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Motivations for 𝛖-line search

1.A monochromatic spectral line (in cosmic    or    )  
is a smoking-gun evidence for dark matter particles 

2.Use latest improvements of IceCube in taking data 
— large eff. A, good E resolution and atm. bkg rejection 

3.Explore a new analysis strategy to improve signal 
sensitivity — by an order of magnitude for decaying DM 

4.Neutrino line searches overtake gamma-ray line 
sensitivities at multi-TeV energies!
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The DM induced neutrino intensity
 flux from dark matter decay at energy E𝛖 in direction Ω
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The IceCube
We use public data  
from Aartsen+ PRD 91, 022001 (2015) 

• T = 641 days, from 2010 to 2012
• 78 strings + 8 Deep Core strings w/ 60 DOMs
• Detailed information on the Instrument 

Response is provided for this data set:  
★ Effective area 
★ Energy dispersion

     [ Based on Monte Carlo simulation  
       of incoming 𝛖 at Earth surface ]
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Instrument Response

for each 
neutrino type

The DM signal is multiplied with the exposure 
and folded with the dispersion function D↵
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Dark Matter Signal Spectrum
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Neutrino flux composition  
@ Earth surface. 
Typical assumption, flavor 
democratic and particle/anti-
particle symmetric: 

(                 )P (⌫e $ ⌫e) = 0.573, P (⌫e $ ⌫µ) = 0.277

P (⌫e $ ⌫⌧ ) = 0.150, P (⌫µ $ ⌫µ) = 0.348

P (⌫µ $ ⌫⌧ ) = 0.375, P (⌫⌧ $ ⌫⌧ ) = 0.475.

For a particular flavor at source  
use Long base-line oscillations:

Integrate over  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(use full sky)
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Neutrino data
Aartsen+ PRD 91, 022001 (2015)
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• Known atmospheric backgrounds: Muons (Nμ), Atmospheric 𝛖 (N𝛖)  
Assumed power-law Astrophysical bkg: 
 
 
 
 
 
 

• Build Likelihood function  
[20 bins from 100 GeV to 108 GeV]
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Detector convolved model prediction:

Note: bkg model gives good 𝜒2 fit 
          to data, p-value = 0.42 
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Model for the data
M. Honda et al.  
PRD 75, 043006 (2007)



Search
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Lifetime limits
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Various line-like signals
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Current DM decay line limits
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• New approach to search for 
DM induced 𝛖-line 

• No significant line detected  
— room to increase sensitivity 

• Improved current bounds on 
DM lifetimes by more than an 
order of magnitude 

• Reach higher sensitivity than 
gamma-ray line searches for 
DM masses above ~ 50 TeV   

Conclusions 

IceCube PRD 84 (2011)  
HESS PRL 110 (2013) 
Fermi Arxiv:1506.00013  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⌧limit = min{⌧DM 2 R+|8i : N i
DM +N i

bkg < N i
limit}.

Aartsen+ PRD 91, 022001 (2015)

A simple DM bound 
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Conservative Limits
DM signal + minimal atmospheric background not “overshoot” data 

Limit estimates by: 
Rott, Kohri & Park (2014) 
Esmaili, Kang & Serpico

Excluded 

Allowed 

95% Confidence level Limits

DM decay into  
e, μ or 𝞽 
neutrinos


