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Needhard-workinggradstudents& postdocsin >
� 2013... It'll be worth it!
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Outline

� (1) What is JWSTandhow will it be deployed?

� (2) What instrumentsandsensitivity will JWSThave?

� (3) How JWSTcanmeasureFirst Light andReionization

� (4) How JWSTcanmeasureGalaxyAssembly

� (5) PredictedGalaxyAppearancefor JWSTat z' 1{15

Sponsoredby NASA/JWST
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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<

� 31.5)andspectroscopy (AB<
� 29 mag).
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Life-sizedmodelof JWST,usedto test the deploymentof its sun-shield.
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Life-sizedmodelof JWST,at NASA/GSFC Friday afternoonafter5 pm...
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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 severalmonthjourneyto L2 (shownona previouspage),JWST
will be automaticallydeployed in phases(as shown here),its instruments
will be tested,andit will thenbe insertedinto anL2 haloorbit.

From an orbit aroundthe the Earth{Sun Lagrangepoint L2, JWST can
coverthe wholeskyin segments,havean observinge�ciency >

� 70%,and
senddatabackto Earth everyday.
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Edge-to-edgediameteris 6.60m, but e�ectivecircular diameteris 5.85m.
Cannotcleanlydescope aperturewithoutdoingmajor harm to PSF.
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� (2) What instrumentswill JWSThave?

The Near-Infrared CameraNIRCammadeby an UofA + Lockheed+
CSAconsortium will do imagingfrom 0.6{5.3� musinga suiteof broad-,
medium-,and narrow-band�lters. NIRCamusestwo identicaland in-
dependentlyoperatedimagingmodules,with two wavelengthsobservable
simultaneouslyvia a dichroicthat splitsthe beamaround2.35� m. Each
of thesetwo channelshasan independentlyoperated20:2� 40:6 FOV. Both
channelsare Nyquist-sampled:the short-wavelengthchannelat 2� mwith
000: 0317/pixel,and the and long-wavelengthat 4� mwith 000: 0648/pixel.
NIRCam's10 2k� 2k HgCdTe arrayswill be passivelycooled.

TheNear-InfraredSpectrographNIRSpecmadeby anESA+ GSFCconsor-
tium will do spectroscopy with resolvingpowersof R� 100in prismmode,
of R� 1000in multi-objectmodeusingamicro-electromechanicalarray sys-
tem(MEMS)of micro-shuttersthat canopenslitletsonpreviouslyimaged
known objects,andof R� 3000usinglong-slitspectroscopy. All NIRSpec
spectroscopicmodeshavea � 3.4� 3.40 FOV.
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� (2) What instrumentswill JWSThave?

TheMid-Infra-RedInstrumentMIRImadeby anUofA+ JPL+ ESAcon-
sortium will do imagingandspectroscopy from5{28 � m. MIRI is actively
cooledby a cryocoolerandits expectedlifetimeis at least5 years.

TheFineGuidanceSensor (FGS)ismadeby CSAandprovidestablepoint-
ing at the milli-arcsecondlevel. The FGSwill havesu�cient sensitivity
anda largeenoughFOV to �nd guidestars with >

� 95%probability at any
point in the sky. The FGSwill havethreesimultaneouslyimaged�elds of
viewof 2.3� 2.30 , oneof whichfeedsa pureguiderchannel,onefeedinga
guiderchannelplusa long-wavelengthR� 100tunable�lter channelwith
light split by a dichroic,andanotherfeedingthe short wavelengthtunable
�lter R� 100channel.

JWST hasfully redundantimagingandspectroscopicmodes. It will not
be servicedat L2,andthereforewill undergoanextensiveseriesof ground-
testingandthermalvacuumtestingin 2008{2009,after its mainconstruc-
tion in 2004{2008. The main NASA contractor is Northrop Grumman
SpaceTechnology(\NGST") in RedondoBeach(CA).
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� (2) What instrumentswill JWSThave?

