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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
K, allavingfaint imaging(AB= 31.5)ands

ambientemperatureat 35-45
ectroscop (AB= 29 mag).




Life sizemaodel of JWST:displgedat the Jan. 2007AAS mtg in Seattle.



Life-sizeanodel of JWST,usedto test the deplgmentof its sun-shield.



Life-sizeanodelof JIWST,at NASA/GSE Friday afternamn after5 pm...



The IWSTmadelon the CapitolMall, May 2007...



(1) How will IWST travelto its L2 orbit?

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?

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

thenbe insertednto an L2 haloorbit.

JWST missiorreviewd in Gadner,J., Mather,J., etal.2006,SpaceSci-
enceReviewsyol. 123,pg. 485{606(astro-ph/0606175).



JWST canobservesegmentsf skythat movearoundasit orbitsthe Sun.



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









Activemirra segmensupjort throughhexapds, simila to Kecktelescop.




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




DespiteNASA'sCAN-doappoach:Must nd all the cans-of-arms...



JWST'sWaveFront SensingndControlis simila to that at Kecktelescop.

Successfid006demoof H/W, S/W ona 6/1 scalemadelat Ball Aerospace
NeedWaveFront Sensing-ugatesevery 10days,dependingon scheduling.




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



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




(2) Whatinstrumentswill IWST have?

The JIWSTinstrumenttcomplementtS (UofA), ESA,andCSA.

All IWST instrumentsre redundantcanin principlebe usedin paallel.




(2) Cosmologyn a nutshell:the exmnentiallyexpandinginiverse

The CosmicStock Market: A muchbetter andsaferbet than Wall Street!
RealExpansiolR/ t172 (Radiatiorera);



RelativistidistanceD, VolumeElementdV/dz, andAngula Size vs. z.






(2) What sensitivig will JWST have?

The JWST instrumentsensitivig of NIRCamand MIRI complemenéach
other, straddlings m in wavelengthand togetherallov objectsto be
foundto redshiftz=15{20in 10° sec(28 hrs)integrationtimes.

The left panelshavs the NIRCamand MIRI broadbandsensitivig to a

Quasag a \First Light" galaxydominatedoy massivetas, anda 50 Myr
\old" galaxyall at z=20. The right panelshavsthe relativesurveytime
versusmvavelengththat SIRTF/Spitzera ground-basetR-optimizedB-m
(Geminianda ground-base8l0-mtelescop wouldneedto matchJWST.




240hrsHST/ACSIn Vi'Z' in the HubbleUltraDeedield(HUDF)



6.5mJIJWSTPSF'smadels(Ball Aerospacand GSI):

NIRCanD.7 m 1.0 m (< 150nmWFE)

Predicted]WST imagesat logaithmic greyscalethey enclose” 74% of
the light at r< 0®d5at 1.0 m, andare di raction limitedat 2.0 m.



< 20hrsJWSTNIRCamat 0.7,0.9, in the HUDF



Truth 240hrsHUDF VI 0.7,0.9,
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Can't beatredshift:to seeFirst Light, mustobservaea{mid IR.
)  ThisiswhyJWSTneedNIRCamat 0.8{(5 mandMIRlat 5{28 m.




(3a) Whatis First Light, Reionizationand GalaxyAssembly?

NASAtelescopspenetratingCosmidawn, First Light, & Recombination



(3a) Whatis First Light and Reionization?

Detailed Hydralynam-
ical madels (V. Bromm)
shav that formation of
Pop Il stas (mass'
100{200 M ) reionized
universdor the rst time
at z= 15{30(First Light).

Part of this could be
visibleto JWST as the
rst and extremelylumi-
nous supernovaeof mas-
sive Pop |ll stas at red-
shiftsz 19 30.



(3a) Whatis First Light and Reionization?

WMAP: Firstlight may havehapgenedasfollons (Cen2003;S

ergel2006):

(1) Populationlll staswith = 100{200M atz 11{20(FirstLight).
(2) FirstPopulation stas (halostars) form in dwarf galaxiesvith mass

' 10/{10° M atZ 6{9, whichcompletaeionizatiorby Z
) JWSTneeddNIRCamat 0.8{5 mandMIRlat 5{28 m

6.



