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FROs in the nearby Universe

red elliptical galaxies, M ,~10°%-10°M
Dec Offset (arcmin) Dec Dffee: {arcming BESt Et aI- 2005: 2215 ObjECtS at z< 0.3,

b L o . w _55 85 88 3Q SDSS+NViS+FIRST

The most objects have a deficit of extended

radio emission compared to classical FRI/FRII
Ghisellini 2011, Baldi et al., 2015, 2018
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“FRO galaxies”
linear size < 3 kpc
FRO and FRI: space density 5:1
similar properties of host galaxies
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Dec (J2000)

FROs from LoTSS (Capetti et al. 2020)

Detection 66/66
54 point-like sources (linear size < 3-6 kpc)
12 extended sources (15-50 kpc)

SDSS)154147.28+453321.7

SDSS)091039.92+184147.6

SDSS)111622.70+291508.2
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Dec (J2000)

Dec (J2000)

LOFAR observations, 150 M1
angular resolution 6” 4



Relative Declination (mas)

Relative Declination (mas)

FRO’s parsec scale radio morphology (EVN, VLBA)
Cheng & An 2018, Cheng et al. 2021, Giovannini et al. 2023
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Broad-band spectrum of
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spectrum of core M87 (FRI)
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Y-ray FROs
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The sample and RATAN-600 observations

* 34 FROCAT objects from Baldi et al. 2018, S, , > 30 mly

e 2<0.05,-09°<Dec<47°,01"<RA< 17"

« RATAN-600:1.28, 2.25,4.7,8.2,11.2,14.4,22.3 GHz

* Quasi-simultaneous spectra: the result of records averaging of the source passage at
the 7-10 days time scale

* Observations: February 2020 up to the present day

e 7-20 observational epochs for each source

f,, (GHz) | Af,, (GHz) | AF, (mJy/beam) | HPBW,, sec | AR, arcsec
223 2.5 50 1.0 11
14.4 2.0 25 i B | 13
11.2 1.0 15 1.4 16

8.2 1.0 10 2.0 22
4.7 0.6 5 3.2 35
2.25 0.08 40 Tl 80
1.28 0.06 200 10 110




Flux density, Jy

Radio spectra
The RATAN-600 measurements - red points
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Radio properties

Radio luminosity Radio loudness Quasi-simultaneous Spectral indices
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Core dominance parameter

VLA (Baldi et al. 2019):
1.5, 4.5, 7.5 I'Tu, angular resolution ~0.3 arcsec,
extended radio structures - 4/18 objects
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Peaked spectra modeling

Synchrotron self-absorption (SSA) processes are preferred to some examples

free-free absorption (FFA) ones 10906+4124
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Flux density (mJy)
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FRO and GPS

3 candidates among of 34 FROs
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Light curves (examples)
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Radio variability level
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S —
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Structure functions (examples)

Dy(r) = ({lf(t) = F(t+T)]}?)
b=dlog Dy/dlogT

Simonetti et al. 1985,
Hughes et al. 1992

source frequency

4.7 GHz 8.2 GHz 11.2 GHz

lg T b lg T b lg T b
J0906+4124 2.04 1.80 2.13 1.87 241 1.82
J0909+1928 2.93 1.84 227 1.61 215 1.69
J0943+3614 2.10 1.82 2.32 148 221 1.80
J1025+1022 2.89 1.63 238 1.55 233 1.67
J1037+4335 2.10 1.74 2.66 1.78 2.17 1.89
J111142841 2.17 1.63 2.01 1.57 2.17 1.58
J1116+2915 2.15 1.72 2.13 1.81 2.23 1.89
J1205+2031 2.27 1.78 224 1.75 201 1.66
J125040013 2.21 1.68 194 1.66 225 1.81
J1308+4344 2.04 168 191 1.56 2.32 1.66
J1350+3342 2.38 1.79 223 1.83 199 1.70
J1604+1744 2.06 1.70 2.12 1.65 2.13 1.66
J1606+1814 2.29 1.66 238 1.69 236 1.65
J1625+4029 2.27 1.54 2.51 1.68 244 1.68
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The FRO nature

* Young radio galaxies evolving in FRI?
* Short-time accretion stages?
* Low-spin SMBHSs?
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SUMMARY

Multifrequency catalog of FRO measurements at 2-22 GHz, 2020-2024
Moderate radio luminosity, deficit of extended radio emission was confirmed

Flat spectrum, contribution of several compact components
Low luminosity GPS candidates (~10%)
Characteristic variability level doesn’t exceed 20% at the time scale of ~4 yrs

Significant contribution to background radiation (from radio to gamma)

QUESTIONS
Properties of variability at long time scales

Relationship with other classes of compact (GPS/CSS) and extended radio sources
(FRI/FRII)

Low-contrast extended radio structures



