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S U P E R N O VA E

Etot ∼ 1053 erg

ν
Nucleosynthesis of 

heavy elements

Gives birth to neutron stars and black holes!

99% of kinetic 
energy!



O U T L I N E

• How are neutrinos produced in supernovae? 

• How do we detect supernovae in IceCube? 

• How far can we see CCSNe with high energy neutrinos?
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C O R E  C O L L A P S E  -  L O W  E N E R G Y  N E U T R I N O S
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Shockwave passes 
through the star

Shockwave reaches 
surface expelling stellar 

matter (supernova!)
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LIGHTCURVE!

ν



L O W  E N E R G Y  N E U T R I N O S

~10s

IceCube observes ν̄e
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Neutrinos emitted by 
SN~  neutrinos1058

Oscillations will affect the 
spectra that IceCube observes



H O W  FA R  C A N  W E  S E E  W I T H  L O W  E N E R G Y  
N E U T R I N O S ?

Observational reach using 
low-energy neutrinos is 

limited to ~LMC ( )5σ

( )5σ
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H I G H - E N E R G Y  N E U T R I N O S

Progenitor star experiences mass loss 
prior to explosion 

Circumstellar material (CSM)

Shock interacts with CSM nucleon via 
inelastic pp. This can give rise to pions, 
which decay producing HE neutrinos.

p + p − > π± + (X) − > μ± + νμ(ν̄)μ − > e±νe(ν̄)e + νμ(ν̄)μ
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CSM

Shock

p+p

ν ν

Neutron star



H I G H - E N E R G Y  N E U T R I N O S :  F L U X  M O D E L

Thin line is for a model with s =2.0 and thick for 
s=2.2.
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N = ∫
tmax

tmin
∫

Emax

Emin

ϕν(Eν, t) * Aeff(Eν) * dEν * dt

Gives the mean 
number of 

neutrinos that 
IceCube would 

observe

K. Murase https://arxiv.org/abs/1705.04750v2

Energy fluences for a Galactic SN ( )d = 10kpc Effective area: neutrino 
detection sensitivity. It is as a 
function of neutrino direction 

(declination) and energy.

Neutrino energy

Observation time

I have averaged the 
declination for northern/

southern sky.

https://arxiv.org/abs/1705.04750v2


I C E C U B E  D E T E C T O R

9https://arxiv.org/pdf/1701.03731.pdf

https://arxiv.org/pdf/1701.03731.pdf


H O W  D O E S  I C E C U B E  O B S E R V E  N E U T R I N O S ?
Low energy (~MeV)

Inverse beta decay 
ν̄e + p − > n + e+

High energy (>TeV)
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DOM 
Noise floor

Expected DOM noise rate change for a galactic SN (d~10 kpc)

TRACKS CASCADES

• CC:  
• Good angular resolution 

(~0.5°) 
• Can be difficult to 

estimate neutrino energy

νμ + N − > μ + X
• CC:  
• NC:  
• Good energy reconstruction 
• Not the best angular 

resolution (~few degrees)

νe, ντ
νe, ντ, νμ



S U P E R N O VA E  F R A C T I O N S

https://arxiv.org/abs/1006.4612v2
11

More frequent, 
smaller flux of 
HE neutrinos

Less frequent, 
much larger 
flux of HE 
neutrinos

https://arxiv.org/abs/1006.4612v2


I C E C U B E  S E N S I T I V I T Y  F O R  I I - P  ( N O R T H E R N  S K Y )

12

Most common type of CCSNe Gives us a limited reach

CCSNe rates: https://arxiv.org/abs/1602.03028

https://arxiv.org/abs/1602.03028


I C E C U B E  S E N S I T I V I T Y  F O R  I I N  ( N O R T H E R N  S K Y )
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Not very common type of CCSNe 

Interesting because we can reach 
galaxies that were previously 
unreachable through the low 

energy neutrinos.



I C E C U B E  G E N 2

14

Will expand the instrumented volume by an order of magnitude. This will 
allow us to see further.



C O N C L U S I O N S

• If we look nearby using HE neutrinos from shock-CSM interaction, we could 
potentially have an event with a lot of neutrinos (both tracks and cascades), 
which could help us characterize shock dynamics. It is likely the only type of 
event that would give us such a flux nearby. 

• For type IIn, we can extend the reach to ~ a few Mpc. This is currently the 
only way to see CCSNe at those distances. 

• Gen-2 will further expand the reach to high energy neutrinos from CCSNe.

15



B A C K  U P



E F F E C T I V E  A R E A  -  T R A C K S
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T Y P E S  O F  S U P E R N O VA E

• To categorize supernovae, we 
need both the spectra and 
the light curve.  

• The spectra gives us the 
presence of elements that 
helps us categorise the type 
of supernovae, but the light 
curve gives us information on 
the subtype of supernovae.
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I C E C U B E  S E N S I T I V I T Y  F O R  I I - P  ( S O U T H E R N  S K Y )
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Not many interesting 
galaxies in the 
southern sky



I C E C U B E  S E N S I T I V I T Y  F O R  I I N  ( S O U T H E R N  S K Y )
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M O S T  S E N S I T I V E  E N E R G Y  ( T R A C K S  - N O R T H E R N  
S K Y )
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