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Point-source samples: angular resolution

IceCube tracks - South

IceCube tracks - North

ANTARES tracks

ANTARES showers

Median angular resolution
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https://iopscience.iop.org/article/10.3847/1538-4357/ab4ae2
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.051103
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Point-source samples: selection criteria
ANTARES

tracks
CC νμ

ANTARES
showers

NC νx + CC νe,ντ

IceCube
through-going tracks

CC νμ

IceCube
cascades

NC νx + CC νe,ντ

Earth used as a filter: only up-going events
Uniform selection in direction and energy

All-sky events
Interaction vertex inside 

the detector
Thickness of the veto region

depending on the energy

All-sky events
North: high-quality tracks

South: stricter cuts + minimum energy 
→ no Southern events below ∼10 TeV
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North
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Point-source samples: effective area
ANTARES

tracks
CC νμ

ANTARES
showers

NC νx + CC νe, ντ

IceCube
through-going tracks

CC νμ

IceCube
cascades

NC νx + CC νe, ντ

−90∘< δ < −45∘
−45∘< δ < 0∘
0∘ < δ < 45∘

ANTARES CC νe

ANTARES CC νμ

North

South

IceCube
through-going tracks

IceCube
cascades

PoS(ICRC2017)976

https://pos.sissa.it/301/976/pdf
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Search method: unbinned likelihood

𝑆+ = 𝑆-./01 ⋅ 𝑆131456 𝐵+ = 𝐵-./01 ⋅ 𝐵131456Time-integrated 
analysis

δ

RA

#data 
events

sin(δ)

ANTARES, 
KM3NeT

E

Background

Signal: ∝ 𝐸:
;<

IceCube

Signal Background
flux

𝐿(𝑛-, Θ) = C
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Φ: = ΦX𝐸:
;<

𝛾 either fixed
(𝛾 = 2; 𝛾 = 2.5) 

or free 
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Search method: unbinned likelihood

𝐿(𝑛-, Θ) = C
DEF

GHIJKLMH

C
+EF

GMNMOPH
Q

𝑛-
D

𝑁1S13T-
D 𝑆+

D Θ + 1 −
𝑛-
D

𝑁1S13T-
D 𝐵+

D

free parameters 

Θ: set of model parameters

𝑛-: number of detected signal events
p𝑛-, qΘ

Likelihood maximization best estimation
of 𝑛-, Θ

• 𝐻X: the data consist solely of background
• 𝐻s: the data contain also astrophysical

neutrino events (𝑛-) coming from a source
with some given features (Θ)

signal spectral index, source
extension, source coordinates …

test statistic

𝑇𝑆 = log
𝐿 p𝑛-, qΘ
𝐿(𝑛- = 0)
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Search method: three main approaches
All-sky search Source list search Stacking search / 

Population search

• Sky divided into a grid with a finer spacing than
the typical event reconstruction uncertainty

• TS evaluated in each bin of the grid 
• Cluster with largest TS → all-sky hotspot

• Advantage: unbiased by EM observations (no 
prior assumptions regarding directions in the sky)

• Disadvantage: large trial factor

• Investigated directions: location of 
selected ɣ-ray sources

• TS evaluated for each source

• Advantage: reduced trial factor
• Disadvantage: biased (the

brightest ν sources may differ
from the brightest ɣ-ray sources)

• Search for an excess from several sources
• Stacking: all the sources in the catalog

analysed together → one TS per catalog
• Population: TS given by the sum of the 

individual TS

• Advantage: sensitive to individually weak
sources that produce a significant
cumulative signal

• Disadvantage: biased 
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ANTARES
tracks
CC νμ

ANTARES
showers

NC νx + CC νe, ντ

IceCube
through-going tracks

CC νμ

IceCube
cascades

NC νx + CC νe, ντ

ANTARES 11-year: all-flavour search

PoS(ICRC2019)920

• Combines two samples: ANTARES tracks and showers
• 11 years
• Includes:

o All-sky search
o Source-catalog searches: 

Ø Astrophysical sources
Ø IceCube tracks

https://pos.sissa.it/358/920/
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PRELIMINARY

ANTARES 11-year: all-sky search

Most significant direction
( p𝛼, v𝛿) = (343.7°, 23.6°)

p𝑛- = 4.9
p-value: 1.5 x 10-6 → 4.8σ (pre-trial)

