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GALACTIC EXTRAGALACTIC

Schroder+19

Adriani+22

Between the knee 
and the second 
knee (1017 eV) 

should be transition 
from Galactic to 

extragalactic 
component 

(Vieu+2023 and ref 
therein)

Recent results by 
CALET/DAMPE show 

that the region below 1 
PeV may not be as 
featureless as we
thought, showing 
hardening and 

steepening between 100 
GeV and 100 TeV and a 

bump a 10 TeV
(Malkov+2022 for theoretical 

interpretation)

But also the Galactic 
Component is not so bright 

and clear





Particles
• Proportional tubes and scintillators (e.g. CREAM, TRACER)
• Magnetic Spectrometers and silicon tracker (e.g. PAMELA, AMS-02) 

Gamma-rays
• Silicon Tracker and calorimeter (AGILE, Fermi-LAT)

Direct Detection 
(E<100 GeV)

Particles&Gamma
• Scintillators and Multiple Resistive plate chambers (e.g. KASCADE-Grande, 

Tibet_AS gamma, Argo )
• Water Cherenkov (e.g. Milagro, HAWC)
• Hybrid: water Cherenkov and fluorescence (e.g. Auger) or scintillators (e.g. 

LHAASO) 
Gamma-rays
• Imaging Atmospheric Cherenkov Telescope (e.g. HESS, VERITAS, MAGIC →

ASTRI-MA, CTA)

Indirect Detection 
(E>100 GeV)

Space Based

Ground Based



• ENERGY SUPPLY: LCR = 10% LSN
• COLLISIONLESS SHOCKS: energy dissipated via wave–particle interaction 

instead of particle–particle collisions. 
• STRONG SHOCKS & Diffusive Shock Acceleration
• MAGNETIC FIELD AMPLIFICATION 
• Indirect evidences in the X-ray and optical bands

Low-Energies
(from space)

Pion bump detection: 
distinction leptonic/hadronic 

only at E<200 MeV 

High-Energies
(from Earth)

Pevatrons → g-ray at E>100 
TeV only of hadronic 

origin (maybe…)

Lemoine-Goumard talk 
Gamma2022

Confirmation of 
the presence of CRs 
[Giuliani,Cardillo+2011]

but no SNRs 
detected at E>100 

TeV
10 TeV

Nahee 2015

Possible Detection 
problem →

PeVatrons only in 
the first 100 years

[MC+2015]

Gamma-ray from 
MCs illuminated by 
escaped CRs (Gabici

09, Mitchell 21, Celli 23)

"Help us Molecular 
Clouds: you are 
our only hope.”



OTHER SOURCES?

Some first hints of PeVatron emission 
from different source typology but 
only in the Crab were seen gamma 

photons > 100 TeV

LHAASO detected a lot of PeVatron 
regions!

(Cao+21, Cao+24)

• Good news:
• There are a lot of possible candidates 

PeVatrons (PWNe, MQs, YMCs, MQs)
• Bad news:

• Also electrons reach E>100 TeV → Pevatron 
emission is no more a hint of CR acceleration

• Very low angular Resolution → it is very 
difficult to understand the source typology



• Better Angular Resolution → in this way we 
can limited the PeV gamma-rayu emission
• ASTRI Mini-Array and the Cherenkov 

Telescope Array Observatory (CTAO)→ 
important need to multi-frequency view

• Neutrino detection → If in correspondence of gamma-ray 
emission, it can be due only to CRs
• Problem: Current neutrinos detector have no sufficient 

sensitivities and data format totally different from the 
gamma-rays

• An MeV-focused Mission →in order to detect the pion 
bump in correspondence of the LHAASO candidates 
PeVatrons
• Problem: no proposed MeV missions have passed 

any selection criteria → MeV gap



CTA Angular ResolutionCTA Sensitivity

CTA website (https://www.cta-
observatory.org/science/ctao-
performance/#1472563157648 
91558872-faf1)

