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



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



(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 (shavnon a previougpage) JWST
will be automaticallydeplged in phasegas shavn here),its instruments
will be tested,andit will thenbe insertednto an L2 haloorbit.

From an orbit aroundthe the Eath{Sun Lagrangepoint L2, JWST can
coverthe wholeskyin segmentdhavean observing ciency = 70%,and

senddatabackto Eath everyday.















Edge-to-edgdiametelis 6.60m, but e ectivecircula diametens 5.85m.
Cannoftcleanlydescop aperturewithoutdoingmaja ham to PSF.
























(2) Whatinstrumentswvill IWST have?

The Nea-Infraed CameraNIRCammadeby an UofA + Lockheed+
CSAconsaium will do imagingfrom 0.6{5.3 musinga suiteof broad-,
medium-,and narow-band lters. NIRCamusestwo identicaland in-
dependentlyoperatedimagingmadules,with two wavelengthsbservable
simultaneouslyia a dichroicthat splitsthe beamaround2.35 m. Each
of thesetwo channelfasaninde@ndentlyoperated22 4% FOV. Both
channelsre Nyquist-sampledhe shat-wavelengtithanneht 2 mwith
009317/pixel,and the and long-vavelengthat 4 mwith 0°©648/pixel.
NIRCam'dl02k 2k HgCdE arrayswill be passivelgooled.

TheNea-InfraedSpectrograpiiNIRSgcmadedy anESA+ GSIE conso

tium will do spectroscopwith resolvingpowersof R 100in prismmade,
of R  1000in multi-objecimodeusinga micro-electromechanieaiay sys-
tem (MEMS) of micro-shutterghat canopensilitletson previouslymaged
knowvn objects,andof R 3000usinglong-slitspectroscop All NIRS@c
spectroscopicnodeshavea 3.4 3.8 FOV.




(2) What instrumentswill JWST have?

The Mid-Infra-RednstrumenMIRI madeby an UofA+ JPL+ ESAcon-
satium will doimagingandspectroscopfrom5{28 m. MIRIis actively
cooledby a cryocoolerandits expectedlifetimeis at leastb yeas.

TheFineGuidanc&enso(FGS)is madeny CSAandprovidestablepoint-
Ing at the milli-acsecondevel. The FGSwill havesu cient sensitiviy
anda largeenough~OV to nd guidestas with = 95%probabiliy at any
point in the sky The FGSwill havethreesimultaneousiynagedelds of
viewof 2.3 2.3, oneof whichfeedsa pureguiderchannelpnefeedinca
guiderchanneblusa long-vavelengtiR 100tunable Ilter channelwvith
light split by a dichroic,andanotherfeedinghe shat wavelengthiunable
lter R 100channel.

JWST hasfully redundantmagingand spectroscopienades. It will not

be servicedt L2, andtherefoe will undergan extensiveerieof ground-
testingandthermalvacuuntestingin 2008{2009after its mainconstruc-
tion in 2004{2008. The main NASA contracto is Nathrop Grumman
Spacelechnolog¢\NGST") in Redondddeach(CA).







(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 expectedlifetimeis at least5 yeas.
















(2) What sensitivig will IWST have?

TheNIRCanmandMIRIsensitivig complemengachotherstraddlingg min

wavelengthandtogetherallowv objectsto be foundto redshiftsz=15{20
in  1(Psec(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
versusvavelengtithat Spitzera ground-basekR-optimize@-m(Gemini)
anda 30-mtelescop wouldneedto matchJWST.



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



6.5mMJIJWSTPSF'smadels(Ball Aerospacand GSKE):

NIRCanD.7 m 1.0 m(< 150nmWEFE)



< 20hrsJWSTNIRCamat 0.7,0.9, in the HUDF



240hrsHUDFVi'7) ( truth) 0.7,0.9,
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Can't beatredshift:to seeFirst Light, mustobservaea{mid IR.
) Thisiswhywe needNIRCamat 0.8{5 mandMIRIat 5{28 m.



I-banddropsin the HUDF:Mostare con rmedat Z 6 (Malhotraet al.)



(3) How JWST canmeasuré-irst Light and Reionization

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

UDF shavsthat luminosy functionof Z 6 objects(Yanet al. 2004a))
may be verysteep with faint-endSchechtesloe | | 1.6{2.0.

) Dwarf galaxiesandnot quases likelycompletedhe reionizatiorepoch
atZ 6. ThisiswhatJWST will observen detalil.




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

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

m,; (0.9—-1.1um)

HST/ACShasmadesigni cantprogresst Z 6, surveyingerylargear-
eas(GOODSGEMS COSMOS)ear usingverylongintegrationgHUDF).

ACS candetectobjectsat z= 6.5, but its discoveryspaceA. . log( )
cannotmapthe entirereionizatiorepoch. NICMOSsimilaly is limitedto
z= 8{10. IWSTwill be ableto tracethe entirereionizatiorepoch.




