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1) 4 WG4 parallel sessions and one WG1+5 joint session: 23 talks and 2 posters. 

2) Present in several plenaries:  
1) Peter Denton (Theory Kickoff)

2) André de Gouvea (Oscillation Theory and Future)  

3) Alexey Boyarsky (CERN activities)

4) Minerba Betancourt (Short-Baseline Neutrino Experiments)

5) Nitish Nayak (MicroBooNE Results)

6) Yuri Efremenko (Coherent Neutrino Experiments)

7) Shiqi Yu (IceCube and Atmospheric Neutrino Experiments)

8) Christoph Wiesinger (Beta Decay and Cosmology) 


Working Group 5 Summary

Thank you to all of  
our session chairs! 

Julia Gehrlein 

Shiqi Yu 

Peter Denton

Minerba Betancourt

Vishvas Pandey

https://indico.fnal.gov/event/63406/contributions/297152/
https://indico.fnal.gov/event/63406/contributions/297305/
https://indico.fnal.gov/event/63406/contributions/297299/
https://indico.fnal.gov/event/63406/contributions/297301/
https://indico.fnal.gov/event/63406/contributions/297166/
https://indico.fnal.gov/event/63406/contributions/297291/
https://indico.fnal.gov/event/63406/contributions/297310/
https://indico.fnal.gov/event/63406/contributions/297311/
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Topics: 

1) Unlocking the potential of astrophysical neutrinos


2) Towards a resolution of the Short-Baseline puzzle


3) Ultra-rare processes from new physics


4) New matter effects in neutrino oscillations

Working Group 5 Summary

Caveat: this is only a subset of what "beyond the PMNS" means to our community.


If you have suggestions, feedback, or question, do not hesitate to contact us! 
We want to cover more in following years.



Unlocking the potential of astrophysical neutrinos
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Anna M. Suliga (UC Berkeley/UC San Diego)

Neutrino-Sterile Neutrino (Dark Matter) Interactions
Diffuse Supernova Neutrinos

Neutrino interactions with dark matter on the way to Earth can 
modify their energy. Considering sterile neutrino dark matter.


DSNB detection can constrain this and Super-K is getting there!
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Neutrino Interactions w/ (all types of) Dark Matter
Supernova neutrinos @ DUNE & HK Deepak Sathyan (Texas A&M)

Extremely comprehensive study of neutrino-dark matter  
interactions and their impact on supernova neutrinos at  
LBL experiments:  
 
Energy degradation and time delay.
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Cooling of neutron stars
A new challenging method for CvB detection Garv Chauhan (Virginia Tech)

Coherent scattering of CnuB inside the 
neutron will cool it further!

While the internal temperature of newly born

NSs is around several MeVs, the oldest observed

neutron stars have cooled down to keV.

Flux of low-energy CnuB 
accelerated by neutron star
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Dark Matter & Neutrino experiment synergies
Gonzalo Herrera (Virginia Tech)

New: neutrino floor w/ Migdal

Many new ideas to constrain neutrino properties with dark matter experiments.  
 
One of them was about using the Migdal effect: Neutrino magnetic moments can look very similar to dark matter...

Could distinguish them by putting radioactive sources  
close to direct detection experiments?!  

 
Cr51 source w/ 100x more intense nu flux than solar pp neutrinos. 
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Nityasa Mishra (Texas A&M University)

Coherent elastic neutrino-nucleus scattering in direct detection
Flavor dependence & new limits

Radiative corrections lead to flavor dependence on CEvNS cross section! 
Can affect interpretation depending on precision and thresholds.

Lepton masses enter in logarithms

New limits on non-standard interactions  
from latest XENON and Panda-X solar neutrino 
CEvNS searches.

Tau

Muon
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Ultra high-energy tau neutrinos
TAMBO Robert-Mihai Amarinei (University of Geneva)

TAMBO



Towards a resolution of the Short-Baseline puzzle
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Fan Gao (UC Santa Barbara)

MicroBooNE
A new template test of the low-energy excess ( )νe

* First analysis to use all of five runs 
data from MicroBooNE (2015-2020)  
*  POT of BNB data11.1 × 1020

 appearance angle.νμ → νe

Plans to update sterile neutrino oscillation search: 
 

Joint NuMI+BNB breaks degeneracy between app 
and dis for BEST-motivated mixing angles.

