Exploring the Cause & Effect of Star-Formation
in Blue Compact Dwarf Galaxies
with [FU Observations
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Chemical Abundances of BCDs
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Low Z: primary only by massive stars? Low SFR? No VR stars i.e.
less dispersion?

Int. Z: loss by galactic winds?! Delayed release of N compared to -
elements? Pollution by winds of VR stars?

High Z: metallicity dependent, secondary production
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The Mysterious ‘N-enriched’ BCDs

. NITROGEN ABUNDANCES I -
MPACT GALAXIES: MONTE CARLO SIMULATIONS JEN ABUNDANCES IN THE AMORP
COMPACT GALAXIES: 1

HOUS GALAXY NGC $3%3
. :AU OF BLUE . - N
THE N/O PLATEAU OF B OF THE OBSERVED SCATTER JEREMY R, WalsH

Anglo-Australian Observason

R.B. C. Hiay A0 A JAVA o sa@macactubd  RE-EXAMINING HIG
s o o Nocan, 73019, savaian - I(JH AB[}NDAN(' : Q v -
e s counment of Physics and Astrosoey, Usivensity of Oklabosa, N < -E SLOAN DIGITAL SKY SURVE .
Hoser L Dodge Depaste g HIGH N/O, EVol 3 KY SURVEY MAS

: y . S-METALLICIT 'y RS-
VED WOLF-RAYET GALAXIES? CITY OUTLIERS:
Seanny X, PROCHASKA

Ni e antn. Gz, CA 95064 xavieri@ucolick o DANIELLE A, Berg'. Evan I
troxen Gz, CA ° Department of Astronomny, University of Minnesota, | l(vé'hur\:rhs 0 SKILLMAN', AND AN

b Umiversité Laval

DREW R. Magspg??

4 sory, Unif .
Lick Observaton troct SE, Minneapolis, MN 55455, USA: berg

DA . , - Stewand Observatory, Us _ -
e Collin-g, ' “Naticoal Solar Observan "7\”"-"[ Arizoaa, 933 Noeth Che

' Obse Souffrip! ) e wory, 950 Noeth Cherry Avesue Tucs
2 g o rValOIre de Mewdon 5 rand L, TSR0 October 14 Y e 28
aboratoire g n, F.92 . :

1
Hermas, Orsay, o

Fastro.umn. ode,
Ty Avemue, Tucson, AZ 85721, USA

- 0, AZ 85719, USA; asnarhl
accepted 2011 May 23; published 2011 August 9

Tl TN o o T ™ ()N
Y ;EN CHEMIC INDANCES AND THE EVOLUTI
HE iE TROGEN CHEMICAL ABUNDAN :

ORTHB GRYCEN AR NIOF Tl'*lF. “GREEN PEA” GALAXIES

ONTERO, AND J. M. VILCHEZ ——
18008 Granada, Spain; amoni & isa.c8, cpm @ iaacs, Jvm

ished 2010 May 10

skillman @ sstro ume odu

e @ nso.edy

R“n‘“’ h“‘ a
Abundance determination from global emission-line SDSS spectra:
exploring objects with high N/O ratios

Ricarpo O. AMORIN, ENRIQUE Pirez-M

e 1.2¢ chez 2 p 3, ; M Gilodt S/N.E-
L. S. Pilyugin,'<* J. M. Vilchez* L. Mattsson” and T. X. Thuan* lucia (CSIC), Gloricta ¢ la A\xf-n'vni:( f a6 publ
Mot Anvwaceicel Charrvasory of Naona? Academ Scwnces of Uitnaing, 17 Zaboloonope st SSII I o .f-\’"f"’d‘” .
Ine Awmaflnkw de Andelurds, CIIC, Apnin, MOV L0000 O e . &

ll}\htuln de Astrofisica de Andal e eceived 2010 April 12

e 0 g of the

Ancey, LS ' NGC 5253
tical spe e Astrofisiey o ~OPEZ-S Anci ROP REVISITED.
(:pmorphous galaxy NGC 2 & Cunarigg 1,7 5 Cban By, HOToMETRY

09, Tenerife, sm,,‘\.' AND Jorg:

s HS 0837717 - a metal-deficient blue compact galaxy
TN e Ottt AT with large nitrogen excess*

’ Roy “(p‘:::.:::;‘ Q..‘.]k . 19 3 9 T
poisd Lane> S. Pustilnik’’, A. Kniazev'*’, A. Pramskij'’, Y. Izotov’, C. Foltz*, N. Brosch®,

J.-M. Martin®, and A. Ugryumov'-’

Table 6. Starburst galaxies with significant nitrogen excess.

