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What are BCDs?

Low luminosity (Mg > -18) HARO 4
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Compact (D <1 kpc)
-

Filuxfergsiem 2 /siA)

H,, regions spectra

“Tom  y, MP

u,nllﬂ‘t ‘. —

Gas-rich (Thuan & Martin 1981) o angerons)
Metal-deficient (Zo/50 < Z < Z /3; Kunth & Sargent 1986)
High star-forming rates (0.1-10 M  /yr; Fanelli et al. 1988)
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Stellar Populations:

The BCD light distributions show, at least,
two components:

The starburst (SB):
* The low-surface brightness (LSB) host
galaxy
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Why to study them?

Star Formation

BCDs are low mass galaxies, with no density waves, undergoing vigorous star-formation. They
result ideal laboratories in order to study possible triggering mechanisms of starburst and their
evolution.

Evolutive connections between dwarf galaxies

The comparison of structural properties between BCDs and other dwarf galaxies could show
evolutive links.

BCDs in a cosmological context and the evolution of galaxies

The extremely metal-deficient BCDs are ideal laboratories to study physical processes and
measure abundances in a nearly primordial environment.

Could Compact Blue galaxies at z ~ 1 be progenitors of local BCDs/HII ? (Koo et al. 1995).

Properties of nearby BCDs could provide a template in the Local Universe to interpret the
results at higher redshifts.

Interaction between galaxies and its medium
Low mass galaxies=» Small escape velocities® Mass )

F eiion
Super-winds and feedback mechamsms
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Why to study them?

Unanswered guestions

» Do all BCDs have an underlying stellar component? What are the
structural parameters of the hosts? espheroids and/or disks?

Are there any young BCDs ?

» Are there evolutionary links between BCDs and other types of
dwarfs ?

« \WWhat mechanisms originate and propagate the star-formation
activity in BCDs ?

Interactions ?

« \What are the star-formation histories of these galaxies ?
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Why to study them? Motivations
Comprehensive analysis of the starburst:

Constrain its IMF, star-formation history, ages and metallicities.
Analyse the gas morphology: super-winds. Stellar morphology (i.e. Super Stellar Clusters, SSCs)

Unveiling the properties of the LSB stellar host: WHY?

Deriving ages and chemical abundances of the stellar component hosting the SB is the
first step in order to establish the evolutionary status and the star-forming history of the
galaxy

Comparison of the host structural properties with those of dEs and dls and investigate
evolutionary links

LSB contains most of the stellar mass

Its morphology holds clues to the evolutionary status of the galaxies and to the Star
Formation processes

ONLY WITH AN ACCURATE MODEL OF THE LSB CAN WE:
— Determine the total magnitude of the starburst (=galaxy-model), and its average colors.

— Determine the magnitude and colors of the individual star-forming knots, by subtracting out
the LSB host flux.

— Compute the correct emission-line equivalent widths by subtracting the LSB host continuum.
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UNVEILING Trle NATURE OF TrlE LSE STELLAR FIOST IN ECDs

However, not much deep in-depth work has been done so far, because:

It is a very difficult task, which require a great deal of observational and
analysis effort. We require high quality data at very low surface
brightness levels (from 23-24 to 27-28 mag arcsec2 in B)
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2, DETERVINIATION OF STROCTURAL PARAMETERS (Il BCDs

On fitting galaxy components

The problem:

The surface brightness profile of BCDs is the superposition
of at least two component:

1. The Starburst (SB) is made up of the emission from young
massive stars, and dominates the light at high and
intermediate intensity levels

2. The LSB stellar host dominates at larger radii and contains
most of the galaxy’s stellar mass

Characterization of the underlying component:
Requirements

Proper determination of the fitted
region: R, .,

plmag-arcsec?)

Deep, extended profiles

Use of a suitable analytical model for
the light distribution: Seérsic ?

MKN86:iE
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7

Or fIttineg e Sérsic

)
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law to the SBP of tne no

Successfully applied to ellipticals (Caon et al.
1993), brightest cluster members (Graham et al.
1996), bulges of spirals (Andredakis et al.1995),
dwarf ellipticals (Young & Curie 1994)

Sérsic law
1(r) =1, exps

The Seérsic model provides a more precise and physically meaningful
description of the SBP, but the fitted parameters depend on:

1. The radial range 2. Sky subtraction errors
See Caon et aI 2003, Cairos et al. 2003 Caon et al. 2005
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On fitting galaxy components

