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…and we do theory/phenomenology/simulations
…and multiwavelength observations
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Underwater instruments
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Underwater instruments: 
the ANTARES/KM3NeT team

KM3NeT (artist’s view)

ANTARES (artist’s view)
Searching for very-high-energy 

astrophysical neutrinos 



A KM3NeT detection unit ready to be deployed



Underwater instruments highlight: 
search for radio-selected blazars 

and ANTARES neutrinos
Blazars selected at 8 GHz (VLBI), about 3000 objects, 13 yrs of ANTARES DATA  

PRELIMINARY (ICRC)

PoS(ICRC2021)1164

ANTARES neutrinos association with radio-selected blazars Julien Aublin

Blazars Neutrinos
Source name (8GHz (Jy) Arrival time Separation [�] V Estimated energy (TeV)
J0609-1542 3.76 2011-01-30 0.15 0.47 70
J1743-0350 3.99 2019-03-08 0.05 0.43 2.3

J0538-4405
4.2 2011-08-09 0.39 0.93 45
4.2 2018-03-20 0.34 0.82 6.0

Table 1: Properties of the 4 neutrino-blazar pairs found for objects brighter than 3.7 Jy.

of observations). These periods are close to the dates of detected neutrinos, 2011-08-09 and
2018-03-20.

Additionally, J0538-4405 is a W-bright source (labelled as 4FGL J0538.8-4405 in the Fermi
4FGL catalog [15]) and has a rich Fermi light-curve where strong W-ray activity is apparent around
2010-2012. Unfortunately, the two ANTARES neutrino candidates have a large angular error V

value, that favors an atmospheric muon origin rather than an astrophysical origin.

Figure 2: Left: arrival directions of ANTARES track events in equatorial coordinates around the position
of the blazar J0538-4405. The neutrino events are represented by dashed empty circles with a radius equal
to the angular error estimate V while the estimated energy is indicated by the color code. The thin black
circles centered around the source (red star marker) indicate the 1� and 5� angular distances to the source.
The position of other blazars in the catalog are represented by a green star. Right: Radio light-curves of the
blazar J0538-4405 measured in VLBI at three di�erent frequency (see color code). The arrival times of the
ANTARES neutrino candidates are indicated by a vertical dashed line.

The other two blazars J0609-1542 and J1743-0350, also experience radio flares close to the
time of neutrino detection (see presentation). J1743-0350 flares both in 2019 when ANTARES
received a neutrino, and in 2011 when the corresponding IceCube high-energy track occurred [9].

5. Likelihood analysis

A complementary likelihood analysis is presented here, making use of more information than
the simple counting method about the neutrino candidates via the construction of energy and
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Ground based instruments

13 team members 
2 projects



Ground based instruments: 
the HESS/CTA team

HESS

CTA (artist’s view)

Exploring the  

very-high-energy  

gamma-ray sky 



Strong implication on 

GammaPy! 



Ground based instruments highlight: 
A potential PeVatron seen by HESS

H. Abdalla et al.: Evidence of 100 TeV �-ray emission from HESS J1702-420: A new PeVatron candidate
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Fig. 1. Upper left panel: image of the RoI obtained by integrating the binned cube of measured counts over the energy axis (E > 2 TeV),
and correlating it with a 0.1�-radius top-hat kernel. The hatched regions were excluded from the likelihood computation. The bright area around
l & 345� results from deep observations of RX J1713-3946 and HESS J1708-410. Upper right panel: energy-integrated (E > 2 TeV) map of model-
predicted counts, with names and 1� shapes of all model components overlaid. The large-scale discarded component is indicated by the dashed
circle – see the main text for more details. Lower left panel: spatial distribution of model residuals, showing the statistical significance – in units of
Gaussian standard deviations – of counts – model fluctuations. The image was obtained assuming Cash statistic for Poisson-distributed signals with
perfectly known background model (Cash 1979). Lower right panel: histogram containing the number of occurrences of each significance value
(assuming Cash statistic), from the lower left panel. The adjustment of a Gaussian function to the histogram is shown, together with a reference
standard normal distribution.

