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Abstract. Interacting Dark Energy models have been introduced as sipjesalternative to the
standardA\CDM concordance cosmological scenario in order to easerbetidining problems of the
cosmological constant. However, the interaction of thekEamergy field with other massive parti-
cles in the universe induces also an effective modificatiostrocture formation processes, leading
to a different dynamical behavior of density perturbatiaith respect to the standard scenario. In
particular, high-resolution N-body simulations have retyeshown that also the structural properties
of highly nonlinear objects, as e.g. their average conaéatr at a given mass, could be signifi-
cantly modified in the presence of an interaction betweerk Baergy and Dark Matter. While a
constant interaction strength leads to less concentraesitgt profiles, a steep growth in time of the
coupling function has been shown to determine a large iserefhalo concentrations over a wide
range of masses, including the typical halos hosting luosrapiral galaxies. This determines a sub-
stantial worsening of the “cusp-core” tension arising ia tiandardA\CDM model and provides a
direct way to constrain the form of the Dark Energy intei@tti In the present paper we make use
of the outcomes of some high-resolution N-body simulatioha specific class of interacting Dark
Energy models to compare the predicted rotation curvesnoinous spiral galaxies forming in these
cosmologies against real observational data. Our resubte fiow some specific interacting Dark
Energy scenarios featuring a steep growth in time of the laogfunction — which are virtually in-
distinguishable from\CDM in the background — cannot fit the observed rotation cuoféduminous
spiral galaxies and can therefore be ruled out only on this lbdslynamical properties of small-scale
structures. Our study is a pilot investigation of the eaafta Dark Energy interaction at small scales,
and demonstrates how the dynamical properties of visibxges can in some cases provide direct
constraints on the nature of Dark Energy.
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1 Introduction

The presently accepted standard cosmological model basedcosmological constant and on
Cold Dark Matter (CDM) patrticles as the two dominant compusef the Universe has proved to
be extremely successful in describing the overall evotutiad the structural properties of the Cos-
mos on large scales. Ever improving datasets have allowtitast decade to tightly constrain the
properties of Dark Energy (DE) at low redshifts and to shost the observed accelerated expansion
of the Universe 3] is driven by some field with an equation of state extremebgeltowpr = —1

at the present epoch [see &dg7]. Furthermore, the success of the CDM paradigm in explgitie
formation and the statistical properties of the largeessaiuctures observed in the Universe has been
strongly supported by the parallel improvement of obs@wmat surveys and numerical simulations.
Nevertheless, the extreme fine-tuning of the cosmologicasi@ant value required to fit the data on
the background evolution of the Universe poses a seriousalaess problem to the modd] [and
represents the main motivation for the investigation cdralative scenarios. Additionally, a signifi-
cant number of astrophysical observations at small scals $0 show discrepancies with respect to
the predictions of thhCDM model. These range from the low number of detected luosrsatel-
lites in galactic-size CDM halos (the “satellite problend; L0], but see also e.g1[l] for a possible
explanation), to the observed low baryon fraction in galekisters 12, 13], the large peculiar ve-
locities detected in the bulk motion of galaxidsf] or in systems of colliding galaxy clusters as the
“Bullet Cluster” [15], to the shallow observed density profiles of CDM halos (thecalled “cusp-
core” problem) of dwarf galaxieslp, 17], spiral galaxies 18, 19], and galaxy clusters2D, 21]. In

the present paper, we will consider the latter problem iatiah to the observed dynamical properties
of spiral galaxies and discuss the impact that some spettéimative cosmological scenarios might
have on this issue. In fact, based on the shortcomings ak@@M cosmology concerning both its
fundamental nature and its observational properties all sgales, a significant number of alterna-
tive models have been proposed in recent years, rangingBérecenarios based on the dynamical
evolution of a classical scalar field as for the casquiftessenc§22-24] or k-essenc§25], to spe-
cific modifications of General Relativity at cosmologicahtes p6], to Warm Dark Matter (WDM)
scenarios 27, 28]. A particularly interesting class of alternative modedggiven by interacting DE
scenarios29, 30], where a direct exchange of energy-momentum between thigelkEand massive
particles takes place. Such models might provide earlyrgcablutions for the DE density thereby



