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HIRES in a Nutshell 

• HIRES is a modular, 
stable high-resolution 
spectrograph for the ELT 

• It combines common-user 
capabilities and cutting-
edge, Nobel-prize science 
cases



• ∆(λ)=0.35-0.85 µm 

• R=35,000 & 108,000 

• start in 2023 

• first light on GMT -> main  
competitor 

• reduced collecting area 

• no near-infrared arm  
(for exoplanet atm)

GMT: G-CLEF



• HROS 
∆(λ)=0.31-1.1 µm  
R=50,000 & >95,000  
operations 2029 

• NIRES  
∆(λ)=1-5 µm  
20,000<R<100,000  
operations 2029

TMT: HROS & NIRES 
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Status

• HIRES has successfully completed its Phase A 
in 2018

• consortium and ESO have actively worked 
together 

• the project is ready to move to Phase B



High-Resolution Spectroscopy @ ESO



HIRES’ design



HIRES: the ELT workhorse inst

Ø Exoplanets (characterisation of Exoplanets Atmospheres: detection of signatures of life)

Ø Protoplanetary Disks (dynamics, chemistry and physical conditions of the inner regions)

Ø Stellar Astrophysics (abundances of solar type and cooler dwarfs in galactic disk bulge, 
halo and nearby dwarfs: tracing chemical enrichment of Pop III stars in nearby universe)

Ø Stellar Populations (metal enrichment and dynamics of extragalactic star clusters and 
resolved stellar populations)

Ø Intergalactic Medium (Signatures of reionization and early enrichment of ISM & IGM 
observed in high-z quasar spectra) 

Ø Galaxy Evolution (massive early type galaxies during epochs of formation and assembly)

Ø Supermassive Black Holes (the low mass end)

Ø Fundamental Physics (variation of fundamental constants - !, mp/me Sandage Test)

Community White Paper: Maiolino et al. 2013, ArXiV:1310.3163 

+ Add you science here



Defining Technical Specifications

• Top Level Requirements (TLR) issued by ESO 

• Prioritisation exercise from HIRES Science team:  
4 science priorities translate in tech requirements  

• Consortium and ESO agree on Technical 
Specifications, which are contractual 

• Define requirements, but also goals (nice to have)



HIRES Science



Exoplanet atmosph. (transmission) 

• R>100,000
• spec. sampling>2.5px
• ∆(λ)=0.5-1.8 µ
• High flat-field accuracy and/or 

PSF/detector stability
• stability of wavelength 

calibration accuracy=1m/s

Enable other science cases: reionisation, cool stars, near pristine gas, CGM 3D 
reconstruction, transients



Variation of Fundamental Constants 

• ∆(λ)=0.37-0.67 µm

Enable other science cases: CMB temperature, Deuterium abundance, primitive stars



Exoplanet atmospheres (reflection) 

• Single Conjugate Adaptive 
Optics  

• Integral Field Unit

Enable other science cases: protoplanetary disks, stellar atmosphere, low mass black holes



• Precision is the dispersion of 
a set of measurements after 
repeating the same 
experiment. It does not 
require an absolute 
calibration. 

• Accuracy is the offset of a 
measurement from the true 
value. It requires an absolute 
calibration. 

• Stability describes the time 
variation of accuracy and/or 
precision. 

Definition Recap



• ∆(λ)=0.40-0.67 µ
• stability of wavelength 

calibration accuracy=2cm/s

Sandage Test 

Cosmic dynamics 1207

Figure 13. The colour image and the contours show the final, overall value
of σ v achieved by targeting the NQSO objects with the best individual σ v

values (cf. Fig. 11) and by employing a given combination of telescope size,
efficiency and total integration time. The total integration time is split equally
among the targets. The contour levels are at σ tot

v = 2, 3, 4 and 5 cm s−1.

for the experiment. The steepness of the contours also indicate that
σ tot

v does not depend very sensitively on NQSO, at least for NQSO !
10.

For further illustration we now perform an MC simulation of
a redshift drift experiment using this target selection strategy. We
(arbitrarily) choose NQSO = 20 and O = 2 so that the overall accuracy
of the experiment is σ tot

v = 2.34 cm s−1 (cf. Fig. 13). Furthermore
we assume that the observations span a time interval of "t0 = 20 yr
and that the true ż(z) is given by our standard cosmological model.
The result is presented in Fig. 14 where we show as blue dots one
realization of the ‘observed’ velocity drifts and their errors along
with the input model (red solid line). Since the selected 20 targets
cover the redshift range 2.04 " zQSO " 3.91 quite homogeneously
we have binned the measurements into four equally sized redshift
bins.

