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Fundamental questions about the universe and forces of nature define the 
path ahead for particle physicists: 

1. Are there undiscovered principles of nature? 

2. How can we solve the mystery of dark energy? 

3. Are there extra dimensions of space? 

4. Do all the forces become one? 

5. Why are there so many kinds of particles? 

6. What is dark matter? How can we make it in the lab? 

7. What are neutrinos telling us? 

8. How did the universe come to be? 

9. What happened to the antimatter? 



 Big questions



Every age confronts its own scientific questions and develops its 
own tools and techniques to address them. In the 17th century, 
microscopes and telescopes revealed for the first time aspects of 
the universe invisible to the naked eye.


Robert Hooke 1665



2013



Identified drivers for BSMp in 2013

1. Use the Higgs Boson as a Tool for Discovery, 
2. Pursue the Physics Associated with Neutrino Mass, 
3. Identify the New Physics of Dark Matter, 
4. Understand Cosmic Acceleration: Dark Energy and Inflation, 
5. Explore the Unknown: New Particles, Interactions, and Physical 
Principles.



The Snowmass process 2021
The Snowmass Process is a particle 

physics community planning exercise 
sponsored by the Division of Particles and 
Fields of the American Physical Society.



How to snowmass… (Chris Quill) August 2020 
(1983, 1988, 2005, 2013)

• Continue to think about what you have heard and done at Snowmass. 


• Talk with your particle physics colleagues about what you have seen and heard and done here. 


• Arrange seminars to share the experience with all your students and colleagues.


• Talk with your colleagues in other fields of physics and astronomy. Share your enthusiasm! 


• Give a colloquium early in the school year about the future of particle physics.


• Talk with your colleagues in other fields about their excitement and aspirations. 


• Help your students appreciate the exciting futures all across physics and astronomy.


• You will meet many gifted, articulate, and inspiring colleagues: Invite them to visit your department. Hire them!


• In the meantime, work hard, have fun, make yourself a better scientist, and help create a bright future 
for particle physics.



Outline
• The 3 neutrino oscillation picture


• Hints for sterile neutrinos 


• CEvNS Coherent Elastic Neutrino Nucleus Scattering


• Direct Detection Dark Matter Experiments 


• What neutrinos have for us in the road ahead



Neutrino physics today
• Neutrinos have mass (Noblel Prize 2015)


• Origin of the neutrino mass


• Is there a theory of flavor? 


• Neutrino nature: Dirac or Majorana


• 3 Mixing angles and 2 mass splittings from oscillation experiments


• Are there sterile neutrinos? 


• What is the mass ordering 


• Violation of CP in the Lepton sector



Neutrino oscillations



Dog-trino oscillations



Dog-trino oscillations



Neutrino oscillations



Global oscillation parameters fit
NuFIT 5.3 (2024)
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NuFIT 5.3 (2024)

JHEP 09 (2020) 178 [arXiv:2007.14792], NuFIT 5.3 (2024), www.nu-fit.org.
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Nobel 2015, Oscilaciones de neutrinos  



PDG back in 1996



Neutrino oscillations evolution 

𝒪(5%)

Now~20 years ago

𝒪(1)

𝒪( < 1%)

2 flavor 3 + ?  flavor

Detectors size, sensitivity, better simulation and analysis tools, neutrino sources, etc. 



Since 2020 we have…



2023



Leptonic CPv from NOVA and T2K

• A strong constraint on | Δm232 |. 
• Mass Ordering remains inconclusive. Mild 

preference for upper octant. 
• δCP = π/2 lies outside 3-sigma credible interval 

for both mass orderings. 
• CP conserving values for the Inverted Ordering fall 

outside the 3-sigma 
range.



Nova and T2k on CPv



First Direct Experimental Evidence of CNO neutrinos, 
Borexino  

Arxiv:2006.15115



6.3 PeV





Transition from a discovery era to  a precision era

Credit: M. Reyner



Transition from a discovery era to  a precision era

• Increased knowledge on nu-N X Sections is required.


• QE, DIS, Minerva experiment measurements, generators and theory 
improvement


• FF from LQCD



Deep Underground Neutrino Experiment (DUNE)

Precision neutrino program

New physics potential 

2028?  
2031? 



Unsolved anomalies or Hints for a 4th neutrino

Reactor antineutrino anomaly

LSND

Galium anomaly

MiniBoone

ν̄e → ν̄e

νμ → νe
3.8 4.8

3 4

Data driven..

Theory driven..



Sterile neutrinos
• Short Baseline neutrino program +


• Beam dump experiments, high photon flux, ALPs



JUNO

other scientific possibilities such as supernova neutrinos, geo-neutrinos, solar neutrinos, 
atmospheric neutrinos, and exotic searches. 



CEvENS



See also:

Freedman, Schramm and Tubbs Ann. Rev. Nucl. Sci. 27 167 (1977)

Gargamelle neutrino experiment. Phys. Lett. B 46, 138–140 (1973). 



