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The IceCube Neutrino Observatory
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• km -scale neutrino detector array in the antarctic ice 

• Detecting Cherenkov light of secondary  through going 
charged particles  reconstruction of interacting neutrino  

• Significant excess at high energies interpreted as 
astrophysical neutrino flux
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→

While the analysis favors the absence of a prompt
atmospheric neutrino component, a contribution to the !ux at
the level of the prediction by Enberg et al. (2008) is still

allowed and would not alter the spectrum of the astrophysical
component signi"cantly, as demonstrated in Figure 2. Figure 3
shows that the results are compatible with those found in the
individual studies; differences from the originally published
results are mainly due to different energy ranges used in the
analysis.
The strength of the astrophysical signal in different energy

intervals is shown in the differential spectrum in Figure 6. This
spectrum suggests that it is mostly events with energies around
30 TeV that are responsible for the soft spectrum obtained in
the analysis here. In fact, a previous analysis (Aartsen
et al. 2014e) that did not include data at these energies yielded

Figure 5. Best-"t neutrino spectra for the single power law model (all !avors
combined). The blue and red shaded areas correspond to 68% C.L. allowed
regions for the conventional atmospheric and astrophysical neutrino !ux,
respectively. The prompt atmospheric !ux is "tted to zero; we show the 90%
C.L. upper limit on this component instead (green line).

Table 6
Best-"t Parameter Values for the Differential Model

Parameter Best "t 68% C.L. 90% C.L.

f1 9.3 1.7–17.3 0.0–22.7
f2 22.6 17.0–28.5 13.5–32.5
f3 5.6 2.4–9.2 0.5–11.6
f4 3.2 0.8–5.9 0.0–7.9
f5 4.3 2.0–7.0 0.8–9.0
f6 0.0 0.0–1.5 0.0–3.5
f7 6.9 4.5–9.7 3.1–11.9
f8 0.0 0.0–1.5 0.0–3.8
f9 0.0 0.0–0.6 0.0–1.5

Note. f1!f9 are the all-!avor normalizations (in E2!) of the individual basis
functions, de"ned in nine logarithmically spaced energy intervals between
10 TeV and 10 PeV. They are given in units of 10 GeV s sr cm8 1 1 2� � � � .

Figure 6. Best-"t astrophysical neutrino spectra (all !avors combined). The red
shaded area corresponds to the 68% C.L. allowed region for the single power
law model (cf. Figure 5). The black data points show the result of the
differential model; the horizontal bars denote the bin width; the vertical error
bars denote 68% C.L. intervals.

Table 7
Best-"t Parameter Values for the North–South Model

Parameter Best "t 68% C.L. 90% C.L.

fN 2.1 0.5–5.0 0.1–7.3
!N 2.0 1.6–2.3 1.2–2.5
fS 6.8 5.3–8.4 4.4–9.5
!S 2.56 2.44–2.67 2.36–2.75

Note. fN and fS are the all-!avor neutrino !uxes at 100 TeV in the northern
and southern sky, respectively; !N and !S are the corresponding spectral
indices. The !uxes are given in units of 10 GeV s sr cm18 1 1 1 2� � � � � .

Table 8
Best-"t Parameter Values for the 2-!avor Model

Parameter Best Fit 68% C.L. 90% C.L.

fe 1.3 0.5–2.1 0.0–2.6
f"+# 5.6 4.4–6.9 3.7–7.8

Note. fe and f"+# are the $e and $" + $# !uxes at 100 TeV, respectively. Both
are given in units of 10 GeV s sr cm18 1 1 1 2� � � � � .

Figure 7. Electron neutrino fraction measured at Earth in the 2-!avor model.
The black point denotes the best-"t value; the "lled bands show the 68%
(green) and 90% (red) C.L. intervals. The dashed lines mark electron-neutrino
fractions expected for different !avor compositions at the source, assuming
tribimaximal neutrino mixing angles.

