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Radio Galaxies and Eddington Ratios

Padovani et al,, 2017
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® Super-Eddington AGN are rare and not well understood
® Radio AGN typically have low Eddington ratios
® Radio loud implies jetted AGN

® Jets are hard to resolve at high z




The Galaxy

VLA/FIRST wide-area radio survey eROSITA eFEDS wide-area X-ray survey

(v=1.4 GHz, fyim=1 mly, >10% (0.5-2 keV band, 140 deg?)

FIRST Survey Northern Sky Coverage, 2014 December 17
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® cROSITA X-ray eFEDs survey x VLA/FIRST 1.4 GHz radio survey
(Ichikawa et al. 2023)

® |dentified X-ray luminous radio AGN

® Spectroscopic Z's from SDSS spectra




The Galaxy (ID830)

VLA/FIRST wide-area radio eROSITA eFEDS wide-area X-ray
(v=1.4 GHz, fyim=1 mly, >104 (0.5-2 keV band, 140 deg?)

FIRST Survey Northern Sky Coverage, 2014 December 17
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eROSITA X-ray eFEDs survey x VLA/FIRST 1.4 GHz radio survey (Ichikawa
et al. 2023)

eFEDS J084222.9+001000,z = 3.4351 (ID830)
Highly X-ray luminous: Log(Los-20kev) = 46.2 erg/s, (Lool ~ few x 1047 erg/s)
Radio bright: Si4cH: = 16.7 mly, Log(Robs) = 3.02

Previous CIV mass estimates suggest super-Eddington accretion

eFEDS-WERGS with spec-z

Obuchi et al., 2026a
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4 Measurement

observed data —— total line line components
error continuum -===Balmer continuum
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® Subaru/MOIRCS | band spectrum

® My

® Agdd

= (440 + 0.72) x 108 Mo
= 144 £ 072 (UV), 12.8 + 3.9 (X-ray)

Obuchi et al., 2026a




Dec (J2000)

Previous Radio Observations

FIRST 1.4 GHz, 6.5 arcsec (1998) " °1330" VLASS 3GHz, 2 arcsec (2020)
< 37.5 kpc 2 < 18.8 kpc

[mJy/beam]
Dec (J2000)

24.4 mly

40 kpe (5.3") 16.7 mJy _ B 20kpe 2.7

23° 22 8"43"00.5° 00.0° 42"59.5°
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® Need higher spatial resolution!
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\/LB Observations
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St. Croix, Virgin Islands
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® | band (1.4 GHz): I5 mas (~112.5 pc)
® C band (5 GHz): 5 mas (~37.5 pc)
® X-band (8 GHZz): 2.5 mas (20 pc)

® Sensitive to different size scales

® Accurate spectral index
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1.63 327 £ 025
4.88 1.26 £+ 0.06
8.17 1.12 £+ 0.09

Note. Columns: (1)

angle of the major of the ellipt
temperature at the rest-frame frequency.
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Resolved Core-let Structure

nd Results

Sint,core Ty
(mly) (10"°K)
6) (@)
0.82 + 0.08 A4
0.37 + 0.04
< 0.40 0.17 + 0.03

Gaussian model; (4) position

al Gaussian model; (5) integrated flux density of the core; (6) integrated flux density of the jet (J1); (7) core brightness

Obuchi, Zaw, Hada, Ichikawa, & Gelfand, 2026, ApJL, 1005, L80
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Resolved Core-let Structure
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O Core:a=-0.39
O Jet:a=-0.74
Core + Jet

Relative Declination [mas]
(=)

Relative Right Ascension [mas] Vobserved [HZ]

Table 2
Summary of Model-fit Parameters and Results

Freq. Ormaj Omin Op.a. Sint.core Sintjet Ty

oo s [ e e S o ® Clear one-sided kpc scale jet

(&) 2 (©) “) %) (6) Q)
1.63 327 + 025 <0.58 —-23.0 1342 £+ 1.94 0.82 £ 0.08 > 1.44

4.88 126 + 0.06 <0.12 —27.1 1023 + 1.22 037 + 0.04 > 1.60 [ COI”e domlﬂates over Jet
8.17 112 + 0.09 030 + 0.02 —147

6.86 £ 0.98 <040 0.17 £ 0.03

Note. Columns: (1) central frequencies; (2) major axis FWHM of the elliptical Gaussian model; (3) minor axis FWHM of the elliptical Gaussian model; (4) position

angle of the major axis of the elliptical Gaussian model; (5) integrated flux density of the core; (6) integrated flux density of the jet (J1); (7) core brightness . N O-t m U Ch em I SSIO n beyo n d |<pC Scal eS
temperature at the rest-frame frequency.

