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Observational challenges to holographic and Ricci dark energy paradigms:
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Abstract: Recent studies suggest that dark energy may be dynamical rather than a mere cosmological constant A.
In this work, we examine the viability of two physically well-motivated dynamical dark energy models—holograph-
ic dark energy (HDE) and Ricci dark energy (RDE)—by validating them with the latest observational data, includ-
ing ACT cosmic microwave background anisotropies, DESI baryon acoustic oscillations, and DESYS supernovae.
Our analysis reveals a fundamental tension between early- and late-universe constraints within both frameworks:
ACT favors a quintom scenario where the dark energy equation of state evolves from w > —1 at early times to
w < —1 at late times, whereas DESI+DESYS5 exhibits a distinct preference for quintessence where w > —1 across
cosmic evolution. The RDE model fails to provide a coherent description of cosmic evolution, as it manifests severe
tensions (exceeding 100 significance) between early- and late-universe parameter reconstructions. Additionally,
Bayesian evidence favors the ACDM model over both the aforementioned models. Our findings statistically exclude
the original HDE and RDE models and uncover a severe discrepancy between early- and late-universe observations
described by them, leading to the conclusion that the HDE and RDE models can be rejected based on current obser-

vational data.
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I. INTRODUCTION

The observed accelerated expansion of the universe
has led to the postulation of dark energy, a fundamental
constituent accounting for ~ 70% of the universe's en-
ergy density and characterized by its intrinsic negative
pressure. Initially introduced by Einstein within the
framework of General Relativity, the cosmological con-
stant A has re-emerged as the dominant theoretical
paradigm for dark energy following the definitive con-
firmation of cosmic acceleration in 1998 [1, 2]. The
ACDM model, which synthesizes A (representing vacu-
um energy density), cold dark matter, and baryonic phys-
ics, is the prevailing cosmological standard model by vir-
tue of its remarkable consistency with high-precision ob-
servational data, notably the cosmic microwave back-
ground (CMB) power spectrum measurements [3].

Notwithstanding its ubiquitous acceptance, the
ACDM model is beset by persistent theoretical conun-
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drums and observational discrepancies. Foremost among
these is the cosmological constant problem: the striking
disparity between quantum field theory (QFT) predic-
tions for vacuum energy density and empirical estimates
of A, with the former exceeding the latter by ~ 120 or-
ders of magnitude [4, 5]. This "worst prediction in phys-
ics" implies either a profound misunderstanding of vacu-
um energy in QFT or the existence of an unexplained
fine-tuning mechanism canceling 120 digits—a scenario
widely regarded as unnatural. Furthermore, the model
fails to reconcile certain early- and late-universe observa-
tions, most notably in the ~ 50 tension between the
Planck CMB-based estimate of the Hubble constant
Hy=67.4+0.5km/s/Mpc (assuming ACDM) and the
late-universe measurement of H, = 73.04 + 1.04 km/s/Mpc
from SHOES [6, 7].

The theoretical shortcomings and accumulating obser-
vational tensions confronting ACDM have spurred in-
vestigations into alternative cosmological frameworks,
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with particular emphasis on the dynamical nature of dark
energy. For instance, spatially homogeneous scalar fields
exhibiting slow-roll evolution can naturally generate the
requisite negative pressure to drive the current phase of
cosmic acceleration, thereby offering a compelling mech-
anism for dynamical dark energy [8—11]. Through preci-
sion constraints on the equation of state (EoS) parameter
w within such frameworks, one may discern potential de-
viations from ACDM's rigid w= -1 prescription. Phe-
nomenological parameterizations, most notably the Che-
vallier-Polarski-Linder ansatz w(a) = wg +w,(1 —a) where
a is the scale factor [12, 13], are widely used for consist-
ency tests of the ACDM model. Other parameterizations
can be seen in Refs. [14—17]. Notably, such empirical
constructions lack a theoretical foundation and thus
provide little physical insight. Therefore, theoretically
well-motivated dark energy scenarios must be explored.

