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Active galactic n

a compact region at the centre of the galaxy, which is powered
by the accretion of matter by a Supermassive Black Hole (SMBH).
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a compact region at the centre of the galaxy, which is powered
by the accretion of matter by a Supermassive Black Hole (SMBH).
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Hardcastle & Croston
(2020), NewAR, 88

radio-loud (RL) AGN

Radlo morphology classification:

--------------------------------------- ~

FRI “edge darkened” vs FRII “edge brightened”
Fanaroff and Riley 1974
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Hardcastle & Croston
(2020), NewAR, 88



~ Radio-loud (RL) AGN / Radio Galaxies (RG)

FRI FRII

Radio morphology classification:

EE =H = =H = H =H = = = = =H H H H H = = = = = = = = = = = = = = = = = = = = = = = = ~

FRI “edge darkened” vs FRII *“‘edge brightened”
Fanaroff and Riley 1974
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Hardcastle & Croston Hardcastle & Croston
(2020), NewAR, 88 (2020), NewAR, 88

Reasons of radio morphology diversity?

Internal differences: External differences:
* black hole parameters (mass, spin) * host galaxy properties (gas/dust context, etc.)
e accretion disk properties (rate and mode of e large-scale environment (clusters, group etc.)
accretion, general structure of AGN, type of
fuel, etc.) + particular stage of AGN evolution?

* jet context
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Jet 4
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\ BL Lac

——————

WLRG/FRI

Radio morphology classification:

¢ B m m Om Em E Ny

: LERG vs HERG
E (low-excitation and high-excitation radio galaxies)
: Laing et al. 1994
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Tadhunter (2016) A&AR, 24, 1
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FRI FRII

Radio morphology classification:

¢ B m m Om Em E Ny

LERG vs HERG

(low-excitation and high-excitation radio galaxies)
Laing et al. 1994
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+ Compact radio sources:
e orientation: Blazars (BL Lac, FRSQ);
e unresolved (by VLA):
- compact symmetric objects (CSQO),

- gigahertz-peaked spectrum (GPS) & compact steep spectrum (CSS) sources (O’Dea and Baum,1997)
- low-luminosity FRO (Baldi+ 2015)

+ Hybrid FRI/FRII radio galaxies
2/15



~ The sample of mjy , 3 + X-ray data

Chandra Source Catalogue (CSC2.0)

galSpec
SDSS DR7

Chandra 449 X-ray detections for 263 sources

Source

Catalogue
(CSC2.0)

Evans+ (2010), ApJS, 189, 37

Best & Heckman (2012),
MNRAS, 421, 1569
Optical X-ray Radio
1.4GHz luminosity
from FIRST & NVSS

. LERG/HERG/SF classification :

4/15 Torbaniuk et al. 2025, in preparation



" The sample of m]y RG + X-ray data

T obsid: 5713 | i
% 001 | 1 Nuga =28-10%cm™ | 3
S % R Chandra Source Catalogue (CSC2.0)
PO N .
B 2 | 449 X-ray detections for 263 sources
= |
S
5x10-
= no CSC data products (<3 counts);

T T | | RS = sources with high pile-up;

residual
|
|
|
|
|

S T | ] 9,37
; 0.5 1 2 5 ‘
; Energy, keV
L T | obsid: 13902 T
....... ) % O'OZ'NH,Ga1=7-8'10190m_1 H w[%
f Ny = (5.9 £ 1.1) - 10%cm™! Radio
PR e N 4L T=14£04
é : I : 1.4GHz luminosity
é S s | T from FIRST & NVSS
E T
"§ 0 S — % ## ‘ JJr ]
L L M LRI S S
4/15 1 Energy, eV J Torbaniuk et al. 2025, in preparation




g 3 The sample Of mjy RG + X-ray data

Chandra Source Catalogue (CSC2.0)

galSpec
SDSS DR7

Chandra 449 X-ray detections for 263 sources

+ Source
Catalo gue = no CSC data products (<3 counts);
= sources with high pile-up;
(CSC2.0) S PR
Evans+ (2010), ApJS, 189,37, 1 X-ray parameters on 216" sources
ff;tRigI eﬁ(lm 21126(92012), *42 sources are with upper limits
: Optical X-ray Radio :
E ................................................. E .................................... F: ........... ? ............................. e T ?
Photon 1index F, 1.4GHz lum1n081ty
N gal and Ny* from FIRST & NVSS
kT* .
Emission lines parameters™
; :  2-10 keV flux & luminosity
: LERG/HERG/SF classification : “for some sources

+clustering information
Torbaniuk et al. 2025, in preparation



‘The sample of mjy RG + X-ray daga + Radio morphology

Baldi et al. (2018), A&A, 609, 1
Capetti et al. (2017), A& A, 598, A49
Capetti et al. (2017),A&A, 601, 1

MB+ 17

Miraghaei & Best
(2017) MNRAS,

galSpec
SDSS DR7

Chandra

466, 4346
+ Source +
Catalogue
(CSC2.0) BZCAT

Massaro+ (2009),

Evans+ (2010), ApJS, 189, 37 A&A, 495,691

Best & Heckman (2012),
MNRAS, 421, 1569 IXII‘:IJeStSz:lé ‘(‘%)?;3), " _and more
Optical X-ray Radio
Photon index I, 1.4GHz luminosity
N gal and Ny* from FIRST & NVSS
KT*
Emission lines parameters* :  Radio morphology class:
: 2-10 keV flux & luminosity  : from visual inspection, machine
LERG/HERG/SF classification *for some sources learning approach etc.

