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NGC 1068 (Seyfert 2)
•  Identified as a possible neutrino source by IceCube (wih 5σ)
 → Seyferts are now getting attentions as the neutrino sources
• Dark in gamma ray
 

type 𝑝local

NGC 1068 Sey2 5.0 σ

NGC 4151 Sey1 3.2 σ

CGCG 420-015 Sey2 3.5 σ

Table1. type of Seyfert galaxies and p-value as a neutrino source [3] 

Approach with multi messenger analysis X-ray and neutrinos!!

Time Correlation between X-rays and Neutrinos 

from Seyfert Galaxies

Sensitivity 

Conclusion & Future works  

• Define p-value for each 
correlation assumption by 
calculating  the level of 
separation of the 𝐶fit hist 
from BG

𝐶signal gives the number of expected ν 
𝐴eff of IceCube
ν flux assumption

12.17
 by this research

39.5
by previous research [3]

Fig.8 p-value for the number of expected ν detection 

Multi messenger time correlation analysis can
• give a better sensitivity for Seyfert neutrino search
• constrain 𝜉𝐶𝑅  by observations   
Next approach will be
• Using 90minutes bin X-ray data to consider time width 
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Research Goals
• Develop a new method to determine the significance of AGNs 
• Constrain 𝝃𝐂𝐑 of the disk corona model 

IceCube MAXI

Seyfert 1 (NGC 4151)

torus

Seyfert 2 (NGC 1068, CGCG420-015)

by observing the time correlation between X-ray & neutrinos flux

Fig.5 Image of NGC 4151 by MAXI [6]

• Seyfert 1 (No torus that reflect X-ray)
• Brightest Seyfert 1 for MAXI
• Continuous observation by MAXI for 15 years

→Focus Seyfert 1, NGC 4151
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©NASA, ESA, Joseph DePasquale

© NASA / ESA / A. van der Hoeven.

©JAXA/NASA

a
• Plasma turbulences in the corona  

accelerate CRs
• Can explain neutrino and gamma-ray 

emissions from Seyferts
• Neutrino emissions are proportional to 

X-ray

Possible Mechanism

𝐸ν
2𝛷ν ∝ 𝜉CRLX 𝝃𝐂𝐑 =

𝐿CR

𝐿X
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IceCube Experiment Antarctica

• One of the best environments for neutrino detections
➢ Large amount of Ice that contains much nuclei 
➢ Dark in the deep ice
➢ Ice with few impurities from high pressure

Astrophysical neutrinos

• Propagate straight through the universe
• Rarely interact with matter
• Very occasionally interact with nuclei and 

generate ‘Cherenkov light’

Since 2011, 5160 PMTs buried in 1km3 under the 
South pole detect neutrino signals from the 
universe 

Fig.2 neutrino signals detected by IceCube in 2017 [1]

Seyfert Galaxies as Neutrino Sources
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X-ray luminosity variation of NGC4151 by MAXI (70days bin)

• Transfer function

• Neutrino BG 𝑃ν
BG 

𝑓 𝑡 − 𝑡′, 𝐶, Δ𝑇 =
𝑪

2𝜋Δ𝑇
𝑒

−
𝑡−𝑡′

2Δ𝑇
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• The Effective area of IceCube 
• Spectrum assumption

Pseudo data of the number of detections (obs)

Methods

１

２ TS = 

data points

log
 P(obs|exp + 𝑃ν

BG)

 P(obs|𝑃ν
BG)

𝑪: ν ratio to X (corresponds to 𝝃𝐂𝐑) 
Δ𝑇: correlation time width (fixed as 10 days)

parameters

Repeat and fit 𝐶 (Δ𝑇) for both BG and signal assumption

maximize over 𝑪 (& 𝚫𝑻)

Number of ν detection expected from X-ray (exp)

Toy simulation before using IceCube data

3

× 1043

Fig.6.X-ray light curve from NGC 4151 by MAXI (70days bin)[6]

• Evaluate p-value for the number of 
expected ν detections in 10 yrs

• 10% p-value is given by 12.17 ν/3804 days 
(smaller than 39.5 ν / 10 yr by the previous 
method!)

Other Seyfert galaxies

Problem: Low significance due to fewer ν detections

Fig.3 spectrum energy distribution of NGC 1068[2]

Fig.1 IceCube experiment [1]

[5]

Fig.7 histograms of 𝐶fit for BG and some 𝐶signal 

The vicinity of BH (≲ 100 𝑅g) is of 

particular interest due to effects 
such as γγ absorption

e -Disk Corona Model-

Dark in 
gamma-ray
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