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(qv Abstract. We examine constraints obtained from SNla surveys on a tnanpeter model of dark energy in which the equation

E of statew(z) = P(2)/p(2) undergoes a transition over a period significantly shahi@n the Hubble time. We find that a transition
betweerw ~ —0.2 andw ~ —1 (the first value being somewhat arbitrary) is allowed ashéfts as low as @, despite the fact that

© data extend beyonzl~ 1. Surveys with the precision anticipated for space expantsishould allow only slight improvement

(q\| on this constraint, as a transition occurring at a redskifow as~ 0.17 could still remain undistinguishable from a standard

. cosmological constant. The addition of a prior on the mattersityQQ,, = 0.3 only modestly improves the constraints. Even

deep space experiments would still fail to identify a rapahsition at a redshift above® These results illustrate that a Hubble

o™ diagram of distant SNla alone will not reveal the actual retf dark energy at a redshift above2 Gnd that only the local

(- dynamics of the quintessence field can be infered from a SNisblé diagram. Combinations, however, seem to be very

@) efficient: we found that the combination of present day CMB dath@iNIa already excludes a transition at redshifts bel@uv 0

@ Key words. Cosmology — Cosmic microwave background — Supernovae — @loginal parameters

)
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~1. Introduction dark energy component in the universe, the detected cerrela
00 tion being explainable through the integrated Sachs-Weflfe

OOTho nature of dark energy is one of the most puzzling Mygsct j.e., atime variation of the gravitational potentighich is
< teries of modorn cosmology. It is now widely accepted thgkhieved only if the (baryonie cold) matter density parameter
CDo_ur universe is_experiencing a phase of accelerated expan- significantly difers from 1. Finally, the shape of the corre-
—d sion (Peebles & Raira 2d03)_- The evidence was first found Wggion function on scales up to 166 Mpc which has been re-
) ing a type la supernovae luminosity vs. redshift diagrane¢Ri cently measured accurately (Eisenstein Ht al. P005) in auanb
et ?l-mm Perimutter etigl. 1499), buta number of otheeebstjon with the CMB data advocates for the presence of dark en-
7 vations now support this conclusion. In particular, estiofs ey (Blanchard et &, 20P6) in the framework of generakrela
< of the matter density of the universe generally lead to a Ity However, the nature of this dark energy has beentibe s
value, while the CMB anisotropies point toward a spatiaby fl ioct of numerous speculations. The simplest model, which wa
Universe [Lineweaver et Hl. 199F; de Bernardis ¢{ al. P00Q). inally proposed (in another context) by Eingtdin (1919
WMAP data also require the presence of dark energy (Sperg&lure cosmological constant a term on the left hand side
et al. [200F) unless one considers an unexpectedly low vajtinstein’s equations. However, a cosmological constant
of the Hubble parametéto < 50 km s* Mpc_fl (Blanchard 4156 pe regarded as the contribution of the vacuum to thé righ
et al.[2008{ Hunt & Sarkgr 20D7). The possible correlation ghnq side of the equation with a specific equation of stag, i.
the CMB fluctuation map with surveys of extragalactic oby component with negative pressiig related to the energy
jects [Fosalba et p|. 2003; Corasaniti ef [al. 2005; Podosigénsityp, by the relationPs = —pa. Indeed, quantum field
@) also provides direct evidence, although with a lithiteneory predicts that the lowest energy state of any mode con-
significance level€ 30), for the existence of an unclustereqyipytes to a vacuum energy density that behaves exactly as a

cosmological constant (see, €.g. Bingfuy 2000). A nunabber
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problems arise with this possibility, in particular thealled Melchiorri et al.[2008). Note however that in the latter case
hierarchy problem: the expected contribution is usuallgren values ofwg below—1 cannot be obtained naturally through a
mous, naive calculation givgsac ~ 10’ GeV*, around 122 standard scalar field. Single power law potential§esufrom
orders of magnitude larger than the present critical demsit the fact that, once quintessence dominatesyiggarameter

