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Stephan’s Quintet
Low-mass, compact galaxy group

• Poster child for galaxy interactions 

and collisions 

• NGC 7320 is foreground dwarf

• NGC 7318b has ~900 km/s velocity 

relative to other group members

• Group distance 94 Mpc, 

diameter ~4’ / ~110 kpc

• kT ~ 0.6 - 0.8 keV 

Lx ~ 2-4 x1041 erg/s

NGC 7319 
Vrec = 6747 km/s

NGC 7317 
Vrec = 6599 km/s

NGC 7318a 
Vrec = 6663 km/s

NGC 7318b 
Vrec = 5774 km/s 

Interloper

NGC 7320 
Vrec = 775 km/s 

Foreground

Tidal tails
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Stephan’s Quintet: the shock ridge

3. CONTINUUM EMISSION

A line-free continuum image constructed by averaging
the 21 line-free channels is shown in Figure 1, and the main
parameters of the emission are given in Table 2. This 1500

resolution image has an effective bandwidth of 2.05 MHz
centered on an effective frequency of 1416 MHz. The rms
noise level achieved in Figure 1 is 0.10 mJy beam!1 (0.3 K).
This continuum image is a factor of 3 more sensitive in flux
density and about 30 times more sensitive in surface bright-
ness than the best continuum map produced by van der
Hulst & Rots (1981).

In its gross details our continuum map is in good agree-
ment with the 600 resolution image generated by van der
Hulst & Rots (1981) and with other published continuum
maps (Allen & Hartsuiker 1972; Shostak et al. 1984).
Besides detecting the two unresolved northern sources and
the extended linear source between NGC 7318B and NGC
7319, an unresolved continuum source coincident with the
nucleus of NGC 7318A is also clearly detected. A possible
detection of a source associated with the nucleus of NGC
7320 is also made (Fig. 1). More importantly, the new con-
tinuum image delineates the diffuse emission more clearly
than ever before.

The bright radio nucleus of NGC 7319 has a flux density
of 27 " 4 mJy, in good agreement with the results of van der
Hulst & Rots (1981) and Allen & Hartsuiker (1972). Their
high-resolution VLA data show a short (600) jetlike feature
emanating southwestward from the nuclear source in NGC
7319 (see Fig. 3 of van der Hulst & Rots 1981). The other
unresolved source to the northwest has no optical counter-
part brighter than 29 mag arcsec!2 (see Fig. 10, Arp 1973),
and it may be an unrelated background source. Its flux den-
sity is 10 " 1 mJy. The radio source coincident with the
nucleus of NGC 7318a was only marginally detected (at the
3 ! level) by van der Hulst & Rots (1981). We confirm their
detection of the nuclear radio source in NGC 7318A and
find that its flux density is 1.4 " 0.2 mJy, consistent with
their measurement. The new continuum image (Fig. 1) also
shows a 3.6 ! source nearly coincident with the nucleus of
NGC 7320.

The high surface brightness sensitivity achieved by the
new observations reveals for the first time the faint structure
in the extended radio ridge between NGC 7318B and NGC
7319. The new continuum image shows the smooth connec-
tion of the entire north-south ridge, from the bright north-
ern unresolved source to the elongated north-south feature

Fig. 1.—Contour map of the 21 cm continuum emission in HCG 92 overlaid on anR-band image obtained by J. Sulentic at the 3.5 m CAHA telescope. The
contours are!0.2, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, 13, and 26 mJy beam!1. The synthesized beam, 15>4 # 14>8, is shown on the upper left corner. Coordinate offsets
are with respect to the optical nucleus of NGC 7319 at "B1950.0 = 22h33m46s1, #B1950.0 = 33$4300000.
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umn density between (1–4) ! 1020 atoms cm"2. Even
though this reported surface brightness is well above the
VLA sensitivity limit (see x 5.2), it was not imaged in our
VLA map, nor in Fig. 6 of Allen & Sullivan (1980). As we
discuss in x 5.2, we suspect that the difference is related to
the effect of residual radar interference and unstable levels
in the continuum emission that compromised the quality of
theWSRT data.