In general, the previous work (e.g. Papaderos et al. 1996a,0;
Doublier et al. (1997, 1999), Telles (1 955) Ostlin (1998
Marlowe et al. (1997, 1999); Cairds et al. 2001a,b), mainly in
the optical range, have provided unreliable or discrepant
results, as the structural parameters turned out to be strongly

dependent on:

1 - the quality of the analyzed dataset;

2 - what way and how well the SB emission has been
excluded when modelling the host;

3 - the specific method used to derive the profile

Example : Bergvall & Ostlin (20
In 4 of 6 BCDs they found n >1'



PARAMETERS (Il BCDs

DETERMIATION OF STRUCURAL
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On fitting galaxy components
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A detailed analysis on fitting Sérsic models to the BCD host
galaxy and its sources of uncertainty can be found in :

Caon et al. ApJ 2005
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2D fits, a better tool for analyzing BCD's ?

2D ritting allow us to use all the image information, pixel to pixel, without using
average /sophotes. For B/D decomposition, ideal simulations have shown that 2D
modelling can better recover the true parameter values (Byun & Freeman 1995,
Wadadekar et al. 1999)

Especially in BCDs, because their : » Large SB contamination

(¢

 Low surface brightness of the host
» Complex morphology

» Twisted isophotes, ellipticity changes,
etc..

For the very first time, we have developed and applied in BCDs a 2D fitfing
methodology, based on a 2D fitting algorithm called GALFIT. This allowed us to it the
LSE component by using detailed masks in order to achieve a more accurate
characterization or the stellar host using a larger effective area
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2D Fitting with GALFIT (Peng et. al., 2002, AJ, 124)

v' Wrote in C, GALFIT is a galaxy/point source fitting algorithm that fits 2D
parameterized, axisymmetric functions directly to images

v Allow us to adjust a set of parameters that is tuned to match the light profile and
morphology of the object

v' Allow us to introduce masks
v’ Allow us to fit a sky level

v Allow us to take into account the seeing. The models can be convolved with the
PSF using FFT

v To optimize the fit, i.e. To minimize the 2 residual between the data image and the
model, the best parameters are found by using a Levenberg-Marquardt algorithm
modified

Free download from: http://zwicky.as.arizona.edu/cyp/work/galfit/galfit.html



3. 2D SIMULATIONS

Methodology

Which is the expected error, induced by the limited fitted area of a
galaxy light distribution, in recovering the 2D Sérsic parameters?

==  Simulations with simplified synthetic galaxies

Hypothesis:

Galaxy: 2D Seérsic model with two possible 77 values: 1(disk-like) and 4 (spheroid)
Starburst: Gaussian distribution, axially symmetric and concentric with the Sérsic
profile, which contaminate between 20 and 50%, by varying their width.

L. (SB + LSB) — L, 55 Was typically between 0.5 and 1 mag

Poissonian noise to the images and background pedestal (MAKNOISE/IRAF) with
(GAIN; RDNOISE). Resulting pg,, ~26, 27 and 28 mag arcsec (typical for deep
optical images as our)

Relative percentage area:

B Ninask | Y ... number of de pixels masked out of
Farea = 100( N ) the fit

gal

N, : number of pixels with S/N >1



3, 2D SIMULATIONS

Contamination > 5%:

Without contamination:

n=1 cases

GALFIT converge with large
errors in n, up to 20%

More robust and stable fits
Small errors, < 20% in n

=
A
(v
(7))
=
J—
f—_—
&
(0))

n=4 cases

GALFIT could not converge
Errors in ntoo large (>50%)

Slow convergence.
Small stability range.
Large errors,<50%

Sersic models with a central knot covering the 10-20% above S/N=1 (30-40% of the
radial profile) recover their structural parameters with errors in /7 < 10%, fitting at
least, the 60% of the galaxy, if 7=1. If 7=4 then the errors grows a factor of two at
the same fitted area; n=4 are more affected by random uncertainties (poissonian)



Sample

The galaxies: Muestra de Galaxias
Galaxia Otros nombres R.A(J2000)  Dec.(J2000) D (Mpe) Ap(mag) Mg (mag)
(1) (2) (3) (4) (5) (6) (7
Cairés et al‘ 2001 b Tololo 0127-397 01 20 15.8 —30 30 37 61.0 0.067 —17.75
Mrk 370 NGC 1036, UGC 02160 02 40 29.0 19 17 50 10.9 0.399 ~16.99
Caon et al, 2005 Mrk 5 UGCA 130 06 42 15.5 75 37 33 14.0 0.364 ~15.51
Mrk 86 NGC 2537, UGC 04274 08 13 14.7 45 59 26 8.1 0.232 —17.37
Mrk 35 Haro 3, NGC 3353 10 45 22.4 55 57 37 15.6 0.031 —17.79
il Mrk 26 Haro 4, UGCA 225 11 04 58.5 20 08 22 10.4 0.131 —14.84
I Zw 123 UGCA 410, Mrk 487 15 37 04.2 55 15 48 12.5 0.062 ~15.09
Ml Mrk 314 NGC 7468, UGC 12320 23 02 50.2 16 36 19 28.0 0.383 —18.53