ASTRI Mini-Array
Angular Resolution

End to end approach

Core Science program in the first 4 yrs

Important synergies with Northern 
ground based gamma-ray facilities

ASTRI Mini-
Array

Sensitivity

Scuderi et al. 2022, JHEAP, 35, 52
Vercellone et al., 2022, JHEAP, 35, 1
D'Aì et al., 2022, JHEAP, 35, 139
Saturni et al. 2022, JHEAP, 35,91

https://www.cta-observatory.org/science/ctao-performance/#1472563157648-91558872-faf1
https://www.cta-observatory.org/science/ctao-performance/#1472563157648-91558872-faf1
https://www.cta-observatory.org/science/ctao-performance/#1472563157648-91558872-faf1
https://www.cta-observatory.org/science/ctao-performance/#1472563157648-91558872-faf1
https://www.cta-observatory.org/science/ctao-performance/#1472563157648-91558872-faf1
https://www.cta-observatory.org/science/ctao-performance/#1472563157648-91558872-faf1
https://www.cta-observatory.org/science/ctao-performance/#1472563157648-91558872-faf1
https://www.cta-observatory.org/science/ctao-performance/#1472563157648-91558872-faf1
https://www.sciencedirect.com/science/article/pii/S2214404822000180
https://www.sciencedirect.com/science/article/abs/pii/S2214404822000350
https://www.sciencedirect.com/science/article/abs/pii/S2214404822000350


Toward an Open Observatory: 

• MAGIC, HESS, VERITAS: 
internally managed and no archives 

• LHAASO 
releases science-ready products such as 
source catalogs; direct access only for the 
collaboration.

• ASTRI Mini-Array
 initially internally managed experiment, 
but it is designed to evolve into an open 
observatory

• CTAO is designed as an open observatory,
data and software available to the 
scientific community according to FAIR 
principles (Findable, Accessible, 
Interoperable, Reusable). 

From GADF to VODF

GADF - Gamma-ray Astro Data Formats: first step 
toward standardization of high-level IACT gamma-ray 
data → Limitations: gamma-only, instrument-oriented, 
not multi-messenger ready

VODF – Very-High-Energy Open Data Format for VHE 
gamma-ray & neutrino astronomy: open data model & 
format.

• Standardizes data from reconstructed events to 
high-level products (maps, spectra, light curves, 
catalogs).
• A community-driven initiative (CTAO, ASTRI, 
H.E.S.S., MAGIC, VERITAS, HAWC, Fermi-LAT, 
IceCube, KM3NeT, SWGO, FACT)
• Designed for interoperability, IVOA compliance, 
and FAIR data principles.
• Common tools - multi-instrument analyses across 
the VHE and multi-messenger landscape.

[Khelifi+2023 ICRC23 proc., Unbenhaum+23])



0.2-5 MeV 15 KeV-3 GeV100 KeV - 1GeV

YES
(2027)

NO

+ ASTRI MA
+ CTA North

+SWGO

NO



❖ Cosmic-ray origin: a Very Hot Topic since 1912!!

❖ Several candidates hadronic PeVatrons
→ Pulsar Wind Nebulae, Supernova Remants (with MCs), Yoyng Massive Star 
Clusters and Microquasars

❖ The future in the VHE domain is related to LHAASO, ASTRI-MA and CTA and their 
synergy with other instruments 

→ multi-frequency approach and FAIR data policy

❖ The collaboration between gamma-ray and neutrino communities will be 
fundamental in order to solve the CR origin issue 

→ importance of VODF

❖ We need satellite for the MeV energies
→pion bump detection from PeV candidates

Collaboration, cross-correlation, transparency and bottom-up approach. 
Will it be ever possible?



Thank you 
very much!



BACKUP SLIDES



Young Massive Clusters (t < Myrs)PWNe: 
The majority! (statistics)

Microquasars

DeOnaWilhelmi+ 
2022

Leptonic origin of gamma-
rays > 100 TeV is possible!!! 
→ IC on BKG photon field 
[Breuhaus+ 2022]

If there are protons 
(hadrons): ~few % of the 
total energy (Guepin+ (2020)) 
and pp emission may show 
up in the high energy tale of 
IC emission 

Very Complex 
Environment and low 
angular resolution Lemoine-Goumard, talk Gamma2022

Low-energy 
break

Cygnus Region

Acceleration at 1 PeV at Wind 
Termination Shocks [Morlino 
2021, Vieu et al. 2022]

Collective effects can generate 
a collective ourflows (right 
amount of power [Vink 2022])

Several physical ingredients to a 
deep analysis [Morlino CTAO 
general meeting]

Little contribution to the CR 
production to avoid a new 
understanding of the GCR 
transport [Blasi 2025]

Supernova Remnants

Several middle aged → how is it 
possible?

