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TMT and JWST (Kudritzki,

P | Frogelet al. 2005):
A Giant Segmented (1) Arethetop two priority
 dirTor Telescope  missionsf the 2001Decadal

Surveyn AstronomyandAs-
trophysics.

(2) Each give orders of
magnitudegain in sensitiv-
ity overexistinggroundand
spacdelescops,resp.

(3) Have complemen-
tary capabilitieghat open a
unique new era for cosmic
andplanetay discovery

(4) Hence maximizecon-
8 current operation of TMT
—and JWST.




(2) Unique Capabilities of the 6.5 meter JWST

(1) JIWSTwill bein L2, abovethe atmospheresoit will have:
Continuousvavelengtitoveragéor 0.6 =28.5 m.
Low thermalbackgroun& no OH emissior) highIR sensitivi.

No\weather"or \daytime") Highobservinge ciency, enablinghigh
precisiorandhightime-resolutiophotometryand spectroscop

(2) JWSTis acoldtelescop (< 40K) ) Minimizegshermalbackground:
For =10 m, backgroundimit is setby Zodi, not thermalemission.

(3) JIWSTwill havefull skycoveragen both celestiahemispheres.

(4) Di raction limitedfor >2.0 m overawideFOV (> 5°), hence:
PSFnealy constantacrosg=OV eld.
PSFstablewithtime| WFSupdatesontime-scalesf( 10)days.
Veryhighdynamiaange.



(2) Unique Capabilities of the TMT

(1) Sensitivi of a 30 metermirra:
Veryhighsensitivig in the opticalovera wideFOV (> 13°).

High sensitivig for non-backgrounkimited IR observationandat high
spectralresolution(betweenOH-lines) eseciallyif di raction limited.

(2) Very high spatialresolutiondi raction limited imagingin mid- and
nea-IR| with AO gaincanyieldPSF= JWST'sFWHM)/5.

(3) Veryhighresolutiorspectroscopin optical{mid-IR.

(4) Longlifetime| enablegprogramswith verylongtime scales.

(5) Targetsof Opportunity | resmnsetime of a fewminutes.

(6) Flexibleand upgradablg¢ take advantageof new developments
Instrumentatiom the nextdecades.



Refereed Papers with "Adaptive Optics" in the Abstract

Refereed Papers with Data from both HST and Ground

based Telescopes
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Big telescopes: VLT, Keck, Gemini, Subaru, MMT, Magellan
All telescopes: the big ones plus Palomar, Lick, INT, KPNO, CTIO, AAT, CFHT Year

Dueto their uniquecapabllities)WSTand TMT will be ableto signi -
cantlycomplemen¢achother,therely enhancinghe scienceutputthat

eachwould produceon their own.

Histaically thisisdemonstratetly the increasen the fractionof papers
that usedboth the current state-of-the4d facilities: HST and 8{10 m

classground-basetklescops.

Ground-basetlO hasshavna signi cantincrease scienc@roductivity
In the lastdecadd HST hasshavna simila increase.



|
Jlr OHS,/CISCO average
Substru OHS/CISCD inter-OH

$ Keckl/NIRSPEC

i

TITEE T O ¢ Teniey T TOeri 0 1 oy
A
1

—
=

~ 1
u
¥
B
Nl
¥
L
a
"':\.
:||I
e
L
E
3
o
L
e
™
i
k.
iy
h
X
i
N
=
0

,._.
=
e

,._.
=
i
=

Zodiacal,atmosphericandthermalbackgrounds the optical/IRrequire
that systematid-irst Light studieqz~ 10) be donefrom space.




James Webb Space Telescope
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(1) Whatis the JamesMebbSpacelelescop (JWST)?

A fully deplgable6.5meter(25 m?) segmentetR telescop for imaging
andspectroscopfrom0.6to 28 m, to be launchedy NASA~ 2013.1t
hasa nestedarray of sun-shield® keepits ambientemperatureat 35-45

K, allavingfaint imaging(AB= 31 mag)ands

ectroscop (AB= 28 mag).




(1) How will IWST travelto its L2 orbit?
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After launchin = 2013with an ArianeV vehicle JWST will orbit around
the the Eath{Sun Lagrangeoint L2. From there,JWST cancoverthe
wholesky in segmentshat movealongin RA with the Eath, havean
observing ciency ~ 70%,andsenddatabackto Eath everyday.