� = 1.53 ± 0.19stat ± 0.20sys and a �-ray spectrum that, extend-
ing with no sign of curvature up to at least 64 TeV (possibly
100 TeV), makes it a compelling candidate site for the presence
of extremely high energy cosmic rays. With a flux above 2 TeV
of (2.08 ± 0.49stat ± 0.62sys) ⇥ 10�13 cm�2 s�1 and a 1� radius
of (0.06 ± 0.02stat ± 0.03sys)�, HESS J1702-420A is outshone
below ⇡40 TeV by the companion HESS J1702-420B. The test
of a point-source hypothesis for HESS J1702-420A resulted in a
non-convergence of the fit. HESS J1702-420B has a steep spec-
tral index of � = 2.62 ± 0.10stat ± 0.20sys, elongated shape and
a flux above 2 TeV of (1.57 ± 0.12stat ± 0.47sys) 10�12 cm�2 s�1

that accounts for most of the low-energy HESS J1702-420 emis-
sion. By comparing results obtained with the main and cross-
check analysis configurations, we verified that all discrepancies
were consistent with the expected level of H.E.S.S. systematic
uncertainties (H.E.S.S. Collaboration 2018b).

For neither of the two sources did an exponential cut-o↵
function statistically improve the fit with respect to a simple
power law (cut-o↵ significance⌧ 1�). The �-ray spectra of both
components are shown in Fig. 2, together with spectral points
computed under a power law assumption and re-optimizing all
the nuisance parameters of the model – see Table H.1 for details.
We adapted the binning of the spectral energy distributions to
obtain approximately equal counts in each bin. HESS J1702-
420B is the brightest component up until roughly 40 TeV, where
HESS J1702-420A eventually starts dominating with its � ⇡ 1.5
power law spectrum up to 100 TeV. The second to last spectral
point of HESS J1702-420A (HESS J1702-420B), covering the
reconstructed energy range 64�113 TeV (36�113 TeV), is sig-
nificant at 4.0� (3.2�) confidence level.

We explicitly point out that, based on this dataset, it is impos-
sible to tell whether HESS J1702-420A and HESS J1702-420B
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Fig. 1. Upper left panel: image of the RoI obtained by integrating the binned cube of measured counts over the energy axis (E > 2 TeV),
and correlating it with a 0.1�-radius top-hat kernel. The hatched regions were excluded from the likelihood computation. The bright area around
l & 345� results from deep observations of RX J1713-3946 and HESS J1708-410. Upper right panel: energy-integrated (E > 2 TeV) map of model-
predicted counts, with names and 1� shapes of all model components overlaid. The large-scale discarded component is indicated by the dashed
circle – see the main text for more details. Lower left panel: spatial distribution of model residuals, showing the statistical significance – in units of
Gaussian standard deviations – of counts – model fluctuations. The image was obtained assuming Cash statistic for Poisson-distributed signals with
perfectly known background model (Cash 1979). Lower right panel: histogram containing the number of occurrences of each significance value
(assuming Cash statistic), from the lower left panel. The adjustment of a Gaussian function to the histogram is shown, together with a reference
standard normal distribution.

� = 1.53 ± 0.19stat ± 0.20sys and a �-ray spectrum that, extend-
ing with no sign of curvature up to at least 64 TeV (possibly
100 TeV), makes it a compelling candidate site for the presence
of extremely high energy cosmic rays. With a flux above 2 TeV
of (2.08 ± 0.49stat ± 0.62sys) ⇥ 10�13 cm�2 s�1 and a 1� radius
of (0.06 ± 0.02stat ± 0.03sys)�, HESS J1702-420A is outshone
below ⇡40 TeV by the companion HESS J1702-420B. The test
of a point-source hypothesis for HESS J1702-420A resulted in a
non-convergence of the fit. HESS J1702-420B has a steep spec-
tral index of � = 2.62 ± 0.10stat ± 0.20sys, elongated shape and
a flux above 2 TeV of (1.57 ± 0.12stat ± 0.47sys) 10�12 cm�2 s�1

that accounts for most of the low-energy HESS J1702-420 emis-
sion. By comparing results obtained with the main and cross-
check analysis configurations, we verified that all discrepancies
were consistent with the expected level of H.E.S.S. systematic
uncertainties (H.E.S.S. Collaboration 2018b).