1. Something wrong in 
theoretical models

2. illuminated clouds scenario

W51 region: Likely, due to 
SNR/MC interaction or trapped 

CR emission [Mitchell&Celli24, 
Sunny, Cardillo + iun prep.] →

possible first case of SNR with 
"pion bump" and PeVatron

emission

Cao+ (LHAASO coll) 2024

5 MQs detected at 
E>100 TeV

SS433 possible hadronic 
emission

MQs seem to provide 
natural interpretation 
of both CR and gamma-
ray data [Kaci, Giacinti, 
Aharonian 2025]

LHAASO coll. 2024



Vieu&Revill 2023

Kaci+ 2025



▪ Wide FoV with almost homogeneous off-axis acceptance
✓ Multi-target fields, surveys, and extended sources (GC, SNRs, TeV halos)
✓ Enhanced chance for serendipitous discoveries

▪ Sensitivity: better than current IACTs (E > 10 TeV):
✓ Extended spectra for PeVatron confirmation and lepto/hadro origin 

discerning (SNRs, Micro-quasars, PWN)
✓ Diffusion coefficient constraints (Gamma-Cygni, SNRs, TeV halos)

▪ Energy/Angular resolution: ≤ 10% / ≤ 0.1° (E ≤ 10 TeV)
✓ Characterize extended sources morphology 

✓ Energy dependence
✓ Identification acceleration regions

✓ MW association  
✓ Spectral Shape (hadrons vs leptons)

And we would like also 
a neutrino detection, thanks!

Li et al. ICRC23 (Neutrino/ 
LHAASO diffuse emission)
Burley et al. ICRC23 (Neutrino 
promising target and SNRs)



Very well studied phase due to the 
“reflection” of particles back and 
forward through a source shock 
[first order Fermi acceleration]

The detection of emission from 
particles in this phase is very 

difficult → theoretical 
complexity.

The last phase before reaching our 
Earth. Consequently, it takes 

almost all our attention thanks 
to a lot of data collected in the 

last years. 

ACCELERATION

ESCAPE

PROPAGATION



• ENERGY SUPPLY: LCR = 10% LSN
• COLLISIONLESS SHOCKS: energy dissipated via wave–particle interaction 

instead of particle–particle collisions. 
• STRONG SHOCKS & Diffusive Shock Acceleration: 
• MAGNETIC FIELD AMPLIFICATION 

ℛ =
𝑢𝑢

𝑢𝐷
=

4𝑀𝑠
2

3 + 𝑀𝑠
2 𝑀𝑠 → ∞ , ℛ → 4

Low-Energies
(from space)

Pion bump detection: 
distinction leptonic/hadronic 

only at E<200 MeV 

High-Energies
(from Earth)

Pevatrons → g-ray at E>100 
TeV only of hadronic 

origin (maybe…)

Lemoine-Goumard talk 
Gamma2022

Confirmation of 
the presence of 
CRs but not of 

fresh acceleration 
(likely RE-

accelerated or D 
suppression)

[MC+ 2016, Celli+ 
2019]

10 TeV

Nahee 2015

Possible Detection 
problem →

PeVatrons only in 
the first 100 years

[MC+2015]

Gamma-ray from 
MCs illuminated by 
escaped CRs (Gabici

09, Mitchell 21, Celli 23)

"Help us Molecular 
Clouds: you are 
our only hope.”



Disentangle leptonic and hadronic contributions in 
the gamma-ray band



MAGIC collaboration 2020

HESS collaboration 2016

HAWC collaboration 2021

Olivera-Nieto 
Gamma2022

HESS24, Science
Bosh-Ramon CTA 

symp 24

MAGIC 

collaboration 

2020

Galactic Center

Young Massive Clusters

Crab Nebula Microquasars

APEX+Planck: Dust
(ATLASGAL-

Konsortium/Csengeri+ 2016)

Right physics 
enviroinment
and spectral 

behavior but no  
PeV emission 
from most of 
these sources

Cygnus Region



OUR GALAXY IS FULL OF "PEVATRONS"!!!!!!
12 "PeVatrons" 
discovered with 
high significance 

(>7σ)!!

Cao+21

LEPTONIC
Or

HADRONIC?





