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Introduction
 Almost a decade back Georgi proposed the probable existence of a scale invariant sector

 At a very high energy scale this scale invariance sector and the Standard Model (SM) 
sector may coexist and the fields of these two sectors can interact via a mediator 
messenger  field of mass scale       .

 At low energies, the scale invariance of SM is manifestly broken (SM particles have At low energies, the scale invariance of SM is manifestly broken (SM particles have 
masses).

 The interactions between this scale invariance sector and SM are suppressed (inverse 
power  of       ).

 Georgi observed at low energies scale invariance sector manifests itself by 
number (     ) of massless invisible particles (scaling dimension of scale

invariance sector)  Unparticles.
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Introduction
 A  prototype  model  of  such  scale  invariant  sector  can be obtained from  

Banks-Zaks theory,  where  the  scale  invariance  sets  in  at  energy  scale        .

 We  have  taken  a  scalar  unparticle operator  and scalar  interactions  with  
neutrinos  that  enables  a  heavy  neutrino  decay  to  a  lighter  neutrino  and neutrinos  that  enables  a  heavy  neutrino  decay  to  a  lighter  neutrino  and 
another  unparticle.

 We  consider  unparticle decay  of  ultrahigh  energy (UHE) neutrinos for four 
flavour  scenario, where  an  extra  sterile  neutrino  is  introduced  to  the  three 
families  of  active  neutrinos, from a distant extragalactic  sources  such  as 
Gamma-Ray Bursts (GRBs) and estimate the detection yield of these neutrinos 
at a kilometre  square  detector  like  IceCube
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Formalism
Unparticle decay of GRB neutrinos 
 We consider a decay phenomenon, where neutrino having mass 

invisible  unparticle and another light neutrino with mass 

.......1)

 The effective Lagrangian for the above mentioned process takes the following form in the low 
energy regime

 The most relevant quantity for the decay process is the total decay rate       or equivalently the The most relevant quantity for the decay process is the total decay rate       or equivalently the

lifetime of neutrino                .  The lifetime      can be expressed as  

where       is the mass of the decaying neutrino.
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Formalism (Contd.)
 The normalization constant in Eq. (3) is defined as   

 The flux for a neutrino        of flavour     on reaching the Earth from GRB after undergoing the 
unparticle decay along the baseline length (    ) is given as  

,       - PMNS matrix elements,          - the decay length,       - PMNS matrix elements,          - the decay length

 For a 4 flavour scenario the PMNS matrix can be written as   
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Formalism (Contd.)
 The decay length            in the Eq. (5) can be expressed as                                         ...7) [               

 Applying the equation Eq. (5) and by considering the condition that the lightest mass state        

is stable we can write the flux of neutrino flavours for 4 flavour cases on reaching the Earth as
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GRB neutrino flux
In the absence of decay or oscillation the neutrino spectrum on reaching the Earth from a GRB at 

redshift takes the form 

In the absence of CP violation                                        . The spectra for neutrinos will be                 .

Now the neutrinos produced in the GRB process in the proportion Now the neutrinos produced in the GRB process in the proportion 

Therefore 

where                     and       are the fluxes of                 and      at source respectively.     
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Detection of UHE neutrinos from a single GRB 
The secondary muon yields from the GRB neutrinos can be detected in a detector of unit area above a 

threshold energy        is given by

- Probability that a neutrino reaches the detector travelling through Earth matter

The effective path length                                           ..... 14)      

Probability of neutrino induced muon to reach the detector                                                              .... ...15)                               

where the average muon range in the rock                      is given by 
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The average energy loss of muon with energy      is given as 

for                             and otherwise

in Eq. (12) is replaced by         in Eq. (8).   
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Calculations and Results
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Summary and Discussions
 In this work we have explored the possibility of 

(UHE) neutrinos from a distant single GRB and its consequences on the neutrino 
induced muon yields at a kilometre square detector. 

 In order to explore the unparticle decay process we have considered the UHE 
neutrino signatures obtained from GRB events for a 3+1 neutrino framework.

 We estimate how the effect of an unparticle
mass-flavour oscillations can change the secondary mass-flavour oscillations can change the secondary 
neutrinos at a 1 Km2 detector such as IceCube

 We also investigate the effect of fractional unparticle
coupling      on the muon yield and compare them with the case where only flavour 
suppression (without an unparticle decay) is considered.
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Formalism
 Unparticle decay of GRB neutrinos 
 We consider a decay phenomenon, where neutrino having mass 

invisible  unparticle and another light neutrino with mass 

.......4)

 The effective lagrangian for the above mentioned process takes the following form in the low 
energy regime

where                          - flavour indices,     - the scaling dimension of the scalar where                          - flavour indices,     - the scaling dimension of the scalar 

- the dimension transmutation scale at which the scale invariance sets in,       

coupling constant.

 The neutrino and flavour eigenstates are related through                                 ....6)

- elements of the PMNS mixing matrix.

 In the mass basis the interaction between neutrinos and the 

, where       is the coupling constant in the mass 

can be expressed as                                              .......7)            
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Calculations and Results
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