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Abstract: The nondetection of neutrinos coming from Gamma Ray Bursts (GRBs) by the IceCube experiment

has raised serious questions on our understanding of GRB’s and the mechanism of neutrino flux production in

them. Motivated by this and the need for a precise calculation for GRB neutrino flux, here we study the effects

of beyond standard model physics on the GRB neutrino flux. In the internal shock model of GRB, high energy

neutrinos are expected from muon, pion and kaon decays. Using the latest best fit neutrino oscillation parameters,

we compute the expected flux on earth for standard as well as non-standard oscillation scenarios. Among the

non-standard scenarios, we consider neutrino decay, pseudo-dirac nature of neutrinos and presence of one eV

scale light sterile neutrino. Incorporating other experimental bounds on these new physics scenarios, we show

that neutrino decay scenario can significantly alter the neutrino flux on earth from the expected ones whereas the

corresponding changes for pseudo-dirac and sterile neutrino cases are moderate.

Keywords: GRBs, neutrinos.

1 Introduction

Although the next generation neutrino oscillation experi-
ments are expected to shed light on the origin of mass hier-
archies as well as the Dirac CP phase, it is worth exploring
if there exists an alternate experimentally verifiable way
to understand some of the yet unresolved issues in neutri-
no physics. It will be even more exciting if such alternate
ways can also confirm or rule out some of the well moti-
vated beyond standard model frameworks which may or
may not be seen in collider experiments. It turns out that
the neutrino telescopes which have been designed to ob-
serve high energy cosmic rays, can be a promising setup
to search for new physics. The consequences of many such
well motivated new physics scenarios on the observations
of neutrino flux observed by neutrino telescopes have been
studied by several groups [2, 3, 4, 6, 7, 8, 9, 10]. Motivat-
ed by these, here we pursue a similar study on the possi-
bility of observing new physics at neutrino telescopes. In
particular, we focus on high energy neutrinos coming from
Gamma Ray Bursts (GRBs) and present an analysis of how
the expected total flux of neutrinos at neutrino telescopes
can change significantly by the presence of new physics.
Among new physics scenarios, we consider neutrino decay,
presence of one light sterile neutrino and pseudo-dirac na-
ture of neutrinos.

Inside a GRB, shock accelerated protons may interact
with low energy photons leading to the production of high
energy mesons pγ → π+,0X and these pions subsequent-
ly decay to high energy neutrinos π+ → µ+νµ , µ+ →
e+ν̄µ νe. This flux has already calculated in [11, 12, 13, 14].
Recently IceCube collaboration has claimed to reach the
sensitivity of detecting neutrino flux from GRBs at TeV en-
ergy. The combined operation of Icecube 40 and 59 string
for the time period of April 5, 2008 to May 2010 for GRB
neutrinos has placed a tighter upper bound, 3.7 times below
the theoretical predictions [15]. In addition to pions pγ in-
teraction also produces high energy neutrons, and they will
decay as n → p+ e−+ νe to antineutrinos [18]. The oth-
er secondary products in pγ interactions are pγ → K+,0X

where X can be either Λ0, Σ0 or Σ+. Kaons decay to lighter

mesons, leptons and neutrinos [19, 20]. In [19] the domi-

nant decay channel kaon to neutrino, K+ → µ+νµ(63%)

was taken while we have considered all the channels of

K+,0 decaying to neutrinos. So one can find the total neutri-

no flux from GRBs has a contribution from these process-

es too.

Using the above mentioned possible origin of high en-

ergy neutrino flux from GRBs and the best fit values of

neutrino oscillation parameters, we show that the individ-

ual neutrino flux can change significantly from the ones

expected from standard oscillation paradigm. More specif-

ically, the scenario of neutrino decay can change the ex-

pected flux to a great extent, wheareas the changes in the

scenario of sterile neutrino and pseudo-dirac neutrino are

somewhat moderate and should be detectable in future neu-

trino telescopes.