12 PeVatrons

Possible SNRs



Giuliani talk at PeVatron meeting 
2025





p + ptarget → p + ptarget + π0

π0 → γ + γ

➢ No deviations → source 
direction

➢ Same spectrum of primary 
protons

➢ Eγ,M≃10% Ep,M
➢ Evidence: Pion bump

200 MeV

67,5 MeV

But we have 
a big 

problem…



❖Detected VHE-UHE Emission

❖ Spectral curvature
▪ Signature of Emax, KN, 

spectral breaks

❖ Spatially-resolved emission

❖ Correlation with target material
▪ Not perfect: i.e. emission is 

convolution of CR distribution 
with gas

❖ Energy-dependent morphology
▪ Expected in general due to 

energy dependence of transport 
and/or cooling

❖ A multi-wavelength counterpart!

❖  Energetics
PCR ∼ 1040 − 1041 erg/s

❖  Power-law injected spectrum
▪ Required from DSA theory

❖  Maximum energy
▪ They must explain the PeV 

proton energies

❖ Anisotropy
▪ Source distribution has to be 

correlated with CR anisotropy 
(at PeV, ~10-3)

❖  Composition
▪ They must explain CR 

composition and its energy 
dependence

MC&Giuliani 2023

Theory Observations









31

▪ Wide FoV with homogeneous off-axis acceptance
✓Multi-target fields, surveys, and extended sources
✓Enhanced chance for serendipitous discoveries



Sensitivity
Angular

resolution

Vercellone+ 2022,
Scuderi+ 2022,
CTA website,

MC&Giuliani 2023

▪ Sensitivity: better than current IACTs (E > 10 TeV):
✓ Extended spectra and cut-offs contsraints

▪ Energy/Angular resolution: ≤ 10% / ≤ 0.1° (E ≤ 10 TeV)
✓ Characterize extended sources morphology



❖ Cosmic-ray origin: a Very Hot Topic since 1912!!

❖ The main candidates hadronic PeVatrons are Pulsar Wind Nebulae, Supernova 
Remants, Yoyng Massive Star Clusters and Microquasars

❖ The future in the VHE domain is related to LHAASO, ASTRI-MA and CTA and 
their synergy with other instruments

❖ We need satellite for the MeV energies (pion bump detection) [Ackermann+ 2025]

❖ The collaboration between gamma-ray and neutrino communities will be 
fundamental in order to solve the CR origin issue → importance of VODF (Very-
high-energy Open Data Format [Khelifi+2023 ICRC23 proc., Unbenhaum+23])

❖ A lot of work to do: from simulation and software to data analysis to theoretical 
interpretation



Total known galactic SNRs: 310 (Green 2025, 
Ferrand and Safi-Harb 2012)

Chandra X-rays: 144 (Chandra SNR catalog)

 Fermi -rays: 30 + several candidates (Fermi’s 

First SNR catalog, Acero+2016) γ 

+Additional data from HESS, HAWC, VERITAS, 
MAGIC, and LHAASO 

Sort into three catalogs 

➤ Tier 1: Extremely likely to be hadronic 

➤ Tier 2: Hadronic at low energies, inconclusive 
at TeV 

➤ Tier 3: Possible sub-dominant hadronic 
component with relatively high flux Background image: Gaia DR3,ESA/Gaia/DPAC, Stefan Payne-Wardenaar 

Approximate distances from: Chandra, Ranasinghe+2022, Wang+2020  



p + ptarget → p + ptarget + π0

π0 → γ + γ

• Gamma-ray spetrum reflects the proton one

• Gamma-ray spectrum is symmetric with 
respect to 

𝑚𝜋0

2
~70 𝑀𝑒𝑉 (neutral pion rest mass)

• Known relation betweenenergies: 𝐸𝛾 ≈
𝐸𝐶𝑅

10

Kelner 2006, Cardillo+ 2016

Delta approximation

PION BUMP

NB Here the 
acceleration 

index is 
called "delta"



In the X-ray band, young SNRs show very thin rims of about 
0.01 pc due to Synchrotron emission. In Bohm diffusion limit 

[δ𝐵 → 𝐵0 ⟹ 𝐷 𝐸 =
1

3
𝑟𝐿 𝐸 𝑐] 

X-RAY BAND

𝐷(𝐸)𝜏𝑠𝑦𝑛𝑐 ≈ 0.04𝐵100𝜇𝐺

−
3
2  𝑝𝑐 𝐵 ≈ 100𝜇𝐺

Magnetic Field Amplification

OPTICAL BAND CR acceleration

➢ Neutrals leads to a third component in the Balmer lines 
spectrum due to Neutral return flux