The holographic dark energy (HDE) model is noted
for its deep theoretical considerations [18]. Rooted in the
holographic principle, a cornerstone of modern theoretic-
al physics first formalized by 't Hooft and Susskind, HDE
posits that the dark energy density (pq.) is intrinsically
bounded by the entropy-area relation of a cosmic horizon.
Specifically, the total energy in a region of scale L should
not exceed the mass of a black hole of the same size,
Lpge < LM§, where M, is the reduced Planck mass [19].
According to this bound, the density of HDE can be writ-
ten as

pae =3 M2L2, (1)

where L is the infrared cutoff scale (typically chosen as
the future event horizon) and ¢ is a dimensionless para-
meter which critically determines the properties of HDE.
HDE differs from the cosmological constant paradigm by
dynamically linking dark energy to spacetime structure
through ultraviolet/infrared duality. The significance of
HDE lies in its capacity to resolve two long-standing
paradoxes: (i) The cosmological constant problem is nat-
urally mitigated through entropy-area scaling laws;
(i1) The cosmic coincidence problem—why dark energy
and dark matter densities are comparable today—finds a
dynamical explanation via the evolving horizon scale [18].
A theoretical variant of HDE, the Ricci dark energy
(RDE) model [20], has also attracted significant interest.
The distinction between HDE and RDE arises from their
fundamental choice of infrared cutoff scale. HDE adopts
the future event horizon radius, whereas RDE utilizes the
characteristic length scale derived from the Ricci scalar
curvature to define the dark energy density. Specifically,

pac = 3yMy(H +2H?), )
where H is the Hubble parameter and the dot denotes the

derivative with respect to cosmic time, y is a constant;
which plays an important role in determining the proper-
ties of RDE. Grounded in spacetime geometry itself, this
model may offer insights into the interplay between
quantum mechanics and General Relativity, which is
pivotal for understanding the universe at its most funda-
mental level. Furthermore, the RDE model avoids the
causality problem inherent in the HDE model through its
foundation on the local spacetime geometry [20]. There-
fore, RDE is also an attractive model for exploration.

The HDE and RDE models not only present a dis-
tinct perspective on the dynamical nature of dark energy
but also demonstrate potential to resolve the puzzles
faced by the ACDM model. Investigating them is essen-
tial for exploring quantum gravity-based explanations of
dark energy. These two models have been constrained by
astronomical probes, primarily the CMB anisotropies, ba-
ryon acoustic oscillations (BAO), and type Ia supernovae
(SNe); see Refs. [21—44] for earlier studies and Refs.
[45—50] for recent progress. Despite extensive study, the
models face persistent challenges, failing to match histor-
ical observational data [33, 51—-53]. They merit a re-
newed investigation with the latest observational data.
Moreover, the majority of existing studies on these two
models rely on combined early- and late-universe data-
sets, without exploring the potential observational dis-
crepancies between different datasets. This constitutes a
critical caveat. For instance, as noted in Ref. [54], ana-
lyses utilizing late-universe observations appear to leave
room for the RDE model.

Recent observational data releases provide critical up-
dates for cosmological constraints. For instance, the
Atacama Cosmology Telescope (ACT) collaboration re-
leased the CMB measurements based on their Data Re-
lease 6 with 5-year observations [55]. Around the same
time, the Dark Energy Spectroscopic Instrument (DESI)
collaboration reported the BAO measurements based on
their Data Release 2 [56]. Earlier, the Dark Energy Sur-
vey (DES) program reported the high-quality SN samples
discovered during its 5-year operation [57]. These data-
sets hold great significance for measuring dark energy
[54, 58—108]. In this paper, we adopt these datasets to
constrain the HDE and RDE models, and conduct a cos-
mological analysis. This study rigorously assesses (i) the
evolutionary patterns of dark energy within these two
frameworks, (ii) the consistency of parameters derived
from early- and late-universe datasets, and (iii) whether
these frameworks are supported by the current data com-
pared to the standard ACDM model.

