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Outline

James Webb Space Telescope: NASA's next Flagship migsténbdfe
Astro 2010 Decadal Survey assumed: JWST science is ddz& &fter

(1) What is JIWST and how will it be deployed?
(2) What instruments and sensitivity will JWST have?
(3) How can JWST can measure First Light & Relonization?
(4) How can JWST measure Galaxy Assembly?

[With some recent Hubble WFC3 results to support (3) & (4)].
(5) Predicted Galaxy Appearance for JWST at redshiftEl 5.
(6) Summary and Conclusions.

Appendix 1. Will JIWST reach the Natural Confusion Limit?
Sponsored by NASA/JWST & HST
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JWST 2.5 larger than Hubble, so at2.5 larger wavelengths:
JWST has the same resolution in the neasIHST in the optical.
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JWST is the perfect near{mid-IR sequdd&I and

Vastly larger A thanHST in UV-opticahnd



“Brilliantly done...breathtaking in its vision.”
The New York Times

Author of The Emperor’s General
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(RIGHT) Life-size JWST prototype on the Capitol Mall, May 20



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

A fully deployable 6.5 meter (25)megmented IR telescope for imagir
and spectroscopy from 0.7 to 29, to be launched in Juri€015.

Nested array of sun-shields to keep its ambient tempatads-d5 K,
allowing faint imaging (AB1.5) and spectroscopy (AB9 mag).



The JWST launch weight will b&500 kg, and it will be launched witt
an ESA Ariane-V launch vehicle from Kourou in French Guiana.



(1) How will JWST travel to its L2 orbit?

After launch in June 201? with the Ariane-V, JWST will orbibh@ro
the the Earth{Sun Lagrange point L2, 1.5 million km fronh.Eart

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




(1) How will JWST be automatically deployed?

During its several month journey to L2, JWST will be autmatiati
deployed in phases, its instruments will be tested amdtedliland it will
then be inserted into an L2 halo orbit, 1.5 million km froth.Ear

The entire JIWST deployment sequence will be tested senesab
the ground | but only in 1-G: component and system tests at JSC

Component fabrication, testing, & integration is on skeheti8 out of
18 ight mirrors completely done, and at the 45K & @li raction limit!




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






Ball 1/6-model for WFS: di raction-limited 2.0n images (StrehD.85).
Wave-Front Sensing tested hands-o at 45 K in 1-G at JSCZ{2004.
In L2, WFS updates every 10 days depending on schedulingih@tion.



Active mirror segment support through hexapods (7 dimflyr$o Keck.

Redundant & doubly-redundant mechanisms, quite formgamst failures.



JWST's Wave Front Sensing and Control is similar to thatc&tatel HET.

Successful WFS demo of H/W, S/W on 1/6 scale modem(Streht 0.85).
Need WFS-updates every0 days, depending on scheduling/SC-illumin:
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JWST hardware made in 23 US Stated% of launch-mass nished.

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



(2) What instruments will IWST have®d (UofA, JPL), ESA, and CSA

Instrument Overview

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

* Ensures guide star availability with >95% probability o 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

* 5 t0 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




(2) What instruments will IWST have?

All JIWST instruments can in principle be used in parallefingsaode:

Currently only being implemented for paicdld@rations.



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.



JWST o ers signi cant multiplexing for faint object s

WESTiopy:

NIRSpec/MSA with 462,415 independently operable micro-shutt

(MEMS) that cover ' 1{5 mat R 100{1000.

FGS/NIRISS covers 82 22 FOV at ' 1.6{4.9 m atR 100.
[ NIRCam o ers R 5 imaging from 0.7{5m over two &3 4% FOV's.]



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 (ROE-I&ad)
JPL.

Fight build completed and tested with First Light in Julg.201
Final delivery to NASA/GSFC in early Fall 2011.






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






(2) What sensitivity will JWST have?

NIRCam and MIRI sensitivity complement each other, istgaddb m.
Together, they allow objects to be found to z=15{2016° sec (28 hrs).

RIGHT: Relative survey time vs. that Spitzer, a ground-based IR
optimized 8-m, and a 30-m telescope would need to match JWST.



(3) How can JWST measure First Light and Relonization?
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(3) How will IWST Observe First Light and Reionization?

Detalled Hydrody-
namical models (e.g., V.
Bromm) suggest that
massive Pop Il stars may
have reionized universe a
redshifts z210{30 (First
Light).

A this should be visi-
ble to JWST as the rst
Pop Il stars and surround-
iIng (Pop I11.5) star clus-
ters, and perhaps their ex-
tremely luminous super-
novae at'z 10 30.

We must make sure we theoretically understand the likelyl lrogss-
range, their IMF, their duplicity and clustering propetheir SN-rates,
etc.



