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INTRODUCTION

CHILEAN CENTER OF EXCELLENCE IN PARTICLE PHYSICS,
DATA SCIENCE, AND ADVANCED INSTRUMENTATION

Strong focus on experimental research at CERN and its Interdisciplinary collaboration across institutions to
technological and societal impact. address fundamental questions in high-energy physics.

Development of advanced computing, detector The only state-funded center in Chile fully
technologies, and data-driven methods. dedicated to particle physics.

Part of Chile’s Millennium Institutes Program, Key role in training young scientists and strengthening
funded by ANID. Chile’s international scientific presence.
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DAVID FRANCIS

SENIOR RESEARCHER
ATLAS RESOURCES COORDINATOR

LUDOVICO PONTECORVO
SENIOR RESEARCHER
' " r ATLAS TECHNICAL COORDINATOR
L —
NICOLAS VIAUX
ASSOCIATE RESEARCHER
UTFSM

JUAN PEDRO OCHOA

SENIOR RESEARCHER
ATLAS RESOURCES COORDINATOR
UC IRVINE

WILLIAM BROOKS

SENIOR RESEARCHER
UTFSM

FARINALDO QUEIROZ
SENIOR RESEARCHER
INTERNATIONAL INSTITUTE
OF PHYSICS, BRAZIL

GIOVANNA COTTIN
ASSOCIATE RESEARCHER
uc

JUAN CARLOS HELO
ASSOCIATE RESEARCHER
U. LA SERENA

SERGEY KULESHOV
DIRECTOR
UNAB

JILBERTO ZAMORA
ASSOCIATE RESEARCHER
UNAB

FRANCISCA GARAY
ALTERNATE DIRECTOR
uc

FRANCISCO MOLINA
ASSOCIATE RESEARCHER
CCHEN

ALFONSO ZERWEKH
ASSOCIATE RESEARCHER

SERGUEI KOVALENKO
SENIOR RESEARCHER
UNAB

VLADIMIR POLIAKOV
SENIOR RESEARCHER

SERGEI GNINENKO
SENIOR RESEARCHER
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YURY IVANOW
ADJUNT RESEARCHER

ey M
ANTONIO CARCAMO

YOUNG RESEARCHER
UTFSM

FELIPE OLIVARES

EXECUTIVE DIRECTOR
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VALERY LYUBOVITSKY

ADJUNT RESEARCHER
UNIVERSITY OF TUEBINGEN

ORLANDO SOTO
YOUNG RESEARCHER

JORGE STUARDO
FINANCE DIRECTOR

YOHAN OVIEDO MARCO AYALA ASHISH SEHRAWAT

POSTDOCTORAL RESEARCHER POSTDOCTORAL RESEARCHER POSTDOCTORAL RESEARCHER
COLOMBIA MEXICO INDIA

1
7
BASTIAN DiAZ TOSHIHIKO OTA JAIME ROMERO

YOUNG RESEARCHER YOUNG RESEARCHER YOUNG RESEARCHER
uc CCHEN

JACK BRADY PATRICIO GRUNERT JULIA DiAZ

DIRECTOR OF INTERNATIONAL OUTREACH & ADMINISTRATIVE
RELATIONS COMMUNICATION CHIEF COORDINATOR




VICENTE AGOSIN VICTOR VERGARA AGUSTIN BELTRAN SEBASTIAN CEPEDA CARLOS FLORES

SPECIALIST ENGINEER SPECIALIST ENGINEER SE'Z‘éE'/? &Apm’ffﬂ SPECIALIST TECHNICIAN SPECIALIST TECHNICIAN

MATIAS HENRIQUEZ ELIAS ROZAS PAVEL MASOLIVER IGNACIO GARCIA CRISTIAN SILVA
SPECIALIST ENGINEER SPECIALIST ENGINEER SPECIALIST ENGINEER SPECIALIST ENGINEER SPECIALIST TECHNICIAN

§
[ | [
MAURO BONILLA GERARDO VASQUEZ MATIAS LIZ MARIA GRIGORIEVA

SPECIALIST ENGINEER SPECIALIST SPECIALIST SPECIALIST

RELATED TO A RELATED TO A RELATED TO A
SND AND SHIP ATLAS AND SHIP ATLAS AND SHIP

.
INES GUTIERREZ CRISTOPHER ROZAS
SPECIALIST TECHNICIAN SPECIALIST ENGINEER
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RESEARCH LINES

1 Design and construction of particle detectors for "L
research and practical applications.
T £ oy G - " # - ¥ ar.
. 9 Data analysis encompassing big data techniques
and machine learning.
¥ ” 7] : b - Tagg PRI, ;
High-energy theoretical and experimental physics,

3 focusing on topics such as the Higgs Boson and Physics
Beyond the Standard Model.

