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ESO Very Large Telescope
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Complementary capabilities

Wavelength coverage Relative capabilities
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NIRCam: near-IR camera

® Dual arm camera

» Two contiguous fields on sky

Simultaneous SW & LW
channels in each arm

Total FOV: 4.4 x 2.2 arcmin

® SW cameras: /:

/4
o

0.6-2.4 um, 32 mas/pix
Diffraction limited at 1.7 um
FOV of each: 2.2 x 2.2 arcmin

@ LW cameras:

2.4-5.0 um, 65 mas/pix Long Waverength
. .lJ s /p - — Detectors - Wavelength
Diffraction limited at 3.4 um : S (T Detectors
FOV of each: 2.2 x 2.2 arcmin .2
@ Wide range of filters One of two near-identical, redundant arms
e G hi on opposite sides of common baseplate
- Loronograpnic spots simultaneously viewing adjacent fields

(e, Univ Arizona / Lockheed Martin
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Spitzer IRAC filter set
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JWST NIRCam filter set e

F322W2

()

F164N F187N F21 2N RISN F323N F405N F418N F466N F470N

[Fell] | ] Ha Brall [lH. colll H.

F140M F162M F182M F210M F250M F300M F335M F360M F410M F430M F“OM F480M

2Q H20| H0 ka ﬂ r20 ice ‘ PAH BD/E /EGP |CO, CO EGP
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NIRSpec: multiobject spectrograph

® Dispersers
® R=100 CaF; prism; 0.7-5.0 um
@ R=1000 gratings; 1.0-5.0 pm
@ R=2700 gratings; 1.0-5.0 um
® Microshutter array
© 730 x 342 array of addressable shutters
© Each slit: 203 x 463 mas
© Total FOV:3.4x 3.6 arcmin.
sl "-""‘é" §BB '
© 5 fixed slits for high contrast
observations of single objects

€ Integral field unit

~ 3 x 3 arcsec IFU with 100 mas spaxels

o ESA S ASTUM / INASA
wa (-CSa
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TFI: Tuneable filter imager

® Narrow-band imager
® Tuneable R~100 etalon filter
@ Range 1: 1.5-3.0 um
@ Range 2:3.5-5.0 um
® Detector
@ Single 2048 x 2048 HgCdTe array
© Total FOV: 2.3 x 2.3 arcmin -
® Coronographic spots —& o -
@ Powerful complement /

TFl sits on back side of the

packup to NIRCam Fine Guidance Sensor

15



Science with the Hubble Space Telescope - ll|
Venice, October 14, 2010

MIRI: Mid-IR imager & spectrometer

® |Imager

® 1024 x 1024 pixel Si:As IBC array

® Broad-band imaging 5-28 um

@ Pixel size 100 mas (diffn. lim. @ 5 pm)
@ Total FOV: 1.7 x 1.3 arcmin

@ Coronograph
@ Fixed masks and 4QPM options
@ Single object spectrograph
= Slit with R=100 grism for 5-10 um
Integral field spectrograph
9 >R-30009rat|ngs covering 5
9 FOV 3 x 3 arcsecat 5 pm
- FOV 8x8arcsecat 28 um

—28 pm-

@ Cryocooler used to reach 7 K
i (Cesa



Science with the Hubble Space Telescope - llI
Venice, October 14, 2010

Reference JWST sensitivity figures

Instrument A (um) Resolution Sensitivity
NIRCam 2.7 4 11.2 nJy, AB=28.8
TFI 3.5 100 126 nly, AB = 26.1
NIRSpec low 2.0 100 120 nly, AB = 26.2
NIRSpec medium 2.0 1000 900 nlJy, AB=24.0
NIRSpec high 2.0 £10[0]0) 3.3 wy, AB=22.6
MiIRI imaging 10.0 700 nJy, AB=24.3
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Depth needed to

detect first ga
Extrapolate H

LF to higher redshifts

z | AB1350 | Fy(nJy) | A (um)
10 30.28 2.80 1.34

12 | 30.55 2.1

15 30.87 1.63 1.95

20 31.27 1.1
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Extragalactic deep fields
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= Need imaging at A=1-3 um down to sensitivity of 1-3 nly
over tens of square arcminutes to be equivalent to HUDF

o
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Courtesy Harry Ferguson, Garth lllingworth, Massimo Stiavelli
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JWST deep imaging sensitivity

Broad-band imaging, 105 s, 100 point source detection

NIRCam covers ~ 10 sq arcmin in 2 filters simultaneously
1000 E 5 in 1500 hrs (2 months ~ equiv. 1000 HST orbits),
cover 30 sq arcmin in 4 filtersto~ 1 nly, AB~31.4