(4) How can JWST measure Galaxy Assembly?

10 Iters with HST/WFC3 & ACS reaching AB=26.5-27.0 mag ()10-
over 40 arcmfnat 0.07{0.15" FWHM from 0.2{1.7n (UVUBViz

JWST adds 0.05{0.2" FWHM imaging to'AB1.5 mag (1 nJy) at 1{
5 m, and 0.2{1.2" FWHM at 5{29n, tracing young+old SEDs & dust.



Some science results of the Wide Field Camera Early Rebyase data:

Galaxy structure at the peak of the merging epoci{®) is very rich:
some resemble the cosmological parankéters , o, w, and , resp.

Panchromatic WFC3 ERS images of early-type galaxieschetir Star-
forming rings, bars, weak AGN, or other interesting natieaure.

(Rutkowski et al. 20103)
JWST will observe all such objects from O.7{2Bwavelength.



Lyman break galaxies at the peak of cosmic' S8z Hathi ea. 2010)

z~1.5 z~2.0

M*=—18.24 +0.16 M'=—19.49 +0.13
a=-1.30 (fixed) a=-—1,37 (fixed)
¢°=0.00125+0.00040 ¢°=0.00051+0.00010

z~2.3

M*=-19.59 +0.09
a=—1,40 (fixed)
¢°=0.00101 £0.00014

-19
Wavelength [um] M50 [AB mag]

JWST will similarly measure faint-end LF-slope evolotidnA™ 12.
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® This work [a(z)=-1.10-0.10xz]
B Reddy & Steidel 2009
A Ly etal. 2009

4 .
1 {'{'H ST

§ M QOesch etal. 2010 M Sawicki etal. 2006
B McLure etal, 2009 Bouwens etal., 2010a
M Bouwens etal 2007 M Bouwens etal. 2010b
€ Arnouts etal, 2005 M Ouchi etal. 2009
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Redshift

In the JWST regime af 8, expect faint-end LF slopé 2.0!
In the JWST regime at 8, expect characteristic luminosity ~ {19!
Could have critical consequences for gravitationagleresmt 2 10!



HUDF I-drops: faint galaxies at@ (Yan & Windhorst 2004), most spec
troscopically con rmed at 6 to AB™ 27.0 mag (Malhotra et al. 2005).
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Objects at 29 are rare (Bouwehsl10; Trentii 10; Yai 10), since
volume elt is small, and JWST samples brighter part of LH. dé¢8s
Its sensitivity/aperture (A), eld-of-view J, and -range (0.7-29 m).

With proper survey strategy (area AND depildy ST can trace the
entire reionization epoch and detect the rst star-forobpects.

To study co-evolution of SMBH-growth and proto-bulge lalgséon
z= 10{15 requires new AGN nding techniques for JWST.




10{40% of the Y-drops and J-drops appear close to brighkegals
(Yan et al. 2010, Res. Astr. & Ap., 10, 867; astro.0910.0077).

This Is expected from gravitational lensing bias by galdkxyndtter
halo distribution at'z1{2 (Wyithe etal. 2011, Nature, 469, 181).

Need JWST to measure 2 LF, and see if it's fundamentally di eren
from the z 8 LFs. Does a gravitational lensing bias cause power-law
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Wyithe etal. (2011, Nature, 469, 181). With a steep fatht-Erslope
> 2, and a characteristic failt  ~ {19 mag, foreground galaxies (a
Z 1{2) may cause signi cant boosting by gravitational pasiri 8{10.




Redshifts

Current WFC3 uncertainties on Y, J-drops large enough #ia8-d0, a
range of possibilities is allowed (Boutveé®sl 0, Yah 2010).

Need JWST to fully measure the LF and SFR for 85.




(5) Predicted Galaxy Appearance for JWST at{15

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

High-resolution HST UV images are benchmarks for compatiso
very high redshift galaxies seen by JWST, enabling quenétalysis of
the restframe- dependent structure, B/T, CAS, SFR, mass, dust, etc.



(5) Predicted Galaxy Appearance for JWST dt{z5 (w/ C. Conselice)

HST z=0 JWST z=2

z=5

z=9

z=15

With proper restframe UV-
optical benchmarks, JWST
can measure the evolution o
galaxy structure & physical
properties over a wide range
of cosmic time:

(1) Most disks will SB-
dim away at high z, but most
formed at z 1{2.

(2) High SB structures are
visible to very high z.

(3) Point sources (AGN)
are visible to very high z.

(4) High SB-parts of
mergers/train-wrecks, etc.,
are visible to very high z.



(6) Conclusions

(1) JWST Project is technologically front-loaded and wélaok:

Passed Mission Preliminary Design Review (PDR) in 2008si&nMi
CDR in 2010I

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

The formation and evolution of the rst (reionizing) Pogtdtlclusters.
Faint-end LF-slope evol: (how) did dwarf galaxies n@hzaion?