the universe. However, there exist mechanisms, such as-suppproaches the asymptotic valug very slowly so that today,
symmetry, which allow one to reduce considerably the vaifthe quintessence density paramedgy is close to 07, then
uum energy density, but since supersymmetry is broken aiva is still far from the value-1, contrary to what most analy-
scale larger than 100 GeV one is still plagued with an enaes suggest. In order to avoid this problem, one has to adal ext
mous vacuum energy density of the order of XBe\*. The features in the potential, such as a rapid change in the sibpe
usual explanation is then to say that there exists a yet wmnahe potential or a local minimum, such as in the SUGRA model
mechanism which ensures that the contribution of the vacuymoposed by Brax & Mart|n[(1999). Many other possibilities
energy density is zero. One is therefore left to explain the rhave been proposed since then (see for example references in
ture of dark energy, which fiers from a cosmological con-Brax et al.[2000} Peebles & Rdi{ra 2p03).

stant, avoiding the extreme fine tuning required to obtaégn th On the other hand, without precise ideas about the correct
observed dark energy densify (Binélriy 2000). Most modejsintessence model, it has become natural to adopt a more phe
that have been proposed so far (quintessence models) thammenological approach in which one parametrizes the func-
fore rely on the idea that some scalar figld (Caldwell gt alonal form ofwg(2) which exhibits the main features described
) behave today like a cosmological constant, exactly &sove.

an other scalar field did during inflation. The most remarkabl The simplest model of quintessence (in the sense that it
feature of quintessence models is that both the scalar fiekt p introduces only one new parameter as comparedACBM
surePqg and energy densityg evolve according to dynamicalmodel) is to assume a constami. However there is little mo-
equations. Consequently, the so-called equation of statep tivation for constantvg beyond the economical argument and
eter,wg = Pq/pq, varies with time between 1 andl, as the it is increasingly recognized that evolvimy should be in-
field evolves along the potential. In some extreme (and pbssivestigated with a minimal number of priors. In the absence of
ill-defined) models, this parameter can even take any arlyitr well motivated theoretical considerations one is left witle
value, for example if one allows the densjiy to take nega- empirical option to examine constraints on the analytioatf

tive values or a change in the sign of the kinetic twéor Wg(2). Most investigations have been based on expressions
). Other models involving scalar tensor theories dlsaa with one or two parameters. However, such expressions often
for such transient behavioJr (Elizalde e}[al. J004). Thedet vary with time in a relatively slow way and that rapidly vamyi

tion of such a variation would therefore be of great importan expressions have to be examined as well. In other wordseif on

for our understanding of dark energy. considers the typical time scale:
The aim of the present paper is to study models with a w
rapid transition of the equation of state and to illustratatt @ ~ (1)

in this case, the Hubble diagram of SNla provides surprigin
weak constraints compared to the case of a smooth transi
In Sec.l]Z, we recall a few basic aspects of simple quintess

%onstantw corresponds tag > ty wherety = 1/H is the
U80bble time, a smoothly varying expression such as the sver

o . _ €BBwer law potential correspondstg ~ ty and a more rapidly
models, and the motivation for a convenient parametrinaiio varying w correspond toro < ty, such as in the SUGRA

the equation of statg parametay(2) gllowing rapid transition. model. Our aim is primarily to investigate constraints ondmo
In sec-n& Iwe describe the gnaly5|s %Ne perfolrm, and fs'[?]te B for whichrg <« ty. This lead us to use the following model
main results. In Se(ﬂ 4 we discuss the crucial issue of the ifjg;ch giows arbitrary rapid transitions and in which thelda

pact of the epoc_h of obser_vat|on on the pa_rameter eSt'mat'gﬂergwa parameter evolves as a function of the scale faator
We draw the main conclusions of our work in SHc. 5. according to