IAU Name  Synonyms Viel” B..® Mg 12+log (O/H)  Alog(N/O) Notes
0034-3349 Haroll 6175 14.6 -20.0 7.90 0.8 merger
0125-061 MKN996 1622 45 -17.1 8.00 0.6-1.4 probable merger
0218+003 UM420 17514 16.5 -20.3 7.89 0.5 sinking merger?
0459-043  MKNI1089 4107 15.0(13.3) -19.1(-20.8) 8.07 0.5 bright knot in interacting gal.
0837+471@ 12630 18.2 -18.1 7.64 0.77 merger?
1139+006 UM448 5560 14.7 -19.9 7.98 0.5 2 knots in center — merger?
1337-313 ( EGCSZS?) 440 109 -17.4 8.16 0.5 Im pec, starburst
4 data from the NED.
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VLT/VIMOS IFU data (Pl: Tsamis) - Maps in Hx, D~240Mpc
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VLT/VIMOS IFU data (Pl: Tsamis) - Maps in Hx, D~240Mpc

S
o rd

o)
\\\%\‘;\\

o

O
o
0]
O
-
O

8 ne 156 194 232 270

Flux Velocity = FWHM

| arcsec

 In-falling merger cw(ig) / A

L
80 120 160

arcsec

Triggered SF
|n maln

Qorcsec

O/H Elemental Abundance |

2.0e-05 4.0e-05 6.0e-05 8.0e-05 1.0e-04 1.2¢-04

Averaged results derived from spectra from each SF -re Previous results from Izotov & Thuan 1998:
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UM420 | 14000+1500| 170480 8.0310.13 6.5820.45 \ 1 7.93+0.05 -1.08+0.05
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UM462 James et al. 2010

VLT/VIMOS IFU - Maps in Hx, D~14.4Mpc
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UM462 James et al. 2010

VLT/VIMOS IFU - Maps in Hx, D~14.4Mpc
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UM462 James et al. 2010

VLT/VIMOS IFU - Maps in Hx, D~14.4Mpc
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James et al.2010
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James et al.2010
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UM462 James et al. 2010

VLT/VIMOS IFU - Maps in Hx, D~14.4Mpc
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James et al. 2010
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Maps in Hx, D~22Mpc

VLT/VIMOS IFU -

hd 7 ) ‘]
Y Ve

7

v/

~ W
7%

EWHM

+ HX contours

7
s :
7

S By
‘*-\\\\\\\;x ‘TJn\

7
\ 4 v ‘\\
7/ 7
Z k\\a\

3
7 o~

4
77

Velocity
VIMOS IFU overlaid on WFPC2 V-band Image

7/ T4 o -

| \W@\W\\ °f
_ \\ _

@\

/
/'
7,
/

0.609 1.22 T4 243 304 -

0

cm3

*Unphysically high Te unless you assume

*Line widths increased with degree of
ionisation e.g. [Olll] FHWM~900 km/s

Studied by Thuan et al. 1996 (WFPC2,

FOS), 2008 (Spitzer):

Mrk 996
James et al. 2009

Ne~10°

o
b
o
N
o
>
>
3
>
©
o]
C
)
=



VLT/VIMOS IFU - Maps in Hx, D~22Mpc
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VLT/VIMOS IFU - Maps in Hx, D~22Mpc
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VLT/VIMOS IFU - Maps in Hx, D~22Mpc
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VLT/VIMOS IFU - Maps in Hx, D~22Mpc
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VLT/VIMOS IFU - Maps in Hx, D~22Mpc
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Mrk996: N-enrichment

He | 4471

Flux x10 =" erg s™' cm”
arcsec

-3 -2 -1 0 1 2 3
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-15 -
Flux x 107 erg s 'ecm™

also seen in NGC5253 (Lopez-Sanchez+,2010)
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Mrk996: N-enrichment
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Mrk996: N-enrichment
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Mrk996: N-enrichment
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Flux x 107" erg s™' cm~
arcsec

also seen in NGC5253 (Lopez-Sanchez+,2010)
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A spatially resolved, multi-component spectroscopic analysis
+mapped SF properties = isolated enrichment & its origin
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U M448 James et al. 2012a (submitted)

SuSI2 R, B &V Archive Images
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U M448 James et al. 2012a (submitted)

SuSI2 R, B &V Archive Images
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U M448 James et al. 2012a (submitted)
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U M448 James et al. 2012a (submitted)

