study of an extended sample of X-shaped radio sources

ey Sebostian (NCRA-TIFR), Dharam V. Lal (MCRA-TIFR),
CL, Cheung (INRL), A, Pramesh Rao (NCRA-TIFR)
and Senjey Hhanagar (NRAD

Abstract

- o N eped nado granes & & e o . e Baenanatw. oo o CMET sy o
wames, Lo & Bae (2000 V- fod me Svve stepeen

aags M Lear age il 0
ol ions, le g 30 4820 and 100 e s Bave sewper apen e ey X

serlann bghvrmn wings having far radee spersl indes than O stivr wlun i Nobuped saten & e cempeibe sk
oy of e oy Cometim The wemetesl wretmacding @ remsv o Surew wewtiee b Toe .
andet W e manen of Xobuped soumen 6 Gl and tevae we unded e ngle of

o’ pew

N shaped sewries and sagpested formalion sormer s

A poruiot i o wmad sivian o rewagueete fadhs weven brandes e A
Vaged @ wiaged wases v (Rete v By e b wsler beghenes
bben Cwing”) svennd o e w0 B ot T wrfece heighenew
Lamrwr) st blem, poing e el snenn o0 X shape. Thawe sew s of
dly pae Brvgh Ow e of e socsd how

el et ey oF D s am o

Fonaoll & By 1900 s ot o e TR )

Tevntel maim b stmegeed b raden Be e e ey o\ seged

RCS viI e e e

Pohagn Sur W 4 et menger (Mervm & Daes 2009

- WY Copel Krwbae @ o DOGE1 Uneroeosety e

Ty e st from ten peirs of g st e sssncund Wb & pur of
BINY SEBASTI e o . e e e
- [ e L I e )

. & Wil TR0 Wornsl o ol 190, Caguos o

NATIONAL CENTRE : L 3003, Kowh o0 o, 20065 snd sme gy & sumbisl pommcies of e o

U TROR. Parwne o ol TR, Mot » o LY
RAD'O ASYROPNV W rew N shaped st wkecwd Tem 4 wrger mepe of (end s \
.- Khewng (L 2907 were thworsad m Doth Vite e €43
. Wi proers Sow of Bw (mages wnd apecanl oen Dug
Peelimimary Kesndts
-— — -—
Powvary comsomn 00 VI and o 7w auden Fung 000 W 12
Above iagn show cxampier Bom (A) e wings Newe w indioes ¢
i Rase comparache speitn e a0d 1D e wings Peve sewper pecis Tws

Pl g sh s dves ee X ped morgbadogy 4o of e
Wajorky of et ww FRA gpe sowmons. Dow of S FRD sonsoms I owr sample soe shons In B sow of S spper o

.

rerel

Vorpholbopusily omiy ~we o owr sampie do tex shew & conowrton Dereeen e wmps and B primary e o of
BT AP wings and atv cendidase Tein ALNe Thow ww shown o B wond row
oalywis shows e peomsl Indos 0 NS of O Nabapged av companidie Imphving & honwr e B
WPe T I 1 A N g apeoied s 408 ATA hewr Tai e

Howevwt & 2 basd i D sevpet spuiite 0 O primary o This

. e e o e e

S g g e Wes

SPARCS VII, 20 July 2017




Murgia+ 2001

Dennett-Thorpe+ (2001)




THE ASTROPHYSICAL JOURNAL LETTERS, 810:L6 (Spp), 2015 Scptember |
© 2015. The American Astronomical Sockety. All rights reserved.

THE ABUNDANCE OF X-SHAPED RADIO SOURCES: IMPLICATI S YWSSSRPY S
FOR THE GRAVITATIONAL WAVE BACKGROUND urgia

DAV!D H. ROBERTS', LAKSHMI SARIPALLI’, AND RAVI SUBRAHMANYAN"
' Department of Physics \18 (057, Brandeis Lmvcmt) Waltham, MA 024540911, USA
? Raman Research Institute, C.V.Raman Avenue, Sadashivanagar, Bangalore 560080, India; roberts@brandeis.edu
Received 2015 March 13; accepred 2015 July 30; publbhed 2015 August 24

ABSTRACT

Coalescence of supermassive black holes (SMBHs) in galaxy mergers is potentially the dominant contributor to the
low frequency gravitational wave background (GWB). It was proposed by Merritt & Ekers that X-shaped radio
galaxies are signposts of such coalescences and that their abundance might be used to predict the magnitude of the
GWB. In Roberts et al. we presented radio images of all 52 X-shaped radio source candidates out of the sample of
100 selected by Cheung for which archival VLA data were available. These images indicate that at most 21% of
the candidates might be genume X-shaped radio sources that were formed by a restarting of beams in a new
direction following a major merger. This suggests that fewer than 1.3% of extended radio sources appear to be
candidates for genuine axis reorientations (“spin flips™), much smaller than the 7% suggested by Leahy & Parma.
Thus, the associated GWB may be substantially smaller than previous estimates. These results can be used to
normalize detailed calculations of the SMBH coalescence rate and the GWB,
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(D)

Figure 7. Sketch of formation models. (A) Backflow from active lobes. (B)
Slow ‘conical’ precession of jet axis. In order to see the X-shaped
morphology, the surface of the precession cone has to pass close to the line
of sight at point 2. (C) A reorientation of the jet axis, during which the AGN
continues jet production. (D) A reorientation of the jet axis between two
distinct phases of AGN activity.
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=> these are probably two pairs of jets which are associated
with two unresolved AGN systems

Independently, a study of 51/100 sources
20/100 candidates are genuine X-shaped sources

restarting of jets in a new direction following an
interruption and axis flip. Lal & Rao 2007

mas-scale imaging?
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