1 1 a
2. Dark energy parametrization wo(a) = E(Wi + Weo) — E(VVi - wm)tanh(l“log(a)). 2)

Histqrical quintessence models rely on t_he idea of a tf@k_“‘rhewparameter goes from, at early times tav,, at late times,
solution {Ratra & Peebles 198B; Wettefich 11988), which ifing transition occurring a. The transition occurs at redshift
\{olves a scalar field evolving in an inverse power law poten-_ 1/a, — 1 (a negative value of which corresponds to a tran-
tial, V(Q) e« Q™, the proportionality constant being tuned Sgition in the future) and lasts of the orderfof- Hubble times;

as to obtain the desired value of the dark energy density Ras therefore a parameter describing the speed of the transi-
rameterQq ~ 0.7 today. The main feature of these models igon : high values% 1) correspond to fast transitions, in the
that the pressure to energy density ratig, remains constant jimjit T' = o the transition is instantaneous. This expression
both in the radiation era and in the matter era (witfiestent 55 proposed bl Linder & Huteldr (2005). The quintessence

values during each epoch), and that it tends towatdonce conservation equatiob, T5 = 0 can be integrated exactly to
the quintessence energy density dominates. The value of 4

parametemg depends on the power law index of its potential. -
From existing data, it seems that only value a)*3(1+Wav) ((a/a{)F +@a) ™\

s closedo~ —1
i @ =037
today, or even possibly lower, are acceptable Cal20(5’Q Q\1 (1/a)" + (1/a)T

(3)
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where we have set explained above. Note that a pure cosmological constant be-
1 haviour is obtained by considering largewith a suficiently
Wy = E(wi + W), AW = (W — Woo), (4) small transition duration (so that it does not last longrafe

and wherep? corresponds to the values of the quintessence )
energy density at the present epoch. Therefore, the model 8al- Supernovae Hubble diagram
be implemented without much modification in existing cosmgy,q luminosity distance is one of the main sources of coimstra

logical codes such as CAMB (Lewis efl pl. 2P00). Dark Energy : )
n the nature of dark ener- y (As] |-lr (2001)). We thereforst fir
perturbations are implemented accordingly to Riazuelo &z : )

[Brax et 3. [(2000). i " examine what kind of constraints the Supernovae Hubble dia-
(002) [Brax et 4.[(2000), i.e. the initial spectrum of trarld gram allows. The number of well observed SNla has rapidly

energy perturbation follows an attractor mechanism, éxast increased in recent years and a significant number of super-

the unperturbed part of the DE fluid does, and the DE initi% ae above redshift one have been detected. In the follow-
spectrum is lost. One modification concerns the sound spee

. N : we use the last compilation from Davis €| 007) of re-
defined asP/p which is equal to thev parameter whem is ent SNIa[[Wood-Vasey etl]. (200); Riess et[al. (P007)phst
constant. Whem is not constant, as is the case for our modeit al. [200p))
its exact value is known since the analytic formswofndp : '

. . We have examined constraints on our three parametets,
are known. This model has four parameters. As we said ef/rZ1+ ). T andQo. We use the publicly available Monte Carlo
lier, simple quintessence model have fewer: constambdels 4, Q b Y

correspond tav, = W,,, with undefineda; andI'. With an in- Markov g:_hams che, cosmonfc (LeW'S& Bridfe (2p02)), using
. the modified version of CAMB described above. 2-D contours
verse power law potential, one has = -1, w; = -2/(a + 2), P )
e , /' _shown in Figure 1 anld 4 encompass 68% and 95% confidence
the epoch of transition is fixed approximately by the cormstraleveIS (CL). In each figure, the third parameter is margiveali
Qo(z) ~ Qm(z) ~ 0.5 and the duration of the transition is ' gure, b 9

larger than the Hubble time (it depends on how steep the F%/_er.

