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A B S T R A C T 

We present a serendipitously detected system consisting of an S0/a galaxy, which we refer to as the ‘Kite,’ and a highly collimated 

tail of gas and stars that extends over 380 kpc and contains pockets of star formation. In its length, narrowness, and linearity the 
Kite’s tail is an extreme example relative to known tails. The Kite (PGC 1000273) has a companion galaxy, Mrk 0926 (PGC 

070409), which together comprise a binary galaxy system in which both galaxies host active galactic nuclei. Despite this systems 
being previously searched for signs of tidal interactions, the tail had not been disco v ered prior to our identification as part of the 
validation process of the SMUDGes surv e y for low surface brightness galaxies. We confirm the kinematic association between 

various H α knots along the tail, a small galaxy, and the Kite galaxy using optical spectroscopy obtained with the Magellan 

telescope and measure a velocity gradient along the tail. The Kite shares characteristics common to those formed via ram pressure 
stripping (‘jellyfish’ galaxies) and formed via tidal interactions. Ho we ver, both scenarios face significant challenges that we 
discuss, leaving open the question of how such an extreme tail formed. We propose that the tail resulted from a three-body 

interaction from which the lowest mass galaxy was ejected at high velocity. 

Key w ords: galaxies: dw arf – galaxies: formation – galaxies: kinematics and dynamics – galaxies: structure. 
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 I N T RO D U C T I O N  

alactic tails, or more broadly galactic detritus, may be a signature 
f a process or event acting to transform galaxies. As such, their
isco v ery and characterization help us unravel how galaxies evolve. 
he classic example of such an analysis is that of galactic tidal

eatures (Toomre & Toomre 1972 ; Toomre 1977 ), which triggered a
evolution in our understanding of the role of interactions and mergers
f galaxies (cf. Schweizer 1986 ; Barnes & Hernquist 1992a ). Mergers
nd accretion are now central to the accepted hierarchical formation 
aradigm (e.g. Davis et al. 1985 ) and individual systems at various
tages along a merger sequence have been identified (Hibbard & van 
orkom 1996 ). 
Gravity is not the only force that can extract matter from a

alaxy. F or e xample, galaxies mo ving through environments with 
 sufficiently high ambient density (such as the intracluster medium 

f massive clusters) can lose gas due to ram pressure stripping
RPS; Gunn & Gott 1972 ). Among the most convincing examples 
f ram-pressure stripping at play are H I observations of clus-
 E-mail: dennis.zaritsky@gmail.com 
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er galaxies displaying gaseous tails and undisturbed stellar discs 
Haynes, Giovanelli & Chincarini 1984 ; Cayatte et al. 1990 ; Chung
t al. 2009 ; Jaff ́e et al. 2015 ) and the ‘jellyfish’ galaxies seen in
lusters (Kenney & Koopmann 1999 ; Smith et al. 2010 ; Ebeling,
tephenson & Edge 2014 ; Fumagalli et al. 2014 ; McPartland et al.
016 ; Poggianti et al. 2016 , 2017 ; Jaff ́e et al. 2018 ) and groups
Vulcani et al. 2021a ; Kolcu et al. 2022 ). It is expected that such
ydrodynamic interactions, as well as other environmental effects, 
re responsible for the increased fraction of quenched galaxies in 
ense environments (e.g. Dressler et al. 1987 ; Peng et al. 2010 ). 
Extreme examples of galactic detritus garner attention because 

hey challenge our quantitative understanding of these phenomena. 
 or e xample, the recent disco v ery of a 250 kpc-long H I tail in the
utskirts of the galaxy cluster Abell 1367 has pro v en difficult to
 xplain in an y scenario (Scott et al. 2022 ). Sometimes, a particular
xample elicits bold new suggestions, such as that invoking a 
una way supermassiv e black hole (van Dokkum et al. 2023 ). 

