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Ancillary?
• Any support activity to the main measurements.  

• Main task is to reduce systematic errors.  

• Broad spectra:  

• theory (neutrino-Nucleus interactions,…)  

• experiments providing key measurements.  

• improvement on detector simulation (hadron-nucleus interactions).  

• improvement on neutrino flux predictions (LBL & atmospheric).  

• Development of new experimental techniques related to the above 
points.  
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Long base line
• LBL neutrino energy spectrum is not monochromatic: 

•  we need to determine event by event the energy of the 
neutrino.  

• This estimation is not perfect and the cross-section does not 
cancels out in the ratio.  

• The neutrino oscillations introduce differences in the flux spectrum 
and the ratio does not cancel the cross-sections. 
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The landscape around ν exp.
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Theory
• Ιnitial nuclei state description.  

• ν-nucleon cross-sections:  

• quasi elastic, pion production, SIS, DIS, …  

• Final state re-interactions.  

• Particles and kinematics in final state outside the nucleus.   

• Threshold effects related to charge lepton mass.  

• …
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• Different problems to be faced by Low energy 
(T2(H)K), medium energy (Dune) & high 
energy(atmospheric). 

• eA community not very advanced in exclusive 
interaction description needed by neutrinos. 

• Background determinations (NCπ0 & NCπ+- 
production). 

i.e. energy reconstruction in T2K
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σνe/σνμ?
• Fundamental quantity for running and future oscillation (bot only LBL) experiments.  

• Estimations might be more complex than simple phase-space.  

• Bremsstrahlung corrections.  

• nuclear effects. 

6



Doing νA cross-section 
without ν’s:  (e,e’)A & γA

• There is a lot of data outside.  

• Models need to comply with them.  

• It might be an interesting place to derive models beyond limited neutrino data.
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ν Flux
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New experimental techniques
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Direct control of neutrino flux & enhance νe flux
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226 m
~2000 m

3.8 GeV [ ± 10% ]

1018 decays/yr
5 GeV [ ± 20% ]

Neutrinos from stored muons

as antineutrino disappearance via sterile neutrino mediated oscillations. Finally, active-to-
sterile neutrino oscillations can also explain the gallium anomaly, in which intense artificial
radioactive sources used to calibrate gallium radiochemical detection experiments observed
fewer neutrinos from the source than expected [24, 25].

Global fits attempt to explain these data, but there exists tension between the appear-
ance and disappearance measurements [26]. The sterile neutrino hypothesis is satisfied
when:

P (⌫µ ! ⌫e)  4 (1� P (⌫µ ! ⌫µ)) (1� P (⌫e ! ⌫e)) . (3)

The nuSTORM facility could probe all possible sterile neutrino appearance and disappear-
ance channels to test the sterile neutrino paradigm in detail.

3 nuSTORM parameters

The nuSTORM facility is designed to produce 3.8GeV/c muons that are injected and stored
in a storage ring (Figure 1). A 100 kW proton beam of 120GeV energy impinges on a carbon
or an inconel target. Pions produced in the target are captured in a NuMI-style horn, they
are then transported down a transfer line and 5GeV/c (±20%) pions are stochastically
injected into a storage ring. The target, collection system and stochastic injection systems
have been designed to deliver 0.11 pions per proton on target (POT) [4] to the storage ring.

The storage ring consists of a large aperture FODO lattice designed to transport muons
of 3.8GeV/c (± 10%) momenta around the ring. It is calculated that 52% of pions decay
to muons before the first turn and 8⇥ 10�3 muons per POT are stored in the storage ring.
For 1020 POT, we expect a flash of neutrinos from 8.6 ⇥ 1018 pion decays and we expect
2.6⇥ 1017 positive muons that decay in the ring (the muon lifetime is 27 orbits of the decay
ring). The nuSTORM flux and energy spectrum from the pion flash and from recirculating
muons are shown in Figure 2.
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Figure 2: nuSTORM flux and energy spectrum from the pion flash just after injection (left)
and from muon decay over 100 turns (right).

The flux of ⌫µ from pion decays is 6.3 ⇥ 1016 ⌫/m2, the flux of ⌫e from muon decays
is 3.0 ⇥ 1014 ⌫/m2 and ⌫µ from kaon decay is 3.8 ⇥ 1014 ⌫/m2, all at a distance of 50 m.
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+ Perfectly known flux  
+ 50% (νμ ) 50% (νe) 



New detector technology
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4π acceptance

Low momentum threshold

or 
same far/near acceptance



Beyond LBL: atmospherics
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Hadron interactions
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• Neutrino event reconstruction relies on observing 
final state particles 

• Significantly affected by hadronic scattering 
within nuclei 

• In particular, very few measurements of proton 
scattering exist! 

• New measurements essential for constraining crucial 
part of interaction models
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proton-nucleus scattering data with MC modelAlmost no 
data on Ar 
above 50 

MeV!

 Nuclear effects on recoil protons in Arprotons lose 
large fraction 
of energy in 

hadronic 
scattering 
within Ar 
nucleus

+ Interactions in detector material. 


