PROCEEDINGS

OF SCIENCE

Determinations of flavor ratios and flavor transitions
of astrophysical neutrinos

Guey-Lin Lin *
Institute of Physics, National Chiao-Tung University, fitgiu 300, Taiwan
E-mail: gl i n@mi | . nctu. edu. tw

T. C. Liu

Leung Center for Cosmology and Particle Astrophysics, deti Taiwan University, Taipei 106,
Taiwan

E-mail: di ewanger @nai | . com

Kwang-Chang Lai

Physics Group, Center for General Education, Chang Gungrehsity, Kwei-Shan 333, Taiwan
E-mail: kcl ai @i | . nctu. edu. tw

M. A. Huang
Department of Energy and Resources, National United UsitsgiMiao-Li 36003, Taiwan
E-mail: mahuang@uu. edu. tw

We argue that an effective flavor discrimination in neutriatescopes is the key to probe the
flavor ratios of astrophysical neutrinos at the source anaiflransition mechanisms of these
neutrinos during their propagations from the source to taehe We first discuss how well one
can reconstruct the flavor ratios of astrophysical neusriaothe source. We then discuss how
to probe flavor transition mechanisms of propagating abkisigal neutrinos. In this regard, we
propose a model independent parametrization for neutravoffltransitions, with the neutrino
oscillation as a special case.
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1. Determining Flavor Ratios of Astrophysical Neutrinos

It has been demonstrated that [1] the event ratio of muokgrecshowers can be measured to
a 10% accuracy for a decade of data taking in IceCube with #inedlux in the order of Waxman-
Bahcall bound [2]. The above accuracy in measuring trackéaver ratio can be translated into a
comparable accuracy for determining the flux raies @(v,)/ (@(ve) + @(v7)). We have pointed
out that a well determineR is still not sufficient for constraining the neutrino flavatio at the
source, which is characterized by the veater= (@(Ve), @(Vy), @(vr))T with [3]

@ (Ve) + @(Vu) + @(vr) = 1,
w(vg) >0, fora=epu,r, 1.2)

where eachp(vy) is the sum of neutrino and antineutrino fluxes. On the othedhave have
shown that [4] it is possible to discriminate between anogdtysical pion source witldy =
(1/3,1/2,0)T and a muon damped source with = (0,1,0)" [5] at the 3 level, provided that
the separation between the tau shower and the electron shoaveely the measurement of the
parameteS= ¢(ve)/®(v;), can be done as effectively &in neutrino telescopes. To reach this
conclusion, we have taken into account the following uraisties (I ranges) of neutrino mixing
parameters [6]

Sin? 61 = 0.3270.92 sir? 23 = 0457532, sin” 613 < 0.019, (1.2)

We conclude that tau neutrino identification is crucial feveloping the neutrino flavor astronomy.
We also consider the detection of very high energy astrapailyseutrinos, i.e.E, > 33 PeV.
In such an energy range, the tau lepton originated from th@datrino behaves more like a track
rather than a shower while the electron neutrino only gigegito a shower signature. Therefore
the more appropriate flux ratio parameters in such a cad® arep(ve)/ (¢(vy) + @(v;)) andS =
®(vy)/(v:). We found thaR' is a more sensitive parameter tHafor reconstructing the neutrino
flavor ratio at the source, if both parameters are measura tsame accuracy [7]. Furthermore, it
is interesting to note that a further measuremer8auwoes not improve the reconstruction of initial
neutrino flavor ratios. In fact, due to the approximage— v; symmetry [8, 9],S is always close
to 1 irrespective of the initial neutrino flavor ratio. We adhatR' can be measured in the radio
extension of IceCube detector [10], which aims for detegctiary high energy neutrinos such as
those produced by the interactions between ultrahigh grergmic rays and cosmic microwave
background radiations.

2. Probing Flavor Transitions of Astrophysical Neutrinos

The effect of neutrino flavor transition processes occgrbiatween the astrophysical source
and the Earth is represented by the marisuch that

® = Py, 2.1)

where® = (@(ve), @(vy), @(v;))T is the flux of neutrinos reaching to the Earth. We note that
our convention implies,g = P(vg — Vq). The matrixP can be easily calculated for standard
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neutrino oscillation model. However we should kd&ps general as possible for accommodating
other flavor transition models. It is convenient to parairetthe initial flux of neutrinos by [4]

1
CDO = §V1+aV2+bV3, (22)

whereV; = (1,1,1)7,V,=(0,—-1,1)7, andV3z = (2,-1,—1)". The ranges foaandb are—1/3+
b<a<1/3—band—-1/6 <b < 1/3. Likewise,one can also write the flux on Earth in the same
basis

b= KV1+pV2+)\V3. (23)

It is easy to show that
K Q11 Q12 Q13 1/3
p | = Q21 Q2 Q23 a |, (2.4)
A Qa1 Q32 Qa3 b

whereQ = A~1PA with

10 2
A=|1-1-1]. (2.5)
11 -1

In other wordsQ is related tdP by a similarity transformation where columns of the transfation

matrix A correspond to vectorg,, V,, andV 3, respectively.

For the flux-conserving case during the neutrino propagsfione hag = 1/3 which
requiresQ; = 1 andQ2 = Q13 = 0, since the coefficiensandb are arbitrary. Furthermore, in
the exactv, — v; symmetry limit, one can show th@b; = Q22 = Q23 = Q32 = 0. Therefore,
under these two assumptions, there are only two free paeasn®; andQss, for classifying all
possible neutrino flavor transition models. This is a gréabatage of) matrix parametrization
for describing neutrino flavor transitions. The deterniova of Q31 andQ33 by neutrino
telescopes are discussed in Ref. [11].
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