S/15 Torbaniuk et al. 2025, in preparation



;Class: Total (lit/our) Our visual

; ............................................. é .................... é inspection
:FRI p o 34(3272) based on

' FRII . 19 (16/3) VLASS images
.... .................... L y
: FRO AR

: Blazars (BL Lac, FSRS) ;15 (15/—)

111 (36/75)

...................................................................

Abell 1314 Abell 1656 J130150.28+042000.2

E 5 = 0.0 = 0.066 = 0.037
: FRI-II transition; X-/Z-/S-shaped RG; : z= 0088 z z

: 20 (15/5
: FRI/FRII poor resolution; different ( )
classifications available

Extended 10 (1/9)

3C 223.1 § 4C+29.30

O z=0.108

J142440.52+263730.4
z=0.037

6/15 FRI BT-FRI FRII Extended



_ The revised optical

galSpec = BPT-diagnostics (Baldwin+ 1981, Veilleux & Osterbrock 1987)
SDSS DR7 = Excitation index (Buttiglione+ 2009)
[S] [o1]
- - 1 e
g( Ha >+ Og(Ha>>

[OIII] 1 [NII]
El = log H—ﬁ - g lOg Ha + lo

EI < 095 for LERGS and EI > 095 for HERGS ..................... .............. -

o o : Class: : N E
= EW criteria for [OIII] A5007A: HERGs --------- . 25 ------ E
EW o > SA  for HERGs LERGSMz
S F ....................... 42 ......
15 [N 1] BPT Diagram S 11] BPT Diagram [0 1] BPT Diagram
Seyfert 2/HERG Seyfert 2/HERG _
L) ° 3

log([OI1I] A5007/H/3)

/IEERG

15 1.0 0.5 0.0 0.5 -1.5 -1.0 0.5 0.0 0.5 -2.0 15 1.0 0.5 0.0
7/15 log([NTI] A6584/Ha) log([SIT] \(6717 + 6731)/Ha) log([OI] A6300/Ha)
Torbaniuk et al. 2025, in preparation



'of mJyRG

" The “final” sampl

T Optical class: :
L e : HERG : LERG : SF
:Radio class: ... : :
FRI X 35 X
FRII 5 14 X
FRO X 7 X

15 59 37 Blazar/HERG

................................................................................ DinaavAERG 1%
: : 5% Extended/LERG
Blazars 2 : 8 X 1 CompactHERG 2%
R m E E mEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE .............:-............. .............; 7% other AGN
12%
‘Mixed’ 3 14 1
Extended X 5 5 _
MK Star-forming galaxies
. . . . . 19%
+6 with power-law continuum in their optical spectra (blazars)
FRO/LERG
3%
FRIVHERG
29, FRI/LERG
FRIVLERG 16%
6%

8/15 Torbaniuk et al. 2025, in preparation



The X-ray properties

Photon index Intrinsic absorption

FRI/LERG

FRII/LERG

FRO/LERG

FRII/HERG

Compact/HERG

0 2 4 6 175 20.0 22.5 25.0 27.5 6 7 8 9 10
Photon Index, I’ log N7, cm 2 log (M. /Mg]| & O
915 Torbaniuk et al. 2025, in preparation



FRI/LERG

FRII/LERG

FRO/LERG

FRII/HERG
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The X-ray properties

X-ray luminosity

38 40 42 44 46
log Lx [2-10 keV] erg/s

The confidence level P-value < 0.05
MWU test (p-value) BHAR

FRI/LERG{ Wy | 0284 [4810| 0172 | 0127 | 0001

FRII/LERG A

FRII/HERG -

FRO/LERG -

Compact/LERG -

Compact/HERG -

—> Ly

FRI/LERG
FRII/LERG -
FRII/HERG -
FRO/LERG

Compact/LERG
Compact/HERG -

LERGs with different morphologies ('R0, FRI, and F'RIT)
having similar X-ray luminosity (and BHAR), which is
smaller than for FRII/HERGs

Torbaniuk et al. 2025, in preparation

BHAR

75 5.0 25 0.0 2.5
log BHAR x LX/MBH



BHAR: X-ray vs [Q}11] 50074

Optical band: [O111] 5007A

T 13- 10% X [Mgu/Mg].
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6 5 4 -3 -2 -1
log BHARO(L[OHI] / Mg

