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TMT andJWST(Kudritzki,
Frogelet al. 2005):

� (1) Arethetop two priority
missionsof the2001Decadal
Surveyin AstronomyandAs-
trophysics.

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

� (3) Have complemen-
tary capabilitiesthat open a
unique new era for cosmic
andplanetary discovery.

� (4) Hence,maximizecon-
current operation of TMT
andJWST.
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(2) Unique Capabilities of the 6.5 meter JWST

� (1) JWSTwill be in L2, abovethe atmosphere,soit will have:

� Continuouswavelengthcoveragefor 0.6<
� � <

� 28.5� m.

� Low thermalbackground& no OH emission) highIR sensitivity.

� No\weather"or \daytime" ) High observinge�ciency, enablinghigh
precisionandhightime-resolutionphotometryandspectroscopy.

(2) JWSTis a coldtelescope (<
� 40K) ) Minimizesthermalbackground:

� For � <
� 10 � m, backgroundlimit is setby Zodi, not thermalemission.

(3) JWSTwill havefull skycoveragein both celestialhemispheres.

(4) Di�raction limitedfor � >
� 2.0 � m overa wideFOV (>

� 50 ), hence:

� PSFnearly constantacrossFOV �eld.

� PSFstablewith time | WFSupdateson time-scalesof (� 10) days.

� Veryhighdynamicrange.
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(2) Unique Capabilities of the TMT

(1) Sensitivity of a 30 metermirror:

� Veryhighsensitivity in the opticalovera wideFOV (>
� 100 ).

� Highsensitivity for non-backgroundlimitedIR observationsandat high
spectralresolution(betweenOH-lines),especiallyif di�raction limited.

(2) Very high spatialresolution,di�raction limited imagingin mid- and
near-IR | with AO gaincanyieldPSF= JWST'sFWHM/5.

(3) Veryhighresolutionspectroscopy in optical{mid-IR.

(4) Longlifetime| enablesprogramswith verylongtime scales.

(5) Targetsof Opportunity | responsetime of a fewminutes.

(6) Flexibleand upgradable| take advantageof new developmentsin
instrumentationin the nextdecades.
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� Dueto their uniquecapabilities,JWSTandTMT will be ableto signi�-
cantlycomplementeachother,thereby enhancingthe scienceoutput that
eachwouldproduceon their own.

� Historically, this isdemonstratedby the increasein thefractionof papers
that usedboth the current state-of-the-art facilities: HST and 8{10 m
classground-basedtelescopes.

� Ground-basedAO hasshowna signi�cantincreasein scienceproductivity
in the lastdecade| HSThasshown a similar increase.
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Zodiacal,atmospheric,andthermalbackgroundsin the optical/IRrequire
that systematicFirst Light studies(z>

� 10) be donefromspace.
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� (1) What is the JamesWebbSpaceTelescope (JWST)?

� A fullydeployable6.5meter(25m2) segmentedIR telescope for imaging
andspectroscopy from0.6 to 28 � m, to be launchedby NASA>

� 2013.It
hasa nestedarray of sun-shieldsto keepits ambienttemperatureat 35-45
K, allowingfaint imaging(AB<

� 31 mag)andspectroscopy (AB<
� 28 mag).
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� (1) How will JWSTtravelto its L2 orbit?

After launchin >
� 2013with an ArianeV vehicle,JWSTwill orbit around

the the Earth{Sun Lagrangepoint L2. From there,JWSTcancoverthe
wholesky in segmentsthat movealongin RA with the Earth, havean
observinge�ciency >

� 70%,andsenddatabackto Earth everyday.
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� (1) How will the JWSTbe automaticallydeployed?

Duringits severalmonth journeyto L2, JWST will be automaticallyde-
ployed in phases,its instrumentswill be testedandcalibrated,andit will
thenbe insertedinto anL2 haloorbit.

JWSTmissionreviewed in Gardner,J. P., etal. 2006,SpaceScienceRe-
views,Vol. 123,pg. 485{606(astro-ph/0606175).
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� (1) What instrumentswill JWSThave?US(UofA,JPL), ESA,andCSA.
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� (1) What instrumentswill JWSThave?

All JWSTinstrumentscanin principlebe usedin parallel:

� Currentlyonlyimplementedfor parallelcalibrations.
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JWSTo�ers signi�cantmultiplexingfor faint objectspectroscopy:

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

� MIRI/IFUwith 400spatialpixelscovering5{28.5� m at R� 2000{4000.

� FGS/TFI that coversa 20:2� 20:2 FOV at � ' 1.6{4.9� m at R=100.
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(3) Synergybetweenthe TMT andJWST

LEFT:Time-gain(� ) of JWSTcomparedto TMT andSpitzer(diamonds).

TMT-AO competitionis reasonJWSTnolongerhasspecsfor � <
� 1.7� m.

RIGHT:S/N-gain(� ) of JWSTcomparedto ground-based:
� Topof arrows: 6mJWST/Keck;Middle:6mJWST/TMT; Bottom: 4m
JWST/TMT.
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(3) Comparisonof TMT andJWST| areasof uniquestrength

JWST:di�raction limitedwide-FOV imagingandlow-resspectraat >
� 2� m.

