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Future instrumentation

http://www.stsci.edu/jwst/instruments

https://www.eso.org/sci/facilities/eelt/ https://www.skatelescope.org/

http://www.almaobservatory.org/



James Webb Space Telescope (JWST)
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http://www.stsci.edu/jwst/instruments

Slitless spectroscopy (R~150-700)
Aperture Masking interferometry

Imaging 1-5um

JWST



European Extremely Large Telescope  (39m diameter)

798 segments, 1.4m 
wide each

JWST ELT



6.5m diameter
• low background - zodi at λ≾10 μm
• diffraction limited & stable
• spectroscopy R≾3000
• fixed instrument complement

JWST

For extremely faint sources (e.g.,V > 30), the atmospheric sky background 
emission, even at the best ground-based sites, is at least 104–106 times 
brighter than the source

JWST  E-ELT comparison         (Mountain+10)

39m diameter
• diffraction limited with AO
• spectroscopy R >> 3000
• instrumentation can be upgraded

E-ELT

1hr

29

27
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An example of
what we cannot do with

the current large telescopes...
linked to previous lectures



A 52 hours VLT/FORS2 spectrum of the best z=7 candidate

f(Lya)<3e-18 erg/s/cm2 3-9 sigma, 6.5<z<7.0                  ESO-VLT
EW(Lya)<9A rest-frame

z=5.7 z=7.3

52 hours

18hr

7hr

+
+27hr

 Yan & Windhorst 2004; Bouwens et al. 2004; Bouwens & 
Illingworth 2006; Labbé et al. 2006; Bouwens et al. 2008; 
Oesch et al. 2010; Fontana et al. 2010; McLure et al. 2010; 
Bunker et al. 2010; Yan et al. 2010; Finkelstein et al. 2010; 

Castellano et al. 2010; Wilkins et al. 2011; Bouwens et al. 2011; 
Grazian et al. 2011; McLure et al. 2013; Bouwens etal. 2014 

Nebular 
signature
(Smit+14)

Δm>4
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Current limitations of an 8/10m-class telescope: optical spectroscopy
(realistic simulations, EV+14)  [note: in the NIR limits are even shallower]

Texp
52hr

1um



Current limitations of an 8/10m-class telescope: optical spectroscopy
(realistic simulations, EV+14)  [note: in the NIR limits are even shallower]

Texp
52hr

1um

From the deep spectrum and
NB imaging we can refine the 

photometric redshift
EW(Lya)<9A rest-frame



Combining deep spectrum and photometry

Refined redshift
z(“photospec”)=6.82+/-0.1



Combining deep spectrum and photometry

Refined redshift
z(“photospec”)=6.82+/-0.1

=> ~2hr integration time
will be enough to measure z

ESO Messenger  no. 157



http://www.stsci.edu/jwst/jwst-science-corner/paper-abstracts-high-redshift-galaxies

JWST
Lya -> z=40
[OII]3727 -> z=12.4
[OIII]5007 -> z=9
Ha -> 6.6

ELT
continuum J=27-28



http://www.stsci.edu/jwst/jwst-science-corner/paper-abstracts-high-redshift-galaxies

JWST will capture rest-frame optical 
lines ([OII]3727, Hb, [OIII]4959-5007, Ha) 
ELT will capture UV continuum

(IGM break + ISM abs. lines)
NOT ONLY REDSHIFT, BUT PHYSICAL PROPERTIES

JWST
Lya -> z=40
[OII]3727 -> z=12.4
[OIII]5007 -> z=9
Ha -> 6.6

ELT
continuum J=27-28



Bouwen+11, Nature

A z=10 galaxy (candidate)

At z=10  
[OII]3727 with JWST
Lya-continuum break (IGM) EELT

JWST



Line fluxes limits ELT/MOS and JWST/NIRSpec

Evans et al. (2013)

JWST
Lya -> z=40
[OII]3727 -> z=12.4
[OIII]5007 -> z=9
Ha -> 6.6

ELT-MOS

~30hr

www.stsci.org



zphot
8.0

From LaPorte et al. (2014)

From Smit et al. (2014)

zphot = 
6.8±0.15

Examples of emission lines signature in the photometry 
at high-z

zspec = 3.212

This is what we can do now

MOSFIRE spectrum (Keck)

JWST will finally
obser ve spectral 
optical lines - zspec

k-band



The most distant spectroscopically confirmed galaxies

zspec=7.73 (Oesch+15)

EW([OIII]+Hb) ~ 720A

zspec=7.51 (Finkelstein+13)

EW([OIII]+Hb) ~ 600A

zspec=8.68 (Zitrin+15)

large EW([OIII]+Hb)

Lya+UV continuum (ELT) ; Oxigen+Balmer (JWST)

JWST will finally
obser ve spectral 
optical lines - zspec



The most distant spectroscopically confirmed galaxies

zspec=7.73 (Oesch+15)

