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First theorized by Wolfgang Pauli in 1930 

Later detected by Cowan and Reines in 1956

Involved Weak force is mediated by W  and Z bosons+/-

Produced via particle decays and nuclear reactions

WHat are neutrinos?
A type of lepton with a very small mass range of

0 - 1 eV. Electrically neutral and only interact via

the weak force.



Why did the Standard Model

assume them to be massless?
The source of all other particle masses were theorized and

described via the higgs field, which has since then been

detected

Upon detection, neutrino’s violated the expected dynamics

which explained other particle masses

only left handed neutrinos and right handed anti-neutrinos

were detected via weak force interactions at detectors

The photo above does not account for

antiparticles, which have opposite chirality

Helicity is Lorentz Variant



Neutrino Oscillations
Studying neutrino detection showed oscillatory

patterns between states, which required mass

differences to explain this phenomenon

three mass differences have been

isolated between the different states

This requires at least two states mass to

be greater than zero, likely all three.

New methods are required to explain

neutrino mass beyond the standard model.



Dirac and Majorana mass concpets
Dirac Mass - Mass which is related directly to the Higgs field through both forms of handedness,

such as traditional fermion’s, and requires the separation of particles and antiparticles. Lepton

number is conserved.

Majorana Mass - Mass which requires a violation of lepton number, as the particle is also its

antiparticle. This must be applied to a neutral particle while being Lorentz invariant.

How is this possible?
gauge invariant → right handed gauge singlet with left

handed SU(2) doublet

global symmetry breaking, not gauge.



Quasi-Dirac Mechanism

Explains neutrinos’ low masses through suppression of

the Dirac term via low majorana terms.

The Majorana terms must be very small to cause a

suppressed dirac term which together creates a

small mass difference between particle and anti



Natural double beta-less decay suppression
and oscillation explanations

The lepton violation from the majorana terms’ is suppressed

by the lack of a chiral flip due to mass differnce vs Energy

Oscillations can be explained by through majorana terms and

small mass difference between active and sterile states at

large oscillation distances.



Thank You!
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