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Outlook

® Why non-thermal side of gal’s (CR, mag fields) important?

acceleration mechanism(s)
E__ of CR

max

CR, scattering off magnetized plasma, affect gas dynamics
affect u (mean mol mass), T in fragmentation mass, Mg, oc TY/4

® Most desirable: solving individual cases
® Relevant NT emission processes

® Relevant radiation & matter fields

e SED-modeling procedure

® Source sample:
- Magellanic Clouds (A&A 2022), M31 & M33 (A&A 2024)
- M82 (to be submitted), NGC 253 (planned), NGC 2146 (planned)

e SED-modeling results
- lepto-hadronic
- NT energy budget: particles-field equipartition?



Electrons: radiative yields @

CRe: N.(v) = Neo~y %

TYmin = 7 < Vmazx simplest EED: truncated single PL
BUT more structured EED also OK
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(2) EBL - Extragalactic Background Light (3]
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Protons: pion-decay yields
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@ Production of n*-decay secondary e*

7= decay rate density
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General properties:

high density ISM = high SFR = high SNr = high CR density = high

Star-forming galaxies

pp interaction rate = high © production

B field (~ 10-100 pG)

CRe - synchrotron (radio), Compton (X, y), bremsstrahlung (radio, y)
CRp = mP-decay (y)
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SN rate x Mg, ( 10” Mg, yr'')

iy, (3-q)/2
P & Rephaeli 2014, ) K(q) = (m_) equipartition
A&A, 567, A101 Starburst galaxies i - I
Object DLI RSB hSB? ‘](-54 0.’5 Heﬁ LIR MSBS Xg KlO ')/[“ 812 UPH Notes”
Arp220 E 74.7 114 - 0.08 0.70 3000" 4491 93 24 48 21000 155 390
Arp220W 747 707" - 0.10 0.70 3000" 45.08 9.1 40 48 15000 230 730
Arp299-A  43.0 140 200* 0.10 0.60 250 4488 9.0 8 20 8700 145 365 =IC 694
NGC 253 2.5 180 150 1.80 0.70 100 43.62 7.7 0.3 48 8300 100 235
NGC 3034 3.4 300 200 3.70  0.71 200 4396 8.1 0.3 51 6600 100 250 =M 82
NGC 3628 7.6 135 200* .065 0.86 100 4330 7.3 0.1 120 7600 65 100
NGC 4945 3.7 250 200 2.25 0.60 300 4372 7.4 0.1 20 4700 110 270
NGC 5236 3.7 180 200* 0.75 0.80 200 4345 73 0.1 90 5000 105 260 =M 83
NGC 6946 5.5 150 200 .045 0.74 100 4351 7.0 0.7 60 4000 65 110
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Figure 1. Gamma-
ray spectrum of the
starburst galaxy M82
measured by the
Fermi and VERITAS tel-
escopes'” and com-
pared with detailed
theoretical predic-
tions.* The simple
power-law fit gives an
energy dependence
of E%2. For clarity, the
spectrum is multi-
plied in the plot by E-
(Adapted from ref. 1.)



Breakthrough:
non-thermal
X-ray emission
(lwasawa+ 2023;
Chandra 520ks)
- Compton/FIR

jiclv) e ng
- normalize

electron spectrum!

P., Rando (UniPD),
Rephaeli 2024 in prep

Pionic
Fermi-LAT 16yr
VERITAS 137hr

E., =7TeV

Compton/starlight
(total:
. M82 + EBL + CMB,

| primary + secondary)
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Calibration of electron

spectrum: combined
Compton components
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Conclusions

e homogeneous SED modeling of SFG sample.
- no minimum—y? fit, physically motivated model matching data.

e theoretically motivated (primary) electron spectrum.
® exact calculations of electron radiative yields, pion-decay yields.
® EBL model (Franceschini & Rodighiero 2017).
® source-specific FGL.
® NT X-rays: Compton/(starlight+CMB) = N.g, Yrmin-
2> B
e radio 2 d., Yimax-
® Electron Compton scattering of CMB/EBL/FGL photons = vy rays.
e y rays: hadronic in SFG (u, ~ O(1) eV cm?), SBG (u, ~ O(10%) eV cm™3)

e X-ray data crucial (to calibrate NT electron spectrum):
Current: Chandra, XMM: 1999; INTEGRAL: 2002; Swift: 2004; NuSTAR: 2012;
[eRosita: 2019, but stopped since Feb 2022]; XRISM: 2023; Athena: 20357

® GeV data crucial (to probe CRp): what after Fermi (2008)?

The End
Thank youl
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