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Neutrino Astronomy
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They are neutral and weak particles: 
point to the source carrying 

information from the deepest parts.

Gamma-Rays 
They point to the sources but they get absorbed. Multiple 
emission mechanisms
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The IceCube neutrino observatory 
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5,160 Digital Optical 
Modules (DOMs)

86 string with 60 DOMs 
each  

6 denser strings called 
DeepCore  

1 km2 surface array 
with 324 DOMs: IceTop
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In-Ice Signatures
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• Good angular resolution 0.1° - 1°:

- Neutrino Astronomy 

• Vertex can  be outside the detector:

-  Increased effective volume 

• Stochastic energy losses:

- Challenging energy estimation

Track topology

Cascade topology

• All flavors

• Fully active calorimeter:


- Energy resolution ±15% 
• Angular reconstruction possible:


- ~10° @ E > 100 TeV
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In-Ice Signatures 
Tau neutrino
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In-Ice Signatures 
Tau neutrino
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Using up-going through-going muon events 
using Earth as a shield against atmospheric 
muons. 

1
Using the outer layers as an active veto to 
select starting events.2

Background Rejection

μ dominated

ν dominated
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Astrophysical Neutrinos
Through-going muons

• Clear excess > 100 TeV (57 events)

• High statistics sample ~650,000 events


-  ~1000-2000 astrophysical 
• Northern Sky only

• Energy range: 


- 15 TeV to 5 PeV 

• Hard spectrum: 

- Slightly softer than previous 8yr results 

due to better treatment of the primary 
cosmic-ray flux 

E−2.37

12

Astrophysical Journal 928 (2022) 50
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Astrophysical Neutrinos
Cascade events

• Cascade from  and 


• All Sky

• Energy range: 


- 16 TeV to 2.6 PeV 
• Slightly softer spectrum than 

tracks: 

νe ντ

E−2.5

13

Physical Review Letters 125, 121104 (2020)



Neutrino 2024

ESTES

• Selection of 10.3 years

• Energy range: 3 - 550 TeV

• Spectrum:  


- Compatible with other channels. 
E−2.58

14
IceCube Collaboration, arXiv:2402.18026

Enhanced Starting Tracks
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Φν
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Through-going 
tracks 

Cascades

ESTES

GlobalFit: 
Tracks+Cascades

PoS(ICRC2023)1064
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Beyond the Simple Power Law
Segmented E-2 flux

The observed spectrum is consistent with single power-law but favors more 
complex shapes

19

GlobalFit: 
Tracks+Cascades
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Origin of Astrophysical Neutrinos



Neutrino 2024

Where is Our Galaxy?

• Cosmic-ray interactions with 
the ISM dominate the diffuse 
-ray emission of the Galaxy!


• If pions are produced, also 
neutrinos should produced


• Much of the Galactic Center 
in the Southern Sky

- Large muon atmospheric 

background

γ

21
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The Galaxy with Neutrinos

22

Science 380 (2023) 1338 
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Galactic Neutrinos

• We observe the Galactic plane 
in >TeV neutrinos:  

• Less than 9–13% of the total 
cosmic neutrino flux seems to 
originate from our own Galaxy (30 
TeV)


• The nearby sources from our own 
Galaxy do not outshine the 
neutrino flux from the Universe

- Powerful accelerators operate in 

galaxies other than our own 

4.5σ

23

Diffuse neutrinos

Galactic neutrinos

Science 380 (2023) 1338 
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Point Source Search

24

Previous results: Science 378 (2022) 538-543
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Point Source Search

25

Previous results: Science 378 (2022) 538-543

• New results with 13 years 

• Hottest spot moved closer 
to NGC1068


• Global Significance: 4.0σ

See Poster 
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The Disk-Corona Model

26

• NGC1068:

- AGN powered by a SMBH with mass 

~107 - 108  

- It is close! ~14.4 Mpc

- Intrinsically the brightest Seifert in the 

X-ray band


• Electron and protons are accelerated 
in the high field regions associated 
with the black hole and the accretion 
disk


