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I. Motivation & Goal

Motivation
• High E neutrinos are tool to 

learn about astrophysical 
processes

• Ice Cube detects cosmic 
neutrino flux

• But sources producing the 
measured neutrino flux is 
unknown 

• Origin more challenging 
sources?
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Goal
• Devise and evaluate a method 

to find population of distant 
continuous neutrino sources 

using source catalogs.



I. Theory – “multiple search strategies”

(i) Neutrino-only

Spatial or temporal clustering of 
neutrinos to identify energetic
nearby sources

(ii) Spectral information

Compare the neutrino spectrum 
with other astrophysical fluxes 
(CR / 𝛾𝛾-ray)

(iii) Multimessenger searches

Neutrinos associated with a 
source population observed 
through other messengers
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We live here in the Solarsystem

We live here 
at Earth

And here smart asses build detectors 
to detect neutrino’s of which the bulk 
originates outside of the Milky Way

I. Theory – “scales”

I. Motivation + Theory II. Method III. Results + Conclusions + Future
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Galaxy clusters

AGN

Blazars

Starburst galaxies

𝜈𝜈

𝜈𝜈

𝜈𝜈

𝜈𝜈



II. Search strategy

A. Search distance threshold
B. Only track events will be used
C. Method
D. Astrophysical source types
E. Fraction of neutrinos from within 
threshold distance
F. Comparison to previous work
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𝒅𝒅𝒕𝒕𝒕𝒕

Isotropic

Anisotropic

𝒛𝒛𝒕𝒕𝒕𝒕

𝝂𝝂𝒃𝒃𝒃𝒃𝒃𝒃 − 𝑨𝑨𝑨𝑨𝑨𝑨
𝝂𝝂𝒃𝒃𝒃𝒃𝒃𝒃 − 𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖

𝝂𝝂𝒃𝒃𝒃𝒃𝒃𝒃 − 𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 𝒅𝒅𝒕𝒕𝒕𝒕

𝝂𝝂𝒔𝒔𝒔𝒔𝒔𝒔 − 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒊𝒊𝒊𝒊 𝒅𝒅𝒕𝒕𝒕𝒕



II. Search strategy

A. Search distance threshold
B. Only track events will be used
C. Method
D. Astrophysical source types
E. Fraction of neutrinos from within 
threshold distance
F. Comparison to previous work

Tracks
- IceCube < 1*
- KM3NeT/ARCA < 0.3*

Showers
- IceCube < 10*
- KM3NeT < few*
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II. Search strategy

A. Search distance threshold
B. Only track events will be used
C. Method
D. Astrophysical source types
E. Fraction of neutrinos from within 
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• Expected sig & bkg neutrinos:

• Fraction of signal nu within dth:
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• PDF’s:
• Likelihood:

• Likelihoodratio:

• P-value:
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II. Search strategy

A. Search distance threshold
B. Only track events will be used
C. Method
D. Astrophysical source types
E. Fraction of neutrinos from within 
threshold distance
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Local source densities & emission profiles
(i) Starburst galaxies

𝜌𝜌𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 10−4 Mpc−3
𝜈𝜈 emission  SFR

(ii) Active Galactic Nuclei
𝜌𝜌𝑎𝑎𝑎𝑎𝑎𝑎 = 10−5−10−4 Mpc−3
𝜈𝜈 emission  X-ray emiss. AGN

(iii) Blazars
𝜌𝜌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 10−9 Mpc−3
𝜈𝜈 emission  X-ray emiss. AGN

(iv) Galaxy clusters
𝜌𝜌𝑔𝑔𝑔𝑔 = 5 � 10−5 Mpc−3
𝜈𝜈 emission  (1 + 𝑧𝑧)3
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II. Search strategy

A. Search distance threshold
B. Only track events will be used
C. Method
D. Astrophysical source types
E. Fraction of neutrinos from within 
threshold distance
F. Comparison to previous work

?
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III. Results
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III. Results

A. Neutrino detection rate
B. Monte Carlo simulation
C. Optimal threshold distance for source 
catalog
D. Angular uncertainty
E. Comparison to searches at TeV 
energies
F. Detector size
G. Veto power
H. Locally suppressed starburst 
contribution
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• Catalog completeness
• Starburst galaxy

• Z < 0.03  close to complete
• Galaxy catalogs in the local

Universe
• < 100 Mpc 80% complete
• < 200 Mpc 40% complete

• AGN
• Z < 0.1  10% complete

• Blazars
• …  80% complete

• Galaxy Clusters
• Z < 3  compelte
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• If Starburst galaxies have steeper
cosmic evolution than the SFR 

• Suppressed fraction of local
neutrino emission
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IV. Conclusion + Future
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Abstract: IceCube-Gen2 can statistically establish the 
origin of cosmic neutrinos for starburst galaxies, 

AGN, or galaxy clusters – if neutrino track directions 
can be reconstructed with a precision ∼0.3°.
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Ice cube sunflower layout

https://inspirehep.net/record/1628389/files/arXiv:1710.01207.pdf

https://inspirehep.net/record/1628389/files/arXiv:1710.01207.pdf


List of Assumptions (probably forgot a few)

1. “Assume that we know the the expected number 
𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎 within the total from atmospheric 
contribution models” (p.2)

2. “assume that 𝐿𝐿𝜈𝜈 is identical for all sources within a 
given source type” (p.2, 4)

3. “for simplicity, we do not make use of the energy of 
the neutrino” (p.3)

4. “For simplicity, we will omit this maxismization.”

5. “assume that all cosmic neutrinos orginate from
the same source type” (p.4)

6. “We assume a power-law source spectrum 𝜖𝜖𝜈𝜈
𝛾𝛾“

(p.4)

7. “For the case of starburst galaxies, we assume that
neutrino emission tracks the cosmic SFR” (p.4)

8. “For AGN and blazars, we assume that neutrino 
emission tracks the hard X-ray emission of AGN” 
(p.4)

8. “For GC’s, we adopt an evolution of (1 + 𝑧𝑧)3” (p.4)

9. “We assume an astrophysical flux of 

0.9 � 10−18
𝐸𝐸

100TeV

−2.13

GeV−1sr−1cm−2s−1

as measured in Ref. [37]. (p.4)

11. We consider all neutrinos having the same angular
uncertainty 𝜓𝜓.” (p.5)

12. “We assume that the true neutrino direction is 
uniformly distributed within 𝜓𝜓. (p.5)

13. In the paper they only consider 1 type to be the
source of all neutrino’s => what about a 
combination AGN + blazar + stg + gc?



1.5 � 108 km

2.4 � 1017 km

6.3 � 103 km



Solar system scale



• IceCube Sunflower config
• Flux

• High-threshold search (≥ 30 TeV)
• 𝑅𝑅𝜈𝜈, 𝑎𝑎𝑎𝑎𝑎𝑎 = 36 yr−1

• 𝑅𝑅𝜈𝜈, 𝑎𝑎𝑎𝑎𝑎𝑎 = 36 yr−1

• Low-threshold search (≥ 1 TeV)
• 𝑅𝑅𝜈𝜈, 𝑎𝑎𝑎𝑎𝑎𝑎 = 200 yr−1

• 𝑅𝑅𝜈𝜈, 𝑎𝑎𝑎𝑎𝑎𝑎 = 15000 yr−1

III. Results

A. Neutrino detection rate
B. Monte Carlo simulation
C. Optimal threshold distance for source 
catalog
D. Angular uncertainty
E. Comparison to searches at TeV
energies
F. Detector size
G. Veto power
H. Locally suppressed starburst
contribution
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