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Neutrino Oscillations

where ijijs sin , ijijc cos and  ,, are CP violating phases. 

Briefly: It has been experimentally observed (SuperK, SNO, KamLAND, ...) that

the neutrino weak flavour eigenstates are a combination of the neutrino mass

eigenstates, analogous to quark mixing, and are related by the PMNS matrix:

The parameters of this matrix are far less well known than those of the 

corresponding CKM matrix in the quark sector.  Their precise determination has 

broad implications, such as determining the extent of leptonic CP violation.
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Measuring the PMNS Parameters –

The Neutrino Factory
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The Muon Ionisation Cooling Experiment

• Emittance reduction (cooling) is necessary for the muon beam to 

be successfully matched into the downstream FFAG accelerators

• Cooling represents one of the major cost and performance 

factors of a Neutrino Factory

• MICE: a prototype of a single cooling channel for a Neutrino 

Factory or Muon Collider

• Desired transverse emittance reduction of ~10%, using a 

tuneable 140 to 240 MeV/c muon beam

• Employs ionisation cooling – momentum loss by firing the beam 

through an absorber, coupled with re-acceleration in the 

longitudinal direction only

• Staged experiment – running while being built up incrementally
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Completed MICE Schematic
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Current MICE beamline
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D = Dipole bending magnet      Q = Quadrupole magnet

DS = Decay solenoid                DSA = Decay Solenoid Area            

GVA1 = Scintillator counter       CKOV = Cherenkov detector    

BM = Beam Profile Monitor       TOF = Time of Flight

ISIS

DSA MICE Hall
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The ISIS Accelerator
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• 800 MeV proton 

synchrotron

• Primarily used as a 

Neutron Spallation

source

• Beam loss 

monitored with 

ionisation chambers

• Potential site for the 

Neutrino Factory



Beam Loss Analysis Methods

Peak Value 

Integral Value
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Results: Target Depth Vs Beam Loss
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Preliminary TOF Analysis
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Future Plans

 Another high beam loss study if possible

 Reproducibility

 Better statistics (400 – 500 pulses per setting)

 Tune beam line for muons

 TOF data

 Get reliable rate vs species plots

 Compare with simulations

 Relate Beam Loss to Protons On Target
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Spares
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Beam Loss vs Particle Rate 

Analysis Flow Diagram

Target DAQ data DATE DAQ data

Data Reduction 1 – fitted peak 

beam loss analysis, etc

Particle rate data extraction 

with ScalersAnalysis

Reduced Beam Loss data Particle Rate data

Combine data by matching time stamps

Combined data (ROOT files)

Data reduction 2: extract means and errors 

for variables on a run-by-run basis

Final plots of beam loss vs particle rate
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Histogramme of GVA1 Rates for Run 1231

One of 

the better 

fits!

Combined data 

(ROOT files)

Data reduction 2: 

extract means and 

errors for variables on 

a run-by-run basis

Final plots of beam 

loss vs particle rate
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Combined Data Table for Run 1231

...
Reduced Beam Loss data Particle Rate data

Combine data by 

matching time stamps

Combined data (ROOT files)
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Results: Sector 7 vs 8 Beam Loss

One point = the mean 

values of the beam loss 

and particle rate for a run
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Linear at 

higher beam 

losses
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Results: Particle Rate vs Beam Loss
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