tential is, that is, or). For the SUGRA potential the first ~1he Upper graph of Figufg 1 presents the allowed regions
t.in the plane:a; = 1/(1 + z) versus the inverse duration of

two above constraints ow; andw,, remain, whereas the la - - ' g
ter are modified: the epoch of transition fo no longer nec- the transitionl". The lower graph gives the constraints in the

essarily corresponds to the scalar field domination (bueeor@ < Plane. Constraints on possible transitions appear very
sponds to the epoch where the field reaches a local minimi}fa2k: only sharp transitions at very low redshigt ¢ 0.1 at
in its potential), and the transition duration is usuallyanu e two sigma level) are firmly excluded. Surprisingly, tfaged
shorter. Various other models havefeient predictions con- SUggest a transition at low redshift, a tendency that has bee
cerning these parameters, but the above parametrizatiorii-is N0ticed elsewherq (Bassett ef[al. 2004; Corasaniti] ¢t 84120
ficiently general to encompass a large number of already pFé2wever the significance level is low and a cosmological con-
posed models. stant remains consistent with the data at the 2 sigma level.

One of these parameters, is not expected to be as rele-  While rapid transitions (corresponding to largeare very
vant as the parametey: because at early time3q(2) is neg- weakly constrained, better constraints are obtained when a
ligible compared td,, the quintessence field does not play &trong prior is set oy, with Qn = 0.3 we found that tran-
crucial role, at least with respect to supernovae and CMB.datitions are acceptable at redshifts greater th@.0This im-
One should impose a value of slightly lower than 0, in or- Provementis due to the removing of degeneracy breaking (no-
der to ensure that at early timg, < Q. The reason is that ticed in the parameter space of Figfite 1) but remains modest.
with w; = 0 and a lowz transitionQq would be close to its This means that the Hubble diagram of distant SNla alone is
present value at the recombination epoch (or even nucleosisuficient to determine the nature of the dark energy at high
thesis, see references[in Peebles & Rptra]2003). At low régdshift.
shift, this would lead to a dramatic suppression of the cesmo In Figures[P, we show theffect of a transition on the
logical perturbation growth rat¢ (Douspis eflal. 4003).ddia magnitude dference between a fiducial model and the empty
tion, we found that this introduces additional changes@h universe, all other parameters being fixed with their fiducia
curve at higH (i.e., other than changes due to the modificatioralues. The top figure clearly reveals that a transition from
of the angular distance). For these reasons wevfix -0.2. w = -0.2 tow, = —1 occurring at even moderately low
Putting a constraint ow,, is less desireable since it implicitly redshift makes very little dierences to the observable quan-
selects a limited class of models, which do not seem excludéy. It is therefore not surprising that the constraintatthan
by the data. We have chosen the value = -1, which seems be set from the present day SNla Hubble diagram are not very
in agreement with the present data, and we focus on the ttight. The bottom figure illustrates thefect of changingn;:
remaining parameter§, and a; which describe the transitionchangingw; from 0 to —0.6 produces changes that are small
experienced byig(2) between its early and late behaviour. and easy to understand as the model becomes degenerate with
the ACDM model asw; tends to—1. For this reason, in the
following, we concentrate our analysis en

We have redone the above analysisaptior a simulated
We focus here on constraints that can be set in the transitgmvey with the precision and statistics expected from espac
parameterg, andIl’, and we setv; = —-0.2 andw,, = -1 as experiments. We generated 2000 supernovae distributesl in 1

3. Analysis
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Fig. 2. a) Residual Hubble diagram with respect to an empty

0.5 0.6 0.7 0.8 0.9 1.0  universe for models with a transition at epagh= 1/(1+ z) =

Qg 0.0, 0.3, 0.6, 0.7 & 0.8 compared with a binned version of the
SNIa compilation of Davis et 4l (2007). Note that as exmdin