TheMid-Infra-RedInstrumentMIRImadeby anUofA+ JPL+ ESAcon-
sortium will do imagingandspectroscopy from5{28 � m. MIRI is actively
cooledby a cryocooler,sothat its expectedlifetimeis at least5 years.
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� (2) Whatsensitivity will JWSThave?

TheNIRCamandMIRIsensitivity complementeachotherstraddling5� min
wavelength,andtogetherallow objectsto be foundto redshiftsz=15{20
in � 105sec(28 hrs) integrationtimes.
The left panelshows the NIRCamand MIRI broadbandsensitivity to a
Quasar, a \First Light" galaxydominatedby massivestars, anda 50 Myr
\old" galaxy, all at z=20. The right panelshowsthe relativesurveytime
versuswavelengththat Spitzer,a ground-basedIR-optimized8-m(Gemini)
anda 30-mtelescope wouldneedto matchJWST.
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240hrsHST/ACSin Vi'z' in the HubbleUltraDeepField(HUDF)
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6.5mJWSTPSF'smodels(Ball AerospaceandGSFC):

NIRCam0.7 � m 1.0 � m(< 150nm WFE) 2.0 � m(di�r. limit)
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<
� 20 hrsJWSTNIRCamat 0.7,0.9,2.0 � m in the HUDF
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240hrsHUDFVi'z') (� truth) <
� 20 hrsJWST0.7,0.9,2.0 � m
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� Can't beat redshift:to seeFirst Light, mustobservenear{mid IR.

) This is whywe needNIRCamat 0.8{5 � mandMIRI at 5{28 � m.
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i-banddropsin the HUDF:Mostare con�rmedat z' 6 (Malhotraet al.)
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� (3) How JWSTcanmeasureFirst Light andReionization

ACS
HDF

UDFshowsthat luminosity functionof z' 6 objects(Yanet al. 2004a,b)
may be verysteep,with faint-endSchechterslope j � j' 1.6{2.0.

) Dwarf galaxiesandnot quasars likelycompletedthe reionizationepoch
at z' 6. This is whatJWSTwill observein detail.
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ACS
HDF

� HST/ACShasmadesigni�cantprogressat z' 6, surveyingverylargear-
eas(GOODS,GEMS,COSMOS),or usingverylongintegrations(HUDF).
ACScan detectobjectsat z<

� 6.5, but its discoveryspaceA.
 .� log(� )
cannotmapthe entirereionizationepoch. NICMOSsimilarly is limitedto
z<

� 8{10. JWSTwill be ableto tracethe entirereionizationepoch.
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� With proper surveystrategy(area AND depth), JWST can trace the
entirereionizationepoch, i.e. detectsomeof the �rst star-formingobjects.

� For this to be successfulin realisticor conservativemodel scenarios,
JWSTneedsthe quotedsensitivity/aperture(A), �eld-of-view(FOV=
 ),
andwavelengthrange(0.7-28� m).
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� In moreoptimisticscenarios,thesurfacedensity may be >
� 10� higherat

z>
� 10,but JWSTdesignmustassumethat objectsat z' 20are rare,since

volumeelementis smallandJWSTsamplesbrighterpart of LF at z>
� 10.
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Sumof 49 isolatedi-drops: ACSlight-pro�le, PSFandsky-error:
=5000hrsHUDFz-band. Deviatesfromexp.diskat r e

>
� 000: 25

[' 330hrsJWST1 � m] ) Dyn. age(z' 6) ' 100-200Myr

HST/ACScannotaccuratelymeasureindividuallight-pro�les at z' 6.

JWSTcando this well for z>
� 6 in verylongintegrations.

Dynamicaltimescale' SEDtimescale) BulkofSFat zf or m ' 7.0� 0.5??
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� A steep LF of z' 6
objects (Yan & Windhorst
2004) could provide enough
UV-photonsto completethe
reionizationepoch at z' 6.