We report the disco v ery of an extraordinary tail with a variety of
nteresting features. First, with a projected of 380 kpc (7 arcmin), it is
he longest optical tail of which we are aware. This length is > 6 times
hat of the longest jellyfish tails seen in H α (e.g. D100 and JO206;
agi et al. 2016 ; Poggianti et al. 2017 ) and longer than most traced
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Figure 1. The Kite galaxy and its companion, Mrk 0926. Features along the 
tail are labelled (a)–(j) as shown. The candidate disrupted galaxy, Kite A, is 
also labelled. Image obtained from the Le gac y Surv e y public archiv e and is in 
the g -band. Bar at bottom right shows the length of 1 arcmin or the equi v alent 
physical length at the distance of the Kite, 54 kpc. 
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1 The NASA/IPAC Extragalactic Database (NED) is funded by the National 
Aeronautics and Space Administration and operated by the California 
Institute of Technology. 
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y H I emission (e.g. J0206 and FGC 1287; Ramatsoku et al. 2019 ;
cott et al. 2022 ), with the exception of a ∼500 kpc long, amorphous
eature tailing a Virgo cluster galaxy pair (Koopmann et al. 2008 ).
he only even longer galactic structures are some radio-detected,
ead–tail systems that can reach lengths > 600 kpc (Vallee & Roger
987 ) but which are clearly associated with relativistic electron jets
nteracting with the intracluster medium. Second, it is one sided,
manating along the disc plane of its apparent host galaxy. Third, it
s highly collimated, with a length to width ratio of ∼40 (D100 has a
atio of 30; Yagi et al. 2007 ). Fourth, it is exceedingly close to linear
n projection, as is D100. Fifth, it originates from an S0/a galaxy,
hich we would expect to be gas poor, yet the tail is sufficiently
as rich to support star formation along its length. Sixth, it lies in
 low-density galactic environment with no cluster or group nearby,
ut is in a close binary galaxy system where both galaxies have active
alactic nuclei. 

Aside from inspiring questions regarding their origin and the
mpact of such phenomenon on galactic evolution, tails and other
alactic detritus are used to address a range of unrelated topics,
ncluding the nature of the dark matter potential (Dubinski, Mihos &
ernquist 1999 ; Springel & White 1999 ), the formation of dark
atter-free, tidal dwarf galaxies (Mirabel, Dottori & Lutz 1992 ;
arnes & Hernquist 1992b ; Elmegreen, Kaufman & Thomasson
993 ; Duc & Mirabel 1994 ; Hunsberger, Charlton & Zaritsky 1996 ),
he nature of star formation in an environment different than that
ypically found within galaxies (de Grijs et al. 2003 ; Knierman et al.
003 ; Boquien et al. 2009 ; Giunchi et al. 2023 ), and the character of
he circumgalactic and intergalactic environment (Sun, Donahue &
oit 2007 ; Tonnesen & Bryan 2010a ; Fossati et al. 2016 ; Vulcani
t al. 2019 ; Sun et al. 2021 ). It stands to reason that extreme cases
ro vide no v el constraints for all of these topics to e xploit. 
The disco v ery and initial characterization of the galaxy that we

ave named the ‘Kite’ on the basis of its morphology are described
n Section 2 . Because of the possibility of chance superpositions of
eatures enhancing the tail’s appearance, length, or coherence, and
o search for signs of current star formation, we obtained optical
pectroscopy along the tail. The spectroscopic observations and
esults are presented in Section 3 . We present a brief discussion
f various aspects of this system in Section 4 , highlighting areas that
lace the strongest constraints on possible formation scenarios and
here subsequent investigation is warranted. We adopt a standard
 CDM cosmology (flat, �m 

= 0.282, H 0 = 69.7 km s −1 Mpc −1 ;
inshaw et al. 2013 ) when needed. 

