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Abstract. CODEX is a high resolution spectrograph for the European ELT. CODEX is
conceived to reach the highest precision and stability, allowing the execution of programs
spanning many years. Several innovative technical concepts need to be introduced to reach
those excellent characteristics. Thus, the CODEX consortium has foreseen the realization of
a CODEX precursor at the VLT: the ESPRESSO spectrograph. INAF is strongly committed
in the ESPRESSO concept study both in terms of financial and human resources.
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1. Introduction

The main goal of the CODEX spectrograph
will be the direct measurement of the dynam-
ics of the Universe. It is possible, in princi-
ple, to directly measure the change of the ex-
pansion of the Universe with time and com-
pare it with the prediction of the Friedmann-
Robertson-Walker “concordance” cosmologi-
cal model. The fundamental importance of this
measure relies on its direct nature. Indeed,
current observational constraints on the na-
ture of the “dark energy” are basically of ge-
ometric kind as they mainly constrain the an-
gular diameter distance to the last scattering
surface (Cosmic Microwave Background mea-
surements, e.g. Spergel et al. 2007) and the lu-
minosity distance at moderate redshifts (type
Ia Supernovae, e.g. Astier et al. 2006).

The CODEX experiment is conceptually
very simple: by making observations of high
redshift objects over a time interval of several
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years, we want to detect and use the wave-
length shifts of spectral features of light emit-
ted at high redshift to probe the evolution of the
expansion of the Universe directly. The wave-
length change is in fact directly related to the
de- or acceleration of the Universe (Grazian et
al. 2007). Figure 1 shows the expected change
of redshift for a range of relativistic models
with no curvature as a function of redshift. The
wavelength shift has a very characteristic red-
shift dependance. At some redshifts the wave-
lengths are “stretched” while at others they are
compressed. The wavelength shift corresponds
to a Doppler shift of about 1-10 cm/s over
a period of 10 years. The numerous absorp-
tion lines in the spectra of high-redshift QSOs,
which make up the so-called Lyman-α forest,
appear to be ideal targets for a measurement of
the predicted Doppler shift.

In order to quantitatively assess the feasi-
bility of the measurement, Monte Carlo sim-
ulations have been carried out independently
by several groups (Liske et al. 2007). The
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Fig. 1. Redshift drift/yr as a function of redshift.
The curves refer to relativistic models with no cur-
vature and different values of the cosmological con-
stant (Courtesy of A. Grazian).

Fig. 2. Full, realistic simulation of the CODEX ex-
periment for the measurement of the cosmic dynam-
ics. Spectra of 36 QSOs at different redshifts have
been simulated for two different epochs, 10 years
apart (Courtesy of J. Liske).

high resolution spectra of QSOs were simu-
lated, noise added, and the process repeated
for the second epoch. The pairs of spectra so
produced were compared and the measurement
performed. Figure 2 shows the result of a full
simulation, taking 36 QSOs at different red-
shifts. The cosmological signal is clearly de-
tected.

2. Immediate science with CODEX

The scientific application of CODEX, as a high
resolution spectrograph with extremely high
performance fed by E-ELT, will go beyond the
main experiment proposed above.

Three of the possible outstanding applica-
tions are:

- The search for variability of fundamental
constants Fundamental constants are sup-
posedly universal and unvarying quantities.
Only astronomical observations hold the
the potential to probe the values of fonda-
mental constants in the past and in remote
region of space. In 2001, observations of
QSO absorption lines brought the first hints
that the value of the fine-structure constant
α – the central parameter in electromag-
netism – might change over time (Murphy
et al. 2001), but more recent observations
are consistent with a null result. An effec-
tive two to three order of magnitude pre-
cision gain is foreseen with a spectrograph
with R ≈ 150, 000 at E-ELT. The accuracy
of the ∆α/α variation measurements will
be about 10−8, more precise than any other
astronomical and geological measurement.

- The search for other earths Exo-planets
and, in particular, terrestrial planets in hab-
itable zones, will be one of the main scien-
tific topics of the next decades, and one of
the main E-ELT science drivers. CODEX
with E-ELT will lead the discoveries in
at least three main cases in exo-planetary
science, providing with unique capabili-
ties and observations: i) discovery and con-
firmation of rocky planets, ii) search for
long-period planets, iii) Jupiter mass plan-
ets around faint stars.

- Primordial nucleosynthesis Standard Big
Bang nucleosynthesis presents a pressing
cosmological conundrum. There is some
evidence suggesting a cosmological origin
for 6Li, and the stellar value for primor-
dial 7Li does not agree with primordial
Deuterium from QSOs and with Ωb from
WMAP. CODEX will provide the first ob-
servations of 7Li and 6Li in dwarf stars in
galaxies of the Local Group and will make
it possible for the first time to measure
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the interstellar 7Li/6Li ratio in unprocessed
material of High Velocity Clouds. The lat-
ter is a direct and robust probe of the yields
of the Big Bang Nucleosynthesis.

3. ESPRESSO: CODEX precursor at
the VLT

The CODEX concept studies emphasized the
need to develop a precursor at the VLT to
prove the CODEX feasibility and in partic-
ular to assess some of its development and
operational aspects. The new instrument for
the VLT has been named ESPRESSO for
Echelle Spectrograph for PREcision Super
Stable Observations. ESPRESSO will combine
the stability of the HARPS spectrograph at the
3.6m ESO telescope in La Silla with the effi-
ciency of the UVES spectrograph at the VLT.
In summary, it has to be a high-efficiency, high-
resolution, fiber-fed spectrograph of high me-
chanical and thermal stability and using, if nec-
essary, the simultaneous reference technique. It
is planned to explore the possibility to use the
instrument at the incoherently combined fo-
cus of the VLT. This configuration (equivalent
to a 16 m diameter telescope), will push for-
ward the limiting magnitudes of ESPRESSO
and will be useful to test critical components
on the way to an equivalent instrument at the
E-ELT.

3.1. Summary of requirements

In the standard mode of observation with a
single VLT unit, the instrument shall deliver
radial-velocity measurements with a precision
of 10 cm/sec at any time scale from 20 s
up to 30 years. However, given some specific
scientific goals (Earth-like planets, variability

of physical constants, etc.) and the CODEX-
precursor nature of ESPRESSO, our goal will
be of achieving 1 cm/sec at any time scale from
30 sec up to 30 years.

To define the optimal resolving power rep-
resents a difficult trade-off because on the
one hand the highest R should be aimed for,
while competition for photons and detector
area would call for a low value. The best com-
promise has been chosen to R ∼ 150, 000 with
a goal for R ∼ 180, 000 . Good sampling will
be assured.

Similarly, we should aim at the largest
spectral coverage, compatible with a high sys-
tem efficiency and affordable design. The min-
imum coverage was set to the 370-686 nm
range; an extension, both in the red and blue
extremes, is foreseen but has to be trade-off
with coatings and fibers length.

In addition to the CODEX and ESPRESSO
projects, we are pursuing an important parallel
research: the development of a novel calibra-
tion system based on laser frequency combs
(Murphy et al. 2007), which will be able to
produce a super accurate, equally spaced, sta-
ble source for wavelength calibration.
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