• They produce neutrinos in the optical 
thick corona


- Gamma-rays are absorbed

M⊙

Image credit: NASA/JPL-Caltech 

X-ray CoronaAccretion disk

Black Hole

τpγ ∼ σpγ [ 1
R

LX

EX ]

Y. Inoue et al., ApJL’20 
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Searches for Neutrinos 
from Seyfert Galaxies

• Two analysis searching for neutrinos 
from bright hard X-ray AGNs and 
Seyfert galaxies

- Stacking and Catalog  

• Results 
- Catalog search: Two sources 

appeared as excess 
✴ CGCG 420-015  
✴ NGC 4151:   

- Stacking: No evidence found

2.5σ
2.9σ

27

arXiv:2406.07601
arXiv:2406.06684

NGC4151

CGCG 420-015
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Searches for Neutrinos from Seyfert Galaxies

• Binomial Test: Probability of finding 
a signal from 47 AGNs too weak to 
be identified individually  

• Result:  excess for 11 sources 
(excluding NGC1068)

3.3σ

Binomial Test

28
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Searches for Neutrinos from Seyfert Galaxies

• Binomial Test: Probability of finding 
a signal from 47 AGNs too weak to 
be identified individually  

• Result:  excess for 11 sources 
(excluding NGC1068)

3.3σ

Binomial Test
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The Future
Lower Energies

• Seven new in-filled strings 


• Better efficiency and reconstruction at 
low energies


• Improved calibration of ice, reduced 
systematic uncertainties 

- Improved angular and energy 

reconstructions at all energies.  

• Goals:

- Precision measurement of atmospheric 

neutrino oscillations.  
- Re-processing of TeV data.  

• Delayed due to Covid-19: deployment 
in 2025/26 season. 

31
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IceCube-Gen2
Point Sources

• IceCube-Gen2 will allow to firmly 
discover the brightest AGNs on 
the neutrino sky 


• NGC1068: 10   after 10 years 

- Precise measurement of the 

spectral shape of the neutrino 
emission 

σ

34

https://icecube-gen2.wisc.edu/science/publications/tdr/

-  improvement in effective area 

-  improvement in angular resolution

5 ×
2 ×
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Point Sources
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-  improvement in effective area 

-  improvement in angular resolution

5 ×
2 ×

See Poster 
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Conclusions

• IceCube has been investigating a diffuse flux of astrophysical >TeV 
neutrinos for almost a decade. We start to see deviation from a simple 
power law.


• First sources of neutrinos are being unveiled and we start having a 
blueprint to the sources of neutrinos


•… however neutrino astronomy is never that simple and we can 
expect more surprises


• Beyond astrophysics IceCube is at the forefront of many science 
fields: neutrinos oscillations, dark matter, cosmic-rays… 

36



Neutrino 2024

IceCube @ Neutrino 2024
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Thank you for your attention

38

Juan A. Aguilar
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Detection Principle
Backgrounds

41

atmospheric µ 

  ν induced µ 

Atmospheric  Background

μ
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in a 1 km3 
detector
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In-Ice Signatures 
Track topology

42

• Good angular resolution 
0.1° - 1°:

- Neutrino Astronomy 

• Vertex can  be outside the 
detector:

- Increased effective volume 

• Stochastic energy losses:

- Difficult energy estimation.

Early photons Late photons
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In-Ice Signatures 
Cascade topology
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• All flavors

• Fully active calorimeter:


- Energy resolution ±15% 
• Angular reconstruction 

possible:

- ~10° @ E > 100 TeV
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Muon Energy Reconstruction

44

•  is proportional to the muon energy


• Improved tools to resolve stochastic energy losses along the 
km long tracks. 


• Energy deposited is a lower-bound of true energy.

