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(0) Intro: Cosmic Expansion and Contents of the Universe

Expansio)
Hubble's Law:

Cosmic Content:

Photons (light):
Baryons (atoms):
=Photons/Baryons

Energy Density:

Baryons (atoms):
Dark Matter:
Dark Energy ():
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Angular size vs. redshif
In Lambda cosmology:

Ho = 73 km/s/Mpc,
m = 0.24, = 0.76.

[ 1/z for Z 0.05
(small angle approximation).




Edwin P. Hubble (1889{1953) | Carnegie astronomer James E. Webb (1906{1992) | Second NASA Administrator

Hubble: Concept in 1970's; Made in 1980's; Operation&f 7aa0e!
JWST: The infrared sequel to Hubble from 2018{2023 ({20297)



JWST primary
mirror

Hubble primary
mirror

JWST' 2.5 larger than Hubble, so at2.5 larger wavelengths:
JWST has the same resolution in the neasl|Hubble in the optical.




(1) Recent key aspects of the Hubble Space Telescope (bigdt) pr

The HST Advanced Camera for Surveys (ACS) | Iaunched 200B|SM
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Installing Wide Field Camera 2 (WFPC2) during SM1 in DecEadi3e
Similar to what astronauts did with WFC3 during SM4 in M&y 200






New ESA solar panels rolling out during SM1 in December 1995
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Wide Field Camera 3 for SM4 in 2009: More powerful HST irttaanngver.



(2) New studies of the Cosmos with the Hubble Wide FieldaCamer



(2) How has Hubble measured Galaxy Assembly over Cosmic Tin

One of the remarkable HST discoveries was how numerouslafargm
galaxies are: the building blocks of giant galaxies sagiiftoAshcraft).



(2) HST turned the classical Hubble sequence upside down!

Who (when)  Cosmic Epoch Spirals lrr's/mergers
Hubble (1920's)z=0 (13.73 Gyr) >50% = 10%
HST (1990's) Z 1{2 (3{6 Gyr) 30% ~55% !



M. Rutkowski (Dissertation).









H. Kim (Dissertation).









M. Mechtley (z=6 Dissertation).

Elliptical galaxy M87 with Active Galactic Nucleus (AGNjedattdvistic jet.






HST Antenna galaxy: Prototype of high redshift, star-fpymajor merger”






Merging galaxies constitutd % of Hubble sequence today {age5 Gyr).
Tadpole galaxies are early stage mergers, very commaén(age 3 Gyr).
JWST will measure galaxy assembly @0z(age 0.2 Gyr).












(3) What is the James Webb Space Telescope (JWST)?

Need young generation of students & scientists after 2t1Bhe worth it!

(RIGHT) Life-size JWST prototype on the Capitol Mall, My 20



(3) What is the James Webb Space Telescope (JWST)?

A fully deployable 6.5 meter (25)megmented IR telescope for imagir
and spectroscopy at 0.6{28n wavelength, to be launched in 2018.

Nested array of sun-shields to keep its ambient tempeaadeK,
allowing faint imaging (31.5 mag = re y from Moon!) and gpscopy.



(3a) How will JIWST travel to its L2 orbit?

After launch in 2018 with an ESA Ariane-V, JWST will orbit atband
Earth{Sun Lagrange point L2, 1.5 million km from Earth.

JWST can cover the whole sky in segments that move alongewit
Earth, observe 70% of the time, and send data back to Earth every o




(3b) How will JIWST be automatically deployed?

During its two month journey to L2, JWST will be automatidaH
ployed, its instruments will be cooled, and be inserteanihi® orbit.

The entire JWST deployment sequence will be tested senesabh

the ground | but only in 1-G: Component and system tests iistBlou

Component fabrication, testing, & integration is on skeheti8l out of
18 ight mirrors completely done, and meeting the 40K spgons!




Wave-Front Sensing tested hands-o at 40 K in 1-G at JSC3r200%.

Ball 1/6 scale-model for WFS: produces di raction-linzif@d m images.















All mirrors are gold-coated



(3b) JWST instrument update: US (UofA, JPL), ESA, & CSA.

Instrument Overview

Fine Guidance Sensor (FGS) Near Infra-Red Camera (NIRCam)

* Ensures guide star availability with >95% probability *  Detects first light galaxies and observes

at any point in the sky galaxy assembly sequence

* Includes Narrowband Imaging Tunable Filter 0.6 to 5 microns

* Developed by Canadian Space Agency & COM DEV Supports Wavefront Sensing & Control
Developed by Univ. of AZ & LMATC

™

Mid-Infra-Red Instrument (MIRI) Near Infra-Red Spectrograph (NIRSpec)

* Distinguishes first light objects; studies galaxy *  Measures redshift, metallicity, star formation
evolution; explores protostars & their environs rate in first light galaxies

* Imaging and spectroscopy capability 0.6 to 5 microns

* 510 27 microns Simultaneous spectra of >100 objects

* Cooled to 7K by Cyro-cooler Developed by ESA & EADS with NASA/

* Combined European Consortium/JPL development GSFC Detector & Microshutter Subsystems

MIRI & NIRSpec completed 9/11; NIRCam & FGS delivery to G8HC
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JWST hardware made in 27 US States5% of launch-mass nished.