Fig. 1. Contour constraints on the transition at epagh= in the textlow values o# all give similar curves as th« CDM
1/(1+ z), and the rate of the transitidh The results are inde- Model. b) Same quantity for models with a transition at epoch
pendent of” when it is stfficiently large. Bottom figure showsa = 0.565 andw; = 0,-0.2,-0.4,-0.6
the results in theC@g, a;) plane.

and an d&set error of 0.01 magnitude for the intercalibration
bins in redshift between 0.2 and 1.7 according to Table 1 lpgétween the two sets of data. The constraints inferred fhasn t
([200k) completed by 300 nearby supernovae. Thignulated sample again reveal that the transition epedh
number of supernovae per bin fluctuates according to a Roisseoderately constrained: transitions at redshift as low.a$2
law. For a given bin, the magnitude of the supernovae is takerCL) are still acceptable when a rapid transitidh% 2) is
from a Gaussian distribution of the mean value given by ti@sumed.
standard concordan®e6CDM model, and the sigmafixedto 0.2  The situation is therefore paradoxical: although space sur
magnitude. The resulting magnitude of each bin is obtairyed ey precision improves the constraints by pushing the decep
a fit of the distribution of magnitudes and the associateor é&r able redshift from 0.25 to 0.5 (for rapid transitions), tlaist
added in quadrature with a systematic error of 0.02 mageituesult is modest as a significant fraction of the high preaisi
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Fig. 3. Angular power spectrum of CMB fluctuations for mod-
els presenting a transition at epogh= 1/(1+ z) = 0, 0.3,
0.6, 0.7 & 0.8 (all other parameters fixed) compared with the
WMAP 3 TT spectrum. Apart from the large scale (Igiv
power, the only dtference between the spectra is a shift in the
spectrum as a result of the modification of the angular distan
to the last scattering surface.

data provided by the experiment extends up to redstZft The o
reason for this apparent paradox is clarified in @c. 4.

3.2. Constraints from the CMB

Given that SNIa Hubble diagram hardly suggests the presence
of a transition in the dark energy content of the universs, it
interesting to examine whether such a possibility couldde a
ceptable using additional constraints. CMB is known to piev

such constraints on the quintessence scenarif, eg (Speadel
P003;[Douspis et al. 20pEHdman et di[ 2004). We therefore

examine CMB constraints on the type of models mtroducT:d . "
: .~ Fig.4. Contour constraints on the transition epaalia; =
above, although we leave to a future work a full investigatio .
> : 1/(1 + z) versus the value of the dark energy density param-
of the constraints that can be set on this type of model. We u . .
the WMAP 3 data-set, as well as CBI, VSA and Boomerarfe! 21 Present time)q from the CMB alone (upper) using
' ' : ||\/|AP3 , CBI, VSA and Boomerang data. Constraints on the

data at small scales, and a version of the CAMB cosmologica " X .
Same quantities when combined with supernovae data (lower)

code [Cewis et 4[ 20p0) that we have modified. Modifications

of the code are straightforward since its public versiotuides

models with constantvg in which we have implemented the ] )
energy densityo(2) and the pressurBqo(2) as a function of The angular power spectrum_of CM_B fluctuations in the
redshift. Our ansatz for the equation of state paramegr) presence of dark energy is modified mainly through the mod-

allows us to integrate the conservation equation to obtain [fcation of the angular"di_stancE (Blanchj4rd 1984) (see fFig.
analytical form forp(2)". and|Elgargy & Multamaki[(2007)). Although a strong depen-

dence appears, this is partially lost through parameteerteg

1 One has also to make the distinction between the equaticatef s €racies which strongly weaken the final constraints. In-addi
parametemg = Po/pg and the “sound speed” squareg), = Po/pg, tion, ISW will contribute to lower levels as the transitios i
which are identical whew is constant. assumed at lower redshift, and thieet contributes to modify

