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Table 3 Summary of associations

Galaxy z QSO d � Remarks z0 zK(12h)

NGC 613 2.22 5.4 First of pair 2.20 2.05
2.06 7.0 Second 2.04 2.05
2.06 8.0 2.04 2.05
1.86 8.2 1.85 2.05
1.41 10.8 First of pair 1.40 1.48
1.48 12.2 Second 1.47 1.48

NGC 936 2.18 4.5 First of pair 2.16 2.05
2.04 9.9 Second PKS 2.02 2.05
2.23 11.9 2.21 2.05
0.69 50.3 Strong PKS 0.68 0.65

NGC 941 1.13 1.7 Radio connection 1.12 1.02
RBS 0218 1.18 0.3 Parentz = 0.70 0.28 0.34

4. Pairing across NGC 936

An amazing coincidence is shown in Figure 5 where there
is an almost identical conÞguration to that just discussed
in NGC 613. Even the redshifts of the quasars and the
galaxies are very closely the same! Figure 5 shows the
SE quasar isz = 2.04 in NGC 936 compared toz = 2.06
for NGC 613. The NW quasar isz = 2.18 compared to
z = 2.22 for NGC 613. Both central galaxies havez = 0.005
and the separation of the pair across NGC 936 is 14.5�

compared to 12.5� across NGC 613. NGC 936 is classi-
Þed SB0 with a short bar running almost EÐW (Sandage
and Tamman, 1981). The pairing across NGC 936 is not
only almost exactly aligned but the two quasars are unusu-
ally bright and similar at 18.2 and 18.8 magnitudes (val-
ues from NED). The probability of accidental pairing across

Fig. 5 Simbad map inside 15� radius around NGC 936. Quasars from
the SDSS and PKS Survey are labeled with their redshifts. Arrows
indicate the direction of the radio sources pictured in Figure 10

NGC 936 is P = 0.05× 0.26× 0.02× 0.34 = 9 × 10Š5

(nearness1 × nearness2, × alignment× centering).
This should be normalized by an accidental chance of 0.54

or

PN = 1.4 × 10Š3

4.1. Is NGC 936 an active galaxy?

Figure 6 shows an Einstein, IPC X-ray image of NGC 936 and
the neighboring region. The most prominent feature is X-ray
emission running along the bar in NGC 936 and extending
out to the ESE of the galaxy.The nucleus of the galaxy is a
point source on the high resolution FIRST radio map. At the
very least this marks it as an active galaxy. From the point
radio nucleus the outer contours extend to the SE toward the
strong radio quasar (Figure 7).

The strongest additional X-ray source in Figure 6 coin-
cides with the strong radio quasar withz = 2.04. On the
other side of NGC 936 is the quasarz = 2.18 which is near
a smaller X-ray source. Within the positional accuracy of
the IPC this could represent a pair of X-ray quasars across
NGC 936 or perhaps a quasar with an X-ray source about an
arcminute further out along the ejection line.

Figure 7 shows an NVSS radio map around NGC 936.
It is apparent that the galaxy has radio isophotes elongated
along the direction of the close by pair ofz � 2 quasars.
The elongation is greater in the direction of thez = 2.04
quasar which is a very strong PKS radio source seen at the
SE edge of Figure 7. The radio extension from NGC 936 is at

Fig. 6 X-ray contours from Einstein IPC superposed on POSS I survey
image. Optical bar in NGC 936 shows X-ray extensions to the ESE.
FIRST shows unresolved radio nucleus
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Fig. 9 This high-resolution,
FIRST map has been contrast
enhanced to show the extension
of the brightest radio component
back to the quasar and the small
radio sources on either side of
the quasar

from NGC 941 to the quasar in much the same fashion as the
NVSS radio contours do. This means that in all three of the
associations considered here between galaxies and quasars,
the galaxies are active in both radio and X-rays and there is
evidence in both wavelengths for ejection from them.

Companion quasars are usually found in the 10�Ð50� range
from their parent galaxy. If there is interaction with the mate-
rial in the ejecting galaxy, however, it would be expected that
the quasar would be slowed in its velocity and be observed
at a closer distance from it. The drawn out radio connection
between NGC 941 and thez = 1.13 quasar would furnish
the reason then for the quasar to be found so unusually close
(1.7�) to its galaxy.

5. Relation to previous associations of quasars with
low redshift galaxies

The pattern of quasars of similar redshift paired across ac-
tive and ejecting galaxies of much lower redshift has been
recorded many times now (Arp, 1967, 1998, 2003; Burbidge,
1997; Radecke, 1997; Arp et al., 2001, 2002). Quasars also
have been associated with radio and X-ray ejections from
the beginning. In the three cases presented here, however,

the alignment of radio emission coinciding so closely with
the alignment of the pairs of quasars is further striking evi-
dence that quasars, like radio sources, are ejected from galaxy
nuclei.

In order to emphasize the signiÞcance of the patterns
which are repeated in the association of the aforementioned
quasars with NGC 613, NGC 936 and NGC 941, we outline
a possible scenario as follows:

(1) Ejection of high intrinsic redshift plasmoids from the
nucleus.

(2) The radio emitting plasma is less dense and is stripped
from the proto quasar as it travels outward.

