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Measurements of the growth rate of structure f at different redshifts can dk;criminate the 
origin of cosmic acceleration. Coupled to estimates of the expan.<ion rate H(z) as provided 
by Type la supemoVlle or Baryonic Arnustic Oscillations. they can distinguish whether thi' 
is due to the presence of "dark energy" or could posslbly be the resul~ of a dilf«reut rlu-ory 
of gravity. These two radically alternative sccllAtias Mt: drgcncrate wl.wu \:Ousidt>nng. H(z) 
a.lom:. \\"~ hav~ rt't:t>utly poi11tcJ out 1 tltat Ult!d.1mrumcl1~· ur ML"-hlft-"J"m .. 1: J.ll(rortlf,tll:i in 
tho elu~11>rln~ pMicrn e>f gall\Xic< "' diffrrcn1 cpooc• ropn1flCflt a very proml<ini; 1cclm1q110 

to •=• /(=) h; ck in rime. \\'c hnvc m••"'urctl th.- •ll•tonlt111 p:u·amdrr 11 a : - 0 u!'m:; 
th L-utnwt.ly luri;c>L lldJ of Liu· VVOS.WiJc nrwy that iuduJ .. ,. WtJta tlw1 10000 g•J'-~Y 
tOfL~:;. t.n 1A8 = :!~.!, m.T.r 4 c1rv.2 \Vr nh1,atin /I= 0 i0 = 0-W. rorr >JHwrlinj! to~ wow1h rn11• 
I= {J61 = O')J =0-1G (whore b1, h< t h"§'lax linear liln.< r•ovnmclor) Tub vnluc is rlOO<' '" 
LM..f nflbf"~plN.t cO\llil)]~ntJ~..,;,:ud ..;.rr.rutrio. hu1 t1:nr hM«likIP"i.l1l rnolar~~tnridet)111 
nlt.om.:iti\-c modclM. EA~i'-e sJ1111Jlntion.<- Ahaw t.httr wft.h he tLe-~t-~enc:rot.im1 <lucp ,qin·eyJ; 
with N > JOO. 000 n-d.shifu< owr l"fl:I' {> 20 tlng1 J <U'-'"'· tl'fli<hif\ dt<\ort.lcm• .. -111 hewmr orir 
of the important tool-. for underst.a.nding the physical origin of cO!'mic accelera.tion. 

1 Cosmic acceleration and the growth of structure 

Ob:;crvatioo~ indicate Lhat we live iu "low-density. expanding l:nivcr:;c wiLh :;patlelly Hat goom­
ctry. thatc, quite surprisingly. appears to have recently entered a phase of accelerated e.xpall5ion. 
Tl.W (, ttf'r r•ondrntinn Pmrrg . ua.tnrally whf'n intPrpmtin11, t lm nh;;pJ"VP.<I Hnhblo chagram of •li~­
tant 'l ype fa supernovae wlthin the st.and<\rd t'ri!'dmann-1...t'maitrf'-llobertson-Walker (fLRW} 
cosmolof;.\-' 2.3 Fonnally, this requires nrlding an extra ma..<s-energy con~ribution in the Fried­
mann equation in the form of a fluid with equation of state w = - 1. This coms ponds t.o having 
a cosmological constant in the equations of General Relativity {GR}. i.e. the ttorm oaginally 
intro<luce<l by Einstein to obtain a static solution. A constant, vacuum-like ""JUaiion of ~1ale 
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Figure 1: Left panel: ((rp.7r) a.t < z >~ 0 77 from the VVDS-Widc ~urvcy. replicated over four qnadnwts 
lo f!nhanc:P. cif~via.t.ions from r.irrular syrnmr.t.ry. Colors c.orrnspoucl to the• lr.vf'l of rorrdatiou as a fonC"tion of 
the transverse (rr) and radial (7r) separaLion of galaxy pairs. Th<• elfect of galaxy infa.ll due to the growth of 
larj:!;e-scalr. strnr.tnrP. is proportional t.o the flattening of t.he p11rple-hl11r. )ar~e-l"f·alr. h!vd.;:. with t hP. solid c·ontonrs 
corresponding to the hest-fitt.ing distortion modc~I with /3 = 0 70 aud au = 412 km s- 1 (sC>e ref. 1 for details). 
Right panel: Estimates of the growth rn.te f = mn compared to predictions from theoretical models: the 
sttuulnnl cusmologknl consb.uit (ACDh.I) rnudd (u: = --1) (solid liuc): au OJ>CU n, = 0 mo<ld with th~ SiUilC nrn 
(long-da.shcd line. for both ca.."'<!s J(z) ~ f!(z)0·"i.i); two model~ ju which dark energy is coupled tu dark mattcrl!l 
(uµµer <la8h00 t:urves) ; tl1e DGP Lra.ueworltl 111oclcl. att exLra-Ji111c11sio11al 1110J.ilit:al io11 of Ilic ~ra\·itati011 lheuriw 

for wh.ich /(z)"' f!(z) 0
-
0

" (doL-da,;hcd cur.-o). 