23%→ 1.2σ (post-trial)
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ANTARES 11-year: source-catalog search
Search 1: astrophysical objects
112 Galactic and extra-galactic sources
selected from the TeVCat catalog on 
the basis of flux and visibility criteria

Galactic: SNRs, PWNs, Pulsars, …
extra-galactic: BLLac, FSRQs, Quasars, …

PRELIMINARY

Φ: ∝ 𝐸;x
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PRELIMINARY

ANTARES 11-year: source-catalog search
Search 1: astrophysical objects

HESSJ0632+057
0.15% pre-trial

PKS1440-389
0.6% pre-trial

QSO2022-077
4.7% pre-trial

Source Type RA δ y𝒏𝒔 #σ
pre-trial

HESSJ0632
+057

Ɣ-ray
binary

98.24° 5.81° 2.7 3.2

PKS1440-
389

BLLac 220.99° -39.14° 2.8 2.7

QSO2022-
077

Quasar 306.40° -7.60 1.4 2.0

Best sources

HESSJ0632+057
16% (1.4σ) post-trial

𝛾-ray and X-ray binary
1.1-1.7 kpc

Credit: ESA, NASA

Φ: ∝ 𝐸;x
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ANTARES 11-year: source-catalog search
Search 2: IceCube tracks
75 IceCube neutrino candidates
classified as tracks:
20 HESE
34 Through-going muons
21 Muon alerts

HESE 
Sample

Through-going muons
Sample

Equatorial coordinates (𝛼, 𝛿) fitted within
2 x estimated angular error of the IceCube tracks

PRELIMINARY

Φ: ∝ 𝐸;x
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ANTARES 11-year: source-catalog search
Search 2: IceCube tracks

PRELIMINARY

Through-going
muon with ID3

Best tracks

Φ: ∝ 𝐸;x

Ranking Sample ID Angular 
error

y𝜶 q𝜹 y𝒏𝒔 #σ
pre-
trial

1st Through-
going
muons

3 1.1° 343.7° 23.6° 4.9 4.8

2nd HESE 3 1.4° 130.1° -29.9° 6.6 4.4

3rd HESE 71 1.2° 81.2° -18.9° 4.4 3.7
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ANTARES 11-year: source-catalog search
Search 2: IceCube tracks

Best tracks
Coincident with the all-sky hot-spot

4.8σ → 2.4σ (post-trial)
Best-fit coordinates coincident with the all-sky 
hotspot, 0.2° from the original IceCube
neutrino direction (RA = 343.55°, δ = 23.78°)

Original muon#3

Best-fit coordinates ≡ all-sky hotspot

Ranking Sample ID Angular 
error

y𝜶 q𝜹 y𝒏𝒔 #σ
pre-
trial

1st Through-
going
muons

3 1.1° 343.7° 23.6° 4.9 4.8

2nd HESE 3 1.4° 130.1° -29.9° 6.6 4.4

3rd HESE 71 1.2° 81.2° -18.9° 4.4 3.7
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ANTARES
tracks
CC νμ

ANTARES
showers

NC νx + CC νe, ντ

IceCube
through-going tracks

CC νμ

IceCube
cascades

NC νx + CC νe, ντ

ANTARES 11-year: stacking search

PoS(ICRC2019)840
Paper in preparation

• One sample: ANTARES tracks
• 11 years
• Includes:

o Stacking-searches over 5 catalogs
o Search for dominant sources

https://pos.sissa.it/358/840/pdf
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ANTARES 11-year: stacking search
ANTARES PRELIMINARY

ANTARES 
data set:

8754 tracks

Five catalogs:

1255 Blazars
detected in the 1-100 

GeV range by Fermi-LAT

[Ackermann et al. ApJ 2015]

10 Dust Obscured AGNs
selected in X-rays

[Maggi et al. PhysRevD 2016]

53 Radio Galaxies
selected in soft γ-ray

[Bassani et al. MNRAS 2016]

54 Star Forming
Galaxies observed
in γ by Fermi-LAT 

[Ackermann et al. ApJ 2012]

55 IceCube HE tracks
(through-going and HESE)

[IceCube collaboration, ICRC 2017]

Two types of source
weights in likelihood

implemented:
• Flux weight: 𝑤 ∝ Φ<,�,��

• Equal weight: 𝑤 = 1
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ANTARES 11-year: stacking search
ANTARES PRELIMINARY