alleviating the fine-tuning issues of the cosmological tams Additionally, they predict the exis-
tence of a fifth-force between massive particles coupleded®iE field, which determines significant
and potentially observable effects on the growth of cosnriectures [see e.@1-33] and is there-
fore likely to have a direct impact on the small scale fatuoé the ACDM scenario. However, the
phenomenology of coupled DE models (cDE) has been shown txtbemely diverse depending
on the nature of the interactio34] and while providing a fully viable alternative thCDM for a
wide range of realizations, it might in some specific cases significantly worsen the problems of
the ACDM scenario on small scales while being still in full agresrwith background observables.
This provides a direct way to strongly constrain the paramgpace of cDE models and represents
the main focus of the present work. More specifically, we aiguantifying the impact that a steeply
growing coupling between DE and CDM particles has on theipted rotation curves of luminous
spiral galaxies based on an NFW density profile, due to thegtanduced by the interaction on
the normalization of the Concentration-Mass relation eirtfhost DM halos. The latter effect has
been investigated through numerical N-body simulationstfcture formation both for the case of
a constant32] and a time-dependenB4] interaction strength, and we seek here a direct comparison
of these results with observational data from galaxy rotatiurves. This will allow us to rule out
some specific realizations of the cDE scenario based onaotetirves data only.

The paper is organized as follows. In Sectkbwe summarize the main features of cDE models
and we highlight the specific scenarios considered in thegptevork. In Sectio® we discuss how
we model the mass distribution within spiral galaxies ang tite velocity profiles are derived based
on the structural properties of the host CDM halo. In Sectiame provide constraints on the cDE
models under investigation from our sample of galaxy rotatiurves, while in Sectiob we discuss
our findings and draw our conclusions.

2 Coupled Dark Energy models and Simulations

Coupled DE models are based on the dynamical evolution aissicial scalar fiel¢ whose energy
densityp, = /2 + V(¢) evolves in time according to the dynamic equation:

. .4V 2 De
O+3HO+ 0 = \/;m) TR (2.1)
that includes on the right-hand side a source term for théange of energy-momentum with a
different cosmic fluid of density.. In Eq. 2.1, an overdot indicates a derivative with respect to the
cosmic timet, H = a/a is the Hubble function)p; = 1/v/87G is the reduced Planck Masis(¢)
is the scalar field self-interaction potential, and the ¢iogfunction 5.(¢) defines the strength of the
DE interaction. For the purpose of the present paper, the ¢oiipled with the DE scalar field will
be always assumed to be represented by CDM particles, ghthcDE models with interactions to
massive neutrinos have also been proposed as a possittierstduthe cosmic coincidence problem
[see e.q.35, 36]. In order to preserve General Covariance, Ed. requires the presence of an
analogous interaction term also in the CDM continuity etumtwhich reads:

2 od
pe+ 3Hpe = _\/;Bc(ﬁb) ]fffl s (2.2)

while the remaining continuity equations for the baryonid aelativistic components of the universe
are unaffected as the coupling involves only DE and CDM:

po+3Hp, =0, (2.3)
pr+4Hp, = 0. 2.4)



As a consequence of the interaction, and assuming the catiser of the CDM particle number,
Eq.2.2implies a time evolution of the CDM particle mass due to theadyic nature of the DE scalar
field, according to the equation:

me(a) = me(ag)e™V 2/3 [ Be(#)do/Mpy ’ (2.5)

whereay is the cosmic scale factor at the present time. The cosneabdiynamics of the system
allows for scaling solutions during matter domination tfeatture an Early Dark Energy component,
thereby alleviating the fine-tuning problems of the cosmgimal constant. Such scaling solutions have
been identified analytically for the case of constant cagpfunctionss.(¢) = 8. = const., and
numerically for the case of variable couplingg ¢) considered in the present work , and are known
as the ®-Matter Dominated Epochjor ¢MDE, see 30] and the “Growinge-Matter Dominated
EpocH [or G-¢pMDE, see 34], respectively. However, if the coupling exhibits a vergegh growth in
time (as for the case of the specific models discussed in thik)wthe early DE scaling is absent and
the model is therefore indistinguishable frat@DM at the background level [see agad4].

