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Overview

➲ HI of galaxies in cluster cores
➲ Physical processes in poor groups 
➲ Physical processes in cluster outskirts
➲ X-ray emitting IGM
➲ Cool HI in IGM – local effects



Evolution in cluster cores...

➲ Clusters (>100),  contain ~5% galaxies    (Dressler 1984)
Groups (< 30) host > 65% galaxies (Tully 1987)  

➲ Evolution of galaxies in groups is important – not well un-
derstood - important since significant evolution is expect-
ed in groups before they aggregate into clusters (e.g. 
Lewis et al. 2002)

➲ Evolution of spiral galaxies in cluster cores – believed to 
be dominantly driven by ram pressure effects which strip 
the galaxy of hot and cool gas. 

➲ Spiral galaxies:  stellar mass ~ 10^11 solar mass and HI 
mass ~ few percent of stellar mass. 



Evolution of galaxies in clusters observed 
in HI 21cm signal

NGC2820 - Grey HI, 
contours DSS 

(Kantharia et al.2005)

NGC 4254 - Grey 
DSS, contours HI

(Phookun etal 1993)

Galaxies in Virgo cluster – 
contours HI, grey DSS  
Note truncated HI disks

(Kenney etal. 2003) Field galaxies:
D(HI)/D(opt) > 1
 
Cluster core: 
D(HI)/D(opt) < 1



Hickson Compact groups

Hickson's Compact group galaxies are HI deficient by 40% - 
comparable to cluster cores – VLA observations.
(Verdes-Montenegro et al., 2001)  

Evolutionary scenario for HCGs in different stages of HI defi-
ciency.  (Verdes-Montenegro 2001)

Some of the HI is recovered by single dish observations.
 =>  diffuse HI that is stripped in the group (Borthakur et al. 
2009 ) - HI masses are few times 10^8 to few times 10^10 so-
lar masses.

HI structures of 200 kpc in HCGs of IGM temp ~ million de-
grees can survive ~ few hundred Myr years due to long con-
duction timescales. (Borthakur et al. 2009)

 



HCGs in HI -evolutionary scenario

Verdes-Montene-
gro (2001) – tidal 
interactions drive 
the HI loss

Large fraction of 
E/S0.

Large fraction of 
galaxies perturbed 
in HI.

HI envelope  
around galaxies - 
HCG49



Hickson compact groups
HI deficiency and X-ray emission – not strongly correlated.
Other reasons for HI deficiency in addition to ram pressure un-
like cluster environs?

8 highly HI 
deficient 
HCGs – 4 
detected in 
Xray
Tidal strip-
ping, ram 
pressure, 
strangulation 
– affect 
HCGs

Rasmussen et al. 2008



Physical processes in loose groups

Column density of HI in the 
group  Holmberg 124 ob-
served with GMRT

(Mishra et al.)

signatures of tidal interac-
tion – but also ram pres-
sure-like sweeping – dis-
placed gas disk, sharp cut-
off in HI,  star forming 
ridge...



Holmberg 124

➲ Upper     limit on X-ray emission  from ROSAT PSPC:  
2.88 x 10    erg/sec  ( Mulchaey et al. 2003)

➲ Velocity dispersion is ~285 km/s.
➲ Tidal interaction  and ram pressure or turbulent viscous 

stripping  ?
➲ North of NGC 2814 – truncated HI, radio continuum disk + 

sharp cutoff - edgeon approach to IGM wind– turbulent 
viscous stripping?

(Kantharia et al. 2005)

40



Other examples:
➲ NGC 1961, NGC 2276  (Davis et al 1997, Rasmussen et al. 

2006)
➲ Tidal interaction  and ram pressure or turbulent viscous 

stripping ?

(NGC 2276 - Rasmussen et al. 2006)

`

➲ NGC2276 in NGC 2300 group of 
four galaxies.

➲ IGM – Xray detected; IGM density 
~ 6e-4 /cc.  T ~ 0.81 keV. 

➲ Authors say that turbulent viscous 
stripping may play a major role by 
stripping about 5 solar mass/year.

➲ We think mass loss  due to turbu-
lent viscous stripping (Nulsen 1982) 
in this system could have been 
over-estimated by a factor of at 
least 10-20.  



Cluster outskirts

➲ HI maps, X-ray ICM (Chung, van 
Gorkom et al. , 2007)

➲ Notice most galaxies show a tail 
directed away from M87 – a clas-
sic signature of ram pressure 
sweeping

➲ Rapid motion of galaxy in ICM 
causes ISM to experience a 
pressure if                 ρ σ 2 > 2  π 
 Σ(star) Σ (HI)     (Gunn & Gott 
1972)

➲ ICM: T = 10 6 – 10 7 K; ρ = 10 -3 
10- 4 cm -3     

➲ HI deficiencies: range from 0 to 
0.8!   velocity ~ 1000-2000 km/s

➲ Gas disk affected – stellar disk 
undisturbed



Cluster outskirts, loose groups...

● Several binary galaxies 
such as NGC 4302 show 
tidal interaction – radio 
continuum bridge + X-ray 
bridge.  No HI bridge. 

