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Our current understanding of the Universe ...

Big
Bang

Cosmic Microwave
Background Radiation
(CMB), z~1,100 

First stars and cosmological
reionization

Cosmological time  
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Outline

●  CMB x LSS: Interaction of CMB photons with metals and ions 
from reionization

●  CMB x LSS: Interaction of CMB photons with (varying)
gravitational potentials (integrated Sachs-Wolfe and Rees-
Sciama effects)

●  CMB x LSS: Interaction of CMB photons with free electrons:
Thomson scattering (kinetic Sunyaev-Zeldovich effect [kSZ]) and
Compton scattering (thermal SZ, [tSZ])

●   LSS x LSS/CMB: Involvement in spectro-photometric redshifts 
(J-PLUS, J-PAS). Angular redshift fluctuations (ARF)
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CMB photons scattering off the first
molecules, atoms and ions in the universe

CHM et al., ApJLetters, 2006c

CHM, Rubiño-Martín, & Sunyaev, MNRAS, 2006

CMB radiation should scatter off neutral and
ionized species (like OI, OIII, CO), thus modifying 
the CMB intensity and polarization pattern in a
frequency dependent way ...
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Constraints on CO emission at high z (z~5 – 10)
using different intensity maps from QUIJOTE
experiment

CHM+, 2024, en prep.

CMB photons scattering off the first
molecules, atoms and ions in the universe

CMB radiation should scatter off neutral and
ionized species (like OI, OIII, CO), thus modifying 
the CMB intensity and polarization pattern in a
frequency dependent way ...
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CMB photons crossing time dependent
gravitational potentials (iSW & RS effects)

In a LCDM scenario, the iSW is seeded by 
Dark Energy
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CMB photons crossing time dependent
gravitational potentials (iSW & RS effects)

Planck
Telescope
(ESA)

X
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CMB photons crossing time dependent
gravitational potentials (iSW & RS effects)

Planck
Telescope
(ESA)

Limited S/N due to relatively high
cosmic variance on large scales!
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CMB photons Thomson [kSZ] and Compton
[tSZ] scattering off free electrons

Mike Shull (2015) on the missing baryons

[kSZ]

[tSZ]



11

CMB photons Thomson [kSZ] and Compton
[tSZ] scattering off free electrons

Constraints on the
Cosmological Principle 
(Dark Flow ruled out)

Galaxy clusters
at z~0.18 show
average
velocities < 62
km/s wrt their
CMB frame
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CMB photons Thomson [kSZ] and Compton
[tSZ] scattering off free electrons

Solving the missing baryon 
problem (PRL)

Chaves-Montero, CHM+,2021, MNRAS,
Unbound gas profiles in halos up to z~5
obtained by  ARFxkSZ cross-correlations, 
S/N[ kSZ]=11 



13

Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)

Observatorio Astrofísico de Javalambre (OAJ)
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● Require a photometric pre-selection of
targets

● Require typically longer integration times 
● Require positioning each fiber on top of

each  target, something complex if this is
to be done for tens of  millions of objetcs

● Provide very precise z-measurements 

Spectroscopic surveys

Photometric surveys
● Indiscriminate (no pre-selection biases)
● Typically much deeper
● Require demanding calibration of each the

optical bands 
● Provide less precise photo-z-s (depending upon

the number of optical bands)

Spectro-photometric surveys

● Present same advantages to
photometric survey ( no target
pre-selection,, higher depth),
with the added value of having
(1+z) measurements with
precision  better than   ~0.3% for
~30% of sources if the number
ofnarrow  bands  >40—50 .

● Accurate calibration required for
many more  optical filters 

Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)
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Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)

Very accurate photo-zs
for tens of millions of
sources –
Spectro-photometric
surveys are
(photo-)redshift
machines

Bonoli et al. 2021
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After choosing a central redshift and an associated redshift Gaussian  shell width

… or one study the fluctuacions of
redshift with respect an angular
average: angular redshift
fluctuations or ARF

… one can count galaxies (angular density fluctuations –
ADF –  or standard clustering)

Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)



17

Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)
ARFADF
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Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)
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Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)

Relativistic 
corrections for
ARF in modified
Boltzmann 
code:
ARFCAMB
(linear order of
perturbation
theory). 

Lima-Hernández,
CHM,
Chaves-Montero,
JCAP, 2022
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Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)

CHM+,2021, MNRAS letters,
Contraints on modified gravity 
using  de ARF in BOSS DR13 

Competitive upper limits to 
f

NL
 via ARF using Quaia x

Planck CMB lensing,
Bermejo-Climent +, in prep.

Chaves-Montero, CHM+,2021, MNRAS,
Unbound gas profiles in halos up to z~5 obtained by
ARFxkSZ cross-correlations, S/N[ kSZ]=11 

In Legrand, CHM+,2021, A&A
we showed that ARF improve
by 10x the sensitivity of ADF
on Dark Energy In CHM+,2024, (submitted) we use ARF to

measure galaxy bias and constrain peculiar
velocities in J-PLUS DR3
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Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)

● Exploring ARF in the non-linear regime with EFT 
(Alba Crespo (PhD), Jorge Martín Camalich)

● Exploring ARF in cosmic voids and their sensitivity
to Omega_m, f\sigma_8 (Mar Pérez Sar, PhD)

● Exploring ARF and their sensitivity to parity
violations (Angulo+ [DIPC])

● Exploring ARF with cosmic reconstructions (with
Francisco Shu Kitaura)

Ongoing projects ...

In the 2-do list  ...

● ARF sensitivity to homogeneity and the Cosmological 
Principle

● ARF bi-spectrum and its sensitivity to f_NL 
● ARF sensitivity to axions as DM candidate (as done for

the kSZ by Farren et al)
● ... Farren et al.

2023
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Using spectro-photometric surveys as
redshift machines: angular redshift

fluctuations (ARF)

● Exploring ARF in the non-linear regime with EFT 
(Alba Crespo (PhD), Jorge Martín Camalich)

● Exploring ARF in cosmic voids and their sensitivity
to Omega_m, f\sigma_8 (Mar Pérez Sar, PhD)

● Exploring ARF and their sensitivity to parity
violations (Angulo+ [DIPC])

● Exploring ARF with cosmic reconstructions (with
Francisco Shu Kitaura)

Ongoing projects ...

In the 2-do list  ...

● ARF sensitivity to homogeneity and the Cosmological 
Principle

● ARF bi-spectrum and its sensitivity to f_NL 
● ARF sensitivity to axions as DM candidate (as done for

the kSZ by Farren et al)
● ...

Thank you!
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