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Blue Compact Dwarf Galaxies: born to be wild Z#5E~+
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Dwart Galaxies in the nearby Universe
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Low-surface brightness, low-sSFR metal poor galaxies

Dolphin (2004)
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High-surface brightness, high-sSFR metal poor galaxies
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High-surface brightness, high-sSFR metal poor galaxies

'SFR [,
sSFR < 108 yrl
<>

e Blue compact dwarf (BCD) galaxies
(low-mass & high-compactness
subset of HIl galaxies)

Mk ~ afew 108 My; Zg = 8.1

e Luminous blue compact galaxies (BCGs)
- LBCGs

- CNELGs Mx ~ afew 109 My; Zo < 8.5
- green peas

e XMP BCDs (XBCDs)

Mk ~ 107 My: Zo < 7.6

Papaderos et al. (1996)

Ostlin et al. (2003)

Papaderos et al. (1999)



Blue Compact Dwarf (BCD) galaxies: a mixed bag

iE

(irregular elliptical)

bkpEy

nE Cairés et al. (2001)

(nuclear elliptical)

« dwarf galaxies (107 < L/Lp €109, Mg > -18 mag; M* ~ 107 ... 109Mg))
. intense star-forming activity on a spatial scale =1 kpc

« evolved low-surface brightness host galaxy in most (>95%) BCDs

e not strongly interacting

» compact (effective radius: 0.1 - 0.6 kpc)
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Structural properties of BCDs & BCGs

1h34moss 1ha3m5es

Thazm:

LI O e N S O D B S Y D B B I

T

100 = \yn 178 o <]
L B band i
| ug 20-285 ]
J— ]
v ]

or - Q 18

o o)
L g ]
Lo =
-50 |- (o .
L i ]
[ ® QL;EK fﬂ i
i A ]
-100 |- (a) -
b1 | +

arcsec

D =4 Mpc
M;=-13.9 mag

0.62|

0.56/

0.51

0.45|

@ (meg aresec)

26

Colour {mag)

0D 02040808 1 121418

20

21

22

23

24

26

27

28

28

R {kpe)

P

257

v
aES
L ""'I""I""I""I""A .r?)
& 5
i N Wy,
—,
E. plateau isp %

! g R
‘s..‘.c :__:_‘ / E sk ‘L\H
e, S £ ” X

" 'np - w [ R
oo B o
[ s B
-. I. iL £ E
. B 0
. ., . B
*a 8, 1
C. %ﬁ '\ . \r 1 1
... w@ﬁ 0 5 10 15 20 25
.‘i Q R (arcsec)
. @
. Mg,
- " B -
"a s
bl ] =
] )
& L
s L]
L "‘* T o ]
3170
| | L?s
L e Po e --4 ]
1 1 1 1 1 [

L P L L] [ P ) P | T | T ] o ] |
[ 0.8 = R(kpe) = 0.8
[, (mag kpa ) E
[ 0.BE+0.07
E B
s
[ » et
- L] -
o /
Fa & 2-R -
¥ {b} o p—
E i i i i [ i i i -
+] 02 04 08 08 1 1.2 1.4 1.8

E,.: isophotal radius of the

star-forming and LSB component

line-of-sight intensity contribution of the

SF component: <40% at P

4% at E25

25’



Gas fraction as a function of absolute magnitude
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UGC 4483
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Properties of the HI component in BCDs
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Comparison of the radial HI surface density distribution in BCDs
and quiescent (low-SFR, low-sSFR ) late-type dwarfs (dwarf irregulars - dls)

| | | | |

— — BCD/dEs  (hE BCDs, in LT86)
BCDs (van Zee et al. 1998)

20

20

\\ — — — — dIs (van Zee et al. 1997)

15 \|

van Zee et al. 2001, AJ 122, 121

By [V pe®)

Optical Radius

BCDs are more compact than dls with respect to their HI distribution

EHI(BCDS)N D X EHI(dIS)

See also Taylor et al. (1995), Simpson & Gottesmann (2003)



Questions

1) what triggers starbursts in BCDs?

i) evolutionary links between BCDs and dls
iii) mechanisms controlling star-forming activity in BCDs?
v) spatial progression of star-forming activity

vi) feedback, chemical and kinematical evolution of the ISM

Possible starburst triggering mechanisms ...

mstochastic self-propagating star formation (Gerola & Seiden 1981)
= self-gravitating gas halo » gas collapse = straburst (e.g. Davis & Phillipps 1988)
= capture of a gas-rich companion (e.g. Bergvall & Ostlin 2002)

= weak interactions with optically faint companions (e.g. Noeske et al. 2001,
Pustilnik et al. 2001) via the Icke (1985) mechanism



Questions

Coeval star formation? Spatial progression of star-forming activity ... ?
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Integral Field Unit (IFU) spectroscopy

il

NN

Longslit spectrum (1 arcsec) IFU array (0.2 arcsec/spaxel)




Starburst activity in low-mass galaxies occurs preferentially
in compact, high-stellar density (p,) hosts

low-sSFR
(dls)

high-sSFR
(BCDs)
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= The central p, of the BCD host galaxy is ~10 X higher than that in a (low-sSFR) dlI

= The py(R) of the underlying higher-M /L host (consequently, the form of the

gravitational potential) is one of the key parameters regulating star-forming activity in
triaxial low-mass galaxies (i.e. the Schmidt-Kennicutt law provides an incomplete
parametrization of the SFR).