This could result from a radio burst in the quasar while
moving through the galactic medium or by encountering
a cloud as it exits into the intergalactic medium. Ex-
amples of this process have been discussed previously
(Arp, 1999a, 2001). It would furnish a physical model for
why the quasar and radio sources are coincident and/or
aligned in the early stages. Since the low-density radio
cloud would subsequently move under different forces,
this model would also account for the paucity, in gen-
eral, of radio-loud quasars compared to X-ray and optical
quasars.
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It was concluded in the earlier references that the ejec-
tion of quasars or proto quasars through the disk disrupts
the ejecting galaxy and slows their ejection velocities. In
the case of NGC 613 this would explain both the non-
equilibrium disturbances in the disk and why the quasars
are found so unusually close the galaxy of origin. (It is
striking that the six quasars fall within a radius of from
5 to 12� from NGC 613, whereas in most cases of asso-
ciation with large low redshift galaxies their quasars are
distributed out to radii of 50�.)

(3) The redshifts decrease going away from nucleus and are
quantized at the Karlsson peaks.

For 33 years the evidence has been accumulating that
quasar redshifts occur at certain preferred values (Karls-
son, 1971, 1990; Arp and Chu, 1990; Arp, 2003). Re-
cently, it has been claimed that analysis of the faint 2dF
quasar survey does not show these peaks (Hawkins et al.,
2002). Later analysis Þnds strong periodicity evidence
when the redshifts are transformed into the rest frames of
the proper parent galaxies (Napier and Burbidge, 2003;
Arp et al., 2005).

The redshifts of the six quasars around NGC 613 fall
from z = 2.22 to 1.41 as they go away from the cen-
ter. This decreasing redshift with separation has been
observed in the best deÞned lines of quasars coming
from the Seyfert galaxies NGC 3516 and NGC 5985
(Arp, 1999b). The obvious interpretation has been that
the most recently ejected quasars are the youngest and
therefore have the highest intrinsic redshift (Narlikar and
Arp, 1993; Arp, 1998). Moreover, the NGC 613 quasars
are obviously quantized in redshift also. Two of the most
populated Karlsson peak redshifts for quasars in general
are z = 1.96 and 1.41. The four innermost quasars av-
erage toz = 2.05 and the two outer ones toz = 1.45.
For some regions of the sky, for example the 12 h, NGH
region where the peaks are atz = 2.05 and 1.48 (Arp
et al., 1990), an even closer match results (see Table 3).

(4) The redshifts tend to be numerically equal at equal dis-
tances on either side of the galaxy.

It has been observed previously that there is a strong ten-
dency for quasars to occur in equidistant, aligned pairs with
the two quasars resembling each other closely in redshift. We
see that again in the NGC 613 case, but exceptionally there
are now two aligned pairs. The Þrst pair consist of quasars
of z = 2.22 and 2.06. The second pair consists ofz = 1.48
and 1.41. It is interesting to note that close to thez = 2.059
quasar lies a similar quasar ofz = 2.062 Ð an unlikely co-
incidence if at cosmological distances. Next to thez = 2.22
quasar lies thez = 1.86 quasar. In both these cases, it might
be proposed that the original quasar had split, and one pair
is separating across the line of sight and the other with a
component of velocity along the line of sight.

5.1. Ejection and the long standing problem of
spiral arms

The most unusual morphological feature of NGC 613 is the
strong, multiple spiral arms emerging from the end of a nar-
row, straight internal bar. Even more striking is the double
nature of the major arms emerging from either end of the bar
(Figure 1). It is very tempting to identify this pair of double
arms with a double ejection event which has taken place in
the interior of the galaxy.

The justiÞcation would be as follows: In an article inSci-
entific American in 1963, Arp suggested that ejections from
galaxy interiors under the inßuence of rotation were the cause
of spiral features. In 1964, Lin and Shu proposed a mathe-
matical model where spiral arms were the result of density
waves in a disk. Arp (1969a,b) argued again that the empir-
ical morphology of spirals favored an ejection origin for the
arms. (Arms narrowing instead of spreading at their ends,
straight and broken arms, multiple and odd numbers of arms
Ð see Arp (1986) and references therein.) In fact, Arp and
Madore (1987) reported that a survey of more than 77,000
galaxies in the ÒCatalogue of Southern Peculiar Galaxies and
AssociationsÓ showed that about 0.5% of peculiar galaxies
have as many as three arms. This would be counter evidence
against symmetrical density waves and at the same time pos-
itive evidence that the rare spiral arm conÞguration in NGC
613 was connected to the rare double pairs of ejected radio
sources.

It is intriguing to note that in the infrared, 7μm image
(Figure 3), the inner bar is very narrow and straight and ends
on dense knots of what are presumably intense star form-
ing regions. If the two NVSS sources are real, they would
be associated with these two regions. The two inner radio
sources would be associated with slight bulges of the nu-
cleus along this same direction. This could be construed as
outßow of ejected material at this point causing the star for-
mation. In another barred spiral, NGC 1672, there are strong
X-ray sources at a similar point which may mark the exit of
ejected quasars (Arp, 1998, Figure 3-29).

In the present paper, we have seen evidence for strong ac-
tivity in galaxy nuclei. Since it has been long known that there
are compact X-ray sources and extended radio sources out-
side galaxies, it poses the question as to how did such sources
get there? They must have tunneled out through the material
in the galaxy. It is probable that they would have left a wake
or entrained material from the inner galaxy regions which
then condenses into a young star population characteristic of
young spiral arm population.

If the ejection model is correct it offers intriguing oppor-
tunities to learn about the properties of the quasars and the
spiral arms which either guide their ejection or are caused
by their ejection. Since the generally accepted optical syn-
chrotron radiation of the quasars requires magnetized plasma
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