Table 9
Best-"t Parameter Values for the 3-!avor Model

Parameter Best "t 68% C.L. 90% C.L.

fe 2.9 1.4–3.6 0.0–4.2
f" 3.0 2.4–3.7 2.1–4.2
f# 0.0 0.0–2.3 0.0–5.0

Note. fe, f", and f# are the $e, $", and $# !uxes at 100 TeV, respectively. All
are given in units of 10 GeV s sr cm18 1 1 1 2� � � � � .
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Which sources produce 
these neutrinos?
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Tidal Disruption Events (TDEs)

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022



4

Tidal Disruption Events (TDEs)

TDEs suggested as sources of high-energy 
neutrino emission 
• Dai & Fang (2017)

• Hayasaki & Yamasaki (2019)

• Lunardini & Winter (2017)

TDE Stacking analysis by Robert Stein 
• stacking of 53 TDEs (2018) 
• result: upper limits

ICRC 2019 proceeding

The Neutrino Connection

Hayasaki (2021)
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https://arxiv.org/pdf/1612.00011.pdf
https://iopscience.iop.org/article/10.3847/1538-4357/ab44ca
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Optical Follow-up of High-Energy Neutrinos

IceCube detection of neutrino with high 
probability of being astrophysical

Optical observation with the 
Zwicky Transient Facility (ZTF)

Credit: Palomar Observatory / Caltech

Real-time GCN alert

see talk by R. Stein (Thursday, 15:00)
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https://indico.cern.ch/event/1082486/contributions/4877523/


AT 2019fdr + IC200530A 

Figure 3: Delayed neutrino detections for the accretion flares. For each source, the neutrino
arrived (dotted vertical lines) a few months after the peak of the optical light curve (red and
green symbols). This delay can be explained by a constant particle acceleration efficiency
during the first ⇠ 1 year of the flare (9). The infrared light curve (blue and purple symbols)
evolves on longer timescales due to the large distance of the dust sublimation radius (⇠ 0.1 pc).
From the duration of the dust reverberation signal we infer a peak luminosity near the Eddington
limit for all three flares (Table 1).
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Two Coincident (candidate) TDEs

AT 2019dsg + IC191001A
Reusch et al (2021)
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Stein et al (2021)

van Velzen et al. (2021)van Velzen et al. (2021)

chance-coincidence:   
(Reusch et al (2021))

3.4 × 10−4

Optical Follow-up of High-Energy Neutrinos
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optical flare from enhanced 
accretion onto SMBH

IR flare from reprocessed 
emission by dust, i.e. dust echo

Two Coincident (candidate) TDEs with dust echos

Reusch et al (2021)Stein et al (2021)

van Velzen et al. (2021)van Velzen et al. (2021)

Optical Follow-up of High-Energy Neutrinos

AT 2019fdr + IC200530A AT 2019dsg + IC191001A
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Figure 3: Delayed neutrino detections for the accretion flares. For each source, the neutrino
arrived (dotted vertical lines) a few months after the peak of the optical light curve (red and
green symbols). This delay can be explained by a constant particle acceleration efficiency
during the first ⇠ 1 year of the flare (9). The infrared light curve (blue and purple symbols)
evolves on longer timescales due to the large distance of the dust sublimation radius (⇠ 0.1 pc).
From the duration of the dust reverberation signal we infer a peak luminosity near the Eddington
limit for all three flares (Table 1).
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 correlation of 63 accretion flares with high-energy alerts 
 correlation at lower energies 

stacking analysis: test of reported correlation

3.7σ
→

Systematic offline search using similar flares from ZTF:  
Three TDEs with dust echos coincident with IceCube alerts

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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Catalogue

• Flares with alert coincidences among the 
brightest dust echos 

• Select sources above dust echo 
strength ( ) cut  

• cut at :  
almost exclusively flares that are unlikely 
due to regular AGN variability 
( )

ΔFIR /Frms

ΔFIR /Frms > 10

P(TDE) > P(AGN)

Stacking Analysis

Figure 1: Significant dust echoes occur almost exclusively in low-mass black holes. The
onset of strong echoes, measured using the infrared flux increase within one year of the optical
peak of the flare, coincides with the Hills mass (31) for a solar-type star (defined by the require-
ment that the tidal radius is larger than the black hole horizon). For flares from active galaxies
with broad emission lines in their optical spectra, the black hole mass is estimated from the
width of the H� line and the luminosity (32), while for flares from inactive galaxies the velocity
dispersion of the stars is used to estimate the black hole mass (33). The three accretion flares
coincident with a high-energy neutrino are indicated with solid symbols.

