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Stephan’s Quintet : -

NGC 7319
Low-mass, compact galaxy group Vree = 6747 kg

* Poster child for galaxy interactions &
and collisions

e NGC 7320 is foreground dwarf

« NGC 7318b has ~900 km/s velocity
relative to other group members

NGC 7318a
Vrec — 6663 km/S .

* Group distance 94 Mpc, Ay
diameter ~4’ / ~110 kpc B /

« KT ~ 0.6 - 0.8 keV .
Lx ~ 2-4 x1041 erg/s B

1 _, g2 NGC 731 8b"
o Vres = 5774 km/s
= Interloper

NGC 7320 «
Viec = 775 km/s
~ Foreground

- NGC 7317
Vrec — 6599 km/S

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



Williams et al. 2002
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VLA HI contours : NW_IV + NWeHV

Stephan’s Quintet: the shock ridge

VLA 1.4GHz contours
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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.qg., radio bridge in the Taffy galaxies

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




Stephan s Quintet: multlwavelength
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Branches e . ,_;, 2236 10 05 00 35 55
e ) R RIGHT ASCENSION (J2000)
Chandra 0.3-2 keV on HST optical JWST MIRI warm H2 map, Chandra contours 4.86 GHz pol on GALEX UV (Nikiel-Wroczyski+ 2013)

Exceptional multi-A 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, H20, H2, C+, Ha, 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)

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



- Is there a plane-of sky Component’?

. X How was the radio ridge formed? Y

- Direct collision of HI elouds? collision velog ty of 900 k
- DSA from a:shock in the X-ray phase? A prestock k

- Both predict kT ~ 1.2-1.3 keV, ,too hot! - . |

- Shock likely oblique, turbule t}n" '..\.,.;.joollng may domlnate

- Adiabatic compression? Rel 5 N w h ~3.8 (Arnaudova+ 2024)
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Radio morphology
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old VLA 1.4 GHz, ~15” HPBW, 100pJy/bm, Williams+ 2002
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See also structures found by e o @ -

R~ e .|/\.A i I
06° 00° 35M54> 48°
Right Ascension (J2000)
MeerKAT L-band, 15” HPBW, 15udy/bm, on HST
Magnetic Fields and Cosmic Rays across Diverse Scales: What’s Next? Center for Astrophysics, 10 Sep 2025

Nikiel-Wroczynski+ 2013, 2020
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diovmorphy - correlated structures

\Y

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

White contours = VLA C+S-band
3.4”x2.4” HPBW, 8uJy/bm

JWST warm Ho Chandra 0.3-2 keV X-ray

* On Irge 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?

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



Radlo morphology correlated structures

///W‘EB) el N NG

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

8pdy/bm

Knot

Branches VLAC+Sband |- e HST 438nm

* 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

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



Spectral index

Spectral index (a3,3GH2 ) Spectral index (a;Z85H2)
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144 MHz - 3 GHz index, 8" HPBW 400 MHz - 1.28 GHz index, 15" HPBW
* 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 Vyec Offset is a good measure of collision velocity

* |Integrated spectral index of steepest emission o« =-1.18

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



Curvature and age

Spectral Curvature
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144-400 MHz vs 1.28-6 GHz, 8" HPBW Radiative age (Myr) assuming ainj = -0.7

e 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

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



* *
What have we Iearﬁed’? B K.
Radlo ndge Structures Ger COOler QQS -> Or|g|n |n S’[rlpped ISM mate”al

No spectral Index gradlt o . -'Ianzatlon fractr; _.,I|S|on vector close to.line of S|ght

P angle may. be as low as20° .
Spectral curvature suggests interaction agea‘ 1 ,

h
-

(&C , reSS|on dn‘ﬁcult to reconC|Ie with eV|dence agaipst

Mechanlsm of radlo emlssmn |s still unclear

. Mac‘.h ~3 8>shock required by adlabatl
-plane-of-sky mation ,

Bty 5 ; | e
” .-‘{-:."'_, 19
é‘\;...-_".‘ X ..'

_grated o =-1.18 = Mach ~3.5

» DSA may also imply hlgh ShO

& ° But we are Iooklng thr gh nt X ray/radlo \VF=Telg! number disagr ient in relics, etc

| _,-{,, ? ‘e_ ' .,,A“-e;(f,;. . ’ * |
* Is survival of relat|V|st|c | from SNae in stnpped gas reallst|c’? F i
o T ’”’ a ’
e« Strong shock | in HI reqU|re§ te’nded CO|d gds envelope -> MeerKAT HI anaIyS|s’?
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