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The EAGLE Science Case

• Wide-field multi IFU NIR spectrograph, with AO 
system

• EAGLE addressed some of the most prominent 
science cases of the E-ELT:

• 1. Spatially resolved properties of distant galaxies

• 2. First light - The Highest Redshift Galaxies

• 3. Physics of galaxy evolution from stellar 
archeology

• Very strong synergy with JWST and ALMA. 
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JWST versus ELTs in Spectroscopy: 

Continuum 
(AB mag)

Line (ergs/s/cm2) Aperture

JWST(NIRSpec) 24.5 4.0x10-19 0.2” x 0.4”

ELT (MCAO/
MOAO)

27.0 5.0 X 10-20 0.15” x 0.15”

Spectroscopy: Continuum & line sensitivities in 105 secs at SNR=5, R~3000-4000
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Parameter Requirement

Patrol field >5’ diameter

Science (IFU) sub-field 1.65”X1.65”

Multiplex 20

Spatial resolution
>30% EE in 75mas

Spectral resolving power 4,000 & 10,000

Wavelength coverage 0.8 - 2.45 μm

Instrument modes
1. Distributed & clustered 

targets 2. maps continguous 
regions

Deployable near-IR 
multi-IFU in ~40 sq. 

arcminute FoV, 
assisted by adaptive 
optics (MOAO, 6 
LGS, 5 NGS). Each 
science field AO-

corrected and 
partitioned into 44 
identical slices at 
input focal plane

EAGLE Science Requirements
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Number counts of star-forming galaxies in 1<z<4 
and the EAGLE multiplex COSMOS 

galaxies 
(photometric) - 
selecting blue 
galaxies with 
MAB(NUV) -

MAB(r’) < 3.5, 
and IAB < 26. 

Complete down 
to MU<~ -19.0 

and z~4

Spectroscopic 
success rate for 
emission lines - 

Hα, [OII[, [OIII] 
- folded in.  
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Spatially resolved properties of distant galaxies

Design Reference Science 
Plan (DRSP) Proposal:

50-100 nights
200 galaxies in total

3 redshift bins (2,4,5.6)
3 mass bins (0.5 to 5 M*)
Mapping velocity fields & 

metallicities

Puech et al. , MNRAS, 2010

The galaxy mass assembly with the E-ELT 917

Figure 12. RC of a z = 2 M∗ galaxy (left) and a z = 4, 5 M∗ galaxy (right). The black lines represent the original z = 0 RC rescaled to the size of simulated
z = 2 and z = 4 galaxies. The RC on each side of the galaxy is shown, along with an arctan fit. The RC obtained using MOAO is shown in blue, while the one
obtained using GLAO is shown in red. Error bars represent only the uncertainty associated with the two parameters of the arctan function, and do not take into
account uncertainties associated with other kinematic parameters such as the dynamical centre or the principle axis. The black dashed line represents the RC
obtained in simulations without the PSF: they correspond to the best RC that one can obtain at the pixel scale of the simulations (50 mas pix−1).

Figure 13. From left to right: simulations of clumpy discs at z = 4 using MOAO (from 0.1 M∗, first column, to 10 M∗, last column; the sizes of the stamps are,
from left to right, 0.7, 1.25, 1.6, 2.8 and 3.55 arcsec), GLAO at z = 4 (10 M∗; the size of the stamp is 3.55 arcsec) and MOAO at z = 5.6 (10 M∗; the size of
the stamp is 3.0 arcsec). For each column, the first line shows the velocity fields, the second line the velocity dispersion maps and the third line the emission-line
maps. On the right-hand side, we have reproduced the input templates shown in Fig. 4 to ease the comparison with simulations, although the spatial scales are
different.

(ix) Within each bin of the survey, the N gal/bin galaxies can be
observed in N set− ups set-ups, with N sethbox−ups = N gal/bin/M where
M is the multiplex advantage of the instrument, i.e. the number of
galaxies that can be observed at the same time. We assume M ≥
N gal/bin, which means that all galaxies in a given bin can be observed
using only one instrument set-up (N set−up = 1).