Tol:}27

' Zw123
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Methodology

Elimination of artifacts

4 R Elaboration of masks
Preparation of ‘ Preparation of the PSF

images and masks " ,
“ Edition of the header image
A\ / and/or noise maps

Preparation of the input file

e I
Successive fits

Analysis of stability
in parameter plots

and definition of the

Stability Region

L Control of residuals
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L, 2D RITTHIC OF A SAMPLE OF CALAKIRS

Methodology

Elimination of artifacts

Elaboration of masks
( Preparation of W ‘ Preparation of the PSF

1 1




b 2D PITTIG OF A SAMPLE OF GALAXIES

Methodology

Elimination of artifacts
4 A N\ | Flaharation of macke

1m
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Methodology




Methodology

MRK370
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L, 2D RITTHIC OF A SAMPLE OF CALAKIRS

Methodology

4 ™
Successive fits
and definition of the 7 il L R
Stability Region R LS e LR N SR
\_ ) J

Possib)
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L, 2D RITTHIC OF A SAMPLE OF CALAKIRS

Results
Galaxy Filter Riran ~ Poareal Y0) n ¥ J7e MSE P.A. g(=bla) C
(1) (2) (3) (4) (3) (6) (7) (8) (9) (10) (11)
Tol 127 B 4.97 9.6 1.02+0.03 4.29+0.01 2335+ 17494002 -54.3 0.69 0.22
V 5.88 24.0 0.74+0.06 5.39+0.06 2252+ 1630006 499 0.67 0.02
R 4.97 10.9 1.16+0.04 | 4.47+0.01 2198+ 1596003 -51.7 0.67 0.10
Mrk 370 B 23.80 24.1 1.3320.11 | 19.50+0.21 2292+ 13.64+0.05 -14.2 (.80 0.26
V 18.83 15.2 1L.O1+0.05 | 22332014 2260+  13.16+0.03 -18.1 0.83 0.18
R 23.80 24.1 0.74+0.06 | 24.53+0.26  22.39+ 12.88+0.05 237 0.82 0.15
Mrk 5 B 10.97 10.9 0.99+0.04 | 9.62+0.09 23.63x  16.02+0.04 13.1 0.76 0.10
V 10.97 9.6 1.05+0.04 | 9.53+0.08 2315+ 15.54+0.03 13.2 0.75 0.07
R 10.61 9.0 1.04+0.03 | 10.17+£0.08 2296+  15.21+0.02 12.5 0.78 -0.01
Mrk 86 B 31,11 26.0 0.82+0.07 | 25.80+£0.29 2286+  13.20+0.05 -21.3 0.90 0.00
V 31.11 16.0 1.33+0.08 | 22.26+0.15 21.67+  12.10+0.03 -19.7 0.91 0.00
R 37.92 18.5 1.21+0.08 | 30.47+0.25 2208+ 11.88+0.04 -21.0 0.90 0.00
Mrk 35 B 20.80 20.2 0.98+0.07 | 15.4+0.13 2268+ 14.11+0.05 74.0 0.72 -0.02
V 19.45 17.6 1.01+0.06 | 14.72+0.11 2195+ 13.41+0.04 77.3 0.71 0.03
R 19.45 16.0 0.97+0.05 | 14.94+0.10 21.66+ 1311003 777 0.70 -0.01
Mrk 36 B 9.02 26.0 1.23+0.11 6.93+0.08 2346+  16.46+0.06 -26.5 0.56 -0.17
V 9.02 22.1 1.28+0.10 7.08+0.07 23,15+ 16.09+0.06 -26.1 0.51 -0.21
R 8.46 18.5 0.99+0.07 7.92+0.06 2300+  15.82+0.05 -25.8 0.56 -0.26
I Zw 123 B 6.95 16.0 1.66+0.11 4. 18+0.07 2197+ 15934005 473 0.93 -(0.23
V 8.08 22.1 2.21+0.23 3.80+0.10 2141+ 1543007 485 (.86 0.03
Mrk 314 B 12.33 16.8 1.2640.08 | 11.88+0.09 2291+  14.73+£0.04 14.8 0.77 -0.46

* Notes.— Columns (1):
shape parameter; (6) eff¢

derived form the fit (mag): (

Majority of DISK-LIKE objects (n ~ 1)

) position angle: (10) ellipticity: (11) boxy/disky shape parameter

ed arca relative to loy, of the galaxy: (5) n
). (8) total magnitude of the LSB component
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Results

EXAMPLE -10

TOL127

residual
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Consistency checks

Error sources

Sensibility to the fitted
area of the galaxy &
contamination

Searching for stability:
Plots Parameter vs. P

area

Assuming that the LSB
has no color gradients, n
and Re should be the

S dp Al dliers.