Launch Vehicle (Ariane V), NIRSpec, & MIRI provided by ESA.






Despite NASA's CAN-do approach: Must nd all the cans-of-worms






(4) What is First Light, Reionization, and Galaxy Assembly?

HST: Hubble sequence & galaxy evolution @& (age 0.7 Gyr).
JWST: First Light, Reionization, & Galaxy AssenilBy20 (0.2-0.7 Gyr).



(4a) How will JIWST Observe First Light and Reionization?

Detailed hierarchical
models (Dr. V. Bromm)
show that formation of
Pop Il stars reionized
universe for the rsttime
atZ 10{30 (First Light,
age 500{100 Myr).

This should be visible
top JWST as the rst
massive stars and sur-
rounding star clusters,
and perhaps their ex-
tremely luminous super-
novae at’z 10 30.



(4) How will IWST measure First Light & Relonization?
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Can't beat redshift: to see First Light, must observe neafn
) This is why JWST needs NIRCam at 0.8¢p and MIRI at 5{28 m.



Hubble UltraDeep Field: Dwarf galaxies & @age 1 Gyr; Yan & Wind-
horst 2004), many con rmed by spectra’'abzZMalhotra et al. 2005).
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With proper survey strategy (area AND depth), JWST can tnace
entire reionization epoch and detect the rst star-forobects.

JWST can also trace Super-Massive Black Holes as faintsQuoas
young galaxies (M. Mechtley Dissertation).







Hard to see the forest for the trees in the rst 0.5 Gyrs?:

Foreground galaxies (2{2 or agé 3{6 Gyr)may gravitationally lens
or amplify



(4) How can JWST measure Galaxy Assembly?

HST/WFC3 & ACS reach AB=26.5-27.0 mag (100 re ies from Moo
over 0.1 full Moon area in 10 lters from 0.2{&h wavelength.

JWST adds 3 sharper imaging to AB31.5 mag (1 rey from Moon)
from 1{29 m wavelength, tracing young and old stars + dust.



(5) How can JWST measure Earth-like exoplanets?

NGC 3603: Young star-cluster triggering star-birth ilangodf Creation”



30 Doradus: Giant young star-cluster in Large Magelland (50,000
ly), triggering birth of stars like the Sun.












HST/ACS Coronograph imaging of planetary debris diskl &oonalhaut:
First direct imaging of a moving planet forming around byrsar!

JWST can nd such planets much closer in for much farther star



HST/NICMOS imaging of planetary system around the (barsfil-
tracted) star HR 8799: Direct imaging of planets aroundiayrstar!

Press release: http://hubblesite.org/newscenteriatiieases/2011/29/

JWST can nd such planets much closer in for much fartherstavs!



JWST can do very precise photometry of transiting Eatéxidplanets.

JWST IR spectra can nd water and 0 Earth-like exoplanets.



JWST IR spectra can nd water and 430 transiting Earth-like exoplanet



Herschel Finds Oceans of Water in Disk of Nearbystarasagovnersche

JWST IR spectra can map water directly in exoplanet deksas di



(6) Conclusions

(1) HST established how galaxies formed and evolve it thia 7TaGyrs:

Galaxies of all Hubble types formed over a wide range difuimeath
a notable transition around 2{2 when the Hubble sequence forms.

(2) JWST Project is technologically front-loaded and wélaok:
Passed Preliminary and Critical Design Reviews in 2008.& 201

(3) JWST is designed to map the epochs of First Light, Réiomizand
Galaxy Assembly in detail. JWST will determine:

Formation and evolution of the rst star-clusters aftef§12
How dwarf galaxies formed and reionized the Universe Gfter 1
How to nd water and C&in transiting Earth-like exoplanets.

(4) JWST will have a major impact on astrophysics this decade
IR sequel to HST after 2018: Training the next generatearciesrs.



SPARE CHARTS




What you can do to help save JWST | Web-links:

nttp://capwiz.com/supportjwst/home/
nttp://www.whitehouse.gov/contact

nttp://www.facebook.com/SaveJWST

nttp://twitter.com/#!/saveJWST or http://goo.gl/iIAR4I

nttp://savethistelescope.blogspot.com/

http://www.change.org/petitions/do-not-cancel-fundi ng-for-the-james-webb-space-telescope

General JWST Information:

Nttp://www.aura-astronomy.org/news/news.asp?newsiD= 264

Nttp://www.jwst.nasa.gov/ & http://www.stsci.edu/jwst/

Nttp://www.asu.edu/clas/hst/www/jwst/ [Talk, Movie, Java-tool]



