
The Combined Method

 SN 1987A : currently the first and the only observation of neutrinos from supernovae ~ 24 events 
 For the next galactic SN, high statistics and accurate energy detection in LS, WC, LAr-TPC neutrino detectors
 Popular model: neutrino-driven SN explosion for core-collapse supernovae 
 Reconstruction of full-flavor neutrino energy spectra is important for:

 SN neutrino production in the interior of SN progenitor?
 SN oscillation in dense matter: collective oscillation?
 SN explosion mechanism: neutrino-driven?
 ...
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Analytical SN neutrino fluence

Detector effects: quenching effects and energy 
resolution are considered in the toy MC simulation.
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Detection: The observed energy spectra (e.g. pES)
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The combined method:

Goal：to reconstruct the energy spectra of full-flavor SN neutrinos from the 

observed spectra of IBD, pES and eES in a single large liquid scintillator detector.
 The SVD unfolding method is applied in the reconstruction.  

Unfolding belongs to the linear inverse problem: 𝐴𝑥 = 𝑏 → 𝑥 = 𝐴−1𝑏
Usually direct inverse result has large fluctuations and is unstable.
Regularization is usually implemented in the unfolding process to solve the problem. 
SVD unfolding method is one of these methods.

SN neutrino fluence with Keil-Raffelt-Janka parametrization:
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Main detection channels:

 A JUNO-like detector with 20 kt LS can register about 5000 IBD, 
1000 pES and 300 eES events for a SN at 10 kpc. 

 The energy threshold in LS detectors like JUNO can go down to 
0.2MeV, which is much smaller than WC and LAr-TPC detectors. 
This offers a unique opportunity to detect SN 𝜈𝑥.

 All these three channels IBD, pES and eES can record full-flavor 
information of SN neutrinos.

Reconstruction Results Model Independence

Summary & Outlook

1 kpc

SN@1 kpc
 Each block matrix of the response matrix is built with 

200 million random events from toy MC. The 
response matrix can be appended to other channels 
intuitively. 

 The combined method works for the reconstruction 
of full flavor energy spectra and its performance gets 
better with larger statistics.

 The lower energy threshold can give a more 
complete reconstructed spectra for both 𝜈𝑒 and 𝜈𝑥.
Because of the energy threshold of the detector, only 
events at higher energy range of pES can be recorded.
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 Numerical SN neutrino models from Nakazato
group http://asphwww.ph.noda.tus.ac.jp/snn/

 The response matrices of the upper row trials are 
built with events from the same flat SN model, 
while those of the lower ones are built with 
events from its own numerical SN model.

 The systematic biases are smaller than or 
comparable to the statistical errors of the 
reconstructed spectra.

 The combined method is model independent and 
robust.

 The energy spectra of full-flavor SN neutrinos can be 
reconstructed  in a single large LS detector with the combined 
method proposed in this work.

 The combined method is model independent and robust, which is 
promising to be appended to other types of detectors (WC, LAr-
TPC et.al) for a global analysis.  
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