 DISCOV ERY  A N D  C H A R AC T E R I Z AT I O N  

e serendipitously disco v ered the Kite during a search for low
urface brightness (LSB) galaxies in the Le gac y Surv e y (De y et al.
019 ) images [Systematically Measuring Ultra-Diffuse Galaxies
SMUDGes); Zaritsky et al. 2019 , 2021 , 2022 , 2023 ]. The list
f candidate LSB galaxies returned by the search algorithm is
ontaminated by a number of artificial and physical sources that are
ot the intended targets. Briefly, SMUDGes processes the images by
emoving or replacing high surface brightness sources, filtering the
esidual images for angularly large sources, proceeding through a
ariety of selection steps to winnow the number of LSB detections,
nd ultimately producing a list of high-confidence ultradiffuse galaxy
UDG) candidates. The final step in the vetting process includes a
isual examination of the candidate list. One of those objects is the
ubject of this study. 

Upon visual inspection, we identified the candidate located at
 α, δ) = (346.2203 ◦, −8.8093 ◦), which is object i in Fig. 1 , to be
NRAS 524, 1431–1437 (2023) 
ear the end of a linear sequence of LSB features leading back
o PGC 1 000 273 (346.183294 ◦, −8.703178 ◦), an edge-on S0/a
alaxy (Nair & Abraham 2010 ) with cz = 13 813 ± 25 km s −1 in
he CMB frame and M i = −21.41 AB mag (recessional velocity
nd magnitude from NED 

1 ) that we have named the ‘Kite’ galaxy
iven its single-sided tail morphology (Fig. 1 ). It has a companion
alaxy, projected only 57 kpc away at a comparable redshift ( z =
.0470), that is a QSO (Mrk 0926, or alternately PGC 070409).
his pair had attracted previous attention because the Kite galaxy
lso shows signs of nuclear activity (identified spectroscopically as
composite’ by Liu et al. 2011 , in a study of binary active galaxies),
lthough neither Liu et al. ( 2011 ) nor a subsequent study (Weston
t al. 2017 ) identified clear signs of an interaction between the
alaxies. 

The tail structure comprises both well-defined knots of emission
nd diffuse emission strewn nearly linearly out to a projected
eparation from the Kite of 7 arcmin (420.0 arcsec from feature j in
ig. 1 to the centre of the Kite galaxy). This separation corresponds to
80 kpc at the galaxy’s adopted distance (187 Mpc). The width of the



Linear collimated galactic tail 1433 

Table 1. Spectroscopic follow-up results. 

Feature α δ PA 

a NUV H α cz b 

( ◦J2000) ( ◦J2000) ( ◦) (km s −1 ) 

Kite c 346.1833 −8.7032 ... × × ... 
a d 346.1871 −8.7157 163.3 × � 14 158 
b 346.1885 −8.7307 169.4 � � 14328 
c 346.1954 −8.7510 166.0 � ... ... 
Kite A 346.2062 −8.7709 162.0 � � 14036:: 
d 346.2075 −8.7753 161.6 � � 14 109 
e e 346.2116 −8.7860 161.3 � � 14058 
f 346.2151 −8.7982 161.7 � × ... 
g 346.2160 −8.8009 161.7 � ... ... 
h 346.2166 −8.8055 162.2 � � 13 989 
i 346.2201 −8.8090 161.0 � × ... 
j 346.2196 −8.8142 162.1 � ... ... 

Notes. a PA is measured on the sky, N to E with the Kite galaxy at the origin. 
No PA measurement is presented for the Kite because of isophote twisting. 
b Heliocentric corrected recessional velocity. The uncertainty is estimated to 
be 14 km s −1 . 
c SDSS cz = 14 180 km s −1 . 
d [N II ] also detected. 
e [N II ] and [S II ] also detected. 