WMAP: First Light may havehap-
penedasfolloning:

(0) Dak Agessincerecombina-
tion (z=1089)until First Light ob-
jectsstated shining(z=11{20).

(1) First Light whenPopulation
lll stas stat shiningwith masses
- 100{200M atZz 11{20.

(2) Pop lll supgernovaeheated
IGM, which could not cool and
form namal Pop Il halo sta's un-
til Z 9{10.

(3) This is follomed by Pop
Il stas forming in dwarf galaxies
(mass 10/{10° M )atZ 6{9,
endingthe epoch of reionization.

(Fig. courtesyof Dr. F. Briggs)



HUDF dropouts: faint galaxiesat Z 6 (Yan & Windhaost 2004), most
spectroscopicallyon rmedat Z 6 to AB® 27.0mag(Malhotraea. 2005)




(3b) How JWST canmeasuré-irst Light and Relonization

zZ=0:

Mpc3

LF (z=5.5-6.5)
slope a=1.6-2.0

(Q..,0,)=(0.27,0.73)

25
m,; (0.9-1.1um)

HUDF shavs that luminosy functionof Z 6 objects(Yan & Windhast
2004ap) may be verysteep(faint-endsloej |~ 1.8{2.0(Olbers!).

) Dwarf galaxieandnot quases likelycompletedhe reionizatiorepoch
at Z 6. Thisis whatJWST will observen detailto zZ 10{20.




LF (z=5.5-6.5)
slope a=1.6-2.0

HST UDF

HST GOODS

7//z=15 Cen 1st reion
at z=15-20

7
/1] #=20

[Il] Q.. 2,)=(0.27, 0.73)

m,; (0.9-2.5um)

With proper surveystrategy(area AND depth), JWST can trace the
entirereionizatiorepoch anddetectthe rst sta-farmingobjects.

Objectsat z~ 9 arerare, sincevolumeslemenis smallandJWSTsamples
brighter pat of LF. JWST needssu cient sensitivijg/aperture, eld-of-
view,andwavelengtirange(0.7-28 m).




(4) How JWST canmeasurésalaxyAssembly

One of the remakablediscoveriesf HST was hov nhumerousand small
faint galaxiesre| the buildingblocksof the giantgalaxieseerntoday.






(4) How JWST canmeasurésalaxyAssembly

Galaxie®f all Hubbletypesformedovera widerangeof cosmictime,

but with a notabletransitionaroundredshiftsz 0.5{1.

0O:

(1) Subgalacticinitsrapidlymergefromz’ 7! 1to graowv biggerunits.

(2) Mergemroductsstat to settleasgalaxiesvith giantellipticalbulgesor
large spiralgalaxydisksaroundz 1. Theseevolvednostlypassivelgince
then, resultingn the giantellipticalandspiralgalaxiegshat we seetoday.

JWST canmeasurdiowv galaxie®f all typesformedovera widerange
of cosmidime, by accuratelymeasuringheir distributionoverrest-frame

structureandtype asa functionof redshiftor cosmice

och.




HST image Fourier model

100 200 300

0

FourierDecompsitionis a robustway to measurgalaxymaphology
andstructurein a quantitativeway (Odevahnet al. 2002):

(1) Fourierseriesare madein successiveoncentri@annuli.
(2) EvenFouriercompmnentsndicatesymmetripats (arms,rings,bas).
(3) OddFouriercompmnentsndicateasymmetripats (lopsidedness).

(4) IWST canmeasuréhe evolutionof eachfeature/classlirectly



Massive Star Formation: Near and Far

NGC 4618 (VATT, B) NGC 3664 (WFPC2) UGC 5028 (HST,Cyc9)

z=0.743 z=0.623

FourierDecompsitionof neaiby anddistantgalaxiesn JWSTimageswill

directlytracethe evolutionof bas, rings,spiralarms,andotherstructural
features.Thismeasurethe detailechistay of galaxyassembly the epoch
Z 1{3 whenmostof today's giantgalaxiesveremade.




(5) PredictedGalaxyAppeaancefor JIWSTat Z 1{15

The uncertainrest-frameUV-maphologyof galaxiess dominatedoy
youngandhot stas, with oftencopiousamountsof dustsugerimmsed.