Two types of source
weights in likelihood

implemented:
• Flux weight: 𝑤 ∝ Φ<,�,��

• Equal weight: 𝑤 = 1
Results:

Best catalog
2.8σ pre-trial

1.6σ post-trial

90% U.L given in 
equivalent E−2 

diffuse flux
(10−9 GeV−1 cm−2 s −1 sr−1 )
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ANTARES 11-year: stacking search
Promising associations between IceCube neutrinos and radio galaxies

Astrophys.J. 894 (2020) 2, 101

arXiv:2009.10523 [astro-ph.HE]
arXiv:2009.08914 [astro-ph.HE]

https://iopscience.iop.org/article/10.3847/1538-4357/ab86bd
https://arxiv.org/abs/2009.10523
https://arxiv.org/abs/2009.08914
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Individual p-values

ANTARES PRELIMINARY

ANTARES 11-year: stacking search
Search for
dominant sources:
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Individual p-values

ANTARES PRELIMINARY

3C403

Two ANTARES tracks within 0.5°

ANTARES PRELIMINARY

Rad
io 

ga
lax

y 3
C40

3 

Source: Astrophys.J. 622 (2005) 149-159

3C403
X-shape FRII
radio galaxy

δ = 2.5°
~260 Mpc

Radio galaxy 
3C403 

ANTARES 11-year: stacking search
Search for
dominant sources:

p-value: 2.3 x 10-4 → 3.7σ
chance probability (Nsources = 56) = 1.3% → 2.5σ
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Two ANTARES tracks within 0.5°

PRELIMINARY

BL
La

c MG3 J
22

55
17

+2
40

9

p-value: 1.4 x 10-4 → 3.8σ
chance probability (Nsources = 1255) = 15% → 1.4σ

Source: 
Mon.Not.Roy.Astron.Soc. 497 (2020) 1, 865-878

SED

Five ANTARES tracks within 1°Same Optical (BL Lac) and SED (ISP) 
class as  TXS 0506+056

M. Weiss/CfA

ANTARES PRELIMINARY

ANTARES PRELIMINARY

ANTARES 11-year: stacking search
Search for
dominant sources:

Individual p-values

BLLac MG3 J225517+2409
(Fermi source 3FGL J2255.1+2411)
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Two ANTARES tracks within 0.5°

PRELIMINARY

Five ANTARES tracks within 1°

BLLac MG3 J225517+2409
(Fermi source 3FGL J2255.1+2411)

ANTARES PRELIMINARY

PoS(ICRC2017)1005

The BLLac is
at less than 0.7° from the 

ANTARES all-sky hotspot and 
at 1.1° from the IceCube
muon track with ID=3

muon track with ID=3 
340 TeV
~3° (90%CL region)

ANTARES and IceCube νs from MG3 J225517+2409?
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ANTARES and IceCube νs from MG3 J225517+2409?

ɣ-ray flux

MG3 J225517+2409/3FGL J2255.1+2411 ɣ-ray time evolution
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~5 months flare

Dedicated time analysis for
MG3 J225517+2409

Space-time correlation
probabilities:

• 5 ANTARES tracks + blazar: 
pANT = 2.0 x 10-2 → 2.3σ

• IceCube track + blazar:
pIceCube = 5.3 x 10-2 → 1.9σ

• ANTARES + IceCube:
pCOMB = pANT pIceCube (1 − ln pANT pIceCube )

= 8.3 x 10-3 → 2.6σ
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ANTARES
tracks
CC νμ

ANTARES
showers

NC νx + CC νe, ντ

IceCube
through-going tracks

CC νμ

IceCube
cascades

NC νx + CC νe, ντ

Phys. Rev. Lett. 124, 051103

IceCube 10-year: point-source with tracks

• One sample: IceCube through-going tracks
• 10 years
• Includes:

o All-sky search
o Source-catalog search
o Population study

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.051103
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p-value: 3.5 x 10-7 → 5.0σ (pre-trial)
9.9 x 10-2 → 1.3σ (post-trial)( p𝛼, v𝛿) = (40.9°, -0.3°)

p𝑛- = 61.5
p𝛾- = 3.4

( p𝛼, v𝛿) = (350.2°, -56.5°)
p𝑛- = 17.8
p𝛾- = 3.3

p-value: 4.3 x 10-6 → 4.4σ (pre-trial)
75% (post-trial)