� Pop II dwarf galaxiesmay
not havestarted shiningper-
vasivelymuchbeforez' 7{8,
or noH-I wouldbeseenin the
foregroundof z>

� 6 quasars.

� JWSTwill measurethisnu-
merouspopulation of dwarf
galaxiesfrom the end of the
reionizationepoch at z' 6
into the epoch of First Light
(Pop III stars) at z>

� 10.
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� (4) How JWSTcanmeasureGalaxyAssembly

Oneof the remarkablediscoveriesof HST was how numerousand small
faint galaxiesare | the buildingblocksof the giantgalaxiesseentoday.
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� (4) How JWSTcanmeasureGalaxyAssembly

� Galaxiesof Hubbletypesformedovera widerangeof cosmictime, but
with a notablephasetransitionaroundz' 0.5{1.0:

(1) Subgalacticunitsrapidlymergefromz' 7! 1 to grow biggerunits.

(2) Mergerproductsstart to settleasgalaxieswith giant bulgesor large
disksaroundz' 1. Theseevolvedmostlypassivelysincethen,resultingin
the giantgalaxiesthat we seetoday.

� JWSTcanmeasurehow galaxiesof all typesformedovera widerange
of cosmictime, by accuratelymeasuringtheir distributionoverrest-frame
structureandtype asa functionof redshiftor cosmicepoch.
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HST image Fourier model

FourierDecompositionis a robustway to measuregalaxymorphology
andstructurein a quantitativeway (Odewahnet al. 2002):

� (1) Fourierseriesare madein successiveconcentricannuli.

� (2) EvenFouriercomponentsindicatesymmetricparts (arms,rings)

� (3) OddFouriercomponentsindicateasymmetricparts (bars etc).

� (4) JWSTcanmeasurethe evolutionof eachfeaturedirectly.
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BBP

53W02

HDFS

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

Massive Star Formation: Near and Far 

z=0.6-0.7 z=0.6-0.7

z=0.623z=0.743

FourierDecompositionof nearby anddistantgalaxiesin JWSTimageswill
directlytracethe evolutionof bars, rings,spiralarms,andotherstructural
features.Thismeasuresthedetailedhistoryof galaxyassemblyin theepoch
z' 1{3 whenmostof today's giantgalaxiesweremade.
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Total Ell/S0 Sabc Irr/Mergers

REDSHIFT

25<I<26

24<I<25

23<I<24

22<I<23 � JWST can measure
how galaxiesof all Hubble
types formedovera wide
rangeof cosmictime, by
measuringtheir redshift
distributionas a function
of rest-frametype.

� For this, the types
must be well imagedfor
large samplesfrom deep,
uniform and high quality
multi-wavelengthimages,
whichJWSTcando.

Driveret al. 1998,Astrophys.J. Letters,496,L93
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� The uncertainrest-frameUV-morphologyof galaxiesis dominatedby
youngandhot stars, with oftencopiousamountsof dustsuperimposed.

� This makescomparisonwith veryhigh redshiftgalaxiesseenby JWST
complicated,althoughwith good imagesa quantitativeanalysisof the
restframe-wavelengthdependentmorphologyandstructurecanbe made.
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(5) PredictedGalaxyAppearancefor JWSTat z' 1{15
HSTz=0 JWSTz=2 z=5 z=9 z=15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

JWST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

JWST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

JWST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

JWST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

JWST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

JWST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

JWST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

JWST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

JWST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

JWST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

JWST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

JWST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

JWST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

JWST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

JWST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

JWST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

JWST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

JWST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

JWST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

JWST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

HST l = 0.293 ml = 0.293 ml = 0.293 m

z = 0z = 0z = 0

JWST l = 0.879 ml = 0.879 ml = 0.879 m

z = 2z = 2z = 2

JWST l = 1.76 ml = 1.76 ml = 1.76 m

z = 5z = 5z = 5

JWST l = 2.93 ml = 2.93 ml = 2.93 m

z = 9z = 9z = 9

JWST l = 4.69 ml = 4.69 ml = 4.69 m

z = 15z = 15z = 15

With proper restframe-UV
training, JWST can quan-
titatively measurethe evo-
lution of galaxymorphology
and structure over a wide
rangeof cosmictime:

� (1) Most diskswill SB-
dimaway at highz,butmost
formedat z<

� zf or m ' 1{2.