Alternative NIRCam wedding cake slices:
300 sg arcmin in 4 filters to AB ~ 29in 1000 hrs
100 -‘--;30 0005q arcm|n|n 4filters to AB ~ 26. 5|n 1300 hrs

Flux (nanoJanskys)
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High-z galaxies at 100pc scale

VLT /ISAAC simulation z=2
K., 6h (GOODS-S)

HST/NIC2 simulation z=2
Hso 4 orbils

EELT/MICADO simulation z=2
K, 4h + 3-pix smoothing

I ’Jsr 0.456"

PSF 0.014"

E-ELT/MICADO simulation of mock disk galaxy at z=2.3, Kag = 21.3; resolution of 100 pcatz ~ 2

\\\ o, Trippe et al. (2010}, Forster-Schreiber et al. {2010} / JWST-ELT meeting, Garching, April 2010
W= ©eSa 2
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Kinematics near supermassive black holes

Velocity

& ';.--.-‘ | -' c ' - O L RlP o “: - - i J?lgdfw“bs A ”j
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Aybuke Kupcu Yoldas, £SO /JWSI-ELT meeting, Garching, April 2010
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McCauﬂrean et al. / VLT ISAAC
23
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Orion Trapezium Cluster:
- 1167 sources in a 1pc x 1pc region

error

Model 1Myr isochrones at 450pc:
COND models: Baraffe et al. 2003
DUSTY models: Chabrier et al. 2000
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ét'pﬁ neargthe Galach €entre
A :
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« HSTNICMOS
Quintuplet cluster

NIC2 76 mas pix~’

26 x 26 arcsec field
F110W, F160W, F205W

o ~256 sec per filter
Faintest sources Kxg~ 22

ol * Figer et al. (1999)
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Star formation near the Galactic Centre

JWST NIRCam
Zeumiprat cluster . , X
SW camera 32 mas pix-' - T ey
26 x 26 arcsec field :

Monochromatic PSFs 1, 1.5, 2um g " "
~1000 sec per filter e :

Faintest sources Kag ~ 28 ’

wi {cesa
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Star formation near the Galactic Centre
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a : . ~ Very dense core, Ay up to 150
® N ~ 5 mas pix!
a ® 6 x 6 arcsec field
¢ ' K, L, M bands
3 ~1 hratK, 1 minatM
. Faintest sources Kag ~ 29.5

Calamida et al., ESO
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Evolution of disks to planetary systems

IRAS04302+2247

HR4796A Beta Pictoris
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Grain growth in circumstellar disks

0O BD+56 524

® HD 48099

O  Herschel 36
@ Orion 114426

___E(__K Hy 1 R

1%% 1----4-@--

NICMOS F187N

Poa x PSF,,
PSFua X PSFp.

Relative Intensity

No change in disk size as function of wavelength:
suggests >5 pm dust grains, much larger than ISM

Astronomical Units Need JWST for better infrared

Profiles along majoraxis of disk images of the smaller silhouettes
\\l \ Throop et al. (2001)
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Fomalhaut debris disk

Venice, October 14, 2010

HST ACS visible Spitzer 24 uym Simulated JWST MIRI 20 pm

Disk morphology: planet-induced gaps and rings

Courtesy Mark Clampin, Paul Kalas
31
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Diagnostic scales in protoplanetary disks

H,@2.2,17,28 um

H,0 vibrational @ 2 um

COv=2-0@ 2.3 um

— e +
’_——ﬂ
0.1 AU 1AU JJ,U 100 AU
ViV E Vi J > J N
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Moving out to 40 parsecs

| =

JWS1T MIRI diffraction-limitea c-cLl METS alTTraction-limitea

maging at 10 pym, 0.4 arcsec cVvnivi maging at 10 pm, 0.06 arcsec FVWHIV\
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Resonant structures in Vega-like debris disk

%«

Planet at few arcsec from star:
clump orbital time scale of ~300 yrs

ey : Marc Kuchner
wi (Cesa
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Simulated near edge-on circumstellar disk

Young ~solar type star (IM Lup) Ter=3900K, R=3R@

B . : Siias
Optically-thin disk M=0.1M@; radii: inner 0.8AU; outer 400AU
Inclination=81°; |, K, L composite; log scaling; pixel size 5 mas

Courtesy Christophe Pinte
35
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Simulation convolved with E- ELT LTAO PSFs