At the linear perturbations level, the growth of densitytpdrations is modified by the inter-
action between DE and CDM through the appearance of two nemstthat directly depend on the
DE-CDM coupling in the perturbed linear equations. The dyitaequation for linear CDM den-
sity perturbations in the Newtonian gauge and in Fouriecspsin fact modified from its standard
form and reads [see e.80-32, 37, for a full derivation of the linear perturbation equatianDE
models]:

¢
HV6

where the overdensity, . of baryons and DM is defined as. = dpy /o, . The additional contri-
bution appearing in the first term on the right hand side of(E®) is an extra friction associated with
momentum conservation in cDE models [see &§.for a discussion on the effects of the friction
term] while the additional term in the second squared braitkdudes the effect of the fifth-force
mediated by the DE scalar field for CDM density perturbatioQsialitatively, while the fifth-force
term is always attractive and accelerates the growth ofiygmesrturbations for any value of the cou-
pling 5. and for any dynamic evolution of the DE scalar fiéldhe friction term enhances the growth
only wheng.¢ > 0, while it slows down the evolution of perturbations wher < 0. Although in
the present work we will be interested in specific cDE modaisvhich the former condition always
holds, a change in sing of the friction term can have paditylinteresting effects on structure for-
mation processes, especially at high redsh@® 40]. Furthermore, even for the case of cDE models
with always positive values qfc(ng)qB, the friction term has been shown to determine a suppression
of the growth of density perturbations once these becomknsam, due to the presence of non-radial
velocities B2, 38].

In the present work, we will focus on cDE models with an expdiad self-interaction potential
and with variable couplings in the form of a power of the casetale factor:

50 =20 [ 5@(@5)

. + 4G [pbab + pede <1 + §6§<¢>)} , (2.6)

Be(¢(a)) = Boa™ (2.7)

that have been proposed and studied 3#4].[ In particular, we will consider two of the models dis-
cussed in34], featuring a rapidly growing coupling function witl®y, 51) = (0.5,2) and(0.75, 3),

named “EXP010a2” and “EXP015a3", respectively. Such nmodale been shown to be fully consis-
tent with present cosmological data on the background estparistory and cluster number counts,
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Figure 1. The ratio of the halo concentration in cDE models with respethe standard CDM scenario as a
function of the halo virial masa/,, as obtained from the N-body simulations 8#]. The curves represent
the Mean (solid) and the Median (dashed) concentratiorimtach of the four logarithmic mass bins in which
the sample has been subdivided.

while determining a significant increase of the small-scatgter power only at very low redshifts.
In the present paper, we are seeking for observational r@nist on this specific class of models
based only on the observation of rotation curves of lumirspisal galaxies, without invoking any
additional observational data.

We will base our analysis on the numerical results34f [ that made use of the specific mod-
ification of [32] of the widely used parallel N-body codeADGET [41] to run high-resolution hy-
drodynamical N-body simulations of a series of cDE modelg wariable coupling, including the
EXP010a2 and EXP015a3 models under investigation heréh 1Bodified numerical code includes
all the specific effects related to the DE-CDM interactioatthave been briefly discussed above, and
allows to follow the evolution of a cosmological volume okthniverse in the context of different
models with a common normalization of the basic cosmoldgieeameters, and to compare the in-
dividual and statistical properties of collapsed objeotsiing in each scenario. In particular, we will
consider here the results of hydrodynamical N-body sinmratwithin a periodic cosmological box
of 80 comoving Mpg¢'h aside filled with5122 CDM and5122 gas particles, for a mass resolution of
2.41 x 10 M, /h and4.82 x 107 M, /h, respectively, and a spatial resolution3d$ kpc/h. By com-
paring the outcomes of such simulation34][found that — differently from standard cDE scenarios
with constant coupling — variable coupling models mighted®iine in some specific realizations a
significant increase of the normalization of the “conceidravs. Mass” (c-M) relation for collapsed
virialized objects (see Fid). In particular, this happens for models where the cougsiegply grows
at low redshifts as it is the case for couplings scaling assiipe power of the scale factor, due to
the absence in such models of ag@DE phase [see34, for a detailed discussion of this effect].
An overall increase of the normalization in the c-M relatimight have a significant impact on the
predicted rotation curves for luminous spiral galaxies pralide a powerful way to strongly con-
strain the parameter space for this class of cDE models. Mogeifically, an increase by a factor
of ~ 1.85 [as predicted by4, for the model EXP015a3] of the expected average concaniraf



CDM halos in the mass range of a feml 0'2 M, /h will clearly exacerbate the marginal tension of
observed rotation curves with the predicted radial magsllision of a Navarro-Frenk-White [NFW
9] density profile iInACDM, known as the “cusp-core” problem, thereby providingireat way to
constrain the model using only galaxy rotation curves dathwithout resorting on any additional
observational dataset.

