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Neutrino: a building block

The three types of neutrinos in the standard model are the lightest particles with a non-zero mass 
ever discovered. The upper limit on the mass of the heaviest neutrino is still more than 4 million 
times lighter than the electron, the next lightest particle.
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Neutrinos: some facts

● Neutrinos are super abundant. Neutrinos are the second most abundant particle in the universe. 
● If we were to take a snapshot, we’d see that every cubic centimeter has approximately 1,000 photons and 300 

neutrinos.
● The nuclear fusion reactions in the Sun sends 65 billion neutrinos per second per square centimeter to Earth, 

they are crossing us all the time.

● Neutrinos are almost massless. The three types of neutrinos in the standard model are the lightest 
particles with a non-zero mass ever discovered. The upper limit on the mass of the heaviest neutrino 
is still more than 4 million times lighter than the electron, the next lightest particle.

● Neutrinos may have altered the course of the universe. Why we have predominance of matter 
over antimatter? Cosmologists think that at the start of the universe there were equal parts of matter 
and antimatter. 
● Neutrino interactions may have tipped this delicate balance, enabling the formation of galaxies, stars and 

planets like our own Earth.

● Neutrinos are the key particle in the heavy-element forges of the universe:  neutrinos dissipate 
more than 99 percent of a supernova’s energy. Supernovae eject heavy elements to the cosmos in a 
recycling matter mechanism. 
● “Core collapse” supernovae end as either a black hole or a neutron star. Neutrinos are key particles to 

understand how supernovae explode and tell us more about other astronomical objects like active galactic 
nuclei.

Do they deserve a careful and comprehensive study ???
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Neutrinos: historical remark
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Physics Challenges

http://science.energy.gov/~/media/hep/pdf/
files/pdfs/p5_report_06022008.pdf



18/jun/15 BR-JINR Forum 7

Physics Challenges

http://science.energy.gov/~/media/hep/pdf/
files/pdfs/p5_report_06022008.pdf



18/jun/15 BR-JINR Forum 8

Physics Challenges: P5 report (2008)

● The Intensity Frontier
● “Measurements of the mass and other properties of neutrinos are 

fundamental to understanding physics beyond the Standard Model and 
have profound consequences for the understanding of the evolution of the 
universe.” (PG. 3)

● “Recent striking discoveries make the study of the properties of neutrinos 
a vitally important area of research. Measurements of the properties of 
neutrinos are fundamental to understanding physics beyond the Standard 
Model and have profound consequences for the evolution of the universe. 
The latest developments in accelerator and detector technology make 
possible promising new scientific opportunities in neutrino science as well 
as in experiments to measure rare processes.” (PG. 10)

  The panel recommends a world-class neutrino program 
     as a core component of the US program       (PG. 3)
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Physics Challenges: P5 report (2014)



18/jun/15 BR-JINR Forum 10

Physics Challenges: scientific motivations

● Neutrino Physics is one of the most active field in 
the advanced frontier of  “Big Science”

● Offers an unique opportunity to stay tuned with 
technological and scientific progress in worldwide 
scale
● For sure Brazilian physicists/scientists are 

interested to be part of it.
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Figures about BR-HEP
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Figures about BR-HEP: by subarea 

● hep-exp
● 5800 papers
● 242 technological products
● 211 supervision works 

in progress
● 1080 concluded

● Particle Physics
● 3900 papers
● 218 technological products
● 259 supervision works 

in progress 
● 1379 concluded 

● Field Theory
● 6800 papers
● 375 technological products
● 534 supervision works 

in progress 
● 3476 concluded 

● Lattes data base (from CNPq)
● Sampled from ENFPC (2013)
● Caution: there are “ contaminations” 

● cosmology
● 3000 papers
● 308 technological products
● 318 supervision works 

in progress 
● 1352 concluded
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Neutrino experiments: some examples
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Where ? : Experiments with BR teams

● Neutrino Properties: 
● oscillations

– DUNE
– Double Chooz
– NOvA
– MINOS

● MINOS+

● Neutrino Interactions: 
● nuclear scattering and NSI

– DUNE
– MINERVA
– CONNIE

● Astrophysical 
Neutrinos

– DUNE

– LVD
● Xenon

– Pierre Auger 
Observatory

● Neutrino Applied 
Physics

– Neutrinos-ANGRA
● Special Remark: ANDES



18/jun/15 BR-JINR Forum 15

Where ? : Experiments with BR teams

● Neutrino Properties: 
● oscillations

– DUNE
– Double Chooz
– NOvA
– MINOS

● MINOS+

● Neutrino Interactions: 
● nuclear scattering and NSI

– DUNE
– MINERVA
– CONNIE

● Astrophysical 
Neutrinos

– DUNE

– LVD
● Xenon

– Pierre Auger 
Observatory

● Neutrino Applied 
Physics

– Neutrinos-ANGRA
● Special Remark: ANDES



18/jun/15 BR-JINR Forum 16

What ? : activities from BR teams
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Experiments: Double Chooz
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Experiments: Double Chooz