(1) How will the IWST be automaticallydeplged?

Rotate and latch primary
mirror chords

OTE in folded /| Deploy secondary mirror
configuration

Latch secondary mirror
& support structure

Duringits severamonthjourneyto L2, JWST will be automaticallyde-
ployed in phasesits instrumentswill be testedand calilrated, andit will

thenbe insertednto an L2 haloorbit.

JWST missiomreviewed in Gadner,J. P., etal. 2006,SpaceScienceRe-
views Vol. 123,pg. 485{606(astro-ph/0606175).



(1) Whatinstrumentsill IWSThave?US (UofA, JPL), ESA,and CSA.

Instrument Overview ﬁ

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 A /g\ncy & COM DEV Supports Wavefront Sensing & Control
SN Developed by Univ. of AZ & LMATC

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

* Distinguishes first light objects; studies galaxy o 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




(1) Whatinstrumentswill IWST have?
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Hormzrontal Fweld Posihon (are manuies)

All JWST instrumentganin principlebe usedin paallel:

Currentlyonlyimplementedor paallelcalilrations.



Micro Shutters

JWST o ers signi cantmultiplexingor faint objectspectroscoy

NIRSgc/MEMSwith 4 62,415ndegndentlyoperablemicro-shutters
that cover ' 1{5 m at R=100{1000.

FGS/TFIthat coversa22 22 FOV at ' 1.6{4.9 m at R=100.



(3) Synergyetweenthe TMT andJWST

LEFT:Time-gain() of JWSTcompaedto TMT and
TMT-AO competitionisreasorlWSTnolongerasspecsfor = 1.7 m.

RIGHT:S/N-gain( ) of JWSTcompaedto ground-based:
Topof arows: 6mJWST/Keck;Middle:6mJWST/TMT, Bottom: 4m
JWST/TMT.



(3) Compasonof TMT andJWST| areasof uniquestrength

JWST:di raction limitedwide-PV imagingandlow-resspectraat = 2 m.

TMT: high-resolutiomagingcaonagraphyl F-imagingk IFUspectraat
= 1.7 m, andhigh-resolutiospectroscopat =2 m (with AO beyond).




(3) SynergyetweenTMT andJWSTIn First Light andReionization
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HUDFZ 6 LFhasverysteedaint-encsloe: ' -1.8(Yan& Windhost
2004).) Dwarf galaxiesnot QSO'dikelycompletedeionizatioatzZ 6.

With proper surveystrategy(area AND depth), JWST cantracethe
entirereionizatiorepoch anddetectthe rst sta-formingobjectsat z~ 10.




(4) SynergyetweenTMT andJWST in GalaxyAssembly

LEFT: SimulatedAO imageof TMT compaedto HubbleDeepField. RIGHT: Compaisonof HST UV imageson neaby
galaxiedo 1-hr JIWST imagesof the sameobjectsat z=2, 5, 9, 15 (bottom row = 100 hrs).

TMT strength:highresolution]JWST strength: /z-range& sensitivit



Faint-end LF-Slop e Evolution

(fundamen tal, lik e local IMF)

Faint-endLF-slog at z~ 1 with accurateACSgrismz'sto AB™ 27 (Cohen
et al.; Ryan et al. 2007)constrain$ierachicalformationtheaies:

JWST will providefainter spectra (AB= 29). TMT will providemuch
largerFOV & samplesCombinatiowill trace -evolutiorfor 1= z= 12.

TMT measuresnvironmentampacton LF faint-endsloge  directly

Expect convergenc® slog| |

Constraironsetof Pop Il SNee

2 at z> 6 befage feedbaclstats.

och, Type Il & Type la SN-ejchs.




TMT strengthis highresolution® sensitivi, JWST strengthis -range.



TMT strengthis highresolution® sensitivi, JWST strengthis -range.



(5) SynergypetweenTMT andJWST in Sta- andPlanetFormation

TMT will tracevaiousstagef star-foomation,YSO's,delyis-diskiorma-
tion and planetformationthroughveryhigh-resolutiommaging,caonag-
raphy & high-resolutionptical{IRspectra.

JWSTprovidesightime-resolutiophotometn& caonagraphyor planet
detectionandpanchromatic low-resolutiomea{mid-IR spectra.




