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WHaT dR€ NEUTRINOS?

A type of lepton with a very small mass range of
O - | eV. Electricdlly neutral and only interact via

the weak force.

e First theorized by Wolfgang Pauli in 1930
e Later detected by Cowan and Reines in 1956
e Involved Weak force is mediated by W™ and Z bosons

* Produced via particle decays and nuclear reactions




WI'Ill, DiD THe STaNDaARD MODeL Helicity is Lorentz Variant
aSSUME THEM TO B€ MaSSLESS? i -,

"balanced out” by a bashful fourth type

e The source of dll other particle masses were theorized and
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e Upon detection, neutrino’s violated the expected dynamics
which explained other particle masses MASS < 1electronvolt >1 electronvolt
. . . . FORCES THEY Weak force Gravity
e only left handed neutrinos and right handed anti-neutrinos et g :
were detected via weak force interactions at detectors DIRECTIONOFSPIN Al three “left handed “Right handed"
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antiparticles, which have opposite chirality
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NEUTRINO OSCILLATIONS

Studying neutrino detection showed oscillatory TR
each type of (1GeV) neutrino

patterns between states, which required mass

dif ferences to explain this phenomenon

¢ three mass differences have been

isolated between the different states AN oo —ssir—satir—zssce A sancem
 This requires at least two states mass to -

be greater than zero, likely all three.

e New methods are required to explain

neutrino mass beyond the standard model. \, Supepoed J\ﬁ"\ﬂulw MJ\ Uﬂk f \IH\ LHWW
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DIRAC dND MaJORANQ 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?
e gauge invariant — right handed gauge singlet with left

handed SU(Z) double‘l‘ SU(S)C < SU(2)L < U(].)Y
. global symmetry breaking, not gauge. 1 1
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QUaSi-DIRAC MECHaANISM

Explains neutrinos’ low masses through suppression of

(.

the Dirac term via low majorana terms.
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The Magjorana terms must be very small to cause a

Am? = 2m (ML—I—MR)

suppressed dirac term which together creates a

small mass difference between particle and anti
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NaTURdL DOUBLE BeTa-LESS DeCa¥ SUPPRESSION
dND OSCILLATION EXPLANATIONS

e The lepton violation from the majorana terms’ is suppressed

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

Lose =
Am? e QOscillations can be explained by through majorana terms and

small mass dif ference between active and sterile states at

large oscillation distances.
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