This malescompaisonwith veryhighredshiftgalaxieseenby JWST
complicatedalthoughwith good imagesa gquantitativeanalysisof the
restframe-avelengtlde@endentmaphologyandstructurecanbe made.



(5) PredictedGalaxyAppeaancefor JWSTat zZ 1{15
With proper restframe-UV

training, JWST can quan-

HSTz=0 JWSTz=2 z=5H z=9 z=15

titatively measurethe evo-
lution of galaxymaphology
and structure over a wide

rangeof cosmidime:

(1) Most spiraldiskswill

dimaway at highz, but most
disksformedat z= 1{2.

(2) Bright structuresare
visibleto very high redshift
Z.

(3) Point sourcesre Visi-
bleto veryhighz (quases).

(4) Bright pats of merg-
ers/ train-wrecksare visible

to veryhighz.



(5b) JWST breakthroughen Sta- andPlanetFormation

JWST will trace various stagesof star-farmation, young stella objects,
planetay delyis-diskformationand planet-fomation.

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




JWST:veryhigh-resolutioomaging caonagraphy& nea{mid IR spectra.

JWST:Hightime-resolutiophotometryof (Eath-like) plantay transits.



(7) Conclusions

(1) The JWST Projectis technologicallfront-loadecandwell on track:

Mostitemsat TechnicaReadinesisevel6 (TRL-6)in Jan. 2007:
l.e., demonstratiom a relevanenvironmenf groundor space.

TechnicaNon-Advoate Reviewdonein 2007,and MissionPreliminay
DesignReviewn March 2008(o cial appovalby NAS& Congress).

(2) JWST will mapthe epochs of First Light, Reionizationand Galaxy
Assemblyn detall. It will determine:

Theformationandevolutiorof the rst (reionizingPop Il sta-clusters.
The origin of the Hubblesequence hierachicalformationscendos.
Faint-endof luminosy function:how dwarf galaxiesnishedreionization.

(3) JIWSTwill havea majo impacton astrophysicafter 2013:

Currenigenerationf graduatestudentandpostdaswill beusingWST
duringtheir professionataeer.

JWSTwill de ne the nextfrontierto exploe: the Dark Agesat z~ 20.
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1/6 Scalemadel: systentanproducedi raction limitedimagesat 2.0 m.



WMAP anddetailedHydralynamicamodels(Cen2003)suggesthat:
(1) Populationlll stars causecepoch of FirstLightat z 11{20.

(2) Pop Il sugernovaenay havecausedhe Secondak Agesat z=9{
11, sincethey heatedthe IGM, whichcouldnot cool until:

(3) The rst Pop |l stas stated formingin dwerf galaxiesvith 107{10°
M atz 6{9.

) Thiswill be visibleto JWSTin the luminosy function(LF) of the rst
sta-foomingobjectsat Z 20 6.







(2) What instrumentswill JWST have?

The Mid-Infra-RednstrumentMIRI madeby an UofA+ JPL+ ESAcon-
satium will doimagingandspectroscopfrom5{28 m. MIRIis actively
cooledby a cryocooler,sothat its lifetimeis not limitedby consumables.







The MIRIIntegralFieldUnit (IFU) hasanimageslicerthat malesspatially
resolvedpectraat wavelength8 m= <9 m.







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.
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A ground-basedide- eld nea-IR surveyto AB= 25 magz® 10 is an
essentiatomplemento the JWST First Light studies:

Co-evolutiomf supermassivblack-holeand proto-bulgegor z= 10.
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A steepLF of Z 6 objects
(Yan & Windhaost 2004a,
ApJL,600,L1) couldprovide
enoughUV-photonso com-
pletethereionizatiompochat
Z 0.

Pop Il dwarf galaxieamay
not havestated shiningper-
vasivelymuchbefaez 7{8,
or noH-l1wouldbe seennthe
foregroundf z~ 6 quases.

JWSTwill measuréhis nu-
merouspopulation of dwarf
galaxiedrom the end of the
reionizationepoch at zZ 6
Into the epoch of First Light
(Pop Il stas) at z~ 10.




Inner Disk Fit
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Sumof 49 isolated-drops:
=5000 hrsHUDFz-band.
' 330hrsJWST1 m]

HST/ACScannotaccuratelyneasurendividualight-pgo lesat Z 6.

JWST cando thiswell for z~ 6 in verylongintegrations.