The paper is structured as follows: Section II presents
the methodology, Section III details the observational
data, Section IV analyzes the constraints on HDE and
RDE, and Section V concludes with key findings and
their cosmological implications.
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II. METHODOLOGY

We briefly review the HDE and RDE models. In
HDE, the dark energy density is obtained by adopting the
future event horizon as the infrared cutoff scale L [18],
defined by the following integral:

©  da
Rh(a) = a[ W’ (3)

1

where a =1/(1 +z) is the scale factor. In a spatially flat
FLRW universe, the Friedmann equation is given by

3MyH? = e + P+ i )

where pqe, pm, and p, denote the energy densities of dark
energy, pressureless matter, and radiation, respectively.
The equation can be recast into the dimensionless Hubble
parameter form:

4 3
E(z) = H()/Ho = Qr(Hf)_:de (1131”), )

where Q,, and Q, are current fractional densities of mat-
ter and radiation, and Qu.(z) is the fractional density of
dark energy at redshift z, whose derivative is calculated
as follows:

dQe(z) _ _ 2Que@[1 -~ Que(2)]

dz 1+z
1 VQu(2) VQ(2)
X(2+ c +2[1—Qde(z)]>' ©)

By solving Eq. (6) and propagating its solution into Eq.
(5), one can determine E(z). The measurement of cosmo-
logical distances allows us to constrain the parameters
in the E(z) formalism. Given the energy conservation
equation

pde + 3dee(1 + W) = 0, (7)

the dark energy EoS can be solved in the form

W(z)=—%—%. (3

The parameter ¢ plays a crucial role in shaping the beha-
vior of EoS. Dark energy models are typically classified
into four main categories:

e w = —1: Represents the cosmological constant.

e w> —1: Corresponds to quintessence dark energy.

e w < —1: Refers to phantom dark energy.

e w crosses —1: Indicates quintom dark energy.

For the HDE model, when ¢ > 1, the EoS consist-
ently stays above —1, displaying quintessence-like charac-
teristics. However, when ¢ <1, the EoS will cross the
cosmological constant boundary at late times [25]. The
transition from w > -1 to w < -1 implies that the uni-
verse will be dominated by phantom-like dark energy
[109], which could lead to a catastrophic Big Rip, where
the expansion of the universe becomes uncontrollably
rapid, ultimately resulting in its demise.

The RDE model chooses the mean radius of the Ricci
scalar curvature as the infrared cutoff to calculate the
dark energy density. The corresponding Friedmann equa-
tion can be expressed in terms of the reduced Hubble
parameter as

1 dE?
E? =Qme‘3"+y<§a +2E2>, ©

where x = Ina. Solving this equation, we obtain

20,
1+2°+Q.(1+2)"
2-y

1/2
(1-a- ;f_*y) a +Z>(“‘5)} (0

E(z) = [

From Eq. (10), one can derive the fractional RDE density

Que(2) ==L Qn(1+2)°
2-y

+(1—Qr—§Qm>(1+z)(4_i>. (1)

The dark energy EoS satisfies

1 +2dInQy
w(g) = —1 4 < 4N2%e (12)
3 dz

The parameter y is pivotal in governing the dynamical be-
havior of RDE. Specific values of y lead to distinct cos-
mological implications: y > 0.5 corresponds to w > —1,
while y <0.5 leads to a phantom regime, that is, RDE
evolves from quintessence-like at early times to phantom-
like at late times.

III. OBSERVATIONAL DATA

e Cosmic microwave background.

— ACT: We employ the CMB data from ACT, which
offers high-resolution observations of the CMB temperat-
ure, polarization, and cross spectra over ~ 40% of the
low-foreground sky [55]. Specifically, we adopt the ACT
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DR6 likelihood for temperature (TT), polarization (EE),
and cross (TE), as well as the CMB lensing. This dataset
is referred to as ACT.