• Limited by fluctuations in energy deposition


- rms of log10 E:  ~(30 -25) % (> 100 TeV)  

dE
dX

photonuclear

bremsstrahlung

pair production

! e _

EM 
shower

hadronic 
shower

Cherenkov photos

e+

In water
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Muon Energy Reconstruction
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Cross-Section

• Using attenuation of Earth 
to study the neutrino cross-
section


• Measurement of CC cross-
section between 60 TeV and 
10 PeV


• Measurement in agreement 
with the CSMS model.

47
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Energy reconstruction systematics
Considerations for this event’s energy reconstruction
1. Parametrization of bulk ice scattering and absorption
2. Ice anisotropy
3. Energy scale calibration

Six horizontal and six tilted LEDs on each DOM
“Flasher” data used for calibration

24

– sim
-- data

NIMA 711 (2013) 73-89
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Ice model calibration and uncertainties
Fit for bulk scattering and absorption parameters vs depth
Constraints can be placed on sca/abs scaling factors (+/- 5%)

25
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Ice anisotropy systematic
Glacial ice exhibits anisotropic light attenuation

Exact causes unknown, but modeling ice as birefringent has been recently 
put forth as a possible explanation for some of the features

See: arxiv:1908.07608 

27
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Systematics

• Example of 
systematics for the 
ESTES analysis.

51
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IceCube by the Numbers

52

~ 7 0  0 0 0  0 0 0  0 0 0 per year

~ 8 0  0 0 0 per year

~ 1 0 0 per yearνastro
μ

νatm.
μ

μatm.
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10 ms of data!





Rare Events: Tau, Glashow
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Flavor Ratio
The search for ντ

• Flavor studies consistent with 
(1:1:1) but missing  identification


• Exclusive channel:

- Trained 3 independent CNNs 

• Backgrounds: 

- ,  , and  (sub-

dominant) 

• 7 candidate events found in 10 
years of data

ντ

νastro νatm. μatm.

56

String #1 String #2 String #3

Physical Review Letters 132 (2024) 151001

Most illuminated string and its 
2 nearest neighbors
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Astrophysical Neutrinos
Cascade Events

57

• Cascade from  and 


• Slightly softer spectral 
index 

νe ντ

E−2.5

New event!

Physical Review Letters 125, 121104 (2020)
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Early muons in 
hadronic cascade!

W-boson decays

W decays primarily hadronically

Hadrons then decay to lower energy muons

These muons travel ahead of Cherenkov wavefront, depositing early hits

46Expected arrival time assuming Ñ/Ü

Hadronic 
cascade

Muon

charge per bin

IceCube Preliminary

31
31
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Glashow Resonance Event

• The SM predicts a resonance effect in 
the  process at center of 
mass energy: 


• At the electron rest frame: 
  


• Observed one event with most likely 
neutrino energy: 

νe + e− → W−

s = MW = 80.38 GeV

ER = M2
W /2me = 6.32 PeV

6.35 ± 0.3 PeV

59

Nature 591 (2021) 220-224

To set a scale, IceCube has identified 60 events above
60 TeV in 7.5 years of operation [4,5], so taking these
subdominant processes into account will be essential for
IceCube-Gen2. Moreover, the W-boson and trident events
have complex final states, which may allow their detection
even sooner, in IceCube.
In this paper, we detail the phenomenological conse-

quences of these processes. In Sec. II, we focus on their
cross sections. In Sec. III, we focus on their detectability.
We conclude in Sec. IV.

II. W-BOSON PRODUCTION CROSS
SECTIONS AND IMPLICATIONS

In this section, we briefly review the total cross section
for W-boson production (Sec. II A; details are given in our
companion paper [66]), and present new calculations of the
differential cross sections (Sec. II B). Then we talk about
the implications, including the cross section uncertainties
(Sec. II C) and the effects on neutrino attenuation in Earth
(Sec. II D).