In this paper we will adopt the outcomes 8#], where simulations were normalized in order
to have the same amplitude of linear density perturbatibas=a0, i.e. all cosmological models were
normalized to the same value @f(>z = 0). Recently, a new set of very large N-body simulations
for cDE models [theCoDECSproject, seet2] has been released, featuring a different choice for the
power spectrum normalization with a common amplitude ofsdgrperturbations at the redshift of
CMB, zcvmp ~ 1100. The choice to consider the numerical results3#] [instead of §2] for our
analysis should be considered “conservative” as a higlermalization of density perturbations is
expected to result in an even stronger increase of halo otnatien at a fixed mass for the same
cosmological model.

3 Mass modelling the Spiral’s Rotation Curves

In spiral galaxies the presence of a large amount of unse#enndistributed very differently from
the stellar and HI gas disks, is well established from thei-keplerian rotation curves4$, 44],

an innovative review on this issue can be found4s]]. A massive dark component, becoming
progressively more important at increasing radii and desing galaxy luminosity is present in any
galaxy @6]. This evidence relies on the fact that rotation curves (R spiral galaxies suitably
measure their total gravitational potential [see é£48]. More precisely, high-quality RCs measure
the spiral’s circular velocity(r), i.e. the rotational equilibrium velocity implied by theinderlying
mass distribution. In each galaxy, the former is relatedhéototal gravitational potential;.;, which

is the sum of four distinct mass components: a sphericdhstallge (B), a Dark Matter haloD M),

a stellar disk £) and a gaseous disé&/(l). Such relation follows the equation:

d
VQ(T) =VE+ V3 +V2+ Vi = T%Qﬁtot . (3.1)

wheregior = o + dpm + ¢« + dy. Itis therefore possible to equal the observed circulawaig,

i.e the LHS of Eg.3.1, with the velocity model given by the RHS of E8.1, thereby inferring the
radial profile of the total gravitational potential. Moreesifically, this is obtained by means of the
Poisson equation from the surface/spatial densities ofdlieus mass components.

3.1 The Baryonic contribution

The surface density of the stellar disk () is obtained from the observed surface brightness, once
we assume a radially constant stellar mass-to-light rage49]. It is generally found [see e.&0]
that this quantity follows the relation:

M
Bu(r) = 55 ¢7/HP (3.2)
T

whereMp is the disk mass anf, is the disk scale length; therefore, for the RC we get a dauntri

tion;

V2(r) = sr B <2> (3.3)




from the stellar disk, where = r/Rp, G is the gravitational constant, argl = Iy Ky — [1 K is a
combination of Bessel functions.

The contribution of the gaseous disk to the R, can be directly derived from the HI surface
brightness; however, for the high-luminosity spirals wasider here, this contribution is always neg-
ligible [see e.g44]. Moreover, although spirals can have a non-negligiblgéwelocity component,
this results virtually indistinguishable from that of thegpenential disk [se&1] for the determination
of the DM structural mass parameters via RC fitting.

3.2 The phenomenology of RCs of Spirals

The systematical study of the spiral RCs has highlighted th@dversal character, with the galaxy
magnitude)M; playing the role of an additional characteristic paramietentifying specific galaxies
along a universal behavior of the R62 53]. This has led to the concept of “Universal Rotation
Curve” (URC), i.e. a functio;rc(r/Rp, M) of radius (in units of the disk length scale/Rp)
and of galaxy magnitude\{;) that well reproduces the RC of any object of knoiia and R [see
52]. In detail, [52] assigned each of their 900 individual RCs of spirals extenout toR,,; ~ 3Rp

to the corresponding magnitude bin among the 11 bins in wtiiehwhole spiral/-band magni-
tude rangeM; € [—24.3,—16.3] was divided. The RCs of the objects in each luminosity binewer
finally averaged in radial bins of width.1R,,,. This led to a family of synthetic coadded RCs
Veoadd(r/Rp, M) [see e.g. Fig. 1 062]. A similar result was obtained bybfl]. These coadded
RCs result regular, smooth and with a very small intrinsidarece. Additional data, including very
extended RCs and the virial velociti®s;, = (GM,;./R.i.)"/? [see55], allowed to extend the coad-
ded RC out to the galaxies virial radb3, 55]. With such a general prescription, all kinematical data
were fit by the same analytical functidfyzc(r/Rp, M) [see agairb3]. Further evidence that the
URC does represent the general RC of any spiral of any luntyness provided by $4].

