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® (1) What is JWST and how will it be deployed?

(1)

® (2) What instruments and sensitivity will JWST have?
(3) Measuring the All Sky Zodi in VI with HST /WFPC2 to few %
(4)

® (4) Measuring the HUDF Zodi in BViz with HST /ACS to 0.2%

e (5) How JWST will measure First Light & Reionization, & Galaxy
Assembly from the L2 Zodi Environment

® (6) Summary and Conclusions
e Appendix 1: Will JWST reach the Natural Confusion Limit?
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JWST ~2.5X% larger than Hubble, so at ~2.5X larger wavelengths:
JWST has the same resolution in the near-IR as HST in the optical.




® (1) What is the James Webb Space Telescope (JWST)?

e A fully deployable 6.5 meter (25 mz) segmented IR telescope for imaging
and spectroscopy from 0.7 to 29 pum, to be launched in June 22014,

® Nested array of sun-shields to keep its ambient temperature at 35-45 K,
allowing faint imaging (AB<31.5) and spectroscopy (AB<29 mag).



® (1) How will JWST travel to its L2 orbit?

= e ;‘T (L J?.% months) Comimissioning €9ypfete
2 |nte\rval | (L + 11;3 days) =3~ y -
\——Initiat 7
,—-"Ef-_r_- Observatory 3
g Comrnissioning i

d § o i s > ""\-.\_\__ -
F (K. + 4.days) e N,
7 = (L.+28days) Initial
e * i 5 —
ment WFS&C _Q_Qmmifslbnmg

- ___d——r :

e,

I| 1

(E+63days) Cool
I

down near ste ad
—@L.+ 2 days) . / y
v Sufie higld =t / state; Repeat

Stowed Observatory

T
“Deployment 7WES&C :
L /' Commissionfng— in Smeter shroud
% et 'é
-, g 4

e After launch in June 2014 with an Ariane-V, JWST will orbit around the
the Earth-Sun Lagrange point L2, 1.5 million km from Earth.

® JWST can cover the whole sky in segments that move along with the
Earth, observe 270% of the time, and send data back to Earth every day.
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® JWST L2-sky minimizes A~3pm:~10% x fainter than ground-based sky.

® Faintest observable JWST objects have AB=31.5 mag ~ 1 nanoly
® Need JWST-UDF systematics and sky-subtr 10 mag fainter than Zodi!




Secondary Mirror
support & baffle

Folding

| secondary
Glar c StOp ,.-"III ,.""III IIII IIl' Aft

mirror
[/ Optical A\ support
| ."I Subsystem strut
| (Tertiary  \

mirror &

fine steering

Primary
Mirror  /

Segment / / .

(1 of 18) | MIrror)

Deployment LT e Y i ¥
Primary Mirror Backplane Motor ) »28 WL L ? \

L. =1

=
-

Ball 1/6-model for WFS: diffraction-limited 2.0 pem images (StrehlZ0.85).
Wave-Front Sensing tested hands-off at 45 K in 1-G at JSC in 2011-2013.
In L2, WFS updates every 10 days depending on scheduling/SC-illumination.



® (2) What instruments will JWST have? 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
™ 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




(3) Zodi BVI Sky-values in entire HST /WFPC2 data base
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e WFPC2 NEP/SEP Zodi sky is V 4 g~23.20 mag/arcsec2

e WFPC2 NEP/SEP Zodi sky is | 4 g~22.45 mag/arcsec?




u66t6103r

ZODI_WFPC2.5M: WFPCMAP uB616103r 15 RA. Jonsen Jul 16 23:06:12 2004

X= >+9¢
o

EXPTIME
o

= -61.402140

16 (9
10.62£0:27 [N=216 (96.0%)]

u66t6103r

ZODI_ZWFPC2.5M: WFPCMED uB6t6103r 15 RA. Jansen Jul 16 23:06:14 2004 ZODI_ZWFPC2.5M: WFPCHIS UBBt8103r 15 RA. Jansen Jul 16 23:06:14 2004

. 100 150 200 10 11 12 13 14
Full WFPC2 (index/4): T

o = PC1 3 = 10.69+0.38 [N=823 (91.4% WF4
10.70+0.72 [N 223 (SS 1%,
WF3 ¥ BTeeds N2t

