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Introduction 
 
Idea: Use of quantum coherence for new source of neutrinos 
 
Basic rate formulas and their features of neutrino pair beam                    
                 A few works in collaboration with N. Sasao 
 
Neutrino oscillation and CPV parameter determination 
 
R&D works using photon emission:   see also Sasao at the poster session 
 



Present status of neutrino physics 
• Oscillation experiments 

– Finite mass 
– Flavor mixing 
– Only mass-squared difference 

can be measured. 
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China, and Korea catched up 
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Important questions left in neutrino physics 

• Absolute mass scale and the smallest mass (oscillation 
experiments are sensitive to mass squared differences 
alone) 

• Majorana vs Dirac distinction 
• CPV phase （Majorana case has 2 extra phases） 

 
 

 These are relevant to explanation of matter-antimatter 
imbalance of universe and understanding the smallness of 
neutrino masses. 
We wish to experimentally achieve some of these goals. 
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Conventional and new neutrino sources 

• Decay product of elementary particles: pion, 
muon  

• Product of beta-decay 
 

• Question:  Is there another stronger source ? 
• Answer:  Yes,   from ion de-excitation, but how 

about rate and spectrum calculated ? 
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Neutrino pair emission might occur similarly to synchrotron 
radiation, 

 
But, producing neutrino pairs only in the keV energy region 
with extremely small rates, hence completely negligible for 
both electron synchrotron and circulating heavy ion in the 
ground state  
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Input of excitation energy   ,     leading to a kind of non-linear resonance 
（positive and negative phase cancellation  in a phase integral  over 
times) 

New feature from quantum circulating ions 



Quantum coherent state 
 

what is it ? 
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Preparation of initial coherence – Adiabatic Raman - 
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Some basic calculation of photon emission from 
quantum coherent ions in circular motion 
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Quantum pure state of mixed  

Expectation value instead of transition amplitude 



Single ions contributing many, many times  to emission of the same photon 
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Absent in synchrotron radiation formula 



Differential rates for photon emission 
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Phase integral 



Large phase integral -> Bessel function of large order 
and large argument 

• Useful formula 
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b, c of order 



Two cases of large production and failure 
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Related to Floquet system of stability/instability band structure 

Steady increase with one period of cicrulation Failed case 

Phase function and its integral are plotted 



Intuitive understanding 
• A kind of non-linear resonance:  orbital energy balanced 

against internal ion energy, giving non-linear resonance 
oscillation. Its width around the stationary point gives a 
narrow resonance-like behavior in time domain. 
 

• Key concept for its success:  quantum coherence  typically 
realized by ionic system under laser irradiation, but may 
persist without phase relaxation. 
 

•  Macro-coherence not required 
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Simple example of quantum coherence: adiabatic Raman process 



Difference from usual synchrotron radiation 
using a truncated time expansion 
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• Always the same sign phase added, leading to exponential dumping 

Ground state ion X = rescaled time 

Excited ion with coherence 

Cancellation of positive and negative phases 
Energy input leads to resonance-like behavior 



Result 1: Angular distribution 
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Result 2: Photon energy spectrum at the forward 
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Jacobian peak exists for small finite angular resolution 



Case of neutrino pair emission 

• Completely coherent CP-even pairs of neutrinos in all flavors 
are produced if level spacing and boost factor are both large 
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W-exchange, too 



Structure of weak current 
• A and V contributions in electron-neutrino 

interaction 
• A term:  

 
• V term: 
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Collimated neutrino beam 
• Beam dump stronger photons in extraction 

system 
 

• If coherence is not lost in the initial phase, 
neutrino experiments are possible 
 

• CP-even neutrino pairs of all flavors are available 
 

• LHC at CERN achieved acceleration of 
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Single neutrino energy spectrum at the forward direction 



Neutrino oscillation 

Work in progress with T. Asaka and M. Tanaka  
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Disappearance in A and appearance in V of 
oscillation patterns 

• A coherent pair of neutrinos propagates at 
distance L, and suppose we detect one of the pair 
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V:  
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A: 



Basic oscillation patterns 
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Short baseline oscillation experiments possible within 1/g collimated 
direction and detector placed on earth 



Differences for different CPV parameters  
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Nu_e detection 
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No chance of CPV parameter determination 



Search for the best candidate ion for circulation 
needs help 

• E1-like, deep levels for large spacing, and 
hopefully smaller A are required 
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Need relativistic atomic physics calculation  of  



Coherent gamma ray beam 
• If the macro-coherence is achieved within a bunch 

of ions, the coherent gamma emission is expected, 
like the laser in the optical region. 
 

• This would lead to the possibility of very fast and 
fine resolved imaging of atoms, nucleus and 
atomic electron cloud separately snap-shoted ! 
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R&D works using low energy ion facility of 
RIKEN 

• See Sasao at the poster session 
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Summary of this talk 
• Coherent quantum heavy ion synchrotron is excellent for 

CPV parameter, NH/IH hierarchy determination (pair beam). 
 

• Accelerator R & D works using photon emission is crucial to 
learn how to achieve a high coherence ion.  
 

• Bonus from R&D may lead to unexpected “gamma ray 
laser” 
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