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S U P E R N O VA  E J E C TA  
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E A R LY  T I M E S :

O F F - A X I S  J E T S  H AV E  N O T  
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???
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W H AT  A R E  T H E  C E N T R A L  E N G I N E S  R E S P O N S I B L E  
F O R  P O W E R I N G  R A R E  C L A S S E S  O F  S U P E R N O VA E ?  

W H AT  A R E  T H E  M A S S - L O S S  H I S T O R I E S  A N D  C S M  
D E N S I T I E S  O F  T Y P E  I I  S U P E R N O VA E ?
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Supernovae
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Supernovae
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Implications for: 

1. Connection to FRBs 

2. Central engines: relativistic jets or magnetar wind nebulae 

3. Obscured star-formation

6 GHz 100 GHz

36 SLSNe with ages spanning 1 - 19 years (Eftekhari+ 2021)

L A R G E  S U R V E Y  O F  S U P E R L U M I N O U S  S U P E R N O VA E  
W I T H  T H E  V L A  A N D  A L M A
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MAGNETAR NEBULA 
Margalit & Metzger 2018

RELATIVISTIC JET Margalit+ 2018
C E N T R A L  E N G I N E  M O D E L S
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R A D I O  -  X - R AY  F O L L O W - U P  O B S E R VAT I O N S ,  I N C L U D I N G  A N  A R E C I B O  
S E A R C H  F O R  F R B S !

Short timescale variability —  
a scintillating compact object?

13

E F T E K H A R I + I N  P R E P



R A D I O  O B S E R VAT I O N S  A S  P R O B E S  O F  C E N T R A L  
E N G I N E S  I N  S U P E R L U M I N O U S  S U P E R N O VA E
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R U L I N G  O U T  A  P O P U L AT I O N  O F  R E L AT I V I S T I C  J E T S

✓obs = 30� ✓obs = 60� ✓obs = 90�

Region to right of curves ruled out

Jetted emission decelerates and 
spreads into the observer’s line 

of sight at late times

100 GHz
6 GHz

LGRBS
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R U L I N G  O U T  A  P O P U L AT I O N  O F  R E L AT I V I S T I C  J E T S
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‣ Uncertainties on 
magnetar 
parameters from 
light curve fits

‣ Assume injection 
spectrum of 
electrons/positrons 
is consistent with 
that of Galactic 
PWNe
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C O N C L U S I O N S

Late-time radio transient phase space is largely unexplored…until now! 
Such observations uniquely probe supernovae progenitors, outflows, 

and environments 

Only one Superluminous Supernovae detected in the radio to date — 
evidence for a magnetar central engine 

Radio limits for Superluminous supernovae rule out relativistic jets with 
energies comparable to the most energetic GRBs 

Late-time (3-100 yr) radio observations of Type II supernovae will place 
the deepest limits on radio emission from supernovae to date and will 

probe the CSM densities on the largest physical scales 


