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Motivation:

● Young stars and supernovae => Particle acceleration => CR  => Non-thermal radiation.

● Reservoirs of high-energy CR, may act as neutrino factories.

● Origin of the SFGs gamma-ray emission remains enigmatic due to limited observations 
and the low angular resolution of current gamma-ray telescopes.

● Identifying best SFGs candidates for detection by Cherenkov telescopes is crucial to 
validate or challenge existing models.

Goal: to assemble the largest possible sample of SFGs with potential detectability by 
the new generation of gamma ray telescopes.

motivation and Goal

2



We explored the prospect of discovering 
new SFGs in the GeV energy range and 
subsequently assessed their potential 
detection at TeV energies.

Simple emission Model:

* Diffuse emission p-p interactions -> 
Spectral index ≈ 2.2 from GeV to TeV.

 Methodology and Assumptions
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SFGs? presence of a clear IR - OP double 
peak



  
  Sample of SFGs

Fermi - LAT
● ASSOC1 and 2 in 4FGL-DR4 (gll_psc_v33.fit) SBG, GAL, SEY. 

● We check one by one that the “SF” component exists by checking its SED at low energies 

(opt - IR).

● Excluded: Not SF => 14 SFGs to investigate.
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MANGROVE sample: a flux-limited sample covering the entire sphere within 11 Mpc (Local 

Volume) and ~90% of the sphere out to 350 Mpc (d, SFR(Hα); Biteau 2021).

●                                                     α=1/3.5, ensuring galaxies with expected flux ≥ 1/3.5 of         

                                            NGC253 are detectable by next-generation observatories 

(~1 mCrab in 50 h, vs. ~3.5 mCrab at 1 TeV for NGC 253).  

● Excluded: Not SF   => 13 SFGs to investigate.



  
  4FGL Catalog
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Lγ-SFR relation at 2 GeV 

Lγ,2 GeV: Fitted Spectra from the 4FGL. 
2 GeV (Reduce uncertainty - pivot energy)

SFR: Kornecki et al. (2020)  employed 
multi- wavelength tracers (in particular 
FUV+IR25μm or Hα+IR25μm and total IR 
emission in 8–1000μm, Kennicutt 1998; 
Kennicutt & Evans 2012). This take into 
account dust attenuation.

 Residual

+
NGC4945, NGC3424, NGC2403* (sbg), 
NGC7059 (gal), Circinus (sey).

AGN (Gavazzi et al. 2011; Lenc & Tingay 2009; 
Prieto et al. 2004) or SFR mis-estimation 
(Kornecki et al. 2020).

NGC 2403: possible supernova (Xi et al. 2020a) or 
misidentified as blazar (Bruzewski et al. 2023).
NGC 7059: greatest deviation, power-law index 1.8 
± 0.1.  Misidentified ?



● From the sample of 13 galaxies we explored their latest Fermi data and analyze their possible 
detection in the GeV band (binned likelihood analysis assuming a PL spectrum and a spectral index 
of 2.2 in all cases).

● We only found marginal detection of M83 and M33 with a TS =18 and 22, respectively. For the 
rest we obtained smaller TS values. 

● We calculated the corresponding  95 % confidence level UL in the whole energy range (0.1 GeV - 
100 GeV)  by fixing the spectral index to 2.2 and spectral points.

≤ UL No,max

Evaluating GeV Detection for SFGs Not 
Listed in 4FGL
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● Extrapolation of the GeV spectrum measured by Fermi-LAT (+ EBL absorption)

● Physical model: Lγ,2GeV - SFR scaling with a power-law spectral index 𝛼 = 2.2 + EBL 
absorption

● Estimated the 50 h 3𝝈 CTAO sensitivity for a point-like IRF at a fixed zenith angle and fixed 
offset using Gammapyv1.1 and the CTAO IRF version:  prod5 v0.1.

gammapy: https://docs.gammapy.org/
IRF: https://zenodo.org/record/5499840
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Candidate SFGs in the TeV energy range

https://docs.gammapy.org/1.1/tutorials/analysis-1d/cta_sensitivity.html?highlight=cta%20sensitivity
https://zenodo.org/record/5499840


Results: Detectability in the 
TeV energy range
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 3 new! (NGC1068, 

NGC4945, Circinus)

The Best Candidates
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Physical model
4FGL extrapolation 
its error band

Sensitivities:
● 50 h 3𝝈 CTAO 
● LHAASO (N)
● SWGO (S)
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A few 
takeaways

● We have identified 3 candidates worthy of recommendation for observation in the VHE domain.

 NGC 1068, NGC 4945 and Circinus Galaxy.

● We should definitely put an eye on:  

 M83, M33, ARP 220 and ARP 299  (near the detection limit).
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Thank y  u !!!
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Backup
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GeV-Detected



  Non-GeV Detected  
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NGC 2403 field
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NGC 7059 field



Assuming most of the emission is located in 

the SBG nucleus / central molecular zone of 

radius R < 1 kpc and angular resolution at 

1 TeV ~ 5'

Then, the nucleus would be "point like" for 

R/d <  5'

● d(LMC / SMC) ~ 50-60 kpc => 

extended emission requiring 

dedicated studies (cf. LMC work by 

CTA).

● d(M31/33) ~ 700 - 900 kpc => 

potential to detect a point-like 

emission.

Extended sources
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To illustrate how the spectral energy distribution of the galaxy compares to local starbursts, we overlaid the spectral energy 
distributions from M82 (blue dashed line) and Arp220 (red dashed line), both scaled to equal flux at 1.2 mm. The solid black 
line denotes the best-fit spectrum, a two-component dust model with temperatures fixed at Td = 30 K and 60 K and a dust 
emissivity of β = 1.8 in a modified black-body function. We also overlaid the best-fit stellar spectral energy distribution to the 
optical to mid-infrared photometry (solid blue line) from which we estimate stellar age, extinction, luminosity and mass through 
population synthesis. The vertical error bars denote root-mean-square uncertainties in the measurements at each wavelength.

From http://elte.prompt.hu/sites/default/files/tananyagok/InfraredAstronomy/ch10s02.html wavelength.
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Cristina C. Popescu et al 2010

https://link.springer.com/referenceworkentry/10.1007/978-981-16-4544-0_113-1/figures/1
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https://link.springer.com/referenceworkentry/10.1007/978-981-16-4544-0_113-1/figures/1


To ensure the relevance of the subsample to be examined, we first selected galaxies that are 
a priori bright enough to be detectable by next-generation TeV γ-ray observatories, using the 
criterion

where α=1/3.5. This condition ensures that a galaxy with an expected flux ≥ 1/3.5 of NGC 
253 would be detectable by the new-generation observatories, which can reach fluxes of ~1 
mCrab in ~50 hours, compared to ~3.5 mCrab at 1 TeV for NGC 253 measured with 
previous-generation telescopes in 160 hours.
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