For neither of the two sources did an exponential cut-o↵
function statistically improve the fit with respect to a simple
power law (cut-o↵ significance⌧ 1�). The �-ray spectra of both
components are shown in Fig. 2, together with spectral points
computed under a power law assumption and re-optimizing all
the nuisance parameters of the model – see Table H.1 for details.
We adapted the binning of the spectral energy distributions to
obtain approximately equal counts in each bin. HESS J1702-
420B is the brightest component up until roughly 40 TeV, where
HESS J1702-420A eventually starts dominating with its � ⇡ 1.5
power law spectrum up to 100 TeV. The second to last spectral
point of HESS J1702-420A (HESS J1702-420B), covering the
reconstructed energy range 64�113 TeV (36�113 TeV), is sig-
nificant at 4.0� (3.2�) confidence level.

We explicitly point out that, based on this dataset, it is impos-
sible to tell whether HESS J1702-420A and HESS J1702-420B
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Table 2. Best-fit morphology parameters of HESS J1702-420A and HESS J1702-420B.

Component name Galactic longitude Galactic latitude Major semi-axis Minor semi-axis Rotation angle (⇤)

[deg] [deg] [deg] [deg] [deg]

HESS J1702-420A 344.15 ± 0.02stat ± 0.01sys �0.15 ± 0.02stat ± 0.01sys 0.06 ± 0.02stat ± 0.03sys –
HESS J1702-420B 344.29 ± 0.03stat ± 0.01sys �0.15 ± 0.02stat ± 0.01sys 0.32 ± 0.02stat ± 0.03sys 0.20 ± 0.02stat ± 0.03sys 67.0 ± 5.4stat ± 9.7sys

Notes.
(⇤)Measured counterclockwise starting from the l = 0, b > 0 axis.

Table 3. Best-fit spectral parameters of HESS J1702-420A and HESS J1702-420B.

Component name Spectral index Decorrelation energy dN/dE(E = Edecorr) F(E > 2 TeV)
[TeV] [TeV�1 cm�2 s�1] [cm�2 s�1]

HESS J1702-420A 1.53 ± 0.19stat ± 0.20sys 24.53 (1.19 ± 0.28stat ± 0.34sys) 10�15 (2.08 ± 0.49stat ± 0.62sys) ⇥ 10�13

HESS J1702-420B 2.62 ± 0.10stat ± 0.20sys 2.67 (5.93 ± 0.46stat ± 1.78sys) 10�13 (1.57 ± 0.12stat ± 0.47sys) ⇥ 10�12

Table 4. Surface brightness and detection significance of HESS J1702-420A and HESS J1702-420B.

Component name Surface brightness above 2 TeV Test statistic (TS) Number of d.o.f. Significance
[cm�2 s�1 sr�1] [�]

HESS J1702-420A (6.2 ± 2.6stat) ⇥ 10�8 42 5 5.4
HESS J1702-420B (2.5 ± 0.4stat) ⇥ 10�8 606 7 23.9

actually represent two separate sources – superimposed on the
same line of sight – or rather di↵erent emission zones of a single
complex object. Moreover, any morphology assumption based
on exact geometric shapes – in this case, two overlapping Gaus-
sian components – represents an idealization, that might di↵er
from the real underlying astrophysical model. In particular, a
model assumption based on the energy-dependent morphology
of a single source might also be well suited to describe the emis-
sion of HESS J1702-420. To address this point, we performed
dedicated studies that ultimately provided a confirmation of the
3D analysis results, in that they brought no evidence of energy-
dependent variations of the 3D model or spectral softening as
a function of the distance from HESS J1702-420A (see Appen-
dices D and A). Therefore, a model describing HESS J1702-420
with a single energy-dependent component is disfavored, even if
it cannot be definitively ruled out.