In this paper we are concerned with RCs of high-luminosityadm as their DM halos cor-
respond to the smallest objects for which the simulation$3# provide a reliable estimation of
the halo structural parameters. As a matter of fact, we aiootopare the URC relative to the top-
luminosity spiral objects — i.e. to objects wifff; < —23 [see the two last panels in Fig. 1 52
— with the prediction of some specific mass models. The foisptotted in Fig.2 as black filled
circles, with error bars that include also the variance atetbobject by object in the 56 RCs &7
and the 30 of%6], i.e. of the available samples of high luminosity spiralfR®ore specifically, the
data points in Fig2 show atypical circular velocity profile of a “very big” spiral}/; = —23.0 and
consequently witlRp = 7.3 kpc, V(Ropt) = 235km/s [see53, although no result in the present
paper depends on these numbers and exactly the same resldtasise if we had used anyone of the
available individual RC of high luminosity spira as all o&th are, for the present aim, indistinguish-
able from the adopted one]. Obviously, any successful masfehmust be capable to reproduce
these data.

3.3 The velocity profile in ACDM halos

It is well known that numerical simulations performed in th€ DM scenario lead to virialized halos
of Dark Matter with a very specific density and velocity prefitalled the NFW profileq]:

_ ps
pnFw (r) = (r/rs) (1 + T/TS)2 : (3.4)

In Eq. 3.4 r, is a characteristic scale radius andis the corresponding density. We remind that
for the virial radiusR,;, and halo masd/,;,- and the mean universal densjy we have: M,;,. ~
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Figure 2. Circular rotation velocity for the case of a standAl@DM concentratiorvs. Mass relation (black
solid line) and for the two cDE models under investigatioKPB10a2 (red solid line) and EXP015a3 (green
solid line), compared to the URC af; = —23 (black points with error bars).

100puR§ir. Furthermorer and R,;,- are found to be related within a reasonable scatter acaptdin

the equation%7]:

Mvir —018
) . (3.5)

102 M,

Although other mildly different density profiles and/ervs. M, relations have been proposed,
adopting Eq. 8.5 as the standard CDM concentration does not affect the outcomes of the ptesen
work.

Since they emerged in N-body simulations, the cuspy NFWitlepsofiles have been in ten-
sion with those detected around dwarf spirdl§]| giving rise to the so called “cusp-core” problem.
Later, e.g. in 58] and [59], a suitable investigation of a number of proper test-cages performed
by means of a careful analysis of 2D, high-quality, extendedular, and symmetric RCs for spiral
galaxies. It is well known that in these objects the NFW hatedfrtions and kinematical data are
found in strong disagreement in several aspects. In faetstéllar disk + NFW halo mass model
(NFWD) i) fits very poorly a significant number of RAB; often requires an implausibly low stellar
mass-to-light ratio and/aii) an unphysical high halo mass andiey an implausible value for the
concentration parameter[see e.g59-65]. Up to now, the failure of the NFW velocity profiles is
very evident in low luminosity galaxies, as their steep R@sot be accounted for by a NFWD ve-
locity profile. Noticeably, instead, for the most luminougexts as large spiral galaxies, their flattish
RCs can be still (marginally) reproduced also by a NFWD magdeh As an example, the RCs of

¢ = Ryip/rs ~ 9.7 (
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Figure 3. Values ofy? ,of the best-fit mass models for different assumptions on ¢imneentration parameter
¢/ca. Standard NFW models correspondf@, = 1. Thex?2 , values for the two cDE models discussed in
the present work are shown by a red (EXP010a2) and a greendQ(E5&3) dot. The latter model provides a
very poor fit to the data, as shown by the lasge, value.

the luminous spirals MW and M31 can be well fitted also by a NFilvass modelg6)].