CEvENS Coherent Elastic Neutrino Nucleus 
Scattering 



CEvENS - NC SM Interaction
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Sensitivity to the weak charge and N2 dependence

QW = N � (1� 4 sin2 ✓W )Z

d�

dT
/ N2

d�

dT
=

G2
FM

2⇡

Q2
W

4
F 2(Q)

✓
2� MT

E2
⌫

◆

<latexit sha1_base64="McssKUqzTq/JrakU9t+Ba9r+OMk="></latexit><latexit sha1_base64="McssKUqzTq/JrakU9t+Ba9r+OMk="></latexit><latexit sha1_base64="McssKUqzTq/JrakU9t+Ba9r+OMk="></latexit><latexit sha1_base64="McssKUqzTq/JrakU9t+Ba9r+OMk="></latexit>

Image credit: COHERENT Collaboration.



CEvNS

Dark Matter

Supernova

Sterile neutrinos

Reactor monitoring 

Electroweak  
precision

Nuclear Form  
Factors

Non Standard  
Interactions

Electromagnetic 
neutrino 

properties



Non Standard neutrino interactions (NSI)
Barranco, J. et al. JHEP 0512 (2005) 021
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COHERENT Collaboration 
First detected in SNS neutrinos  2017

Breakthrough of the year, smallest neutrino detector ever build



News from COHERENT in 2020
10.1103/PhysRevD.100.115020



Reactor neutrino experiments in the quest for 
CEVNS

ν-CLEUS



Sensitivity(reactor CEVNS) to Weak Mixing Angle



Non standard interactions
B.C. Canas, E.A. Garces, O.G. Miranda, A. Parada, G. Sanchez Garcia 

	 	 	 Published in: Phys.Rev.D 101 (2020) 3, 035012 

Expected: Connie + Covus

https://inspirehep.net/authors/1511976
https://inspirehep.net/authors/1054546
https://inspirehep.net/authors/997309
https://inspirehep.net/authors/1384628
https://inspirehep.net/literature?q=a%20G.Sanchez.Garcia.2


Sterile neutrinos 

Sensitivity in Xe, Ge, could exclude BFP



Direct Detection Dark Matter Experiments



Isospin violating scenarios

Tesis: Fernando Damian Sanchez Ferto. 



BSM



XENON1T Electron recoil data

Axions: Discrepancy with astrophysical constraints from stellar cooling (arXiv:2003.01100) 

 

ArXiv:2006.09721



Some anomalies tend to go away
• Tritium backgrounds


• Neutrino Magnetic Moment


• Neutrino NSI


• Vector or scalar mediators


• Neutrino self interactions


• Mirror dark matter


• U(1) , U(1)_{B-L}, Z’


• SU(2)H horizontal symmetry 


• and many more……….

https://www.particlebites.com



BSM neutrino physics

• Oscillation parameter precision input for Flavor models 


• Neutrino near detectors for beam dump type experiments


• New physics searches in existing and upcoming data


• Many opportunities for model building and phenomenological tests



Neutrino physics potential of future DD DM

• Neutrino - electron scattering of solar neutrinos 


• Coherent Elastic Neutrino Nucleus Scattering


• Neutrinoless double beta decay


• Sterile neutrino searches in the beta decay spectrum


• Potential to observe Geoneutrinos 


• Will benefit of the progress made by xsections experiments (Minerva, 
Nova, T2K, Coherent.)



Future DD DM experiments

J. Monroe (neutrino 2020)



Summary
• Future accelerator and reactor Long Baseline experiments, joining a 

growing ensemble of experiments, the 3nu paradigm.


• Current and future reactor and accelerator-neutrino experiments will 
provide an indispensable input for understanding neutrino physics.


• CEvNS Coherent Elastic Neutrino Nucleus Scattering, from theoretical 
predictions to first observation, to studying new interactions. 


• Dark Matter detectors might become the neutrino observatories of the 
future. 







Reactor antineutrino anomaly



MiniBoone (After neutrino 2020)

ArXiv:2006.16883



Neutrinos from the sun
1.  Astrophys. J. 835, 2, 202 (2017)

J, Bahcall 2004

If I had not lived through the solar neutrino saga, I would not have believed it was possible. John N. Bahcall



Experimento SNO 
Sudbury Neutrino Observatory



TRINO: A Neutrino Experiment in México  

Investigador responsable: EVJ (IFUNAM)


TRIGA MARK III @ 3m 

3 Postdocs and 5 graduate students (4 PhD)

AV 100kg Scintillator 0.2% Gd 
SiPMs  

To be upgraded to 500kg



CONNIE Light vector mediator searches  

  

(A. Aguilar-Arevalo et. al. JHEP 04 (2020) 054 )

USING DATA!



SBC Scintillating Bubble Chamber