By construction these points represent the most precise mea-
surement of ż that is possible with a set of 20 QSOs (using equal
time allocation) and O = 2. However, since many of the selected
QSOs lie near the redshift where ż = 0 (for the assumed model)
the redshift drift is only detected with an overall significance of
S = |v̇|/σ tot

v̇ = 1.4, where |v̇| is the weighted mean of the absolute
values of the expected velocity drifts.

This can be improved upon by choosing our second approach
and selecting targets by the largest value of |v̇|/σv̇ . This quantity
is a strongly increasing function of redshift and this selection strat-
egy results in quite a different set of objects: the best 20 targets
according to this criterion include only three of the objects previ-
ously selected. For O = 2, "t0 = 20 yr and equal time allocation as
before, the combined overall significance of this sample is S = 2.7
(assuming our standard model of ż is correct). The yellow squares
in Fig. 14 show the result of an MC simulation using this set-up
and implementation, except that we use NQSO = 10 (in two redshift
bins) which gives a slightly better significance of S = 3.1. To reach
S # 4 we need to further reduce NQSO to 3, or instead increase O to
3.4 or "t0 to 25.4 yr.

Figure 14. The three sets of ‘data’ points show MC simulations of the
redshift drift experiment using the three different example implementations
discussed in the text. In each case we have assumed an observational set-
up of O = 2 and we plot as ‘data’ points the ‘observed’ values and error
bars of the velocity drift v̇, expected for a total experiment duration of
"t0 = 20 yr and for standard cosmological parameters (h70 = 1, #M =
0.3, #$ = 0.7). For a given QSO we use the centre of the Lyα forest as
the redshift of the v̇ measurement. Blue dots: selection by σ v , NQSO =
20 (binned into four redshift bins), equal time allocation. Yellow squares:
selection by |v̇|/σv̇ , NQSO = 10 (in two redshift bins), equal time allocation.
Brown triangles: selection by best combined constraint on #$, NQSO = 2,
optimal time distribution. The solid lines show the expected redshift drift for
different parameters as indicated, and h70 = 1. The grey shaded areas result
from varying H0 by ±8 km s−1 Mpc−1.

Finally, we turn to our third approach and the question of how to
best select targets to constrain the acceleration of the expansion and
what can be achieved in this respect with our sample of known QSOs.
As in the previous case the answer will depend on what to expect
for the expansion history and in particular for the acceleration. For
the purpose of the following discussion we will again assume our
standard cosmological model.

The simplest thing we can do to constrain the acceleration is
to unambiguously detect its existence, i.e. to measure ż > 0 with
the highest possible significance. This implies (i) that we need a v̇

measurement at z < z0, where z0 is defined by v̇(z0) = 0 and (ii)
that target selection should proceed by the largest value of v̇/σv ,
which indeed favours the lowest available redshifts. However, even
if we use only the single best object by this criterion and assume
a generous "t0 = 25 yr then a 2σ v detection of v̇ > 0 would still
require an unfeasible O = 9.5. The reason for not being able to do
better is of course our inability to access the Lyα forest at z ≈ 0.7
where v̇ is the largest.

Let us analyse the situation more systematically by switching to
the parameter space of our cosmological model (which is three-
dimensional since we will not assume spatial flatness). In this pa-
rameter space our goal of detecting the acceleration translates to
proving that the deceleration parameter q0 = #M/2 − #$ is <0.
However, in our model the acceleration is due to a cosmological
constant, and so for simplicity we will instead pursue the slightly
easier goal of proving the existence of a cosmological constant, i.e.
of placing a positive lower limit on #$ after having marginalized
over #M and H0.

Consider the constraint of a single measurement of v̇ = "v/"t0

at some z (i.e. provided by some QSO), which happens to be pre-
cisely equal to its expected value. Obviously, a single data point
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Enable other science cases: mass determination of Earth-like exoplanets, RV search for 
exoplanet around M-dwarf stars



HIRES unique on ELT

• cover unrivalled parameter space: optical/blue 
wavelength coverage 

• the technology is ready, clear path ahead 

• will operate in seeing-limiting conditions 

• will be widely used



• ELT = fewer foci = fewer 
photons per astronomers 

• Think now which science 
you want to do 

• Get engaged!

HIRES is for you

HIRES



• HIRES will open a new discovery 
space from astrophysics to 
fundamental physics 

• HIRES unique in the ELT inst 
program: versatile, operates in 
seeing-limited 

• Unique opportunity: get involved 
with HIRES now!

Take Home  
Messages 