EW([OIII]+Hb) ~ 720A

zspec=7.51 (Finkelstein+13)

EW([OIII]+Hb) ~ 600A

zspec=8.68 (Zitrin+15)

large EW([OIII]+Hb)

Lya+UV continuum (ELT) ; Oxigen+Balmer (JWST)

JWST will finally
obser ve spectral 
optical lines - zspec

z>6.5 deficit of Lya emission
due to reionization:

ELT will capture UV continuum breaks (J~27-28)
JWST will capture rest-frame optical lines



An example of a faint galaxy at z=6.4
Muv = -17



Magnification:
Frontier Fields LENS models: 
http://archive.stsci./prepds/frontier/lensmodels/
publicly available, 7 different groups 
provide magnifications (D. Coe, STScI)

Two sources have been confirmed 
at zspec=6.4 

2014, ApJL, 783,12

Intrinsic
m1500 ~ 29-30

M1500 ~ -17.2

1

2

LBT/MODS

The faintest spectroscopically confirmed galaxies at z>6



The faintest z>6 spectroscopically confirmed galaxy
extremely blue source

β<-2.7 β<-2.7

Mabs = -17, 
SFR<2 Mʘ/yr 
size< 0.5 sq.kpc
M* ≈ 107Mʘ

E(B-V) ≈ 0
age ≈ 20Myr 
Z < 0.02Z⊙

Le
ns
in
gNewborn

galaxy?
z=6.4

Vanz(2014a)

NIR(CLASH)OLD  S/N≈8
NIR(HFF)NEW  S/N≈50

... in progress

LBT/MODS 5hr

 λ <912A 

fesc <->  UV slope
Inoue +11

Zackrisson+13
Schaerer+11 

Have we found a “ionizer” ?

≈1> 0 ? 

> 0  (possibly)

gas abs. dust. abs

(Simulations)
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Zackrisson+13
Schaerer+11 

Have we found a “ionizer” ?

≈1> 0 ? 

> 0  (possibly)

gas abs. dust. abs

(Simulations)

ELT will capture UV continuum breaks and stellar 
+ interstellar absorption lines (S/N>10)

JWST will capture rest-frame optical lines 
(Hb,Ha,[OII] and [OIII])

comparison with lower-z LyC emitters...



How an ELT spectrum would appear ?
Suppose to target a m~29 galaxy with R~5000-7000

Thanks to strong lensing we have an anticipation...
X-Shooter + strong lensing (magnification factor ~20)

note:
E-ELT 23 times larger

collecting area than VLT

ELT-39m

VLT-8.2m



A

B

C
z=3.11
m(1500)~29.30  
Muv = -16
L = 0.015L*
Reff ~ 200 pc

Assessing ultrafaint sources with spectroscopy
Hubble Frontier Fields

OBSERVED is V=25.7



2hr

4hr

Double peaked Ly-alpha

A

B

880s
Lya 𝛌



VIMOS LR, R=200z=3.116

Initially discovered by CLASH-VLT  

VLT/X-Shooter, R=4350
8.2m ⊘, in lensed fields

Lya(blue)=8.0e-19 cgs S/N=25
Lya(red)=3.0e-18  cgs S/N=60

1 OB -> 2hr

ELT/MOS MOSAIC, R=5000
39m ⊘, in blank fields

Evans, Puech et al. 2015
Lya(blue)=8.0e-19 cgs S/N~15
Lya(red)=3.0e-18  cgs S/N~30
2hr exposure!!

Lya

X-Shooter
R=𝛌/d𝛌~5000



Lyman alpha forest Using galaxies (not QSO only)

e.g., Rauch et al. 
(2001,2005)

We have a lot of Galaxies 
(more than QSOs)
Detailed Tomography of the cosmic web
ELT/HIRES spectrograph



SKA





Topology and processes of reionization

3D maps of topology of reionization
Direct imaging of HII regions 



21-cm forest



The Hubble Constant
Dark Energy
Galaxy formation and evolution
Supermassive black holes
Extrasolar planets

Hubble's top five scientific achievements 
(1990-2015)

“ At the time of HST’s launch, we had a very different view of the universe than now. 
- The universe of the 1980s was thought to be decelerating and the expansion rate 
was greatly uncertain. 
- Black holes at the centers of galaxies were only suspected, and extrasolar planets 
had not been seen (let alone had their atmospheres’ measured). 
-Galaxies were not known to evolve strongly through mergers over time; the notion 
of hierarchical assembly and structure formation was in its observational infancy. 
This was the universe HST was released into.”

Matthew D. Lallo (2012)
http://arxiv.org/ftp/arxiv/papers/1203/1203.0002.pdf

JWST ?? (2018-2023/2028)
ELT ??   2020-2040... 

... 

The future

X



Patchy reionization or what ?? ....

... see the problem from different view angles 