The ACDM scenario might generically account for the “cusp-camision described above if
some physical process, related to the galaxy formationggodself, erased the previously formed
cosmological cusp. A rather common approach is thereforassnme a\CDM scenario and to
explain the observed RCs postulating that some processdrasfdrmed the originally sharp halo
density profiles into the observed shallow ones. Consebplearty process or scenario in which
ACDM halos get anorepronounced cusp with respect to the standard case shouldrbgatded. In
fact, given the present possible tension betw&&DM halos predictions and actual observations, it
is possible to rule out or tightly constrain any scenarid fbhether worsens the discrepancy. In other
words, any reasonable process beyond the adiabatic fameatiCDM halos inACDM we want to
invoke must erase the central cusp and not make it more pnocedu

4 Constraining cDE models with RCs of High-Luminosity Spiras

In Fig. 2 we plot (as black points) the synthetic RC of spiral galaxied/; ~ —23 from 1 kpc,
their typical innermost radius with reliable individual esirements, to 330 kpc (their typical virial
radius). It is worth to recall here that the cored halo + FraerDisk model (not discussed here)
perfectly fits these data by passing all the data points witheir error barsg3].

It is also not surprising that the NFWD model with the staddasncentration relatior8(5) fits
the same data in a quite satisfactory way (black line in Eignd black filled circle in Figd where
the resulting reduced chi-squargg,, is shown). In fact, so far in the literature there are no cases
which the flattish individual RCs of high-luminosity spigdlaxies can be unambiguously modeled
exclusively by a cored DM distribution as it occurs for theegier RCs of lower luminosity objects.

Let us now investigate the case — as for the cDE scenariosangteep growth in time of the
coupling functiong. [34] — in which the emerging dark matter halos have a NFW densitilp



with a value for the concentration parameter significanifghr with respect to what prescribed by
Eq. 3.5 for halos of this mass For instance, we can consider coratent values as found in N-body
simulations for the EXP010a2 and EXP015a3 models investigia the present work (see Figf),
which at masses of the order of a fevit0'2 M/, are given by:

EXP010a2 c~ 13 cp, (4.1)
EXP015a3 c~ 185 ¢y, (4.2)

wherec, is the standard value of the concentration predictedd DM simulations and consistent
with Eq. 3.5

With these values of the concentration parameter, we carattempt fitting the reference RCs
of high-luminosity spirals shown in Fi@ with a NFWD mass model for NFW DM halos of different
concentration, and test the quality of the fit with the reducki-squared 2., defined as:

N

1 Vure — V4
2 URC mod
Xr d — 9 (43)
“T N-2 ; 0.0175 - Vi3pc

where N=19, the quantity in the denominator is the obseamati error of Vyrc and Vi,0q is the
velocity model under investigation. For a standAdDM model, corresponding te/cy = 1, the
best fit parameters afd,;, = 1.1 x 10* My, Mp = 5.1 x 10'' M, with a reduced chi-squared of
X?ed ~ L.

The fit appears instead clearly unsuccessful (see the giremiml Fig. 2 and the green point
in Fig. 4) for the most extreme cDE case EXP015a3, correspondingetpdhameter$s, 51) =
(0.75,3). The best fit values of the parameters for this modeldig. = 6 x 10'2My, Mp =
2.6 x 10'' My, but the fit results extremely poor with a reduced chi-squiarey?,; ~ 7.5. On
the other hand, the fit is not significantly worse than in tleen@dardACDM case for the other, less
extreme cDE scenario discussed in this work, EXP010a2,(With3;) = (0.5, 2), for which the best
fit parameters aré/,;, = 8.7 x 1012Mg, Mp = 4.1 x 10" M, with a %, ~ 1.7. Let us stress
here that the fitting uncertainty in the the two structurabpaeters is large but not relevant here. In
the former case, no model can fit the data in a satisfactory way

More in general, let us consider DM halos with a NFW profile with a c-M relation different
from the standard\CDM case, i.e.c/c) ranging frome/cy = 0.8, leading to a marginally shal-
lower density profile, ta:/cy = 2, i.e. a significantly more concentrated DM halo. We attempt i
these cases a NFWD modeling of the reference RC. The restitas (see Fig4): at a value of
c/ca % 1.8 the fit becomes very problematic and even flat RCs rule out a IRBMYwith such a high
concentration.