w = -1 has a few disturbing features, as e.g. that of making the current epoch a special one in 
which the contributions from matter and cosmological constant are comparable. As a remedy, 
scenarios with evolving "dark energy" density have been proposed (sec e.g. 1 for a review). Both 
the cosmological constant and thIBe m01c sophisticatccl viu·iant" C'an he seen "-" modifications 
of the source term in the right-hand side of Einstein field equations, i e. adding extra contri­
butions in t.he stress-en<>rgy tensor. Alternatively, one can however assume that it. is the theory 
of gravity that needs to be re,ised and thus modify the left-hand side of the equation. This 
could imply that the "obser.-ed" acceleration is just a cosmic mirage, simply evidencing our still 
limitecl knowledge of the laws of )fat.are (see 5 for a comprehensivt> review of these variants). 

Th"'*' two das.•ffi of solutions, rlark 1<n1<rgy vs modifiH<l gravity, <'.annnt. be distinguish"'! by 
measuring only the expansion history //(z) or equivalently the w(z) for the extra component. 
The linear growth of density inhomogeneities provides us with a way to break this degeneracy. 
We can characterize the way matter is assembled by gravity in the expanding U niversc through 
the grnwth mte f = dlnD/dlna, where D(t) is the time-dependent part of the solution of 
the linear growth equation 6 and a o' (1 + z) 1 is the cosmic scale factor. It is found that a 
simple form J(z)"' lflm(z)]"' gives an accurate description for a wide range of models 7-

8
_ with 

"'I depending on the gravity theory (e.g. 14 ). /(z) is sensitive to the physics responsible for the 
cosmic acceleration: scenarios with the same expansion history lf(z), but based on a diliercnt 
gra,;t.y theory will predict a different /(z) . 

In a recent paper 9•1, we showed that measurements of 1-edshift-space cli.sto1·ticms at different 
cosmic epochs represent a very promising way to test dark energy through /(z). This work has 
stimulated renewed interest in galaxy peculiar velocities and redshift distortions. A few papers 
appeared recently (even before our paper was published. following presentations and discussions 
at meetings), either presenting more detailed (e.v;. Fisher-matrix ba.scd) throret ical inv<'St.iga-



tions 10·11 , or comparing modified gTavity models to more extended collections of growth rate 
measurements from redshift distortions 12•13 . Galaxy peculiar motions are a direct consequence 
of th« growl.h of strud.urn. Wh•m rP<lshift.s arP. 11""'1 to ntf'a.~ur" gala.xy <list.an<'-"", t.ht< cont.ribn­
tion from peculiar velocities introduces a measurable distortion in the clustering pattern, which 
is proportional to f(z). This can be measured by modelling the anisotropy of the redshift-space 
two-point correlation function f;(rp, r.). The anisotropy of t;(rp, r.) at large rµ's is quantified by 
the "compression parameter" f3 (see 15 for a review). "·hich is directly related to the growth rate 
as J(z) = f3(z)bL(z). The bias /<Lei.or br, appearing here. is the rat.io of the du5t.ering amplitnde 
of the galaxies used in the measurement, to that of the underlying matter. Estimating bi is thus 
an important ingredient of this proc-ednre This can he done either direcl ly from t.he redshift 
surveys d<tta using higher-order clustering JG, or using the information from CMB anisotropy ob­
servations 1 • Locally (z "'0.15) the 2dF galaxy redshift. survey has measured f3 = 0.~9 ± 0.09 17 

for galaxies with bi = 1.0 ± 0.1 16 . This repr<"SCnts an important local constraint on the growth 
rate, corresponding to f(;; = 0.15) = 0.49 ± 0.1.!. 