2.2. Flux maps and source morphology

As a complementary study, we performed a 2D analysis of the
energy-integrated morphology of HESS J1702-420 in di↵erent
energy bands. This technique is useful to assess the overall
source morphology and verify the persistence of the TeV emis-
sion up to the highest energies, even if it does not allow to dis-
entangle HESS J1702-420A from HESS J1702-420B. The level
of cosmic ray background in the region was estimated using
the adaptive ring background estimation method (Berge et al.
2007; Carrigan et al. 2013). We also verified that consistent
flux and significance distributions can be obtained with the FoV
background estimation method (Sect. 2.1). After subtracting the
�-like hadronic background, we measured �-ray flux integrated
above 2, 5, 15 and 40 TeV inside a 1.6� ⇥ 1.6� region encom-
passing HESS J1702-420. The result is shown in Fig. 3. The
figure suggests a shrinking of the VHE emission at high energy,
with a shift of the �-ray peak toward the position of the uniden-
tified source Suzaku src B. Based on the 3D analysis results
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Fig. 2. Power law spectra of HESS J1702-420A (red solid line) and
HESS J1702-420B (blue solid line), as a function of the incident pho-
ton energy E�. The butterfly envelopes indicate the 1� statistical uncer-
tainty on the spectral shape. They have been obtained from a 3D fit of
the H.E.S.S. data with gammapy (more details in the main text). The
spectral points, shown for reference purpose only, have been obtained
by rescaling the amplitude of the reference spectral model within each
energy bin, re-optimizing at the same time all free nuisance parameters
of the model. In the energy bins with less than 3� excess significance,
the 3� confidence level upper limits are shown.

(Sect. 2.1), this e↵ect is understood as the transition between a
low energy regime – dominated by the steep spectrum of HESS
J1702-420B – to a high energy one, in which HESS J1702-
420A stands out with its exceptionally hard power law spectrum.
Quantitatively, the distance between the low and high energy
emission peaks – estimated from the distance between the cen-
troids of HESS J1702-420A and HESS J1702-420B – amounts
to (0.14 ± 0.04stat ± 0.02sys)�.

A152, page 6 of 21
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Fig. 1. Upper left panel: image of the RoI obtained by integrating the binned cube of measured counts over the energy axis (E > 2 TeV),
and correlating it with a 0.1�-radius top-hat kernel. The hatched regions were excluded from the likelihood computation. The bright area around
l & 345� results from deep observations of RX J1713-3946 and HESS J1708-410. Upper right panel: energy-integrated (E > 2 TeV) map of model-
predicted counts, with names and 1� shapes of all model components overlaid. The large-scale discarded component is indicated by the dashed
circle – see the main text for more details. Lower left panel: spatial distribution of model residuals, showing the statistical significance – in units of
Gaussian standard deviations – of counts – model fluctuations. The image was obtained assuming Cash statistic for Poisson-distributed signals with
perfectly known background model (Cash 1979). Lower right panel: histogram containing the number of occurrences of each significance value
(assuming Cash statistic), from the lower left panel. The adjustment of a Gaussian function to the histogram is shown, together with a reference
standard normal distribution.

� = 1.53 ± 0.19stat ± 0.20sys and a �-ray spectrum that, extend-
ing with no sign of curvature up to at least 64 TeV (possibly
100 TeV), makes it a compelling candidate site for the presence
of extremely high energy cosmic rays. With a flux above 2 TeV
of (2.08 ± 0.49stat ± 0.62sys) ⇥ 10�13 cm�2 s�1 and a 1� radius
of (0.06 ± 0.02stat ± 0.03sys)�, HESS J1702-420A is outshone
below ⇡40 TeV by the companion HESS J1702-420B. The test
of a point-source hypothesis for HESS J1702-420A resulted in a
non-convergence of the fit. HESS J1702-420B has a steep spec-
tral index of � = 2.62 ± 0.10stat ± 0.20sys, elongated shape and
a flux above 2 TeV of (1.57 ± 0.12stat ± 0.47sys) 10�12 cm�2 s�1

that accounts for most of the low-energy HESS J1702-420 emis-
sion. By comparing results obtained with the main and cross-
check analysis configurations, we verified that all discrepancies
were consistent with the expected level of H.E.S.S. systematic
uncertainties (H.E.S.S. Collaboration 2018b).