Under these assumptions, the corresponding integration times,
in nights, needed in each elementary bin are given in Table 6. The
great collecting power of the E-ELT is clearly reflected in the time
needed to survey the redshift range of 2–4, which requires only
approximately seven nights. Regarding the z = 5.6 bin, the large
thermal background of the telescope (see Figs 7 and 9) translates
into very large integration times.

Table 6. Integration time needed to complete the sur-
vey, in nights, assuming a multiplex M ≥ Ngal/bin.

Tintg 0.5M∗ M∗ 5M∗ Total

z = 2 1.2 0.8 0.3 2.3
z = 4 2.3 1.4 0.6 4.3

z = 5.6 – 66.9 16.39 83.2

Total 3.5 69.1 17.2 89.8

The total time of the survey, in nights, can be expressed as follows:

Tsurvey(n) $ 90
(

S/Nlim

10

)2(
OH

1.3

)(
Ngal

8M

)
.

C© 2009 The Authors. Journal compilation C© 2009 RAS, MNRAS 402, 903–922

Simulations for z ~ 4 clumpy galaxy for MOAO case
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First light: the highest redshift galaxies
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Many recent results from HST/WFC3
~ 1object/sq. arcminute down to 

AB=27.5 at z>7
150 mas half light radius

Bouwens et al. 2010, ApJ 709, 133
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TABLE 1
z ∼ 8 Y105-dropout candidates identified over our ultra-deep HU DF

WFC3/IR field.

Object ID R.A. Dec H160 Y105 − J125
a J125 − H160

UDFy-42886345 03:32:42.88 −27:46:34.5 28.0±0.1 1.1±0.4 0.0±0.2
UDFy-37796000 03:32:37.79 −27:46:00.0 28.0±0.1 2.1±0.9 −0.3±0.2
UDFy-38135539 03:32:38.13 −27:45:53.9 28.1±0.1 >2.1 0.2±0.2
UDFy-37636015 03:32:37.63 −27:46:01.5 28.4±0.1 >1.8 0.1±0.3
UDFy-43086276 03:32:43.08 −27:46:27.6 29.0±0.2 1.1±0.5 −0.5±0.3
a Lower limits on the measured colors are the 1σ limits. Magnitudes are AB.

Fig. 3.— Surface density of z ∼ 8 Y105-dropouts found in our
ultra-deep HUDF WFC3/IR field versus H160-band magnitude.
For comparison, the surface density of Y105-dropouts one would
expect assuming no evolution from z ∼ 6 and z ∼ 7 is also plotted
(shown with the red and magenta lines, respectively: see §4.1).
Also plotted (dotted black line) is the expected surface density if
one extrapolates the z∼4-6 LF results of Bouwens et al. (2008) to
z ∼ 8, i.e., with a φ∗ of ∼0.0011 Mpc−3, α of −1.74, and a fainter
value of M∗.

the redshifted position of Lyα at z ∼ 8 and to be blue
redward of the break, i.e., (J125 − H160 < 0.5) and
(J125 −H160) < 0.2+0.12(Y105−J125) to exclude intrin-
sically red galaxies at lower redshift (Figure 1). We also
require our Y105-dropout candidates to show no detection
(< 2σ: color-measurement aperture) in all bands blue-
ward of the dropout band, i.e., B435V606i775z850. Sources
showing a > 1.5σ detection in > 1 optical band were
also eliminated. All of our Y105-dropout candidates were
required to be 5.5σ detections in the J125 band to en-
sure they corresponded to real sources. We elected to
use a 5.5σ criterion to be conservative for these early
WFC3/IR data.

The most stringent aspect of the current selection
is our requirement that sources be undetected in the
ultra-deep HUDF optical data (which reaches to 31.5-
32.0 at 1σ for most sources). From our simulations
(§3.4), this requirement eliminates almost all contamina-
tion from z ! 6 galaxies, and hence we can use a modest
(Y105−J125) > 0.8 break to select z ∼ 8 galaxies, without
significant contamination concerns.