2 Neutrinos from GRBs

Our calculations are based on the standard internal shock

model of GRBs. In internal shocks the shock radius rd is

related to the bulk Lorentz factor Γ and variability time

tv, rd = Γ2ctv, where c is the speed of light. We have not

assumed any relation among the GRB parameters Γ and

isotropic energy or peak luminosity and observed break

energy in the low energy photon spectrum. Here we have

shown the neutrino flux for the following set of GRB pa-

rameters,

γ1 = 1, γ2 = 2.2, Lγ = 1053 erg/sec, Γ = 600, tv = 20

msec, εb
γ = 0.5MeV , εB/ εe = 1, f 0

π = 0.09 and rd = 2.16×

1014 cm.
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Fig. 1: (a) Electron, muon and tau neutrino flavor compo-

sition for standard oscillation (WOD) and for neutrino de-

cay scenario (WD) for τ3/m3 = τ2/m2 = τ/m = 100 for

GRB 1. (b) Neutrino flavor flux ratio for the GRB 1

3 Effect of new physics on GRB neutrinos

3.1 Standard Neutrino Oscillation

The neutrino mixing MNS matrix and the standard vacuum
oscillation probability is given by

P(να → νβ ;L) = δαβ − ∑
j 6=k

U∗
α jUβ jUαkU

∗
βk(1− e−i∆E jkL)

(1)
where Uαi is an element of the MNS matrix, α, i denoting
flavor and mass eigenstates respectively. We have taken the
standard oscillation parameters along with the recent cal-
culated value of sin22θ13 = 0.1, where θ13 is the neutrino
mixing angle.

3.2 Neutrino Decay

If the neutrino mass eigenstates are hierarchical, then a
higher mass eigenstate can decay into a lower mass eigen-
state. The role of such neutrino decay on neutrino flavor
flux was studied in [2]. Here we consider the simplest
possible situation where the heavier mass eigenstate com-
pletely decays into the lightest mass eigenstate which is
kinematically stable. Thus in case of normal hierarchy (N-
H) mν3

> mν2
> mν1

, the mass eigenstate ratio at earth
will be 1 : 0 : 0. Hence the flavor ratio at earth will be
0.67 : 0.26 : 0.07 for NH.

For incomplete decay, we have to include the decay
factor in the expression for probability of oscillation. This
decay factor which accounts for the depletion in neutrino
flux due to the decay of mass eigenstate mi with rest-frame
lifetime τi and energy E propagating over a distance L, is
exp(− L

E
mi
τi
). The expression for neutrino flux at earth in

this case becomes

φνα (E) = ∑
i

∑
β

φ 0
β (E)|Uβ i|

2|Uαi|
2e

− L
E

mi
τi (2)

where φ 0
β denotes the flux of neutrino flavor β at source.

The electron, muon and tau flavor composition of neutri-
no flux on earth is shown for the above mentioned GRB
parameters as well as 1 (a) the flavor ratio of muon type
to electrom plus tau type neutrinos in figure 1 (b) for the
same choice of GRB parameters.
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Fig. 2: (a) Electron, muon and tau flavor composition of

neutrino flux on earth for standard oscillation (NO) and

for Pseudo dirac neutrino scenario (PD) δm2
1,2 = 10−12 for

GRB 1. (b) Neutrino flavor flux ratio for the GRB 1

3.3 Pseudo Dirac Neutrinos

Instead of a being purely Dirac with a mass mD, neutrino
can be a mixture of two almost degenerate Majorana neu-
trinos. Please see [5] for the role of pseudo Dirac neutri-
nos in ultra high energy neutrino flux and references there-
in for earlier works on pseudo Dirac neutrinos. In such a
case the majorana mass terms mL,mR ≪ mD and the the
mass splitting is δm2 ≃ 2mD(mL +mR). Thus the neutri-
no mass and flavor basis become (ν+

1 ,ν+
2 ,ν+

3 ,ν−
1 ,ν−

2 ,ν−
3 )

and (νe,νµ ,ντ ,ν
′
e,ν

′
µ ,ν

′
τ) respectively. As shown in [5],

the neutrino flavor conversion probability can have a form
as simple as

Pαβ = ∑
α

3

∑
j=1

|Uα j|
2|Uβ j|

2 cos2(
δm2

jL

4E
) (3)

The new constribution coming from pseudo Dirac nature
of neutrinos will be negligible until E/L becomes of the

order of δm2
j . δm2 can be as large as 10−12eV2 for ν1,2

and as large as 10−4eV2 for ν3. The electron, muon and tau
flavor composition of neutrino flux for one specific GRB
parameter and δm2 is shown in figure 2 (a). We also show
the flavor ratio of muon type to electrom plus tau type
neutrinos in figure 2 (b).