Active Galaxy 
NGC 1068 (aka M77)
0.35° from the hotspot

Offset consistent with 
IceCube angular resolution

IceCube 10-year: point-source with tracks
All-sky search
North/South
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North

South

Galactic extra-galactic

10

2 11

87

Source-list search:
110 Galactic and extra-galactic sources

selected from Fermi-LAT 4FGL as
- 5% BL Lacs and FSRQs with 

highest

Fermi−LAT flux (>1 GeV)
IceCube sensitivity (δsource)

- UNID and AGNs
- 8 starbust galaxies

selected from TeVCat
and gammaCat as
- sources with 
predicted energy flux > 
50% of IceCube
sensitivity (δsource)

IceCube 10-year: point-source with tracks
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GB6 J1542+6129

PKS 1424+240
TXS 0506+056

NGC 1068

Best sources

IceCube 10-year: point-source with tracks

Ranking Source Type RA δ y𝒏𝒔 y𝜸𝒔 #σ
pre-
trial

1st NGC 1068 SBG 40.67° -0.01° 50.4 3.2 4.1

2nd TXS 
0506+056 

BLL 77.35° 5.70° 12.3 2.1 3.6

3rd PKS 
1424+240 

BLL 216.76° 23.80° 41.5 3.9 3.0

4th GB6 
J1542+6129

BLL 235.75° 61.50° 29.7 3.0 2.9
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Best sources

Credits: NASA, ESA & A. van der Hoeven

Most luminous
Seyfert II Galaxy 
detected by Fermi-LAT

14.4 Mpc distance

Starbust galaxy NGC 1068

4.1σ→ 2.9σ (post-trial)
0.35° from the IceCube

northern hotspot

ANTARES PRELIMINARYANTARES follow-up
Cluster consistent with

background

90% CL upper limit on
the neutrino flux 

normalization for E-2:
8.7 x 10-9 GeV-1cm-2s-1

NGC 1068
NGC 1068

IceCube 10-year: point-source with tracks

Ranking Source Type RA δ y𝒏𝒔 y𝜸𝒔 #σ
pre-
trial

1st NGC 1068 SBG 40.67° -0.01° 50.4 3.2 4.1

2nd TXS 
0506+056 

BLL 77.35° 5.70° 12.3 2.1 3.6

3rd PKS 
1424+240 

BLL 216.76° 23.80° 41.5 3.9 3.0

4th GB6 
J1542+6129

BLL 235.75° 61.50° 29.7 3.0 2.9
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Best sources
A binomial test is used to search for a significant excess
of small p-values obtained in the source-catalog search
compared to the uniform background expectation:

Number of sources
in the catalog

Number of sources with
p-value smaller than pk

4σ
k = 4

k = 4 most significant sources
4σ pre-trial
→ 3.3σ post-trial (2.3σ without TXS 0506+056)

IceCube 10-year: point-source with tracks
Population study:

Ranking Source Type RA δ y𝒏𝒔 y𝜸𝒔 #σ
pre-
trial

1st NGC 1068 SBG 40.67° -0.01° 50.4 3.2 4.1

2nd TXS 
0506+056 

BLL 77.35° 5.70° 12.3 2.1 3.6

3rd PKS 
1424+240 

BLL 216.76° 23.80° 41.5 3.9 3.0

4th GB6 
J1542+6129

BLL 235.75° 61.50° 29.7 3.0 2.9

5th <2
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ANTARES
tracks
CC νμ

ANTARES
showers

NC νx + CC νe, ντ

IceCube
through-going tracks

CC νμ

IceCube
cascades

NC νx + CC νe, ντ

Astrophys.J. 886 (2019) 12

IceCube 7-year: point-source with cascades

• One sample: IceCube cascades
• 7 years
• Includes:

o All-sky search
o Source-catalog search
o Stacking searches
o Search at Sagittarius A*

https://iopscience.iop.org/article/10.3847/1538-4357/ab4ae2
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IceCube 7-year: point-source with cascades
Per-flavor sensitivity

ANTARES 11 years



IceCube 7-year: point-source with cascades

All-sky hotspot
( p𝛼, v𝛿) = (271.23°, 7.78°)

p-value: 1.8 x 10-3 → 2.9σ (pre-trial)
69% (post-trial)