2 Measuring /(z) at ;; - 1 with the VVDS-Widc survey 

The VIMOS-VLT Deep Survey {VVDS) was designed to probe the combined evolution of galaxies 
and large scale structure to z ~ 2 using the VI.MOS speclrograph at the ESO VLT. It measured 
so far ~ 40000 spectra 1 ~· 19 over its Deep {0.5 deg2 to JAB < 24) and Wide (~ 8 deg2 to 
!118 < 22.5) parts. We have used a sub-sample of 5895 galaxies with 0.6 < z < 1.2 (volume 
V = 6.35 x 106 h-3 !llpc3 ) in the 4-deg2 F22 field of VVDS- Wide to measure f3 at an effective 
redshift z = 0 77 (ref. 1). We have fitted ~(rp, 11') with a distortion model including both linear 
and non-linear distortions. These contributions are described respectively by two parameters, 
the compres~ion fJ and Uie 1ms pairwise disµer:io u 01.2 Fig-. I (left) shows ~(rp. ;:-) eo~imated 
using sl11.mh1rd methods '.!(I ' ";th Sll(W'ruupOSt!<I 1.he best-fit model ronlours, c:orre;pontlirlg to 
J = U.70 ± 0.:W wid 0 12 = 412 ± 70 km s-1 Error bars were obt.:lned from 100 folly realistic 
mod• rcall7.ations of the urvcy ~I.~ Ush1:; the amplit1lde of mass fluctuations pro\'lded by 1 he 
pow<'.r spectrum or C!IIB rutisotropics 23 anrl the PDP rcx:onstrucLioo mel hod :u. we ohtrun for 
the effective redshift of the survey a linE".ar bias bi = 1.3 ± 0.1 (see 1 for details), and a growth 
rate f(:; = 0.77) = 0.91 ± 0.36. This value is compared in Fig. 1 {right) to model predictions, 
together with measurements from the 2dFGRS 17 and 2SLAQ surveys 25 • Given the size of the 
error bal's, 1leviat.io118 from t.he stau<lanl cosmologkal-<:onstaut mo1lel cam10t yet be <let.ect. ... d. 
Interestingly, in the framework of General Relativity, the two high-redshift measurements seem 
already to disfavour an flA = 0 model, providing an independent indicatio11 for the need of a 
cosmolog,ical constant. 

3 Tuture prospects for cosmological redshift surveys 

Only ~ 6000 redshifts have been used to obtain the result just discussed: this suggests that 
there a.re ample margins for improvement with future, larger surveys. This includes both the 
estimate of fJ and of the linear bias. In 1 we have used a large set of simulations to forecast the 
gain in accuracy that can be expected from future surveys. We have established that the error 
011 (3 seal.-.:; with the 111t:a1L de11~ity (11) >1llU thu \"ol11u1c of the survey V, as '71J ex {(n)OA4vo.5)-l 
(i.e. nearly 3$ the inverse square roof. of the total number of objects). In addition. it also decays 
nearly linear)) wilh 1he hias V1\l11e of the kind or ~alltXles used, with more biased {i.e. more 
clustered) gala.xi('$ providing a mar<> l\C~urate merumremruit. 

Using these results, one can see that going below a 10% uncertainty on (:J is already within 
reach of current instrumentation. For example. an extended version of \lVDS-\il/i<le using VT­
MOS at the VLT. with similar depth but measuring 100,000 redshifts over 20-30 de!!;2 would pro-
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duce, at < z >~ 0.8, a sample comparable in volume and number of objects to the low-redshift 
2dFGRS. Such a survey has been recently proposed to ESQ. lt.s realization would represent the 
basis not only for a k<>y 111.-1~<>11rmn1mL of tllf' grnwt.h ra1.P., but. al'o for a munb<>r of front~rankr.d 
investigations that have just been sketched, at this redshift, by surveys like the VVDS. As a 
by-product, these redshifts will also be precious for calibrating photometric redshifts from the 
huge imaging surveys that are just starting. as e.g. Pan-STARRS. 

For the more distant future (2017), the ESA EUCLID mission, resulting from the merge 
of the original DUNE 27 and SP.4.CE 28 con<,'Cpt.s proposed for I.he Cosmic Vision framework. 
promises to he the definitive experiment to map the structure of the dark and visible l;niverse and 
solve the mystery of <·osmic: acceleration. EUCLID plan to survey 20,000 deg2 o'r extragalactic 
sky both in imaging (optical and infrared) and spectroscopy (200 million redshifts), to measure 
simultaneously H(z) and J(z) to percent ~ccuracy in severnl redshift bins to z - 2, through a 
combination of dark-energy probes induding Baryonic Acoustic- Oscillations, weak gravitational 
lensing and redshift-space distortions. 
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