3.4 Presence of Sterile Neutrinos

Precision measurement of the Z boson decay width restrict-
s the number of standard model neutrinos to three. How-
ever we can still have an eV scale neutrino which has no
coupling to the Z boson and hence called sterile. The effect
of sterile neutrino on ultra high energy neutrino flux was s-
tudied earlier in [4]. Interestingly, if the mass difference is
δm2 ≤ 10−11 GeV then there is no experimental constraint
on the mixing angles of this sterile neutrino with the three
active ones. As outlined in [4], the simplified oscillation
probability for 3+1 neutrino scheme is

Pαβ = S1|Uα1|
2|Uβ1|

2 +S2|Uα2|
2|Uβ2|

2 +S3|Uα3|
2|Uβ3|

2

(4)
where Si = cos4 φi + sin4 φi and φi is the mixing angle
between the active neutrino mass eigenstate νi and the



ICRC 2013 Template

33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

10-9

10-8

10-7

10-6

10-5

10-4

10-3

103 104 105 106 107 108 109 1010 1011 1012

ε νo
b
2
 d

N νo
b
/ 

 d
ε νo

b
 [

G
e
V

 c
m-2

 ]

εν
ob [GeV]

[a]

NOνe
NOνµ
NOντ
SOνe
SOνµ
SOντ

 0.4

 0.6

 0.8

 1

 1.2

 1.4

103 104 105 106 107 108 109 1010 1011

F ν
µ
/[

F ν
e
+F

ν
τ]

εν
ob [GeV]

[b]

Normal neutrino
Steril neutrinos,s=0.5

Fig. 3: (a) Electron and muon flavor composition of neu-

trino flux on earth for normal oscillation (NO) and for one

extra sterile neutrino (SO) case for Si = 0.5 for GRB 1. (b)
Neutrino flavor flux ratio for the GRB 1

sterile state νs. In general Si factors can vary in the range
1
2
≤ Si ≤ 1. We have shown the electron, muon and tau

flavor composition of neutrino flux on earth in figure 3 (a).
We also show the flavor ratio of muon type to electrom plus

tau type neutrinos in figure 3 (b).

4 Results and Discussion

We have presented an analysis of the effect of three differ-

ent new physics scenarios namely, neutrino decay, pseudo-
dirac nature and presence of one light sterile neutrino on

the flux of high energy neutrinos coming from GRB’s. We
first calculate the GRB neutrino flux from various sources

like pion, muon, neutron and kaon decays by choosing
four sets of GRB parameters. We then incorporate the s-

tandard neutrino oscillation between all three flavors (elec-
tron, muon and tau) and calculate the total muon flux on

earth as well as the flavor composition. The neutrino decay

scenario, the changes in neutrino flux from the standard os-
cillation case can be very significant and could give rise to

an explanation of the present non-detection of GRB neutri-
nos at IceCube experiment [15]. Non-detection of neutrino

at or below energy nearly 1015 eV and getting highly en-
ergetic event around 1017 eV can be a plausible signature

of neutrino decay. However for other two beyond standard
model physics scenarios we consider namely, for pseudo

Dirac and sterile neutrino cases, the changes are moderate.
For the standard oscillation case, we get three plateau re-

gions in the flavor ratio plot as can be seen in part (b) of the
figures. At lower energy, the neutron decay channel dom-

inates while the muon damping corresponds to the transi-
tion to the second plateau region. As can be seen from the

same figures, for the three beyond standard model scenar-
ios the flavor ratio plot changes from the standard oscilla-

tion case.
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