W4 10.62+0.27 [N=! 215 (95 0%,

)]
)]
%))
%))
)]

o

50 100 150 200 > 10 15 20 [

PC

¥
B

P N LR T e ) RN = TN R N N PR
L e B A B

WF3

a

'g—---uvuﬂ"‘ .i”'* gt ég'!-_-_,.-;-uﬁsﬂigs* “

”

UL: Blank field: UR: 322 modes: LL: sorted: LR: 1-sided mode-fit




u3m724050

ZODIWFPC2.SM: WFPCMAP u3m724050 15 RA. Jonsen Jul 16 21:06:13 2004

X= >+90
X= >47a

4D A
195.205621
—0.944126

= 304.310708
= 56.004218

NSO

sky bg =  4.83£0.27 [N=497 (55.2%)]

= 15.06+1.24 [N= 50 (22.2%)
475027 [N=161 (71.6%)
4:88+0.30 [N=200 (88.9%)
= 491:0.26 [N=147 (653%)

u3m724050

ZODI_WFPC2.SM: WFPCMED u3m724050 15 RA. Jonsen Jul 16 21:06:15 2004 ZODI_ZWFPC2.5M: WFPCHIS u3m724050 RA. Jonsen Jul 16 21:06:15 2004

. 100 150 200 6 7 8
Full WFPC2 (index/4): T

o = PC1 : sky bg =  4.83:0.27 [N=497 (55.2%)]

sky bg = 15.06+1.24 [N= 50 (22.2%)
WF3 sky bg 4.75:0.27 [N=161 (71.6%)
WF3 : sky bg 4.88£0.30 | 0 (88.9%)

[ )

]
)
W4 sky bg = 4.91:0.26 [N=147 (65.3%)]

0 50 100 150 200 ; 10 15 20 25 30

TR T T T O RRARNRERRERRRRR RS aa

A

;-‘,duvlulﬂll—

| S NN N S
L e e L e R 8y

il

=
=
N

]
§
i

4

ot
R ot e

I

ww\’w—‘_wn:ww\wwww W\J\\\ 1 L L L ‘J_UTI_\\FH—\H—H—N L

e Y
4 Bl 6 7 4 6 8
DN DN

UL: Galaxy; UR: 302 modes; LL: sorted; LR: 1-sided mode-fit




u4b11206r
ZODIWFPC2.SM: WFPCMAP u4b11206r 15 RA. Jonsen Jul 16 21:19:06 2004

X= >+90
X= >47a

312.875972

= 280.488731

< |

Full WEPC2 : sky bg =  4.07+0.28 [N=334 (37.1%)]
= 5.35:0.36 [N=218 (96.9%)

4.04£0.34 [N=139 (61.8%)

419£0.23 [N=105 (46.7%)

4.08+0.34 [N=138 (61 3%)

u4b11206r

ZODI_WFPC2.5M: WFPCMED u4b11206r 15 RA. Jonsen Jul 16 21:19:08 2004 ZODIWFPC2.5M: WFPCHIS u4b11206r 15 RA. Jonsen Jul 16 21:19:08 2004
. 100 150 200
Full WFPC2 (index/4):
o = PC1

4.07£0.28 [N=334 (37.1%)]

5.3540.36 [N=218 (96.9%
S : 4.04£0.34 [ 61.8%,
WF3 4.19£0.23 |

WF4 4.08+0.34
WF4 :

5 (46.7%
N=138 (61.3%

0 50 100 150 200[ @ ; PoP 8 10
Pttt .
10 Fpey i 2 PC B

9 ot
r":::;::uiii!!

b vl ol Al

UL: Starfield: UR: 322 modes; LL: sorted; LR: 1-sided mode-fit




(3) Zodi BVI Sky-values in entire HST /WFPC2 data base

Average HST Medium Deep Survey Sky Brightness

HST Medium Deep Survey:
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e WFPC2 NEP/SEP Zodi sky is | 4 g~22.45 mag/arcsec?



sky-values in HUDF to 0.2% of

sky
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(LEFT): Modal Viz sky-values in the Multi-Drizzled HUDF: LOCAL sky-

subtraction

(MIDDLE): Modal BViz sky-values in the HUDF: NOT sky-subtracted.
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(RIGHT): Modal Viz sky's in the Multi-Drizzled HUDF: GLOBAL sky-subtr.
@ HUDF sky-subtraction error~(2-3).10~3 or AB~29.0-30.2 mag/arcsec?