Figure 2. Optical and NUV features towards the end of the Kite tail. Left- 
hand panel shows a zoom-in view using the g -band image from Fig. 1 with 
features labelled. Right-hand panel shows the same area drawn from GALEX 

NUV archi v al data (exposure time = 4444 s). 
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ail is more difficult to constrain precisely although it is comparable to 
he width of the Kite galaxy itself, which is ∼10 arcsec. This suggests
 length-to-width ratio for the tail of ∼40. The position angles on the
ky between the Kite galaxy and the various letter-labelled features 
long the tail are presented in Table 1 and illustrate the near-linearity
f the tail. Features b and c are somewhat less consistent with a
inear distribution and so perhaps not part of the same feature, but
he dispersion in position angle even including these two is only 2.5 ◦

it is 0.6 ◦ without those two features). Finally, a small galaxy, Kite
, is also projected on to the tail. 
Some of the features identified in Fig. 1 also have NUV emission

1771–2831 Å) that is detectable in the GALEX (Martin et al. 2005 )
edium Imaging Surv e y (Bianchi, Conti & Shiao 2014 ) images

see Table 1 ). We illustrate this finding of knots near the end of
he tail in Fig. 2 . A check mark in the NUV column of Table 1
ndicates that we visually identified emission in the GALEX image 
orresponding to the location of the optically identified associated 
eature. NUV emission typically indicates the presence of relatively 
oung ( � few 100 Myr) stellar populations (e.g. Bianchi 2011 ). The
resence of such young stars helps differentiate these knots from 

ther features in the image and aids in confirming that there are no
imilar LSB structures beyond feature j of the tail, on either side of
hat we have defined to be the tail, or on the opposite side of the Kite
alaxy. 

The local environment of the Kite and Mrk 0926 is not one
onducive to RPS. The Kite and Mrk 0926 form a triplet system
ith the galaxy SDSS J230439.88-083712.6 (Yang et al. 2007 ). This

hird galaxy is 2.3 mag fainter than the Kite galaxy and ∼300 kpc
way, with no visible signs of debris or interaction with the main
air. Given its distance, morphology, and lower mass, this galaxy 
s unlikely to be related to this feature. Additionally, there are no
ther known clusters or groups around this system within 3 Mpc and
000 km s −1 (Yang et al. 2007 ; Szabo et al. 2011 ; Wen, Han & Liu
012 ). In fact, there are only three additional galaxies listed in SDSS
R7 within 1 Mpc of the Kite galaxy. With such a low local density,

t unlikely that there is a sufficiently dense medium to produce the
bserved tail via RPS. 

 SPECTROSCOPIC  FOLLOW-UP  

.1 Tail features 

e observed most of the features labelled in Fig. 1 using the Baade
agellan telescope and the IMACS spectrograph (Dressler et al. 

011 ) with the f/4 camera on the nights of 2022 September 25 and
6 in the long-slit mode. We selected the 1200 line grating, for a
pectral dispersion of 0.2 Å pix −1 (we then binned 2 × 2 pixels) and a
av elength co v erage of 6000–7600 Å, although here we focus solely
n the spectral region around H α. We generally obtained three 15 min
xposures, although in two slit positions we were limited to a single
5 min exposure by observing conditions, which were generally 
ariable. We reduced the data in a standard manner (including bias
orrection, flat fielding using internal flat-field e xposures, wav elength 
alibration using arc lamps, and cosmic ray rejection using stacks 
f multiple e xposures), e xtracted 1D spectra, visually examined 
he spectra for emission and absorption lines, and measured the 
bserv ed wav elength of the lines using a Gaussian line fitter. We
resent heliocentric measurements of cz in Table 1 and use spectra
ith multiple emission lines to estimate that the internal recessional 
elocity uncertainty is 14 km s −1 . 

In all cases, where we are able to measure a redshift for the targeted
eature, that redshift measurement is consistent with the feature being 
t the distance of the Kite galaxy. We typically find H α emission
n the spectrum of each targeted feature, especially if we have the
ull 45 min of exposure time. Ho we ver, because we employed offset
ointing based on broad-band optical images, a lack of H α emission
or any target (denoted by the cross in Table 1 ) does not necessarily
mply a lack of H α flux in that feature. In two features (a and e),
e find measurable [N II ] and [S II ] in addition to H α. These are
eaker than H α and we do not incorporate them into the redshift
easurement nor are they suitable for use in diagnostic ratios. In no