� (2) HighSBstructuresare
visibleto veryhighz.

� (3) Point sources(AGN)
are visibleto veryhighz.

� (4) High SB-parts of
mergers/train-wrecks are
visibleto veryhighz.
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HST  z=0
FOV=75"
l = 0.293 ml = 0.293 m

JWST  z=1
FOV~1.0"
l = 0.586 ml = 0.586 m JWST  z=2 l = 0.879 ml = 0.879 m

JWST  z=3 l = 1.17 ml = 1.17 m JWST  z=5 l = 1.76 ml = 1.76 m JWST  z=7 l = 2.34 ml = 2.34 m

JWST  z=9 l = 2.93 ml = 2.93 m JWST  z=12 l = 3.81 ml = 3.81 m JWST  z=15 l = 4.69 ml = 4.69 m
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The galaxymergerUGC06471-2
(z=0.0104) is a major and very
dusty collisionof two massivedisk
galaxies.

It shows two bright unresolved
star-burstingknotsto the upper-
right of the center,whichremain
visibleuntil z' 12, beyondwhich
thecosmicSB-dimmingkillstheir

ux. Theseare more typicalfor
the smallstar-formingobjectsex-
pectedat z' 10{15.

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

50



HST  z=0
FOV=75"
l = 0.293 ml = 0.293 m

JWST  z=1
FOV~1.0"
l = 0.586 ml = 0.586 m JWST  z=2 l = 0.879 ml = 0.879 m

JWST  z=3 l = 1.17 ml = 1.17 m JWST  z=5 l = 1.76 ml = 1.76 m JWST  z=7 l = 2.34 ml = 2.34 m

JWST  z=9 l = 2.93 ml = 2.93 m JWST  z=12 l = 3.81 ml = 3.81 m JWST  z=15 l = 4.69 ml = 4.69 m
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The galaxymergerUGC06471-2
(z=0.0104).

This is the BEST CASEJWST.
It assumesthat all GOALS are
met,andthat texp =100hrs. The
wholeobject (includingthe two
star-forming knots) is recogniz-
ableto z' 15.

This doesnot imply that observ-
ing galaxiesat z=15 with JWST
will be easy. On the contrary,
sincegalaxiesformedthroughhi-
erarchicalmerging,manyobjects
at z' 10{15 will be 101{104�
lessluminous,requiringto push
JWSTto its limits.
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Conclusion:JWSTmustnot be descopedto a 4 meter!Arrowsindicate:

Top: 6m JWST/Keck;Middle:6m JWST/30mgb;Bottom: 4m JWST/30mgb
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� Referencesandothersourcesof materialshown:
http://www.jwst.nasa.gov/
http://www.stsci.edu/jwst/
http://www.jwst.nasa.gov/ISIM/index.html

http://ircamera.as.arizona.edu/nircam/
http://ircamera.as.arizona.edu/MIRI/
http://www.stsci.edu/jwst/instruments/nirspec/
http://www.stsci.edu/jwst/instruments/nirspec/mems.html
http://www.stsci.edu/jwst/instruments/guider/

Gardner,J., Mather,J., Clampin,M., Greenhouse,M., Hammel,H., Hutch-
ings,J., Jakobsen,P., Lilly, S., Lunine,J., McCaughrean,M., Mountain,
M., Rieke, G., Rieke, M., Smith, E., Stiavelli,M., Stockman,H., Wind-
horst, R.,& Wright,G.(\the JWSTFlightScienceWorkingGroup")2004,
Proc. SPIE,Vol. 4014,p. 001{012,in press\The ScienceRequirements
of the JamesWebbSpaceTelescope" (andreferencestherein).

