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The importance of c «//

Dwarf galaxy — low mass & I
Building blocks of other galaxie
Small potential wells — strong

SDSS RGB, VCC009



The C

Ram Pressure stripping:

Moore et al, 1999

/ Virgo in X-rays, ROSAT satellite

CGCG 97079 — Radio continuum & Halpha, Moore et al, 1999
Boselli & Gavazzi 2006



The Morphology-density relation in ©

dwarf irregulars (star-forming, gas-rich, blue) preferentially found i
dwarf ellipticals (old stars, no gas, red and dead) found prefere

How did dwarf ellipticals (A&

Observations of cluster dEs show signatures of rece

Possible origins:
* Harassed medium-mass low surface brightne
* Ram Pressure Stripped in-falling dwarf irre

rring simultaneously within cluster, so....

Ing both mechanisms for the first time,
2Ir separate and combined influence on in-falling
oS



Model dwarf irregular galaxies:

Dark matter halo

ellar disk

— T T
Frame 1
Time "{Gyr)  2.54680 |

¥ position (kpe)

¥ position (kpc)

p———T—T— 7T T T T 7T
Frame 1

Time {Gyr) 2.54880 |

,,
T
.
%
’
p

 position (kpe)
z positian (kpe)

o
x position (kpe)

:100,000 dark
20,000 star
20,000 gas

4 pasition (kpo)

Gas disk

. Time {Gyr)  2.54680 :

Frame 1

a
% position (kpo)

Lo

— T T
Frame 5
Time {Gyr)

2.55698 |

o
« position (hpe)

Gas properties:
isothermal (~1074 K)
sound speed=7.5 km s-1



Direction of
motion through

Example of RPS model testing: Stars (black), gas
(grey), cone of gas produced behind stellar disk for
face-on stripping.




RPS results: /

Total Gas Mass/ M_sol
&
&
%

1 1.5
Time / Gyrs

oshots of motion of dwarf through ICM each
0.5 Gyrs apart, pink (gas), black (stars). Left is
edge-on RPS, right is face-on RPS.

SFR/M_sol yr-1
o
(]
E

general, all gas is removed from the
dwarf galaxy after one pass of the cluster
core, within 0.2-0.5 Gyrs causing a
S | cessation of star-formation.
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2-1 colour

-19 -18 -17 -16 -15 -14 -13 -12
1_abs (mags)

using SDSS data, overlayed with tracks for
yr between symbols, 1/5" solar metallicity in
r metallicity in green).

apid evolution (<2Gyrs) from the blue sequence to
arf ellipticals.




RPS — disk heating/morphological transformation
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gas mass from disk

s (v/o) ~1.4 (in agreement
an Zee et al (2004) hi-res
actroscopic measurements
Increasing heating effect with
decreasing galaxy mass

= Malinl 7

Rt k2 _ Rapid removal of gas disk mass causes a
e ! tidal force on the stellar disk, causing
10 M, (M) morphological transformation/ disk heating.




Harassment Mo

2 components: (i) Background cluster potential (NF
(i) Individual harasser galaxies pote

*Masses of galaxy from Sandage Schector function:
M/L=20 assumed for all galaxies

&(L)dL=® (L/L,)e "

a=-1.5 L =225E10L

*Produces 250 ga
mass > dwarf
*Total cluster

The distribution of harasser galaxy halos within the

cluster potential (halos shown at 1/5" Virial radius)



Harassment re

Effects on dark matter halo:

Harassers

No harassers

0., €4 cparated by 0

A few close encounters
with harassing galaxies as
the dwarf galaxy passes

the cluster centre produces
tidal tails of dark matter,
and tidal heating of the
halo.




Effects on stellar disk:

/

Initial disk Final disk

S S S S AT A

two models

Final disk

Harassment generally produces VLSB
features, and does not cause significant
morphological transformation in dwarf models




Effects on gas disk:

5 (300} Gas 031 (900} Gas.025

(left) Alone,
harassment
. can induce
e short-lived
star formation
burst

o
o
>

ot
o
g

Star Formation Rates / M_sol yr-1
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Mass loss due to harassment:

0.5

o
-
|

Tidal history:
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Nett force across stellar disk

1 5
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Dark matter:

(<15 kpc)

N_drk

1 1.5

Time/ Gyrs

1 L5

Time/ Gyrs

Dark matter: | Stars:
=> ~60%losses |  =>~10%losses
(<25% from static | | (0% from static
cluster potential) | | cluster potential)

Harassment can lower the
dynamical mass-to-light
ratio by a factor ~2




A Monte Carlo harassme

simulation:

Statistics of harassment:
* Average close encounters : 3.96 £ 2.48 (within virial radius of halo - <40 kpc)
* Average encounter velocity: 2000 + 647 km s-1 (<1% at < 500 km s-1)

* Average encounter radius within cluster: 219 £ 171 kpc

* ~50 % of in-falls experience a peak tidal force less than dwarf
galaxy's Roche limit. Strong encounters are rare (<20% of infalls)
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£ : ;
ary: On average there are no easily/clearly observable influences of
rassment on in-falling dwarf galaxies.
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Combined effects of ram pressure stripping and harassment:

Harassment enhances ram RPS dominates star formation
pressure stripping: influences:

— combined _
—— harass only
— isolated
—— 1ps only

— RPS & harass
—— RPS only

yr-1
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Number of gas particles (r<15kpc)

Time / Gyrs

stripping dominates the
on dwarf galaxies, with small
2 influences of harassment




Conclusions:

Ram Pressure stripping dominates;the: eny, «ll Igliltigneas o)

in-falling cluster dwarfigalaxies, halling theliFstarionauoirand

causing rapid evolution to; the red Sequene
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* Generally the effects ssnrianit ol iri=zlline dweiris (recduced
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