18/jun/15 BR-JINR Forum 19

Experiments: Double Chooz
● To look for non-zero 

values of θ13
● Strong 

requirements to 
reduce the 
previous 
sistematics 
limitations from 
Chooz results

● Identical detector 
placed in different 
distances is a 
solution 

– main sistematics 
and uncertainties 

are canceled 
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Experiments: Double Chooz
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Double Chooz main backgrounds
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Double Chooz: error budget
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● VME 6U Board 
waveform digitizer

+ time stamp
● 30 units produced 

and tested.

●  Full crate installed

@ FD

Double Chooz Brazilian contribution:
Muon Electronics
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Double Chooz: results
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Experiments: MINOS
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Experiments: MINOS
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Experiments: MINOS

●  The detectors are made of steel 
plates interleaved with scintillators
●   We identify the neutrinos through 
the trajectory of the particles they 
generate
●   The number of muon neutrinos 
measured in the detector is far less 
than expected based on the near 
detector if there was no oscillation
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Significant 
improvement 
in statistical 
precision in the 
4-10 GeV region 

Over 3000 CC 
events per year in 
that interval

A unique high-statistics experiment with charge-
sign measurement in an previously unexplored 
region

Statistical precision in MINOS+ 
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Experiments: MINERVA
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Experiments: MINERVA
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Experiments: MINERVA
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Experiments: MINERVA
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Experiments: Large Volume Detector - LVD
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Experiments: Large Volume Detector - LVD
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Experiments: Large Volume Detector - LVD
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Experiments: Large Volume Detector - LVD
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Experiments: Pierre Auger Observatory
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Experiments: Pierre Auger Observatory
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Experiments: Pierre Auger Observatory
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Experiments: Pierre Auger Observatory
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Experiments: Pierre Auger Observatory
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Experiments: Pierre Auger Observatory
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Experiments: Pierre Auger Observatory
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Experiments: Neutrinos-ANGRA

 Development of new techniques for nuclear 
reactor monitoring



18/jun/15 BR-JINR Forum 45

Experiments: Neutrinos-ANGRA

World map of nuclear reactors
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Experiments: Neutrinos-ANGRA



18/jun/15 BR-JINR Forum 47

Experiments: Neutrinos-ANGRA
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Experiments: Neutrinos-ANGRA
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Coherent Neutrino Nucleus 
Interaction Experiment (CONNIE)  

ν

ν

Using the technology developed for DM searches with CCDs. Low noise 
(~7.2eV RMS) and low background packages currently under test at 
SNOLAB.
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CCD in low background package

Array of CCD in cold box to
Operate at -150C

Vacuum vessell

1/5 of the 
lead and 
poly shield 
being 
tested at 
FNAL (Jan-
2014)
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4 GW

To be installed in the site of the Angra Neutrino Project.
Next to a large reactor, close Rio de Janerio.

Now studying shield design, with a few tests at FNAL. Installation at 
Reactor soon (months away).
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Future Perspective (in the past...)

Double Chooz 
group

MINOS
 group++

LBNE :
joint effort

October/2012

RENAFAE meeting
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Current Situation

Double Chooz 
group

MINOS
 group++

DUNE :
joint effort
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Deep Underground Neutrino Experiment:
DUNE

http://www.dunescience.org/
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DUNE motivations

● Standard Model
● Remarkably accurate description of the elementary 

particles/interactions
– But … is incomplete 

● Results from the last decade
● 3 known types of neutrinos have nonzero mass, mix with one another 

and oscillate between generations

➔ implies physics beyond the Standard Model. implies physics beyond the Standard Model. 
● Remarkable progress has been made in this decade to 

understand the new phenomena of neutrino oscillations
● We have all the ingredients for a scientifically well motivated and 

comprehensive program of measurements of neutrino oscillations 
and fundamental symmetries using leptons.

… … a  more fundamental underlying theory must exist …a  more fundamental underlying theory must exist …
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DUNE motivations

● The Long-Baseline Neutrino Experiment Collaboration 
(DUNE) :
● Experiment that will fully characterize neutrino oscillation 

phenomenology using a high-purity νμ  beam, operated in both 
beam polarities (particle/antiparticle)

● Main Goals:
● Measure full oscillation patterns in multiple channels, precisely 

constraining mixing angles and mass differences.
● Search for CP violation both by measuring the CKM phase 

δCP and by explicitly observing differences in  
νμ  /  νμ -bar  oscillations.

