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What Happened?

Colliders

Direct/ indirect


detection
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Why Extreme?

High temperatures

Large magnetic fields

Large gravitational fields

Possibility of gravitational waves/multi messenger signals

Radio, X-ray, Gamma -ray signals

High densities
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WIMPsLight DM



Axion Searches



Probe at LHC

MATHUSLA


Lian-Tao Wang et. al. (2017)
A. Alves, KS (2017)

Bauer/Neubert (2018)

A. Gurrola, KS (2021)
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Probe with Magnetars

Huge literature; 

challenges 

include correctly 

modeling the 


galactic 
magnetic field
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Observation

Multidisciplinary Research Teams

Production

ConversionAstrophysics

background


modeling

Mark Alford, Steven Harris 
               

KS, Jean-Francois Fortin 
               

Paula Chadwick, Henric Krawczyński, 

               

Zorawar Wadiasingh 
 Matthew Baring              



Production

1.4M⊙ neutron 
star with proton 


1S0 CCDK 
proton 
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Conversion/Propagation

Raffelt/Stodolsky (1988)

Semi-analytic conversion probabilityPropagation equations

KS, Fortin  (2018)



Detection

NuSTAR (magenta), INTEGRAL (orange)



Prospects

Hot magnetars with high

magnetic fields close to Earth are the best 



Polarization

IXPE observation of 4U 0142+61

Krawcszynski, KS, Fortin  (in progress)



Galactic

magnetic field


Probe with NS Mergers
Galactic

Conversion
Searches

“Thermal”
SearchesClough, Dietrich

Fabio Iocco (2023)

Can cooling change the GW signal?

Trapping affects the shear viscosity, 

thermal conductivity, etc. 

Difficult problem

Decay
Searches

Fermi-LAT




Probe with NS Mergers

Decay
Searches

Fermi-LAT




Production: Primakoff and Photon Fusion

Steven Harris, U. Wash



Production: Gravitational Trapping Effects



NS Merger Profiles



NS Merger Profiles



NS Merger Profiles



Production for  Different Profiles



Decay



Spectral/Temporal Behavior



Multimessenger Abbott et. al. (2017)



Abbott et. al. (2017)Multimessenger



Stacked/10 Times Closer



Results



Magnetar/NS Merger Prospects

LHC

Neutron stars

Mergers



Backup Slides
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Probe with Supernovae

Muller, Calore, Marsh, et. al. (2023)

Decay
Searches

SN 1987A


SolarMax


Hoof, Schulz (2023)



Probe with Supernovae

Muller, Calore, Marsh, et. al. (2023)
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SN 1987A


SolarMax


Hoof, Schulz (2023)



Conversion Prospects

A. Gurrola, KS (2021)



Conclusions

Supernovae and NS mergers are both interesting 

Supernovae: closer, currently stronger bounds

NS mergers: clean timing information

The first second in NS mergers its crucial for BSM



Primakoff in Medium



Primakoff in Medium



Primakoff in Medium



Photon Fusion in Medium



Probe with Neutron Stars

CAST + SN1987A

Fortin, Guo, Harris, Sheridan, KS (2021)



Light Scalars in Neutron Star Mergers

Nucleon bremsstrahlung

JHEP 04 (2019) 052

JCAP 07 (2020) 023 

Dev, Harris, Fortin, KS, Zhang


