
Observation of flavor swap process  
in supernova II neutrino spectra 

 David B. Cline and George Fuller 

Abstract. We review the concept of quantum flavor swap in a SNII 
explosion. There will be a specific distortion of the electron 

neutrino spectrum that can determine if the θ13 mixing angle is 
non-zero. We propose a liquid argon detector to measure the full 

electron spectrum for very low energy of the 10s of MeV and show 
how such a detector could be essential to observe the neutrino 

swap and other neutrino properties. 

 



Neutrino interaction in liquid Argon 

 Fig. 1 shows the energy spectrum of the neutrino swap indicating that low 
energy detection is important for an LAr detector. The ICARUS 
collaboration has studied the low energy detection of solar neutrinos 
through the process 

 

 and have shown that the neutrino energy region from about 6 MeV to 18 
MeV can be detected. However it is important to go to lower energies to 
better observe the swapped neutrino spectrum to test the theory. We 
have therefore studied again the detection of low energy  in liquid Argon. 
In Fig. 4 we show the nuclear levels of the mass 40 system and the 

processes for both charged currents and neutral currents.  
 



Neutrino interaction in liquid Argon (continued) 

• Using the normal ICARUS TPC the group observed that 3 MeV electrons 
might be detected. However the minimum Gamow Teller resonance is at 
4.46 MeV indicating that the electron neutrino energy would be 7.46 MeV. 

•  In Fig. 5 we show the other possible transitions to the  state of 1(+). 
This is at a much lower energy and such a transition could cover more of 
the low energy electron neutrino range. 

•  A clear signature for detection of such a process is the radioactive 
decay of the state in 0.08ps that can be detected with the scintillation light 
emitted in the liquid Argon detector. We also note that the extraction of 
states in  could give a signal for the detection of neutral current events. 

 







Normal mass hierarchy 

























Development of liquid Argon detectors 
to observe the flavor swap 

• Since the 1980s there has been a concerted effort to develop large liquid 
Argon detectors whose signal is detected by the drifting electrons called a 
TPC (time project chamber). The ICARUS 600 ton detector is now 
complete at the LNGS laboratory and ready to be filled with liquid Argon. 
A neutrino beam from CERN will interact in the detector in 2010 [5]. 

•  There has been recent interest in the USA for the DUSEL project 
such that a 20kt detector is being studied and is in the CD1 phase of the 
DOE process [6,7]. These two projects will demonstrate the principle of 
large LAr TPCs and a 20kt detector would be adequate to observe the 
flavor swap if constructed in a manner to be sensitive. The rates for 
galactic supernova II for both the current ICARUS and the proposed 20kt 
detector at DUSEL are given in Table 1. 

 



Rates on liquid Argon TPC for the galactic 
supernova process 

Detector Elastic events 
νx + e → νx + e 

Inelastic scatter  
νe + 40Ar → e- + 40K* 

 (a) ICARUS at LNGS ~10 ~40 

(b) 20KT detector at 
DUSEL 

240 ~2000 (low threshold) 

(c) 100kt detector 1100 ~10,000 (low threshold) 



Current status of finished ICARUS T600 detector 





Neutrino interaction in liquid Argon (continued) 

These kinds of events 

 

could give the crucial total neutrino flux normalization for the supernova II 
explosion. 

 If the deexcitation photons can be observed it may be possible to 
deconvolve and observe the low energy neutrino spectrum of swapped 
neutrinos. This will need further study. 

 



Prospects for observing low energy neutrons  
with a LAr detector 

In Fig. 4 and 5 we show the nuclear transitions for the A = 40 system. The 
normal process studied by the ICARUS team is the  

Gamow Teller transition. This requires about 4 MeV above ground 
state and requires about 6 MeV of neutrino energy. 

 





Nuclear physics of Mass 40 











Summary 
 

• 1. The existence of neutrino flavor swap process in SNII 
explosions provides new information about neutrino properties 

• To observe these we need a flavor sensitive detector 

• Fortunately the ICARUS TPC with a liquid Argon target has been 
developed and is operating at the LNGS 

• ICARUS is a prototype for the LNBE 10kT Lar detector for 
Homestake 

• We are starting to learn how to analyze the data for a galactic SN 
explosion 


	Observation of flavor swap process �in supernova II neutrino spectra� David B. Cline and George Fuller
	Neutrino interaction in liquid Argon
	Neutrino interaction in liquid Argon (continued)
	Slide Number 4
	Slide Number 5
	Normal mass hierarchy
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Development of liquid Argon detectors to observe the flavor swap
	Rates on liquid Argon TPC for the galactic supernova process
	Current status of finished ICARUS T600 detector
	Slide Number 21
	Neutrino interaction in liquid Argon (continued)
	Prospects for observing low energy neutrons �with a LAr detector
	Slide Number 24
	Nuclear physics of Mass 40
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Summary