ther target than the Kite galaxy itself and Kite A do we detect enough
ontinuum to attempt an absorption line measurement. Ho we ver, with 
he unfortunate coincidence of telluric absorption near the location 
f the expected H α absorption line, we are unable to convincingly
etect absorption after using a spectrum of the white dwarf LTT
987 to correct for the atmospheric absorption. With the exception 
f feature b, the measured recessional velocities show a gradual, 
onsistent decline from the velocity of the Kite galaxy towards the
ip of the tail with a total amplitude of slightly o v er 150 km s −1 . As
uch, it is possible that feature b is not part of the tail. The velocity
radient demonstrates that the tail is unlikely to be oriented exactly
n the plane of the sky. Hence, it is likely longer than 380 kpc. 
MNRAS 524, 1431–1437 (2023) 



1434 D. Zaritsky et al. 

M

Figure 3. Spectrum of Kite A for the wavelength region around H α in 
the observed frame. The lightly shaded vertical band shows the span in 
wavelengths of regions a to h. Although the detection of the spectral line in 
Kite A has low signal-to-noise ratio, the correspondence in wavelength to the 
other features in the tail suggests that is real and that Kite A is part of the tail. 

Figure 4. Emission and absorption features for the Kite and the nearby 
Feature a from Fig. 1 . The bottom panel shows a Gaussian smoothed zoom 

in on the Kite 2D spectrum. Spectral direction along the x -axis and spatial 
along the y -axis. Absorption and emission features labelled. The absorption 
is attributed to telluric absorption, while the emission is only present below 

the continuum spectrum. The H α emission extends 12 arcsec below the 
continuum, which corresponds to 11 kpc. The upper panel shows extracted 
1D spectra centred on the continuum (dotted line) and for the region below 

the continuum where H α emission is visible (solid line). We have normalized 
the continua of the two spectra to simplify comparison. Telluric absorption 
is seen in both, while H α and [N II ] emission are clear in the off-continuum 

spectrum. Flux is in arbitrary linear units. 
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.2 Kite A 

fter telluric absorption correction, our spectrum of Kite A shows a
ow significance emission line corresponding to H α in the observed
rame of the Kite (Figs 3 and 4 ). As such we place Kite A in the Kite
nvironment, but cannot with confidence place it in the tail given the
arge uncertainties, which we estimate to be ∼100 km s −1 from our
ine centroiding uncertainties. Nevertheless, it is likely that Kite A is
n the tail given its precise projection on the tail and reasonably close
edshift. Our best estimate of the redshift (Table 1 ) places it within
ange of the sequence of velocities for the other features. 
NRAS 524, 1431–1437 (2023) 
 DI SCUSSI ON  

 natural initial interpretation of the Kite, given its one-sided, linear
ail is that it is the result of RPS. There is at least one likely RPS
eature that is nearly as long (250 kpc; Scott et al. 2022 ), although
hose authors question that feature’s RPS origin. Another RPS tail
D100; Yagi et al. 2007 ) is only 60 kpc long but shares many
orphological similarities with the Kite, and yet a third is both

ong and appears in an edge-on galaxy (GMP 2640; Smith et al.
010 ; Grishin et al. 2021 ). D100 has a length-to-width ratio of 30, is
inear, and has star formation along its length (Cramer et al. 2019 ),
lthough it is more of a polar than a planar feature relative to its host
alaxy. Yagi et al. ( 2016 ) struggled to explain the origin of D100,
nvoking possible confinement by the ambient intracluster medium to

aintain the high degree of collimation. Subsequent work (J ́achym
t al. 2017 ; Cramer et al. 2019 ) advanced the RPS interpretation
nd invoked an array of possible mechanisms to maintain the tail’s
arrowness (e.g. Roediger & Br ̈uggen 2008 ; Tonnesen & Bryan
010b ). Ho we ver, unlike D100 or GMP 2640, the Kite is not in
 dense environment. Hydrodynamic interactions in lower density
nvironments also occur but show much more subtle features than
hat of the Kite (Vulcani et al. 2021b ). We conclude that something
ther than RPS is responsible for the Kite’s tail. What does this mean
or the inferred origin of the Kite galaxy with its long narrow tail,
nd possibly for similar systems like D100 that are attributed to RPS
ut face difficulties when modelled in detail? 

