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Outline

• Review on possible types of astrophysical 

neutrino sources 

• Model-independent parameterization of 

neutrino flavor transition mechanisms  

• Probing flavor transition mechanisms by 

neutrino telescopes

• Conclusion
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Energies of various neutrinos are comparable, i.e., 

muon decays before losing its energy by interactions.

Cosmogenic (GZK) neutrinos produced by

and the subsequent pion decay fit into this category.  
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Muon damped source (0,1,0)
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Muon loses significant amount of energy before it decays:

(1) muon interacts with matter

J. P. Rachen and P. Meszaros, 1998

(2) Muon interacts with background photon field

M. Kacherliess, O. Ostapchenko and R. Tomas, 

arXiv: 0708.3007

Neutrino flux from muon decays is negligible

In general, flavor ratio depends on neutrino energy

T. Kashti and E. Waxman Phy. Rev. Lett. 2005

P. Lipari, M. Lusignoli and D. Meloni, Phys. ReV. D 2007



S. Hummer, M. Maltoni, W. Winter,and C. Yaguna, Astropart. 

Phys. 34, 205 (2010).

Scanning sources on Hillas plot
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Model-independent parameterization of 

neutrino flavor transition mechanisms

The flavor transition mechanisms of 

astrophysical neutrinos might be probed.

Earlier discussions on this issue:
G. Barenboim and C. Quigg, Phys. Rev. D 2003,

J. Beacom et al. Phys. Rev. Lett. 2003 …

Work out P model by model and calculate the 

resultantΦwhich is to be tested by neutrino telescope.

However, we perform a transformation 

Classification of flavor transition models can be 

done easily on Q.  Fit Q to the measurement. 

0Φ=Φ P source fluxterrestrially measured flux

.1PAAQ −=

K.-C. Lai, G.-L. Lin and T. C. Liu, 

Phys. Rev. D 82, 103003 (2010)
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A simple transformation
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κ=1/3 is ensured by Q11=1, Q12=Q13=0

The meanings of Qij are clear!
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Classify flavor transition models

Flux conservation
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Fit Q31 and Q33 to the data



Q matrix for standard oscillation
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May need to be corrected

in view of recent T2K and

MINOS results 



Q matrix for neutrino decays
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Accuracy for flavor ratio determination: Eν<10
16 

eV

‧Assume νµ--ντ symmetry
‧Muon energy threshold at
100 GeV, shower energy 

threshold energy at 1 TeV.

‧Flux analyzed:

J. F. Beacom et al. 

Phys. Rev. D 2003, arXiv:

hep-ph/0307027v3
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〜Waxman-Bahcall bound
Waxman and Bahcall 1998

1 yr in IceCube

~25%

Can be translated to  ~10%

accuracy in separating νµ from 

νe and ντ in a decade of data 
taking in IceCube. Expect similar

accuracy in KM3NeT. 



Eν>10
16 eV

ARA Collaboration

P. Allison et al. 

arXiv: 1105.2854 ννννemay be separated 

from other flavors by LPM

effect

15%~20% accurate FD possible



Fitting results-pion source+muon damped 

source Eν<10
16 eV
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1σσσσ

3σσσσ

NH
IH

OSC

Compare oscillation with neutrino decays (H, M�L)
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Change the input model
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Change the input model--continued
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GZK neutrino dominates at Eν>10
17 eV

We have a pure pion source
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Compare oscillation with neutrino decays (H, M�L)
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Change the input model

%10/ =∆ RR %20/ =∆ RR

%10/ =∆ RR

OSC

IH NH

%10/ =∆ RR %20/ =∆ RR

2NH =R



Change the input model

0IH =R

Assume ∆RIH=0.1
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Summary (I)

• We have proposed a model-independent 
parameterization, the Q matrix, for flavor transition 
mechanisms (standard oscillations and beyond) of 
astrophysical neutrinos.

• Each row of matrix Q carries a definite physical 
meaning. Q1i for normalization, Q2i for µ-τ symmetry 
breaking and Q3i governing the flux difference

• In the µ-τ symmetry limit with flux conservation, only 
Q31 and Q33 are non-vanishing. They are useful for 
classifying neutrino flavor transition models.
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Summary (II)

• Kilometer size neutrino telescopes such as IceCube

and KM3NeT are suitable for detecting neutrinos 

with energies up to few tens of PeV. They are 

capable of distinguishing track and shower signals. 

The parameters Q31 and Q33 can both be probed by 

simultaneously observing pion source and muon-

damped source. However, an astrophysical neutrino 

source is generally a mixture of the two, and the 

degree of the mixture depends on the neutrino 

energy.   



Summary (III)

• For Eν>10
17 eV, one expects the dominance of GZK 

neutrino flux which is a pion source.

• The Askaryan Radio Array (ARA) experiment is 
optimized for observing GZK neutrino flux. The 
discrimination of νe from νµ and ντ can help to probe 
the parameter Q31. 

• A 20% accurate measurement on flavor ratio is 

generally sufficient to distinguish neutrino decay 
models (H,M�L) from standard neutrino oscillations 
at the 3σ level. 


