Towards Neutrino Spectroscopy and Measuring
Relic Neutrino

* \WWhy neutrino pair emission from excited atoms
IS Interesting and useful towards neutrino
spectroscopy ?

e Laser irradiated pair emission from low-lying,
metastable states

* Possibility of detecting relic neutrino of 1.9K

hep-ph/0611362 and PRD, hep-ph/0703019
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Merits and demerits of atomic process

e Infinitely many small energies
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Neutrino interaction with atomic electron
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(i0y — id - V) = imoog™
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Majorana vs Dirac equations:
chirally projected solutions

(i — id - V) = imoosp*
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Majorana vs Dirac equations:
chirally projected solutions

(i — id - V) = imoosp*
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Where to look for M/D distinction

* Interference terms of anti-symmetric wave
functions -> neutrino-antineutrino pair
emission from excited atoms

* Only near the threshold of pair production
M/D distinction in emission rate iIs large
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Unique signature of Majorana
= Interference of identical fermions
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Effective only for pair emission
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Direct test of Majorana nature: unlike indirect LV In
(Ov)BpB
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Examples of atoms:
case of low lying metastable states
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Example of experimental setup

Interaction &
detection region
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M. Yoshimura @ B-L 10

September 22 2007



Rate formula
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Rough rate numbers
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How to perform spectroscopy and M/D distinction
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Normal vs inverted hierarchy
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Works on-going and to be done

« Time dependent enhancement factor being systematically
computed for semi-realistic (cyclic, recycling, modulation,
relaxation) cases, using Optical Bloch Equation
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Search for large matrix element ratio
of neutrino pair/radiative beyond long
wave approximation

Search for accumulated PV quantity to ultimately prove the
weak process
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Observability of relic neutrino w. T. Takahashi

hep-ph/0703019
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Observability of relic neutrino w. T. Takahashi
hep-ph/0703019

« Pauli blocking effect
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Temperature measurement possible ?
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For m_1 < afew meV, temperature difference is visible
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SPectroscopy of Atomic Neutrino
(SPAN collaboration)
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Summary

* Proposed a new experimental method for
determination of both the type (M/D) and the
magnitude, the mixing of neutrino masses

« Use of excited atoms most appropriate for
systematic spectroscopy if large enhancement
Is feasible

« A possiblility of detecting 1.9K relic neutrino
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