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Input Power Spectra for the N-body simulations
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Figure3. Matter power spectraat z = 60 for interacting DE models with

constantcouplingascomputedby CMBEASY.

quantities areusually computed by setting up arandom-phasere-

alizationof thepower spectrumof thestudiedcosmological model

accordingto theZel’dovichapproximation(Zel’dovich1970). The

normalization amplitude of the power spectrum is adjusted such

that the linearly evolved rms-fluctuationsσ8 on atop-hat scaleof

8h−1Mpcatagivenredshiftznorm (usually chosentobeznorm = 0)

haveaprescribedamplitude.

ThecouplingbetweenDE andCDM canhaveastrongimpacton

thetransfer functionof matter density fluctuations, asfirst pointed

outbyMainini & Bonometto(2007b). For thisreason, wecompute

therequiredinitial powerspectrumdirectlywiththemodifiedBoltz-

mann code CMBEASY because the phenomenological parametriza-

tions of thematter power spectrumavailable for the CDM cos-

mology(e.g.Bardeenetal.1986;Eisenstein& Hu1998)wouldnot

beaccurateenough. Theresultingeffect on thepower spectrumis

shown in Fig. 3 for the different models considered in our set of

simulations.

Oncethedesireddensity fieldhasbeenrealizedwiththisproce-

dure, thedisplacementsof theparticlesfromthegridpointsneedto

berescaledwith thelinear growth factor D+ for thecosmological

model underinvestigationbetweentheredshiftsznormandzi inorder

to set the correct amplitude of the power spectrumat the starting

redshift of thesimulation. Also, thevelocities of theparticles are

related to the local overdensities according to linear perturbation

theory, viathefollowingrelation, herewrittenintheFourier space:

v(k, a) = if (a)aHδ(k, a)
k

k2
, (39)

wherethegrowthratef(a) isdefinedas

f (a)≡
dlnD+

dlna
. (40)

This requiresanaccuratecalculationof thelinear growth function

D+(z) forthecoupledmodel,whichweagaincomputenumerically

withCMBEASY.

Wenotethataphenomenological parametrizationof thegrowth

function for coupled DE models with constant coupling to dark

matter has recently beenmadeavailableby Di Porto & Amendola

(2008). However, it is only valid for models with no admixtureof

uncoupled matter, whereas in our case we also have a baryonic

component. Also, in the CDM cosmology, the total growth rate

is well approximated by a power of the total matter density
γ
M,

withγ = 0.55, roughly independentlyof thecosmological constant

density (Peebles 1980). This is however no longer truein coupled

cosmologies, as we show in Fig. 4. We find that, for our set of

coupledDE models, adifferentphenomenological fitgivenby

f (a) ∼
γ
M 1+γ

, CDM

M

ǫcβ
2
c , (41)

with γ = 0.56 (as previously found in Amendola & Quercellini

2004) andǫc = 2.4workswell. Thefit (41) reproducesthegrowth

ratewithamaximumerrorof ∼ 2percentoverarangeof coupling

valuesbetween0and0.2andfor acosmicbaryonfraction b/ / m

at z = 0 in the interval 0.0–0.1 for thecaseof thepotential slope

α=0.143(correspondingtotheslopeof theRP1-RP5models).For

avalueof α = 2.0 (corresponding to theslopeassumed for RP6),

themaximumerror increases to ∼ 4 per cent in thesamerangeof

coupling and baryon fraction. In Fig. 4, we plot both the fitting

formulae together with the exact f(a). For our initial conditions

setup, weinany caseprefer to usetheexact function f(a) directly

computed for each model with CMBEASY, rather than any of the

phenomenological approximations.

3.2 Testsofthenumerical implementation:

thelinear growthfactor

As afirst test of our implementation, wecheck whether thelinear

growth of density fluctuations in the simulations is in agreement

withthelinear theory predictionfor eachcoupledDE model under

investigation. To do so, we compute the growth factor from the

simulation outputs of the low-resolution simulations described in

Table 2 by evaluating the change in the amplitude of the matter

power spectrumon very largescales, and wecompare it with the

solution of the system of coupled equations for linear perturba-

tions(19),numerically integratedwithCMBEASY. Thecomparisonis

showninFig. 5for all theconstantcouplingmodels. Theaccuracy

of the linear growth computed fromthe simulations in fitting the

theoretical prediction is of thesameorder for all thevalues of the

coupling,andthediscrepancywithrespecttothenumerical solution

obtainedwithourmodifiedversionof GADGET-2neverexceedsafew

per cent.

3.3 Our setofN-bodysimulations

In our simulations, weareespecially interested in theeffects that

the presence of a coupling between DE and CDM induces in the

propertiesof collapsedstructures, andwewouldliketounderstand

whichof theseeffectsareduetolinearfeaturesof thecoupledtheory,

andwhichdueto themodifiedgravitational interaction inthedark

sector. This goal turns out to be challenging due to the presence

of several different sourcesof changes in thesimulationoutcomes

within our set of runs. To summarizethis, let us briefly discuss in

which respect, besides the different gravitational interactions, the

high-resolutionsimulationslistedinTable2aredifferentfromeach

other.

(i) Theinitial conditionsof thesimulationsaregeneratedusinga

differentmatterpowerspectrumforeachmodel, i.e. theinfluenceof

thecoupledDE ontheinitial power spectrumistakenintoaccount

and this means that every simulation will haveaslightly different

initial power spectrumshape.

(ii) Theamplitudeof density fluctuationsisnormalizedatz = 0

forall thesimulationstoσ8 =0.796,butduetothedifferentshapes

of theindividual powerspectratheamplitudeof densityfluctuations

atthepresenttimewill notbethesameinall simulationsatall scales.

(iii) The initial displacement of particles is computed for

each simulation by scaling down the individual power spectrum
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