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Morphological characteristics of restarters
* No hotspots in outer lobes
 Large axial-ratio of inner lobes

* Inverse spectrum or variable core

Interruptions related to:
— refueling of the central engine
— instabilities in the accretion disk

— jet production machanism



old young

3C388 z=0.0917 size=1"'

FiG. 2—Spectral index (4.847-1.385 GHz) map of 3C 388. Several regions arc labeled with typical spectral index values.
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Relic radio emission in 3C388

Abstract
New VLA images of the radio galaxy 3C 388 have revealed an intriguing distribution of spectral indices

which is quite different from that of typical classical double sources. We observe two distinct regions
of emission separated by a well-defined transition layer delineated by a dramatic jump in the spectral index,

particularly in the eastern lobe. We interpret these data as evidence of at least two distinct epochs of jet activity
in which the current jets have resumed penetration of the IGM and are inflating younger, more energetic lobes into the relic

lobes of the previous epoch. To the best of our knowledge, 3C 388 is the first radio galaxy in which multiple
epochs of activity are clearly visible in the large-scale radio structure.



J0349+7511  (Abell 449) z = 0.08

ultra-steep spectrum 1.3 Mpc giant
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Hunik & Jamrozy, 2016, ApJL, 817, 1 mean synchrotron age of the lobes’ particles

is about 160+20Myr (v, =450 +120 MHz)
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Table 1. Radio sources with evidence of recurrent activity.
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Oir Of inner double

values of injection index (the low frequency
power-law index of synchrotron emission)
are similar in the two different episodes
for most of the DDRGs

injection index is strongly dependent
on the jet power

jet power in the two episodes of a DDRG
needs to be the same, or at least similar,



There is a strong correlation
between the radio luminosity
of the inner and outer lobes.
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Source Alt. name fquies

J2000 name (Myr)

(1) 2) (3) (10) quiesence time ~10% age of
J004143224 B2 0039432 045 0.7-5.7 the old structure

JO116—4722 PKS 0114—47 0.146 101 |.4—65.4

J0840+2949 4C 29.30 0.064 715 2.0-102.0
J1158+2621 4C +26.35 0.112 075 6.6—11.0
J14534-3308 4C +33.33 0.248 174 12.4-21.1
J1548—3216 PKS 1545—321 0.1082 0.057-29.2
J18354-6204 B 18344620 0.5194 - 1.0-6.6
J1211+7419 4CT 74.17.01  0.1070 845 | 0.01-0.83°
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The BH masses of radio sources with The CI for the restarting radio sources tends
recurrent activity are similar to be slightly lower than that of the FRII sources,
to those observed in FRII radio galaxies, which indicates that they can have hosts with
median values of log MBH are 8.58 and 8.62 M_ . more disturbed morphologies.
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The infrared WISE colour—colour diagram shows that the 67%
hosts of recurrent jet activity radio galaxies reside in the region

typical for spiral galaxies or other dusty, late-type galaxies with
some ongoing star formation

The hosts of restarting radio sources contain a larger amount of young stars.
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Levs = 4.000E-04 * (1, 1.410, 2, 2.830, 4, 5.660,
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* age:
of the large-scale outer lobes is in the range 260-300 Myr
of the inner lobes 12 Myr

e quiesence period about 27 Myr

e injection spectral indices and the jet powers for the inner and the outer doubles
are very similar.

=> the spin of the supermassive black hole rather than e.g. an instability of

the accretion disc is likely responsible for the jet production and its properties.



4C29.47 (Condon & Mitchell 1984) Precession of the SMBH spin
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outer lobes ~60 Myr

inner lobes ~0.3 Myr

quiesence period about 1 Myr
=>

e a rapid realignment of the jet axis in 3C293

- the total jet kinetic power, Q ~ 2x10%°W,
did not change after the realignment episode
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3C293
« — entire source . . . .
o e the accretion rate is relatively high,
» — 1nner structure . .
M /M ~0.1
acc Edd
0.1 . 1 . .
Frequency |GHz] e relatively low value of the black

hole spin, a ~ 0.2

—

(" Q' disk ) 13/8 ( M IB - '-)— 1/16 ( L ) 7/8
0.03 . 108 Mo, 0.1 Mgqq,

===> Tilted accretion disk + low value of black hole spin =>
rapid realignment of the jet axis, leading to the formation
of winged radio morphologies <= the Lense-Thirring precession model
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