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

/
/ CDM model
for z=10

///z=15 Cen 1st reion
V/a at z=15-20

///z=20

m,; (0.9-2.5um)

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

For this to be successfuh realisticor conservativenodel scenaos,
JWST needgshe quotedsensitivig/aperture(A), eld-of-view(FOV= ),
andwavelengthrange(0.7-28 m).




LF (z=5.5—6.5)
slope aa=1.6-2.0

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

7
/220

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

m,; (0.9-2.5um)

In mae optimisticscenaos,the surfacadensiy may be > 10  higherat
z~ 10, but IWSTdesigmmustassuméhat objectsat Z 20arerare, since
volumeelemenis smalland JWST sample$righterpat of LF at z” 10.



Inner Disk Fit
Central SB=25.03 mag
Ro=0.0847"
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HST/ACScannotaccuratelyneasurendividualight-pgo lesat Z 6.
JWST cando thiswell for z~ 6 in verylongintegrations.
Dynamicaiimescale SEDtimescal¢ BulkofSFatzs,,m ' 7.0 0.5?7
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A steep LF of Z 6
objects (Yan & Windhaost
2004) could provide enough
UV-photongo completethe
reionizatiorepochat z 6.

Pop Il dwarf galaxieamay
not havestated shiningper-
vasivelymuchbefaez 7{8,
or no H-Iwouldbe 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.




(4) How JWST canmeasurésalaxyAssembly

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






(4) Hov JWST canmeasurésalaxyAssembly

Galaxie®f Hubbletypesformedovera widerangeof cosmidime, but
with a notablephasdransitionaroundz’ 0.5{1.0:

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

(2) Mergerproductsstat to settleas galaxiesvith giant bulgesor large
disksaroundz 1. Theseevolvedanostlypassivelgincethen,resultingn
the giantgalaxieshat we seetoday.

JWST canmeasurdiov galaxie®f all typesformedovera widerange
of cosmidime, by accuratelymeasuringheir distributionoverrest-frame
structureandtype asa functionof redshiftor cosmicepoch.




HST image Fourier model

100 200 300

0

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

(1) Fourierseriesre madein successiveoncentri@annuli.
(2) EvenFouriercommnentsndicatesymmetrigats (arms,rings)
(3) OddFouriercompmnentsndicateasymmetripats (ba's etc).

(4) JWST canmeasuré¢he evolutionof eachfeaturedirectly



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.




Total EI/SO Salz Irr/Mergers

JWST can measure
how galaxie®f all Hubble
typesformedovera wide
rangeof cosmictime, by
measuringtheir redshift
distributionas a function
of rest-frameype.

For this, the types
must be well imagedfor
large sampledrom deep,
unifam and high qualiy
e s 1 o& s 1oz multi-wavelengthimages,

E— whichJWST cando.

Driveret al. 1998,AstrophysJ. Letters,496,L93



The uncertainrest-frameUV-maphologyof galaxiess dominatedoy
youngandhot sta's, with oftencopiousamountsof dustsugerimmsed.

This malescompasonwith veryhigh redshiftgalaxieseenby JWST
complicatedalthoughwith good imagesa guantitativeanalysisof the
restframe-avelengtide@endentmaphologyandstructurecanbe made.



(5) PredictedGalaxyAppeaancefor JWSTat zZ 1{15

HSTz=0 JWSTz=2

Z=5

z=9

z=15

With proper restframe-UV
training, JWST can quan-

titatively measurethe evo-

lution of galaxymaphology
and structure over a wide

rangeof cosmidime:

(1) Most diskswill SB-
dimaway at highz, but most
formedat z°= zf oy ;y ' 1{2.

(2) HighSBstructuresre
visibleto veryhighz.

(3) Point sourcegAGN)
are visibleto veryhighz.

(4) High SB-pats of

mergers/train-wrecks are
visibleto veryhighz.



1=0.293
FOv=75" JWST z=1

The galaxymergeruGC06471-2
(z=0.0104)is a maja and very
dusy collisiorof two massivelisk
galaxies.

It shavs two bright unresolved
sta-burstingknotsto the upper-
right of the center,whichremain

visibleuntil Z 12, beyond which
the cosmicSB-dimmingkillstheir
ux. Theseare mae typicalfor
the smallstar-foomingobjectsex-
pectedat z 10{15.

This is the NOMINALJWST =
(GQAALS+REQUIREMENTS)/2.




1=0.293
FOv=75" JWST z=1

The galaxymergeruGC06471-2
(z=0.0104).

This is the BEST CASEJWST.

It assumeghat all GOALS are

met,andthattexp =100 hrs. The

whole object (includingthe two

sta-forming knots) is recogniz-
ableto Z 15.

This doesnot imply that observ-
Ing galaxiesat z=15 with JWST
will be easy On the contray,
sincegalaxiesormedthroughhi-
erachicalmerging,manyobjects
at Z 10{15 will be 10'{10%
lessluminous,requiringto push
JWSTHto its limits.




