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Master equation

= PS * NME? * (<m,> / m,)?
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Matrix elements

Rescaled as people use different g, (1-1.25) and R, (1.0-1.3 fm)
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Matrix elements

Rescaled as people use different g, (1-1.25) and R, (1.0-1.3 fm)
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Ordinary muon capture

The complications of OMC
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Nuclear transfer reactions

Difference in proton occupations
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Not all nuclei are spherical...
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Cosmological mass bounds

¢ If big bang theory is correct there should be a CvB

\/

** Properties can be linked to CMB
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** To close the universe
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Major effect of massive, light neutrinos: Washing out structures
on small scales, acts as hot dark matter
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¢ Planck data fix almost all other cosmological parameters
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Large scale structure
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Neutrino masses

Values depend crucially on data sets used, analysis and assumptions (always model dependent)

Model Observables ¥m,, (eV) 95% Bound

owCDM + ANyl +my | CMB+HO+SN+BAO <1.5
owCDM 4+ AN,e1 + my | CMB4+HO+SN+LSSPS < (.76
ACDM +m,, CMB+HO0+SN+BAO < 0.61
ACDM + m,, CMB+HO+SN+LSSPS < 0.36
ACDM + m, CMB (+SN) < 1.2
ACDM + m, CMB+BAO < 0.75
ACDM + m,, CMB+LSSPS < 055
ACDM + m,, CMB+1H0 < (.45
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New Plack data yesterday - 1807.06209
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Neutrino Oscillations 1

Mass-eigenstates are different from flavour-eigenstates
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ABB. 4 NEUTRINO-OSZILLATIONEN
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Oscillations 11

Schematische Darstellung der Oszillation von Myon- und Tau-Neutrinos, oben als
Folge von Kohdarenz und Dekohdrenz, unten als Mischungsanteil. Im gezeigten Fall
von nur zwel Neutrinos gibt es nur einen Mischungswinkel, der die Amplitude der
Oszillation bestimmt. Die Wellenlange der Oszillation hdngt ab von der Energle
und der Differenz der Quadrate der belden Involvierten Massenzustdnde Am 7.
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Neutrino Oscillations 11
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No absolute neutrino mass measurement!
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But its observation proves a non-zero mass = -
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E. Akhmedov, A. Smirnov, arXiv:1008.2077

Neutrino I'ﬂi)(iﬂg E. Akhmedov, J. Kopp, arXiv:1001.4815
E. Akhmedov, A. Smirnov, arXiv:0905.1903
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Neutrino Oscillations 11
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Oscillation search
Disappearance: Reduction of original flavour

Appearance: New flavour not present at source
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Search for neutrino oscillations

Appearance searches . New flavour appears not produced at source
Disappearance searches: Less neutrinos than expected from source
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Atmospheric neutrinos

* The atmosphere is permanently exposed
to cosmic rays (90% protons, 9% alphas)
» Deep inelastic reactions produce a large
amount of charged pions

* Charge pions decay into muons and
- -(anti)neutrinos e
R T UtV

1 e If muon slow enough it decays in the
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= Ratio muon/electron like is 2:1
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Principle
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Average energies
* FC: ~1 GeV , PC: ~10 GeV, UpMu:~ 100 GeV

Event classes
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Average energies

Event classes * FC:~1GeV ,PC:~1O GeV, UpMu:~ 100 GeV
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MINOS and NOVA
Disappearance experiment
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Oscillation parameters T2K and NOVA
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