Searches for the template of MiniBooNE 
excess now in , , and .Eν cos θ Evis
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A new search for a single-photon origin of the MiniBooNE low-energy excess

Erin Yandel (UC Santa Barbara)

“1𝛄0p channel” with no visible hadronic activity 
can be used to search for: 
-  (neutral-current delta radioactive decay) 
-  (inelastic coherent scattering)

MicroBooNE
Plans for updated single photon searches (γ)

stay tuned for data analysis!
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MicroBooNE
Inclusive gamma and dark neutrinos ( )γ, e+e−

Erin Yandel (UC Santa Barbara)

Overlapping e+e - final states will 
mimic a single shower topology.

Expect O(600) events in final selection, 
with ~40% purity and 7% efficiency.

Inclusive test! Broader coverage at 
the expense of larger backgrounds.
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The ICARUS detector
Sizeable dataset already colleted Jacob Zettlemoyer (Fermilab)

ICARUS has a lot of data collected. 

We're now seeing first physics results!

On the horizon: 
	 Numu disappearance in BNB  
	 Neutrino-Argon cross sections 
	 BSM searches with NuMI (see later)  
Later:  
	 joint oscillation search with SBND.

Advanced event selections are in place looking at 
1µNp0π final states


Good data/MC agreement seen in 10% subset of 
the Run 2 (2023) data

Pandora  
selection

SPINE  
selection
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The SBND detector
First glimpse of BNB neutrinos! Tereza Kroupová (Penn. U.)
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Test of LSND results with 
Inverse Beta Decay (IBD) events 

JSNS^2
Replicating LSND Dongha Lee (KEK)

IBD sideband data  
(prompt 60~100MeV)

Second detector being filled w/ LS

Two detector setup 
to cover LSND sterile 

neutrino region.
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JSNS^2
Replicating LSND

Dongha Lee (KEK)

Measured monochromatic neutrinos  
from kaon DAR 

Missing energy due to nuclear effects.

Aman Gupta (Saha Institute of Nuclear Physics)

KDAR result can also search 
for new physics.


E.g., sensitive to large-mass 
sterile oscillations -->


And non-standard interactions:
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John Plows

Manoa Andriamirado  
(Illinois Institute of Technology)

Observation of short-baseline oscillation from the Neutrino-4 experiment is ruled out at more than 5σ. 

Exclusions in all Δm^2 below 10 eV^2 suggested by the (recently strengthened) Gallium Anomaly.

Reactor neutrinos
STEREO and PROSPECT

Ilham El Atmani  
(IRFU, CEA Paris-Saclay)

PROSPECT-I final result:  STEREO final result:  

Other searches: 
 
e.g., mirror neutrons


n > n' > n regeneration   BEST POSTER  
WINNER!



Ultra-rare processes from new physics
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Heavy Neutral Leptons:
Future potential using O(1) ns 
timing resolution!

Dark sector searches at MicroBooNE 
Light dark matter, heavy neutral leptons, and dark higgs

Dark tridents from light dark matter: 
 search from light dark mattere+e−

Keng Lin (Rutgers)

Higgs Portal Scalars:
World-leading limits in the  
“pion gap”
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Nathaniel Rowe

Low background dimuon channel 

Run1+Run2 (2022+2023) NuMI data

Final POT: 2.41×1020

Jacob Zettlemoyer (Fermilab)

Nathaniel Rowe (U. of Chicago)

Dark sector searches at ICARUS 
Dimuons from dark (pseudo-)scalars

<-- Limits on Higgs portal scalar

“Model-independent" limits: 
Useful for phenomenology
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John Plows

- implement model-agnostic frameworks for event generation to GENIE


- in case of LLP, user passes LLP mass, lifetime, decay probability as 
config-level & provide user with flexibility to “mix and match” different 
channels


 

- a new class, FluxContainer, keeps all the useful output information 

including full particle stack for LLP production and decay

Komninos-John Plows ( U. of Liverpool)

Sharpening our tools for BSM
Model-agnostic framework in generators
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Constraints on a general new physics parameterization in Weak interaction --> neutrinos can beat Beta decay 
observables when new effects are suppressed by the charged lepton mass

Constraints on amplitudes 
stronger than precision beta 
decay! (x1.2~3 improvements)

Richard Hill (Kentucky)

Leveraging beam intensity differently:
New physics in Weak cross sections

Muon mass enhances 
sensitivity --> 


taus would be even better, but 
not enough stats. 


Using MINERvA data to 
constrain BSM contributions
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Post DUNE/Hyper-K proton decay searches
Paleodetectors on the Moon? Cassandra Little (U. of Michigan)

Limits on proton lifetime now:

But after that, how can we  
improve on proton decay searches?!