➢ In presence of accelerated CR
▪ Narrower broad line → Tdown → CR pressure
▪ Broader narrow line

➢ Steepening of CR spectrum

Morlino et al 2012



Final products of proton-proton 
interactions are not only gamma ray 

photons but
also neutrinos, anti-neutrinos, electrons 

and positrons

𝐄𝐞 ≈ 𝐄𝛎 ≈
𝐄𝐂𝐑

𝟐𝟎

Kelner 2006, Cardillo et al 2016



HESS collaboration 2016
HESS collaboration 2018

• Perfect correlation between molecular gas distribution 
and gamma-ray emission seen by HESS

• CR energy density 10 times greater than CR sea
• CR spectrum with and index γE =2.3-2.4 up to 100 

TeV (but with large error bars)
• Spatial distribution with 1/r (continuous injection)
• Maybe from Sgr A* (Rodríguez-Ramírez et al., 2019)

• First spectro-morphological analysis (HESS2018, Devin talk 
Gamma 2022)

MAGIC collaboration 2020

HESS 
collaboration 

2016

APEX+Planck: 
Dust

(ATLASGAL-
Konsortium/Cse
ngeri+ 2016)



Hot and rarefied extended cavities formed by OB stars winds [Bykov 
1992]:

• Multiple shocks and winds 
• → enhanced turbulence and acceleration

• No radiative phase
• → larger acceleration efficiency

• Low-energy spectrum slope similar to the one measured by Voyager
• Explanation of some CR composition anomalies

• → Be abundances [Tatischeff 2018]
• Spatial and spectral behavior similar to the GC one [Aharonian 2018]

Aharonian et al. 2018

HAWC collaboration 2021



Standard Candle 
for Gamma-ray 

astronomy (when it 
is not flaring)

MAGIC collaboration 2020

Detection 
above 1 PeV!!!

LHAASO collaboration 2021

but…
Leptons Or Hadrons?

So…
Crab is a 

PWN 
(leptonic source)

Acceleration or 
Reacceleration

(Spencer+23)



Binary stellar systems (BS/BH+Companion)

Cyg X-1, Cyg X-3 and SS 433 (emitting X-rays)
show HE emission up to GeV.

Olivera-Nieto Gamma2022
HESS24, Science

Bosh-Ramon CTA symp 24

SS 433

Fermi-LAT (Fang+2020)HAWC (HAWC2018)

HESS

The Manaetee Nebula
(Safi-Arb Gamma2022)



VELA
HESS 2020 • Both pulsar and extended 

emission evaded detection for 
a long time

• Escaping electrons and 
positrons form an extended 
halo of GeV and TeV gamma-
rays

• TeV halo candidate near the 
Galactic plane in a non-
crowded region.

• This TeV halo candidate 
shares similar characteristics 
to others, suggesting that 
TeV halos could be a general 
feature of middle-age 
pulsars.

TeV Halos as 
new source 

class

Geminga
HAWC 2017

PSR J0359+5414
HAWC (Albert+23)

Propagation 
study 



LHAASO J1825-1326
PWN? SNR?
[MC&Giuliani 2023]

LHAASO J1908+621
PWN?SNR?

[MC&Giuliani 2023]

Very Complex 
Environment 

and low 
angular 

resolution

Cao et al. 2021 The majority 
could be PWN!!!

(statistics)

Abeysekara et al. 2020

HESS coll. 2019 Burgess+ 2022 Crestan+ 2021

HAWC



DeOnaWilhelmi+ 
2022

Protons:
γ = 5 × 106,
χp = 4%;

Protons:
γ = 105

χp = 15%

Vercellone+ 2022

If there are protons (hadrons):
• ~few % of the total energy (Guepin+ 

(2020))
• pp emission may show up in the high 

energy tale of IC emission 

Acceleration is limited by the maximum potential drop 
(not in the Crab)

Leptonic origin of gamma-rays > 100 TeV is possible!!! 
→ IC on BKG photon field (no KN effect due to an 
increase of the cooling time in radiation dominated 
environments [low B]) [Breuhaus+ 2022]



