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OUTLINE

® Why scalars

® Why supernovae

® In-medium rates of emission and RESONANCE R ]
® Astrophysics: model and uncertainties

® SN 1987A confronts scalars



WHY SCALARS

axions

® Dark matter — dark photons

scalars

NASA image ESO/Ilustris Collaboration

What makes Cold Dark Matter ?'

® As minimal assumptions as possible = no extra charged/gauge fields
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MIXING PARAMETER VS MASS: PARAMETER SPACE FOR SCALARS
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ASTROPHYSICS CONFRONTS SCALARS: TEMPERATURE VS MASS

¢—production rate at large masses ~ exp(— MASS(¢)/T)

T -1keV T - 10 kReV T - 30 MeV

® Supernovae are ideal laboratories to probe MASSIVE scalars



PRODUCTION OF SCALARS IN PLASMA

Nucleon-nucleon bremsstrahlung

Strong interaction —> no analytic control

BUT: soft approximation allows to factorize
—> use NN — NN cross-section
known experimentally

Electromagnetic processes
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EM process —> weak coupling

BUT: plasmon and scalar can mix
—> resonant enhancement
becomes possible



RESONANT PRODUCTION
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@ Resonance occurs whenever PLASMA FREQUENCY > MASS (¢)



REGIMES OF EMISSION
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ASTROPHYSICS INPUT
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@® Use observed neutrino signal from SN 1987A to probe scalars

@® Reference model for SN 1987A: 1d neutrino-driven explosion

@® Use simulation data for the end of the accretion phase

@ Use 4 different progenitors to estimate uncertainties



RESULTS