VLT/FLAM | /6Mpc SuSI2 R, B &V Archive Images
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UMA448: stellar properties & origin of high N/O
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UMA448: stellar properties & origin of high N/O
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broperties & origin of high N/O
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UMA448: stellar properties & origin of high N/O
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UMA448: stellar properties & origin of high N/O
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UMA448: stellar properties & origin of high N/O

-
-

RIS T Yo Bres
B

orcsecs

LA A A &L AR

0
orcsecs

92 118

EW (Hg) / A

Al

LA AL LN Lo

q
|
|
L)
»
)
|
)
|
.
.|
»

TN - R e T S A S S S S
N N \ .~\~~\\

- N



UM448: stellar properties & origin of high N/O
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UMA448: stellar properties & origin of high N/O
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t al. 2012b (submitted
VLT/FLAMES IFU - Maps in Hot, D~85Mpc Hal”O I I james St CHpmited)

Knot C

orcsecs

Flux x10 ~'® ergs cm%s™"
18 36 54

Image: Adamo et al. 2010

*Very efficient in producing young star

clusters; present SFR ~22Me/yr (Adamo+,2010)
*Merger between low-mass evolved system and
gas-rich component (Ostlin+, 2002)

*Ly emitter in Knot C —Analogous to
Lyman-break galaxy (Hayes+,2007)

*Only galaxy in nearby Universe where LyC
photons have been detected (Leitet+, 201 |)
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360 pc

Image: Adamo et al. 2010

*Very efficient in producing young star
L €1 clusters; present SFR ~22Me/yr (Adamo+,2010)
Flux VE'OCit)’ FWHM *Merger between low-mass evolved system and
gas-rich component (Ostlin+, 2002)
*Ly emitter in Knot C —Analogous to
Lyman-break galaxy (Hayes+,2007)
*Only galaxy in nearby Universe where LyC
photons have been detected (Leitet+, 201 |)

"y
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t al. 2012b (submitted
VLT/FLAMES IFU - Maps in Hot, D~85Mpc Hal”O I I james St CHpmited)
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Image: Adamo et al. 2010

*Very efficient in producing young star
clusters; present SFR ~22Me/yr (Adamo+,2010)

Flux VE'OCit)’ FWHM *Merger between low-mass evolved system and
gas-rich component (Ostlin+, 2002)
*Ly emitter in Knot C —Analogous to

¢ Lyman-break galaxy (Hayes+,2007)
M UItICOmPOnent Te, Ne & *Only galaxy in nearby Universe where LyC

Abundance anaIYSiS photons have been detected (Leitet+, 201 |)
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Harol |: SF properties & origin of high N/O...
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Harol |: SF properties & origin of high N/O...

WR emission
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Harol |: SF properties & origin of high N/O...

WR em|55|on
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Harol |: SF properties & origin of high N/O...

WR em|55|on

0.00 0.30 0.59 0.89 1.18 1.48

log(Flux x10~'® ergs 85" cm'z)

EW (H8) / A
Monday, July 9, 2012



Harol |: SF properties & origin of high N/O...
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Harol |: SF properties & origin of high N/O...

WR em|55|on

0.00 0.30 0.59 0.89 1.18 1.48
log(Flux x10~'® ergs 85" cm'z)

~ Merger induced SF?

EW (HB) / A
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Harol |: SF properties & origin of high N/O...

WR emission
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Harol |: SF properties & origin of high N/O...
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Harol |: SF properties & origin of high N/O...

WR em|SS|on
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Harol |: SF properties & origin of high N/O...

=622 =588 =554 =520 -486 -—-452

Monday, July 9, 2012
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Harol |: SF properties & origin of high N/O...

Ejecta of VR stars
hasn’t had time to
cool/mix!?
Spatial res" not high
enough to see it!

Accretion of metal-
poor gas!
Outflow due to
starburst winds?
> srR~ | Mo/yr/kpc?
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Impact of IFU Analysis on Abundances

® Lopez-Sanchez & Esteban, 2010

+ 1TO4
* IT99

very low metallicity - low - intermediate metallicity

7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6
Lopez-Sanchez & Esteban, 2010 12+log(O/H)

Monday, July 9, 2012



Impact of IFU Analysis on Abundances

® Lopez-Sanchez & Esteban, 2010

+ 1TO4
* IT99
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Impact of IFU Analysis on Abundances

® Lopez-Sanchez & Estef:ban, 2010 ® Mrk996

+ 1TO4
* IT99

very low metallicity - low - intermediate metallicity

7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6
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Impact of IFU Analysis on Abundances