4 IT and Computing, including heterogeneous
computing systems.
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DESIGN AND CONSTRUCTION OF PARTICLE DETECTORS
Experiments at CERN

NA - 64 (SPS - CERN)
ATLAS

Phase Il upgrade (CMS) FLUKA simulations.

Inner tracker (ITk) - Flex QC Moving Table for a 7 ton detector

with precision better than Imm in
Xandy.

Cooling system of Itk

Module construction

Environmental enclosure

Other topics

TOF detector design

CERN website

Participating in the Veto task Force: MC
simulation to reach minimum background
inside the decay volume.

Near Future: Physics analysis BSM.

SND@LHC

TOF detector prototyping and production,
participation on beam test

Cold Box - Design and construction
of the neutron shield.

am
CERN website

Advance detector R&D and instrumentation for CERN experiments,
strengthening Chile’s role in international collaborations while
expanding technology transfer and interdisciplinary applications
in mining, environmental monitoring, and medical imaging, posi-
tioning SAPHIR as a Latin American hub for detector technology.

Lead detector development, electronics, and system integration
for ATLAS, ITk, NA-64, SND@LHC, and SHiP, including charge-mo-
nitoring systems, large-scale board quality control, next-genera-
tion TOF detectors, and ASIC-based technologies for current and
future CERN experiments.
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DESIGN AND CONSTRUCTION OF PARTICLE DETECTORS

Not at CERN

JUNO Multipurpose neutrino observatory

Activities on reactor neutrinos

Design of underwater box
and high voltage splitters
for the PMT system.

MCcC validation for JUNO.

CLAS@Jefferson Lab

Is used to study the properties
of the nuclear matter.

Electron beam from the
accelerator of Jefferson
Laboratory is brought into "Hall
B", the experimental hall that
houses the CLAS system.

ACTIVITIES SWGO- Southern Wide-field Gamma-ray observatory

Exploring diquarks with
hadrons (CLASS).

Exploring hadronization with
slow protons -> future
experiments at JLab and EIC.
Sm
The Sentharn Widefald Gommoray Observalory
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DESIGN AND CONSTRUCTION OF PARTICLE DETECTORS
SAPHIR experiments through Chile

NEUTRON MEASUREMENT

How the environmental variables affect the flux .

RADON DETECTORS

of lung in the world.

How radon i Radon ¢ ation in chile.
enters a house g

National study to assess radon gas levels
from northern to southern Chile.

Goal: support the creation of radon
regulations in the country.

50+ measurement sites, each
monitored for about 6 months.

Average concentration: 90 Bq/m?;
maximum value: 3500 Bq/m>.

Coverage to date: less than 10% of
Chile’s 5,000 km length.

uUnderground mine tests (850 m deep):
low levels (=30 Bq/m’) due to high
ventilation efficiency.

CHILEAN EXPERIMENTS

GECKO LAB (QUINTAY)

Monitoring station of cosmic rays Monitoring station of gamma radiation from water

Gecko Lab: Geophysics, Environmental physics,
Cosmic ray physics and Ocean physics laboratoory

GECko Lab’s Main Research Areas

Study correlations between cosmic ray
detection rates and seismic activity to
identify possible earthquake precursors.
Use cosmic rays to monitor
ocean-atmosphere interactions such as
evaporation and cloud formation.
Measure radioactive isotope and radon
concentrations in ocean water.

Monitor radon gas flux from the seabed
near the laboratory.

Observe ocean water luminescence.

