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INTRODUCTION

Although we do not yet fully understand all its
details, we can distinguish several stages
that occurred in the early universe, in
chronological order:

1. Cosmic inflation

2. Reheating

3. The thermal universe

During cosmic inflation, the universe
underwent a period of accelerated expansion
driven by the so-called inflaton (a particle
possibly related to the Higgs boson). At the
end of this stage, the inflaton began to decay,
producing a plasma of photons, electrons,
quarks, and other particles, in a process
known as reheating. Once the inflaton
decays ceased, the reheating stage ended
and the standard evolution of the universe
began (the so-called thermal universe),
which cooled from a very high temperature to
the current 2.7 K. A fundamental feature of
standard cosmology is that the universe is
considered thermal from the end of reheating
onward, with an initial temperature, known as
reheating temperature, enormously higher
than the energy scales accessible today.

Dark matter, on the other hand, is an
essential component of the universe whose
nature and origin remain unknown. There
exist various dark matter candidates and
different mechanisms for their production in
the early universe. In recent decades, Feebly
Interacting Massive Particles (FIMPs) have
gained significant attention, not only because
they can explain the observed amount of
dark matter, but also because they might be
probed at the LHC. Since they couple very
weakly to ordinary matter, they never
thermalize (i.e., they never reach the
temperature of the cosmic plasma), which is
why they are called non-thermal relics.

FIMPs face two main challenges within
standard cosmology. The first is that they are
typically produced in an uncontrolled way,
possibly during all three stages described
above, which leads to uncertainties in their
total abundance. This is due, on the one
hand, to our limited knowledge of these
stages, and on the other, to the fact that
FIMPs can accumulate throughout them (see
Fig. 1). This behavior can easily result in an
overproduction of dark matter. The second
problem is that, due to their extremely weak
interactions, they are very difficult to detect
experimentally.

Figure 1: Dark matter production (black arrows) during
the different stages of the early universe: inflation,
reheating, and the thermal universe. The total dark
matter abundance is the sum of the contributions from
each stage, which can lead to overproduction if not
properly controlled. Here, φ denotes the inflaton.
Figure adapted and simplified from [1].

In recent years, the scientific community has
begun exploring the possibility that FIMPs were
generated under a different condition: that the
maximum temperature of the thermal universe
(the reheating temperature), was much lower
than in the standard case (see, for example, [2,
3]). If this temperature is sufficiently low, the
gravitational production of FIMPs during
inflation and reheating can be strongly diluted,
so that the amount produced in these two
stages becomes negligibly small. In this context,
the creation of dark matter is dominated by the
third stage—the thermal universe—allowing for
much greater control over the final abundance.

As an additional consequence, the interactions
between FIMPs and ordinary matter can
become significantly stronger, opening the
possibility of detecting them in direct search
experiments—something that would be
unthinkable in standard scenarios.

The international scientific community is actively
investigating these kinds of scenarios, and both
researchers and students from the Millennium
Institute SAPHIR have joined this line of work.
Undoubtedly, there is still much to discover and
understand within this new paradigm. Among
the open questions are: can we test these
scenarios through searches for long-lived
particles at the LHC or future colliders? Is it also
possible to probe them through indirect dark
matter detection experiments?

From our research group, we are exploring
precisely these and other related questions,
with preliminary results pointing toward
encouraging answers. For example, we have
recently completed a study along with Dr.
Giovanna Cottin (faculty member at PUC and
member of SAPHIR), PUC Master’s student
Manuel López, and international collaborator
Nicolás Bernal (New York University, Abu
Dhabi), in which we explore the viability of a
dark matter candidate in this low-reheating-
temperature scenario, where the appearance of
a second Higgs boson (the so-called dark
Higgs) gives rise to a long-lived particle [4].
Currently, our work is under revision in the
Journal of high energy physics (JHEP).

Recommended by Marco Ayala
Active energy compression of a
laser-plasma electron beam.
P. Winkler
et. al. Nature volume 640, pages 907–910

(2025)

This article marks a milestone for plasma-
based accelerators. It demonstrates, for the
first time based on experimental results, that
it is possible to achieve active energy
compression in these electron beams with an
energy spread of ~0.1%, a jitter of ~0.05%,
charges of tens of pC, and energies around
~275 MeV. This confirms ideas previously
supported by simulations from the same
group and resolves one of the major
disadvantages that plasma accelerators had
compared to conventional systems such as
RF linacs or synchrotron light injectors, which
require high beam purity.
What is most noteworthy is that this
represents a significant step toward the
possibility of building compact, high-quality
accelerators—even in small laboratory
settings. Although nearly a decade of
development is still needed before the
technology fully matures, the fact that these
levels of beam stability have already been
achieved makes the work well worth reading.

a, The laser-plasma accelerator provides a several-
femtosecond duration electron bunch that has a several-
percent energy spread and an energy deviation from the
reference energy Eref. b, In a subsequent magnetic
chicane, energy-dependent path-length differences
result in a longitudinal energy chirp, which effectively
stretches the bunch from micrometre to millimetre length.
c,d, The RF field of a dechirper cavity then compensates
the energy chirp by accelerating low-energy electrons
while decelerating high-energy electrons, resulting in a
narrowband energy-stabilized beam (d).

