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' NGC 205 -

- no recent SF
- close to spirals or

In galaxy cluster

Other names:
dEs, early-type dwarfs

Irregulars

WLM

- relatively-low SF
- Isolated, groups, or
outskirts of clusters

Other names:

Im, Sm, late-type dwarfs

Star.bu rst dwarfs
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- strong bursts of SF
- Isolated, groups, or

outskirts of clusters

Other names:
HIl galaxies, BCDs



tarbursting Dwarfs

: inigiact B8 ’ ' WA - § . R T
NGC 1705 AR o b lictos g Ll
_ i Jim S 5 ‘ . Wi ' ’.‘:‘3
Tosi et al. (2001) - ©. .. Massey éet.al..(2007)

* Blue (young massive stars)

® Compact (small scale-length, high surf. bright.)

e Dwarf (M,~10"-10° M)
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BCDS In a cosmological context
Stellar feedback Is invoked to solve several problems...
= number density of low-mass galaxies (e.g. kauffmann+1993, vogelsberger+2013)

- existence of bulgeless galaxies (e.g. covernato+2010, Brook+2011)

- Cusp-core problem (e.g. Navarro+1996, 0h+2011, Governato+2012)

Galaxy Stellar-Mass Function Simulated Dwarf Galaxy DM density profile
10° — - : 9.0

® Baldry+ 2008 (0.0<=<0.5)
<0.2) Metals + H, z=0
85 DM only z=0
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dback in BCDs

NGC 1569 4 Martin+2002
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- Velocity of the does not exceed V__

(e.g. Martin 1996, 1998; Schwartz & Martin 2004; van Eymeren+2009, 2010)

C

- Mass of the hot gas ~1% M, .. ors2005



BCDs ~ high-z galaxies ?

Elmegreen et al. (2009)

Ho Il (NUV) =—2kpc Holl (blur) ===2kpc 1.37 18561

- clumpy morphologies
- high gas fractions (M___ /M, > 1)

gas

- low metallicities (0.2 < Z/Z < 0.02)
< 5-6)

- turbulent gaseous disks (V__/

I‘Ot



= Stellar populations of BCDs

NGC 4068 (HST)
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Color-Magnitude Diagram

SFR (My/yr)
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BHeBs

The SFH provides:

- starburst timescales

iy - energies from SN & stellar winds
. f - mass Iin young & old stars

re0oBwW-rg14w




HI properties of BCDs

Strong HI Concentration Steep Velocity Gradients

Optical + HI map
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van Zee+2001 7 ) ) T -20 40
: " Position Along Slice
Central HI densities 2-3 higher than Irrs Fast rotation? Inflows/outflows?
(e.g. Taylor+1994, van Zee+1998, vanZee+2001, (e.g. Meurer+1996, Meurer+1998, van Zee+2001,

Simpson & Gottesman 2000, Most+2013) Thuan+2004, Elson+2010, Elson+2012)



burst?

ms)

rs/descendants?

, role of stellar feedback)



e starburst?

echanisms)

genitors/descendants?

m/to Irrs and Sphs; role of stellar feedback)

My Ph.D. thesis:

e H| study of a "large" sample of 18 BCDs
e Detailed modelling of the HI kinematics
e Combine dynamics & SFHs (from HST studies)



NGC 625

" NGC 1705

NGC 2366

. UGCA 290

« UGC6541 ‘
. ‘ ; B o
e B .

UGC 4483

NGC 6789
A VIl Zw 403

..3. ¥ | Zw 18

.7 INGC1569 * .-
- . $o

NGC 4124

NGC 5253
] i

M, ~ 107 - 10° M

e

.
SBS 1415+347

" NGC 4163

"
-

NGC 4449

Ropt~ 0.5 - 5 kpc

NGC 4068 " »

Sample Of 18 BCDS (resolved into single stars by HST)

| B HST studies:

Galaxy Distance
Star Formation History:
- starburst timescales

- mass young & old stars



%ample Of 18 BCDS (resolved into single stars by HST)

