Causes of density-morphology relation
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Ram pressure stripping in Virgo
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Figure 7. Composite image of the total Hi images of the individual galaxies (in blue) overlaid on the ROSAT X-ray image
(orange) by Bohringer et al. (1984). The galaxies are located at the proper position in the cluster but each Hi image is magnified
by a factor 10 to show the details of the H1 distribution. The picture clearly shows how nen-uniform the mass distribution in Virgo
is, with enhanced X-ray emission from the three subclusters centered at the ellipticals, M87, M86, and M49.



Gas morphology as stripping happens
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Figure 8. Examples of the different Hi morphologies found in the survey. Total H1 images are shown in white contours overlaid
on the SDSS images. The thick white bar in the bottom-left comer indicates 1 arcmin in each panel. The top row shows
examples of gas-rich galaxies in gas rich environments in the outskirts, the middle row shows galaxies at intermediate distances,
while the bottom row shows examples of severely truncated H1 disks at a range of projected distances from M87.



Virgo dwarf IC3418: 1-sided tail of

young stellar associations & linear streams
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We are provably Witnessing the transformation of a
dwarf irregular galaxy into a dwarf elliptical galaxy
by complete ram pressure stripping

Jeff Kenney (Yale)



RPS of massive
spirals in massive
clusters at z=0.3-0.4

HST
F606+F814

Ebeling+2014 Jeff Kenney
(Yale)




Time Sequence of STrnppmg
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summary: Ram Pressure Stripping does these things:

~completely strips dwarf galaxies in Virgo-like clusters

partially strips large spirals in Virgo-like (M~10'* M)
clusters

~completely strips massive galaxies during first infall
Into Coma-like (M~10"° M) clusters

~completely strips (small) dwarf satellite galaxies close
enough to their (large) host galaxy

must be important starvation mechanism in high and
medium density environments-- gas removed from outer
galaxy or halo by r.p. will not settle to inner disk & form
stars

Jeff Kenney (Yale)



What changes with environment?

Galaxy structure, star formation and nuclear activity 717

low density cyan

high density red

Fraction
Fraction

3 Q: even in very low density

it : environments, old/metal

\ ny ] rich galaxies dominate (see

AT ol DN(4000) plot)

C=R90/R50 D,{4000) ) .
Doesn’t this contradict the

density/morphology

relation? Whatisgoingon?

0.1 F \

Fraction
o Lo
- n

Fraction
4 H ¥

o AT | .

- - o A A Al
-12 -11 -10 -9 02 04 06 08 1 1.2
SFR/M. g-r (Petro)
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Malmquist effect:
the bane of astronomers’ lives

* |[n a magnitude-limited sample, the more
luminous objects will dominate because they
can be detected to greater distances than the
less luminous ones

e So red galaxies (statistically more luminous)
dominate the SDSS sample
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Group environment: “pre-processing”
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Effect of group luminosity on the color-magnitude distribution of galaxies. In each panel, the gray scale is related w
number density of galaxies with a given color and absolute magnitude. The solid line is the same in each panel and
represents our division between “red” and “blue.” The fraction fblu o We consider blue by this criterion is listed in each

panel. The dashed lines and diamonds are the fits o the red and blue sequences described in the text (the dotted lines are
idenuical in each panel and equal to the dashed lines in the lowest luminosity set of groups). Each panel corresponds to
groups of the listed range of total absolute magnitudes. As one goes from smaller to larger groups, the blue fraction
decreases, although the positions of the red and blue sequences do not change much. Note that the cutoff seen on the
right-hand side of the panels (most prominently in the -21.0 < My, -5 log, 5 k< -19.0 panel in the lower right) is

imposed by the lower limit on the absolute magnitude in each panel.
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Effect of groupocentric distance on the color-magnitade distribution, for high-luminosity groups. Similar to Fig. 1. but now
concentrating on high-luminosity groups (Mo 1" 5 log, o # < -23) and dividing galaxies by the projected distance " from

the center of the group relative to the vinial radius Y ir The dotted lines here are again the dotted lines for the

low-luminosity set of groups.
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Summary

Two major environmental processes which change
galaxies from later types (spiral, irregular) to earlier
types (elliptical, SO) are

-- mergers

-- ram pressure stripping

We expect mergers to be more effective in groups
than clusters; ram pressure stripping depends on
both the ICM density and galaxy velocity (richer
environments have more of both) and on the galaxy
mass




