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Which populations of particle accelerators do we know?
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Which populations of particle accelerators do we know?

2

How reliably can we relate them o Galactic neutrinos
and PeV cosmic rays?
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(2) A multi-messenger doubt: leptons or hadrons?

_95 T T T T T T _95 T T T T T T
Leptonic Hadronic
-10.0 | -10.0 |
< —=10.5 . = -=10.5 J' .
l‘\lw l‘\lw
I |
£ _11.0 - § -11.0 ]
o 2
2 9,
- -115 4 — -115 4
oy oy
= = n IC
T -12.0 | T -12.0 =& |
- IC \ - — N+ —€ — brems
_125|| — bremsstrahlung | | _125 Mo— Y ]
— total — total
_130 1 1 1 1 1 1 _130 1 1 1 A
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
logE [GeV] logE [GeV]

Nova V5856 Sgr. Credit: Li et al. 2017, Nature Astronomy
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Let’s look for time evolution
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Nova RS Oph: a transient gamma-ray source
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Credit: Cheung et al. 2022, ApJ
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Proton evolution
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Model by Tatischeff and Hernanz (check arXiv:2302.01276!). Credit: Cheung et al. 2022, ApJ
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H.E.S.S. and MAGIC detection at VHE
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Check out also MAGIC Collaboration et al. 2022, Nature Astronomy! Image credit: H.E.S.S. Collaboration 2022, Science
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Binaries with modulated shocks

Binaries with massive stars can display shocks with varying conditions along the orbit

Creditf: E. R. Parkin and E. Gosset Credit: D. Huber

Colliding-wind binaries High-mass ~-ray binaries
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High-mass ~-ray binaries
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LMC P3.

Credit: NASA / DOE / Fermi-LAT Collaboration / Adapted by D. Huber
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How do we identify HMGBs
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The latest addition, HESS J1832-093
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The latest addition, HESS J1832-093
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Colliding-wind binaries (CWBs) at high energies

Credit: NASA / DOE/ Fermi-LAT Collaboration / Adapted by D. Huber
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n Carinae at high energies
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n Carinae at high energies < 10GeV
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n Carinae at high energies < 10GeV
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Towards testing protons beyond standard DSA?

Apep, the first Galactic WR-WR binary. Brightest CWB in radio, not detected af HE —
magnetic field larger than expected, inefficient proton accelerator
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Model from del Palacio et al. 2022, PASA. Image credit: Marti-Devesa et al. 2023, A&A
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Summary

= The periodical conditions of orbitally modulated shocks allow you not only fo identify
the particle accelerator, but to constrain the origin of the parent particle population:
leptonic or hadronic

= Nonetheless, the large phenomenological variety among ~-ray emitting binaries makes
their modelling highly non-trivial

= Affer 15 years, Fermi-LAT is still a key instrument for the study of HE asfrophysical sources
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How large is the population?
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On the parent young pulsar population

600 - . 80F A ; -
‘ - 2497 pulsars with - o | / \ i @ Young |
"-’é 500 - E > 1030 erg g1 _ § i !-"‘ 1-,. —A- MSP ]
< 1 2o Sl ]
5 400 . 2| . _
— - ~@- Young o - ; .
2 B - I i 1 N
= 300F —4- MSP - LS 40 - !.‘ 11 i @ -
= 0 —e— Al = i L .
=~ - . _— i ! " |
~ 200 1 8 | [ LU —
E : _" S, : 8 2 (J B -I- I":" '.I‘: E I."-I _
= 100f A 1 = | N :
~< : ,«"l ] EI“‘ - ,rf- ‘. L\; ° .. 4
OF ammte™" PO, 0 - | | q "1--~—-1—-|—-$l—
i | | | L
1032 1034 1038 1038 1032 1034 1036 1038
. _ S o o1
E (erg s E (ergs™)

Adapted from Smith et al. 2023, submitted (3PC)
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