NGC 2366 NGC 625

HST studies:
Q ’ Galaxy Distance
Star Formation History:
Q q - starburst timescales
W P . M4l - mass young & old stars
- * ;f t. ‘ 21-cm line obs

 ecass (VLA, WSRT, ATCA):
' HI distribution

‘ HI kinematics

M,~10"-10°M, R~ 0.5-5kpc



HI morphology:

o the starburst trigger
(Chapters 2 and 6)



Large-scale HI distribution

Irregular: Sextans B

HI map from Ott+2012, ApJ

L owest HI contour =5 x 10*° cm™



Large-scale HI distribution

Irregular: Sextans B BCD: | Zw 18

Chap. 2 = Lelli+2012, A&A

L owest HI contour =5 x 10*° cm™




Quantifying the HI Asymmetry

Original image I(i, j) NEWSINES O Standard A parameter
(e.g. Conselice 2003, Holwerda+2011)

‘ Good for outer regions!

For all galaxies:

- uniform column density sensitivity

- similar linear resolution (in kpc)



Asymmetry parameter for BCDs

NGC 4449 (A = 0.77) | Zw 18 (A = 0.76) NGC 1705 (A = 0.74) UGC 6541 (A = 0.73) UGCA 290 (A = 0.70) NGC 1569 (A = 0.68)

8 P N
3 ) . g5, .

NGC 4163 (A = 0.64) NGC 625 (A = 0.60) NGC 6789 (A = 0.60)

. ; |

&

® 0 o)
NGC 4214 (A = 0.52)

HI contours =1, 4, 16 x 10°° cm™




ASymmetry parameter: examples

NGC 4449 (A = 0.77) NGC 625 (A = 0.60) SBS 1415+437 (A = 0.42)

HI map from Hunter+1998 =

Highest A Intermediate A Lowest A

HI contours =1, 4, 16 x 10°° cm™



HI Asymmetry: BCDs vs Irrs

BCDs have more
asymmetric large-scale
HI distributions than lrrs

Starbursts [
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Number of galaxies

02 03 04 05 06 07 08 009 Irregulars from the VLA-ANGST survey
Outer HI asymmetry (Ott et al. 2012)




HI Asymmetry: BCDs vs Irrs

BCDs have more
asymmetric large-scale
HI distributions than lrrs

Starbursts [
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External mechanisms
triggered the starburst:
- Interactions/mergers?
- Cold gas accretion?

Number of galaxies

0.2 0 04 0. 5 0. 5 0 7 08 09 Irregulars from the VLA-ANGST survey
Outer HI asymmetry (Ott et al. 2012)




HI Asymmetry vs starburst age”

OLD BURSTS

"o ut

® 9.!! @

¢

UGC 6456

YOUNG BURSTS

0.5 0.6 0.7
Outer HI Asymmetry




SﬂQEl
external mechanism:

lons/mergers between Irrs?
- cold gas accretion from the IGM?



hamics of BCDs:

oution of baryons & dark matter
(Chapters 2, 3 and 4)



Gas kinematics of BCDs

UGC 4483 UGC 6456 (VII Zw 403) UGC 6541 (Mrk 178)
o -

~10%
rotating HI disk Kin. disturbed HI disk  unsettled HI distr.




Gas kinematics of BCDs

UGC 4483 UGC 6456 (VIl Zw 403) UGC 6541 (Mrk 178)
o i

~10%
rotating HI disk Kin. disturbed HI disk  unsettled HI distr.




Derivation of the rotation curve

2D fit to the Velocity Field Rotation curve (+ center, V__, PA, incl.)
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Derivation of the rotation curve

2D fit to the Velocity Field Rotation curve (+ center, V__, PA, incl.)
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Derivation of the rotation curve

2D fit to the Velocity Field Rotation curve (+ center, V__, PA, incl.)

th ~ 20 km/s

Rotation Velocity (km s
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Mass Model: UGC 4483

Lelli et al. 2012, A&A, 544, 145L

M/L (HsT) = 1.1

My, = (16 % 3) x 10 M
M, HsT) = (1.0 = 0.3) x 10’ Mg

assuming Salpeter IMF
(McQuinn+2010)

N
o

M= (3.3 =+ 0.4) x 10" M

Rotation Velocity (km/s)

M,(young) ~ 0.2 x 10’ Mo
0.6 0.8 M(molecules) ~ ?
Radius (kpc)

At least ~30% of the mass within R, IS baryonic (gas + old stars)




Molecular mass is unknown...