(4) Zodi BViz sky-values in HUDF to 0.2% of sky
Table 1. Measured sky values in BV¢'2’ (filters) for the HUDF

HUDF Number of Mean Sky Value? Sky SB¢ Sky Color® 1o Sky-Subtraction
Filter Exposures (e~ /s) and rms error? (AB mag arcsec™?) (AB mag) error (AB mag arcsec™?)
B 112 0.015909 + 0.000065 23.664 + 0.003 (B — V)gky=0.800 29.85 £ 0.05
%4 112 0.070276 £ 0.000297 22.864 4+ 0.002 (V — i’)sky=0.222 30.15 £ 0.15
i’ 288 0.040075 £ 0.000088 22.642 £ 0.002 (¢ — 2’)sky=0.065 29.77 £ 0.20
2 288 0.020511 +£ 0.000047 22.577 £ 0.003 (V — 2")sky=0.287 28.95 £ 0.05

aFrom Fig. 4 in Hathi, N. P., et al. 2008, AJ, 135, 156 (astro-ph/0710.0007)
PError is standard deviation of the mean (o/y/N)

¢Sky surface brightness values and colors are consistent with the solar colors in AB mag of (V-i)=0.19, (V-2")=0.21 and

(i'-2")=0.01 [except for bluest color (B-V)], and is dominated by the zodiacal background.

@ HUDF sky-subtraction error~(2-3).10~3 or AB~29.0-30.2 mag/arcsec?




HUDF Zodi: Dynamical ages of Dwarf (Galaxies at z~4—67

Ellipticiy, €
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® Select all isolated, nearly unresolved (2r¢<0%3), round (1-b/a <0.3)
HUDF B-drops, V-drops, to AB=29.0 mag
e Construct average image stack and light-profiles of these dwarf galaxies

at z~4, z~5,

(22300 JWST hrs; Hathi et al. 2008)!
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HUDF Zodi: Light profiles of Dwarf Galaxies at z~4—6

o zo4, A, =5918RK, A, =1184%
-—- Observed PSF
— Best Sérsic fit:
n=0.90, r,=0.03981", x*= 0.31

o z6, A, =9055R, A, =1294%
-—- Observed PSF
— Best Sérsic fit:
n=1.67, r,=0.00841", x*= 0.16
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Best fit Sersic profile of 1680 ACS V-band orbit stack: n=0.90
Best fit Sersic profile of 4320 ACS i-band orbit stack: n=0.88

® JWST can do this to 10~* or AB~31.0-32.0 mag/arcsec? to z<15,

e Provided that JWST straylight /rogue path is kept to a minimum: well
below Zodi and only at low spatial frequencies.



HUDF Zodi: Dynamical ages of Dwarf (Galaxies at z~4—67

3 Composite Profiles z =~ 3 Composite Profiles
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Aews = 5918 & Ex Agps = 7693 A

Are = 1184 A

X : 0.10 0.20 0.30 0.40 0.50 0.60
3 Composite Profiles Semi-major axis [arcsec ]

Nopjects=30 (3x10)

Ngws = 9055 A
Arew = 1294 A

30 :
0.00 0.10 0.20 0.30 0.40 0.50 0.60
Semi-major axis [arcsec 1

e HUDF sky-subtraction error is 2-3.10 73 or AB~29.0-30.2 mag/arcsec2

e Average 4300-orbit compact, round dwarf galaxy light-profile at z~6—4
deviates from best fit Sersic n~1.0 law (incl. PSF) at rZ0%/27-0%/35.

= Global starburst that finished reionization at z~6 started at z~6.67



® (5) How can JWST measure First Light and Reionization?
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e Can't beat redshift: to see First Light, must observe near—-mid IR.

= This is why JWST needs NIRCam at 0.8-5 pem and MIRI at 5-29 pm.



® (5) How to measure First Light and Reionization with JWST
| | " e -

10 filters with HST/WFC3 & ACS reaching AB=26.5-27.0 mag (10-o)
over 40 arcmin® at 0.07-0.15" FWHM from 0.2-1.7um (UVUBViz

JWST adds 0.05-0.2" FWHM imaging to AB~31.5 mag (1 nly) at 1-
5pum, and 0.2-1.2" FWHM at 5-29um, tracing young+old SEDs & dust.
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e JWST will similarly measure faint-end LF-slope evolution for 15z2512.