For neither of the two sources did an exponential cut-o↵
function statistically improve the fit with respect to a simple
power law (cut-o↵ significance⌧ 1�). The �-ray spectra of both
components are shown in Fig. 2, together with spectral points
computed under a power law assumption and re-optimizing all
the nuisance parameters of the model – see Table H.1 for details.
We adapted the binning of the spectral energy distributions to
obtain approximately equal counts in each bin. HESS J1702-
420B is the brightest component up until roughly 40 TeV, where
HESS J1702-420A eventually starts dominating with its � ⇡ 1.5
power law spectrum up to 100 TeV. The second to last spectral
point of HESS J1702-420A (HESS J1702-420B), covering the
reconstructed energy range 64�113 TeV (36�113 TeV), is sig-
nificant at 4.0� (3.2�) confidence level.

We explicitly point out that, based on this dataset, it is impos-
sible to tell whether HESS J1702-420A and HESS J1702-420B
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Leptonic emission not ruled out, but disfavoured —> very solid PeVatron candidate

A&A 653, A152 (2021)

Table 2. Best-fit morphology parameters of HESS J1702-420A and HESS J1702-420B.

Component name Galactic longitude Galactic latitude Major semi-axis Minor semi-axis Rotation angle (⇤)

[deg] [deg] [deg] [deg] [deg]

HESS J1702-420A 344.15 ± 0.02stat ± 0.01sys �0.15 ± 0.02stat ± 0.01sys 0.06 ± 0.02stat ± 0.03sys –
HESS J1702-420B 344.29 ± 0.03stat ± 0.01sys �0.15 ± 0.02stat ± 0.01sys 0.32 ± 0.02stat ± 0.03sys 0.20 ± 0.02stat ± 0.03sys 67.0 ± 5.4stat ± 9.7sys

Notes.
(⇤)Measured counterclockwise starting from the l = 0, b > 0 axis.

Table 3. Best-fit spectral parameters of HESS J1702-420A and HESS J1702-420B.

Component name Spectral index Decorrelation energy dN/dE(E = Edecorr) F(E > 2 TeV)
[TeV] [TeV�1 cm�2 s�1] [cm�2 s�1]

HESS J1702-420A 1.53 ± 0.19stat ± 0.20sys 24.53 (1.19 ± 0.28stat ± 0.34sys) 10�15 (2.08 ± 0.49stat ± 0.62sys) ⇥ 10�13

HESS J1702-420B 2.62 ± 0.10stat ± 0.20sys 2.67 (5.93 ± 0.46stat ± 1.78sys) 10�13 (1.57 ± 0.12stat ± 0.47sys) ⇥ 10�12

Table 4. Surface brightness and detection significance of HESS J1702-420A and HESS J1702-420B.

Component name Surface brightness above 2 TeV Test statistic (TS) Number of d.o.f. Significance
[cm�2 s�1 sr�1] [�]

HESS J1702-420A (6.2 ± 2.6stat) ⇥ 10�8 42 5 5.4
HESS J1702-420B (2.5 ± 0.4stat) ⇥ 10�8 606 7 23.9

actually represent two separate sources – superimposed on the
same line of sight – or rather di↵erent emission zones of a single
complex object. Moreover, any morphology assumption based
on exact geometric shapes – in this case, two overlapping Gaus-
sian components – represents an idealization, that might di↵er
from the real underlying astrophysical model. In particular, a
model assumption based on the energy-dependent morphology
of a single source might also be well suited to describe the emis-
sion of HESS J1702-420. To address this point, we performed
dedicated studies that ultimately provided a confirmation of the
3D analysis results, in that they brought no evidence of energy-
dependent variations of the 3D model or spectral softening as
a function of the distance from HESS J1702-420A (see Appen-
dices D and A). Therefore, a model describing HESS J1702-420
with a single energy-dependent component is disfavored, even if
it cannot be definitively ruled out.