If we abandon the RPS interpretation for the Kite, then the next
ost natural interpretation is that of tidal forces. The tail material

ould then come either from the Kite galaxy itself, as tidal material
resumably drawn out by a close passage with Mrk 0926 or a third
alaxy (presumably Kite A), or from a tidally shredded low-mass
atellite, whose remaining core may be Kite A. Because tidal tails
end to follow the elliptical nature of the original orbit, the projected
inear nature of the tail suggests that in either scenario we are
iewing the system at a particularly fortuitous orientation where
he interaction happened on a plane perpendicular to the plane of
he sky. This requirement may be somewhat more plausible in the
ite-Mrk 0926 interaction scenario because we at least know that
e viewing the Kite galaxy itself nearly edge-on. 
The scenario where the tail is the result of the near destruction

f a satellite galaxy presents an avenue for solving the difficulty in
nding sufficient gas in an S0/a galaxy to form a star-forming tail
nd the lack of obvious morphological disturbance in either the Kite
alaxy or Mrk 0926. Ho we ver, it faces challenges of its own. First, it
equires the additional condition that the satellite orbit lies in (nearly)
he same plane as the Kite’s disc. Second, distributing material from
oughly r = 0 to at least 380 kpc requires a large impulse difference,
 E , among the dwarf galaxy constituents that then implies a nearly

irect collision with the Kite and a gravitational potential for the
ite that is sufficiently centrally concentrated that small differences

n impact parameter translate to large � E . Even so, much of the
aterial ejected with the largest velocities (that currently at the tip

f the tail) must be gaseous to power the ongoing star formation and
ould need to find its way through the disc plane of the galaxy. A

andidate for the surviving core of this galaxy is Kite A, located near
eature d at (346.2061 ◦, −8.7710 ◦). 
Accepting geometrical coincidences, both scenarios face addi-

ional hurdles. A close interaction between the Kite and Mrk 0926,
hich would be required to generate a long tidal tail, would also tend

o form a bridge between the galaxies and disturb the morphology of
he interacting galaxies (Toomre 1977 ; Barnes & Hernquist 1992a ),
either of which is observed. Additionally, the interaction typically
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2 Setting Kite A’s space velocity to this estimate of the transv erse v elocity and 
a minimum (projected-only) distance from the Kite of 235 kpc, results in a 
binding mass estimate for the Kite of 5.4 × 10 12 M �. The Kite has a stellar 
mass of 10 10.88 M � [Weston et al. 2017 ). Comparing to the Milky Way (disc 
stellar mass of 10 10.81 M � (McMillan 2011 ), which has a halo mass of only 
1 . 08 + 0 . 12 

−0 . 11 × 10 12 M � (Shen et al. 2022 ), suggests that Kite A is unbound to 
the Kite. It is less certain whether it is unbound to the group because Mrk 
0926 has a higher stellar mass (10 11.26 M �; Weston et al. 2017 ) and together 
the two galaxies are likely within striking distance of the needed binding 
mass. 
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enerates a second long tail from the other galaxy, but none is
bserved to emanate from Mrk 0926. The news is not all ne gativ e for
his scenario, as giant tidal tails are often found to have star formation
ear their ends (Mirabel, Lutz & Maza 1991 ; Mirabel et al. 1992 ). 

Regardless of what forces created the tail, there are some general 
uzzles that the tail poses. Consider that an age for the tail, t , can be
stimated by dividing the length of the tail by the transverse velocity
t which the tip of tail receded from the Kite galaxy, v t . By doing
o we estimate t = 371/ v t Gyr, where v t is in units of km s −1 . We
o not know v t , but for typical values of galaxy internal velocities
r pairwise velocity differences (Davis & Peebles 1983 ) this implies 
ifetimes of one to several Gyr. A measurement of the star formation
istory of the tail would be one test of this age estimate, but we
annot do this for the emission-line regions with our current data. 