Life-sized JWST model, at NASA/GSFC with the whole JWSTtRrojec



Life-sized JWST model, at NASA/GSFC Friday afternoon after.5 p






Baseline “Cup Down” Tower Configuration at JSC (Before) @ JSC "Cup Up” Test Configuration (New Proposal) @

Most recent Tower Design shows an No Metrology Tower and

Inner Optical Tower supported by a Outer Associated Cooling H/W.
structure with Vibration Isolation at the External Metrology «————— Accessible CoC Null Lens and
midplane. Everything shown is in the Two basic test options: Interferometer

R . . 1. Use isolators, remove drift —
20K region (helium connectlons,_etc. not through fast active control + I — ACFs and Substructure
shown) except clean room and lift freeze test equipment jitter
fixture. 2. Eliminate vibration isolators

(but use soft dampeners) to avoid
drift, freeze out jitter
Builds on successful AMSD

heritage of freezing and averaging
jitter, testing through windows.

Possible payload
. “floor” \
Current plan includes 10 trucks of LN2/day

. to separate ambient
during cooldown pressure and
Interferometers, Sources, temperature.
Null Lens and Alignment Equipment
Are in Upper and Lower — .
ccessible Double Pass

Pressure Tight Enclosure Inside of Shroud >
£ Sources, Intereferometers, etc.

Current plan calls for 33KW cooldown
capability, 12 KW steady state, 300-500mW N2
cooling

JSC currently has 7 KW He capability

Primary Mirror

Drawing care of ITT

Page 5 Page 6

JWST underwent several signi cant replans and riskiogdachemes:
= 2003: Reduction from 8.0 to 7.0 to 6.5 meter. Ariane-V laahidhey

2005: Eliminate costly 0.7-1.6h performance specs (kept 21).
2005: Simpli cation of thermal vacuum tests. cup-up, metown.

2006: All critical technology at Technical Readiness L@\RL ®).
2007: Further simpli cation of sun-shield and end-toestidd.
2008: Passes Mission Preliminary Design & Non-advoaatesRev

2010: Passes Mission Critical Design Review | Replan Inésng.






JWST can observe segments of sky that move around as ther&its.






Active mirror segment support through \hexapods", simikedk.

Redundant & doubly-redundant mechanisms, quite formgamst failures.



JWST's Wave Front Sensing and Control is similar to the éeskdpe.

In L2, need WFS updates every 10 days depending on schiedulnadgon.




JWST's short-wavelength (0.6{5M) imagers:

NIRCam | built by UofA (AZ) and Lockheed (CA).
Fine Guidance Sensor (& 1{f grisms) | built by CSA (Montreal).

Both to be delivered to GSFC late Fall 2011.



JWST's short-wavelength (0.6{51M) spectrograph:

NIRSpec | built by ESA/ESTEC and Astrium (Munich).
Fight build completed and tested with First Light in Sp@hdy. 2

Final delivery to NASA/GSFC in early Fall 2011.



Micro Shutters

(C )

Metal Mask/Fixed Slit Shutter Mask



Spectrometer First Light — internal calibration
source

A

A

All slices are there and well centred on detectors, fringes look as
on VM, the fall off in signal at long wavelengths is expected —
temperature of source and relatively short exposure, no “intra-
slice” light ©

MIRI | built by ESA consortium of 10 ESA countries & JPL.
Fight build completed and tested with First Light in Julg.201

Final delivery to NASA/GSFC in early Fall 2011.









(4) Predicted Galaxy Appearance for JWST 4t{¥5

The rest-frame UV-morphology of galaxies is dominatednuy awal
hot stars, with often signi cant dust imprinted (Mageiteragt al. 2005).

High-resolution HST ultraviolet images are benchmarmeniparison
with very high redshift galaxies seen by JWST.



(4) Predicted Galaxy Appearance for JWST at redshiftgl 5

HST z=0 JWST z=2

z=5

z=9

z=15

With Hubble UV-optical im-

ages as benchmarks, JWS
can measure the evolution o
galaxy structure & physical
properties over a wide range
of cosmic time:

(1) Most spiral disks will
dim away at high redshift,
but most formed atz1{2.

Visible to JWST at very high
Z are:

(2) Compact star-forming
objects (dwarf galaxies).

(3) Point sources (QSOs).

(4) Compact mergers &
train-wrecks.



References and other sources of material shown:

http://www.asu.edu/clas/hst/www/jwst/ [Talk, Movie, Java-tool]
http://www.asu.edu/clas/hst/www/ahah/ [HUbble at Hyperspeed Java{tOO[
http:/www. asu.edu/clas/hstiwwwijwst/clickonHUDF/ [Clickable HUDF map]

http://www.jwst.nasa.gov/ & http://www.stsci.edu/jwst/

nttp://ircamera.as.arizona.edu/nircam/
nttp://ircamera.as.arizona.edu/MIRI/

Nttp://www.stscl.edu/jwst/instruments/nirspec/

nttp://www.stsci.edu/jwst/instruments/fgs
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