— Planck: For a comparative analysis, the Planck data
are utilized, which include the high-precision, full-sky
measurements of the CMB TT, TE, and EE power spec-
tra [3, 110, 111]. This dataset is referred to as Planck.

e Baryon acoustic oscillations. We adopt the BAO
data from DESI DR2, based on the precise observations
of bright galaxy sample (BGS), luminous red galaxies
(LRG), emission line galaxies (ELGs), quasars (QSOs)
and Lyman-a forests [56]. Specifically, we consider 13
BAO measurements including the BGS, LRG1, LRG2,
LRG3+ELGI1, ELG2, QSO and Lyman-o samples at the
effective redshifts z.¢ =0.295, 0.51, 0.706, 0.934, 1.321,
1.484, and 2.33, respectively. This dataset is referred to
as DESI.

e Type Ia supernovae. We consider the SN data
from DESYS, based on the five-year operation of DES
program. The DESY5 sample consists of 1829 distant
SNe Ia spanning 0.025 <z < 1.3 [57]. Compared to the
PantheonPlus sample, the dataset quintuples the number
of SNe beyond z>0.5. This dataset is referred to as
DESYS.

IV. COSMOLOGICAL CONSTRAINTS

In this section, we adopt the Markov Chain Monte
Carlo method to infer the probability distributions of cos-
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Fig. 1.
HDE model. Right panel: Constraints on the RDE model.

mological parameters using the observational data, by
maximizing the likelihood L o« exp(—x?/2). The y* func-
tion for BAO and SN data can be written as ADTC'AD,
where AD is the vector of observable residuals represent-
ing the difference between observation and theory, and C
is the covariance matrix. We compute theoretical models
with the CAMB code [112] and conduct parameter
sampling with the publicly available Cobaya [113]. The
chain convergence is assessed via the Gelman-Rubin po-
tential scale reduction factor (R—1 < 0.02 for all paramet-
ers). We fit the standard ACDM (comparison baseline),
HDE, and RDE models to multiple data combinations.
The 1o and 20 parameter distribution contours are
shown in Figs. 1 and 2, and the 1o errors for the margin-
alized parameter constraints are summarized in Table 1. It
is essential to emphasize that the constraints on the
Hubble constant Hy and the matter fluctuation amplitude
og derived from late-time geometric probes are funda-
mentally limited. For H,, this limitation arises from the
strong degeneracy with the sound horizon at the drag
epoch ry; for o, it stems from the lack of cosmic struc-
ture growth data. The physical scale of ry is determined
by early-universe physics, and without an external an-
chor—typically provided by Big Bang Nucleosynthesis
(BBN) or CMB measurements—the combination of BAO
and SNe cannot break the H,—ry degeneracy. Likewise,
og cannot be constrained without growth-sensitive probes
such as the redshift-space distortions. We mark the cor-
responding entries in tables with "-" to indicate that they
are not effectively constrained.

We begin by examining constraints derived from two
CMB datasets. Among these, Planck's full-sky coverage
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(color online) Constraints on cosmological parameters using the Planck and ACT CMB data. Left panel: Constraints on the
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Table 1.

Fitting results (1o level) in the ACDM, HDE, and RDE models from the Planck, ACT, DESI+DESYS5, and

ACT+DESI+DESYS5 data. Here, Hy is in units of km/s/Mpc. Note: Entries marked with "—" indicate parameters that are not effectively
constrained by the data (i.e., posteriors are prior-dominated and lack physical meaning).

