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Conventional and upcoming world-class neutrino beams require:

•High-intensity proton beam

• Effective manipulation of high-power beams

• Stable operation through commissioning

•Radiation-hard equipment
• Durable targetry and monitoring systems

•Comprehensive beamline modeling

• In-depth understanding of beamline dynamics

•Synergies between neutrino and muon beamlines

Accelerator for Neutrino Experiments
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•Exploring New Target Technologies
- Can fluidized powder or granular targets revolutionize our approach?

•Advancing Accelerator Capabilities
- What is the roadmap for 2MW and beyond?

•Shaping the Future of Neutrino Research
- Where do we go after DUNE, T2K, and ESSnuSB?

•Leveraging Synergies in Physics
- How can collider, neutrino, and muon research intersect?

Key Topics to be Addressed
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•Exploring New Target Technologies
- Can fluidized powder or granular targets revolutionize our approach?

Key Topics Addressed
Robert Zwaska

ACE-MIRT plan motivated by faster delivery of DUNE science
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https://indico.fnal.gov/event/63406/contributions/297169/


•Exploring New Target Technologies
- Can fluidized powder or granular targets revolutionize our approach?

Key Topics Addressed
Abe Burleigh

Challenges in High-
Power Targetry:

Radiation damage & 
thermal shock limit 

accelerator efficiency

Current materials like 
graphite & t itanium face 
embrittlement, swelling, 

and reduced thermal 
conductivity

Research Focus:

RaDIATE collaboration 
tests advanced materials 

for better radiation & 
thermal shock resilience

Focus on nanofibers, 
high-entropy alloys, and 

granular materials

Nanofiber & Granular 
Approaches:

Zirconia & tungsten 
nanofibers absorb stress, 

showing high radiation 
resistance

Nanofibers & high-
entropy alloys show 

promise for future high-
power targets

Ongoing simulations & 
fabrication 
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https://indico.fnal.gov/event/63406/contributions/297566/


•Exploring New Target Technologies
- Can fluidized powder or granular targets revolutionize our approach?

Key Topics Addressed
Michel Hedges

Material Performance:

•Graphite: Lower  DPA (~1 

DPA/year), more resilient

•Tungsten: Higher  DPA 

(~100 DPA/year), rapid 

degradation

•Inconel: Used in 

muon/antiproton targets but 

prone to melting
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https://indico.fnal.gov/event/63406/contributions/297861/


•Advancing Accelerator Capabilities
•Tuning MI beam for 1 MW beam on target provided valuable lessons learnt
•Future Upgrades: Testing new graphite materials for improved thermal conductivity and 
preparing spare horns for future operations​

Key Topics Addressed
Athula Wickremasinghe
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https://indico.fnal.gov/event/63406/contributions/297565/


•Advancing Accelerator Capabilities
•At Fermilab, PIP-II upgrades to reach 1.2 MW, followed by ACE-MIRT improvements to achieve 2+ 
MW, focusing on enhancing Main Injector reliability and target system upgrades​

•Shaping the Future of Neutrino Research
•After DUNE, focus shifts to LBNF/DUNE Phase II, aiming for precise CP violation measurements 
and exploring next-generation experiments powered by a robust 2.4 MW accelerator complex​

Key Topics Addressed
Robert Zwaska
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https://indico.fnal.gov/event/63406/contributions/297169/


•Advancing Accelerator Capabilities

Key Topics Addressed
Tetsuro Sekiguchi

Increased Neutrino Beam Power : Horn upgrades 
enabled stable operation at 320 kA, supporting beam 
power up to 800 kW, with a target of reaching 1.3 
MW for future experiments​

Enhanced Neutrino Focus: Upgraded horns improve 
focusing of pions, intensifying neutrino beam by a 
factor  of 15

Improved Cooling & Reliability: New horn designs 
feature improved water sealing and enhanced 
cooling, allowing better thermal  management during 
high-power operations​

Long-Term Operation: Upgrades ensure reliable, long-
term operation of the neutrino beamline for high-
precision experiments like T2K and Hyper-K​
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https://indico.fnal.gov/event/63406/contributions/297564/


•Advancing Accelerator Capabilities
•Upgrades ongoing toward 1.3 MW operation by FY2028
•Second major upgrade scheduled for FY2026, with improvements to cooling, power supplies, and 
beamline systems​

•Shaping the Future of Neutrino Research
•J-PARC accelerators aim for full 1.3 MW operation by FY2028, supporting future high-intensity 
experiments​

Key Topics Addressed
Tetsuro Sekiguchi
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https://indico.fnal.gov/event/63406/contributions/297170/


•Advancing Accelerator Capabilities

•ENUBET offers technology to produce 

monitored neutrino beam

•Uses a hornless static focusing system to enhance 
neutrino flux precision with slow extraction

•Employs normal conducting magnets and 
quadrupoles for narrow-band neutrino beams

•Beam tests and GEANT4 simulations confirm 
system's ability to achieve <1% flux uncertainty 