Mather,J., Stockman,H. 2000,Proc. SPIEVol. 4013,p. 2-16,in \UV,
Optical,andIRSpaceTelescopesandInstruments",Eds.J. B. Breckinridge
& P. Jakobsen(Berlin: Springer)
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B

C D

A

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

Odewahn et.al. 2002   ApJ, 568, 539 

FourierDecompositionisremarkablygood in distinguishingandquantifying
barsand(1-armed,2-armed)spiralstructure.JWSTwill be ableto dothis
out to z=5 at least,henceenablingto quantitativelytracegalaxyassembly.
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Ha  Kinematics
in  NGC 4618
(Odewahn 1990) 

Substantial departures 
from circular motion 
in m=1 arms, OFTEN
accompanied by large
OB associations (SSC?)

SpatiallyresolvedNIRSpecandMIRIintegral-�eldspectraof distantgalax-
ies whencompared to the quantitativestructurefrom NIRCamFourier
Decompositions,will directlytracethe physicalcausesof locallyenhanced
star-formation: infall, bulkvelocitiesin excessof regular rotation,etc.
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(5) Detailson JWSTimagesimulations:

� All basedonHST/WFPC2F300WimagesfromtheHSTmid-UVsurvey
of nearby galaxies(Windhorst et al. 2002,ApJSuppl.143,113).

� WMAPCOSMOLOGY:H0=71 km/s/Mpc, 
 m =0.27, 
 � =0.73.

� INSTRUMENT:6.0me�ectiveaperture,di�raction limitedat � >
� 2.0� m,

JWST/NIRCam,000: 034/pix,read-noise=5.0e� , dark-current=0.02e� /s,
NEP-Sky(1.6� m)=21.7 mag/("2) in L2, Zodi spectrum,texp =4� 900s.

Row Telesc.Redshift� (� m) FWHM(00)
1 HST z� 0 0.293� m 000: 04

JWST z=1.0 0.586� m 000: 084
JWST z=2.0 0.879� m 000: 084

2 JWST z=3.0 1.17� m 000: 084
JWST z=5.0 1.76� m 000: 084
JWST z=7.0 2.34� m 000: 098

3 JWST z=09.0 2.93� m 000: 122
JWST z=12.0 3.81� m 000: 160
JWST z=15.0 4.69� m 000: 197

65



0 10 20 30 40 50 60

0

5

10

15

20

Theta- z relation for Ho=71, Wm=0.27, WL=0.73
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Angular sizevs. redshift
relationin aLambdadom-
inated cosmologyof H 0
=71 km s� 1 M pc� 1 ,

 m =0.27, 
 � =0.73.

In the top panel the re-
lation is nearly linear in
1/z for z<

� 0.05(the small
angleapproximation)and
linear in z for z>

� 3 (the
Lambda dominateduni-
verse).

All curvatureoccursin the
range 0.05<

� z<
� 3, which

is coded up in the IRAF
scriptthat doestheJWST
simulations.
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HST  z=0
FOV=75"
l = 0.293 ml = 0.293 ml = 0.293 m

JWST  z=1
FOV~1.0"
l = 0.586 ml = 0.586 m JWST  z=2 l = 0.879 ml = 0.879 m

JWST  z=3 l = 1.17 ml = 1.17 m JWST  z=5 l = 1.76 ml = 1.76 m JWST  z=7 l = 2.34 ml = 2.34 m

JWST  z=9 l = 2.93 ml = 2.93 m JWST  z=12 l = 3.81 ml = 3.81 m JWST  z=15 l = 4.69 ml = 4.69 m
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Thecompacthigh-SBdwarf irreg-
ular galaxyNGC1140(z=0.0050).

With JWST,thisobjectwouldbe
visibleto z' 15,but it will behard
to classifyat all redshiftsz� 1.