Model Parameter Planck ACT DESI+DESYS ACT+DESI+DESY5
ACDM Ho 67.21£0.45 66.89 +0.59 - 68.25+0.29
O 0.3160 + 0.0060 0.3239+0-0086 0.3104+0.0078 0.3035+0.0038
oy 0.8114 =0.0046 0.8177 +0.0049 - 0.8119 £ 0.0044
HDE Hy 76.80779 67.00£6.10 - 67.32£0.54
O 0.247+0:023 0.336+0:054 0.2723+0.0087 0.3019.+0.0049
oy 0.890%0:952 0.821*5:057 - 0.7701+0.0086
¢ 045873532 0.64933% 1.086°3433 0.72514%2
RDE Hy 82517049 84.607419 - 74.55+0.54
Qn 0.2528+0:0023 0.2520+0:9036 0.2162+0.9082 0.2289+0.0035
o3 0.9224 +0.0083 0.962+3017 - 0.409£0.011
y 0.1440+0.0031 0.1324 +0.0039 0.552+0912 0.3649 +0.0062

delivers unparalleled precision in measuring large-scale
anisotropies, thereby minimizing cosmic variance. Addi-
tionally, its broader spectral coverage enables superior
foreground removal. By contrast, ACT conducts deep ob-
servations over smaller patches of low-foreground sky,
achieving higher angular resolution at small scales.
However, its limited sky coverage inherently restricts the
statistical power for constraining cosmological paramet-
ers that are sensitive to large angular scales. Con-
sequently, the Planck data yield stronger constraining
power than from ACT (as shown in Fig. 1), aligning with
prior studies [55, 59, 114, 115]. Notably, both Planck and

ACT impose tighter constraints on the RDE model than
on the HDE model, as demonstrated in Table 1 and Fig.
1. This difference arises because RDE's energy density
depends directly on the spacetime curvature, to which
CMB anisotropies are highly sensitive, whereas HDE's
horizon-based scale involves integrated dynamical ef-
fects, making its imprints more degenerate with other
cosmological parameters. In the subsequent analysis, we
discuss the constraints on HDE and RDE from both
Planck and ACT.

In the HDE model, Planck and ACT yield the Hubble
constant estimates of H,=76.80%}3) km/s/Mpc and
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Hy = 67.00+6.10 km/s/Mpc, respectively. The large un-
certainties (~ 10%) in these constraints make them statist-
ically consistent with the local distance-ladder measure-
ment by the SHOES collaboration (Hy = 73.04 + 1.04 km/
s/Mpc). By contrast, CMB observations place tight con-
straints on H, in the RDE model. Specifically, Planck
yields H,=82.51%)3) km/s/Mpc, while ACT gives
H, = 84.60%)19 km/s/Mpc. In stark contrast to the SHOES
result, both values are significantly elevated, resulting in
a statistical tension of 8.20- for Planck and 5.80 for ACT.
These results indicate that RDE does not alleviate the
Hubble tension; on the contrary, its dynamical properties
further exacerbate the discrepancy.

An anti-correlation between the matter density para-
meter Q,, and the matter fluctuation amplitude o is ob-
served, reflecting the inherent geometric degeneracies in
CMB power spectrum analysis. The Planck data indicate
a preference for a lower matter density parameter ,, and
a higher amplitude of matter fluctuations o in both HDE
and RDE models, relative to the values inferred within
the ACDM framework. In particular, HDE yields
Qn =0.247:302 and o =0.890%)952, while RDE gives
Q,, = 0.2528730023 and o = 0.9224 +0.0083. Additionally,
ACT observations favor a similar trend for the RDE mod-
el (Qn=0.2520730%5 and o =0.96270917) but reveal a
slight departure in the HDE model: Q,, =0.33673%4 and
os =0.821*302/. In the HDE model, both Planck and ACT
results remain consistent with late-universe DESI+
DESYS constraints on Q,,, showing only marginal devi-
ations (< 1.20). By contrast, CMB results exhibit severe
tensions with late-universe constraints in the RDE model.
Specifically, the DESI+DESY5 result (Q,, = 0.216270:0053)
exhibits a 4.8 tension with the Planck result and a 4.40
tension with the ACT result.