3.3. Y105-dropout Sample

We identify five sources that satisfy our Y -dropout cri-
teria (see Table 1). The position of these sources in the

Fig. 4.— Constraints on the rest-frame UV LF at z ∼ 8
from the present Y105-dropout searches over our ultra-deep HUDF
WFC3/IR field (solid red circles, 1σ error bars and upper limits).
Also included is our UV LF determination at z ∼ 7 from a z-
dropout search over the same ultra-deep WFC3/IR field (magenta
lines and points: Oesch et al. 2010a) and also the Bouwens et al.
(2007) UV LF determinations at z ∼4,5 and 6 (shown in blue,
green, and cyan lines and points). While the other UV LFs shown
here were derived at slightly different rest-frame wavelengths, their
MUV,AB at 1700Å is essentially the same (! 0.1 mag: since star-
forming dropout galaxies are very flat in fν). The dotted red line
gives one possible Schechter-like LF that agrees with our search
results and adopts the Bouwens et al. (2008) scaling of M∗ with
redshift.

Y105 − J125/J125 − H160 two-color plane is given in Fig-
ure 1.9 The J125 − H160 colors of our Y105-dropout can-
didates are very blue in general, corresponding to UV -
continuum slopes β of ! −2 (where fλ ∝ λβ), with a
median β ! −2.5 (though we emphasize the number of
sources are still small and the inferred β’s may be af-
fected by uncertainties in the photometry). The observed
β’s are blue enough that z " 7 galaxies must be essen-
tially dust free, and possibly also have very young ages
or metallicities (see also Bouwens et al. 2010).

Cutouts of the sources are provided in Figure 2. The
candidates have H160,AB band magnitudes of ∼28.0-29.0
AB mag, within one magnitude of our sensitivity limit.
Such sources could not have been found to date since
they are fainter than could be probed with other data
sets. This illustrates the importance of the very deep
near-IR data being collected as part of this program.

All five candidates have apparent half-light radii of
∼0.15′′ (∼0.7 h−1kpc) – measured using SExtractor –
not much larger than the PSF. The 4 candidates – for
which crowding is not a concern – do not show signifi-

9 It is encouraging that recently both McLure et al. (2010) and
Bunker et al. (2010) have independently identified a very similar
set of z ∼ 8 candidates in the first epoch HUDF09 WFC3/IR
observations over the HUDF.
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Estimated target counts (with Lyα emission) at high 
redshifts (6<z<8)

Estimates from surface 
densities of: 

(i) i775-dropouts from 
Bouwens et al. (2008) at 
z~6 (HUDF/HST deep 

fields)
(ii)  z850-dropouts from 

Oesch et al. (2009) at z~7 
(WFPC3/HST) 

(iii) Y105-dropouts from 
Bouwens et al. (2010) at 

z~8 (WFPC3/HST)

Spectrosopic success 
rate for Lyα emission  

then folded in.  
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First light: the highest redshift galaxies

• Do at z ~ 8 the z~3 LBG 
science

• HST/VLT/JWST will provide 
100s of targets by 2018-2020

• EAGLE is well suited to this 
science case and will still be 
highly topical in the JWST era - 
needs field,  H&K filters,  AO 
correction for sensitivity

• UV continuum spectroscopy of 
galaxies at z >7  - Dynamical 
and chemical composition of 
first galaxies + Reionization of 
the Universe 
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     Detecting high-z objects: performance

SNR as a function 
of aperture size, 
computed for 27 
mag (AB) object 
with 30 hours 

integration time,  
split into 30 min 

intervals
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Recovering redshifts and UV spectra of 
distant galaxies

Example simulated 
spectra (R=4000, 

integration time = 30 
hrs and JAB = 24)

Automatic redshift finding: 
Simulated spectra cross-correlated with 

high-z galaxy spectrum. Success rate criteria 
conservative: 

Document No: E-TRE-GEP-567-0003

Issue: 4.0

Author: M. Lehnert

Status: Issued

Page 26 of 118

Figure 12: Simulation of EAGLE to obtain redshifts and recover UV spectrum of distant galaxies