0.5 0.6 0.7 0.8 0.9 1.0
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the angular power spectrum of the CMB fluctuations. We hagenvincingly illustrated by Fiﬁlz. The explanation of tlaip-
investigated the CMB constraints on models with rapid trangarent paradox is as follows. Present data favour dark gnerg
tions described by Ec[] a. was set to 10. We have checkedbecause high redshift supernovae are dimmer than expected i
that varyingl' above 5 produces no appreciabléfeliences. a flat Einstein-de Sitter universe. This is usually expréssea

The other parameters that were left free are the baryon buddi@erence of magnitude between the two models one considers
Qg, the optical depth, the Hubble constartty, the dark en- for some standard candle at some redshift, the exact value of
ergy density at the present d&,, the index of the primordial which depend on the quality of the data. The magnitude is es-
spectrumm, the amplitude of fluctuationsg and the transition sentially the logarithm of the luminosity distance as a fiorc
epocha; = 1/(1 + z). From the contours obtained in finge 40f the redshift. Let us defing*(2) anddEdS(z) the luminosity

one can see that the constraints that can be set on theizansiistance as a function of the redshift i\&DM model with
redshiftz from the CMB are rather stringerg,> 0.54 (o on Q, = Qn = 0.5 today, and in a flat Einstein-de Sitter model.
one parameter) whe®q represents less than 50% of the totdlet us assume these two models can be distinguished. Let us
density. These constraints being slightly dependeriipmve now consideﬂﬁ(z) anddg(2) the luminosity distance vs. red-
have also examined whether a combination of CMB and supshift relation in aACDM model withQ, = 0.7, Q, = 0.3

nova data allows to improve the transition epoch conssaintoday, and a dark energy model withy = 0.7, Qy, = 0.3 to-

but although the SNla data restricted the dark energy dengigay, withwg experiencing a sudden transition from Ot at
much more aroun@q ~ 0.7, the final constraints do not rep-z = z. An observer az = z would therefore measure either
resent a significant improvement: the final constraint shownd () or d=z). The epoch corresponding to a redshiftzof
Figurel]l isz > 0.66 (2o~ on one parameter). Somefféirent measured by an observeratorresponds to a redshiigiven

dark energy models could in principle lead téfdient conclu- by

sions in the case where the sound speed varies in a way that

significantly afects the integrated Sachs-Wolfeet on large 2= (1+2z)(1+Z)-1=2z+7 +zZ, (5)
angular scales, even though no such model was found in our . .
analysis. Clearly, better constraints could be obtainewhfad- measured by an observer today. Let us dedj the luminos-

ditional data of cosmological relevance, but this is beytired ity distance of the observer at= z as seen from today. The
exact value off; does not matter here, but it can be computed
scope of the present paper.

as

4. Observing the Universe at z=0and at z= 0.3 d = —d? 1 _ 1 (6)
“1+7 '

In order to distinguish quintessence models from a pure cos-

mological constant, it is crucial to be able to track the datkuminosity distances do not add but are proportional to cemo
energy evolution as early as possible. The main impact &f dang distances. The luminosity distance at redshifts almpie
energy comes from its influence on the expansion rate of ttherefore given by

niverse. An importan ion is therefore until wh
universe portant question is therefore unt atadpo 147 147

the dark energy density plays a role in observable quasititigi’ (z) = d; + dM(Z(2), (7
and as a corollary, until what epoch one can hope to recon- 1+z 1+z(2

struct either its energy density or its equation of statamar 4Q,) — 1+ Zdt i 1+z dE9S(Z (2) (8)
eter. As we have seen in sectifjn 3, the SNla Hubble diagram l+z 1+z(@ ™" ’

poorly ]E:ohns;ralr;s a possible transmo’r;epoc;\ in the quai_ in the two models. Now, in term of flerence of magnitude
state of the dark energy component. As we have stated, t 'Sﬁ&ween the two models, this is translated into
pears somewhat paradoxical as data extending up to redshift