ConclusionJWST mustnot be descopdto a 4 meter! Arrovsindicate:
Top: 6m JWST/Keck;Middle: 6m JWST/30mgb; Bottom: 4m JWST/30mgb



SPARE CHAR TS
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Quantitative Morphology - We can numerically
describe and identify m=1 galaxies!

C#
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PC1_1T

Odewahn et.al. 2002 ApJ, 568, 539

FourierDecompsitionis remakablygood in distinguishingndquantifying
basand(l-amed,2-amed)spiralstructure. JWSTwill be ableto dothis
outto z=5 at least,nencesnablingo quantitativelyracegalaxyassembly




Ha Kinematics
In NGC 4618
(Odewahn 1990)

Substantial departures
from circular motion

In m=1 arms, OFTEN
accompanied by large
OB associations (SSC?)

SpatiallyresolvedNIRSgcandMIRIintegral- eldspectraof distantgalax-
les whencompaed to the quantitativestructurefrom NIRCamFourier
Decompsitionswill directlytracethe physicatause®f locallyenhanced
sta-formation:infall, bulk velaitiesin exces®f regula rotation, etc.




(5) Detailson JIWSTimagesimulations:

All basedn HST/WFPC2F300Wimagedromthe HST mid-UVsurvey
of neaby galaxiegWindhast et al. 2002,ApSuppl.143,113).

WMAP COSMOLOGWp=71 km/s/Mpc, m=0.27, =0.73.

INSTRUMENT6.0m e ectiveaperture,di raction limitedat ~ 2.0 m,

JWST/NIRCamP@®34/pix,read-noise=5.6 , dak-current=0.02 /s,
NEP-Sky(1.6 m)=21.7 mag/("?) in L2, Zodi spectrum,texp =4 900s.

Rov Telesc.Redshift ( m) FWHM (%9)

1 HST z 0 0.293 m 0994
JWST z=1.0 0.586 m 09984
JWST z=2.0 0.879 m 09984

2  JWST z=3.0 1.17 m 00084
JWST z=5.0 1.76 m 09984

3 JWST z=09.0 2.93 m 00922
JWST z=12.0 3.81 m 09460
JWST z=15.0 4.69 m 00497
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Angula sizevs. redshift
relationin a Lamlmadom-
Inated cosmologyf H g
=71kms 1Mpc 1,
m=0.27, =0.73.

In the top panelthe re-
lation Is nealy linea In
1/z for z= 0.05(the small

angleappoximation)and
linea in z for z7 3 (the
Laml@la dominated uni-
verse).

All curvatureoccursn the
range 0.05 z= 3, which
IS coded up in the IRAF
scriptthat doesthe JWST
simulations.




JWST z=

FOV=75"

1=2.93m

JWST z=12

1=3.81m

JWST z=15

1=0.879 m

1=4.69m

Thecompachigh-SBiwerf irreg-
ular galaxyNGC1140z=0.0050).

With JWST,this objectwouldbe
visiblgo Z 15, butit willbehad
to classifyat all redshiftz 1.

Note that the object indeed
reachesa minimumangula size
atz 1.7.




JWST z=3

1=0.293
FOvV=75" JWST z=1

The mid-ype spiral NGC2551
(z=0.0078)would be visibleout
to Z 10, but only recognizable
outtoz /.

Its disk is Iin principlevisibleto
z~ 5{7. Henceif suchobjectsare
not seenby JWST at z= 3, then
diskslikelyform at z= 3.

With HST we haveseerglimpses
of this, but with IWST thesewill
becomeaobustconclusions.




FOV=75"

1=0.586m JWST z=2
FOV~1.0"

1=0.879 m

The very high-SB, compact
stabursting dwerf spiral galaxy
NGC331{z=0.0033).

Theminimumin the -zrelation
at Z 1.7 andthe JWST di rac-

tion limit at 2.2 m| com-
binedwith the object'sveryhigh

rest-framdJV-SB| conspirdo
Improvethe e ective JWST reso-
lutiononthe mid-UVmaphology
of thisobjectfromz 2toz 7.

A ratherexceptionataseofwhere
nasyy cosmologydoesn't appea
to costyou prohibitivesensitivy,
but gainsyou resolution!




JWST z=9

FOV=75" JWST z=1

The Seyfert galaxy NGC3516
(z=0.0088)hasa faint nebulostt
surroundingts AGN in the mid-
UV, while at longerwavelengths
the surroundingllipticalgalaxyis
present(not shavn here).

The nebulosit surroundingthe
AGN Is essentiallySB-dimmed
avay at z 7, so that at high
redshifts these objects would
look like purely stella objects
(\quasas").




1=0.293
FOv=75" JWST z=1

The baredring galaxyNGC6782
(0.0125)shavs that at Z 2 to
Z 7, the e ective resolutionon
its high-SB bright star-forming
ring improveswith increasinged-
shift, until the (1+z)*-dimming
completelillsit for z~ 10{12.

Anothergood caseshaving why
cosmologys not \WYSIWYG".




