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Standing Accretion Shock Instability

✦An acoustic, convective hydrodynamic 

instability may develop between the proto-

neutron star and the shock wave (SASI)

✦ SASI is a harmonic precession of the shock 

wave front around the proto-neutron star 

with a frequency between 80-150 Hz

✦ SASI produces Gravitational Waves and has 

an oscillatory effect on the observed neutrino 

flux from the Supernova
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Gravitational Waves and Neutrinos
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Detection and Parameter Estimation 
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Neutrino
• How to establish the presence of SASI in neutrino 

luminosity (SASImeter), and with which confidence?

• How precisely can we measure the deterministic 

parameters?

• An example of an estimate for these parameters. 

Gravitational Waves
• Not included in this presentation



Modeling Neutrino Fluctuations  
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𝑹 𝒕 = 𝑨 − 𝒏 𝟏 + 𝒂 𝑺𝒊𝒏 𝟐 𝝅 𝒇𝒂 𝒕 + 𝒏

• A is the DC of the signal

• a is the relative amplitude of the signal

• f is the frequency of the signal

• n is the background of the detector

The recorded number of neutrinos detected (IceCube, Super-K, 

Hyper-K…) is subject to Poisson fluctuations. This means that the 

luminosity is a stochastic process with a variance proportional to 

𝑁 where the mean is given by:



Modeling the SASI
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Blue is the original 

Yellow is a Low-Pass filter



Modeling the SASI
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Statistics
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The Poisson fluctuations allow us to 

determine the probability of obtaining a 

specific total power in the neutrino luminosity 

in both scenarios [SASI (𝐿(𝑃)), No-

SASI(𝐿𝑜(𝑃))].



SASImeter
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The area under the yellow curve to the right 

of the line is the false alarm probability.

The area under the blue curve to the right 

of the line is the detection probability.



SASImeter
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SASImeter
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Receiver Operating Curves
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For any point where the line is located, we 

get a value for both the false alarm and the 

detection probability. 



Receiver Operating Curves HK
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Receiver Operating Curves IC
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Parameter Estimation 

4-M COCOSN

We can also evaluate how much the 

probability of the observed power changes 

assuming different values of the 

parameters. 



Parameter Estimation 
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Fisher Information and  
The Cramer Rao Bound
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DC component of the 
Neutrino Rate

Frequency of the 
SASI Oscillations

Amplitude of the 
SASI Oscillations 

Forms a matrix which shows how much a data set 
is influenced by a certain parameter.



Estimated Parameters
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