The intensity-weighted mean velocity map (Fig. 8b)
shows nearly constant line-of-sight velocity along the entire
length of Arc-N. In contrast, the velocity gradient observed
along Arc-S is monotonic and nearly linear, characteristic
of a streaming motion typically associated with tidal tails
(e.g., Hibbard & Mihos 1995). The radial velocity increases
by 100 km s"1 over an angular distance of 2<5 (62 kpc) in a
northwestern direction across this fainter tail. Shostak et al.
(1984) did not detect this feature; instead, they report a simi-
lar velocity gradient across Arc-N that the VLA does not
confirm.

All of the H! regions cited above have been cataloged by
Arp (1973) as high-redshift objects, i.e., optical sources with
radial velocities between 5700 and 6700 km s"1. C1 has a
redshift greater than 6500 km s"1. The ionized gas has radial
motions consistent with that of the H i gas detected in the
directions of both optical tidal tails. Moles et al. (1998)

found no evidence of low-redshift H! sources in the south-
ern optical tail and concluded that it is a background feature
to NGC 7320. Our H i data confirm this finding. The simi-
larity between the shape of the H i emission and the optical
tails and the spatial correlation between the H i emission
peaks and high-redshift H! regions would indicate that the
gas in the tidal tails is associated with the quartet rather than
with the disk of NGC 7320.

5.1.2. NWFeatures

H i emission north of NGC 7318 is detected in two
compact clouds at two distinct velocities, projected along
the same direction at !1950.0 = "1<2, "1950.0 = 0<25, near
the crossing point of the two tidal features (Figs. 8 and
9) north of NGC 7318A/B. In the intermediate-frequency
(IF) band centered at 1389.9 MHz (6595 km s"1), emis-
sion around this position is present in 12 velocity chan-
nels (Fig. 7) and contained within a slightly resolved
feature, NW-HV (Fig. 9b). This feature was first discov-
ered with WSRT by Shostak et al. (1984). It shows a
large velocity gradient along a position angle of #50$,
with the mean radial velocity increasing 60 km s"1 to the
SW over an angular distance of 0<7 or 17.3 kpc (Fig. 8b).
In the higher IF band centered at 1392.5 MHz (6025 km

Fig. 5.—Map of the total H i column density distribution in HCG 92 superposed on the same R image as in Fig. 1. The POSS image has been used for the
eastern part of the field. The integration range is from 5597 to 6918 km s"1 and the contours are 5.8, 15, 23, 32, 44, 61, 87, 120, 180 ! 1019 atoms cm"2. The
synthesized beam is 19>4 ! 18>6.
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VLA 1.4GHz contours VLA HI contours

Williams et al. 2002

Early radio observations revealed a N-S ridge of continuum emission, HI mainly outside galaxies  
    ➜ tidally-stripped gas shocked by collision with NGC 7318b? 
See also: colliding spiral pairs, e.g., radio bridge in the Taffy galaxies
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Stephan’s Quintet: multiwavelength 

4.86 GHz pol on GALEX UV (Nikiel-Wroczyski+ 2013) 

156 B. Nikiel-Wroczyński et al.

Figure 8. Map of B-vectors of the PI at 4.86 GHz after the correction
for the foreground Faraday rotation overlaid upon the near-UV image from
GALEX. A polarization vector of 1 arcsec corresponds to a PI of 4.5 µJy
beam−1. The clip limit for the vectors is 15 µJy (2.5 × PI noise level).
The angular resolution of the radio data is 20 arcsec. The ellipses mark the
positions, sizes and orientations of discussed radio sources (taken from the
HyperLeda data base). NGC 7320C lies approximately 1◦ away from the
eastern boundary of this image.

the southern end of the X-ray ridge, which indicates an increased
polarization degree of the IGM in that region. Because the shock is
clearly visible in the UV data, we have superimposed the Galaxy
Evolution Explorer (GALEX) near-UV image of Stephan’s Quin-
tet with the polarization B-vectors (corrected for the foreground
RM) at 4.86 GHz (Fig. 8). The orientation of the vectors (parallel
to the shock) strongly supports the idea of an enhancement of the
anisotropy because of shock-driven compression.

