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Dwarf galaxies: small but mighty

—> Low-mass galaxies:
tens of M, < Mgy < 3% 107M,,,

—> At the forefront of current/future observational
efforts:

* Near-field cosmology (Gaia, DES, Rubin/LSST)

e Early Universe & Reionization (JWST)

* Accretion & Feedback (Athena, AXIS, SKA, ngVLA)

e Fundamental physics & dark matter (Fermi, IACTs, IceCube)
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Representative sample of the Local Group dwarf galaxies.

M. Crnogoréevié¢ — y-rays from the Littlest Galaxies, TeVPA 2025 [1]
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Dwarf galaxies: bridges between large scale
structure, galaxy formation, & fundamental physics.

Representative sample of the Local Group dwarf galaxies.
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Obligatory slide on Fermi Large Area Telescope

e*e pair-conversion telescope

“Energy range | 20 MeVto > 300 GeV
*“*Field of View | 2.4 sr(~1/5 of the whole sky)
***Single photon angular resolution | < 1degat1GeV

Timing accuracy | 1 microsecond

*ideally suited for WIMP searches

*%* ~
individual y rays convert into e*e" pairs **'i/ho,/e sky every ; ho.urs :
—> tracks (localization) & deposited energy point-source localization <0.5 arcmin

...it also detects electrons.
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—> host intermediate-mass black holes
(IMBHs), 10* - 10° M,

—> missing link in BH mass spectrum
—> preserve signatures of BH seed formation

— enhanced dark matter density around
IMBHs (potential dark matter targets)

— but, multiple potential y-ray production
mechanisms



Classical ways to produce y-rays:

—> Accretion-related processes: Inverse Compton from
corona/disk

radio-loud (RL) AGN

— Misaligned jets: Reduced Doppler boosting — softer
spectra

— Cosmic-ray interactions: Star formation/supernova activity

—> AGN-driven outflows: Shocks in interstellar medium

New ways to produce y-rays:
— Dark matter annihilation: Enhanced density around IMBHs |

adio-quiet (RQ) AGN

[Beckmann & Shrader 2013]
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Classical ways to produce y-rays:

—> Accretion-related processes: Inverse Compton from
corona/disk

Blazar
low power high power
BL Lac
BLRG e
= - "

radio-loud (RL) AGN

— Misaligned jets: Reduced Doppler boosting — softer
spectra

— Cosmic-ray interactions: Star formation/supernova activity
— AGN-driven outflows: Shocks in interstellar medium
New ways to produce y-rays:

—> Dark matter annihilation: Enhanced density around IMBHSs |

radio-quiet (RQ) AGN

[Beckmann & Shrader 2013]

Multiple mechanisms likely contribute: requires multiwavelength approach to disentangle
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Some questions you may ask...
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Some questions you may ask...

— Do gamma-ray emission mechanisms observed in massive galaxy AGN scale down to IMBHs?

— How does emission efficiency depend on e.g., black hole mass as a proxy for accretion rate?

— Can gamma-ray observations distinguish between competing emission models?

—> Are there unique signatures in IMBH systems not seen in SMBH-hosted AGN?
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MaNGA AGN dwarf galaxies (MAD) - 1. A new sample of AGN in
dwarf galaxies with spatially resolved spectroscopy
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ABSTRACT

The finding of active galactic nuclei (AGN) in dwarf galaxies has important implications for
galaxy evolution and supermassive black hole formation models. Yet, how AGN in dwarf
galaxies form is still debated, in part due to scant demographics. We make use of the MaNGA
survey, comprising ~10,000 galaxies at z < 0.15, to identify AGN dwarf galaxies using a
spaxel by spaxel classification in three spatially-resolved emission line diagnostic diagrams
(the [NII-, [SII]- and [OI]-BPT) and the WHAN diagram. This yields a sample of 6647AGN
the largest to date, and an AGN fraction of ~ 20% that is significantly larger
than that of single-fiber-spectroscopy studies (i.e. ~ 1%). This can be explained by the lower
bolometric luminosity (< 104 erg s~!) and accretion rate (sub-Eddington) of the MaNGA
AGN dwarf galaxies. We additionally identify 1,176 SF-AGN (classified as star-forming in the
[NII]-BPT but as AGN in the [SII]- and [OI]-BPT), 122 Composite, and 173 LINER sources.
The offset between the optical center of the galaxy and the median position of the AGN spaxels
is more than 3 arcsec for ~62% of the AGN, suggesting that some could be off-nuclear. We
also identify seven new broad-line AGN with log Mgy = 5.0 - 5.9 M. Our results show how
integral-field spectroscopy is a powerful tool for uncovering faint and low-accretion AGN and
better constraining the demographics of AGN in dwarf galaxies.