Read more

We invite you to explore these articles, as each of them offers insights that contribute to
ongoing discussions in particle physics and reflect the diverse research interests within
SAPHIR.

SAPHIR consolidates five
years of frontier science in
Chile

“After five years of steady growth, the
Millennium Institute SAPHIR has
consolidated a strong research and
training program, strengthening
international networks, empowering the
next generation of scientists, and
positioning Chile as a rising contributor in
the field of particle physics.”

Read more

Chilean engineering at CERN’s
frontier

SAPHIR researcher Cristopher Rozas is
part of the team developing the Inner
Tracker (ITk) for the ATLAS experiment
at CERN — a key component of the Large
Hadron Collider’s Phase-II Upgrade.

Rozas leads the design of the
Environmental Enclosure (EEn), a
modular and airtight system that ensures
precise environmental control during the
integration and testing of the new pixel
detector.

This work, combining engineering,
physics, and international
collaboration, places Chilean talent at the
heart of one of the world’s most advanced
scientific projects.

Read the full story

Read the full story

Giovanna Cottin represented
Chilean physics at “Scalars
2025: Higgs Bosons and
Cosmology”, held in Warsaw,
Poland.

As part of the Millennium Institute SAPHIR
and PUC Physics, Dr. Cottin presented
advances on scalar particles, dark
matter, and cosmology, contributing to
global discussions on the Higgs boson
and extensions of the Standard Model.

Her participation also fostered

international collaboration and

networking with researchers from leading
institutions worldwide.

Millennium Institute SAPHIR
represented at the ATLAS
Collaboration Week 2025
through the participation of Dr.
Francisca Garay

Dr. Francisca Garay, Deputy Director of
SAPHIR and faculty member at the
Institute of Physics of the Pontificia
Universidad Católica de Chile, participated
in the ATLAS Collaboration Week held in
Paestum, Italy, reinforcing Chile’s
involvement in the scientific and technical
activities of the experiment as the
collaboration advances towards the High-
Luminosity LHC (HL-LHC) era.

Read the full story

Professor Marco Aurelio Díaz,
from PUC Physics and former
SAPHIR associate researcher,
has played a key role in
strengthening Chile’s ties with
CERN.

Now as an honorary researcher, Díaz
continues to contribute to SAPHIR’s
mission of advancing particle physics,
interdisciplinary collaboration, and industry
engagement.

He highlights the leadership of Professors
Francisca Garay and Giovanna Cottin, the
importance of student training, and the
opportunities opening for Chilean industry
through CERN collaborations.

Read the full story

Read the full story

Martín Bartías: a formative
experience in SAPHIR and the
CTEPP-UNAB laboratory

Martín Bastías, student and collaborator at
SAPHIR’s CTEPP-UNAB Laboratory,
operated one of the world’s few LASSO
particle microscopes, contributing directly to
the SND@LHC experiment at CERN under
the guidance of Professor Jilberto Zamora.

His experience — including a stay at CERN
— strengthened his conviction that science is
built through collaboration and demonstrated
SAPHIR’s commitment to offering frontier
research opportunities for young scientists

OUTREACH

During October 2025, the Millennium Institute SAPHIR actively participated in two major outreach
events, bringing particle physics closer to the public.

SAPHIR joined the 2025 Science Festival (FECI) with an interactive stand at the Museo Interactivo
Mirador (MIM) in Santiago, and also took part in a Science Fair organized by Universidad Técnica
Federico Santa María en Concepción.

At both events, the SAPHIR stand attracted hundreds of primary and secondary school students,
who explored the fascinating world of subatomic particles through hands-on demonstrations and
conversations with researchers.

These activities reflect SAPHIR’s ongoing commitment to scientific outreach, inspiring curiosity and
promoting the next generation’s engagement with particle physics and fundamental science.

PRESS

Particle Collisions: Smashing Matter
to Understand the Universe

Jilberto Zamora – “EL MOSTRADOR”

At the LHC, protons collide at near-light speed to
reveal the universe’s most hidden components —
the building blocks of matter itself. This is how

scientists discovered the Higgs boson, the long-
sought “golden screw” that gives mass to
everything.

Read more

Let’s Protect Science - From
Science Itself

Giovanna Cottin – “Cooperativa”

How do we truly measure scientific quality? In
this reflection, Dr. Giovanna Cottin invites us to
rethink metrics, ethics, and transparency in
research — to ensure that science remains a
space for knowledge, not just numbers.

Read the full column

CERN School of Computing - Latin America 2026

The school will take place from 11-24th of January 2026 in Santiago, Chile!  This year's school is

organized in collaboration with the SAPHIR Millenium Institute and will be hosted at the Lo Contador
Campus of Pontificia Universidad Católica de Chile. This event is held with the support of the Ministry of
Science, Technology, Knowledge and Innovation of Chile.

Computing.School@cern.ch  

Read more
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