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JWST and its Precursors
HUBBLE O V° SPITZER

- o 58

= 6.5-meter g A
123” x 136" T~40K = : PR e WA - duds
A/D1ieum™ 0.14” — D 312” x 312” 324” x 324”

B A/Ds.eum™ 2.22”  \/Daapym™ 6.2”

bom R at 114" X 84"
132" x 264” A/D2oum™ 0.64”
A/Dmeh' 0.06"

Wavelength Coverage
1um
_
HST T o

JWST

Spitzer




@
tmdentlfy the first luminous sourees to

form and to détermine the ‘io’zatlon
uhlstory of the. éarly universe.

‘Hubble Ultra Deep Field - 2006..

.




Time after Big Bang

I ' dshift
ncreasingreédshi >

. Neutral IGM (hydrogen)
lonized H

Fv Lyman Break
(ndy) wavelength

w ¢
L

.
ﬂ{‘/grgngm-“’ Wavelength




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
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New objects found at
z~7-8 (z-band dropouts)

WFC3/IR F105W +
F125W + F160W

ACS F814W + F850LP

ACS F435W + F606W

Courtesy of the HUDF09 team:
Garth lllingworth (PI),
Marcella Carollo, Rychard
Bouwens, Marijn Franx, Ilvo
Labbe, Dan Magee, Pascal
Oesch, Massimo Stiavelli,
Michele Trenti, Pieter van
Dokkum

5 Oct 2011 Fermi National Accelerator Laboratory
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= When did the Hubble Sequence form?

= What role did galaxy collisions play in
their evolution?

= How is the chemical evolution of the
universe related to galaxy evolution?

=  What powers emission from galaxy
nuclei?

5.8 Gyr

3.3 Gyr

2.2 Gyr

Interacting Galaxies Hubble Space Telescope » ACS/WFC « WFPC2

2.2 Gyr

1.8 Gyr

1.0 Gyr
(z~6)

FREIEIESL L

Key Enabling Design Requirments:
= Wide-area near-infrared imaging survey

= Low and medium resolution spectra of 1000s of
galaxies at high redshift

NASA, ESA, the Hubble Heritage (AURA/STScl)-ESA/Hubble Collaboration, ant ' STSCI-PF\"C08-163 - Ta rg ete d 0 bS e rvati O n S Of g a I a Cti C n u CI e i

A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook Universi

5 Oct 2011 Fermi National Accelerator Laboratory 10
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10%yrs; 10-10* AU; 10-300K 10°-°yrs; 1-1000AU; 100-3000K

10%7 yrs; 1-100AU; 100-3000K 107 yrs; 1-100AU; 200-3000K




/1985 O1 (Fale Bopp) va. HD 100546

Malfait et al 1998

Wavelength(um)

Starlight filters through the planet's
sodium-richatmosphere

.

absorption line spectrum




Primary

Planet blocks light from star
Visible/NIR light (Hubble/JWST)
Radius of planet/star

Absorption spectroscopy of
planet’s atmosphere

Transits

>decondary

« Star blocks light from planet
« Mid-Infrared light (Spitzer/JWST)

* Direct detection of photons from
planet

 Temperature of planet
 Emission from surface

JWST: Look for moons (by timing), « JWST: Atmospheric
constituents of atmosphere, Earth- characteristics, constituents of

like planets with water, weather
5 Oct 2011

atmosphere, map planets

Fermi National Accelerator Laboratory

13



Kepler Found over 1200 Planetary Candidates

= Data on 155,435 stars over 105 sq deg

= 1235 planetary candidates as of Feb 2011
— 08 Earth size
— 288 super-Earth size
— 688 Neptune size

165 Jupiter size

<
o

Size Relative to Earth
S %o

Orbital Period in days

5 Oct 2011 Fermi National Accelerator Laboratory 14



NIRSpec: GL436 - 4 transits

Flux Ratio

—GL436b

_ ° e GJ436 model provided by Sara Seager

Wavelength (microns)

Detected Photons (10°e")

3.5 4.0
Wavelength (um)
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Observations
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Mass < 0.6 kpc [M,]




Strong lensing is rare (1/1000/galaxies):
It’s hard to find large samples!!
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HUBBLE CONSTANT: REBUILD DISTANCE LADDER

Eliminating sources of between anchor and calibrator:
1) use same instrument 2) same Cepheid parameters (Period,Z) 3) better anchor

PRESENT DISTANCE LADDER (100 Mpc)

11% error
Hubble Flo
G HprE lo 1% # Modern, distant SNe la ”

3% # Modern, local hosts

SN la hosts,
Metal poor to Metal rich

Calibrator

long to short Period Cepheids

Ground to HST

Anchor: LMC Anchor:
NGC4258

Riess Frontiers Conference talk




H,, Also A Dark Energy Tool!

Planck + SNllis + BAO-llIs-p

2 g ; i Gen |l
: IR { : il ~2015 very
Fix CMB, A we=-1; w'=-1/2 | il aggressive
— 5 il Planck.

W,W,,Qk o1l < Ak :
=>AH/H _ . 1 We may not

get here!

Planck + BAO llis + H, PI:—:mck + SNIII|s-SysC01 +H,

: 1% @ ! i 1%@

; 5% : 5%
~2015 : 3% @ | - 3%8
if hi-z Sne § 1%® Z I
break (dust ’ ‘

evolution),

+H,

Already some tension (CMB+BAO+SNe) today! So how do we improve H,?

Riess Frontiers Conference talk



Dark Energy and Neutrinos

1Is dark energy A?
1(w=-1.08 +/-0.10 from only H,, WMAP)

w

What do neutrinos weigh?