Is there a structural and evolutionary dichotomy between
diffuse low-sSFR (dls) and compact high-sSFR (BCD) late-type dwarfs?

possible interpretations ...

= Adiabatic contraction of the LSB host of a pre-BCD (dl) in response to gas
inflow from the halo & subsequent adiabatic expansion of the BCD in response
to mass loss (Papaderos et al. 1996).

- possible only if DM does not dominate within the Holmber radius of a dI/BCD

- homologous (7) change of the surface brightness profile of the LSB host

= Bimodality: Low-sSFR late-type dwarfs (dl) differ from high-sSFR

late-type dwarfs (BCDs) in the structural properties of their evolved host (and,
perhaps, in their angular momentum?) ... Why?



In >95% of the BCD population in the local Universe
starburst activity takes place
within an old extended LSB host galaxy

There are very few exceptions!



Luminosity vs (gas-phase) metallicity :: L-Z relation
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Extremely metal-poor (XMP) BCDs: XBCDs
Young galaxy candidates in the nearby universe?

| = Gas-phase metallicity:
7.0 5 124+log(O/H) < 7.6

= No evidence for a dominant
old stellar population (>50%
of Mx formed in the past 1-3 Gyr)

. , = |rregular morphology, with a
o fhe L : a remarkably large fraction of

cometary systems
Papaderos et al. (2002) Guseva, Papaderos, Izotov et al. (2004)

Thuan et al. (1997), Papaderos et al. (1998)  Fricke et al. (2001) Papaderos et al. (1999,2007)



Pairwise XMP /XBCD formation at a late cosmic epoch (?)

Strong & extended nebular emission in XBCDs

B 2D subtraction of nebular line emission »
using HST WFPC2 [O11]5007 and Ha narrow
band images (Papaderos et al. 2002) leads

to complete removal of the lower-surface '
brightness (LSB) envelope of | Zw 18 l., e
The LSB envelope of &
| Zw 18 is entirely due to ot
extended nebular emission e
]

B Very deep HST ACS imaging down to ’-
u=30 mag/arcsec? (Papaderos & Ostlin
2012) shows that the nebular envelope of .

| Zw 18 reaches out to R =~ 2.6 kpc

The nebular halo of | Zw 18

extends out to P P e s A i
16 exponential scale lengths . n RS R : X o e <A '
of the stellar component .1,,_. . TR A b Pif » 2 < "
and ‘ S 13T e S8 e
contributes =1/3 : WoBo Y IR URR e ‘. ol 58
. . 14 ~ . . .’. -
of the total R band luminosity . s - ~ b ' v -

Papaderos & Ostlin (2012)



Pairwise XBCD formation
Example: the XBCD pair SBS 0335-052 E&W

Pustilnik et al. (2001)

SBS 0335-052: HI cloud with a projected size of 70x20 kpc; mass of ~10° M,



Papaderos et al. (1998)

SBS 0335-052 E: formation through propagating star formation

e Study of the V-1 color and spatial
distribution of stellar clusters
- =

using HST data
e galaxy formation in a propagating
. S mode from NW to SE with a
mean velocity of ~20 km/s.

SBS 0335-052E
HST WFPC2
V¥V band

arcsec

HST/WFPC2, V band HST/WFPC2, | band, unsharp masked



XBCDs

Morphological comparison of BCDs and XBCDs
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Cometary (or tadpole) massive galaxies at high redshift

HST/ACS

SINFONI+AQ
Haox

Forster-Schreiber et al. (2011)
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HUDF: Elmegreen et al. (2005)
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Hubble Ultra Deep Field (HUDF): Straughn et al. (2006)

= propagating star formation (Papaderos etal. 1998)
| =10 kpc * (v/10 km/s) * (t/1 Gyr)

(|

(|

weak tidal interactions (Straughn et al. 2006)

turbulent clumpy galactic disks in formation at
high redshift (cf Bournaud et al. 2009)

= stream-driven accretion of metal-poor gas from
the cosmic web (Dekel & Birnboim 2006, Dekel et al.

2009; see Sanchez-Almeida et al. 2014 for a recent review)



Summary

= Star-forming activities in evolved low-mass starburst galaxies (BCDs) are not
entirely requlated by stochastic processes; the gravitational potential of their
host galaxy plays an important role.

= Some of the (very few) extremely metal-poor BCDs known
(XBCDs with 7.0 < 12+log(O/H) < 7.6) are cosmologically young objects

(M*,old/M*,1—3 Gyr S 1/31/2)
— important laboratories of extragalactic astronomy

= Connection between BCD/XBCD evolutionary status, gas-phase metallicity and
morphology. The nature of cometary (or tadpole) galaxies in the local universe
and at higher z's is enigmatic ...
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