Key Topics Addressed
Leon Halić
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•Shaping the Future of Neutrino 
Research
•Monitored neutrino beams offer precision 
crucial for long-baseline experiments 
like DUNE

•Kaon tagging improves neutrino flux 
determination from decay modes

•Optimized design sets the stage for next-
gen cross-section experiments with 
enhanced energy resolution and minimal 
systematic errors

https://indico.fnal.gov/event/63406/contributions/297919/


•Advancing Accelerator Capabilities
•ESSv𝐒𝐁 proposed next generation long baseline 
experiment
•5 MW Proton Beam for high-intensity neutrino 
production
•Upgrades: H- source, accumulator ring, and target 
station
•Granular Targets cooled by helium for enhanced 
reliability

•Shaping the Future of Neutrino 
Research
•CP Violation: Precision at second oscillation 

maximum

•Far Detector: 538 kt Water Cherenkov at 360 
km

•Extended Physics: Atmospheric neutrinos, 

proton decay, supernova neutrinos

•ESSνSB+ proposes new physics opportunities with 
enhancements like Low Energy nuSTORM and far 
detectors enriched with gadolinium

Key Topics Addressed George Fanourakis
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George Fanourakis
George Fanourakis

https://indico.fnal.gov/event/63406/contributions/297171/
https://indico.fnal.gov/event/63406/contributions/297171/


Shaping the future & synergies

Key Topics Addressed
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Muons

•MELODY Project: A new target station at CSNS to 
produce surface, negative, and decay muons for 
scientific research by 2028​
•Muon Applications: Supports diverse fields, including 
superconductivity, magnetism, particle physics, and 
muon detector development​
•High Muon Yield: Optimized copper target design and 
AI-enhanced solenoid focusing for high-efficiency 
muon production​

Key Topics Addressed
Nikolaos Vassilopoulos
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https://indico.fnal.gov/event/63406/contributions/297780/


Muon Collider

Key Topics Addressed
Diktys Stratakis

Advancing Accelerator Capabilities:
•Multi-MW Proton Drivers: R&D needed to adapt 
for Muon Collider requirements

•Muon Cooling: Muon ionization cooling 
demonstrated; significant R&D ongoing for 6D 
cooling

•TeV Acceleration: Conceptual designs up to 10 
TeV using rapid cycling synchrotrons​ in place

Shaping the Future:
•Neutrino Radiation: Innovative mitigation system 
developed to reduce radiation exposure from 
muons​

•US Leadership: Plans to build a Muon Collider at 
Fermilab by 2040 with global collaboration​
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https://indico.fnal.gov/event/63406/contributions/297172/


Muon Cooling

Key Topics Addressed
Rohan Kamath

Advancing Accelerator Capabilities:

nuSTORM: Creates  h igh-precision 
neutrino flux from stored muons, 

acting as a testbed for future 
accelerator technologies​

nuSTORM shares targetry and beam 
instrumentation technologies, 

supporting R&D for muon collider 
development​

Muon Collider Synergy: 6D cooling 
demonstrates crucial technology for 

future muon colliders​

Ionization Cooling: Uses absorbers 
and RF cavities to reduce emittance 

in all 6 dimensions​

Engineering Innovations: RF 
cavities and magnet integration 
under development for effective 
cooling​

• Proton Driver Flexibility: Demonstrator 
can be sited at CERN or Fermilab, 
offering versatility for future 
experiments
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https://indico.fnal.gov/event/63406/contributions/297781/


Synergies with Neutrinos

Key Topics Addressed
Rohan Kamath

Simulation and design of neutrinos from STORed Muons (nuSTORM) 
experiment

•nuSTORM: Creates neutrinos from stored muons with %-level precision for high-precision 
cross-section measurements​

Shaping the Future:
•BSM Physics: nuSTORM offers sensitivity to rare processes and sterile neutrino searches​
•Synthetic Beams: Uses linear combinations of fluxes to create quasi-monoenergetic neutrino 
beams for precision studies​
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https://indico.fnal.gov/event/63406/contributions/297407/


Fermilab Facility for Dark Matter Discovery (F2D2)

Key Topics Addressed
Jonathan Williams

Advancing Accelerator Capabilities:
•F2D2 Beam Stop: Designed for dark sector 
searches using excess beam from PIP-II​

•High Power Targetry: F2D2 can serve as a 
testbed for future high-power targets, 
including muon collider facilities ​

•Thermal Management: Advanced cooling 
systems to handle 2.5 MW

Shaping the Future
Synergy with PIP-II: Leveraging unused beam 
power for smaller, focused dark matter 
experiments​

Muon Collider Readiness: F2D2 shares target and 
cooling technologies with future muon collider 
developments

R&D for Next-Gen Facilities: Contributes to both 
neutrino and dark matter experiments while 
advancing muon collider capabilities​
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https://indico.fnal.gov/event/63406/contributions/297780/


Summary

• We reviewed current accelerator operations, upcoming plans, 
and explored novel ideas crucial for next-generation neutrino 
experiments

• Synergies between neutrino, muon, and collider research will 
drive future breakthroughs
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We had many interesting talks and 
discussions

Thank you!
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