Faint-end LF-Slope Evolution (fundamental, like local IMF)
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Faint-end LF-slope at zZ1 with accurate ACS grism z's to ABS27 (Cohen
et al.; Ryan et al. 2007, ApJ, 668, 839) constrains hierarchical formation:

e JWST will provide fainter spectra (AB<29) and spectro-photometric
redshifts to much higher z ($20). JWST will trace ax-evolution for zS12.

e Can measure environmental impact on faint-end LF-slope « directly.
® Expect convergence to slope |a|=2 at z>6 before feedback starts?

e Constrain onset of Pop |lIl SNe epoch, Type Il & Type la SN-epochs.
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WFC3 ERS 10-band redshift estimates accurate to ~4% with small system-
atic errors (Cohen et al. 2010), resulting in a reliable redshift distribution.

= WFC3 is an essential pathfinder at zS8 for JWST (0.7-29 pum) at z29.

e JWST will trace mass assembly and dust content 3—-4 mags deeper from
z~1-12, with nanoly sensitivity from 0.7-5um.



Distant Galaxies in the Hubble Ultra Deep Field
Hubble Space Telescope « Advanced Camera for Surveys

NASA, ESA, R. Windhorst (Arizona State University) and H. Yan (Spitzer Science Center, Caltech) STScl-PRC04-28



The CLOSED-TUBE HST has residual low-level systematics: imperfect
removal of detector artifacts, flat-fielding, and faint straylight.

The open JWST architecture need perfect baffling and rogue path mitiga-
tion to do ultradeep JWST fields (JUDF's) to 10~ of sky.
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e Objects at z39 are rare (Bouwens™ 2010, Yan™ 2010), since volume
element is small and JWST samples brighter part of LF. JWST needs its
sensitivity /aperture (A), field-of-view (£2), and A-range (0.7-29 pm).

e With proper survey strategy (area AND depth), JWST can trace the
entire reionization epoch and detect the first star-forming objects.

® [o study co-evolution of SMBH-growth and proto-bulge assembly for
z510-15 requires new AGN finding techniques for JWST.
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e Our simulations show that ~50% of the J-drops close to bright galaxies
are real (unlike Bouwens 2010), see Yan et al. 2010 (astro.0910.0077).

e Assume only 33% of J-drops are real and at z29. Together with the
HUDF and ERS upper limits to ABS28 mag, the z~9 LF is still steep!

® Need JWST to measure z29 LF, and see if it's fundamentally different
from the z<8 LFs. Does a pop-Ill driven IMF cause a power-law LF?
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Update of Yan et al. 2009 (astro.0910.0077) HUDF with WFC3 ERS data:

® z=7 LF more firm (see Bouwens), z=8 LF refined, z=9.5 UL's still stand.
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The current WFC3 uncertainties on J-drops are large enough that at zZ 8,
a wide range of possibilities is allowed (Yan et al. 2010; astro.0910.0077).

® Need JWST to fully measure the LF and SFR for 85z 15.




(5) Predicted Galaxy Appearance for JWST at z~1-15

NGC 3310 ESO0418-008 UGC06471-2

oy oA

Ultraviolet Galaxies HST « WFPC2

NASA and R. Windhorst (Arizona State University) » STScl-PRC01-04
® [he rest-frame UV-morphology of galaxies is dominated by young and
hot stars, with often copious amounts of dust imprinted.

e High-resolution HST UV images are benchmarks for comparison with
very high redshift galaxies seen by JWST, enabling quantitative analysis of
the restframe-\ dependent structure, B/T, CAS, SFR, mass, dust, etc.



(5) Predicted Galaxy Appearance for JWST at z~1-15 (w/ C. Conselice)

HST z=0 JWST z=2

A=176

A=0.879 |} JWST

z=>5

z—9

z—15

With proper restframe UV-
optical benchmarks, JWST
can measure the evolution of
galaxy structure & physical
properties over a wide range
of cosmic time:

® (1) Most disks will SB-

dim away at high z, but most
formed at zS1-2.

® (2) High SB structures are
visible to very high z.



(6) Conclusions

(1) JWST Project is technologically front-loaded and well on track:

® Passed Non-Advocate Review (T-NAR) in 2007, and Mission Preliminary
Design Review (PDR) in 2008. Mission CDR to be held in Apr. 2010.

(2) JWST is designed to map the epochs of First Light, Reionization, and
Galaxy Assembly in detail. JWST will determine:

® The formation and evolution of the first (reionizing) Pop Il star-clusters.
e Faint-end LF-slope evol: (how) did dwarf galaxies finish reionization?