Ranking Source Type RA δ y𝒏𝒔 y𝜸𝒔 #σ
pre-
trial

1st RX J1713.7-
3946

SNR 258.25° -39.75° 10.8 2.5 2.6

2nd SS433 HMXB/mqso 287.96° 4.98° 30.9 3.1 2.3

3rd GX 339-4 HMXB/mqso 255.70° -48.79° 5.9 2.1 2.1

Source-list search: best sourcesAll-sky search

32

p-value sky-map

Source-list upper limits:

HESS, A&A 612, A6 (2018)

2.6σ (pre-trial)
28% (post-trial)
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ANTARES
tracks
CC νμ

ANTARES
showers

NC νx + CC νe, ντ

IceCube
through-going tracks

CC νμ

IceCube
cascades

NC νx + CC νe, ντ

ANTARES-IceCube: combined search

• Combines three samples: ANTARES tracks and 
showers and IceCube through-going tracks

• ANTARES 9-years + IceCube 7-years
• Includes:

o Southern-sky search
o Galactic-centre region search
o Source-catalog search
o Sagittarius A* and RX J1713.7-3946 

Astrophys.J. 892 (2020), 92

Differential discovery flux 𝛿 = −60∘

https://iopscience.iop.org/article/10.3847/1538-4357/ab7afb
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ANTARES-IceCube: combined search

Highest excess
( p𝛼, v𝛿) = (213.2°, -40.8°)

p𝑛- = 5.7
p-value: 1.3 x 10-5 → 4.2σ (pre-trial)

0.18→ 0.9σ (post-trial)

Southern-sky search

Galactic 
Center

Search at the Galactic 
Center region Result: p-value map

90% CL 
upper limits

Highest excess
p-value: 2.2 x 10-4 → 3.5σ (pre-trial)
0.03→ 1.9σ (post-trial)
source extension: 2°
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ANTARES-IceCube: combined search

Φ: ∝ 𝐸;x.�

Φ: ∝ 𝐸;x Source-list search:
57 southern-sky Galactic and extra-galactic
sources already investigated by ANTARES 
and IceCube individually

Galactic: SNRs, PWNs, Pulsars, …
extra-galactic: BLLac, FSRQs, Quasars, …
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ANTARES-IceCube: combined search

Source Type RA δ y𝒏𝒔 y𝜸𝒔 #σ
pre-trial

HESSJ1023-575 UNID 155.83° -57.76° 6.4 3.5 2.41

PKS1440-389 BLL 220.99° -39.14° 3.0 2.4 2.39

HESSJ1458-608 PWN 224.54° -60.88° 3.7 3.6 1.8

Best sources
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IceCube+ANTARES Limits

IceCube 7 years
ANTARES 9 years
IceCube+ANTARES
IceCube+ANTARES Limits

 = 2.0γ90% C.L. Sensitivity and Limits for 

Φ: ∝ 𝐸;x

Φ: ∝ 𝐸;x.�

HESSJ1023-575

PKS1440-389

HESSJ1458-608

HESSJ1023-575
PKS1440-389

HESSJ1458-608

HESSJ1023-575
42% post-trial 

Westerlund 2 
region

HESSJ1023-575

TeV ɣ-ray source
coincident with the young

stellar cluster Westerlund 2

Astron.Astrophys. 467 (2007) 1075-1080
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Summary
• No neutrino steady point-like source discovered in a decade of 

ANTARES and IceCube data
• Interesting sources:

o Starbust galaxy NGC 1068
o Best source in IceCube source-list (4.1σ → 2.9σ post-trial)
o 0.35° distance from IceCube northern hotspot

o BLLacs TXS 0506+056, PKS 1424+240, GB6 J1542+6129
o Over 2.9σ significance each in IceCube source-list
o Together with NGC 1068, incompatible with background at 3.3σ

o Radio galaxy 3C403 
o Most significant Radio galaxy in ANTARES stacking-list (3.7σ → 2.5σ post-trial)

o BLLac MG3 J225517+2409
o Most significant BLLac in ANTARES stacking-list (3.8σ → 1.4σ post-trial)
o 0.7° distance from ANTARES all-sky hotspot 
o 1.1° distance from IceCube through-going track #3
o 2.6σ time-space association with ANTARES and IceCube neutrinos



Next decade
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IceCube-Gen2
10x larger than IceCube

< 0.3° angular resolution for tracks
< 5° angular resolution for cascades

KM3NeT-ARCA
1 km3 instrumented volume
< 0.1° angular resolution for tracks
< 2° angular resolution for showers

