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The Magellanic Clouds: 

The closest DG system  

in RPS action through   

the hot Galactic   

halo gas. 

 

 

 

 

 

 

 

 

 

 

 long gas tails 

 Head-on compression leads to MC formation 

 enhanced star formation  

 



10.07.2017 

2 

NGC 4522 reveals a truncated HI 

disk and its bent-up. 

Ram-pressure Stripping of Spirals 

NGC 4522 moves with ~1300 km/s 

relatively to the Virgo IGM. Gas is 

stripped off towards one direction. 
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The effect of RPS 
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The mass loss by means of 

stripping is characterized by 

2 stripping stages: 

1. The ram pressure bends  

 the disk backwards   

  immediate and massive 

 stripping; 

2. Kelvin-Helmholtz 

 instability caused by the 

 sheering motion of the 

 stream at the disk‘s 

 edges grazes the gas off.  

   Roediger & Hensler (2005)  A&A, 433 

Model parameters:  

TICM  = 5x107K 

Ma  = 0.7  

nICM  = 10-3 cm-3  
MISM  = 109 M


  

Mdisk  = 1010 M
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Kenney & Koopman (1999), AJ, 117                       Toennesen & Bryant (2012) ApJ, 422 

NGC 4522 moves with ~1300 km/s relatively 
to the Virgo IGM. Gas is stripped off in one 
direction and shines in H, but w/o SF. 
Numerical models produce a lot of sf clumps; 
Yet numerical artefacts! 
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2 spiral galaxies on the flight through 

the Virgo Cluster ICM 

NGC 4569 

 

 

 

NGC4522 
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NGC 4569 
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R contours over H                                         (soft) X-ray contours over H 

NGC 4569 is HI deficient and  

shows an H filament towards  

the W. 

                               Tschöke, G.H., Junkes 2001, A&A, 380 

A bipolare X-ray outflow is 

asymmetric: compressed to 

the E, also extended to the W. 

13 EWASS 2017 

14 

Boselli et al. (G.H.), 2016, A&A, 587 
Sensitive deep Hα imaging uncovers  

long Hα tails without star formation: 

Hα is a necessary, but not sufficient condition! 

Excitation by hot IGM! 

EWASS 2017 
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Binggeli et al. (1987) Sandage et al. (1984) 

dE dominate in clusters 

EWASS 2017 

 The fractional density of dIrrs in 
clusters is a bit less than in the field. 

 dEs dominate the morphology in clusters! 

 How many dEs originally in cluster? 

 

 
 Which process drives gas loss? 

 

1. Galactic winds, gas expulsion 

2. Tidal stripping 

3. Ram-pressure stripping 
 

What makes dIrrs  dEs? 
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Tolstoy et al. (2010) ARAA, 47 

EWASS 2017 

All “normal“ DGs, dEs and 
dIrrs, follow the same 
relations even to their 
faintest end, but differ 
from UCDs+GCs and from 
the Hubble-type galaxies. 

 

Are morphological 
transformations 
possible and how? 

Correlations of different galaxy types 

25 

dEs in Virgo show a variety 
of shapes + properties that 
seem to correlate with the 
radial cluster distribution. 
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The complexity and variety of 
dEs in the Virgo Cluster 
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Blue metal-rich 
cores of dEs in the 

Virgo Cluster  

(2017) submitted 
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Koleva et al. 2009, MNRAS, 396 

Star-formation history in Fornax dEs 
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Dwarf Ell. in Clusters show 

 

Multi stellar components: 

 Young metal-rich centers 

Blue cores 

Gas in the centers 

Central H emission 
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Cluster potential of Virgo 
Motion of a galaxy through a cluster with 
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ρ0,tot=3.76·10-4 M


/pc3, rc=0.32 Mpc, β=1 

and for the IGM  

n0=4·10-2 cm-3, rc =13.4 Mpc, β=0.5 
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Roediger, Köppen & Hensler (2006) 
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Lisker, priv. comm. 

When and where are Dwarf 
Galaxies transformed by RPS? 
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The more massive dEs the younger they are:  
remaining gas continues star formation. 
Low-mass dEs should have fully lost their gas. 
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Mori & Burkert (2000) Gas Loss of DGs by RPS 

see also: Roediger & Hensler (2005) 
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Noeske et al. (2000) A&A, 361, 33 

Transformation of dIrrs by RPS should be visible already 
in a dilute environment, if vrel is sufficiently large. 
Consequences for their abundances? Star formation? 

34 EWASS 2017 
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HST V image of SBS 1415+437.  

Guseva et al. (2003, A&A 407, 105) 

Metal-Poor cometary BCDs 
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Questions:  
 
Are Cluster dEs RP stripped dIrrs? 
 
How do transformed dEs look like? Star-formation 
history, fully gas-evacuated? 
 
DGs are already RP stripped in low-density 
intergalactic medium! Where to search for them? 
 
Candidates: less frequent than expected! Reasons? 