Note that the object indeed
reachesa minimumangular size
at z' 1.7.
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HST  z=0
FOV=75"
l = 0.293 ml = 0.293 m

JWST  z=1
FOV~1.0"
l = 0.586 ml = 0.586 m JWST  z=2 l = 0.879 ml = 0.879 m

JWST  z=3 l = 1.17 ml = 1.17 m JWST  z=5 l = 1.76 ml = 1.76 m JWST  z=7 l = 2.34 ml = 2.34 m

JWST  z=9 l = 2.93 ml = 2.93 m JWST  z=12 l = 3.81 ml = 3.81 m JWST  z=15 l = 4.69 ml = 4.69 m
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The mid-type spiral NGC2551
(z=0.0078)would be visibleout
to z' 10, but only recognizable
out to z' 7.

Its disk is in principlevisibleto
z>

� 5{7. Hence,if suchobjectsare
not seenby JWST at z<

� 3, then
diskslikelyform at z<

� 3.

With HSTwe haveseenglimpses
of this,but with JWSTthesewill
becomerobustconclusions.
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HST  z=0
FOV=75"
l = 0.293 ml = 0.293 m

HST  z=0
FOV=75"
l = 0.293 ml = 0.293 m

JWST  z=1
FOV~1.0"
l = 0.586 ml = 0.586 m JWST  z=2 l = 0.879 ml = 0.879 m

JWST  z=3 l = 1.17 ml = 1.17 m JWST  z=5 l = 1.76 ml = 1.76 m JWST  z=7 l = 2.34 ml = 2.34 m

JWST  z=9 l = 2.93 ml = 2.93 m JWST  z=12 l = 3.81 ml = 3.81 m JWST  z=15 l = 4.69 ml = 4.69 m
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The very high-SB, compact
starbursting dwarf spiral galaxy
NGC3310(z=0.0033).

Theminimumin the � -z relation
at z' 1.7 andthe JWSTdi�rac-
tion limit at � � 2.2� m| com-
binedwith the object'sveryhigh
rest-frameUV-SB| conspireto
improvethe e�ectiveJWSTreso-
lutiononthemid-UVmorphology
of this objectfromz' 2 to z' 7.

A ratherexceptionalcaseofwhere
nasty cosmologydoesn't appear
to costyou prohibitivesensitivity,
but gainsyou resolution!

69



HST  z=0
FOV=75"
l = 0.293 ml = 0.293 ml = 0.293 m

JWST  z=1
FOV~1.0"
l = 0.586 ml = 0.586 m JWST  z=2 l = 0.879 ml = 0.879 m

JWST  z=3 l = 1.17 ml = 1.17 m JWST  z=5 l = 1.76 ml = 1.76 m JWST  z=7 l = 2.34 ml = 2.34 m

JWST  z=9 l = 2.93 ml = 2.93 m JWST  z=12 l = 3.81 ml = 3.81 m JWST  z=15 l = 4.69 ml = 4.69 m

��

�
 ! 

"

!  

#
$

%
&

'
()

*
+

,-

(

.
/

'0 , '12 .
/ 3

%
&

4
$ 56

7
8 5

9: :

$ ()

,

;

1 ' .
<

-
=

1

%

1

>

<

1
?

-

;

,
+

,
@

>
A

B 7

9C
D

E

F

:
G

: :H H

I

G

A

. - 1 -
=

,- -
=

1

<

,

( /

-

/

1 0 *
+

. '
(

-

>

' *

? ?

. *

/

2

( /

;

-
=

1

J

B

A ( /

-
=

1

) (

2

K

L
M

,-

N
O

: 1 ' '1

/

-

(

,
+ +

>

2

(

' ,

P P

1 ,

?

' ,-

N

Q
R

S

' .

-
=

,- ,-

= (

;

= ?

12 '

= ( <

- ' ' *T

=

.0

U

1 T - '
V

. *
+

2

+

. .
W + ( W

1 ,

P

*

?