The origin of the Hubble sequence in hierarchical forreeg¢ioarios.

(3) IWST will have a major impact on astrophysics after 2015:
Current generation students, postdocs will use JWST thaingareer
JWST will de ne the next frontier to explore: the Dark Ages 2.z



SPARE CHARTS




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

http://www.facebook.com/SaveJWST

http://savethistelescope.blogspot.com/

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

nttp://twitter.com/#l/saveJWST
nttp://twitter.com/#!/search?q=%23JWST
nttp://twitter.com/#!/search/%23saveJWST

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

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]






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 laahidhev

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-advoaatesRkev

2010: Passes Mission Critical Design Review | ReviewitiggTes









(7) How to launch JWST while minimizing impact on NASA Spiatest

NASA HQ Reorg: JWST budget no longer comes directly from SMD



NASA Space Science has external budget pressures intiepdidsi.



Launching JWST as early as possible helps keep \blue lhde intact.



NASA Great Observatories had enormous impacts last twesdecad
NASA must keep a healthy mix of big, medium and small spagasmis:



US and NASA must have major future facilities to remain ciwvepet



or risk ending up like SSC (left). Canceled project funelsreawns!
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JWST will provide near-IR grism spectra tdo 28mag from 2{5.0 m.



Faint-end LF-Slope Evolution (fundamental, like local IMF )

Faint-end LF-slope at 2 with accurate ACS grism z's toA® (Cohen
et al.; Ryan et al. 2007, ApJ, 668, 839) constrains hieghrfcnmation:

JWST will provide fainter spectra (AB) and spectro-photometric
redshifts to much higher zZ0). JWST will trace -evolution for z12.

Can measure environmental impact on faint-end LF-sidipectly.
Expect convergence to slppg 2 at z» 6 before feedback starts?

Constrain onset of Pop |l SNe epdgpe Il & Type la SN-epochs.



(4) How can JWST measure Galaxy Assembly?
HST helped show how galaxies formed and evolved in th¢llasbia:

Galaxies of all types formed over a wide range of time, lpativaitable
transition around z1{1.5, when Hubble sequence appears:

Subgalactic units rapidly merge fronvz 1 to grow bigger units.

Merger products settle as galaxies with large bulges olatdiskl.
These evolved mostly passively since then, resultinggiarthgalaxies
that we see today.

Formation and evolution of Pop IlI star-clusters in th®.ssGyr.

Faint-end LF-slope evolution: (how) did dwarf galaxsFsreionization
after 0.5{1 Gyr? Was there a transition to Pop-Ill objects?

Measure how galaxies of all types formed over a wide rangmiaf C
time, by accurately measuring their SF, mass, Fe/H, andistusutions,
rest-frame structure and type, etc., as function of rettshaf 15.
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Appendix 1: will JIWST (& SKA) reach the Natural Confusior?Limit
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HUDF galaxy counts (Cohen et al. 2006): expect an integjeal aff
galaxies/degto AB=31.5 mag'( 1 nJy at optical wavelengths)/

)  Must carry out JWST and SKA nJy-surveys with su cient $pa
resolution to avoid object confusion (from HST: this m&d#HS/F 0°©8).

)  Observe with JWST/NIRSpec/MSA and SKA HI line channels
disentangle overlapping continuum sources in redsdots sp
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Combination of ground-based and space-based HST swweys sh

(1) Apparent galaxy sizes decline from the RC3 to the HUBE limi

(2) At the HDF/HUDF limits, this isot only due to SB-selection e ects
(cosmological (1+2}dimming), but also due to;

(2a) hierarchical formation causes size evolution:
i)/ thi(0) (1+2) *

(2b) increasing inability of object detection algoritbrdslblend galaxies
at faint mags (\natural" confusid \instrumental" confusion).

(3) At AB” 30 mag, JWST and at10 nJy, SKA will see more thar

2 1P galaxies/deg Most of these will be unresolveg] (< 094 FWHM
(Kawata et al. 2006). Sincg&y' 1.5, this in uences the balance of hov
(1+z)4-dimming & object overlap a ects the catalog completeness.

For details, see Windhorst, R. A., et al. 2008, Advances & Bpac
search, Vol. 41, 1965, (astro-ph/0703171) \High Resolat®nce with
High Redshift Galaxies"



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

Gardner, J. P., et al. 2006, Space Science Reviews, 1886485{
Mather, J., & Stockman, H. 2000, Proc. SPIE Vol. 4013, 2

Windhorst, R., et al. 2008, Advances in Space Research, #1965.
(astro-ph/0703171) \High Resolution Science with HigthiReGalaxies"