Schruba+2012 i} Dwarfs are metal-poor

! |

CO lines undetected

g
A\ s

000
z ( NGC2976

254 ccuu CO-to-H2 conversion
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may depend on Z!

IC
HOI
0

@ IZW40
:DDO GC2366
ima 1DWB

DDO185 i

DDO053 ' NGC5253

G NGC2537 @ NGC1569

onccas @K Indirect estimate:

:IZWlﬂ
Metallicit . 9
Mig(Mg)~2 x 107 SFR (M/yr)

8.0 8.5 9.0

(e.g. Leroy+2008)




Baryonic Fractions in BCDs

Kroupa IMF Salpeter IMF Salpeter IMF + Molecules
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f.=M_ /M - measured within the optical radius

bar

Baryons constitute a relevant fraction of the dynamical mass
(similar to typical Irrs, e.g. Swaters+2011)



Atomic Gas Fractions
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Mdyn(Ropt) M@] ZSFR(tp) [Me yr'1 kpC-Q]

f = MHI/Mdyn measured within Ropt (Irrs from Swaters+2009)

gas

Similar fgas as typical Irrs Star Formation History




Atomic Gas Fractions
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Mdyn(Ropt) M@] ZSFR(tp) [Me yr'1 kpC-Q]

f = MHI/Mdyn measured within Ropt (Irrs from Swaters+2009)

gas

Similar fgas as typical Irrs Star Formation History

No evidence for massive outflows!




Gas-poor Sphs

N'GC 205.

External mechanisms:
- ram-pressure stripping
(e.g. Gunn&Gott 1972)

- galaxy harassment
(e.g. Moore+1998)

- tidal stirring
(e.g. Mayer+2006)



sage I

llar baryonic & gas fract.

4

The starburst does not blow away the ISM.



f dwarf galaxies:

ng dynamics & star formation
(Chapter 5 = Lelli et al. accepted!)
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HI Surface Density ]
UGC 4483

DDO 125

: I Ja
Surface Brightness |

Optical

Rotation Velocity (km s

~ 1. 8
Mdyn 1-2x10° M |  Romonc

: : 0.8 1.2 1.6
Chap 3 = Lelli et al. 2012, A&A, 544 Radius (kpc)

Rotation Curve




Inner Circular-Velocity Gradient
dl’f;irc (R) u:.

lim
R—0 dR

P, = central dynamical mass density

For a bulgeless disk galaxy:
dV/dR ~ V(R )/R_

R, = disk scale length
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- Measure the inner shape of the potential well
- Equal to the angular speed along the solid-body part



V(R)/IR = Vp_ BCDs vs Irrs
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Compact Irrs = similar p_as BCDs Irrs from Swaters+2009




Descendants of BCDs?
. Compact Irrs

T Optical
Photometry:

__ Luminosity Profile

Mo —_
(@] @]

3
N

HSB exponential

Dec. (2000.0)

N
~
——

Mg (Mag a rc:sec_?‘)

M, ~ 20 R mag asec™

N
(o)}

R, ~400 pc
1 L L L 1 L L

30° 120519 0° 0 50 100
R.A. (2000.0) Radius (arcsec)

] ! I ! I I

Position-VeIocity . Rotation Curve

HI kinematics:

Steeply-rising

rotation curve!
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Rotation velocity (km 3_1)

o

<18
Major axis offset (arcmin) Radius (arcsec)




otating Sphs in Virgo Cluster

Rotation Velocity
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Velocity Dispersion

Optical Spectroscopy:
e.g. van Zee et al. (2004)
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VR)R,=vp, Rotating Sphs

Irrequlars e

Compact Irregulars
Central Starbursts HilH
Off-centered Starbursts +H@-
Rotating Spheroidals ¢
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VR)R,=vp, Rotating Sphs

Descendants of BCDs?

miﬁa _
e external mechanism

[ Providing that some
i
Pn =5

%i“ H % removes the gas.