The dark energy parameters (¢ for HDE and y for
RDE) exhibit notable discrepancies across CMB datasets.
In particular, Planck yields a lower value of ¢ = 0.458*0:033
compared to the ACT value, ¢ =0.649705%  correspond-
ing to a tension at the 1.50 level. In the RDE model,
Planck favors a higher y value (y =0.1440+0.0031) than
ACT (y=0.1324+0.0039), leading to a 2.30 tension.
Despite these inconsistencies, both CMB datasets consist-
ently prefer ¢ <1 for the HDE model and y < 0.5 for the
RDE model, thus supporting a quintom scenario, that is,
dark energy evolves from a quintessence-like state in
early times to a phantom-like regime at late times. In the
following, we assess the consistency between dark en-
ergy parameters derived separately from early-universe
(ACT) and late-universe (DESI+DESY5) datasets.

As expressed by Eq. (8), the parameter ¢ critically
regulates the HDE EoS. For cases with ¢>1, w> -1
holds universally, indicating quintessence-like behavior
and the universe experiences a gradually weakening ac-
celeration; when c¢=1, w evolves from values greater
than —1 at early times to asymptotically approach —1 in

late epochs, mimicking a cosmological constant and res-
ulting in a stable de Sitter future; if ¢ < 1, w will drop be-
low —1 in late epochs, signifying phantom-like dynamics
that may lead to a Big Rip singularity. The joint data
yield ¢ =0.725"5922 for the HDE model. Notably, we ob-
serve a 1.70 tension between the ACT and DESI+
DESYS5 datasets: the former prefers c=0.6499%,
whereas the latter gives ¢ = 1.086%)(73. Although this dis-
crepancy remains below the 30 threshold, a more signi-
ficant tension emerges when comparing the DESI+
DESYS5 value with the Planck result, reaching the 5.20
level. These results indicate that the HDE model has dif-
ficulty in simultaneously accommodating observational
data from both ends of cosmic history.

The parameter y also critically regulates the EoS of
RDE as expressed by Eq. (12). For instance, y = 0.5 re-
covers the cosmological constant, y>0.5 yields quint-
essence-like behavior, and y < 0.5 leads to a quintom re-
gime. We find a marked discrepancy emerges between
early- and late-universe probes: the ACT data alone con-
strain y to y =0.1324 £0.0039, which stands in stark ten-
sion (exceeding 200°) with the value derived from
DESI+DESYS5, y =0.552%0%12. The tension also exceeds
200 when comparing Planck value (y =0.1440+0.0031)
with the DESI+DESYS result. Note that there are better
methods to quantify measurement inconsistencies, such
as parameter-shift, Suspiciousness, and posterior predict-
ive tests. However, to maintain consistency with the ap-
proach adopted throughout this work, we have continued
to use the simpler tension estimate. Given the irreconcil-
able discrepancies in the estimation of key parameters,
we conclude that the canonical RDE model fails to
provide a unified framework for cosmic evolution. This
result is consistent with previous studies [51-53], which
have largely relied on joint analyses of early- and late-
universe observations. This work provides clear evidence
that the RDE model exhibits severe tensions between
early- and late-universe observations. Given these incon-
sistencies, a joint analysis is uninformative and therefore
is not presented here.