1

J

B

A G

J

% % L
X 6 & Y

Z

A

%
[

7

Z %

X

Z
\

Z

B
] [ 3

^

O

R D W )

4

'

4

X

P

T

S
_

`

O

:
G 8

R

S

,

/

2

_

a

O

:
G

R 9

G

YA

%
& b

L
X cA & [

E

G

:

)

1
d

1 T -

(e

1 ,

P

1
?

- *

?

1

S

#
$

%
&

4

A Y b

7 ,

)

S

:
G

: 9
fhg

g

4

P

( @

S

bA

O

C
G

:

1ji

S
k

,

? W

O

:
G

:

8

:

1ji

4

'1 T

S

A c 6

3

K

0 ,
/

2 %

W

>

O

8 D G

R

)

,

;

4

,

?

T '1 T�l

( / \ 8

S
m

.2

(

,T ,
+

'

P

1 T -
?

*

)

S

-

no

p

O

D G

:

= ?

'

S

? 1 ,2

K

. *- 1 e 1?

>
q : :

'1 T

G

rs

t uv N
O

:
G

:

F

3

%
&

w

O

:
G 8

q 9

x

)

S

5 $ 3 X

O

:
G

:

f�g

g

I

S

N
O

D G

:

F

#
$

%
&

w

O

:
G

CH E

x

)

S

5 $ 3 X

O

:
G

:H

f
g g

I

S

,

/

2

N
O

8 G

:

F

#
$

%
&

w

O

:
G

H R q

x

)

S

5 $ 3 X

O

:
G

:H

fhg

g

I

G

rs

ty v N
O

9

G

:

F

#
$

%
&

w

O

D G D

R

x

)

S

5 $ 3 X

O

:
G

:H

fhg

g

I

S

N
O

C
G

:

F

#
$

%
&

w

O

D G

R

E

x

)

S

5 $ 3 X

O

:
G

:H

f
g g

I

S

,

/

2

N
O

R

G

:

F

#
$

%
&

w

O

8 G

9
f

x

)

S

5 $ 3 X

O

:
G

: q H

g g

I

G

rs

t

z
v N

O

q

G

:

F

#
$

%
&

w

O

8 G

q 9

x

)

S

5 $ 3 X

O

:
G D 8 8

g g

I

S

N
O

D 8 G

:

F

#
$

%
&

w

O

9

G

H

D

x

)

S

5 $ 3 X

O

:
G D

E:{g

g

I

S

,/ 2 N
O

D

C
G

:

F

#
$

%
&

w

O

f G

Eq

x

)

S

5 $ 3 X

O

:
G D

q

R

g g

I

The Seyfert galaxy NGC3516
(z=0.0088)hasa faint nebulosity
surroundingits AGN in the mid-
UV, whileat longerwavelengths
thesurroundingellipticalgalaxyis
present(not shown here).

The nebulosity surroundingthe
AGN is essentiallySB-dimmed
away at z� 7, so that at high
redshifts these objects would
look like purely stellar objects
(\quasars").
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HST  z=0
FOV=75"
l = 0.293 ml = 0.293 m

JWST  z=1
FOV~1.0"
l = 0.586 ml = 0.586 m JWST  z=2 l = 0.879 ml = 0.879 m

JWST  z=3 l = 1.17 ml = 1.17 m JWST  z=5 l = 1.76 ml = 1.76 m JWST  z=7 l = 2.34 ml = 2.34 m

JWST  z=9 l = 2.93 ml = 2.93 m JWST  z=12 l = 3.81 ml = 3.81 m JWST  z=15 l = 4.69 ml = 4.69 m
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The barredring galaxyNGC6782
(0.0125)shows that at z' 2 to
z' 7, the e�ective resolutionon
its high-SB bright star-forming
ringimproveswith increasingred-
shift, until the (1+z)4-dimming
completelykills it for z>

� 10{12.

Anothergood caseshowing why
cosmologyis not \WYSIWYG".
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