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• Beams
• Instrumentation

Emphasis will be on future, pre-TDR instruments
Please see AF2, NF09, and NF10 reports!
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Neutrino Beams
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Neutrino Beams
BEAMS of NEUTRINOS!
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Neutrino Beams
BEAMS of NEUTRINOS!

• You can’t focus them
• You can’t even collimate them
• And with s ~ 0.1-10 fb, you need huge number of them
• To get even to ~1 event/day 1000 km away or more
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Free Neutrino Beams
• Solar neutrinos
• Atmospheric neutrinos
• Extragalactic neutrinos
• Cosmic background neutrinos
• Diffuse supernova background neutrino
• Supernova burst neutrinos

Funding agencies not 
turning these off in next 
decade

But working hard to turn this one on

Additional Advantages:
• In some cases (e.g., solar) flavor content well known
• Sources are intrinsically interesting

Disadvantages:
• Can’t turn them off (or on…)
• Can’t change flavor content
• Can’t change spectrum
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Controllable Neutrino Beams

• Horn beams --- “focused” high-energy beams with selection of flavor/antiflavor
• Spallation neutron sources --- high n flux (typ. stopped p) in pulsed time structure
• Beam dump beams --- Enhanced high-energy n (and exotic state) source
• Reactor neutrinos --- pure, low-energy anti-ne flux, free to funding agencies
• Cyclotron/source beams --- pure flavor content with well-known spectrum
• Beta beams --- pure flavor content, known spectrum, at high energies
• Stored muon beams --- very well-known flavor content and spectrum, high flux
• Collider beams --- very high energy, pretty good tracking at production vertex

Many options!



7

“Horn” Beams
You can’t focus the neutrinos, 
but you can focus the mesons

“Horn” shape acts as magnetic 
total internal reflector

Van der Meer horn

FNAL Booster Horn Magnetic focusing allows for flavor/antiflavor
selection by reversing current---
focusing p- rather than p+
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LBNF Beam

• Current beam design uses 3 serial horns
• Proton Improvement Plan II (“PIP II”) gets beam up to 1.2 MW for 120 GeV p
• 800 MeV superconducting linac will replaced current 400 MeV linac

• Critical DUNE Phase II physics needs 2.4 MW
• Linac will go to 2 GeV
• 50-year-old Booster replaced with rapid-cycling synchrotron or linac up to 8 GeV
• Rest of design is already done to accommodate 2.4 MW
• Lots of other physics leveraged by these upgrades— 2-4x1021 POT/year

World’s most intense 
neutrino beam

Major challenges: How many ns, what flavors, what spectrum, and how do they interact…?
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“Spallation” Beams
• Oak Ridge (COHERENT) pioneered “parasitic” n program
• Japanese Spallation Neutron Source will allow K decay at rest 
n physics

Next-generation is hybrid spallation source+horn beam:
European Spallation Source n Super Beam (ESSnSB)

Four parallel horns so 5/4=1.25 MW per target
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Cyclotron/Source Beams
• Standard b sources can be made very hot but energies tend to be very low
• Higher-energy b sources are short-lived; hard to bring to a detector
• But if you can make the source right there, can get both!

IsoDAR---high current (10 mA of protons at 60 MeV) cyclotron to 
make 8Li off of 7Li via neutron capture

Order-of-magnitude higher power than 
existing cyclotrons



nuSTORM

Stored Muon Beams

At FNAL or CERN5 GeV “pion flash” neutrinos Neutrinos from µ decay

• High flux
• Very well known flavor+energy
• And all at 3-5 GeV
• Important demonstration on the road 

to a muon collider
• While also making precise (1%) n+A

measurements and other physics
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Collider “Beams”

Neutrinos at TeV energies!

Possibility (with good enough timing) to tag n at the production point…
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Neutrino Instrumentation
The Colloquial View…

n

Big Tank of Stuff
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Neutrino Instrumentation
The Game Has Changed

• Resolution Frontier
• Precision Frontier
• Energy Frontier

Success has raised the bar---three primary areas of interest:
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Neutrino Instrumentation
The Game Has Changed

• Resolution Frontier
• Precision Frontier
• Energy Frontier

Success has raised the bar---three primary areas of interest:
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keV MeV GeV TeV

Solar ns
Geo, reactor n

0nbb

Long Baseline

DSNB
SN burst ns

Atmospherics
Extragalatic ns

Coherent n scattering

Cosmic bkd ns

PeV

Collider ns
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Neutrino Instrumentation
The Game Has Changed

• Resolution Frontier
• Precision Frontier
• Breadth Frontier --- optimizing physics from eV to EeV

Success has raised the bar---three primary areas of interest:

keV MeV GeV TeV

Solar ns
Geo, reactor n

0nbb

Long Baseline
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SN burst ns
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Resolution

High Purity GE detectors sE~0.1%

LEGEND
Collaboration

Need better position resolution to resolve 
neutrino pileup at DUNE Near Detector site

LArpix
”Qpix” pixels may be viable to cover an 
entire DUNE-sized module (~ 10e6)

Narrowing energy resolution in low-
energy detectors reduces backgrounds

4x4mm

Narrowing timing 
resolution for better 
reconstruction in 
photon-based 
experiments
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Precision
• Horn beams have a complex mixture of flavors and fluxes
• And neutrino interactions are not well understood
• Need new instruments to constrain fluxes, spectra, and cross sections

• DUNE Near Detector (“ND-GAr”)
• High-pressure gaseous argon TPC
• Precision reconstruction of final states

• T2K Near Detector (“SFGD”)
• 3D reconstruction with scintillator cubes+fibers
• Precision reconstruction of final states
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Breadth

Spectral sorting--Dichroicons

Low-E n physics at DUNE can be leveraged by 
underground argon+shielding “SloMo”

Hybrid Cherenkov/scintillation detectors would have “best of 
both worlds”---high and low-energy programs

Theia25 Theia100

LAPPD picosecond timing

Neutron shield 
reduces 
scatters in 
fididucial
volume

Underground Ar significantly reduces 
radiogenic backgrounds

CHESS



Breadth

ARA radio detection

eV keV PeV

Cryocube for Ricochet NTD-Ge

EeV

Example of pushing energy thresholds down to 50 eV Example of pushing energy thresholds up to EeV
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keV MeV GeV TeV PeV

Breadth

Coherent n+A scatttering

Solar+reactor+supernova+0nbb+beam+atmospherics

Extragalactic sources

Collider Neutrinos

(Not included here many 
dedicated 0nbb
experiments!)
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Summary

• New era in development of high-flux neutrino beams
• Many creative ideas for new instrumentation and detectors
• Advancing detector resolution, precision, and breadth
• Very exciting time for future neutrino experiments! 


