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Mathema'cal Physics Group: h5p://mathphys.uva.es/

• Consolidated Research Unit, Ref. UIC011 (Junta de Cas;lla y León). 

• Ins;tu;ons with partnership: U. de Burgos, U. de Salamanca and U. de Valladolid. 

• A wide range of topics are covered: Astrophysics, Cosmology, Gravita;on, Mathema;cal physics methods, Quantum 
Field theories,  Supergravity…etc. 

• Ac;ve projects: 3 Na;onal and 1 Regional (associated to the UIC), which includes: 

▪ “Galac%c Edges and Euclid in the Low Surface Brightness Era”. PI: F. Buitrago. Ref. Ministry of Science: PID2020-116188GA-I00. From 
September 1, 2021 to December 31, 2023. 

▪ “New strategies for tes%ng gravity in strong-field regimes”. PI: D. Sáez-Chillón Gómez. Ref. Ministry of Science: PID2020-117301GA-I00. 
From September 1, 2021 to December 31, 2024. 

▪ “New Developments in Mathema%cal Modeling of Quantum Phenomena”. PI: L.M. Nieto y M.A. González-León. Ref. Ministry of 
Science: PID2020-113406GB-I00. From September 1, 2021 to December 31, 2023.
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Work-team (Valladolid pole): 8 Faculty members, 3 Senior postdocs (+1 incoming), 5 (+2 incoming) PhD students 
and 4 associated members:

Fernando Buitrago 
Manuel Donaire 
Manuel Gadella 
José M. Izquierdo 
Justo López-Sarrión 
José M. Muñoz-Castañeda 
Javier Negro 
Luismi Nieto 
Mariano del Olmo 
Diego Sáez-Chillón Gómez 
Mariano Santander

César Romaniega 
Julio Sánchez Cánovas 
Carlos San Millán 
Lucía Santamaría 
Marcos Tello

Juan J. Álvarez-Sánchez 
Fernando M. Gómez-Cubillo 
Guillermo López-Reyes 
J. Francisco Sanz-Requena
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Previous work and experience:
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Figure 1: Left panel: Hubble expansion rate for exact ΛCDM model with Ωm = 0.3 and its corresponding cosmographic
expansion with the y-parametrization with three {q0, j0, s0} and four {q0, j0, s0, l0} cosmographic parameters. Right panel:
The same for the z-parametrization.

Figure 2: Left panel: Constraints to the first set of cosmographic parameters with the y-parametrization. Right panel: The
same for the z-parametrization.

ing the cosmographic expansion θ1 (fourth order), θ2

(fifth order) and the exact XCDM model, H2/H2
0 =

Ωm(1 + z)3 + (1−Ωm)(1+ z)3(1+w). As shown in Fig. 3,
fitting the XCDM model directly provides smaller errors
than the cosmographic approach, and it can spot devi-
ations from ΛCDM with less effort. Moreover, the con-
straints on w show a clear signature of w "= −1. On
the other hand, the order of the cosmographic expansion
decisively affects the posterior constraints on the cosmo-
graphic parameters: there is some evidence of j0 "= 1
when considering θ1 but such evidence disappears when
θ2 is assumed.

IV. CONSTRAINING DARK ENERGY
MODELS WITH COSMOGRAPHY ANALYSIS

Recently it has been shown that cosmography can be
used to reconstruct particular models for dark energy [6].
However, as demonstrated below, there are issues with
this approach when it is applied to theories that con-
tain higher derivatives, such as fourth-order gravity or
Galileons. This is because the expansion of such mod-
els give extra free parameters apart from the usual cos-
mographic ones. We now compare several dark energy
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Figure 3: δk evolution for fB(R, T ) model according to the quasi-static evolution given by (37) and ΛCDM given by (39). Here we
have assumed a positive value for the free parameter c1 = 10−3, which leads to an oscillating behavior of the matter perturbations,
which turns out stronger as k is larger, and whose oscillations are observed for large small redshifts. The model mimics the ΛCDM

model only those modes small enough k < 50H0.

equation with strong wavenumber dependence. This fact is in contrast with well-known results for f(R) fourth-order
gravity theories and also Hilbert-Einstein action with a cosmological constant.

Then, we have compared our results with the usual quasi-static approximation in general relativity and shown
how these two density contrasts evolve differently. As analyzed in the bulk of the manuscript, the quasi-static
approximation equation may also contain a singular point forcing the matter perturbations to diverge along the
cosmological evolution. Alternatively, the study of a positive coupling constant for the modified term T 1/2 led to a
damped harmonic oscillator for large k-modes, as we illustrated in the second model under consideration, in particular
in the case depicted in Fig. 3. This assumption provides a way to constraining the value of the coupling constant c1,
but does not prevent the strong deviation of the sub-Hubble models for this kind of models. Moreover, the departure
from the linear regime in this kind of models may happen very fast due to the explicit wavenumber dependence as we
showed in our first studied model.

The dependence of the matter perturbations on the scale k implies a great deviation with respect to those results
predicted by General Relativity, giving rise to a contradiction with the observational data provided by the main
sky surveys, as for instance the Sloan Digital Sky Survey (see Ref. [12]). Consequently, further analyses on these
theories in the realm of cosmological perturbations evolution, including the power spectrum of the Cosmic Microwave
Background (CMB) as well as the Baryonic Acoustic Oscillations (BAO) determination, would reveal the disagreement
with the last observations provided by PLANCK, ruling out definitely the kind of gravitational actions studied in this
investigation.

Hence, our investigation concludes that models of the form f(R, T ) = f1(R) + f2(T ), where the only viable f2(T )
function is given by (19), lead to results in strong contradiction with the usually assumed behavior of the density
contrast in the sub-Hubble regime, setting strong limitations for the viability of these theories and preventing this
class of models to be considered as competitive candidates for dark energy.

Therefore, a deep analysis of a particular theory, where the background evolution is studied alongside the cosmo-
logical perturbations, and combined with the last observations of PLANCK and the sky surveys, provides a powerful
tool to discriminate the validity of alternative gravitational theories, as is the case of f(R, T ) gravity studied in this
manuscript.

• Analysis of cosmological solu;ons in modified gravi;es.  

• Propaga;on of Gravita;onal Waves. 

• Non-trivial Black holes solu;ons in some scalar-tensor theories. 

• Growth of cosmological perturba;ons. 

• Infla;onary models. 

• Cosmological singulari;es. 

• Progressive assembly of galaxies through cosmic ;me: low surface brightness regime.  

• Analysis of Massive Black holes in the galaxies centres studied via pulsar ;ming array technique.  
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Interests and synergies for the ET(-Spain) mission.

• Perturba;ons in sta;c and rota;ng space;mes in some extensions of General Rela;vity. 

• Modelling the Gravita;onal Waves emission during the ringdown phase of binary systems merges. 

• Inner structure of rela;vis;c stars. 

• Cri;cal Collapse in extensions of GR. 

• Shadows shapes around compact objects. 

• Analysis of most massive black holes of the Universe with dynamical modelling with 3D spectroscopy. 