At the top we show how well EAGLE recovers the redshifts of simulated distant galaxies.  The simulations covered the 
magnitude range from JAB=10-11 (meaningless, only to judge the internal accuracy possible), JAB=24-28 in 1-magnitude 
bins. For each of these bins, we generated 2000 simulations covering the ranges of magnitudes and redshifts from 8-
12.  An artificial absorption line spectrum, not the template used in the simulations, was thencross-correlated with the 
simulated data. The simulated spectra shown at the bottom (R=4000, integration time is 30 hours, and JAB=24) 
demonstrates how well EAGLE recovers the UV absorption lines (blue) compared to the input template spectrum for 
the simulation (overlaid in red).  The success rate of recovery was 100% for the brightest magnitude bin (not 
surprisingly), 94% for the JAB=24-25, but only 1.5% for JAB=27-28, suggesting that for the faintest limits, ultra-deep 
(>>30 hour) exposures will clearly be required to derive unambiguous redshifts.  We note that the judgment of the 

success rate was very restrictive in that we required the difference between input and fit to be less than !z=0.01.  
Moreover, we used a very artificial fitting spectrum for the analysis and did not consider any breaks in the spectrum for 
redshift determinations, nor did we include any emission lines in the input spectrum.
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simulated data. The simulated spectra shown at the bottom (R=4000, integration time is 30 hours, and JAB=24) 
demonstrates how well EAGLE recovers the UV absorption lines (blue) compared to the input template spectrum for 
the simulation (overlaid in red).  The success rate of recovery was 100% for the brightest magnitude bin (not 
surprisingly), 94% for the JAB=24-25, but only 1.5% for JAB=27-28, suggesting that for the faintest limits, ultra-deep 
(>>30 hour) exposures will clearly be required to derive unambiguous redshifts.  We note that the judgment of the 

success rate was very restrictive in that we required the difference between input and fit to be less than !z=0.01.  
Moreover, we used a very artificial fitting spectrum for the analysis and did not consider any breaks in the spectrum for 
redshift determinations, nor did we include any emission lines in the input spectrum.
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Simulations of a z~7 clumpy galaxy
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Figure 18: Example of the lensed galaxy technique

An image of a lensed galaxy at z ~ 5 (Swinbank et al. 2009) which has been amplified by a factor 12.5x by the 
galaxy cluster MS1358+62 (top).  The image shows several star-forming knots surrounded by a diffuse halo of 
material.  Unlensed (below), the galaxy is ~ 200 mas in  size, with a handful of ~ 20 mas components.

3.4.2 Object sampling and IFU packing

Objects are much more tightly packed in the clusters case, and the need to pack the IFUs is clear from the 
example figures. Contiguous area mapping clearly desired.

3.4.3 Overall field of view

The Einstein radius of the most massive clusters known is <50” and so the field of view required is much 
smaller. The aim is to be able to pack the IFUs into such a small area.  The areal area in the baseline 
design covers ~40 arcmin

-2
.  This is sufficient to cover a few percent of the total area within the clusters with 

the largest Einstein radii.
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Figure 15: Simulations of a clumpy high-z galaxy

Simulation of a clumpy galaxy. Top: gravitationally lensed image of a z = 4.9 galaxy. In the source plane, 
the galaxy is ~ 200 mas across, with 5-8 clumps ~ 20 mas in size each. Middle row, left: corresponding 
simulation of the source plane image with 6 spots. The total magnitude of the galaxy is AB = 27 and the 
brightest spot has AB = 28.4. This image is used as an input image to the EAGLE simulator and the galaxy 
is redshifted at z = 7.15. The total integration time is 100 ksec. The middle image corresponds to an EAGLE 
simulated cube in the H band for one spectral element at R = 4000 (between the OH lines) with a pixel 
scale of 37.5 mas. The image to the right in the middle row shows the result of the same simulation with a 5
mas sampling, corresponding to the E-ELT diffraction limit. Nothing is detected. Bottom: spectra 
corresponding to the 37.5 sampling in the J band of the 2 brightest components and composite spectrum of 
the four brightest components. Absorption lines are recovered. 