Paleo-detector may be a way out!

Exposure = time   x mass    

DUNE/Hyper-K will probe 1e34/1e35 years.

5 km deep, ~0.1 kaons/100 g/Gyr on the moon!
Atmospheric neutrinos are a problem, but...



New matter effects in neutrino oscillations
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Adrian Thompson (Northwestern University)

Scalar NSI's from long-range forces:

Leads to an effective neutrino mass shift:

Mass shift

Scalar mass

All of Earth

Long-range forces @ WG1+WG5 
Scalar non-standard interactions Moon Moon Devi (Tezpur University)

Adrian Thompson
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Adrian Thompson (Northwestern University)

Long-range forces @ WG1+WG5 
Scalar non-standard interactions Moon Moon Devi (Tezpur University)

Adrian Thompson

Ordering cases become degenerate for large ηττ

Moon Moon Devi:
DUNE sensitivity -- but other limits apply and LBL  
exps not as sensitive as solar neutrinos!
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Sudipta Das (Institute of Physics, Bhubaneswar) 
Mason Singh (Institute of Physics, Bhubaneswar) 

Pragyanprasu Swain (Institute of Physics, Bhubaneswar)

Long-range forces @ WG1+WG5 
Celestial bodies
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DUNE & T2HK sensitivity

Long-range forces @ WG1+WG5 
Celestial bodies

Sudipta Das (Institute of Physics, Bhubaneswar) 
Mason Singh (Institute of Physics, Bhubaneswar) 

Pragyanprasu Swain (Institute of Physics, Bhubaneswar)
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Complementary approach to CP phase measurement
T violation

CP observables: sensitive to matter effects

T observables: INsensitive to matter effects*

*provided matter profile is symmetric.

Sho Sugama (Yokohama National Univ)

TRISTANμ Muon factory based on  beam

(Can only do  with muonium cooling)

μ+

μ+



1) Where do we look for the most valuable hints of the origin of neutrino masses? 

2) How to identify connections between neutrinos and dark matter (theory & 
experiment)? 

3) Have we already stumbled on new physics, e.g., at short baselines?  

4) How do we exploit the dawn of new probes of astrophysical neutrinos to learn 
about new physics?  

5) Oscillations can be modified by many new effects. How to best leverage the 
worldwide neutrino program to disentangle “new” new physics in oscillations?

Complement oscillations with dark sector searches and indirect tests (e.g. p^+ decay!)

Dark sectors! The famous "wide net" is just now being cast with real data!

Maybe?! No excesses at reactors or MicroBooNE -- but data still puzzles me!  
     SBN and JSNS^2 soon to weigh in.

Galactic neutrinos, solar neutrinos, astrophysical, cosmogenic(??); 
Huge complementarity between low and high energy neutrino astro

Overconstrain the system! More experiments: "competition" --> "completion".



Thank you  

See you in 2025!
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WG5 parallel sessions
Monday (1 session)

Chair: Julia Gehrlein (Colorado State University)

Leveraging high statistics of neutrino interactions and high-resolution detectors.


New physics at short-baseline neutrino experiments.

New physics 

in neutrino interactions
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WG5 parallel sessions
Tuesday (1/2 sessions)

Chair: Shiqi Yu (Utah University)

Looking up at the sky for messengers of new physics.


New ideas to study the highest energy neutrinos and the cosmic neutrino background


and how they can reveal new forces.

New physics 

in astrophysical neutrinos
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WG5 parallel sessions
Tuesday (2/2 sessions)

Chair: Peter Denton (Brookhaven National Laboratory)

More with astrophysical neutrinos, now at low energies with coherent elastic neutrino-
nucleus scattering.


Even newer experimental ideas: paleo detectors.

Neutrino x dark matter 

complementarity
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WG5 parallel sessions
Thursday (1/2 sessions)

Chair: Minerba Betancourt (Fermilab)

Constraining short-baseline neutrino oscillations and testing longstanding anomalies:


Testing MiniBooNE and LSND with the SBN program, JSNS , and reactor neutrinos.2

Looking for 

sterile neutrino 


oscillations 
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Joint WG1 + WG5 parallel session
Thursday (2/2 sessions)

Chair: Vishvas Pandey (िवश्वास पाणे्डय) (Fermilab)

Leveraging precision measurements of oscillation to test tiny deviations from PMNS.


Non-standard interactions and the role of new fundamental symmetries.

Exotic flavor evolution

in oscillations 