Adopting an age for the tail of � 1 Gyr leads to several apparent
roblems. First, star formation, as inferred from the H α detections, 
s occurring at various locations along the tail and must be producing
t least some high-mass stars to produce the necessary ionizing 
adiation. Note that H α flux alone in a tail is not sufficient to indicate
tar formation (Boselli et al. 2016 ). Ho we ver, in our case the knot
orphology and the ubiquitous NUV flux, indicative of young stars, 

uggests that here the H α is indeed related to ongoing star formation.
his star formation rate must either be maintained o v er the � Gyr

ifetime, or something must have triggered star formation at nearly 
00 kpc from the galaxy in the last few million years. As difficult
s it might be to support either of these options, this may not be
n insurmountable challenge because, as we mentioned before, such 
tar formation is often observed in giant tidal tails (Mirabel et al.
991 ; Mirabel et al. 1992 ) and clumping of matter along the tails is
eproduced in simulations (Barnes & Hernquist 1992b ; Elmegreen 
t al. 1993 ). Similarly, star formation is often observed in jellyfish
alaxies (Vulcani et al. 2018 ; Poggianti et al. 2019 ). 

Second, the dispersion in position angles among the identified 
eatures within the Kite tail, excluding features b and c which appear
lightly offset from the LSB continuous tail, is 0.6 ◦. At 380 kpc,
his offset corresponds to 4 kpc. For a � Gyr lifetime, this offset
mplies that velocities perpendicular to the tail but on the plane of
he sky cannot differ by more than ∼4 km s −1 , which is smaller
han the typical velocity dispersion in galaxies with substantial gas 
eservoirs. This suggests either that there is a mechanism acting to 
ctively maintain the collimation, as invoked by Yagi et al. ( 2016 )
nd J ́achym et al. ( 2017 ) for D100, or the tail is much younger
han we estimate, which in turn implies that the transverse velocity 
s much larger than the typical internal velocities in galaxies. The 
atter might lead one to consider more exotic models such as that of
 runa way massiv e black hole (van Dokkum et al. 2023 ), although
e note that the black hole model would face its own challenges
ere. Consider that any circumg alactic g as parcels that it may have
nfluenced to form stars would have a velocity consistent with the 
alo velocity dispersion ( ∼100 km s −1 ) rather than with the internal
elocity dispersion of a putative satellite galaxy. Such a large velocity 
ould cause the star formation clumps to drift away from the tail axis

t a rate of 125 kpc Gyr −1 . For us to find the clumps within ∼10 kpc
f the tail axis along the entire tail requires that all of these clumps
ormed within the last ∼ 100 Myr, which in turn implies a black hole
peed of nearly 4000 km s −1 if it is to reach a distance of 380 kpc.
s large as this value seems, it is not beyond the realm of possibility

Campanelli et al. 2007 ; Healy & Lousto 2022 ), although statistically
nlikely (Schnittman & Buonanno 2007 ). 
Finally, the linearity of the feature is also a challenge considering 

he likely asymmetric nature of the gravitational potential at large 
adii. Torques on the matter in the tail would seem likely to produce
 bend in the tail o v er a Gyr time-scale even if the original geometry
llowed for projection to create the illusion of linearity. Again, a
uch shorter tail lifetime would alleviate such concerns. 

.1 Our proposal 

i ven the v arious reasons to fa v our a short lifetime for the tail and the
resence of Kite A in the tail, we propose a gravitational origin for
he tail arising from the ejection of Kite A from the Kite-Mrk 0926
ystem. A hyperbolic orbit, where Kite A has a velocity significantly
arger than the escape speed, not only addresses issues related to
he lifetime of the feature but relaxes the orientation constraints 
ecause Kite A and its associated detritus would be travelling on
ear linear trajectories in 3D. There is still the coincidental alignment
f the orbital plane with the Kite’s disc plane but perhaps that is
dvantageous in realizing an interaction among the three galaxies 
hat allows Kite A to be ejected. For a time since pericenter passage
f 300 Myr, consistent with the youngest stellar population in Kite
, Kite A would need to have a mean transverse velocity of 460 km
 

