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Neutrino

Neutrino was suggested in y. 1930 by Pauli to explain the continuity of 3
spectrum as a spin 1/2 particle obeying Fermi-Dirac statistics
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Dear Radioactive Ladies and Gentlemen,

As the bearer of these lines, to whom I graciously ask you to listen, will
explain to you in more detail, how because of the "wrong" statistics of the N

and Li6 nuclei and the continuous beta spectrum, I have hit upon a desperate

remedy to save the "exchange theorem" of statistics and the law of q
conservation of energy. Namely, the possibility that there could exist in the

nuclei electrically neutral particles, that I wish to call neutrons, which have

spin 1/8 and obey the exclusion principle and which further differ from light

quanta in that they do not travel with the velocity of light. The mass of the

neutrons should be of the same order of magnitude as the electron mass and

in any event not larger than O0.01 proton masses. The continuous beta

spectrum would then become understandable by the assumption that in beta Tﬁb in gen
decay a neutron is emitted in addition to the electron such that the sum of

the energies of the neutron and the electron is constant...




Neutrino oscillations
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Absolute mass scale of neutrinos ?
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We need 3 mass eigenstates
To explain 2 different Am?
m,?-m>=Am*~ 3.107 eV?

Solar neutrinos m,>-m,>=Am,,_2~ 2.103 eV?
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Double beta decay
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Ov3B decay
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Tritium — °H

. low endpoint — Q=18.6 keV

super-allowed nuclear transition
(spectrum shape)

short half-live T, , = 12.32y

simple molecular structure



KATRIN experiment

Direct measurement 12
of neutrino mass '
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Tritium beta decay

‘H—>He+e +v
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Tritium beta decay

Spin — isospin properties 3 H _)3 He+e +v
are 1dentical

1/2" —1/2" n—p+e +v

Elementary particle treatment (Kim & Primakoff,
Phys.Rev. 139, B 1447(1965))

Exact relativistic treatment of tritium 3 decay. Recoil effect taken into
account (3.4 eV less than standard Q value)
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Nucleus as elementary particle
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Tritium beta decay
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Rhenium beta decay

1. the lowest known Q value 2.47 keV

2. T,,=4.35x 10y ~ age of universe
3. natural abundance '*’Re is 63%



MARE experiment

Re-187

-we don’t bother
calorimeter with energy loses
source=detector -no corrections for
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Rhenium beta decay

M. Galeazzi et al., Phys. Rev. C 63, 014302 (2001)
F. Gatti, Nucl. Phys. B 91, 293 (2001)
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87Re —1¥70s+e+v, A Jr=2- first unique transition

5/27—>1/2- higher partial waves of leptons



Rhenium beta decay

AJr=2- => p-waves have to be taken into account
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Rhenium beta decay

AJv=2- =>  leptons havetotake AL=2

Amplitude =€ (s;,) & v(p) +e(p;,) & V(s)

1 lh-1/2  + T T 1h+1/2h

e (p;,) & v(p) => no change of parity



Rhenium beta decay

first unique transition
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Rhenium beta decay

electron kinetic energy spectrum normalized to unity
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Rhenium beta decay
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Rhenium beta decay

plane wave limit => neglecting F,(Z,E)—>1
the Coulomb interaction F(Z,E)—1
k™ =24T7keV p = 50keV
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kinematics 1s enhancing the P wave



(al 7)o

Rhenium beta decay

;" =0-m, Q - highest electron kinetic energy

Y = T _ max to obtain 1n case of zero neutrino mass
e e

S and P wave contributions near the endpoint
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Rhenium beta decay

The goal 1s that we can define (similar as for tritium)
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Rhenium beta decay

Kurie plot properly scaled is the same for °H & !37Re
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Conclusions

Exact relativistic treatment of °H beta decay including
recoil

Dominance of P wave of electron in '8’Re first unique
decay

Linearity of Kurie plot in '®’Re decay under discussion
with Milano group
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