25.09.2014
DESY theory workshop

Isabel Mira Oldengott (Universitat Bielefeld)
Cornelius Rampf

Yvonne Y. Y. Wong



Neutrino Mass Problem

Standard Model of Particle Physics: only left handed neutrinos exist

— massless neutrinos é observation of neutrino oscillations

Extension of right-handed neutrinos:

—mp(Urv, + VL VR) — arbitrary...?

Break B-L — include Majorana mass term:
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— §mR(DRCVR + VrVRC)

— diagonalize mass matrix
— new mass scale: “See-Saw-Mechanism”

— heavy sterile neutrinos



Neutrino Mass Problem

B-L spontanously broken?

— Majoron models
* New Goldstone Boson: Majoron

* Non-standard neutrino interactions
Lint = 9ijVivj@ + biviysvi¢

— cosmological signatures???



Cosmic perturbation theory

Einstein equation: 7, + 6G, = 87G(T, + 0T,
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Apply on all relevant

particle species: relativistic photons Neutrinos ???

non-relativistic | baryons CDM




State of the art
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Neutrino interactions???

1.) Tightly coupled limit:
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— only valid for sufficiently
strong couplings



State of the art

2.) Adding damping term:
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3.) Parametrisation used to fit cosmologocal data:
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Full treatment

* No proof.
I « Accurate Treatment of interacting neutrinos includes calculation of the
|

collision integral.
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difference to photon case: Thomson scattering = low energy transfer

Approximations:

- Neglect of quantum statistical effects — Boltzmann statistics 1 — f(q) ~ 1
« Zero chemical potential

e Zero neutrino masses



Full Treatment

Consider only neutrino self-interactions pr — v
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Full Treatment
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Boltzmann hierarchy for interacting neutrinos:
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Full Treatment

1 of
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- Momentum dependence reflects nhon-negligible energy transfer

Integrated over momentum space
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o, = Valale — solve numerically!!!
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Conclusions and Outlook

* Majoron Models: — mechanism of neutrino mass generation
— non-standard neutrino interactions
* Literature Review: - tightly coupled limit
. . 2 2
— parametrization (5 Cois
* Full treatment: — calculation of collision integral of interacting neutrinos

— Boltzmann hierarchy
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Outlook:

* Implement resulting hierarchy in Boltzmann Code

— cosmological imprint?
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Conclusions and Outlook

* Majoron Models: — mechanism of neutrino mass generation
— non-standard neutrino interactions

* Literature Review: - tightly coupled limit
~ parametrization (¢Zg, ¢2ig

* Full treatment: — calculation of collision integral of interacting neutrinos
— Boltzmann hierarchy
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Outlook:

Thank you
for your
attention!!!

* Implement resulting hierarchy in Boltzmann Code

— cosmological imprint?
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