% Irregulars
Compact Irregulars

Central Starbursts
Off-centered Starbursts
Rotating Spheroidals
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ssage lli

rom typical Irrs:

tral concentration of mass

Link: star-formation & inner potential well

Evolution: compact Irrs & rotating Sphs



ling-relation for
galaxies:

aryonic & dynamical mass density
(Chapter 7 = Lelli et al. 2013, MNRAS: letters)



The visible — dark matter coupling

[

o

(mag arcsec”
= N

o)

18 |

NGC 3657

LSB disk + central
light concentration

Steeply-rising
rotation curve

20 100 150 200
Radius (arcsec)

Renzo’s Rule:

"For any feature in the
luminosity profile there Is
a corresponding feature
In the rotation curve and
vice versa."

(Sancisi 2004)



Circular-velocity gradient for spirals

UGC 7559 (m = 1)
I f | ¥

NGC 3198 (m = 2)
J I ' | : |

| = : |

— =~ @ e
%} % % % 2220000 Hp00PPT -

a1 = limg_odV/dR.

5 Galaxy Samples:

Circular Velocity (km/s)
Circular Velocity (km/s)

T 2 ' ' "2 30 ' - Noordermeer 06: SO — Sa
Radius (kpc) Radius (kpc)

NGC 5055 (m = 3) UGC 11670 (m = 5) - de Blok+2008: Sab — Irr
- Begeman 1987: Sb — Sc

- Verheijen 1997: Sb — Irr
- Swaters 1999: Sd — Irr

[0]
o

Circular Velocity (km/s)
Circular Velocity (km/s)

10 15
Radius (kpc) Radius (kpc)
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Velocity gradient vs central SB

/" | Disk-dominated

S09 —e— -

dB08 —M— |

VS01

B87 —@—

NO7 —— ]

1 ] ! A A | ] ! 1 ] ] ! !
20 16 12 8
Central Surface Brightness (R mag arcsec'z)

Lelli et al. 2013,
MNRAS: letters

Sd = Irr

1 Sab —Irr

Sb —Irr
Sh - Sc
SO - Sa




Scaling Relations for Rotating Galaxies

Baryonic TF relation
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axies th'at should be DM-dominated!



onclusions

gered by external mechanisms

mergers? Cold gas accretion?

ave similar baryonic & gas fract.

- No evidence for massive outflows

e BCDs have a strong central mass concentration
- starburst <--> inner potential well

- BCDs <--> compact Irrs & rotating Sphs

e Scaling relation: velocity gradient vs central SB

- Dynamical mass density <--> Baryonic density






Link: Star Formation — Dynamics

Irregulars e

Compact Irregulars +m
Off-centered Starbursts +H@H
Central Starbursts HilH
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Theoretical Interpretation

Expected relation:

M., /L )

log|drV (0)] = —0.2 o + 0.5 log (aG’
26 Jhar. 0

Observed relation:

log[drV (0)] = (—0.205 + 0.023) uo + (5.91 & 0.52).

If slope =-0.2, puzzling fine-tuning between:

- geometrical parameters (a, z,)
- stellar populations (M,/L)
- dark matter content (f__ )



Velocity Gradient vs Vmax
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Optical Structure of BCDs

- B-band Haro3 Luminosity Profile

kY
%\
".\ A starburst

u (meg arcsec—%)

20.0 40.0
R* (arcsec)

Papaderos et al. (1996)



Optical Structure of BCDs

o} I I I [ I I
- ~ae Gas Poor Papaderos et al. (2002)
L O dI H

Gas Rich

| ©LSB

| 4-BCD
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Starburst
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1 zw 18 C
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Mpsp (

Old component of BCDs: |, ~ 21.5 mag asec” (Freeman value)

Papaderos et al. (1996, 2002); Salzer & Norton (1999); Cairos et al. (2001);
Gil de Paz & Madore (2005); Amorin et al. (2009).
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