We present the redshift evolution of dark energy EoS
constrained under HDE and RDE frameworks in Fig. 3.
Evidently, within both frameworks, ACT favors an EoS
that evolves from quintessence-like at early times to
phantom-like at late times, whereas DESI+DESY5 exhib-
it a distinct preference for quintessence throughout cos-
mic evolution, although in HDE, this conclusion is only
supported at approximately 1o~ confidence. The joint ana-
lysis for HDE aligns more closely with the ACT prefer-
ence, favoring an EoS crossing the phantom divide.
When using the joint data, the transition from quint-
essence to phantom regime occurs within the redshift
range 0<z< 1, implying that the current dark energy
EoS is less than —1, thereby producing a stronger negat-
ive pressure than that exerted by the cosmological con-
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(color online) The reconstructed evolution history of dark energy EoS w at the 10 and 20 confidence levels for the HDE and

RDE models, constrained by current observational data. The black dashed line denotes the cosmological constant (w = -1).

stant A. In summary, the reconstruction of w(z) from
early- and late-universe observations supports divergent
evolutionary pathways and hence distinct cosmic des-
tinies. As only one physical universe is possible, this per-
sistent tension severely undermines the credibility of both
HDE and RDE models.

To assess the two holographic-inspired dynamical
dark energy scenarios, we compare them with the ACDM
model in terms of their ability to fit the current observa-
tional data. As models become more complex (i.e., have
more free parameters), they tend to fit the observational
data better, which can lead to a lower y? value. There-
fore, the y* comparison is unfair for comparing different
models. In this work, we employ Bayesian evidence as a
quantitative measure of model performance. The evid-
ence for a model M is defined as the marginal likelihood
of the observational data D:

Z= / P(D|8, M)P(61M)P(M)dé, (13)
Q

where P(D|0, M) is the likelihood of data given paramet-
ers @ and model M, P(|M) is the probability of @ given
M, and P(M) is the prior of M itself. The logarithmic
Bayes factor comparing models i and j is

lnBijzani_anj, (14)

with Z; and Z; being the evidence values for models i and
J, respectively. Compared to model j, model i is regarded
as inconclusively supported when 0 <In$;; <1, weakly
supported when 1<In8;; <2.5, moderately supported
when 2.5<In$; <5, strongly supported when 5<
InB;; <10, and decisively supported when InB;; > 10.
Conversely, a negative In35;; value is interpreted as evid-
ence against the model i.

Figure 4 visually presents the numerical result, where
i denotes the HDE/RDE model and j refers to the ACDM
model. As can be seen, ACT decisively favors ACDM
over both HDE and RDE models, while DESI+DESY5
demonstrate only moderate statistical preference for the
ACDM model. Specifically, ACT yields In8;; = -39.7 for
HDE and —55.1 for RDE, and DESI+DESY5 provide
InB;; =-2.6 for HDE and —4.3 for RDE. The decisive
disfavor of HDE and RDE by the CMB data appears
linked to their altered expansion histories relative to
ACDM. The locations and amplitudes of the CMB acous-
tic peaks are sensitive to the sound horizon at recombina-
tion and the subsequent expansion rate. Both HDE and
RDE introduce dark energy dynamics that modify H(z) at
high redshifts, leading to a poor fit to the measured angu-
lar scale of sound horizon. By contrast, late-time meas-
urements mainly capture the recent period of cosmic
evolution, during which H(z) of these models and that of
ACDM differ less clearly. Additionally, adjustments to
other parameters could improve the agreement with late-
time geometry. The DESI+DESYS results are consistent
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Fig. 4.

(color online) Graphical representation of dark energy model comparison results. The Bayes factor In8;; (where i denotes al-

ternative dark energy models and j denotes the ACDM model) quantifies relative model evidence according to Jeffreys scale, with neg-

ative values signifying a statistical preference for ACDM. The shaded regions from left to right represent inconclusive, weak, moder-

ate, strong, and decisive evidence, respectively.

with the analysis reported in Ref. [54]. Any observation-
ally viable model must be consistent with both early- and
late-universe observations. Unfortunately, neither HDE
nor RDE is able to satisfy this requirement. The joint ana-
lysis conclusively validates the ACDM framework while
achieving high-significance exclusion of HDE alternat-
ives.