5 Discussion and Conclusions

In the ACDM framework, DM virialized halos are characterized by amudensity distribution that
is certainly not seen in the halos around dwarf spiral gakwaind that might be absent also in high-
luminosity spiral galaxies. Some alternative cosmoldgicadels, motivated by the need to address
the fundamental problems of the cosmological constant,casseme specific models of interaction
between Dark Energy and Dark Matter can modify the typicateantration of DM halos as a function

f halo mass, both reducing it or increasing it depending ersgiecific form of the DE self-interaction
potential and of the coupling function. However, while teeluction of halo concentration, when it
occurs, is in general quite modest for presently viable cDdflels, some specific scenarios can



lead to DM halos that are significantly more concentratech tte standard\CDM ones. As a
consequence of this, also the rotation curves of high-losiip spiral galaxies as obtained from the
Universal Rotation Curve or from the kinematics of numersuitable objects, cannot be reproduced
in a satisfactory way by a mass model that accounts for trectefif enhanced concentration in
interacting DE cosmologies.

In the present work, we have investigated the impact thatetlspecific realizations of the in-
teracting DE scenario have on the rotation curves of lunsrspiral galaxies. More specifically, we
have restricted our analysis to a particular class of cauplE scenarios characterized by a steep
growth in time of the interaction strength, parametrizec a®sitive power of the cosmic scale fac-
tor. Such models have been shown to be in full agreement wétsept constraints on the background
evolution of the Universe, as they do not feature the typealy DE scaling of other coupled DE sce-
narios like e.g. models with a constant or a more slowly eagleoupling function. The background
evolution of the models investigated in this work is in fagdically indistinguishable from the stan-
dard ACDM cosmology. Furthermore, the impact of these altereativsmologies on the statistical
properties of large scale structures is confined at very exghifts, which makes it problematic to
test the models via e.g. weak lensing measurements.

However, as mentioned above, a series of high-resolutiainoldynamical N-body simulations
for this specific class of interacting DE cosmologies hawemdy shown that the fast growth of
the coupling strength determines a significant increaseehbrmalization of the concentratios.
Mass relation for CDM halos at low redshifts, thereby allogvfor a direct test of the models through
dynamical probes in collapsed structures. In the presewlysive have therefore considered the
effect that an average higher halo concentration at halsesas the range of luminous spirals —
consistent with the results of N-body simulations for twedfic realizations of coupled DE models
— determines on the rotation curve of the galaxy, and condptire inferred circular velocity with
real data, namely with the Universal Rotation Curve thatfar purpose well represents the typical
circular velocity of spirals.

While the standardiCDM value of the halo concentration provides a marginallgeatable
fit to the data, the increase of the concentration due to tfeeaiction between DE and DM for the
specific models investigated in this work determines a Samitly worse fit and exacerbates the
problem of the central Dark Matter cusps in galactic halospdrticular, our results show that for
the most extreme of our coupled DE scenarios the best fit madsling has a reduced chi-squared
of X?ed ~ 7.5, thereby allowing to rule out the model. The other model uridestigation, which
features a smaller present value and a shallower growthma 6f the coupling function, shows
instead a still marginally acceptable fit to the data.

We can therefore conclude that the nonlinear effects of tardntion between DE and CDM
provide a direct way to constrain the evolution of the caupliunction, and that the parameter space
of coupled DE models can be constrained by means of direeraditsons of the dynamical properties
of galaxies. Furthermore, since the problem of the centrapiness of DM halos is mostly severe
for faint and low-mass objects, we argue that a detailedstiyation of the effects of coupled DE
models on the halo concentration at a lower mass range tlwaveal by the present resolution of our
simulations might result in tighter constraints on the dedDE parameter space. Itis also important
to stress here that a large fraction of the parameter spamsupfed DE cosmologies does not result
at all in an enhancement of halo concentrations, with a lamgeber of models even showing a slight
decrease of the concentrations over a wide range of massese Tealizations of the coupled DE
scenario, not discussed in the present work, are clearhaffetted by our constraints and should
still be considered as viable alternatives to #@DM paradigm. Nevertheless, our results show for
the first time that it is possible to constrain the properieBark Energy also through the dynamical
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features of luminous galaxies.
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