Young ~solar type star (IM Lup) Te#=3900K, R=3R@

Optically-thin disk M=0.1Mg; radii: inner 0.8AU; outer 400AU
Inclination=81% |, K, L composite; log scaling; pixel size 5 mas

e Courtesy Christophe Pinte
36
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Dynamical studies of the inner disk
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CO v=1-0 spectra of T Tauri stars Model CO v=1-0 line profile for emission from
gap induced at 1AU by Jupiter-mass planet

; s R=100 000 spectrum, 8 hr, 30m GSMT
NASA & cSa

Data: Najita et al. / Simulation: Bryden & Najita
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~ Fomalhaut ' |

Fomalhaut b Planet

—_ HST ACS , Kalas et al. / NASA, ESA
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JWST exoplanet imaging

® Directimaging and spectroscopy

® NIRCam: Short-A Lyot coronograph: A=0.6-2.3 um, R=4, 10, 100
NIRCam: Long-A Lyot coronograph: A=2.4-5.0 um, R=4, 10, 100
® TFI: Lyot coronograph: A=1.2-4.8 um, R=100

® MIRI: 4QPM coronographs: A=10.65, 11.4, 15.5 um, R=20

® MIRI: Lyot coronograph: A=23 pm, R=5

Multi-filter F460M Multi-filter
Combined, Unsubtracted Orient 1 - Orient 2 (10°) Combined, Subtracted

M;;n' \.ln;j fnlr an ,\'llld\:ﬂp fl’fl - 1 Gyr‘OId MOV Staf @ 4 pc
spot occulters 4 wedge occulters ( s 2 MJup planet @ 7 AU
NIRCam radial and wedge occulters and Blue = F360M - 5000 sec / filter / orientation

corresponding Lyot stops
> >4 > NIRCam coronographic simulations

>

wi (=esa

2
F
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Transit spectroscopy with Spitzer & HST

HD 209458b " N HD 189733b . HD 189733b

HST/ACS SPITZER
. HST/NICMOS

R*)

star flux ratio (%)
star flux ratio (%)

W
"“‘

Transit radius [R

Planet
Planet

4 56 810 3 456 810 3
Wavelength (um) Wavelength (um Wavelength (um)

HAT-P-7b | TrES-4b
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2 3 456 810 4 56 810 8 10
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star flux ratio (%)

Planet /star flux ratio (%)
o

Planet /star flux ratio (%)

Planet

3} 4 56 810 } 4 56789
Wavelength (um) Wavelength (um Wavelength (m)

Collation by Seager & Deming (2010}, ARA&A
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NIRSpec transit simulations

-1.075%x10*
-1.080%10" B
-1.085x%10*

-1.090% 10"

Model C1: Medium Ocean Planet
JWST, NIRSpec, 10 transits, 28 hours
M3V, J=8, P =29 day,T=1.4 hours
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Transit absorption (ppm)

-1.095x 10"

1.0 1.2 1.4 1.6 1.8 3. 4.0 4.5
Wavelength (um) Wavelength (um)
Transmission spectrum of Earth-sized Transmission spectrum of habitable super-Earth
ocean planet around J=8 M3V star T =308K, R = 2.3Re around M dwarf at 22pc
In-transit observing time: 14 hours In-transit observing time: 85 hours
Total observing time: 28 hours Total observing time: 170 hours
Simulation: Valenti et al. Simulation: Deming et al.
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s,
i {esa
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Limits to extreme AO imaging of exoplanets

G2V star at 10 pc (my = 4.7) with E-ELT, Result after spectral deconvolution and
2 mas pix-!, single 60 s exposure at 0.9 um recollapsing to form image. Exoplanet contrast
|FU spectrograph + “perfect” coronograph w.r.t. star shown: extrapolates to 10-°in ~ 10 hrs

Gladysz et al. (2010), submitted
42
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Direct exoplanet imaging

:
g
:
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projecled seporolion (orcsec)

E-ELT EPICS extreme-AO + IFS simulated exoplanet detections, each 20 hours
Planets drawn from population simulation by Mordasini et al. (2009)

\'\\Q‘I‘ui: e S a Courtesy E-ELT EPICS science team
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NASA
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Aurorae on Saturn

S—— 2004 images from HST ACS + STIS / NASA, ESA, Clarke, Levay, Karkoschka
SCIENCE el I [ 1 i ) [ 5 I O & B == [0 O < A= [ IS0
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Aurorae on Saturn in the infrared

TSR
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Cassini VIMS
Blue: reflected sunlight at 2-3um
Green: hydrogen ions at 3-4um

Red: thermal emission at S5pum
\ NASA / JPL / ASI / Univ Arizona / Univ Leicester
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