9

van Velzen at al. (2021)

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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Catalogue

• 29 nuclear flares with large dust echo  

• 2 TDEs, 14 TDE candidates, 15 unknown 

• Includes AT2019dsg, AT2019fdr and AT2019aalc  
(flares reported coincident with high-energy neutrino alerts)

Stacking Analysis

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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Dataset

• dataset in van Velzen et al. (2021): 

• 36 high-energy neutrino alerts (processed online) 

• ~80 TeV to ~3 PeV 

• our dataset: 

• ~  track-like events (offline selected) 

• ~  GeV to ~  PeV 

• same source catalogue with much larger neutrino 
dataset including lower energies 

 test of correlation at lower energies

106

102 10

⇒

Stacking Analysis

Track event

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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Likelihood Analysis
Stacking Analysis

ℒ( ⃗ns, γ) =
N

∏
i=0

1
N

M

∑
j=0

ns,j ⋅ 𝒮j(θi, γ) + 1 −
∑j ns,j

N
ℬ(θi)

N neutrinos M sources

Signal PDF assuming 
• neutrino emission within one year after optical peak 
• power law spectrum with shared spectral index γ

signal strength per source

Steady Background PDF

• Unbinned maximum likelihood analysis 
• Stacking  sources, looking for correlation 

with  neutrinos 
• 30 free parameters: spectral index , number 

of neutrinos from each source: 

M
N

γ

⃗ns = (ns,1, ns,2, …, ns,M)

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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Result

• observed test statistic slightly above background median 
• p-value = 0.45

No significant excess in 
our neutrino dataset from 
sources in catalogue

Stacking Analysis

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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Upper limit on alert events

• Number of neutrinos in our dataset 
 with : 

mimic high-energy neutrino alerts 

• Results consistent with reported 
three alert events for 

Nν E > 100 TeV

γ < 2

Stacking Analysis

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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Summary

Sample of TDE-like flares with large dust echoes 
reported correlated with high-energy alerts 

Performed stacking analysis with selection of 29 
promising sources and neutrino dataset at lower 
energies 

No significant excess measured 

Results consistent with alert associations for hard 
spectral indices

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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Catalogue
Injection Weights

• Some sources without observed 
redshift 

No handle on distance  

• Instead: injection based on total 
IR dust echo flux 

includes distance  

includes assumption that 
neutrino flux is proportional to 
IR dust echo flux

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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Probability Distribution Functions

spatial, temporal and energetic behavior uncorrelated for both signal and background 
signal PDF for source :  

background PDF:            

spatial PDFs: 
signal is a point source, modeled as 2-D gaussian 
data is background dominated  spatial background PDF modeled from data 

temporal PDFs: 
signal contained within one year from the optical peak of the flare 
background is uniform in time 

energy PDFs: 
signal behaviour captured by MC simulations, dependent on declination and spectral index 
data is background dominated, declination dependent only

j 𝒮j(νi) = 𝒩𝒮, j(ri, σi) × 𝒯𝒮, j(ti) × ℰ𝒮, j(Ei, δiγ)
ℬ(νi) = 𝒩ℬ(ri) × 𝒯ℬ(ti) × ℰℬ(Ei, δi)

⇒

Stacking Analysis Likelihood

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022
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• Alerts events reported coincident with 
AT2019aalc and AT2019dsg present in 
our dataset 

• Likelihood scans for  and
 consistent with more than 

one associated neutrino at  level 

ns, AT2019aalc
ns, AT2019dsg

1σ

Where are the alert events?

| High-Energy Neutrinos from TDE-like Flares | Jannis Necker | TevPA 2022


