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Cosmic rays and neutrino connection
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• CRs are composed of relativistic 

particles coming to Earth from outer 

space. 


• They can lead to production of 

neutrinos.


• Neutrinos can help identify the 

sources of CRs, and how they are 

produced. 
Image Credits: Juan Antonio Aguilar and Jamie Yang. IceCube/WIPAC



Gamma Ray Bursts as sources of high-energy neutrinos
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Fireball model

Image Credits: NASA

• Shocks in jet are likely 
p l a c e f o r C R 
acceleration. 


• IceCube searches so far  
were only during the 

prompt phase, typically 
< 1 0 0 s , f o u n d n o 
correlation.


• Recent observations of 
gammas by HESS long 

af ter prompt phase 
motivates us to look in a 
larger time window.



IceCube Neutrino Observatory
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• A w a t e r C h e r e n k o v 
detector at the South Pole 

making use of Antarctic 

ice as the medium.

• To t a l i n s t r u m e n t e d 

volume: 1 km3. 


• Total 5160 Digital Optical 
Modules deployed over 86 

strings.



Data for the analysis

!5Kunal Deoskar OKC / Stockholm University

GRB data (source list):

Neutrino data:

• I use 8 years of IceCube data - continuous observations of the sky between 
2011-05-13 and 2018-10-14.   

• The data sample had altogether ~1.5 million neutrino candidate events.



Analysis approach
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• My analysis searches for neutrino 
correlations beyond the prompt phase.


• Each GRB is fit separately.
• The use of the time window parameter 

differs to perform two independent 
searches:


• Precursor search: searching 
for  neutrino correlations up to 
14 days prior to start of prompt 
phase.


• Prompt+afterglow search: 
s e a rc h i n g f o r  n e u t r i n o 
correlations up to 14 days after 
the start of prompt phase.

We expect to find a small number of neutrinos correlated with GRBs, just due to chance alignment of 
background neutrinos.  We take this into account in the final step of the analysis.



Compare the 
Best binomial 
p-value with a 
distribution of 
best binomial 
p-values from 
s c r a m b l e d 
backgrounds.

Steps of the analysis
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Perform a 
precursor or a 

prompt+afterglow 
search for a GRB

Obtain the best fit 
parameters and TS

Obtain a p-value

Repeat 
for all 
GRBs

A list of 
733 p-

values for 
the 

respective 
search

Best 
Binomial p-

value

Post-trial 
final p-

value for 
the 

respective 
search
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Result table for precursor search (top 20 GRBs)
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Precursor search results

(k is the index of each GRB when ranked by p-value)



Final post trial significance
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• Final post-trial 
p-value: ~50%.
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Prompt+Afterglow results

(k is the index of each GRB when ranked by p-value)



• Final post-trial 
p-value: ~50%.

Final post trial significance
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Next step: Towards population limits

Different scenarios can be 
excluded at 90% CL.  A 
scenario where you expect 
e.g.:


• ~ 2 neutrino-bright GRBs 

(each > 4- ), or


• ~ 3 GRBs at > 3- , or


• ~ 10 GRBs at  > 2-

σ

σ

σ

Upper limits 

Next step: relate physical models of source populations (neutrino luminosity, 
cosmological distribution of sources) to these scenarios to constrain the models.
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Thank you!



Backup slides
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Performance testing
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Box injection Pulse injection
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Performance testing: Pulse injection
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Summary of analysis
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Prompt phase
Precursor phase Afterglow phase

T0 T100 T” time

Fitted search window

Prompt+afterglow search

Neutrino event

Prompt phase
Precursor phase Afterglow phase

T0 T100T’

Fitted search window
Tw

time
Precursor search

Neutrino event

• Search for neutrino emissions from 
GRBs.


• General point source search using 
a flat time pdf (Box profile).


• Unbinned maximum likelihood 
method.


• For a given GRB in the sky, one end 
of the time window is fixed and 
other end of the time window ‘Tw’ 
is fitted according to the data, 
together with the parameters �   

and �  (spectral index in range        
1< �  <4).

ns

γ
γ

Tw
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Some details regarding the selected GRBs for the analysis.
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Distribution of Tw fitted for the Precursor result
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Distribution of Tw fitted for the Prompt+Afterglow result
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Distribution of top k values obtained from 
100 scrambled datasets
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Result table for prompt+afterglow search (top 20 GRBs)
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Results for well-known / interesting GRBs

• GRB180720B: The GRB detected by HESS in July 2018.

• GRB130427A: Exceptionally bright GRB detected in 2013.


• Precursor search results:

• Prompt+afterglow search results:
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Time integrated flux upper limits on interesting GRBs
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Time integrated flux upper limits on interesting GRBs
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