TMT: high-resolutionimaging,coronagraphy, TF-imaging& IFUspectraat
<
� 1.7� m, andhigh-resolutionspectroscopy at <

� 2 � m (with AO beyond).
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(3) SynergybetweenTMT andJWSTin First Light andReionization

HUDFi-drops:faint galaxiesat z' 6 (Yan& Windhorst 2004),mostcon-
�rmed at z' 6 by ACSgrismto AB<

� 27.0mag(Malhotraet al. 2005).
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� HUDFz' 6LFhasverysteepfaint-endslope: � ' -1.8(Yan& Windhorst
2004).) Dwarf galaxies,not QSO'slikelycompletedreionizationat z' 6.
� With proper surveystrategy(area AND depth), JWST can trace the
entirereionizationepochanddetectthe �rst star-formingobjectsat z>

� 10.
� TMT with wide-�eldoptical{near-IRimagingspectrographisanessential
complementto theJWSTFirstLightsurvey:GalaxyandQSOLFto z� 10
& AB<

� 28mag| co-evolutionof supermassiveblack-holes& proto-bulges.
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(4) SynergybetweenTMT andJWSTin GalaxyAssembly
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LEFT: SimulatedAO imageof TMT compared to HubbleDeepField. RIGHT:Comparisonof HST UV imageson nearby
galaxiesto 1-hr JWST imagesof the sameobjectsat z=2, 5, 9, 15 (bottom row = 100hrs).

TMT strength:highresolution;JWSTstrength:� /z-range& sensitivity.
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Fain t-end LF-Slop e Evolution (fundamen tal, lik e local IMF)

Faint-endLF-slope at z>
� 1 with accurateACSgrismz's to AB<

� 27(Cohen
et al.; Ryanet al. 2007)constrainshierarchicalformationtheories:

� Star-formationand SN feedbackprocessesproducedi�erent faint-end
slope-evolution:newphysicalconstraints(Khochfar ea.astro-ph/0707.2790).

� JWST will providefainter spectra (AB<
� 29). TMT will providemuch

largerFOV & samples.Combinationwill trace� -evolutionfor 1<
� z<

� 12.

� TMT measuresenvironmentalimpacton LF faint-endslope � directly.

� Expect convergenceto slope j � j� 2 at z> 6 before feedbackstarts.

� Constrainonsetof Pop III SNeepoch, Type II & Type Ia SN-epochs.
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TMT strengthis highresolution& sensitivity, JWSTstrengthis � -range.
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TMT strengthis highresolution& sensitivity, JWSTstrengthis � -range.
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(5) SynergybetweenTMT andJWSTin Star- andPlanetFormation

TMT will tracevariousstagesof star-formation,YSO's,debris-diskforma-
tion andplanetformationthroughveryhigh-resolutionimaging,coronag-
raphy, & high-resolutionoptical{IRspectra.

JWSTprovideshightime-resolutionphotometry& coronagraphyfor planet
detection,andpanchromatic low-resolutionnear{mid-IRspectra.
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TMT: veryhigh-resimaging,coronagraphy, & high-resoptical-IRspectra.

JWST:Hightime-resphotometry, coronagraphy, & low-resmid-IRspectra.

24



(6) Summary

(1) JWSTwill mapin detail:

� (a) FirstLightandReionization| fromPopIII objectsto dwarf galaxies.
� (b) GalaxyAssembly:hierarchicalorigin of the Hubblesequence.

� (c) Star-formation,planetformationandevolution.

(2) JWSTprovidesa criticalconcurrent complementto TMT: panchro-
matic near{mid-IR imaging& spectral follow-upof TMT discoveries:

� Continuum& dustpropertiesof First Light Ly� candidatesat z>
� 8.

� Faint-endof LF aroundQSO'sandLy� overdensitiesat z>
� 8.

� JWSTfollow-upof rareGRB's,PopIII SNeat z>
� 8, Type II SNeat z>

� 2.

� JWSTTOO'sof othervariableobjectsandmovingtargets:AGN,MA-
CHO's,YSO's,novae,
a re stars, KBO's,comets,etc.

� PAHs,H2, & othermoleculesin GalacticandextragalacticSF-regions.

� H2O, CH4, NH3, etc., in planetary debris disksandextrasolar planets.

� Expect to needJWSTfor the unexpectedTMT discoveries!
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JWSTunderwent severalsigni�cantreplansandrisk-reductionschemes:

� <
� 2003:Reductionfrom8.0to 7.0to 6.5meter.ArianeV launchvehicle.

� 2005:Eliminatecostly0.7-1.0� m performancespecs(kept 2.0 � m).

� 2005:Simpli�cationof thermalvacuumtests:cup-up,not cup-down.

� 2006:All criticaltechnologyat TechnicalReadinessLevel6 (TRL-6).

� 2007:Furthersimpli�cationof sun-shieldandend-to-endtesting.
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JWSTcanobservesegmentsof skythat movearoundasit orbits the Sun.
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Activemirror segmentsupport throughhexapods,similar to Keck.
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Edge-to-edgediameteris 6.60m, but e�ectivecircular diameteris 5.85m.

Primary mirror segmentsaremade(AxSys).Now beingpolished(Tinsley).
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JWST'sWaveFront SensingandControlis similar to that at KeckandHET.

Successful2006demoof H/W, S/W on 6/1 scalemodel(2 � m-Strehl>� 0.85).

NeedWFS-updatesevery� 10days,dependingon scheduling/SC-illumination.
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Ball 1/6-scalemodel: WFSproducesdi�raction-limitedimagesat 2.0� m.
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JWSTo�ers signi�cantmultiplexingfor faint objectspectroscopy:

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

� MIRI/IFUwith 400spatialpixelscovering5{28.5� m at R� 2000{4000.

� FGS/TFI that coversa 20:2� 20:2 FOV at � ' 1.6{4.9� m at R=100.
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TMT will tracevariousstagesof star-formation,YSO's,debris diskforma-
tion andplanetformationthroughveryhigh-resolutionimaging,coronag-
raphy, & high-resopt-IRspectra.

JWSTprovideshightime-resolutionphotometry& coronagraphyfor planet
detection,andpanchromatic low-resolutionnear{mid-IRimaging& spec-
tra.
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NASA'sCAN-doapproach| Must �nd all the cans-of-worms...
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