4.3.5 Magnetic field as a tracer of the previous interactions

Fig. 3 shows an extended area of enhanced polarization degree be-
tween the radio ridge and NGC 7319 (near RA2000 = 22h36m00s,
Dec.2000 = +33◦58′20′′). The polarized fraction is significant, rang-
ing from approximately 6 per cent near the ridge up to 13 per cent in
the outskirts of the western spiral arm of NGC 7319. The magnetic
field, represented by the B-vectors (corrected for the foreground
Faraday rotation of 182 rad m−2, as seen in Fig. 8) seems to connect
NGC 7319 with the pair NGC 7318A/B. The low-resolution map
of the spectral index (Fig. 6, right panel) shows that α varies from
approximately 1.2 to 1.8, with a mean value of 1.45 ± 0.15.

NGC 7319 is known to be perturbed by the previous interactions.
It is usually suggested that they were the result of a hypothetical
passage of NGC 7320C (Shostak, Allen & Sullivan 1984; Moles,
Sulentic & Marquéz 1997; Moles, Marquéz & Sulentic 1998) that
caused stripping of the material through the tidal tail containing
SQ-B. However, NGC 7318A (as well as NGC 7317) is considered
to be a non-interacting member of the group.

The diffuse emission with a steep spectrum and a high degree
of polarization is likely to originate in the material stripped from
NGC 7319, because this galaxy shows hardly any signs of the
emission in H I (Shostak et al. 1984; Williams et al. 2002), Hα

(Arp 1972; Moles et al. 1997) and CO (Yun et al. 1997). An active
role of NGC 7318A in the previous interactions was first proposed
by Shostak et al. (1984) and later supported by Xu et al. (2005),

who proposed that the ‘UV loop’ structure connected to NGC 7319
might be a ‘counter-tidal’ tail formed during an encounter.

5 C O N C L U S I O N S

We have observed the Stephan’s Quintet group of galaxies using
both the VLA at 1.43 and 4.86 GHz and the Effelsberg 100-m radio
telescope at 4.85 and 8.35 GHz. We have obtained maps of TP
emission and PI. These maps have been analysed together with the
archive X-ray and UV data in order to explore the properties of the
magnetic field in the group. We come to the following conclusions.

(i) The group has a large radio envelope, visible at 1.43, 4.86 and
8.35 GHz. The envelope encompasses all the member galaxies.

(ii) There is a narrow, S-shaped region of radio emission be-
tween the member galaxies. It extends from the background source
at RA2000 = 22h36m00s, Dec.2000 = +33◦59′11′′ towards the shock
region, and diminishes near the north-western edge of the fore-
ground galaxy NGC 7320.

(iii) The mean polarization degree of the shock region is
5 per cent. The magnetic field strength obtained within this region is
equal to 11.0 µG × (K0/100)0.244 ± 2.2 µG, with an ordered com-
ponent of 2.6 ± 0.8 µG. The energy density of 0.5 ± 0.15 × 10−11

erg cm−3 is comparable to that of the thermal component, indicating
the dynamical importance of the magnetic field in the physics of the
intra-group medium.

(iv) The radio emission from the aforementioned envelope is po-
larized, with a mean polarization degree of 2 per cent. The strength
of the mean magnetic field within its boundaries is equal to 6.4 ±
1.1 µG, with an ordered component of 1.1 ± 0.3 µG. The average
magnetic field energy density is 1.8 ± 0.5 × 10−12 erg cm−3.

(v) The depolarization of the emission from Stephan’s Quintet
calculated from the 1.43- and 4.86-GHz data exceeds 80 per cent.
This is more than two times higher than the depolarization of the
neighbouring background source. Such a difference suggests depo-
larization of the emission from the group either by intrinsic (within
the emitting region) Faraday rotation or internal Faraday dispersion.
In the first case, it would indicate the presence of a regular magnetic
field.

(vi) The intergalactic emission has a rather steep spectrum, with
a mean spectral index of 1.2 ± 0.2 between 1.43 and 4.86 GHz, and
1.7 ± 0.2 between 4.86 and 8.35 GHz. The steepness of the spectrum
indicates that the intergalactic emission might be dominated by an
ageing population of electrons and that the thermal component does
not play a significant role.

(vii) There is a region of steep-spectrum (2.0 ± 0.2), highly
(40 per cent) polarized emission on the north-western edge of the
radio envelope. This region might be a remnant of the past interac-
tions among the group members.