−1 to reach its current projected position, which is almost certainly
arger than the escape speed at its current position 2 The tidal material
ould both lead and trail Kite A, resulting in a nearly linear feature
ith Kite A in the middle. Finally, a close interaction, which is needed 

o provide a sufficient kick to Kite A, might also be responsible for
uelling the central black holes in the Kite and Mrk 0926 (Liu et al.
011 ; Weston et al. 2017 ). 
Modelling this scenario for the Kite system is beyond the scope

f this study. Ho we ver, galaxy ejection is not a new proposal. Both
ales et al. ( 2007 ) and Wetzel et al. ( 2014 ) find in their simulations

hat a substantial number of galaxies can be ejected from their
ost systems. Sales et al. ( 2007 ) specifically relates this to three-
ody encounters. Empirically, Chilingarian & Zolotukhin ( 2015 ) find 
upport for such a phenomenon in the properties of isolated compact
lliptical galaxies. The Kite may be a system where this ejection is
aught as it is occurring. 

.2 Other contexts 

e close the discussion by commenting on the implication of the
xistence of a system such as the Kite on other interesting systems.
e identified this system initially because Feature i was flagged as a

otential UDG. In any of the formation scenarios envisioned, clumps 
long the tail are expected to be dark matter free. If such clumps are
ble to remain gravitationally bound and surviv e the y will contribute
o a dark matter free galaxy population (Bennet et al. 2018 ; van
okkum et al. 2018 ). In fact, van Dokkum et al. ( 2022 ) note that

heir two dark matter free galaxies are part of a large linear sequence
f galaxies. A potential difference between those two galaxies and the 
eatures within the Kite tail is that the former host globular clusters.

e do not yet know if any of the Kite features host globular clusters.
MNRAS 524, 1431–1437 (2023) 
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A second interesting class of system is that of the diffuse star-
orming isolated stellar systems found in the Virgo cluster (Jones
t al. 2022 ), but which might also exist elsewhere. Those authors
ote that these are at least 140 kpc from any nearby potential parent
nd are young. They have relatively high metallicities, suggesting
heir gas comes from more massive galaxies, which they interpret
o mean a likely RPS origin. Ho we ver, if the origin of the gas is as
roposed here, from a galaxy like Kite A, then one would expect to
easure a relatively high metallicity. 

 SUMMARY  

e present the disco v ery of an e xtraordinary tail emanating from
hat we have dubbed the Kite galaxy. The tail is unusual in its
hysical length (a projected length of 380 kpc), its collimation (it
as a length to width ratio of 40), and its linearity (all of the detected
nots along the tail scatter in position angle by less than 3 ◦). It is
riented parallel to the disc of the Kite galaxy. The Kite galaxy and
ts nearby companion, Mrk 0926, are both active galaxies, with Mrk
926 being by far the more active. 
We present results from spectroscopy at various points along the

ail. There is recent and ongoing star formation along the tail, as
videnced by H α flux. The velocities show a moderate velocity
radient along the tail and demonstrate that the various knots are
hysically associated with the tail. We identify a galaxy, Kite A,
long the tail that has a velocity that is consistent with it lying in the
ail. 

The two most commonly invoked origin scenarios for tail features,
am pressure or tidal stripping, face significant challenges that we
iscuss. Of the two, we have a preference for a tidal origin, but
ckno wledge the dif ficulties in making such a model work. Some of
he difficulties are mitigated if the age of the tail is quite short, but
his supposition leads to more exotic formation models. We propose
hat a three-body encounter between the Kite, Mrk 0926, and Kite A
esulted in the rapid ejection of Kite A. The resulting hyperbolic orbit
xplains the linearity of the debris field and the tail’s narrowness.
etailed simulations are necessary to assess the viability of this
roposal. We briefly describe how such events may also help explain
ther puzzling observations. The Kite system is a record-breaking,
nigmatic source that presents a variety of interesting problems to
esolve. 
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