Baikal-GVD
1 km3 instrumented volume

0.25°-0.5° angular resolution for tracks
3.5°-5.5° angular resolution for cascades
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Backup
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IceCube 7-year: point-source with cascades
Stacking search
Three Galactic SNRs catalogs stacked:
o SNRs + molecular clouds → 1.2σ
o SNRs + PWNs → p-value = 1
o SNRs only → 1.4σ → best catalog

Search at Sagittarius A*
Credit: NASA/CXC/MIT/UMass/ M. D. Stage et al.5

Credit: (x-ray) NASA/CXC/ASU/ J. Hester et al; (visible) NASA/ESA/ASU/ J. Hester & 
A. Loll; (infrared) NASA/JPLCaltech/UMinn/ R. Gehrz

o Tested as point-like and 
extended source 

o Gaussian extension σs ∈[0º; 5º]
o 36% significance
o Upper limits

HESS, Nature 531, 476 (2016)
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Source
extension

y𝒏𝒔 y𝜸 p-value

0.0° 2.9 2.1 0.06

0.5° 0.6 2.0 0.26

1.0° -- -- --

2.0° 0.3 3.8 0.40

]°[sσ 
0 0.5 1 1.5 2

]  -1
 s

-2
 [G

eV
 c

m
0

Φ ν2
 E

8−10

7−10
 Discovery Fluxσ5

90% C.L. Sensitivity
90% C.L. Limits

ANTARES-IceCube: combined search

RX J1713.7-3946 

Sagittarius A*

Dedicated searches
Sagittarius A*

Point-like and extended source 
(σs = 0.5º, 1.0º, 2.0º) hypotheses 

tested

RX J1713.7-3946 
• Gaussian extension of 0.6° for the emission profile 

(according to observations by HESS)
• Two spectrum models derived from observations in 𝛾:

Vissani et al.:   
�G
���

= 0.89 × 10;FF ��
1 TeV

;x.X�
exp − ��

8.04 TeV TeV−1cm−2s−1

Kappes et al.:
�G
���

= 1.55 × 10;FF ��
1 TeV

;F.�x
exp − ��

1.35 TeV TeV−1cm−2s−1

Spectrum y𝒏𝒔 p-value 𝚽𝐋
𝟗𝟎%𝑪.𝑳/𝚽𝟎

Vissani 0.3 0.40 13.2

Kappes 0.3 0.41 11.7 upper limits expressed as ratio 
with the assumed source flux

RX J1713.7-3946 results

Sagittarius A* results

→ 1.6σ significance
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ANTARES-IceCube: combined search

Source
extension

y𝒏𝒔 y𝜸 q𝜹 y𝜶 pre-trial 
p-value

post-trial 
p-value

0.0° 5.7 2.5 -40.8° 213.2° 1.3 x 10-5 0.18

0.5° 10.5 3.9 -22.5° 18.5° 3.4 x 10-5 0.31

1.0° 11.6 3.8 -21.9° 18.4° 8.9 x 10-5 0.44

2.0° 20.3 3.0 -40.1° 274.1° 2.2 x 10-4 0.47

Highest excess
( p𝛼, v𝛿) = (213.2°, -40.8°)

p𝑛- = 5.7
p-value: 1.3 x 10-5 → 4.2σ (pre-trial)

0.18→ 0.9σ (post-trial)

Southern-sky 
search



δ sin
0.7− 0.6− 0.5− 0.4− 0.3− 0.2−
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4343

Source
extension

y𝒏𝒔 y𝜸 q𝜹 y𝜶 pre-trial 
p-value

post-trial 
p-value

0.0° 6.8 2.8 -42.3° 273.0° 7.3 x 10-4 0.40

0.5° 8.4 2.8 -42.0° 273.1° 5.2 x 10-4 0.19

1.0° 12.1 2.9 -41.8° 274.1° 6.9 x 10-4 0.15

2.0° 20.3 3.0 -40.1° 274.1° 2.2 x 10-4 0.03

ANTARES-IceCube: combined search

Galactic 
Center

Search at the Galactic 
Center region Result: p-value map 90% CL 

upper limits

Highest excess
p-value: 2.2 x 10-4 → 3.5σ (pre-trial)
0.03→ 1.9σ (post-trial)
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Limits on point-like sources of ultra-high-energy
neutrinos: the Pierre Auger Observatory