A. Review of the total cross sections

The nuclear production processes for on-shell W
bosons are

νl þ A → l− þWþ þ A0; ð1aÞ

ν̄l þ A → lþ þW− þ A0; ð1bÞ

where A and A0 are the initial and final-state nuclei and l is
a charged lepton. The neutrino- and antineutrino-induced
processes have the same total and differential cross sec-
tions, but there is flavor dependence. The coupling to the
nucleus and its constituents is through a virtual photon, γ$

(contributions from virtual W and Z bosons are only
important for Eν > 108 GeV [66]). The process has a high
threshold, Eν ≃ 5 × 103 GeV, due to the large mass of the
W boson, though much lower than the threshold for the
Glashow resonance, which peaks at ≃6.3 PeV. Above
threshold, the leptonic decays of the W boson (branching
ratio ≃11% to each flavor) lead to the dominant contribu-
tions to trident production.
The interactions happen in three different scattering

regimes—coherent, diffractive, and inelastic—in which
the virtual photon couples to the whole nucleus, a nucleon,
and a quark, respectively. The corresponding cross sections
are calculated separately and added to give the total cross
section. For the coherent and diffractive regimes, we deal
with the hadronic part in a complete way, which takes into
account the photon virtuality, instead of using the equiv-
alent photon approximation (as in, e.g., Refs. [58,59]).
Moreover, in the diffractive regime, we include the Pauli-
blocking effects that reduce the cross section [51,63,64,67].
For the inelastic regime, we point out that there are two
subprocesses: photon initiated and quark initiated. For the

former, we use the up-to-date inelastic photon pair
distribution function of proton and neutron [68,69]
and dynamical factorization and renormalization scales.
For the latter, we do the first calculation and find that this
subprocess can be neglected below ≃108 GeV. A key result
is that ourW-boson production cross section is smaller than
that of previous work [57–59].
Figure 1 shows our W-boson production cross sections

on 16O for different neutrino flavors, along with other
relevant processes. The width of the Glashow resonance is
due to the intrinsic decay width of the W boson.

B. New results for the differential cross sections

For the differential cross sections, the most relevant
results to detection are the energy distributions of the
charged lepton (El) and theW boson (EW). The energy that
goes to the hadronic part is negligible (see next paragraph).
As above, the differential cross sections are calculated
separately for the three regimes and summed. For the
coherent and diffractive regimes, the phase-space variables
we chose to calculate the total cross section in Ref. [66] are
not directly related to the energies of the final states,
so some transformations are needed; see the Appendix.
For the inelastic regime, following Ref. [66], we use
MadGraph (v2.6.4) [72] and analyze the event distributions
in terms of the relevant quantities.
The energy that goes to the hadronic part, ΔEh ¼

Q2=2mh (Appendix), is negligible compared to the detec-
tion threshold, which is ∼100 GeV for showers in IceCube.
Here Q2 ≡ −q2 is the photon virtuality; the hadronic mass,

FIG. 1. Cross sections between neutrinos and 16O for W-boson
production [66], compared to those for CCDIS [70], NCDIS [70],
and the Glashow resonance (ν̄ee− → W−, taking into account
eight electrons) [71].

BEI ZHOU and JOHN F. BEACOM PHYS. REV. D 101, 036010 (2020)

036010-2

Zhou et al.  Phys. Rev. D 101, 036010 
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Backgrounds

• Typical models for cosmic ray primary flux Gaisser-H3a model


• SIBYLL 2.1 as the hadronic interaction model


• Prompt: BERSS model


•

61
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Global Fit: Data/MC

• We see an excess of data at around 20-30 TeV in reconstructed cascade energy (compared to a SPL)


• We see a deficit in the reconstructed cascade energy spectrum at a few hundred TeV


• Tracks sample do not provide the energy resolution necessary to resolve these fine features but help in the combined fit by constraining 
the atmospheric flux and detector nuisance parameters due to the high statistics of the sample.

62



Diffuse Flavor Ratio
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Astrophysical Neutrinos
Flavor Ratio

64

νe νμ ντ
pion production 

π± → μ± + (−)νμ

e± + (−)νe + (−)νμ
neutron decay 

n → p + e− + νe

(1:2:0)

(1:0:0)}
results

muon dumped

π± → μ± + (−)νμ (0:1:0)

Eur. Phys. J. C 82, 1031 (2022)
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Galactic Gamma-
ray Diffuse Emission
• Cosmic-ray interactions 

with the ISM dominate the 
diffuse -ray emission of 
the Galaxy!


