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Outline 

• IceCube results             PeV-scale supersymmetry

• Decaying Dark Matter as the origin of PeV-scale 
neutrino events as observed by IceCube observatory

• Realistic supersymmetric scenario (viable Dark 
Matter candidates, future prospects)
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Observation of Astrophysical Neutrinos in Six Years of IceCube Data
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Figure 1: Arrival angles and electromagnetic-equivalent deposited energies of the events. Track-
like events are indicated with crosses whereas shower-like events are shown as filled circles. The
error bars show 68% confidence intervals including statistical and systematic errors. Deposited
energy as shown here is always a lower limit on the primary neutrino energy.

IceCube Preliminary

Figure 2: Best-fit per-flavor neutrino flux results (combined neutrino and anti-neutrino) as a func-
tion of energy. The black points with 1s uncertainties are extracted from a combined likelihood fit
of all background components together with an astrophysical flux component with an independent
normalization in each energy band (assuming an E�2 spectrum within each band). The atmospheric
neutrino and muon fluxes are already subtracted. The best-fit conventional flux and the best-fit up-
per limit on “prompt” neutrinos are shown separately, not taking into account the effect of the
atmospheric self-veto, which will significantly reduce their contribution. The blue band shows the
1s uncertainties on the result of a single power-law fit to the HESE data. The pink band shows
the nµ,up best fit [10] with 1s uncertainties. Its length indicates the approximate sensitive energy
range of the nµ,up analysis.
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Ice-cube events - parametric dependence

For general 2-body decay of Dark Matter

(for a DM component accounting for the whole DM of the universe !
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• Good evening everyone. first I would like to thanks the organisers for giving me an
opportunity to present my work here.

• I will be speaking on ”PeV scale SUSY and ice-cube neutrino flux”.

• The outline of my talk is as following: If we take the message from null results for the
SUSY search at LHC and flavour physics related searches, it has already hinted that
the busy breaking scale should lie beyond 100 TeV. If one thinks from the standpoint of
observation PeV-scale neutrino events at Ice-Cube. I’ll mainly focus on a generic super-
symmetric scenario that naturally opts the characteristics of the theoretical constraints
required to explain the observed Ice-Cube neutrino flux.

• The Ice-cube has already obtained a neutrino vents at emerges between. The data is not
su�cient to disentangle between these two,

• The IceCube observations raise a question of whether dark matter could be composed
of relic particles whose decays or annihilations into neutrinos produce a feature in the
neutrino spectrum at PeV energy.

• If we consider this possibility, then obtaining a neutrino signal at the energies of interest
here turns out to be challenging. The event rate for

• Clearly an exceptionally tiny coupling is required to obtain an appropriate signal, and a
certain amount of model building would appear necessary.
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Possibile PeV-scale decaying DM candidates
• Neutralino 

• cannot produce required relic abundance as the cross-
section would be limited by the unitarity bound.

• Gravitino 

•  for this to act as a viable decaying Dark matter 
component, R-parity has to be violated.

• Sneutrino 

• can be a viable decaying DM component even when 
R-parity is conserved !



Particle spectrum

N=1 supergravity
MSSM+Right-handed

neutrino superfield

Gravity mediation

R-parity conservation:
Stable Gravitino

Sneutrino: possible   
decaying DM component



Can the decay of sneutrino explain the high energy IceCube 
neutrino events  ?



The neutrino interaction terms are:
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• Yukawa coupling

• Scalar Trilinear coupling

• Mass of neutrino
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The neutrino interaction terms are: 

Thus, the lifetime of the right-handed sneutrino turns out to be,
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Comparing Eqs. (??) and (12), we therefore see that the three-body decay is much more dom-
inant than the two-body decay decay mode.
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Right-handed sneutrino: produced via freeze-in 
mechanism
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Gravitino: produced via freeze-in mechanism
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Neutrino source spectrum
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Neutrino flux spectrum 
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Observation of Astrophysical Neutrinos in Six Years of IceCube Data
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Figure 1: Arrival angles and electromagnetic-equivalent deposited energies of the events. Track-
like events are indicated with crosses whereas shower-like events are shown as filled circles. The
error bars show 68% confidence intervals including statistical and systematic errors. Deposited
energy as shown here is always a lower limit on the primary neutrino energy.

IceCube Preliminary

Figure 2: Best-fit per-flavor neutrino flux results (combined neutrino and anti-neutrino) as a func-
tion of energy. The black points with 1s uncertainties are extracted from a combined likelihood fit
of all background components together with an astrophysical flux component with an independent
normalization in each energy band (assuming an E�2 spectrum within each band). The atmospheric
neutrino and muon fluxes are already subtracted. The best-fit conventional flux and the best-fit up-
per limit on “prompt” neutrinos are shown separately, not taking into account the effect of the
atmospheric self-veto, which will significantly reduce their contribution. The blue band shows the
1s uncertainties on the result of a single power-law fit to the HESE data. The pink band shows
the nµ,up best fit [10] with 1s uncertainties. Its length indicates the approximate sensitive energy
range of the nµ,up analysis.
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20. Gamma-ray spectrum

21. Conclusion- Repeat about the assumptions

2

• Good evening everyone. first I would like to thanks the organisers for giving me an
opportunity to present my work here.

• I will be speaking on ”PeV scale SUSY and ice-cube neutrino flux”.

• The outline of my talk is as following: If we take the message from null results for the
SUSY search at LHC and flavour physics related searches, it has already hinted that
the busy breaking scale should lie beyond 100 TeV. If one thinks from the standpoint of
observation PeV-scale neutrino events at Ice-Cube. I’ll mainly focus on a generic super-
symmetric scenario that naturally opts the characteristics of the theoretical constraints
required to explain the observed Ice-Cube neutrino flux.

• The Ice-cube has already obtained a neutrino vents at emerges between. The data is not
su�cient to disentangle between these two,

• The IceCube observations raise a question of whether dark matter could be composed
of relic particles whose decays or annihilations into neutrinos produce a feature in the
neutrino spectrum at PeV energy.

• If we consider this possibility, then obtaining a neutrino signal at the energies of interest
here turns out to be challenging. The event rate for

• Clearly an exceptionally tiny coupling is required to obtain an appropriate signal, and a
certain amount of model building would appear necessary.
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i. Gravitino makes up almost all of the DM of the       
universe.

ii. Right-handed sneutrino makes up a very small 
fraction of DM, yet its decay explains the IceCube 
neutrino flux.

iii. The gamma ray flux obtained from decay of 
sneutrino might be observed by future gamma-ray 
telescopes.

With the main assumption of PeV-scale superartners and 
PeV-scale reheating temperature

Conclusions
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attention !
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1

⌫L

�
˜hu! ˜N

1

⌫L
⇠ y2Nm

˜hu

16⇡
.

Y
˜N
1

(decay)

Y
˜N
1

(decay)

⇠ 135 g
˜hu

27⇡4 (1.66) gS⇤
p
g⇢

 
y2NMp

m
˜hu

!
.

Y
˜N
1

(decay)

Ñ
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