® The origin of the Hubble sequence in hierarchical formation scenarios.

(3) JWST must learn all lessons from HST ACS, NICMOS & WFCa3:
® Keep straylight/rogue path to an absolute minimum, and out-of-focus.

® Making sky-superflats (MDS mode) will be critical for a 500 hr JUDF!
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Despite NASA's CAN-do approach: Must find all the cans-of-worms ...



Northrop Grumman Expertise in Space
Deployable Systems

Over 45 years experience in the design, manufacture,
integration, verification and flight operation of
spacecraft deployables

100% mission success rate, comprising over 640
deployable systems with over 2000 elements




Most recent Tower Design shows an
Inner Optical Tower supported by a Outer
structure with Vibration Isolation at the
midplane. Everything shown is in the
20K region (helium connections, etc. not
shown) except clean room and lift
fixture.

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

JSC currently has 7 KW He capability

Current plan includes 10 trucks of LN2/day
during cooldown

Interferometers, Sources,
Null Lens and Alignment Equipment
Are in Upper and Lower

Pressure Tight Enclosure Inside of Shroud

&

JSC “Cup Up” Test Configuration (New Proposal) @

No Metrology Tower and
Associated Cooling H/W.
External Metrology

Two basic test options:

1. Use isolators, remove drift
through fast active control +
freeze test equipment jitter

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.

Possible payload
“floor”

to separate ambient
pressure and
temperature.

Drawing care of ITT

Accessible CoC Null Lens and
Interferometer

ACFs and Substructure

____Primary Mirror

“Accessible Double Pass

Sources, Intereferometers, etc.

Page 6

JWST underwent several significant replans and risk-reduction schemes:

® <2003: Reduction from 8.0 to 7.0 to 6.5 meter. Ariane-V launch vehicle.

@ 2005: Eliminate costly 0.7-1.0 pem performance specs (kept 2.0 pm).

e 2005: Simplification of thermal vacuum tests: cup-up, not cup-down.
@ 2006: All critical technology at Technical Readiness Level 6 (TRL-6),

1.e., demonstration in a relevant environment — ground or space.

e 2007: Further simplification of sun-shield and end-to-end testing.

® 2008: Passes Mission Preliminary Design & Non-advocate Reviews.



Actuators for 6 degrees of freedom rigid body motion

Actuator
development
unit
Lightweighted
Beryllium Mirror

Actuator for radius
of curvature adjustment

Active mirror segment support through hexapods (7 d.o.f.), similar to Keck.

Redundant & doubly-redundant mechanisms, quite forgiving against failures




First light Initial Capture Final Condition
NIRCam After Step 1 P

. 18 individual 1.6-m diameter aberrated PM segments:
L. il Rk sub-telescope images < 100 pm,
Segme | PM segments: <1 mm, < 2 arcmin tilt < 2 arcsec tilt

Image _
i 5 SM: <3 mm, < 5 arcmin tilt SM: <3 mm,
pture _—
< b arcmin tilt

After Step 2 Primary Mirror segments:

<1 mm, < 10 arcsec tilt WFE < 200 pm (rms)
Secondary Mirror :
<3 mm, < 5 arcmin tilt

2. Coarse Alignment
Secondary mirror aligned
Primary RoC adjusted

Afterl“ Step 3
3. Coarse Phasing - Fine er _ WFE: < 250 pm rms WFE <1 um (rms)

Guiding (PMSA piston)

After ;Step 4
/ WFE: < 5 pm (rms) WFE < 110 nm (rms)

Image-Based
WFE: < 150 WEE < 110
Wavefront Monitoring == < nm (rms) < nm (rms)

JWST's Wave Front Sensing and Control is similar to that at Keck and HET.

Successful WFS demo of H/W, S/W on 1/6 scale model (2 p#m-StrehlZ0.85).
Need WFS-updates every ~10 days, depending on scheduling/SC-illumination.




i Active MSA Area
Mounting Frame (4 x 171 x 365 Shutters)

\

Each channel’s field of view is sliced,
dispersed and detected.

10 arcseconds

Channel 1
Fixed Slits
and (4.9 - 7.7 um)
IFU Aperture

Channel 4
- >

o e -
Detector Array 36 (17.5 - 28.8 um) - Wavelength/Velocity
(2 x 2048 x 2048 pixels) i

P ; . IFU Output Format
Direction of Dispersion Spectrometer input “slit”

JWST offers significant multiplexing for faint object spectroscopy:

® NIRSpec/MSA with 4x 62,415 independently operable micro-shutters
(MEMS) that cover A~1-5 pum at R~100-1000.

