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• If the neutrino has a non-
zero mass then the mass and 
weak interaction eigenstates 
can be mixed.

Neutrino oscillations
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Neutrino oscillations

• Neutrinos are produced in weak 
interactions (e.g. in the sun) and 
start their travel with a given 
flavor. However when they 
propagate, the different mass 
values interfere with each other 
and the probability of measuring a 
particular flavor for a neutrino 
varies periodically. This phenomena 
is called neutrino oscillations.
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• The Neutrino oscillations 
can be used to measure 
the three mixing angles 
and the two mass 
differences.

Neutrino oscillations
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T2K

Neutrino Factory

1021 muon decays 
per year

•Measure θ13;

•Determine the mass hierarchy;

•Discover CP-violation in the leptonic sector 
(if exists). 
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Oscillations channels
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Discovery potential of the 
neutrino factory

• Neutrino factory 
does it all…
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Neutrino Factory Near Detector

Neutrino Factory Near Detector aims:
• Measurement of neutrino flux with ~1% precision and 

extrapolation to the Far Detector;
• Measurement of charm production(main background to 

oscillation signal);
• Cross-section measurements: DIS, QEL, RES scattering;
• Search for Non Standard Interactions (NSI).

Eμ = 25 GeV 80 MeV

Straight section length = 600 m

Muon angular spread 0.5 mrad

5x1020 muon decays/year
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Neutrino Factory Near Detector

Neutrino Factory Near Detector components:

• Vertex detector for charm and tau interactions for 
NSI;

• Low Z high resolution target (ie scintillating fibre 
tracker or capillary tube tracker) for flux and cross-
section measurement (νμ and νe );

• Magnetic field for muon momentum measurement 
(δp/p~1%);

• Need muon catcher and electron identification;

• Good energy resolution for flux extrapolation (better 
than Far Detector) – aspire to δE/E~1%.
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Measurement of the neutrino flux in 
the Near detector

• The quasielastic scattering 
off electrons can be used 
to measure the flux, 
because its absolute cross-
section can be calculated 
theoretically with great 

confidence.
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• If we want to measure the 
neutrino flux by using the 
quasielastic scattering off 
electrons, the detector 
has to be able to 
distinguish between these 
two events.

Signal and background estimation

Deep inelastic scattering over 

nucleus 

Quasielastic scattering off 

electrons
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• Properties of the neutrino beam

Simulation of the neutrino beam
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• Distributions of the neutrinos 
over their energy and polar angle 
at the position of the near 
detector for the two 
polarizations of the decaying 
muons.

Quasielastic scattering off electrons
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Neutrino Factory Near Detector

Low Z high resolution scintillating fibre tracker for flux and 

cross-section measurement

• 0.5 mm plastic fibers;

• 2x4 planes of fibers + 5 cm plastic slabs form a layer;

• 20 such layers are currently considered (~ 1.5x1.5x1 m3, 2.3 tones).
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Summary of software status

Possible to generate neutrino flux for

different polarizations and distances.

is included in GENIE but 

is not.

Interface between GENIE and Geant4. 

Detailed Geant4 simulation of the neutrino

events.

Simple digitization which does not include

efficiency for registration. 

Simple reconstruction with 100% effective

pattern  recognition (not very realistic).

Kalman filter for track fitting (RecPack).
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μeNeutrino interactions

GENIE

Near detector flux 

simulation

Detector simulation

Geant 4

flux driver

Digitization 

Reconstruction 

GHEP 

root files
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Kalman Filter - RecPack
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First results

• Simulations show ~0.5 
mrad resolution in the 
measurement of the 
muon scattering angle.

Preliminary
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Suppression of the background from inclusive CC 
reactions

Energy deposition in 
the first illuminated 
scintillating slab vs. 
reconstructed muon 
scattering angle.

Preliminary
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Signal and background estimation

“Measured” distributions over the outgoing muon scattering angle. The 
leptonic events are filled with gray, the hadronic events are plotted in 
blue and the total spectrum is in black. Doted lines indicate the 
background extrapolation. Precision on the signal estimation after 
fitted background subtraction is ~1%.

Preliminary


