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Organization

Mission Lead: Goddard Space Flight Center
International collaboration with ESA & CSA

Prime Contractor: Northrop Grumman Space Technology
Instruments:

Near Infrared Camera (NIRCam) — Univ. of Arizona

Near Infrared Spectrograph (NIRSpec) — ESA
Mid-Infrared Instrument (MIRI) — JPL/ESA

Fine Guidance Sensor (FGS) — CSA

Operations: Space Telescope Science Institute (STScl)
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Description r
e Deployable cryogenic telescope —_—
- 6.5 meter g, segmented adjustable primary mirror
e Launch on an ESA-supplied Ariane 5 to Sun-Earth L2
e 5-year science mission (10-year goal): launch 2018
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JWST-Spitzer image

1’x1" region in the UDF — 3.5 t0 5.8 um

Spitzer, 25 hour per band JWST, 1000s per band (simulated)
(GOODS collaboration)
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JWST at L2
Astronomer
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First'Galaxies
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Numerical simulations for the
formation of the first galaxies
has been focussed so far on
the early evolution of halos
with mass =< 108 Mo (e.g.
Wise & Abel 2008, Greif et al.
2008).

These objects are too faint to
be observable with JWST.
However, they are already
enriched to ~10-3 Zo.
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Redshift




Luminosity,estimates
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NIRCam Field




Luminosity,estimates |
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Clustering and metalliCity
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>Should we worry aboutsaust?

The faintest JWST objects will be found by color selection
and will be too faint for spectroscopic confirmation. In the
context of QSO studies, one had to face the worry that dust
in hydrogen clouds along the line of side would progressively
redden and dim high-z objects. Is this relevant for JWST?

Using methods similar to Fall&Pei and
updated absorber catalogs, Trenti and
Stiavelli (2006, see also Weinmann &
Lilly 2005) concluded that this is not
an issue for JWST:

at z210 <A1400> < 0.1 and A1400(90%) < 0.2




Spectroscopy is hard |

Redshift 6
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Bright gdlaxy at z~8

For galax1es atm, AB—26 JWST can obtain high S/N spectra.
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Evolution of N(z), LF. Identify candidates with Lyman
break technique = NIRCam

Evolution of SFR(z). Use Ha, HP and supernovae—>
NIRSpec and NIRCam

Evolution of <Z>(z). Use [OIIl]/Hp.

Confirm nature of first light objects. Place upper limit
to metallicity, search for older stellar component. > NIRSpec

and MIRI (this will typically require Iensed or intrinsically very
bright sources) | 7




Indications from HST Obseérvations
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One candidate at z~10

The HUDFQ09 team has
detected one candidate at S/N
> 5 (Bouwens et al. 2011).

UDFj-39546284 H=28.9 J-H>2.0
V+i+z Y J




JWS IFFollowup

It took 270,000s with HST and
WFC3/IR to detect this object at
S/N=5.8.

JWST can reach H=28.9 in
10,000s at S/N~10.

* The object is not detected by Spitzer/IRAC but JWST could
detect it at 3.5micron in a parallel exposure to the H band

one (at no extra “cost”).
« With an investment of 30,000s one could obtain a good

photometric redshift for this object.
* Alow resolution spectrum would take 100,000s.




Physical properties

Emission lines can be detected with
integrations of ~10°s with JWST

NIRSpec.

The resulting spectra would provide a
spectroscopic redshift and also
measure/constrain the metallicity.
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First Star Clusters
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Lensing of star clusters

Galaxies with 10*K < T, < 2-10*K




Chemicalsabundances

Open issue: how do you get to Pop Ill abundance patterns
to those in the most metal poor galactic globular clusters?
i.e. how many generations of reprocessing does it take?

M4 most likely age places its formation at z=6.
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-Globular clusters abundances




«FIrStT Stars




First Stars —*Direct Detection
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The First Stdrs - expected'numbers

renti et al. (2009) Reduced L-W
B Trenti et al. (2009) No L-W
W Wise (2012)
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-9

Rydberg et al. 2012




First Stars — Lensing
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First Stars - How to recognize them




First Stars’— Fluctuations
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The First:Stars - chemicalltracers
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First Stars' — Supernovae
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PISN Supernovae — expected rates

- v




PISN Supernovae — finding them with JWST
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SN2006gy and 2007bi have been proposed as PISN analogs. If PISN
have a light curve similar to that of 2006gy we can see that one might
expect the SN to have at the peak a luminosity of AB~26-26.5 at
z=10-15 and for observations at 4-5 um. JWST/NIRCam can achieve
such a depth at 4 um with a exposures of 10 min so that a 100+100 hour
survey (2 epochs) could search for PISN over an area of ~1 square
degree. The slow decay of the light curve would hamper multi-epoch
searches.




PISN Supernoyvae — light curves
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LSST and other ground based wide field
projects may be able to detect lower redshift
PISN (at z~6). Large area space based
missions like Euclid or WFIRST have the
potential to discover PISN at higher redshift.

The contamination of the PISN rate with
objects like 2006gy may require the
spectroscopic confirmation of slowly
decaying supernovae.

IF PISN were to be associated to a GRB,
GRB finding missions would be able to
provide the location. JWST can follow-up on
TOO 1n 48 hours (mission requirement).




The First AGNs
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Early Black Hole growth

-

Most massive

10 most massive

== 100th first light (1/8 normalization)

— First first light (1/8 normalization)




-Irst Active Galactic NUc

The stellar mass black hole remnants of Pop III stars are not
directly observable. The star is already at the Eddington luminosity
so the mini-AGN 1is not any brighter.

The Eddington luminosity of a 10* Mo black hole is ~ 3x10° Lo.
At z~10 with a typical QSO spectrum this corresponds to Hag~31.
Thus, discriminating between the growth from stellar seeds and
direct collapse by the presence or absence of 10° Mo black holes

may be problematic. The z=6 QSO LF is in
principle measurable to low
luminosities. It would be
useful to predict what it
should be in the various

worr omosh N qoss, models (figure from Jian Su).

QLF at z=6

dN/dV [Mpc™]




Gonclusions




JWST; Status




All Mirrors Are Complete!

First two flight mirrors delivered to
GSFC on Sept. 17th

Aft Optics Assembly (AOS)

integration complete
= Second cryo test complete

Flight Cryo Electronics
» All 21 CMUs have been assembled
& completed cryo testing

» CJB has been assembled and has
completed its acceptance testing

» EMADU has been delivered and
flight ADU is in board-level testing




Primary Mirror Segment Assembly (PSMA) Installation
Fixture (PAIF) delivered and installed on AOAS

&

m Demonstrations of placement of mirror mass model on BESTA completed
= Placement of engineering/flight spare mirror on BESTA scheduled for Oct.




Sunshield Template Membrane Work On-Going
Templates Verify Design Prior to Flight Build

Template Layer 3 - Completed

Template Layer 4

=  Manufactunng and Testing Completed
= Hole Tool Operation Completed

Template Layer 5

= Manufactunng and Testing Completed
= Hole Tool Operation underway

Template Layer 2

= Manufactunng in process

Template Layer 1
= Manufactunng in process

Folded Sunshield
Template Layer

1"




= QOptical workmanship

= Qptical alignment - are we within the capture range ot tne active optics ¢

= Thermal balance - will the telescope cool to 40K ?

Clampin/GSFC




