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Creating New Physics in the Laboratory with Rare Isotopes

P. Walker, New Scientist Magazine (2011)

c

Weak Nuclear Decay is among the MOSTsensitive BSM physics probes:
Å Pure energy-to-matter conversion: spontaneous matter creation
Å/ƻƳǇƭŜȄΣ ōǳǘ ǳƴŘŜǊǎǘƻƻŘ ǎȅǎǘŜƳǎ όƴǳŎƭŜŀǊ ŀƴŘ ŀǘƻƳƛŎύΧƛƴ Ƴƻǎǘ ŎŀǎŜǎ
Å More than 3500 different systems for case selection
Å Exceptional experimental control possible (precision atomic methods, etc.)
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F.Vissani, 1412.8386

The Standard Model includes an inherent symmetry breaking mechanism that accounts for three generations of 
quarks and leptons ςthe weak interaction and mass eigenstates are not equal to each other

PMNS Matrix
(Lepton Mixing)

The 3x3 Paradigm: A Tale of Two Symmetries

CKM Matrix 
(Quark Mixing)

*There is currently a 4stension 
with the SM unitarity condition 
for the top row sum

*The elements of the PMNS 
matrix are very different from the 
CKM matrix Ą FlavourPuzzle

If they are indeed complete, 
these are unitary transformations

Can be probed via 
semi-leptonic 
decay of hadrons

Can be probed via 
oscillation and 
neutrino mass 
experiments
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Nuclear bDecay as a Probe of BSM HadronicPhysics
Search for Additional Quarks ςSuperallowedFermi bDecay Exotic Weak Currents ςb-nAngular Correlations

TRINAT BPT

CENPA
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Model Independent Probes of BSM LeptonicPhysics

Å5ƛǊŜŎǘ ƻōǎŜǊǾŀǘƛƻƴ ƻŦ άƴŜǳǘǊƛƴƻƭŜǎǎέ ƳƻŘŜ
ÅAny observation of л˄ʲʲis a smoking gun 

signature of BSM physics (ie. Majorana)

bbdecay b/EC decay 

ÅEnergy and momentum conservation
ÅModel independent search for ANY new 

physics that couples to the neutrino mass
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