• If pions are produced, also 
neutrinos should 
produced.


• Much of the Galactic 
Center in the Southern Sky

- Large muon atmospheric 

background

γ

66

– 65 –

Fig. 15.— Spectra extracted from the inner Galaxy region for model SSZ4R20T150C5. See Figure 12

for legend.

π0

IC

br

E-2.7

Fermi 2012
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Improved Cascade Reconstruction
• Deep Neural Networks improves angular 

resolutions for cascade a factor 2 at TeV.


• Order of magnitude increases in 
acceptance in Southern Sky by 
reconstructing even partially contained 
events. 

67

Science 380 (2023) 1338 
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The Galaxy with Neutrinos
• Final Sample:


- 94% , 6%  
- 57% of  with  

are Astrophysical 

• Tested 3 galactic models:

ν μatm

ν E > 10 TeV

68

Submitted to ScienceKRA model: D. Gaggero, D. Grasso, A. Marinelli, A. Urbano, M. Valli, Astrophys. J. 815, L25 (2015)

π0

KRA5
γ

KRA50
γ
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The Galaxy with Neutrinos

69

Science 380 (2023) 1338 
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Catalog Search
• A priori catalog of 110 pre-selected 

candidates. 


• Based on 4th Fermi catalog of 
gammaray sources: 4FGL-2DR


• Selected a priori based on gamma-ray 
brightness and IceCube sensitivity at 
object’s declination

71

• NGC1068 Best Fit Source

-  
-  
- Local significance 5.2  

• 1 in 100,000 scrambled data 
sets have object ≥ 5.2 σ

̂n = 79
̂γ = 3.2

σ
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Catalog Search
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Global Significance 4.2σ

• NGC1068 Best Fit Source

-  
-  
- Local significance 5.2  

• 1 in 100,000 scrambled data 
sets have object ≥ 5.2 σ

̂n = 79
̂γ = 3.2

σ
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The Neutrino Sky

73

Global Significance 4.2σ

• Strongest neutrino emission (best-fit): 

- Located at R.A. 40.69° and Dec. 0.09°.  
-  
-  

• It also appears in the the list of 110 pre-define sources

̂n = 81
̂γ = 3.2
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The NGC1068 Neutrino Excess

• NGC 1068 is consistent with location of strongest clustering of neutrinos in the sky 

• Distribution of neutrino events matches our model predictions

74

(Distance to NGC1068)2

Science 378 (2022) 538-543
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NGC 1068
Neutrino Flux 

• TXS 0506+056 and NGC 1068 contribute each ~1% of the total astrophysical 
diffuse neutrino


• Measured neutrino flux exceeds TeV gamma-ray upper limits 


• 75

NGC 1068 
Where are the 
gamma-rays?

Science 378 (2022) 538-543
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NGC 1068
An AGN with an obscured black hole

76

• Very active starburst spiral galaxy.

• It is close! (~14.4 Mpc)

• It hosts a Compton-thick AGN

• AGN powered by a SMBH with 

mass ~107 - 108  

• Intrinsically the brightest Seyfert in 

the X-ray band

M⊙
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The Disk-Corona Model

77

• Electron and protons are 
accelerated in the high field 
regions associated with the black 
hole and the accretion disk


• They produce neutrinos in the 
optical thick corona


- Gamma-rays are absorbed

Image credit: NASA/JPL-Caltech 

X-ray CoronaAccretion disk

Black Hole

τpγ ∼ σpγ [ 1
R

LX

EX ]
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The Disk-Corona Model

78

τpγ ∼ σpγ [ 1
R

LX

EX ]
• Given the X-ray luminosity 

we are force to have a 
compact region 




• Gamma-rays will be 
absorbed as 

R ∼ 10 RS

τγγ ∼ 300τpγ
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The Disk-Corona Model

• Only if gammas are 
produced at the 
center of the corona 
and not uniformly.