V. CONCLUSION

Previous studies have indicated that dark energy may
exhibit dynamical evolution rather than being a mere cos-
mological constant. In this paper, we utilize the latest ob-
servational data, including CMB, BAO, and SN data, to
examine the viability of two well-motivated dynamical
dark energy models, namely holographic dark energy and
Ricci dark energy models. We constrain these two mod-
els separately using early-universe data, late-universe ob-
servations, and the data combination. Our primary aim is
to explore the evolutionary patterns of dark energy with-
in these cosmological frameworks and assess whether
these frameworks are supported by the current observa-
tional data.

We constrain the two holographic-inspired models
with the CMB data from the space-based Planck and
ground-based ACT respectively, demonstrating that
Planck imposes tighter constraints than ACT. Moreover,
the two CMB experiments yield mutually consistent con-
straints on each model, with no statistically significant
discrepancies observed. Due to their intrinsic properties,
the CMB data provide high-precision constraints on the
RDE model (achieving ~ 1% parameter precision) but fail

to impose tight constraints on the HDE model. The CMB
data prefer ¢ < 1 for the HDE model and y < 0.5 for the
RDE model, indicating a quintom dark energy where the
equation of state parameter w crosses the phantom divide
at w=—1 in late epochs, evolving from a quintessence-
like (w>—1) state to a phantom-like (w < —1) regime.
The transition from w> -1 to w<—1 occurs between
0 <z <1, implying that the universe is currently domin-
ated by the phantom-like dark energy in the HDE/RDE
framework, which could lead to a Big Rip singularity in
the far future.

Notably, a significant tension emerges between early-
universe and late-universe constraints. The Planck and
ACT data prefer values of ¢ < 1 and y <0.5. By contrast,
the DESI+DESYS5 data favor ¢ > 1 for the HDE model
and y>0.5 forthe RDE model, suggesting a quint-
essence-like evolutionary behavior wherein the universe
maintains a gradually decelerating acceleration. For the
HDE model, the tension in the parameter ¢ reaches 1.70
between ACT and DESI+DESYS5, and 5.20 between
Planck and DESI+DESYS5. For the RDE model, the ten-
sion in the parameter y exceeds 200~ between ACT and
DESI+DESYS5, as well as between Planck and DESI+
DESYS5. Combined constraints yield parameter values
consistent with c¢<1 and y<0.5, specifically c¢=
0.725%0922 at the 1o confidence level. It should be
stressed that when discrepancies between different data-
sets exceed the 3¢ threshold, a combined analysis is
neither feasible nor physically justified. Therefore, the
joint constraints should be interpreted with caution and
regarded as nominal estimates rather than robust conclu-
sions.
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Within the RDE framework, profound tensions are
observed not only in the parameter y but across the para-
meter space. Notably, the Hubble constant H, derived
from the CMB data is in severe disagreement with the
local distance-ladder measurement by the SHOES team.
This discrepancy reaches a statistical significance of 8.2¢
between Planck and SHOES, and 5.80 between ACT and
SHOES. These results indicate that the RDE model
provides no solution to the Hubble tension. In principle, a
viable cosmological framework must demonstrate funda-
mental concordance between empirical constraints from
the early- and late-universe. Such pronounced inconsist-
encies collectively cast substantial doubt on the robust-
ness of the RDE model in describing cosmic evolution.
By contrast, the HDE model exhibits less pronounced

tensions in parameter constraints compared to the RDE
model, though the inconsistencies remain non-negligible.

Bayesian evidence quantification disfavors both HDE
and RDE models relative to the ACDM model. The con-
clusion is driven by decisive evidence from early-uni-
verse observations, supplemented by moderate disfavor
from the late-universe data. These findings critically un-
dermine the empirical viability of both RDE and HDE as
physical descriptions of dark energy. Consequently, these
models can be excluded based on the current data, and fu-
ture investigations should accordingly prioritize alternat-
ive dark-energy scenarios. Of course, this criticism only
applies to the specific versions of HDE and RDE tested in
this paper, their extended theoretical frameworks could
still be valid candidates.
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