X-ray bridge  (Fabbiano 
et al 1992)

– HI – Chung et al 2008

 GMRT 330 MHz 
radio contm

Holmberg 565 
VLA 21cm archival 

data – note the HI 
tail  in the north.

Companion gas is also 
extended in the 
same direction.



Ram pressure due to hot IGM
● Typical mass of groups -> log M(IGM) = 12 to 13 in solar 

mass  (Mulchaey 2000)

● Typical galaxy mass -> 10^12 solar mass

● Typical IGM mass -> 10^10 to 10^12 solar mass 

● Equal mass in galaxy and hot IgrM.

● Hot IGM distributed over ~ 100-150 kpc

● Typical matter densities ~ 10^(-5) /cc

● Typical velocities ~ 300 km/s
● Ram pressure < 10^(-13) dyne/cm2.



Ram pressure due to cold IGrM

➲ Searches for HI in IGM.   HCG observations show pres-
ence of HI in IGM (Borthakur  et al 2010).  

➲ Since tidal interaction between galaxies in groups can re-
move HI in form of tails and bridges; this can lead to in-
creased matter densities in the vicinity of the galaxy.  

➲ Cool HI can exist  - thermal conduction timescales (Spitzer 
conductivity) are large –  so tidally stripped HI will take a 
long time to ionize and thermalize with the hot X-ray emit-
ting IGM.
Thus – the cooler HI, if in sufficient quantities can affect the 
galaxy evolution – in the most gentle form by acting on the 
morphology.  Could be a local phenomenon... 



Adequate HI densities ?

 
➲ For a typical spiral galaxy with HI mass of few times 10^9 solar mass 

of HI and diameter of 15 kpc – the HI surface density will be about 4.4 
solar mass/ kpc^2.  Thus grav restoring force on disk for a typical rota-
tion velocity of 225 km/s will be about 2 x 10^(-12) dyne/cm^2

➲ Can the ram pressure predominantly due to cooler HI affect the galaxy 
morphology?   This will depend on tidally stripped HI mass in groups, 
extent in addition to velocity dispersion.  

➲ In groups which have a central dominant elliptical –  due to mergers of 
spirals – the spiral  would have lost much of their HI to the IGM –  
hot/cold  IGM .  Cooler HI mass can range from 10^10 solar mass to 
10^8 solar mass which forms dwarf galaxies in some cases.   



Adequate HI densities?

➲ Assuming that HI is distributed over a sphere of radius 
50 kpc; the ram pressure in dyne/cm2:
HI mass             n             σv=300      σv=100
 solarM             /cm3         10^(-13)       10^(-13)
1.  5x10^9       10^(-3)        9                    1
2.  10^9           10^(-4)        1.8                  0.2
3.  10^8           10^(-5)         0.18               0.02

➲ Ram pressure for case 1 ~ grav pull of the disk and 
would be effective.   In all other cases velocity disper-
sion needs  to be significant. However assuming gas 
is dispersed over 25 kpc the density would increase 
by about a factor of 10 leading to higher ram pressure.



Summary

➲ Groups with reasonable dispersion of about 300 km/s and-
where HI >~ 5 x 10^9 solar mass is available in the IGM can 
remove gas from the galaxies.   Lower dispersion groups 
with only 10^8 solar mass in IGM will not be able to strip HI.  
 

➲ Low velocity dispersion groups – low Tx would not show ram 
pressure effects due to cool HI gas either even if latter is 
present.  In such cases stripping could be due to turbulent 
viscous stripping.  Rate of stripping due to turbulent viscous 
proceses appears to have been over-estimated by a factor 
of 10-20.

➲ Origin of HI deficiency in compact groups is not clear.



Summary

➲ Need to study a carefully selected sub-group of a complete 
sample of groups like Sullivan's CloGs – especially loose 
systems of galaxies  in HI 21cm also.       

➲ Groups should be studied in high resolution HI for signa-
tures of ram pressure sweeping and also in low resolution 
HI for higher surface density sensitivity allowing detection of
extragalactic diffuse HI in vicinity of galaxies possibly expe-
riencing ram pressure effects.  Deep observations.

➲ GMRT Polarisation studies of Holmberg 124 to look for po-
larised ridge on the compressed leading edge - evidence for 
ISM-IGM interaction.  Studied in Virgo spirals (Vollmer 
2007)



Giant Metrewave Radio Telescope



TGSS - tgss.ncra.tifr.res.in



Turbulent viscous stripping over-
estimated....

➲ The Mdot estimates used thus far (Rasumussen et al) 
should be multiplied by a drag coefficient C_v (since 
F_drag in a turbulent flow = C_v rho U^2 S)

➲ The drag coefficient due to turbulent viscosity C_v = 
13 Re^(-1/2)

➲ Even assuming Spitzer viscosity, with v = 300 km/s, d 
= 30 kpc T=10^6 and n = 10^-3, Re ~ 10^6 and C_v ~ 
0.06 (The first statement follows from this value of 
C_v)

➲ Tangled magnetic field – reduces viscosity and in-
creases Reynold's number.
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