Total magnitude 
of object JAB = 
27, brightest 

spot has 
JAB=28.4. 

Total integation 
time = 105 secs

R=4000

Input object (37.5mas)
Output 

(diffraction 
limit, 5mas)

Output  (37.5 mas)
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Example galaxy clusters with EAGLE IFU 
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3.5 Summary of top-level requirements for first light case

The first light from galaxies science case represents some of the most difficult challenges for any 
instrument, including EAGLE.  Galaxies in the early Universe are small, favoring high resolution, but they 
are also faint favoring high efficiency and resolutions matched to their half light sizes.  They are also low 
mass and to understand the properties of their ISM and outflows that these galaxies likely drive, we need 
moderate spectral resolutions.  Because we would like to map out the caustic lines and do blind searches 
for distant galaxies, configuring the IFUs along complicated geometries or in an array are necessary.

Figure 19: Example galaxy clusters with EAGLE IFU footprints 

Top: The lensing galaxy cluster RCS0224-002 at z = 0.78. Both panels show the high redshift critical curves (lines of 
infinite magnification) for z = 2,5,10 & 20. On the left , the IFU footprints are overlaid on the giant arcs and arclets at z ~ 
1–5, whilst on the right the footprints of the IFUs map the critical curves, seaching for highly magnified, very high 
redshift galaxies. Bottom: Probably the best studied galaxy cluster, Abell 2218, withEAGLE IFU footprints on a number 
of spectroscopically confirmed high-redshift galaxies (z = 1–7) as well as the IFU footprints as they might be configured 
to map the highest redshift critical curves (z = 1,2,5,10,15,20) searching for intrinsically faint, “first light” galaxies. The
IFU footprints in this images are 2.2!2.2".

Mapping out 
caustic lines + 

doing blind 
searches for 

distant galaxies -> 
configure IFUs 
along complex 

geometries 

Top: Lensing cluster 
RCS0224-002 at z=0.76, 
showing high-z critical 
curves for z=2,5,10, 20
Bottom: Abell 2218 
galaxy cluster with IFU 

footprints on a number of 
spectroscopically confirmed 
high-z galaxies (z=1-7) + to 

map out high-z critical 
curves 
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Conclusions

• EAGLE will advance our knowledge of the most outstanding problems in 
astrophysics: from first galaxies to their physics and evolution. 

• Opens a new region of parameter space with its high spatial resolution, high 
multiplex and moderate spectral resolution

• JWST has advantage in discovering distant galaxies, getting their redshfits 
and constraining stellar populations through UV/blue continuum shape

• EAGLE will resolve their individual components, determine if they are 
common halo objects/mergers, properties of hot ISM through UV 
absorption lines, estimate outflow rates (from covering fraction and column 
density of gas)

• Poster of S. Morris: EAGLE: A MOAO-fed multiple 
deployable IFU system working in the NIR on the E-ELT

• http://eagle.oamp.fr
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3) JWST cannot do the stellar archeology case with NIRspec as its primary goal is to conduct large surveys 
of distant galaxies (but can obtain images with NIRcam to investigate stellar populations and MIRI is an 
excellent instrument for studying stellar populations beyond 5 microns).  It is not part of their science case 
the resolution is too low for generally for such studies.  

4) JWST and NIRspec (and NIRcam) will be a powerful tool for discovering and obtaining redshifts of the 
most distant galaxies (z>7-8).  However, the relatively low resolution and sensitivity will make obtaining the 
widths and strengths of the UV/blue optical absorption lines difficult.  EAGLE has a strong synergy here in 
being able to break the degeneracy between core depth of the lines and line widths.  This will open an 
important window into the early evolution of galaxies and the nature of the warm/hot ISM.

