACE ELESC%E D1SC®VERI-ES/ADVANCES
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JWST — Discoveries?!! -

With JWST, we’ll create a higher-resolution, and more
complete, film.
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JWST — Discoveries?!! -

With JWST, we’ll have a clearer, more complete picture of
how galaxies formed / evolved.
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JWST — Discoveries?!! o

With JWST, we’ll have a clearer, more complete picture of
how galaxies formed / evolved.
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JWST — Discoveries?!!

Let’s talk about exoplanets!

See thermal radiation from E
planet disappear & reappear 9 © = & v Transit

(or transmission)

spectra
(Sensitive to trace molecules, but
also easily obscured by clouds.)

FJF, [107

T m.(,k/\‘/Line et al. 201

3 4 5 6 7 B 910

Measure size of transiting

A (pm)

planet see radiation from ~ 17aNSit ™% | VS

star transmittedthrough the 1.49
planet’s atmosphere

~0.01% e
Emission

(or secondary eclipse)

spectra

(Not strongly affected by clouds,
but insensitive to trace
molecules.)

1.48

1.47

|HIHII|||IH|HI‘ IIEIIHI‘IEI

146

Transit Depth (%)

1.45

IHIHI‘II*IH

Deming et al. 2013

1.4 16
Wavelength (microns)
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Deming (2016), “Transit Spectroscopy: Techniques and Results (or, is there an atom or molecule in my data?),” Presentation for Sagan Exoplanet Summer Workshop



JWST — Discoveries?!! o
Let’s talk about exoplanets!
Signal-to-noise depends on the stellar

JWST will be capable
of both kinds of
spectroscopy.

—_

brightness versus wavelength Given the
. photospheric
Transit spectroscopy f
10 favorable in optical temperature (0
= and near-IR TRAPPIST-1
S T - I.e., 2560K =
= | | and JWST’s suite of
g pog- instruments in the
= visible - t : optical, near-IR, and
L i clipse spectroscopy 2
é favorable in thermal-I mid-IR (Or thermaI'IR)!

1

Wavelength, pm

BT Deming (2016), “Transit Spectroscopy: Techniques and Results (or, is there an atom or molecule in my data?),” Presentation for Sagan Exoplanet Summer Workshop
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JWST — Discoveries?!!
What will JWST see in the TRAPPIST-1 system?!

Lustig-Yaeger, Meadows, & Lincowski
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TRAPPIST-1b: 10 bar desiccated O atmosphere
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Figure 12. Theoretical transmission spectra of TRAPPIST-1b assuming three different atmospheric compositions with modeled noise for JWST observations. Top:

transmission spectrum of a 10 bar desiccated O atmosphere shown with error bars calculated for 12 transits with NIRSpec G140H—sufficient for {S¢/N} ~~ 5 on the
res. Middle: transmission spectrum of a 10 bar outgassing O, atmosphere shown with error bars calculated for three transits with NIRSpec Prism™—sufficient
i} ~ 5 on the H2O features. Botiom: transmission ipr_{‘ll‘l.ll]‘l of a 10 bar CO, atmosphere shown with error bars calculated for 125 wransits with N]R"apec

Prism’—sufficient for {S/N} ~ 5 on the NIR H2O features—and 125 transits with MIRI LRS—sufficient for {S/N} ~ 5 on both the 6 pm H2O feature and the 7.2

and ‘-s]' pam SO, feamres

Lustig-Yaeger et al. (2019)
simulate atmospheres on
TRAPPIST-1b,
demonstrating (possible)
very strong detections of
many spectral lines of
oxygen, carbon dioxide,
water vapour, etc.

Lustig-Yaeger et al. 2019, Astronomical Journal 158, 27, “The Detectability and Characterization of the TRAPPIST-1 Exoplanet Atmosphere with JIWST”



JWST — Discoveries?!!

https://www.stsci.edu/jwst/about-jwst/science-themes
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