Obuchi, Zaw, Hada, Ichikawa, & Gelfand, 2026, ApJL, 1005, L80
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Jet Properties

T, Ty : target brightness temperature Ty, = 1.22 x 102

Sint,core (1 + z)

K]

emaj emin V2

Toine | Toint:intrinsic brightness temperature (Kovalev+05, Homan+21) AR E VST

S =

]_i_ 1+pcosd \o—qa
 F o 1 + pcosg

counter jet

J : jet—counter jet flux ratio
Our target (Ghisellini+1993)

* Our target
J > 2.92 (lower limit)

Edge-on case / Wind-like outflow case

20 40 60
Jet Viewing Angle ¢ [deg]

Obuchi, Zaw, Hada, Ichikawa, & Gelfand, 2026, ApJL, 1005, L80
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Jet Properties

® Collimated, relativistic jet
® No significant Doppler boosting
® Jet: ~/45 pc,v > 0.19c,

Expected region: ¢ $79°, 2 0.19

® |mplies| 034 yr super-Eddington phase
== jet—counter jet
— 6=1

20 40 60
Jet Viewing Angle ¢ [deg]

Obuchi, Zaw, Hada, Ichikawa, & Gelfand, 2026, ApJL, 1005, L80
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Mrk 1239
Mrk 335
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L ow-z Analogs!

MOJAVE samples
z> 3 quasars

R diO'IOUd NLsyl : z>4 quasars

high-Ag4q NLSy1

® |D830 unlike low-z radio galaxies: high Ag44, Not jet dominated

® Maybe comparable to NLSI'’s?

Obuchi, Zaw, Hada, Ichikawa, & Gelfand, 2026, ApJL, 1005, L80
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| ow-z Analogs!
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* Lradio = 1041 erg st

4 5

® D830 unlike low-z radio galaxies: high g4y Not jet dominated

® |D830 unlike low-z NLS|'s: much higher SMBH mass, 5 GHz luminosity

8 9
log MBH/M@

® NeedVLBI observations of more high-z, high-Eddington, high X-ray, high radio AGN

Obuchi, Zaw, Hada, Ichikawa, & Gelfand, 2026, ApJL, 1005, L80
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Addrtional Galaxies

w/ spec-z
eFEDS-WERGS
4+ L, from 0.5-2 keV LF (H05)

2.0

Redshift

NAME RA > S 4 [0} lo g ( Lo_ 5—92keV )
- [72000] [72000] o [mJy] -
eFEDS-ID8 09 09 15.90 +03 54 43.5 3.28 1345 ~ —0.41 46.1
eFEDS-ID830 08 42 23.02 +00 10 02.6 3.40 16.0 ~ —0.66 46.4
eFEDS-ID1032 08 42 59.89 400 13 184 2.68 65.1 ~ —0.06 45.6

From Ichikawa et al.,, 2023




Conclusions

Resolved core-jet structure in radio loud,
super-Eddington AGN at z = 3.4

Core dominates over jet

> 0.19¢

et

6~ 1,9 <T9,v,
Unlike low z counterparts

Need to build up a population study
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Expected region: ¢ <79°, 20.19

O Core:a= 39
O Jet:a=-0.74

. == jet-counter jet
Core + Jet

— 6=1
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Conclusions

Resolved core-jet structure in radio loud,
super-Eddington AGN at z = 3.4

Core dominates over jet

> 0.19¢

et

6~ 1,9 <T9,v,
Unlike low z counterparts

Need to build up a population study

Thank you!
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