M, . should be smaller
toward

Sensibility to the sky-
subtraction errors

Other error sources:

isophote twist of a single

component, inadecuate
odel

The variation of the Sersic parameters with the fitted area (simulations),
and the scalter among the different filters, all provide a practical estimale
of their uncertainties



2D-1D Comparison

RO 2Ra (D) | == Smalermasie

Large stability with R, in 2D parameters

Larger control in the sky-subtraction sensibility problem
Good control in components with twisted isophotes
Poissonian weight (1/02, ) vs constant weight

X,y

In 6 of the 8 galaxies: parameters in good agreement —
with Caon et al. 2005 SuSSAU

2 EXCEPTIONS

15.93
(15.19)

15.43
(14.84)
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Mrk 5...an special case?

Sensitivity of Sérsic parameters of Mrk 5 (B) to changes in the sky background

Sky background Riran P, .q (%) n Te e Myor sz
Correct sky 10.97 ~10.9 099 962 2363 1602 2.232
13.54 ~ 16.8 1.57 675 2259 1554 2.592
Sky oversubtracted 10.97 ~10.9 0.88 923 2354 1608 3.093
13.54 ~ 16.8 1.07 8.5 23.24 1587 2.692
Sky undersusbtracted 10.97 ~ 109 1.17 1047 2383 1597 3.013
13.54 ~ 16.8 407 199 19,15 1426 2.564
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Mrk 5...an special case?

Sensitivity of Sérsic parameters of Mrk 5 (B) to changes in the sky background
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Mrk 5...an special case?

MODEL 2D FROM GALFIT
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2D-1D Comparison Mrk 5...an special case? |
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Mrk 5...an special case?

Residuals in the masked regions:

T T T T ]

:L Caon et al. 2005k —2
V-1
B

i
=
T
1

i [mag arcsec?

D
o

:‘F : “‘Ilﬂt-.k" .'__._1.".'.':I:.::;:'-';..."

() g ! ‘)

S 1 & 4 &

N
=
[
-

30 I

0 I ] I 20 40
R [arcsec]

residual = ima - mod



2, DIS5CUSSION

So, the differences come from....

IS the radial profile toward the center failing? difficult to reproduce them?
IS the Sersic model inadecuate toward the center?, and it is, why only in Mrk 57?

the adopted weights in the fits, specially in those more external regions?

We have shown that 1D fits in Mrk5 are affected by a mix of errors:
sensibility to the sky-subtraction in a galaxy where the transition radius is on

the limit of the errors by an insuficient fitted area.

2D models give us more confident result



6, COLICLUSIONS AIID FUTURE WORK

We have developed and applied for the very first time in BCDs a new
methodology based on a 2D algorithm. We have fitted the LSB component,
with a Sérsic law.

The outer regions of this sample of BCDs can be accurately fitted by a
Sersic model. We found in 7 of 8 galaxies a n ~1 Sérsic LSB component
and effective radius in agreement with a color gradient close to zero

In general our results are in good agreement with Caon et al. 2005
with two exceptions: | Zw123 y Mrk5, for which we have made an extensive
study, founding a plausible explanation to this problem.

Our results and analiysis encourage us to enlarge the study to a larger
sample of 28, statistically more significative.

Amorin et al. A&A 2006 coming soon...
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2 » DETERMINACION DE PARAMETROS ESTRUCTURALES DE LAS BCDs

Ajustes de componentes |

~ r - C r{ 1 el [
La ley de Sersic Aplicada satisfa cels

ctorlarnente a eliptic
1993), miemoros orillarnies
\nam et al. 1996),

ales (Andredakis et

nas elioticas (Younc &
]

(r)=1, exps

Los modelos Sarsic proveen una dascrigeion frles orecisa Yy cor)
rzyor significacdo fisico de el geriil de rillo sugerficial, vero los
vararneirys e ajusiar dzoericern de;

L. El rairigo reiclizl

2. Los 2rroras ce sugsiracelorn ca clalo
Ver Caor et al, 2003, Cairds et al, 2003, Caon et al, 2005
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