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IntroductionComputational Model and SimulationsCurrent Results and ProspectsConclusive Remarks Basics of Swiss-Cheese UniverseThe Model: LTB MetricTest of our Model: Hubble DiagramLarge Holes in Our Universe'Standard' cosmological model:homogeneous and isotropic
→ Good explanation of observationsSwiss-Cheese Universe:inhomogeneities in matter distribution
→ More realistic at smaller scalesMain aim:Build a Swiss-Cheese model embedded in ΛCDM universeStudy the e�ects of the voids on the density parameters
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IntroductionComputational Model and SimulationsCurrent Results and ProspectsConclusive Remarks Basics of Swiss-Cheese UniverseThe Model: LTB MetricTest of our Model: Hubble DiagramAnalytical ConsiderationsLTB metric can be written as (comoving coordinates) [1]:ds2 = −dt2 + S2(r , t)dr2 + R2(r , t)(dθ2 + sin2θdφ2)with the following constraints:S2(r , t) = R ′2(r , t)1+ 2E (r) ,12 Ṙ2 − GM(r)R(r , t)−13ΛR2 = E (r),4πρ(r , t) = M ′(r)R ′(r , t)R2(r , t) .A. de Lavallaz [KCL] Voids in ΛCDM: E�ects on Density Parameters



IntroductionComputational Model and SimulationsCurrent Results and ProspectsConclusive Remarks Basics of Swiss-Cheese UniverseThe Model: LTB MetricTest of our Model: Hubble DiagramParameters and Initial ConditionsFunctions E (r) and M(r) are left arbitrary in LTB model:E (r) ∼ spatial curvature, depending on M(r)E (r) = 12 H2LTBa2LTBc2 (r2 − 34π M(r)rρm )where HLTB = H(zLTB ) and aLTB = a(zLTB), zLTB = 1100M(r) ∼ mass inside sphere of comoving radial coordinate r ,depending on the initial density contrast ρ(r , t0)Initial density contrast = Kostov's model [2]:
ρ(r , t0) = ρ̄(t0) {A1 + A2tanh [α (r − r1)]− A3tanh [β (r − r2)]}
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IntroductionComputational Model and SimulationsCurrent Results and ProspectsConclusive Remarks Radial Photon TrajectoriesClouds of Data PointsPutting Results into BinsSimulations: Obtaining RedshiftsComputation process (1/2):1 Creating look-up tables for M(r)and R(r , t)2 Setting initial conditions (rin andtin)3 Sending �rst photon → tnowCalculating distance source-observer robs4 Sending second photon fromtin +∆tin → robs , integratingt(r) = R′(r , t)/ [c(1 + 2E(r))]1/2where R′(r , t) = ∂R(r , t)/∂rand obtaining t(robs )  13.6
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Computation process (2/2):1 Calculating ∆t at tnow

∆t = t(robs )− tnow2 Obtaining redshiftz(rin,tin) = ∆t/∆tin − 13 Calculating distance modulus
µ = 5 · log10(dL/10pc),with luminosity distancedL = a0robs (1 + z)  2
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IntroductionComputational Model and SimulationsCurrent Results and ProspectsConclusive Remarks Radial Photon TrajectoriesClouds of Data PointsPutting Results into BinsRandom Initial Positions of SourcesOur plan:Study the redshift of sources situatedin the 'walls' (overdense regions)Consider many (rin, tin) in order toconstruct Hubble diagramAvoid arbitrary choice ⇒ Statistical treatmentDistribution of sources ∼ Density distributionTransition 3-D bubble → 2-D pro�le
⇒ Obtaining clouds of data for many (rin, tin) -15
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2 Values with FRW UniversesRange of Con�gurations InvestigatedExample of Results for (

Ωm, ΩΛ
)

= (0.27, 0.73)
χ
2 Comparison: E�ects on Density ParametersEvaluating E�ects on Density ParametersFitting simulations to observations:Calculating means and standarddeviationsComparing to SCP �Union2�SN Ia compilation [3]

→ 557 sources consideredAdding systematic error onsimulation redshiftObtaining χ
2 values for all sets(Ωm, ΩΛ)Doing the same for FRW universes withsimilar (Ωm, ΩΛ)  36.4
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2 Values with FRW UniversesRange of Con�gurations InvestigatedExample of Results for (

Ωm, ΩΛ
)

= (0.27, 0.73)
χ
2 Comparison: E�ects on Density ParametersDi�erent Cosmologies TestedChosen initial geometry of the voids:r1 = 7 Mpc, r2 = 15 Mpc [4]Initial density contrast A1 = 0.997Final underdensity (at tnow ) ≈20% of average density [5]Range of density parameters:0.20 < Ωm < 0.400.80 < ΩΛ < 0.60Di�erent values of Hubble parameter:H0 = 69-71 km/s/Mpc  0.2
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χ
2 Comparison: E�ects on Density ParametersGlobal Shift from ΛCDM Solution
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