2 fail to reveal a transition occurring at redshifts as low as |+ 24 dMN(Z(2)

0.25, at which the dark energy component is still dominamiM(z) « log iz(z) ELd 0 9)
Indeed, in a model witlfdg = 0.7, Qn = 0.3 today, with o+ TGl @)

Wq constant and equal tel, the matter to dark energy tran- h for the ob this simplv qi

sition, defined whef2q(2) = Qn(2) = 0.5, occurs at redshift whereas for the observerat this simply gives

Ze = (QQ/Qm)% —1 ~ 0.33. Let us now consider two alter- d(2)

natives. First, we can consider a pure cosmological const&f(Z) « 109 ESz) (10)

model, withwg = -1 also at early times. Second, we can con-

sider a model whereiq ~ 0 forz > z = z. In the first case, Two differences arise here. First, the redshift range which to-
one has a usualCDM model, whereas in the second case, omay’s observer must use in order to distinguish between the
has a model close to a flat Einstein-de Sitter model at epdelo models is larger than that of the observeratf the lat-

Z> Z.. An observer ar = z should easily be able to distinguishter must collect data betweeh = 0 andZ = z, say, then
between the two models, just as we are able to distinguish bee former must observe supernovae betwg@) = z and
tween aACDM with Qg = 0.5 and a flat Einstein-de Sitterz(z.) = z + z + zz. > z + z.. Second, the magnitude dif-
model today. Now, are we able to distinguish today betweésrence between the two models is strongly attenuated éor th
these two models, which flier only inz > z? Surprisingly, observertoday because of the presence of the extradtdyath

the answer is no if one considers supernovae data only, amithe numerator and the denominator of Eﬂq (9). This belmavio
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is somewhat surprising at first but can be understood from the

<

expression of the comoving coordinate c
Z dz

r(z = — 11

@- [ 15 an

whereH(2) follow the Fridmann-Lemaitre equation:
H2(2) = 87Gpm + pq (12)

(fork = 0). Let us assume that a rapid transition occurs-at;
betweerw = -1 andw ~ 0; it is straightforward to compute
the relation between the Hubble constit) in such a model
to the Hubble constar(Z) in the standard model:

~ 1.-O
H2 1+ o map

H2@ 1+ 553

(13)

<
It is clear from this expression that the values of the Hubble c
constant in the two models do notfidir by much when the 12
transition redshift is not close to zero. As the integranthim
calculation ofr is higher at low redshift, the limited filerence
in H translates to a small flerence inr. For instance a tran- 08
sition ata; ~ 0.7 results in a 5% decrease iimat redshift 1
corresponding taam ~ 0.1 as can be seenin figLﬂe 2.
The net result is that while both models are easy to distin- g4
guislg atz = 0.3, this is no longer the case at 0 as seen in
Fig. 3.

5. Conclusion

We have investigated a class of models that undergo a rapid

transition in the equation of state of their dark energy corfrig. 5. Comparison of2,— Q4 fit for the two models discussed
ponent. In order to establish the constraints that can be @b-Sec [} for an observer at= 0 (after the transition in the
tained on the characteristics of the transition we havededu quintessence model) ard= 0.3 (during the transition). At
our study on a class of models in which dark energy transits= 0.3 the two models are very easily distinguished as one of
rapidly betweenv ~ 0 andw ~ —1. We found that the durationthem corresponds to a pure matter model, whereas one corre-
of the transition cannot be constrained when it is shortan thsponds to a cosmological constant model with = 0.5. On

the Hubble time. More surprisingly we found that SNla Hubblhe contrary, az = 0 both models look like a cosmological
diagram does not constrain this type of scenario very mueh,@nstant model, and cannot be distinguished at thiegel.

even with the data expected from space experiments a fansit

can still be allowed at epochs when the dark energy dengity re

resents 40% of the density of the Universe. This suggests tha

the SNIa diagram is poorly sensitive to dynamics of dark efReferences
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