Measure the Earth’s magnetic field in the 3 . e
laboratory area The hodoscope will transferred into a dedicated
Record meteorological and oceanic shipping con-tomer‘ This container's |n|t.|a| placement will
conditions using optical methods and a be the machine shop backyard, then will be permanently (1) Quintay Laboratory. c<(>s)mic ray hodoscop((e (;nd ocean water radioactive is?lo)pes measurement slalion,((%) Large
a i i i Cosmic Ray Hodoscope, (3) Radon detector, (4) Large Cosmic Ray Hodoscop, (5) Hodoscope for students, (6) Quintay
weather station. |nstolle€j ne?r e EeEsk I R LEREE GEeEeeEn Laboratory. Cosmic ray hodoscope and ocean water radioactive isotopes measurement station, (7) Mini Pet CT.
Center in Quintay.
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DESIGN AND CONSTRUCTION OF PARTICLE DETECTORS
SAPHIR laboratories

SAPHIR HAS INCREASED ITS INFRAESTRUCTURE

laboratory at

CERN 3

laboratory at

UNAB
laboratory 1
and laboratory at
1 UTFSM

clean room at
uc

laboratory at
ULS
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DATA ANALYSIS

At Experiments

ATLAS Experiment dsappearing of >
displaced Kinkid tracks | )
multitrack vartices 1 -
Searching for new physics beyond the ¥
standard model. [ .
Application of machine learning algorithms rﬁf
PP g . displaced leptons, -~ -
lepton-jets, of 4
New Small Wheel Trigger. S Fﬁﬂ‘l:l_"'illfﬂ'ﬁ
Hight-pT muon efficiency. = 4 “
p S,
a :
Heavy-ion collisions.
multitrack vartices in the \
muon speciromater LY
/IR
-/ \ @
P . | | '.\.
Neutrino physics.
NSW - ATLAS Exaples of displaced signals in a standard detector
Searching for new physics beyond the
standard model.
Dimuon production measurement at NA-64.

FUTURE COLLIDERS

Sensitivity study of CLIC to rare Higgs FUTURE
boson processes. ggﬁ'nl.iclﬁﬁnﬂ

Sensitivity study of FCC to
long lived particles.

Juliette Alimena et al 2020 J. Phys. G: Nucl. Part. Phys. 47 090501




HIGH-ENERGY THEORETICAL AND EXPERIMENTAL PHYSICS

The Standard Model of particle physics, is the best model
we have that explains phenomena at the subatomic scales.

It has been tested with a precision better than 0,1%.

The LHC seems to confirm it over and over again.

We know it must be extended.

Symetry magazine

WHAT WE STUDY

(hep-th) (hep-ex)

@ Model building Beyond the
Standard Model (BSM). Phenomenology
@ Neutrino mass models. (hep-ph)
@ Dark matter phenomenology. Theory Experiment
[

Perturbative and non-perturbative
QCD phenomena.

HOW WE HAVE STUDIED IT

@ We do theoretical groundwork
necessary for experiments.

@ We built new models and study their
experimental consequences.

@ We propose novel strategies to look
for them at colliders.

@ we study non-collider experiments
and cosmological observations to
constrain our predictions.




HIGH-ENERGY THEORETICAL AND EXPERIMENTAL PHYSICS

Our science will develop
testable frameworks and
concrete theoretical
input for experiments!

Theory Experiment

QCD phenomena > LHC @CERN
/ GLLT/lej sL IT‘AC,: I:\'NFL?: IEst : r%?o?::o%
Beyond the SM
y > SPS@CERN
ShiP, NAG4

Dark Sectors
Future Colliders

FCC-ee, FCC-hh, CLIC @CERN
ILC

Higgs Physics
/ Dark Matter Experiments

Dark Matter XENON, LUX-ZEPLIN (LZ), CTAO

\’

\ 4
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IT AND COMPUTING

The main objectives are to provide at the institutional level all necessary network
infrastructure, including essential network services (DNS, Internet, mail, storage,
etc.), and to ensure the availability of computing resources for all research projects.

Computational and network infrastructure

Data center with heterogeneous computing CPU (Intel x86_64 and ARM aarch64

architectures), GPUs and accelerated FPGA cards.

Storage servers (total storage size ~200 TB). Local access to data via NFS and SMB protocols.
External - via SAPHIR "data cloud” (Web).

Institutional DNS, Web and Mail services for the official SAPHIR’s domain ‘institutosaphir.cl’.

Institutional Wi-Fi network and printing facilities (printers, plotter).

Alliance with REUNA as a reliable internet service provider. Direct access to the international
science networks (RedCLARA, GEANT).

User support and training

Personal and online support (web-tutorials, mailing system).