(viii) In the southern part of the group, the emission forms an
extension overlapping the H I tail (detected by Williams et al. 2002).
Although the orientation of the B-vectors seems to follow the H I

tail, the spectral index of the emission (0.9 ± 0.1) indicates that it
emerges not only from within the group, but also from the interloper
galaxy NGC 7320. Moreover, the high inclination of NGC 7320
might result in projecting its magnetic field so that the B-vectors
form an arc-like structure.

(ix) The radio emission from the starburst region SQ-B is sub-
stantially polarized (33 per cent), indicating the presence of a mag-
netic field with a total strength of 6.5 ± 1.9 µG and an or-
dered component reaching 3.5 ± 1.2 µG. Because this structure is
supposed to be an example of a TDG, the detected field is likely to
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Exceptional multi-𝜆 coverage: X-ray (Chandra, XMM), UV (HST, GALEX), IR (JWST, Spitzer, Herschel),  
mm-wave (ALMA, ACA), optical IFUs (WEAVE, SITELLE, GMOS), etc.

• Shock region is highly multiphase (CO, H2O, H2, C+, H𝛂, X-ray, relativistic plasma)

• More complex than simple ridge - bridges to NGC 7319, NW extension, branches at S tip

• Typical polarization fraction ~2% at 4.86 GHz, ~5% in ridge (Nikiel-Wroczynski+ 2013, 2020)

Chandra 0.3-2 keV on HST optical

NW extension

Bridges

JWST MIRI warm H2 map, Chandra contours

Bridge

Branches
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Stephan’s Quintet: Questions

✗ What is the age of the collision?

- youngest star clusters <10 Myr


✗ What is the collision vector?

- Is there a plane-of-sky component?


✗ How was the radio ridge formed?

- Direct collision of HI clouds? collision velocity of 900 km/s is Mach ~25

- DSA from a shock in the X-ray phase? A preshock kT=0.4 keV gives Mach ~2.7


- Both predict kT ≈ 1.2-1.3 keV, too hot!

- Shock likely oblique, turbulent line cooling may dominate


- Adiabatic compression? Requires Mach ~3.8 (Arnaudova+ 2024)

-  DSA or compression require survival of relativistic seed electrons from SNae


✓New data: MeerKAT L-band (6 hrs), uGMRT bands 3 & 4 (7 hrs each)

✓Archival data: LoTSS DR1, JVLA S & C band [obs’d 2020-21, unpublished]
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Radio morphology

NGC 7318A

NGC 7320

NGC 7318B

NGC 7319

SQ-R SQ-A

SQ-B

MeerKAT L-band, 15” HPBW, 15𝛍Jy/bm, on HST

3. CONTINUUM EMISSION

A line-free continuum image constructed by averaging
the 21 line-free channels is shown in Figure 1, and the main
parameters of the emission are given in Table 2. This 1500

resolution image has an effective bandwidth of 2.05 MHz
centered on an effective frequency of 1416 MHz. The rms
noise level achieved in Figure 1 is 0.10 mJy beam!1 (0.3 K).
This continuum image is a factor of 3 more sensitive in flux
density and about 30 times more sensitive in surface bright-
ness than the best continuum map produced by van der
Hulst & Rots (1981).

In its gross details our continuum map is in good agree-
ment with the 600 resolution image generated by van der
Hulst & Rots (1981) and with other published continuum
maps (Allen & Hartsuiker 1972; Shostak et al. 1984).
Besides detecting the two unresolved northern sources and
the extended linear source between NGC 7318B and NGC
7319, an unresolved continuum source coincident with the
nucleus of NGC 7318A is also clearly detected. A possible
detection of a source associated with the nucleus of NGC
7320 is also made (Fig. 1). More importantly, the new con-
tinuum image delineates the diffuse emission more clearly
than ever before.

The bright radio nucleus of NGC 7319 has a flux density
of 27 " 4 mJy, in good agreement with the results of van der
Hulst & Rots (1981) and Allen & Hartsuiker (1972). Their
high-resolution VLA data show a short (600) jetlike feature
emanating southwestward from the nuclear source in NGC
7319 (see Fig. 3 of van der Hulst & Rots 1981). The other
unresolved source to the northwest has no optical counter-
part brighter than 29 mag arcsec!2 (see Fig. 10, Arp 1973),
and it may be an unrelated background source. Its flux den-
sity is 10 " 1 mJy. The radio source coincident with the
nucleus of NGC 7318a was only marginally detected (at the
3 ! level) by van der Hulst & Rots (1981). We confirm their
detection of the nuclear radio source in NGC 7318A and
find that its flux density is 1.4 " 0.2 mJy, consistent with
their measurement. The new continuum image (Fig. 1) also
shows a 3.6 ! source nearly coincident with the nucleus of
NGC 7320.

