Effects of eV-Scale Sterile Neutrinos on
Supernova Explosion & Nucleosynthesis

Yong-Zhong Qian
School of Physics and Astronomy
University of Minnesota

INT Program on Neutrino Astrophysics
and Fundamental Properties

Institute for Nuclear Theory
University of Washington, Seattle

June 15, 2015



Outline

Stellar Evolution & Core Collapse
Neutrino-Driven Supernova Explosion

Electron Fraction Ye & Nucleosynthesis
in the Neutrino-Driven Wind

Active-Sterile Neutrino Mixing in SNe
Treatment of Evolution of Ye in the Wind
Effects on Nucleosynthesis & Explosion

Discussion



How to Become a Star
Virial theorem for a contracting gas cloud
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“Onion-Skin” Structure
of Pre-SN Stars
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Neutrino-Driven Explosion
of a Low-Mass SN
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Neutrino Emission from a Low-Mass SN
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Setting n/p in the Neutrino-Driven Wind
n/p>1=7Y,<0.5

Qian et al. 1993
Qian & Woosley 1996

McLaughlin et al. 1996
Horowitz & Li 1999
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Example Evolution of Ye & Nucleosynthesis in the Wind
(Wu, Fischer, Huther, Martinez-Pinedo, Qian 2014)
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Indications for eV-Scale Sterile Neutrinos
LSND, Mini-BooNE, Gallium anomaly

reactor antineutrino anomaly (Mention et al. 201 I)
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Active-Sterile Neutrino Mixing in SNe
(Kainulainen et al. 1991; Nunokawa et al. 1997;
Fetter et al. 2003; Tamborra et al. 2012;Wu et al. 2014)
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Net heatin
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Other Issues

self-consistent treatment of SN dynamics
flavor evolution with neutrino background
effects on SN neutrino signals

potential conflicts with CMB & BBN

global analyses of neutrino experiments



