
NA61++/SHINE: Physics 
opportunities from ions to pions

SHORT SUMMARY



What is NA61/SHINE
• Physics program

• Strong interactions program

• Hadron-production measurements for 
neutrino experiments

• Hadron-production measurements for cosmic 
ray experiments

• Large acceptance hadron spectrometer 
• Flexible detector set with possibilities for upgrades 
• Use various types of beams (ions to pions)



Existing or new experiments

• NA60++

• Further discussions on possible synergies with the program of NA61++ will be 
a very important aspect, with the goal of building a solid ensemble of 
measurements for the next decade

• COHERENT - Coherent elastic neutrino-nucleus scattering



Existing or new experiments

• EMPHATIC - Experiment to Measure the Production of Hadrons At a 
Test beam In Chicagoland 

• The COMET 
Experiment

• What would we want from a future NA61++/SHINE?
• In the first instance, any relevant data with carbon production target and 8 GeV

proton beam
• Ideally, a novel set-up to study <80 MeV/c backwards pion production
• Rates, energies and angular distributions
• Anti-protons (in forward direction) as a function of primary beam energy near 8 GeV
• Data on heavier target materials, like tungsten, would also be useful for Phase-II



Ideas for new technology in NA61++
Resistive technologies for Time Projection Chambers Si tracker in the magnetic field

• Setup for charm correlation measurements 

Gabor Lenses



Hadron-production measurements for cosmic 
ray experiments

• Atmospheric neutrinos
• At low energies (< 20GeV protons), 

there is data, some of it is good, 
but it is a struggle to make a 
consistent overall picture and there 
are large gaps in the phase space.

• Further reduction in hadron 
production systematics:
• 120 GeV NA61/SHINE data – reduce 

interpolation uncertainty between 31 
and 158 GeV

• Potential for new low energy 
measurements reduce uncertainty 
where hadron production is uncertain

Galactic cosmic-ray (GCR) propagation and
nuclear production cross sections



Hadron-production measurements for cosmic 
ray experiments
Measurmets for the Cosmic-ray Anti-nuclei

Antinuclei production studies NA61/SHINE and NA61++ measurements for 

the understanding of cosmic antinuclei
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Hadron-production measurements for 
neutrino experiments

T2K/HK 
DUNE FLUX AND MEASUREMENT NEEDS 

Thanks to NA61/SHINE data, the current error for neutrino flux predictions was reduced but 
still is space for improvement 



Hadron-production measurements for 
neutrino experiments
• Low-Energy Physics Opportunities

• Low-Energy Beamline at H2  (Low-Energy = 1-13 GeV (2-13 GeV/c))



Strong interactions program



Strong interactions program

• c cbar – correlations
• Measuring correlations of c and cbar quarks from the same pair forces one to 

seek for events with only a single c cbar -pair



Organization - Options for the future
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The proposals for future measurements fit well with the current NA61 program
• Strong interactions program
• Hadron-production measurements for neutrino experiments
• Hadron-production measurements for cosmic ray experiments



Thank you very much for your 
excellent talks and participation 

in this workshop