5) In comparison with EAGLE, NIRspec with its wide wavelength coverage in low resolution mode and 
reaching to 5 microns make it superior in obtaining the spectral energy distributions of distant objects.  Here 
there is a strong synergy in that the high multiplex and spatial resolution of EAGLE will allow for a joint 
spatially resolved study of the emission line gas (gas phase chemical abundances, kinematics, star-
formation rate from recombination lines, extinction for recombination line ratios, etc.) with EAGLE combined 
with a broad wavelength continuum fitting of the NIRspec data.  Such a combined analysis will provide 
crucial information about the stellar populations and their relation to ISM physics and star-formation.  For 
example, such a combination could determine whether or not the IMF is top-heavy.  

Figure 45: The continuum sensitivity of EAGLE in a 5 hour integration with a S/N=5 per pixel

Comparisons with JWST and NIRspec are not straightforward given the different ways the S/N is calculated.  But 
roughly speaking, EAGLE on E-ELT is about 1.5-2.0 magnitudes (AB) more sensitive than JWST and NIRspec in the 

continuum. See also Table 6 for a comparison between the E-ELT and EAGLE.
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Spatially resolved properties of distant galaxies

What is the main channel for 
mass assembly in galaxies in 

2<z<6?
Cold gas accretion along 

filaments?
Major/minor mergers? 
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Input                                             Output (4 hours)             Output (40hours)

Figure 16: Simulations of observing distant (z>8) galaxies with EAGLE

Example simulation to show that EAGLE can measure the kinematics of distant galaxies within the EAGLE IFU FOV.  
The input images are of spectroscopically confirmed galaxies in HUDF of faint galaxies at z=2-4 (NICMOS image 
resolution of 0.07"). These are then redshifted to mimic z>8 (the angular diameter size does not change very much 
from z~3 to 8). These galaxies represent examples of the brightest galaxies likely to be identified at z~7-8 with JAB~25.  
To investigate the likely properties of the galaxies as seen with EAGLE, we first identify multi-components within the 
galaxies and assign velocity fields to each component. The amplitude of the velocities can be randomly vary between 
~100-300km s

-1
within each component and the components can have velocity differences of up to 200km s

-1
. The left 

column shows the input image and velocity fields (top and bottom, respectively) while the output of the 4 hr simulation 
is shown in the middle column (top: white light image; bottom: recovered velocity field). We show the 40 hr simulation 
shown in the right hand column. In both observations, the bulk kinematics are recovered, with the 40hr exposure 
recovering the rotation of the galaxy (note that this example only includes an absorption line spectrum; below).

Recovered spectrum of the simulated z=8 galaxy from a 4 hour observation (left) and a 40 hour simulation (right).  In 
both panels, the black spectrum denotes the recovered spectrum whilst the red denotes the input used in construction 

of the datacube.

To estimate the spectral resolution required to resolve the emission/absorption lines and derive definitive 
stellar and halo mass estimates, we use the predictions from Le Delliou et al. 2006.  We note that we do not 
view these models as providing true stellar masses for these galaxies, but rather provide testable 
predictions which EAGLE can test.  For galaxies detected with EAGLE at z~8, the predicted halo masses 
are of order Mhalo ~10

10
Mo. If the dynamics of merging/interacting galaxies trace this potential, then the 

expected velocity offsets are ~60km/s within the virial radius (~3-6/h kpc). At R=5,000 velocity offsets (or 
rotation curves) can be mapped to within 5-10km/s which is sufficient to place limits on the dynamical mass 
to within ~10% (for rotating systems). Clearly, in the case of merging galaxies, the error on the mass 
estimate is inflated due to the uncertainty in using the virial theorem to infer the masses for non-stationary 
systems.
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Figure 17: Simulations of distant galaxies with EAGLE which have distinct multiple components

As with the simulations for Figure 14; here we show what a complex, multiple component galaxy in the early Universe 
might look like if observed with EAGLE for 40hours. From the input image, we identify 3 components and give each of 
them distinct Lyman break galaxy spectra from the composite spectra provided in Shapley et al. 2003.  As with Figure 
14, we show the input images and velocity field on the left and the output image and velocity field on the right.  The 3 
red pointers indicate which spectrum goes with which component.  The spectra, from top to bottom, show a strong Ly-
alpha emitting region, a more moderate Ly-alpha emitter (lower equivalent width) and finally, a galaxy with an 
absorption line at Ly-alpha.  Overplotted in red in each spectrum is the original co-added spectrum used as input to the 
simulation.  We clearly see that EAGLE can recover the velocity structure and morphology, but also distinguish 
between different types of spectral configuration within a system that is ~0.5” (~4kpc) across.