Workshop on "Single-Board Computer Raspberry Pi".

SAPHIR facilities (data center, scanning microscope
etc.) are also used for research projects at CERN (ATLAS,
NAG64, SND) and JINR (NICA project, e.g. developing of
clustering algorithms for pixel detectors on FPGA).

Ciencia y Educacién en Red
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SAPHIR BY NUMBERS

& 2021
150 145
2 2022
<]
=
§ 100 :
= ]
= 7 2023
2
'6 50 45
2
26
0
2021 2022 2023 2024
NUMBER OF COLLABORATIONS
YEAR
CATEGORY @ Total publications
40 100%

30 75%

20

NUMBER OF STUDENTS
N3IWNOM 410 %

2021 2022 2023 2024

YEAR

CATEGORY . Number of students % of women
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STUDENTS AT SAPHIR

FIVE YEARS OF TRAINING STUDENTS,
IMPACT AND GROWTH

CERN Summer School

SAPHIR is committed to excellence in international
training, setting a goal of sending 2-3 students per
year to the prestigious CERN Summer School.

International School

SAPHIR actively participates in the HEP Latin Ameri-
can School (CLASHEP), having selected eight
students for the 2024 edition, and counts institute
researchers among the discussion leaders. It also
promotes student participation in international
conferences, such as HEPNP 2025.

Internships

International internships (SAPHIR Internships) are
implemented, achieving the placement of six
students at CERN in 2024. In addition, national
summer internships are held annually through open
calls, fostering hands-on experience within the
country.

51%

UNDERGRADUATE

HUMAN
CAPITAL
DEVELOPMENT

27%

MASTER

Grants

The Institute supports advanced training through its
own scholarship program, the SAPHIR Grants. This
program has been expanded to offer additional
support to PhD students, contributing to the develo-
pment of advanced human capital.

In addition, the majority of SAPHIR students have
been awarded ANID scholarships for Master’s and
Doctoral studies, carrying out research projects
supervised and guided by SAPHIR researchers.

Poster session

The Poster Session crowns the annual national
summer internships organized by SAPHIR, serving as
a platform for students to present and showcase the
research projects in which they have participated.

Shifts at CERN

As part of practical, immersive frontier-research
experience, institute students have had the oppor-
tunity to take work shifts in the control rooms of the
ATLAS, NA64, and SND@LHC experiments at CERN.




SAPHIR OUTREACH

202' - 2025 FROM A SINGLE SPARK TO A CONSTELLATION OF
OUTREACH — SAPHIR CONNECTING SCIENCE AND SOCIETY

Chile now has a permanent national platform for particle physics communication.

SAPHIR consolidated continuity, evidence, territorial reach and strategic partnerships
(MIM, embassies, Explora, Puerto de Ideas).

SAPHIR is recognized as a relevant local institution in public science engagement.

KEY PROGRAMS &
MEASURABLE IMPACT

ici i SAPHIR PARTICIPATION IN SCIENCE FESTIVALS, PUBLIC EVENTS,
’S,gg;':;ll'pﬂgit;llg'f:noiili?’e AND PRIMARY & SECONDARY SCHOOL INTERVENTIONS
Institute

REGION DE ANTOFAGASTA

In national science festivals organized by the
Ministry of Science, including the Puerto de Ideas
Festival in Antofagasta.

Active collaboration with primary and secondary
schools through workshops and courses.

Participation in the OCRE Congress (University of
La Serena) and partnerships with Universidad
Técnica Federico Santa Maria (Concepcién).

Future collaborations with museums and other
educational organizations.
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OUTREACH 2025-2030

Outreach and Public Engagement — SAPHIR 2026-2030

NEW PME PROJECT NEW OUTREACH PARTNERSHIPS SCHOOL ENGAGEMENT PROGRAM 2025
“LHC AND IMMERSIVE EXPERIENCE”

Strengthened collaboration networks with: Continuation of the cycle of talks and

A 2.5-meter-high virtual reality tunnel workshops in primary and secondary
simulating a section of the Large LEGO® Education Chile schools across Chile.

Hadron Collider (LHC). Museo Interactivo Mirador (MIM) Aimed at bringing frontier science into

Offers VISIt(:)rS an immersive experien- Parque Metropolitano de Santiago classrooms and inspiring future scientists.
ce of particle physics and scientific

discovery. - p
Joint outreach events with the SAPHIR NINAS ATOMICAS2026
Stand and the LHC Interactive Tunnel.