® FGS/TFI that covers a 2/2x2/2 FOV at A~1.6-4.9 um at R~100.
|® NIRCam offers R~5 imaging from 0.7-5pm over two 2/3x4/6 FOV's ]



® (2) What instruments will JWST have?
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FGS Guider

NIRCam
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All JWST instruments can in principle be used in parallel observing mode:

® Currently only being implemented for parallel calibrations.




® (2) What sensitivity will JWST have?
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NIRCam and MIRI sensitivity complement each other, straddling A~5 pum.

Together, they allow objects to be found to z=15-20 in ~10° sec (28 hrs).

RIGHT: Relative survey time vs. A that Spitzer, a ground-based IR-
optimized 8-m, and a 30-m telescope would need to match JWST.



Implications of the (2010) 7-year WMAP results for JWST science:
HST/WFC3 z$7-9 «— — JWST z~8-25

—

>
=
S
©
O
o
st
o

10 15 20 25 30
Zr

e HST/ACS has covered z<6, and WFC3 is now covering zS7-9.
e For First Light & Reionization, JWST must sample z~8 to z~15-20.
= JWST must cover A=0.7-29 pm, with its diffraction limit at 2.0 pm.
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"You've done it now, David - Here comes his mother.”

What comes around, goes around ...
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Appendix 1: will JWST (& SKA) reach the Natural Confusion Limit?
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HST data B>20 mag

A HDFN(Cohen et al)
v HDFS(Cohen et al)
0O 53W002(Cohen et al)
® BBPS(Cohen et al)
A HDFN (096)

O 53W002(096)

® HUDF(This paper)
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® MGC (Liske et al)

A R R R T T T T AT T S M A M MY Y N NN N M T

15 20 25 30

Corrected B-magnitude

w
[&]

Log (Number/sq.deg./0.5 mag)

15 20 25 30
F814W AB Magnitude

@ HUDF galaxy counts (Cohen et al. 2006): expect an integral of 22 x 109
galaxies/deg? to AB=31.5 mag (=~ 1 nly at optical wavelengths).

e — Must carry out JWST and SKA nly-surveys with sufficient spatial
resolution to avoid object confusion (from HST: this means FWHM $07/08).

® = Observe with JWST/NIRSpec/MSA and SKA HI line channels, to

disentangle overlapping continuum sources in redshifts space.
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Combination of ground-based and space-based HST surveys show:

® (1) Apparent galaxy sizes decline from the RC3 to the HUDF limits:

® (2) At the HDF/HUDF limits, this is not only due to SB-selection effects
(cosmological (1+z)*-dimming), but also due to:

® (2a) hierarchical formation causes size evolution:
mi(z) o< m(0) (1+2)~*

® (2b) increasing inability of object detection algorithms to deblend galaxies
at faint mags ( “natural” confusion # “instrumental” confusion).

e (3) At ABZ30 mag, JWST and at 210 nly, SKA will see more than

2% 100 galaxies/deg?. Most of these will be unresolved (7p,; <071 FWHM
(Kawata et al. 2006). Since z;,,6q~1.5, this influences the balance of how
(1+z)*-dimming & object overlap affects the catalog completeness.

e For details, see Windhorst, R. A., et al. 2007, Advances in Space Re-
search, Vol. 42, p. 1965, in press (astro-ph/0703171) “High Resolution
Science with High Redshift Galaxies”



® References and other sources of material shown:

http://www.asu.edu/clas/hst/www /jwst / [Talk, Movie, Java-tool]
www.asu.edu /clas/hst/www/ahah/ [Hubble at Hyperspeed Java—tool]
http: //wwwgrapes.dyndns.org/udf_map/index.html |[Clickable HUDF map]
http://www.jwst.nasa.gov/ and http://www.stsci.edu/jwst/

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/guider/

Gardner, J. P., et al. 2006, Space Science Reviews, 123, 485—606
Mather, J., & Stockman, H. 2000, Proc. SPIE Vol. 4013, 2

Windhorst, R., et al. 2007, Advances in Space Research, 42, p. 1965
(astro-ph/0703171) “High Resolution Science with High Redshift Galaxies”