● Cleanly separate matter effects from CP-violating effects
– determine the ordering of the three neutrino mass eigenstates

●
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Experiments: DUNE design
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DUNE collaboration
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Deep Underground Neutrino Experiment:
DUNE concepts

Studies already done: a complete, practical and achievable 
configuration for the experiment:

● Neutrino source
● Fermilab

● Far Detector site: 
● Sanford Underground Research Facility (SURF) in the former 

Homestake gold mine in Lead, South Dakota
● Development of technical designs:

● neutrino beam
● far detector and near detector
● all of the civil engineering for the facilities at Fermilab and 

SURF required to support the program
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DUNE key elements

● the right baseline
● highly capable detector

● high statistics measurements
● efficient measure of complex final states
● Clean separation of signal/background

● beam:
● High power
● broad-band
● High-purity
● sign-selected neutrino beam

● highly capable near detector
● precise measurements of flux spectra of all neutrino species in the beam 
● Precise measurements of cross-sections relevant for the oscillation 

physics
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DUNE:
 beam and baseline

FERMILAB

Sanford Underground Laboratory 
Lead, South Dakota

MINOS

1300 km

700 km

depth of 1480 m  ≈  4300 (mwe) 

@SURF/Homestake
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DUNE:  beam and baseline

●The baseline should be long enough to cleanly separate the oscillation 
asymmetry between ν

μ 
 /  ν

μ 
-bar  ─ due to the (non-CP-violating) matter 

effect from that due to true CP violation. 

●Too short baseline => fundamental ambiguities between these two 
effects.

1300 km800 km
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DUNE:  beam and baseline

● Too long baseline: asymmetry due to the matter effect can 
become so large

● Full suppression the flux of ν (ν
μ 
-bar) in the case of the 

normal (inverted) mass hierarchy.

1300 km 2500 km
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DUNE:  highly capable Far-Detector

Main design elements of the DUNE LAr TPC far detector.  Upper left is an isometric cut-
away drawing of the LAr TPC in it membrane cryostat, with alternating vertical anode and 
cathode planes.  Lower left is a membrane cryostat in a liquefied natural gas tanker.  The 
pink rectangle indicates roughly the cross-section size of the DUNE cryostat.  Upper right 
is a conceptual design of one anode plane assembly module.  Lower right shows the 
design for the mounting rail system that will support the anode and cathode planes.
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DUNE:  highly capable Far-Detector

Liquid Argon (LAr) TPC:

● fiducial mass =  34 kton
● low-rate, large-volume, 

high-precision 
particle physics experiments

● excellent 3D resolution
● Event topologies and  

kinematics:
● Particle identification:

● electrons, muons,
photons, kaons, 
pions and protons 

GEANT4
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DUNE:  high precision Near-Detector

Magnetized  LAr TPC Near Detector
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Sunfor Underground Research Facility - 
SURF: existing laboratory

Administration 
building

Yates shaft 

Corridor
1480 m 
depth 

Clean rooms:
Majorana Demonstrator 

LUX 
experiment 
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DUNE time-line
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Future Perspectives: 
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Future Perspectives: ANDES 

● Experimental facility in the tunnel connecting 
Argentina-Chile 
● Underground Physics

– SN Neuttrinos
– Geoneutrinos
– Double-beta decay
– Dark matter

● CLES: Centro Latino Americano de Estudos 
Subterraneos
● A CERN-like consortium to manage the laboratory and 

drive the activities on all related fields in LA. 
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Future Perspectives: ANDES 
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Future Perspectives: ANDES 
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Conclusions: 

● Brazilian group of experimental neutrino physics is 
participating in major experiments in frontier studies of 
neutrino properties

● The Brazilian scientific community has an unique 
opportunity to stay tuned with development of new 
technologies and their applications

● even in a broader scope than experimental particle 
physics. 

● Close contact of Brazilians teams with the current 
experimental efforts enables a stronger interaction with 
the phenomenological and theoretical groups in our 
country

● deepest and faster feedback in both directions.
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Conclusions: DUNE
Significant opportunity for new collaborators 
(Brazilian group has grabbed it!)                       :

● Collaboration on the design and construction:

– far detector
– near detector 
– neutrino beam 

● Interest in the advanced state of LAr-TPC 

– Any member country in the collaboration will work together to 
develop and implement the best possible configuration

● Collaboration on the any aspect of the near detector/beam:

– major step in advancing this science
● Excellent opportunity to participate in a cutting-edge program of 

measurements of neutrino oscillations and fundamental 
symmetries using leptons.
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Thank you very much for the attention

Спасибо вам большое за внимание
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