X-ray band: 2-10 keV

FRI/LERG |

FRII/LERG |

FRO/LERG |

FRII/HERG

8 6 -4 -2 0

log BHAR o Lx /Mgy

BHAR, =
kbolLX

T 13- 10% x [Mpg/M,]

Torbaniuk et al. 2025,
in preparation



X-ray band: 2-10 keV

_ 35 OO L[OHI] — kbOILX
1.3 - 1038 X [Mgy /M) radiatively inefficient radiatively efficient 1.3-103% X [Mpn/Mg]
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_ 35 OO L[OHI] — kbOILX
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_ 35 OO L[OHI] — kbOILX
1.3 - 1038 X [Mgy /M) radiatively inefficient radiatively efficient 1.3-103% X [Mpn/Mg]
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 X-ray VSl-4GHZ rad 0 lumineosity '
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X-ray vs 1.4GHz radjo luminosity

Torbaniuk et al. 20235, in preparation PR ELIMINARY'
45 A
y=(0.884+0.12) x z + (3.32+4.88) ° @ FRI/LERG
44 A Y~ (0.5840.08) 2. 4= (15.7533.25) © FRII/LERG
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S
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40 49 A4 16

log Lx [2-10 keV] erg/s
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| 3 X*ray VS1.4GHZ l‘ad 0 lu-minosity '

Torbaniuk et al. 2025, in preparation
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 X-ray V31.4GHZ r‘ad 0 lumineosity '
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Core-dom/QSO (3CRR)
38 | Mingo+ 2014, 2019:
% FRII/QSO (2Jy)
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- X-ray VSl.4GHz radio lumineosity
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3 407 + FRI/LERG (3CRR)
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~ X-ray vs 1.4GHz radi

Torbaniuk et al. 2025, in preparation
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44 1

N
%)
1

N
(\)
1

log VL 4gu, erg/s

@®Core-dominated
(€CSS)/QSO

13/15

log Lx [2-10 keV] erg/s

46

o luminosity

@ [FRI/LERG
@ FRII/LERG
B FRI/HERG
@ FRO/LERG

0 Compact/LERG
B Compact/HERG

Hardcastle+ 2009,

Massaro+ 2010, 2012,
Macconi+ 2020:

+ FRII/QSO (3CRR)
FRII/HERG (3CRR)
FRII/LERG (3CRR)
FRI/LERG (3CRR)
FRI/HERG (3CRR)
Core-dom/QSO (3CRR)

+ + + +

Mingo+ 2014, 2019:

FRII/QSO (2Jy)
FRII/HERG (2Jy)
FRII/LERG (2Jy)
FRI/LERG (2Jy)
Core-dom/HERG (2Jy)

> o % %
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Higher density environments
(groups, clusters...) The environmental properties have been restored only for 90 objects (out of 216)

20 objects with the presence of the cluster vs 70 ‘isolated’

J015949.33-084958.9
ObsID: 3265

-8.815

-8.820

Low statistics!

-8.825
-8.830
-8.835
-8.840
-8.845

-8.850

29.975 29.970 29.965 29.960 29.955 29.950 29.945 29.940 29.935

Less denser environments
(‘isolated’)

FRI/LERG

.................

FRII/HERG

FRII/LERG

10.830

J141652.95+104826.7
20862 ObsID: 3968

10.820

10.815

10.810

10.805

10.800

10.795

--------

10.790

FRO/LERG

14/13 GOOd statistics! Torbaniuk et al. 2025, in preparation
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~ Conclussi

® We analysed the X-ray spectra from Chandra for 216 mJy radio galaxies from the sample of Best & Heckman
(2012) compiled from SDSS DR7 and NRAO NVSS + FIRST;

® When available, we collected radio classifications for objects in our sample from existing literature. For
97 objects (45%) lacking such classification, we conducted our own visual classification using VLASS radio

images. Using spectroscopic criteria (e.g., BPT diagrams, excitation index), we verified and updated optical
classifications (LERG/HERG/SF) for 35 galaxies;

® Qur final sample includes 33 galaxies with extended FRI or FRII morphologies (mainly LERG, 10% HERG)
and 133 compact galaxies (including FR0 and blazars; 62% LERG, 11% HERG, 27% SF), and 30 objects

showing hybrid or uncertain morphologies. Preliminary and require additional analysis!

° with different morphologies (FRO, FRI, and FRII) are less luminous than in the X-ray band,
implying a deficit of nuclear photons, as expected in a radiatively inefficient system. The X-ray results confirm
that both X-ray and [OIII] emissions are good tracer of accretion;

® Sources with higher X-ray luminosities (i.e., more efficient accretion) are stronger radio emitters;

® The analysis of the X-ray images shows that seem to avoid dense environments, while are
not necessarily in rich environments (they are often isolated or in small groups);
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Thank you for your attention!
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