36 EWASS 2017 
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The detection of  
ESO 137-001  

Star formation in 

the RPS blobs 
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If not halo-gas RPS, HI filaments should 

be evaporated and mixed with hot ICM: 

X-ray filaments! 

Jachym et al. 

X-ray tails coincide with H 
(2009) 
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Dwarf Galaxies are expected to lose gas at cluster 
infall already by the low-density ICM ram pressure 

How much gas loss? Ram-pressure effects on star formation: 

In the DG body? In the RPS gas tail?  

EWASS 2017 40 

Numerical modeling of RPS DGs 

How is gas stripped off from dIrrs? 
How does gas react to RP?   Clumping, SF enhancement? 
How does gas in tails evolve? 
Dependence on RP strentgh? 
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Comparative models of isolated DG  evolution 
 

Star-formation self-regulation by stellar feedback 

AMR code FLASH 

 

Low star-formation rate; 
No galactic wind!  
SF concentr. to the central part;  
Structures form; giant gas holes 

Mgas,i = 1.4 x108 M


 ;     Ms,i = 0 

MDM = 8.4 x108 M


 

vrot = 30 km/s 

 

}10exp{),(

331) AA, (1998, G.H. Theis, Köppen,in  as SF

4 KTcCTc c

n

nc 

Oct 16, 2015 41 Sapporo 

Steyrleithner & Hensler, in prep. 

Modelling RPS DGs (HM1) 

42 EWASS 2017 

Mgas,i = 1.4 x108 M


 ;     Ms,i = 0 

MDM = 8.4 x108 M


 

vrot = 30 km/s 

vrel = 290 km/s, nICM = 10-4 cm-3 

 Steyrleithner & Hensler, in prep. 
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 No enhanced SF 

 No total gas evacuation 

 Star formation continues 
at low rate 

 Star-forming sites are 
dislocated from the disk 

Steyrleithner & Hensler, in prep. 

RPS for very low-mass DGs (LM1) 

44 EWASS 2017 

Mgas,i = 6.3 x106 M


 ;     Ms,i = 0 

MDM = 1.2 x108 M


 

vrot = 2 km/s 

moderate infall: vrel = 290 km/s, 

nICM = 10-4 cm-3 

Steyrleithner & Hensler, in prep. 
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 SF enhanced by 2 o.o.m. 
when vrel reaches max. 

 Also max. of RPS mass loss 

 Gas almost totally lost, but 
condensed clouds survive 
with varying SFRs 

 Strong oscillating dislocation 
of SF sites from the plane. 

 No SF in RPS gas tails 

Steyrleithner & Hensler, in prep. 

RGB                 UV,U,B,V 

 

 

 

            Hα-off 

 

 

 

Hα-on 

not nec. SF! 

The case of VCC1217 
 

Transformation by RPS 
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fast RPS DGs (LM4) 

47 EWASS 2017 

Mgas,i = 6.3 x106 M


 ;     Ms,i = 0 

MDM = 1.2 x108 M


 

vrot = 2 km/s 

fast infall: vrel = 1000 km/s,   

nICM = 10-4 cm-3 

 
Steyrleithner & Hensler, in prep. 

 Critical velocity for enhanced  
SF is reached earlier not when 
vrel max.  

 Gas almost totally lost, but 
condensed clouds survive  

When these condensed clumps 
get RP stipped at later 
stages, they bear SF. 

 A chain of star clusters can 
be formed from one massive 
cloud. 

EWASS 2017 48 

2300 Myrs 

 Star formation in clumps of various masses. 

 Same cloud experiences multiple SF episodes, chain of star clusters  

 produce several star clusters becoming gas-free: no H, purely UV 

 Local oscillations of SF sites produce dE shape and vel. dispersion.  

But: 

 Very low SFRs: IMF not filled! Consequences for SFR determination! 

 Physical processes taken into account. 
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Study RPS and star formation in 
high-velocity clouds 

Mcl = 8.75 x104 M


    no MDM  

Rcl = 48.42 pc 

nICM = 7 x 10-4 cm-3 

 

slow infall: vrel = 167 km/s, Ma=0.4 

 

 

 

fast infall: vrel = 333 km/s, Ma=0.9  Sander & Hensler, in prep. 

Only high vrel leads  
(due to compression) 
gravitationally bound clouds  
to Jeans instab. and sf. 

dEs in clusters are 

• distinguishible between those born in the cluster and 

those fallen in (and passing through), respectively,  

within the last Gyrs; e.g. bluich cores. 

• RPS of infalling dIrrs occurs in cluster outskirts already 

• at low ram pressure, 

• at large relative velocities compression leads to Jeans 

instability and star formation; 

• Multiple gas-free clusters are formed (some chain like)  

• dE shape by enhanced stellar vel. dispersion 

 

Conclusions on cluster DGs RPS 

50 EWASS 2017 
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Stellar content, MAss and Kinematics of Cluster Early-type 
Dwarfs (SMAKCED): project of dEs in Virgo Cl. 

http://www.smakced.net 
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