HAWC collaboration 2021

Lemoine-Goumard
talk Gamma2022

Low-energy 
break

E [TeV]Westerlund 1

Cygnus Region

Banik 2022

Abeysekara+ 2021 (HAWC coll)

Aharonian+2022

• Clusters with age < few Myrs that can reach M up to 6x104 Solar masses

• Acceleration at 1 PeV possible at Wind Termination Shocks [Morlino 2021, Vieu et 
al. 2022]

• Collective effects in the most compact clusters (size of a few pc) can generate 
a collective ourflows (right amount of power [Vink 2022])

• Several physical ingredients to a deep analysis (cluster population, stellar 
population inside, stellar wind, cluster wind, PA model, gas distribution) 
[Morlino CTAO general meeting]

• Recent estimations (based on the grammage) implies that YMCs can 
contribute only with a little percentage to the CR production otherwise we 
need a new understanding of the GCR transport [Blasi 2025]



Tibet AS collaboration 2021 Cao+ (LHAASO coll) 2021

LHAASO J2226+6057 (direct interaction SNR/MC)

MAGIC coll. 

2023

Fang+ 2022

Fermi-LAT and MAGIC detection 
favoured hadrons from SNR/MC 

interactionW51 REGION (illuminated MCs?)

Likely, due to SNR/MC interaction or trapped CR emission [Mitchell&Celli24] →

possible first case of SNR with "pion bump" and PeVatron emission



Several 
LHAASO 

sources could be 
TeV halos!

LHAASO J1825-1326

LHAASO J1956+2845

LHAASO 
J1929+1745

[MC&Giuliani 2023]

LHAASO J2108+3651LHAASO J2032+4102

HESS coll. 2019

Xing+ 2022

Albert+2023,HAWC coll. 

Abeysekara+ 2021 (HAWC coll)

Cao, Aharonian+21

First source 
discovered at UHE



Tibet AS collaboration 2021 Cao+ (LHAASO coll) 2021

Gamma Cygni (MAGIC collaboration 2019)

W28 (Aharonian et al. 2008)

LHAASO J2226+6057

Celli Talk Gamma2022

MAGIC coll. 

2023

Propagation study 

Fang+ 2022

Fermi-LAT and MAGIC 
detection favoured hadrons 
from SNR/MC interaction



MC&Giuliani
2023

HIGHEST 
ENERGY 

SENSITIVITY

WIDE BAND 
SENSITIVITY

GOOD 
ANGUKAR 

RESOLUTION

NEUTRINOS



 12 PeVatrons studied with LHAASO-WCDA [Chuandong ICRC23]
• LHAASO J1908+621 shows a break in the spectrum
• LHAASO J2032+4102 shows a possible Cut-Off

 First LHAASO catalog with a total of 43 candidate PeVatrons! 
(WCDA+KM2A) https://arxiv.org/abs/2305.17030

• LHAASO J2002+3238 coincident with SNR G69.7+1.0 [Hou et al. ICRC23]

• LHAASO J1959+2850 coincident with PSR J1958+2845 and 
SNR G66.0-0.00 + associated MC [Yu et al. ICRC23]

• LHAASO J1740+1000: could be a bow-shock pulsar tail [Xu et al. ICRC23]

• LHAASO J1922+1403: W51c up to 300 TeV! [Chen et al ICRC2023] 

• SNR G150.3+4.5: coincident with 4FGL J0426.5, could be a PWN or a 
SNR/MC [Zeng et al ICRC23]

• GAMMA CYGNI: KM2A detected PeV emission! [Feng et al. ICRC23]

 Further studies from the other instruments (see ICRC23 presentations) 
→ the most analysed:

• LHAASO J2108+5157 (VERITAS&HAWC [Kumar et al. ICRC23] and MC [Toledano-

Juarez ICRC23] )
• LHAASO J2226+6057 (HAWC [Son et al. ICRC23] and VERITAS [Park et al. ICRC23])
• LHAASO J1825-1326 (HAWC [Goksu talk])

 A lot of work to do → we need more specific and "focused" information 
(taking into account the Observatory role of CTA→ 40% of time for KSPs):
 choice of a few LHAASO "hadronic PeVatrons" candidates → possibly of 

different kinds (e.g. SNR, YMSC)
 estimation of exposure time necessary for these sources
 simulation of observation from the two sites and combination of the 

results → focus on the morphology reconstruction

https://arxiv.org/abs/2305.17030
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