® Mrk996

® Lopez-Sanchez & Esteban, 2010

» |TO4 :
* |T99 Haro 11

very low metallicity - low - intermediate metallicity

7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6
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Impact of IFU Analysis on Abundances

® Mrk996

® Lopez-Sanchez & Esteban, 2010

» |TO4 :
* |T99 Haro 11

very low metallicity - low - intermediate metallicity

7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8
Lopez-Sanchez & Esteban, 2010 12+log(O/H)

Can we rely on luminosity-weighted measurements (i.e. long-slit, global spectra etc)
to reliably represent the physical properties of high-z galaxies? What are we missing?
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Impact of IFU Analysis on Abundances

® Mrk996

® Lopez-Sanchez & Esteban, 2010

» |TO4 :
* |T99 Haro 11

very low metallicity - low - intermediate metallicity

7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0
Lopez-Sanchez & Esteban, 2010 12+log(O/H)

Can we rely on luminosity-weighted measurements (i.e. long-slit, global spectra etc)
to reliably represent the physical properties of high-z galaxies? What are we missing?

e Kobulnicky +(1999) found good agreement for O/H after applying A(O/H)%0.1 to global results
*O/H systematically underestimated (and N/O over-estimated) when using global SDSS spectra of
HIl regions with different properties (Pilyugin et al. 2012)
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Constraining the SFHs of nearby SF-Galaxies
Combining HST/COS with GMOS/IFU

James et al. 2012c (in prep)

Aloisi et al. 2012 (in prep)
ACS/SBC images with COS aperture

cos 25" : cos2s
Q cos 25" ey

SBS1415+437

Are neutral-gas
abundances different
from ionized-gas
abundances ?
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Constraining the SFHs of nearby SF-Galaxies
Combining HST/COS with GMOS/IFU

James et al. 2012c (in prep)

Aloisi et al. 2012 (in prep)
ACS/SBC images with COS aperture

COs 25"

Ccos2
COs 2.5"
Ccos 25"

HX images with
GMOS aperture

Are neutral-gas
abundances different
from ionized-gas
abundances ?
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Constraining the SFHs of nearby SF-Galaxies
Combining HST/COS with GMOS/IFU

James et al. 2012c (in prep)
Aloisi et al. 2012 (in prep)

ACS/SBC imag |

IZW18 ©
SBS0335-052 ©
SBS1415+437 ©

NGC4214
NGC5253~1
NGC5253~-2

NGC4670

NGC4449 ~

NGC3690~c1 ¢
NGC3690-c2 O

__________________________________________

SBS1415+437

HX images with
GMOS aperture

Element

Are neutral-gas
abundances different
from ionized-gas
abundances ?
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Constraining the SFHs of nearby SF-Galaxies
Combining HST/COS with GMOS/IFU

James et al. 2012c (in prep)
Aloisi et al. 2012 (in prep)

ACS/SBC imag |

IZW18 O
SBS0335-052 ©
SBS1415+437 ©

NGC4214
NGC5253~1
NGC5253~-2

NGC4670

NGC4449 ~

NGC3690~c1 ¢
NGC3690-c2 O

———————————————————————————————————————————

SBS1415+437

HX images with
GMOS aperture

Element

Are neutral-gas i A o e

abundances different {:Differenf mixing timescales betwe phes
| allow us to constrain SFH by comparing the |

from iOniZGd-gaS neutral & ionized gas abundance patterns & |

abundances ? : ﬂl;atios (Fe-peak,COnts J?'
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Diagnosing lonization Mechanisms in BCDs with
HST/WFC3 narrow-band imaging

NGC4214: the power of WEC3 B. James, D. Calzetti, L. Kewley, M.Westmoquette & A.Aloisi
Ha, HB, [Olll] N-band images

Early science release data
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Calzettit, 2007 v _Hong+, 2011 logs mito B structure & SF in BCDs
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Conclusions

* BCDs can help us understand the formation and evolution of
the first galaxies in the early universe

* IFU data is essential in furthering this understanding by
allowing us to map their kinematical, chemical and stellar
properties

*  We can explore the cause of SF by combining kinematical
& stellar population age maps

* Assess the effects of SF by conducting spatially
resolved analyses by (i) deriving ‘true’ ionised-gas
abundances & (ii) locating areas of localized enrichment/
depletion

% Studying the ionised- and neutral-gas abundances will provide
even deeper understanding of SF within BCDs, as will the
effect of feedback.
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