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R A D I O  O B S E R VAT I O N S  O F  S U P E R N O VA E :  U N I Q U E LY  P R O B I N G  
T H E I R  P R O G E N I T O R S  A N D  E N V I R O N M E N T S

Environment

Outflow

Synchrotron 
Radiation
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S U P E R N O VA  E J E C TA  
O P T I C A L LY  T H I C K  T O  
S Y N C H R O T R O N  E M I S S I O N

E A R LY  T I M E S :

Shock wave

Pulsar wind nebulae
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S U P E R N O VA  S H O C K  F R O N T  
P R O B I N G  M AT E R I A L  
E J E C T E D  I M M E D I AT E LY  
P R I O R  T O  E X P L O S I O N

E A R LY  T I M E S :

Material ejected 
immediately 

prior to explosion 

Material ejected in 
the centuries prior 

to explosion
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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  
Y E T  S P R E A D  I N T O  O U R  
L I N E  O F  S I G H T

???
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L AT E  T I M E S  ( ~ 5 - 1 0 0  Y E A R S ) :

S U P E R N O VA  E J E C TA  I S  
O P T I C A L LY  T H I N ;  J E T  
H A S  S P R E A D ;  S H O C K  
F R O N T  H A S  E X PA N D E D  
F U R T H E R  O U T

Eftekhari+ in prep6



L AT E  T I M E S  ( ~ 5 - 1 0 0  Y E A R S ) :

Eftekhari+ in prep

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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A  R A D I O  S O U R C E  C O I N C I D E N T  W I T H  A  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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E F T E K H A R I + 2 0 1 9

Evidence for central engine-powered emission?



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  FA S T  R A D I O  B U R S T S !

Short timescale variability —  
a scintillating compact object?

12

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



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

A  S Y S T E M AT I C  S E A R C H  
F O R  L AT E - T I M E  R A D I O  
E M I S S I O N  F R O M  ~ 3 0 0  

T Y P E  I I  S N E

P R O B I N G  T H E  M A S S - L O S S  H I S T O R Y  A N D  C S M  D E N S I T Y  
O F  T Y P E  I I  S U P E R N O VA E  



P R O B I N G  T H E  M A S S - L O S S  H I S T O R Y  A N D  C S M  D E N S I T Y  
O F  T Y P E  I I  S U P E R N O VA E  

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



C M B  E X P E R I M E N T S  O F F E R  A N  U N TA P P E D  V I E W  O F  T H E  
M I L L I M E T E R  T R A N S I E N T  S K Y



P R E S E N T  D AY  L A N D S C A P E  O F  M M  T R A N S I E N T S  S PA N S  
M A N Y  O R D E R S  O F  M A G N I T U D E  I N  L U M I N O S I T Y

E F T E K H A R I + 2 0 2 2



Radio Millimeter
E F T E K H A R I + 2 0 2 0 E F T E K H A R I + 2 0 2 2

P R E S E N T  D AY  L A N D S C A P E  O F  M M  T R A N S I E N T S  S PA N S  
M A N Y  O R D E R S  O F  M A G N I T U D E  I N  L U M I N O S I T Y



N E X T- G E N  C M B  S U R V E Y S  O F F E R  W I D E - F I E L D ,  D A I LY  
C A D E N C E  M A P S

ACT (97 - 148 GHz; 40% of sky) 
SPT-3G (95 - 220 GHz; 30% of sky) 
SIMONS OBSERVATORY (90 - 150 GHz; 10 - 40% of sky) 
CMB-S4 (30 - 270 GHz; 50% of sky, daily cadence!) 

“Because of its great potential to advance general astrophysics and open 
discovery space, it is essential that CMB-S4 produce transient alerts…”

A S T R O 2 0 2 0  D E C A D A L



C H A R A C T E R I Z I N G  T H E  T R A N S I E N T  D E T E C T I O N   
L A N D S C A P E  W I T H  C M B  S U R V E Y S

E F T E K H A R I + 2 0 2 2



C H A R A C T E R I Z I N G  T H E  T R A N S I E N T  D E T E C T I O N   
L A N D S C A P E  W I T H  C M B  S U R V E Y S

E F T E K H A R I + 2 0 2 2

- Detection rates dominated by long GRBs 

- Small number of FBOTS/TDES 

- Short GRBs



K E Y  S C I E N C E  Q U E S T I O N S  A D D R E S S E D  W I T H  C M B  S U R V E Y S

1) HOW COMMON IS REVERSE SHOCK EMISSION IN LONG GAMMA-RAY BURSTS? 

2) WHAT FRACTION OF TIDAL DISRUPTION EVENTS PRODUCE RELATIVISTIC JETS? 

3) WHAT DRIVES THE RADIO/MILLIMETER DIVERSITY OF FAST BLUE OPTICAL TRANSIENTS? 



FA S T  R A D I O  B U R S T  K E Y  P R O P E R T I E S
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H E R TA - E X P E R I M E N T. O R G / F R B S TAT S /

• Millisecond duration bursts of radio emission 

• All-sky rate >~1000 FRBs per day 

• Repeating vs apparently  
one-off events 

• Complex burst  
morphologies 

• Some exhibit scatter 
broadening 

• Energies spanning  
~ 1035 � 1043 erg

P L E U N I S +  2 0 2 1



H O S T  E N V I R O N M E N T S  P R O V I D E  I N S I G H T  I N T O  F R B  P R O G E N I T O R S

E F T E K H A R I +  2 0 2 3
G O R D O N , … , T E , +  2 0 2 3

M A N N I N G S +  2 0 2 1

D O N G ,  E F T E K H A R I +  2 0 2 3



FA S T  A N D  F O R T U N AT E  F O R  F R B  F O L L O W - U P  ( F 4 )

F R B - F 4 . O R G

http://frb-f4.org


T H E  F I R S T  L A R G E  C E N S U S  O F  FA S T  R A D I O  B U R S T  
H O S T  G A L A X I E S  W I T H  G E M I N I   

Gemini Large and Long Program (PI: Eftekhari) 
to obtain redshifts for 200 FRB host galaxies!

Probing 0.01 L* to L* galaxies 
across a wide range of redshifts
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Constraining the baryon 
content in the CGM and IGM to 

high-precision with well-
mapped foreground structures



C O N C L U S I O N S

Late-time radio transient phase space is largely unexplored…until now! 
Direct probes of central engines; constraints on massive star evolution 

CMB surveys poised to open a new window into the transient sky at 
millimeter wavelengths; expect large numbers of long GRB detections, 

some TDEs, FBOTs, short GRBs 

Host localizations are key for elucidating FRB progenitors; moving into 
the large N era where we can start to answer this question! 

teftekhari@northwestern.edu

mailto:teftekhari@northwestern.edu