2.2. Flux maps and source morphology

As a complementary study, we performed a 2D analysis of the
energy-integrated morphology of HESS J1702-420 in di↵erent
energy bands. This technique is useful to assess the overall
source morphology and verify the persistence of the TeV emis-
sion up to the highest energies, even if it does not allow to dis-
entangle HESS J1702-420A from HESS J1702-420B. The level
of cosmic ray background in the region was estimated using
the adaptive ring background estimation method (Berge et al.
2007; Carrigan et al. 2013). We also verified that consistent
flux and significance distributions can be obtained with the FoV
background estimation method (Sect. 2.1). After subtracting the
�-like hadronic background, we measured �-ray flux integrated
above 2, 5, 15 and 40 TeV inside a 1.6� ⇥ 1.6� region encom-
passing HESS J1702-420. The result is shown in Fig. 3. The
figure suggests a shrinking of the VHE emission at high energy,
with a shift of the �-ray peak toward the position of the uniden-
tified source Suzaku src B. Based on the 3D analysis results
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Fig. 2. Power law spectra of HESS J1702-420A (red solid line) and
HESS J1702-420B (blue solid line), as a function of the incident pho-
ton energy E�. The butterfly envelopes indicate the 1� statistical uncer-
tainty on the spectral shape. They have been obtained from a 3D fit of
the H.E.S.S. data with gammapy (more details in the main text). The
spectral points, shown for reference purpose only, have been obtained
by rescaling the amplitude of the reference spectral model within each
energy bin, re-optimizing at the same time all free nuisance parameters
of the model. In the energy bins with less than 3� excess significance,
the 3� confidence level upper limits are shown.

(Sect. 2.1), this e↵ect is understood as the transition between a
low energy regime – dominated by the steep spectrum of HESS
J1702-420B – to a high energy one, in which HESS J1702-
420A stands out with its exceptionally hard power law spectrum.
Quantitatively, the distance between the low and high energy
emission peaks – estimated from the distance between the cen-
troids of HESS J1702-420A and HESS J1702-420B – amounts
to (0.14 ± 0.04stat ± 0.02sys)�.
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Space borne instruments

11 team members 
6 projects



Space borne instruments

Seven space projects: 

 Educational nano sat 
 IGOSAT 

 Cosmic ray studies  
 JEM-EUSO 

 Photon detectors 
 INTEGRAL (the past…) 

 SVOM (…the present…) 
 XGRE-NG, GRINTA (…and the) 
ATHENA    (future…)



IGOSAT team in 2016



Relocation of MS-13 from Zvezda to Poisk

22





ECLAIRs — main wide field of view instrument onboard SVOM 

Hard x-rays (4 − 150 keV ) —> first self supporting coded mask to be sent in space  

Space borne instruments highlight: 
SVOM coded mask delivered





Multiwavelength observations
4 team members 

several lines of research



Multiwavelength observations

SOME OF THE ACTIVITIES INCLUDE 

 X-ray and MW observation of the Galactic centre 
 studies of binary systems/compact objects 
 MWL study of SNRs/PWNae  



Theory, simulations…

MY MODEL!
!!  

MY MODEL!
!!

8 team members 
4 main lines of research



Theory, phenomenology, 
simulations…

ACTIVITIES INCLUDE 

Research activities in:  

 Galactic cosmic rays 
 Ultra High Energy Cosmic Rays 
 AGNs modelling 
 Simulations



Now
UNDERWATER

GROUND BASED

SPACE BORNE



2025
UNDERWATER

GROUND BASED

SPACE BORNE

?
?



2030
UNDERWATER

GROUND BASED

SPACE BORNE

?
?



The future

Large group (22 permanent researchers) involved in many (11) projects 

 Smooth transition from current to next generation of instruments 
 Underwater: ANTARES —> KM3NeT (7 researchers) 
 Ground based: HESS —> CTA (13 researchers) 

 Many space projects (7), 12 researchers 
 INTEGRAL will end operations soon 
 the Athena team will be busy for >10 yr  
 SVOM is now! (nominal duration 5 years) 
 difficult to predict what will happen for JEM-EUSO, GRINTA and XGRE-NG 



The truth is… (?)