The high surface brightness sensitivity achieved by the
new observations reveals for the first time the faint structure
in the extended radio ridge between NGC 7318B and NGC
7319. The new continuum image shows the smooth connec-
tion of the entire north-south ridge, from the bright north-
ern unresolved source to the elongated north-south feature

Fig. 1.—Contour map of the 21 cm continuum emission in HCG 92 overlaid on anR-band image obtained by J. Sulentic at the 3.5 m CAHA telescope. The
contours are!0.2, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, 13, and 26 mJy beam!1. The synthesized beam, 15>4 # 14>8, is shown on the upper left corner. Coordinate offsets
are with respect to the optical nucleus of NGC 7319 at "B1950.0 = 22h33m46s1, #B1950.0 = 33$4300000.
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old VLA 1.4 GHz, ~15” HPBW, 100𝛍Jy/bm, Williams+ 2002

See also structures found by  
Nikiel-Wroczynski+ 2013, 2020 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Radio morphology - correlated structures

• On large scale radio ridge correlated with cooler gas (bridge, branches, but not N X-ray bridge)

• X-ray brighter in N ridge, radio in S ridge ➜ influence of SF?

Bridge

Knot

N X-ray Bridge

Branches

JWST warm H2 Chandra 0.3-2 keV X-ray

Red / Green contours = MeerKAT L-band 
8” HPBW, 12𝛍Jy/bm 

 
White contours = VLA C+S-band 

3.4”x2.4” HPBW, 8𝛍Jy/bm
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Radio morphology - correlated structures

• VLA C+S band traces brightest parts of southern ridge

• Bright knot associated with young star clusters and CO clouds in tidal arm ➜ SF-dominated

• Other radio-bright regions (e.g., branches) not well correlated with SF

Red contours = 
MeerKAT L-band 

8” HPBW, 12𝛍Jy/bm 
 

Black / White contours 
= VLA C+S-band 
3.4”x2.4” HPBW 

8𝛍Jy/bm

VLA C+S band HST 438nm

Knot

Branches
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Spectral index

• No spectral index gradient across ridge ➜ interloper vector close to line of sight

• Bad news: we’re looking through the shock front

• Good news: 900 km/s Vrec offset is a good measure of collision velocity 


• Integrated spectral index of steepest emission 𝛂 = -1.18 

144 MHz - 3 GHz index, 8” HPBW

SQ-A

NGC 7318A

NGC 7319

SQ-R

NGC 7320

SQ-A

NGC 7318A

NGC 7319

SQ-R

SQ-B

400 MHz - 1.28 GHz index, 15” HPBW

𝛂 = -0.99±0.03

• 𝛂 = -1.18±0.04
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Curvature and age

• Strongest curvature, oldest ages in N ridge, ~15-20 Myr.

• At 900 km/s, interloper galaxy has since moved ~18 kpc, comparable to width of ridge

144-400 MHz vs 1.28-6 GHz, 8” HPBW Radiative age (Myr) assuming 𝛂inj = -0.7

5 10 15 20 25



Magnetic Fields and Cosmic Rays across Diverse Scales: What’s Next? Center for Astrophysics, 10 Sep 2025

What have we learned?

• Radio ridge structures correlated with cooler gas ➜ origin in stripped ISM material

• No spectral index gradient, low polarization fraction ➜ collision vector close to line of sight


• angle may be as low as 20º


• Spectral curvature suggests interaction age ~15-20 Myr

• Mechanism of radio emission is still unclear


• Mach ~3.8 shock required by adiabatic compression difficult to reconcile with evidence against 
plane-of-sky motion


• DSA may also imply high shock speed: integrated 𝛂 = -1.18 ➜ Mach ~3.5


• But we are looking through the shock front, X-ray/radio Mach number disagreement in relics, etc


• Is survival of relativistic seed electrons from SNae in stripped gas realistic?


• Strong shock in HI: requires extended cold gas envelope ➜ MeerKAT HI analysis?
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Thank you!


