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AGNs, SNRs, GRBs...
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They are charged particles and
are deflected by magnetic fields.
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Credit: IceCube Neutrino Observatory
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BPT Diagnostic Diagrams
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Works on modeling these areas:

Dopita+2002, Groves+2004a, Feltre+2016, Zhu+2023
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https://iopscience.iop.org/article/10.1086/340429
https://iopscience.iop.org/article/10.1086/421113
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Motivation

Works so far:

%  Focus on photoionization & Our models:
shocks S
Y Do not include CRs % Study CRs as an ionization
%  Use higher than solar mechz.lms.m zElong with
metallicities photoionization
% Explore CR impact deep in the

clouds
%  Assume solar metallicity

log,([OIII] AS007 /HRB)

Groves+2004a
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Galaxy Sample © NASA, ESA & A. van der H()C\'cn :

-

NGC 1068 aid :
e AGN & starburst composite

.

NGC253
e Starburst galaxy

© ESO
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Galaxy Sample MUSE datacubes © NASA, ESA & A. van der H()L'\'cn :

NGC 1068 aid :
e AGN & starburst composite

NGC253
e Starburst galaxy

© ESO
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Region Selection - Ha Linemaps - MUSE Data
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https://ui.adsabs.harvard.edu/abs/2024MNRAS.52711756M/exportcitation
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Emission line fitting
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CLOUDY (Ferland+2017) Modeling Parameters

KK KK K

AGN and Star-forming models
-3.5<logU<-1.5
0<lognu<4

-14 <log (Ccr/s™") <-12

1Zo
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CLOUDY (Ferland+2017) Modeling Parameters
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https://ui.adsabs.harvard.edu/abs/2017RMxAA..53..385F/abstract
https://academic.oup.com/mnras/article/441/3/2663/1133246
https://ui.adsabs.harvard.edu/abs/2019MNRAS.489.2652P/abstract
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BPTs - AGN Models
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https://ui.adsabs.harvard.edu/abs/2013A%26A...550A..25G/abstract
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BPTs - Star-Forming Models
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Gas Stratification

o What happens within the gas clouds?
o s the emission of [SII] and [NII] boosted?

28
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Thermal Stability

e How do CRs affect Te along photoinization?
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(a) Gas temperature for ny = 100cm ™, AGN models.
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(b) Gas temperature for ny = 100cm™, SF models.
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AGN Models
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AGN Models SF Models
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%

Conclusions

CRs (2 1013 s) an important source of feedback in AGN and starbursts.
CRs penetrate deep within the clouds — UV and secondary ionization.

‘Warm’ secondary ionized layer (~10* K) — Te enhances emissivity of low
ionisation lines (|NII], [SII]).

Emissivity of [NII], [SII] T + Emissivity of Hao, HP, [OIII] ~fairly
constant—>AGN & SF models ™.

Photoionization + CR ionization do not require supersolar metallicities to
reproduce Seyfert/LINER loci in the BPT diagrams.

Thank you!
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