TMT: veryhigh-resmagingcaonagraphy& high-resoptical-IRspectra.

JWST:Hightime-regphotometrycaonagraphy& low-resmid-IRspectra.



(6) Summary

(1) IWSTwill mapin detail:
(a) FirstLightandReionizatiop fromPoplll objectdo dwerf galaxies.
(b) GalaxyAssemblyhierachicalorigin of the Hubblesequence.
(c) Sta-formation,planetformationandevolution.

(2) JWST providesa critical concurrent complemento TMT: panchro-
matic near{mid-IR imaging & spectral follow-upof TMT dismveries:

Continuum& dustpropertiesof FirstLightLy candidatest z~ 8.
Faint-endof LF aroundQSO'sandLy overdensitiest z~ 8.
JWSTfollowv-upof rare GRB's,Poplll SNeat z~ 8, Type Il SNeat z~ 2.

JWST TOQ's of othervaiableobjectsand movingtargets: AGN, MA-
CHOQO's,YSO's,novae,are stas, KBO's,cometsetc.

PAHSs,H>, & othermolecules GalacticandextragalactiSF-regions.
H>O, CHy, NHg, etc.,in planetay delis disksandextrasolaplanets.
Expectto needJWST for the unexectedTMT discoveriek
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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
. A . 1. Use isolators, remove drift \
20K region (helium connectlons,.etc. not through fast active control + 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.

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

JSC currently has 7 KW He capability

Primary Mirror

Possible payload
“floor”

to separate ambient
pressure and

Current plan includes 10 trucks of LN2/day
during cooldown

Interferometers, Sources, temperature.
Null Lens and Alignment Equipment
Are in Upper and Lower — .
Pressure Tight Enclosure Inside of Shroud > ccessible Double Pass
Sources, Intereferometers, etc.
Drawing care of ITT
Page 5 Page 6

JWSTundengnt severasigni cantreplansandrisk-reductioschemes:
= 2003:Reductiorirom8.0to 7.0to 6.5meter. ArianeV launchvehicle.
2005:Eliminatecostly0.7-1.0 m perfamancespecs(kept2.0 m).

2005: Simpli cationof thermalvacuunmests: cup-up,not cup-daevn.
2006:All criticaltechnologyat TechnicaReadinesksevel6 (TRL-6).

2007 Furthersimpli cationof sun-shieléndend-to-endesting.




JWST canobservesegmentsf skythat movearoundasit orbitsthe Sun.









Activemirra segmensupjort throughhexapds, simila to Keck.




Edge-to-edgdiametelis 6.60m, but e ectivecircula diameteinis 5.85m.
Primay mirra segmentare made(AxSys).Now beingpolished Tinsley).




JWST'sWaveFront Sensingand Controlis simila to that at KeckandHET.
Successfid006demoof H/W, S/W on 6/1 scalemadel (2 m-Streht 0.85).

NeedWFS-uplatesevery 10days,dependingon scheduling/SC-illuminatio




Ball 1/6-scalemadel: WFSproducedli raction-limitedimagesat 2.0 m.






Instrument Qual and ETU Model Hardware

NIRCam Pupil Imaging Lens Set

NIRCam Detectors

NIRCam Dichroic Beamsplitter

NIRSpec Microshutter NIRSpec

Calibration
Assembly NIRSpec Mirror

SiAs MIR Detector

MIRI Electronics  NIRSpec Fore Optics Mirror Assembly ~ FGS/TF Etalon Filter  NIRSpec Image
Slicer Mirror




MIRI Verification Model Yirst lightZ




JWST o ers signi cantmultiplexingor faint objectspectroscoy

NIRSgc/MEMSwith 4 62,415ndegndentlyoperablemicro-shutters
that cover ' 1{5 m at R=100{1000.

FGS/TFlthat coversa22 22 FOV at ' 1.6{4.9 m at R=100.



TMT will tracevaiousstagesf sta-foomation,YSO's,delyis diskforma-
tion and planetformationthroughveryhigh-resolutiommaging,caonag-

raphy & high-reopt-IRs

ectra.

JWSTprovidesightime-resolutiophotometn& caonagraphyor planet
detectionandpanchromatic low-resolutiomea{mid-IR imaging& spec-

tra.







NASA'sCAN-doappoach| Must nd all the cans-of-arms...