• Other mechanisms 
needed to explain 
Fermi data.


• Large gamma-ray flux 
at MeV where there is 
no observations!

79

Range of possible neutrinosAccompanying pionic gamma-rays

No MeV observations
Y. Inoue et al., ApJL’20 

IceCube



Gen2 & Upgrade



IceCube-Gen2
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Layouts



IceCube Upgrade
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IceCube-Gen2
Science 

• 5x improvement 
in effective area 

• 2x improvement 
in angular 
resolution 

Multimessenger 
spectroscopy 

83

Is there a change in the spectrum? 
Is there a cut-off?  
Are there cosmogenic neutrinos there?  TDR, in preparation



Plans for IceCube Gen2

• Scale of funding for full IceCube-Gen2 is ~$340M from National Science 
Foundation (NSF), ~$70M from international partners.  

• This scale of funding from NSF must go through the MREFC (Major 
Research Equipment and Facilities Construction) funding line and be 
approved by the National Science Board.  

84



The Future
Higher Energies

Three new elements, 
leveraging complimentary 
technologies, to achieve 
sensitivity to MeV-EeV 
neutrinos: 

- Enlarge deep optical 
array  

- Surface Array 
extension  

- Shallow Radio Array 
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IceCube
IceCube-Gen2

1

2

3

2

3

1
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Multimessenger Spectroscopy
Gamma-rays, neutrinos, and cosmic rays connection

86

• Diffuse background 
with 3 different 
messengers:

- Similar energy 

densities… 
- …but also evidence 

of different origin 

• Interesting interfaces 
between messengers
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UHE Neutrinos

• The detection of these neutrinos 
could provide an independent 
measurement of UHE CR 
composition and source evolution


• All-flavor limit at 1 EeV:

- E2Φ ≃ 10−8 GeV cm−2 s−1 sr−1

87

p
CMB

n

π

CMB, IR

Photopion production Photo-disintegration

Up-turn of the limit due to 
observed PeV events
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Oscillations
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Neutrino Oscillations

•Use of atmospheric  to study oscillations. 

- Zenith angle defines the baseline,  

- DeepCore access same  as LBL experiments

νμ

L
L/E

90

  disappearanceνμ

DeepCore
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• Data taken from 2011-2021


• Total of 150,257 events


• High signal (numu CC) and low atmospheric 
background.


• Particle identification PID (between tracks and 
cascades)

91
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Neutrino Oscillations: Sterile Neutrinos with Decay

•Looking for eV-scale unstable sterile neutrino.  

•Decay reduces the tension in 3+1 global fits.  

•Both 3+1 and non-sterile model are disfavored w.r.t. to the 3+1 

decay.  But p-value of 3% is compatible with  hypothesis.3ν

93

3+1

3+1 (decay)

[arxiv:220
4.0

0
6

12 acce
p

te
d

 in
 P

R
L

]

g2 = 2.5π

https://arxiv.org/abs/2204.00612


Dark Matter
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?

Indirect Detection of Dark Matter

Primary 
Channels

Final 
Products

•No need of specialized detectors: Gamma-ray telescopes, neutrino detectors, CR-
experiments 

•Search for products of dark matter annihilation processes: Focus on large reservoirs of 
dark matter

95

W+ Z b τ+ t h ν γ e+ p

W− Z b τ− t h ν γ e− p

χ

χ

χ your favorite theory
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Dark Matter Searches with Neutrinos  Where to Look?

Dwarf spheroidal Galaxies 
Cluster of Galaxies

Galactic Halo 

Galactic Center 

Local Sources (Sun, Earth) 

96

Only accessible with neutrinos 
Under equilibrium they can  
probe σSI and σSD 

Probe velocity-averaged DM 
annihilation cross section ⟨σAv⟩

Probe velocity-averaged DM 
annihilation cross section ⟨σAv⟩

Probe velocity-averaged DM 
annihilation cross section ⟨σAv⟩
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Dark Matter from the Galactic Halo (Case Study)

97

Flux from annihilation (very similar for decay):

dΦν

dEν
=

1
4π

⟨σAv⟩
2m2

χ

dNν

dEν ∫
ΔΩ

0
dΩ∫l.o.s.