The new edition of SAPHIR's flagship
outreach program focused on encoura-
ging girls in STEM.

Combines hands-on activities, mentors-
hip, and detector-building workshops to
promote gender inclusion in science.
—_— Consolidation of Nifias Atomicas as a
71 education interdisciplinary research project (Paper).

LHC EXPERIENCE &
_x_.+;_a_' Y --;_‘\_ g

PARQUEMET

-

Image created by IA ATGM ‘CAS
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ProTeGi

National Training and Technical Mobility Program for
Large-Scale International Experiments

A STRATEGIC INITIATIVE LED BY THE MILLENNIUM INSTITUTE SAPHIR

WHAT IS ProTeGi? INTERNATIONAL ACADEMIC COLLABORATIONS

STRATEGIC REACH (2026-2030)

A national program designed to train, ProTeGi aims to select qualified Chilean ProTeGi also enables technical mobility and specialization
specialize and insert Chilean technicians technicians for high-impact international with leading global institutions.

into major international scientific experi- projects, strengthening Chile's presence in

ments — primarily at CERN and partner global particle physics research and crea- +  University Federico Il of Napoli (Italy)

universities — over the next five years. ting a sustainable technical workforce.

Short-term placements, detector instrumentation, and
test-beam support.

« International Institute of Physics - IIP (UFRN, Brazil

Regional collaboration in experimental setups, detector
development, and technical training schools.

INSTITUTIONAL PARTNERSHIPS FIVE-YEAR TECHNICAL MOBILITY PLAN

ATLAS: muon spectrometer 2; ITK 2;
RAL2 -6 & for year(26&27 - 28 - 29
-30)

SHIP: (5 a for year, 26&27 — 28 — 29 CORE IMPACT FOR CHILE
-30)

UC

g Cagaisernentisionnd SND@LHC: (2 & for year, 26&27 — 28 « Builds a national workforce with frontier-level tech-

-29-30) nical skills.

BDF - Beam Dump Facility: SAPHIR has » Strengthens Chile’s role as an active contributor to
CERN experiments.

+ Enhances technology transfer to Chilean universities
and industry.

: - Expands international opportunities technicians, and
; ting and other areas. ; !
AIEP — Agreement signed 9 S young professionals.

a signed collaboration agreement. It is
currently in negotiations for future
projects involving quantum compu-

DO LA, LI TR DAL
ANDRES BELLO

UMIN IDAD TECHICA
FEDERI ANTA MARIA

UTFSM - Agreement in progress
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HIGHLIGHT SAPHIR’S ROLE
IN THE PROCESS

Since its establishment as a Millennium
Institute, SAPHIR has played a key role in
positioning Particle Physics from Chile
within CERN. This contribution has been
realized through formal cooperation
agreements at CERN, active participation
in the ATLAS, NA-64, SHiP, and SND expetri-
ments, as well as through scientific colla-
boration and the exchange of students,
engineers, and technicians. In recent
years, SAPHIR has also played an active
and crucial role in shaping a governance
framework that will enable Chile, as a
State, to establish a formal presence at
CERN.

STATUS DETAILS

CHILE’'S ADMISSION AS AN ASSOCIATE
MEMBER OF CERN

EXPLAIN ITS MEANING AND
NATIONAL SIGNIFICANCE

The process is currently awaiting ratifica-
tion by the Chilean Congress. Once appro-
ved, within a 30-day period, the country’s
official incorporation as an Associated
Member State of CERN will begin.

Chile’s admission as an Associated
Member State of CERN opens a window of
opportunity for the entire Chilean scientific
community—not only within the particle
physics ecosystem but across multiple
disciplines. It also brings important benefits
for Chilean industry and the educational
sector through permanent training
programs, employment opportunities for
scientific, technical, and administrative
personnel, and greater integration into the
global research network.
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CONCLUSIONS

WWW.INSTITUTOSAPHIR.CL

f X ©, in

STAY CONNECTED WITH OUR RESEARCH AND

COMMUNITY—SUBSCRIBE TO THE SAPHIR'S
BIMONTHLY NEWSLETTER FOR THE LATEST
INSIGHTS, DISCOVERIES, AND UPDATES.




