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Violent encounter between a ”bullet” galaxy 
and a target spiral (e.g. Theys & Spiegel 
1979, Athanassoula+ 1997, Renaud+ 2018). 

• Galaxy evolution studies: peculiar 
morphology that allows for an easier 
separation of the various galactic 
components – timing of unique wave of SF

• Fresh ”unpolluted” gas to make massive 
stars

• Total area of ring is small: less interlopers

• Very few (0.02-0.2% of all spirals)

• Beautiful! 
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• Discovered by Zwicky (1941)

• One of the most prominent objects on 
Palomar Plates

• Member of a compact group 
(SCG 0035-3357; Iovino 2002)

First X-ray observation to look for 
extended plasma emission from group 
(Wolter, Trinchieri, Iovino 1999)



Cefalù 10 Sep 2026The many tones of accretion - Anna Wolter

• Discovered by Zwicky (1941)

• One of the most prominent objects on 
Palomar Plates

• Member of a compact group 
(SCG 0035-3357; Iovino 2002)

• First X-ray observation to look for 
extended plasma emission from group 
(Wolter, Trinchieri, Iovino 1999)



Cefalù 10 Sep 2026The many tones of accretion - Anna Wolter

• Discovered by Zwicky (1941)

• One of the most prominent objects on 
Palomar Plates

• Member of a compact group 
(SCG 0035-3357; Iovino 2002)

• First X-ray observation to look for 
extended plasma emission from group 
(Wolter, Trinchieri, Iovino 1999)
(Wolter, Trinchieri, 2004)



Cefalù 10 Sep 2026The many tones of accretion - Anna Wolter

• Discovered by Zwicky (1941)

• One of the most prominent objects on 
Palomar Plates

• Member of a compact group 
(SCG 0035-3357; Iovino 2002)

• First X-ray observation to look for 
extended plasma emission from group 
(Wolter, Trinchieri, Iovino 1999)
(Wolter, Trinchieri, 2004)



•

•

•

•

Renaud et al MNRAS 473, 585–602 (2018) 

Higdon 1996
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(Gilfanov 2023)



•

•

•
RIGS HAVE RECENT SF EPISODES

•

..
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(Kourourmpatzakis, Zezas, Wolter, Fruscione, 
Anastasopoulou, Prestwich 2021)

NGC 922



(DITRANI, LONGHETTI, FOSSATI, WOLTER 2024 A&A)
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MULTINEST fit: Monte-Carlo Spectro-Photometric Fitter adapted from Fossati+ 2018
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Chandra contours; Circles: bkgd srcs
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Arp 284 NGC 922 

Arp 147 AM 0644-741 Arp 143 

Arp 148 

All RiGs observed by CHANDRA



Swartz+ 2011: 
total SFR = 51 Msun/yr

•

•

•

•
FLATTER

•

 

Grimm+ 2003: 
30 – 50 Msun/yr 
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Wolter, Fruscione, Mapelli 2018



• WIKTOROWICZ+2017 FIND BHS AS THE PRODUCT OF 
BURST ON LOW METALLICITY ENVIRONS AT < ~ 100 MYR

• FROM SPERA, MAPELLI, BRESSAN 2015 

• METALLICITY DRIVES THE MASS TO THE HIGHER LEVELS



•

•

•



X-ray : to identify possible ULXs

Halpha : to determine SFR

Spectral emission lines : to determine metallicity (Z)

dynamical measures to determine the age of the impact

Mass measure to determine the content of the Galaxy



1 dedicated XMM-Newton + 2 dedicated Chandra campaigns. -- a TOTAL OF 13/16

OPTICAL: Halpha IMAGING
1 dedicated ESO (NTT)  + 1 dedicated SOAR campaign – a TOTAL of 8/16

OPTICAL: SPECTROSCOPY
1 dedicated ESO (NTT)  + 1 dedicated SOAR campaign – a TOTAL of 10/16

Literature and archival searches (e.g Galex, WISE etc)
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Chandra and XMM-NEWTON comparison



A FEW EXAMPLES

• SOME POSSIBLE (FAINT) NUCLEAR 
SOURCES

• VERY FEW ULXS ON RINGS:

IN TOTAL WE HAVE AT MOST 5 GOOD 
CANDIDATE ULXS AND 5 LESS LIKELY 
CANDIDATES

• WHY? WHAT’S 
DIFFERENT?



•

MLLER RINGS?

RTER/LONGER TIME SCALE FROM IMPACT?

FERENT METALLICITIES?
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•

•

•

• 440 MYR CARTWHEEL (HIGDON+1995)
 330 MYR NGC 922 (WONG+2006)
   80 MYR ARP 147 (ROMANO+2000)
   30 MYR ARP 143 (HIGDON+1995)

• SIMILAR BUT NOT EXACTLY AS THE DIAMETER 
SIZE – NO DYNAMICAL MEASURE FOR NOW
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NGC922 (Kouroumpatzakis et al. 2021) 
from ESO Data
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NGC922

Arp 284

Cartwheel
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