Key words: Galaxies: dwarf, active, accretion

)152v3 [astro-ph.GA] 9 Feb 2024
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keep SMBH in dwarf galaxies active at a moderate rate, motivating model improvement by comparison
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4FGL Sources © eROSITA Dwarf AGNs o Blank Fields eROSITA Excluded Sources
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* 15 years of Fermi-LAT Pass 8
L oL e e Energy range: 500 MeV - 500 GeV

125 e PGC2822735
— ES0580.005 e Event class: PBR3 SOURCE (evclass=128,
evtype=3)

10.0F— Necsms
* Software: Fermipy v1.2.0 + Fermitools
v2.2.0

6dFJ0421194-313805

Maximum TS
\l
o1

5.0 e ROI:10°x10° (model extended to
el __ | 15°x15° for PSF spillover)
== PRy ¢ Background sources from 4FGLDR4
00550 25 30 35 40 °Modeledaspointsource (unresolved at LAT
Spectral Index, resolution)

» Binned likelihood analysis per energy bin
Roughly, VTS ~ detection significance (in o). . : _ . _
TS = 25 corresponds to ~ 5 o detection in LAT. SED derived with fixed per'bm indexT =2
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X-ray [ y-ray Scaling
* Empirical BL Lac relation
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Most predicted fluxes fall just below LAT's

X-ray / y-ray Scalin e
v/ y ) J . sensitivity after 15 years
* Empirical BL Lac relation
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Most predicted fluxes fall just below LAT's

sensitivity after 15 years » No outliers detected = BL Lac-like SSC
emission likely suppressed

[

; L ! » Dwarf AGN are > 7x less efficient in
S ol ! | producing gamma rays than BL Lacs (at
3 -~ ;: fixed X-ray flux)
:i) ! » Possible causes:
g o _ = £l i » Weak or misaligned jets (less Doppler boost)
= . * Weaker B fields

0 , |_L| H |_| |_|—| M, « Different accretion regimes

-0 3.0 « vy absorption in denser environments
Estimated £, [10~ 10 ph cm2 s71] |44 P
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Joint likelihood analysis
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With IMBH mass derived from stellar mass-black hole mass relation (Reines & Volonteri 2015):

| | | |
6 97.5% blank field containment

[ 84% blank field containment

x MP°/d?

I I I //IV\M
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With IMBH mass derived from stellar mass-black hole mass relation (Reines & Volonteri 2015):
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With IMBH mass derived from stellar mass-black hole mass relation (Reines & Volonteri 2015):
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With IMBH mass derived from stellar mass-black hole mass relation (Reines & Volonteri 2015):
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e Fxcluded Sources

N ES

== = Blank Fields
e Dwarf AGN

Spectral Index,

, TeVPA 2025

Interpretation:

— Suggestive-but not conclusive-evidence that y-
ray emission may scale with IMBH mass

— Spectrum significantly softer than typical blazars
(I = IO225) ) y P

—> Possible explanations:
» Coronal or accretion-disk Comptonization
* Weak or misaligned jets
* yy absorption or host star formation contamination

—> Vlerified against 400 blank-field ensembles and
excluded-source control sample

— Similar soft peak appears when extended down to
100 MeV (but with inflated significance — likely
systematlcs)

[15]



— No individual detections in 15 years of Fermi-LAT data

— Joint-likelihood analysis reveals modest (~2¢) population-level excess at soft indices (I' = 3.8)

—> Signal strongest when weighted by M“/d2 with a = 1-1.5, suggesting y-rays may scale with IMBH mass
—> Soft spectrum differs from typical AGN/blazars (I' ~ 2-2.5), indicating potential different emission
mechanisms

—> Possible explanations: coronal emission, misaligned jets, host galaxy processes, yy absorption

Future:

— Deeper y-ray exposures and next-generation MeV telescopes (AMEGO, e-ASTROGAM)
— Multiwavelength follow-up to disentangle emission mechanisms

—> Theoretical modeling of y-ray production in IMBH regime

wo ¥ gt
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Building the sample

eRASS1 (Merloni+24) Hecate catalogue (Kovlakas+21)

Fx (in different bands), position + gal’

~930'000 SOUrces 5’775 dwarf galaxies

(1e6 M <M _,<3e9 M)
120 unique

matches




Building the sample _
120 unique
| matches
Background AGN
[ ] AN
l Unresolved XRBs
OU AV D} TOU

Resolved ULXs

N

74 final AGN