ρ2
χ (r(s, Ψ, θ))ds
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Dark Matter from the Galactic Halo (Case Study)
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lin
e of s

ight

dΦν

dEν
=

1
4π

⟨σAv⟩
2m2

χ

dNν

dEν ∫
ΔΩ

0
dΩ∫l.o.s.

ρ2
χ (r(s, Ψ, θ))ds

DM SEARCHES IN ICECUBE                                                       MORTEN MEDICI

TARGETED SIGNAL FROM GALACTIC HALO

▸ Spectrum model dependent 

▸ Signal sensitive to  
assumed halo profile
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Flux from annihilation (very similar for decay):
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Dark Matter from the Galactic Halo (Case Study)
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dΦν

dEν
=

1
4π

⟨σAv⟩
2m2

χ

dNν

dEν ∫
ΔΩ

0
dΩ∫l.o.s.

ρ2
χ (r(s, Ψ, θ))ds

Particle Physics input

Flux from annihilation (very similar for decay):

χ

χ

e+

e−

Z qq
νν

μ+μ− ⇝ e±νν

EW corrections are important

[arXiv:2007.15010, arXiv:1012.4515, arXiv:2007.1500]

mχ = 1 TeV
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Dark Matter from the Galactic Halo: Neutrino Lines

•Focusing on direct annihilation/decay to 
neutrinos. 

•No astrophysical background:  

smoking gun signature of dark matter.

100

Astrophysical 
processes ∝ E−γ

mχ

⟨σAv⟩,
1
τχ

Energy 
resolution

χ

χ

ν

ν
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Analysis:  Signal PDFs

• Binning follows the same binning as the background PDF.

101

χχ → νeνe χχ → νeνe

mχ = 1 TeV mχ = 1 TeV

IceCube Preliminary IceCube Preliminary

Signal (HE sample) Scrambled Signal (HE sample)
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Dark Matter from the Galactic Halo: Neutrino Lines
•5 years of IceCube/DeepCore data: 10 GeV to 40 TeV  

•Sample focused on cascade events: energy resolution ∼ 30 %

102

Upper Limits

sensitivity

IceCube Preliminary

IceCube Preliminary

Juan A. AguilarDarkMatters 2022
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Dark Matter from the Galactic Halo: Neutrino Lines

103

Lower Limits

sensitivity

[publication in preparation]
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DM SEARCHES IN ICECUBE                                                       MORTEN MEDICI

TARGETED SIGNAL FROM GALACTIC HALO

▸ Spectrum model dependent 

▸ Signal sensitive to  
assumed halo profile
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ρlocal ∼ 0.3 GeV/cm3

Dark Matter from Celestial Bodies
•Dark Matter can be gravitationally 

trapped inside celestial bodies 

•Signal cannot be mis-interpreted as 
an astrophysical source (except for 
solar atm. neutrinos). 

•Halo models agree in the Solar 
System.

ν ν ν ν

HALO

ν

104

capture 

annihilation 

σχ−N

σA

“evaporation”
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Celestial Bodies: The Sun

LE Analysis  
[Phys. Rev. D 105, 062004] 

•7 years of IceCube-
DeepCore data  (mostly 
cascades) 
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HE Analysis 
 [PoS(ICRC2021)020] 

• 9 years of muon track 
data (HE)  

equilibrium!

Φν → CA Cc → σχN

https://pos.sissa.it/395/020/
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The Galactic Center The Particle Physics Input
• Neutrino Spectra from primary 

(neutrino lines) and secondary 

production ( )W+W−, τ+τ−, . . .
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mχ = 100 GeV
mχ = 1 TeV

χ

χ

e+

e−

Z qq
νν

μ+μ− ⇝ e±νν

*https://arxiv.org/abs/1012.4515


