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Observation of 0.1-1 PeV gamma-rays
mostly from the Galactic plane

Statistical significance approx. 6 \sigma above 398 TeV



  

Selection of gamma-rays by N\mu/Ne. Muons in EAS: e.g. 
Alexeyev & Zatsepin (1960)



  

Angular resolution



  

Survival probabilities for gamma-rays and CR
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Clark et al. (OSO-3) (1968). Angular resolution is about 15 deg.



  

From SAS-2 to Fermi-LAT (Acero et al., 2016)



  

Conventional or exotic production mechanism? (158-398 TeV)
dark matter decay, dark matter annihilation



  

Angular distribution from dark matter decay



  

Angular distribution
from dark matter annihilation



  

Hadronic or leptonic gamma-rays?

Diffusion is strongly 
suppressed near the 

sources (Abeysekara et 
al., 2017)!

D(r): we follow 
Johannesson et al. (2019)

Diffusion time ~100 yr for the central 20 pc; ~200 yr for 100 pc

Synchrotron cooling time for electrons ~ 100 years
for E_{e} = 500 TeV and B = 15μG

\theta< 1 deg. for the  distance in excess of 1 kpc



  

Leptonic sources: mostly within 1 deg.
Conclusion: sources are mostly hadronic!



  

Constraints on the nature
of cosmic ray sources



  

The number of gamma-rays (steady sources)
The number of gamma-rays (steady sources) is proportional to
grammage X = concentration of gas * time spent in sources
X= C*E^{-1/3}

Lifetime of cosmic rays in the Galactic volume =
1-10 Myr at 10 GeV (e.g. Lipari 2015; 2019)
~5*10^{4} years at 3 PeV

Concentration of the gas in the Galactic volume ~1 proton/cm^{3}
Example: star-forming regions
Concentration ~10^{3} proton/cm^{3}
(e.g. Albert et al. (HAWC), 2021)

Conclusion: time spent inside (or near) the source << 50 years
acceleration time + escape time + diffusion time near the source



  

Acceleration time
(v_{s}= 3*10^{3} km/s (Bykov et al., 2020),

B= 30 mkG, E= 3 PeV)

Conclusion: difficulties for steady sources!

Additional constraints: from gamma-ray luminosity of the sources 
(Fermi-LAT, IACTs, see e.g. Aharonian et al., 2019)

In particular, stacking analysis of Fermi-LAT data from star-
forming regions with extrapolation towards higher energies (the 
power-law index 2.2 --- 2.3 is well-known)

(e.g. Malkov & Drury, 2001) 
-> 10^{3} years

We note that B~ n^{0.5} (e.g. Albert et al. (HAWC), 2021)



  

Constraints on the knee
γ_{1} = 2.7, ∆γ = 2, E_{br} = 1 PeV
γ_{1} = 2.7, ∆γ = 2, E_{br}= 3 PeV
γ_{1} = 2.7, ∆γ = 1, E_{br} = 1 PeV



  

IceCube neutrinos from the Galactic disk 
(Lipari&Vernetto, 2018)



  

Conclusions

The Tibet-ASγ results are best understood if the sub-PeV diffuse γ rays:

1) were produced by a conventional rather than an exotic (i.e. dark matter 
decay or annihilation) process

2) have a hadronic rather than a leptonic origin

3) were produced in impulsive rather than stable sources or, alternatively, 
in optically thick sources.

4) The detection of the sub-PeV diffuse γ rays implies a limit on the flux 
of neutrinos from the Galactic disk
and
5) a lower limit on the rigidity of the cutoff in the Galactic cosmic ray 
spectrum.
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