
Measuring the redshift drift 
of the Lyα forest

-
a direct measurement of the 
dynamical evolution of the 

Universe



ΛCDM



“It should be possible to choose
between various models of the
expanding universe if the
deceleration of a given galaxy
could be measured.  Precise
predictions of the expected change
in z=dλ/λ0 for reasonable observing
times (say 100 years) is exceedingly small.  Nevertheless,
the predictions are interesting, since they form part of the
available theory for the evolution of the universe”
Sandage 1962 ApJ 136,319
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The Signal
is SMALL!



The HARPS Experience

O-C < 80 cm/secTh-Th < 10 cm/sec





Spectrograph builders are confident that 
they can reach wavelength accuracy of 
1cm/s over long periods of time.



Novel Calibration System: Laser Frequency Comb
Metrology labs recently revolutionized by introduction
of femtosecond-pulsed, self-referenced lasers driven by
atomic clock standards (Nobel prize 2005)

Cesium atomic clock                              n                                      2n
(or even GPS signal!)
Result is a reproducible, stable “comb” of evenly spaced
lines who’s frequencies are known a priori to better than
1 in 1012

I(1)

n 2n



Comb spectrum simulation  with
R =100k, Δν=15GHz, λ=5000Å

Detailed study carried out by ESO in colloboration with
Max Planck Institute for Quantum Optics.



Spectrograph builders are confident that 
they can reach wavelength accuracy of 
1cm/s over long periods of time.

Redshift drift measurements will then be 
photon-noise limited.

Need spectra of bright objects with many 
sharp features.



Where too look?

Masers : in principle good candidates: lines are very narrow
and measurements accurate: they sit, however, at the center of deep
potential wells: large peculiar motions, larger than the cosmic
signal are expected

Radio Galaxies with ALMA :  as for Masers, local motions of the
emitters swamp the cosmic signal.

Lyα forest: Absorption from the many intervening lines in front of high
redshift QSOs are the most promising candidates. Simulations and
observations have shown that the Lyα forest are produced by density
fluctuations  of a warm  IGM which  traces the Hubble flow very well



QSO absorption lines

To Earth

CIVSiIVCIISiII
Lyαem

Lyα forest

Lyman limit Lyα

NVem

SiIVem

Lyβem

Lyβ SiII

Quasar

CIVem



But this is for 107 years… Having much less time at
our  disposal the shift is much smaller.



 Results of simulation (1): real spectrum

Dependence on cumulative S/N/pixel (0.015 A)  



The forest thickens with increasing redshift.



Simulations of the z dependence
of the measurement accuracy

For fixed photon flux
accuracy first
increases with
increasing redshift
due to the larger
number of lines and
then saturates when
lines start to overlap.



The simulation results for the accuracy in the photon-noise
limited case can be summarized into a simple scaling law

σv = 1.4*(2350/(S/N))(30/NQSO)0.5 (5/(1+Z))1.8 cm/sec

for a pixel size of  0.0125�Angstrom.  The contribution
from metal lines associated with  the Lyα forest is
included.



How well can we do with known QSOs?

2 cm/s

3 cm/s

4 cm/s

SDSS

other

S/N has been verified
with adapted results
from ELT exposure
time calculator.
The exposure time
calculator in its
present form is not
directly suitable
for a seeing limited
high-resolution
spectrograph.

3660h
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A compromise between sample size redshift coverage and
total number of photons collected:
30 bright known QSOs accessible in the southern hemisphere

Total exposure time: 3658h





That is what we get

Can be improved with brighter QSOs (new surveys,
variability) and the use of the Lyβ forest.

Δt = 15 yr

σv=3.2 km/s



V=16.5
14 % efficiency 



CODEX @ E-ELT
ESO:  

G. Avila, B. Delabre, H. Dekker,  S. D’Odorico,
   J. Liske, L.  Pasquini, P. Shaver, A. Manescau 
Observatoire Geneve : 

M. Dessauges-Zavadsky, M. Fleury, C. Lovis, M. Mayor, F. Pepe, 
D. Queloz, S. Udry

INAF-Trieste:
 P. Bonifacio, S. Cristiani, V. D’Odorico, P. Molaro, M. Nonino, E. Vanzella,
       M. Viel
Institute of Astronomy Cambridge: 

B. Carswell, M. Haehnelt,  M. Murphy
Instituto de Astrofisica Canarias: 
              R. Garcia-Lopez, R. Rebolo, M.R. Zapatero 
Others:
F. Bouchy (Marseille), S. Borgani (Daut-Ts), A. Grazian (Roma), S. Levshakov
 (St-Petersburg), L. Moscardini (OABo-INAF), S. Zucker (Tel Aviv), 
T. Wilklind (ESA)



QUESTIONS

• wavelength range

• diameter

• seeing limited vs GLAO



Why should we do it?
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k = 0 flat space

k =1 spherical

k = "1 hyperbolical

Robertson-Walker metric

R-W metric is maximally symmetric. It is the simplest metric  
that describes a homogeneous and isotropic Universe.
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To first order in Δt:
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Redshift drift maps the expansion history without any
further model assumptions and without reference to a 
theory of gravity.
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Luminosity  distances

Involves integral over z and need to know curvature.



Geometry
of space time Gravity

µ!µ! TG =
µ!
g"+

cosmological 
constant



General Relativity        Friedmann equation
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