(Which hierarchy of
mass eigenstates?)
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Species

Is their a species beyond known 37?
(present 4.2 +/- 0.7, & neutrino
experiments have hints of a sterile
neutrino)

o
T

'S
T Y

Number ot Kelgtvisitic

# of relativistic species

Riess Frontiers Conference talk




And with other High-z probes...

WMAP7 + ...
WMAP7 + ...

SDSS DR7 LRGs @

SNLS + H,

_105.15 0.20 0.25 030 0.35 040 045 0.50

SZIH

Sullivan et al. 2011 (SNLS3=SNLS+lowz+SDSS+HST)

H, now competitive, consistent with High-z Sne la, BAO+P (k)

Riess Frontiers Conference talk



JWST Extends Volume, Sample for SN la Calibration

Assuming typical ~1.5 hour exposures/epoch on hosts

Cepheid Mean (R mag, P=20 d)
27.05 28.75 29.75 30.65 "
g 5

1 0.60
0.67
10.77

10.94

% error towards H,
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1134 —> HST Future...(1.4%)
{180 , £Q 9 40/

Riess Frontiers Conference talk




= Mission Orbit
= Telescope
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JWST hardware in cleanroom at Goddard Space Flight Center






JWST: pass_iVe‘I"y-cc')o.Ied 6.5m te'lesc':ohpe*in Sun-Earth L2 orbit

“Instrument module

(behind primary mirror) ( ) /

Telescope

Prlmary mirror

Secondary mirror

-~

5 Oct 2011




6.6 meters flat
to flat

1.32 meters
flat to flat

OTE ISIM
V3 (anti-spacecraft) (L)
V1, V3 |
~ “ V1 V2 ( or’igin) =5l
Cassegrain E =
focus I
Fine Focal
. rf
Secondary Steering / | Surface
mirror Mirror |
fl#: 20.0 Primary |
Effective Focal Length: 131.4 m Mirror |
PM diameter = 6.6 m (circumscribed circle / |

5 Oct 2011 Fermi National Accelerator Laboratory
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All JWST Telescope Mirror Optics Are Done!

5 Oct 2011 Fermi NationahAccelerator Laboratory

Fine Steering

Clampin/JWST Observatory

33
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stretched image: psfj_F200_w150p015_V_date022310_XRCF{(
bin size: 0.030" x 0.030"

Log scale

stretched image: psfj_F115_w150p015_V_date022310_XRCF{(
bin size: 0.030" x 0.030"

5 Oct 2011

stretched image: psfj_F200_w150p015_V_date022310_XRC
bin size: 0.030" x 0.030"

Linear scale

stretched image: psfj_F115_w150p015_V_date022310_XRCFI

bin size: 0.030" x 0.030"

Fermi National Accelerator Laboratory

,mv Predicted telescope image quality meets requirements

2 pym (diffraction
limited, Nyquist
sampled by NIRCam)

2.0” x 2.0” box

1 um (Sub-Nyquist
sharp core 0.03
arcsec, requires
dithering)

2.0” x 2.0” box

34



Measured PM Run Reflectance

(Visible / Near IR spectrometer 6 degree AOI)
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OTE Deployment / First Light (Image Mosaic)
SM Focus Sweep
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g*& Wavefront Monitoring & Maintenance
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The image cannot be
displayed. Your
computer may not have
enough memory to
open the image, or the
image may have been
corrupted. Restart your
computer, and then
open the file again. If
the red x still appears,
you may have to delete
the image and then

The image cannot be
displayed. Your
computer may not have
enough memory to

age and then
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the image, or the image
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Human Hair 90 um Dia. |

Magnetic Stripes on
Top of Metal Layer
(Column)

EHT = 20.00 kV Signal A = SE2 Date :7 Sep 2004
WD= 11mm Photo No. = 2062 Tim: 23

Light Direction Direction of Ma
Arm to Open

w Latch Shutte
Back Wall Metal \

Electrode (Row) I~
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1 M, planet
orbiting a G2V
star at 4 AU

06 07 0809 1 2
Wavelength [microns]







Channel 1
(4.9-7.7 um)

Channel 2
(7.4-11.8 pum)

Channel 4
(17.5- 28.8 um)

Mission Requirements 200 MJy/sr

Minimum Zodiacal
Background (NMS)

10 15 20
Wavelength (um)

Each channel’s field of view is sliced
1 ’
S aicasoonds dispersed and detected.

-
Wavelength/Velocity

IFU Output Format
Spectrometer input “slit”
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Photometric performance, point source

Geminy

ﬂux of a 100 detectlon n 10 S
, Jane.R. ngby @NASA.gov

100 1000
wavelength (um)




FGS NIRCam

NIRSpec

Composite structure
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Test Bed Optics Integration
Structure Gantry System

PMSA Alignment and
Installation Fixture

~ . PMSA Verification
Test Stand
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ASTROPHYSICS AND SPACE SCIENCE PROCEEDINGS

H.A. Thronson
M. Stiavelli
A.Tielens
Editors

Astrophysics
in the Next Decade

The James Webb Space Telescope and
Concurrent Facilities

£\ Springer

Frontier Science Opportunities

ntite James Wehh
Snace Telescope

SPEAVERS INCLUDE
Bil Barck, ARC

e Hammel, 551
Thamas Honsing WPIA
Json Kl TSl
i Kalar, Catoch
Cystal i, UCSB
Wik ey, ET Zaich
At Pope, Ulass
Adam s, STSe/HU
SunSeager, T

June 6-8 2011
STScl
SORGE ROALNG COMNIT Baltimore, Maryland
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For more information and to register
Www.stsci.edu/institute/conference/jwst2011
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