For the high-z galaxies, the target selection (narrow-band or broad-band imaging filter combinations) drives 
the filter selection requirements. With wavelength coverage of 0.8–2µm, the spectral region from Ly! to 
~2000Å can be covered from z=8–20. However, the low surface density of galaxies in any "z=1 slice 
means that there is a strong case for requiring each IFU (or banks of IFUs) to have their own filters. For 
example, if targets are selected via a number of deep narrow-band imaging surveys in a single field 
(targeting regions between the sky OH-lines in Z, J and H) it would be extremely attractive to separate 
filters behind each IFU, especially to best exploit ultra-deep (100hr) ELT+EAGLE IFU observations.

3.4 Galaxy Clusters as Gravitational telescopes

Complementary to the EAGLE first light case in the deep extra-galactic survey fields is the study of very 
high redshift galaxies behind massive galaxy clusters which have historically been used to identify the 
highest redshift galaxies (eg. Franx et al. 1997; Kneib et al. 2004; Stark et al. 2007).  Not only are galaxy 
clusters important laboratories for studying galaxy and structural evolution in their own right, but their virial 

Simulations of multi-component distant 
galaxies with EAGLE

 Examples of brightest galaxies at z~7-8 
with JAB~25 as observed within EAGLE 

IFU
Input: spectroscopically confirmed faint 

galaxies in HUDF at z=2-4, then 
redshifted. 

Velocities randomly varied: 100-300 
kms-1, with components having velocity 

offsets of upto 200 kms-1

40 hours
object = 0.5” (4 kpc) 

across
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The EAGLE instrument for E-ELT 

• Wide-field multi IFU NIR (IZ,YJ, H, K) spectrograph, with 
AO system

• Deployed in Gravity Invariant Focal Station

• Can observe 20 science targets simultaneously

•  The 20 science fields are AO-corrected by deformable 
mirrors and partitioned into 44 identical slices at the input 
focal plane of spectrograph entrance slit

• Each slice dispersed along spatial direction of slit (2 pixels, 
37mas) and presented to one half of a 4KX4K detector -> 
44X44 spatial partitioning for each science field

• Multi-object adaptive optics (MOAO) topology, 6 LGS, 5 
NGS 

• 2 primary instrument modes
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Figure 18: Example of the lensed galaxy technique

An image of a lensed galaxy at z ~ 5 (Swinbank et al. 2009) which has been amplified by a factor 12.5x by the 
galaxy cluster MS1358+62 (top).  The image shows several star-forming knots surrounded by a diffuse halo of 
material.  Unlensed (below), the galaxy is ~ 200 mas in  size, with a handful of ~ 20 mas components.

3.4.2 Object sampling and IFU packing

Objects are much more tightly packed in the clusters case, and the need to pack the IFUs is clear from the 
example figures. Contiguous area mapping clearly desired.

3.4.3 Overall field of view

The Einstein radius of the most massive clusters known is <50” and so the field of view required is much 
smaller. The aim is to be able to pack the IFUs into such a small area.  The areal area in the baseline 
design covers ~40 arcmin

-2
.  This is sufficient to cover a few percent of the total area within the clusters with 

the largest Einstein radii.

Image of a lensed galaxy at z ~ 5 (Swinbank et 
al. 2009) amplified by X 12.5 by foreground 

galaxy cluster MS1358+62.  Bottom: unlensed, 
galaxy is ~ 200 mas in size with some ~ 20 

mas components

Don’t need to go down to diffraction 
limit - > object unresolved on 8m but 

magnified (200 mas)

Spatial resolution= 50-100 mas

FOV= 1”,  multiplex ~ a few tens

LAE @ z = 6.5 (Ouchi 2009)

R ~ 4000 (between 
OH lines)
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