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InterestfotfeXtremelyimerallnooyalaxies

The Big-Bang just produces H and He (plus traces of Li, Be, and B).

A el L
Low metallicity targets (from the IGM: Quasars
to stars) are therefore primitive ; Miregions .
unevolved systems. W
Many such unevolved galaxies are to be e
expected according to the ACDM s ®

paradigm. 0 0 i 0!
! Number density (em™) '

Z/Z > 1072 for all local galaxies (HIT gas metallicity)

Fumagalli et al. (2011,Science)



XMP galaxies have been used as time-capsules from the primitive
universe, e.q.,

- Yo measure Big-Bang He abundances (e.g., Peimbert
& Torres-Peimbert 1974; Pagel et al. 1992)

- to constrain the composition of the first popIII
stars (e.g., Thuan & Izotov 2005)

- studying the primitive low-metal interstellar medium
(e.g., Izotov & Thuan 2004, 2007), including star
formation al low metallicities



S/stematigisearclforextemelyimetallnooiualanes

Morales-Luis et al.(2011ApJ...743..77M)

In view of the small number of XMP and on its potential interest,
we carried out a -
DR7 (the largest data release available a the starting time).

- How many XMP galaxies are known?

- Fraction of XMP galaxies are compared to other types of
dwarf galaxies?

- Can we add new targets to the XMP list?

38 We have been exploring the use the algorithm k-means as a tool
to carry out the classification and analysis of massive data sets

= |t is simple £o program

— £ is vobust and so copes with very different situations

— able £o deal with huge datasets with the curvent computer tacilities

— admits hievarchical BPP\ECB-BOV\’ for Five tuning ot the classification



How does k-means work?
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- we search for XMP galaxies by classifying the 10° galaxy spectra in

SDSS/DR7 in a harrow band next to Ha

-classes with the highest Ha/[NII] are g ki gm L
formed by extremely metal poor galaxies:| :
(XMP). ok : :
Found 32 XMP galaxies, 11 new, M
which represent 10% of all the =t L a1
knOW XMP QGIGXiCS 5400 6450 6500 . [(?3\?50 5600 6650
| classl #14
100§ : : T :
: [ - Our comprehensive bibliographic search
T ol | showed only 130 known XMP
= | N .'I I',I[NII]AEEJES

6540 6560 6580
Wavelength [A]



- Extremely rare (0.1% of the
galaxies in local universe (thanks
to SDSS being a magnitude-
limited sample).

- Most of them are Blue Compact
| , | Dwarf (BCD) galaxies (which was
e known).

 _12+log(O/H)*7.61 + 0.19

N(X)

- Most of them (24/32) turn to
,,,,,,,,,,, T - have cometary shapel!

- Extremely rare (0.01% of the
galaxies with emission lines in
SDSS/DR7).

The spectrum
decides de shape lll
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W ara P grardres (asfoal-eamatany GralkmEsy

We do not know ...

but answering the question is of interest beyond <0
the field of XMP galaxies
Why is this question interesting at all? .

(more than a mere curiosity)

- (cometary) galaxies are in the universe (0.1% of
the Kiso galaxies; Elmegreen et al. 2012), but
(10% of galaxies larger than 10 pix in the UDF Elmegreen et al. 2007).



Mor'phologles in the UHDF Tadpoles
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Elmegreen et al. 2005, ApJ, 361, 85



W ara P grardres (asfoal-eamatany GralkmEsy

We do not know ...

but answering the question is of interest beyond <0
the field of XMP galaxies
Why is this question interesting at all? .
(more than a mere curiosity)

- (cometary) galaxies are in the universe (0.1% of

the Kiso galaxies; Elmegreen et al. 2012), but
(10% of galaxies larger than 10 pix in the UDF Elmegreen et al. 2007).

-They may be disks in an early phase in the process of formation: gas
falling in, self excited gravitational instability, interaction with DM
clumps or dwarf galaxies, ram pressure striping ...

-XMP are primitive objects from a chemical point of view, but the
they may also be primitive with a dynamical point of view.
-Do XMP Gs represent disk-forming systems?
- Do XMP Gs represent nearby laboratories to study disk formation? (in
pristine conditions?)



- Cometary shape due to mergers? Major mergers seems to be
discarded (XMP are isolated) but faint minor mergers remain as a

possibility.

(in a pre-existing) ellongated
structure disk? (Papaderos et al. 2008)

- Infall of metal-poor gas on a pre-exiting disk, as shown by distorted HI
morphologies associated with XMP galaxies (Ekta et al. 2008, 2010)

- It may also be the signature of gas stripping forced by the interaction
with the intergalactic medium (e.g., Gavazzi et al. 2001; Elmegreen &

Elmegreen 2010).

- instabilities, that form large clumps depending
on the phyiscal conditions (Elmegreen et al. 2012)

-Triggered by gas compression on the leading edge of a disk
xsing a filamement of the intergalactic medium.

-bar-like structures (intrinsically elongated disks; Binggeli &
Popescu, 1995)



Most possibilities could be distinguished measuring how age,
metallicity, velocity, and line broadening (and polarization)
vary within the galaxies, e.qg.,

(1) Merger: one would measure two decoupled kinematic components

2nd component associated with merger

Target galax.

S-shape veloc curve means
lopsided star formation

<- wavelength



We have already set up an to determine
what is the nature of the XMP galaxies, from head to tail.

- Aim: answering the question
‘are the XMP disks being formed in the local universe?'

, . - Observation: measuring ages,
INSTITUTO DE ASTROFISICA DE CANARIAS : o eg e
e et e . metallicities, of the gas and
R EIMomEERaGmneg. | gtars, from head to tail.
! 1. Thule (méximo dlez palabras) Measuring also kinemaTiC
: : D;h:::::::l;shap&ufunrmaly matal poor galaxies E inforlma-"ion (O r‘ganized and

2.1. Investigador principal

Jorge Sanchez Almeida Institute de Astrofisica de Canarlas r‘and O m mo-‘- i O ns )

2.2. Coinvestigadores
Palychronis Papaderos Universidade do Porto, Centro de Astrofisica

Ricardo Amorin Barblerl Instituto de Astrofisica de Andalucia : - Rep rleSen'I'GTive Samp l e: 10

Yago Ascaslbar Sequelros Universidad Auténoma de Madrid l o

Jean Michel Gomes Universidade do Porta, Centro de Astrofisica Tar'ge-‘-s (10 /O Of GI I known XMP
Patricio Lagos Universidade do Porto, Centro de Astrofisica I . )

Andrew Humphrey Institute Macional de Astrotisica, Oplica y Electronica ga GX ' es

Debra Elmegreen Vassar College

Jose Manuel Viichaz Medina Institute de Astrofisica de Andalucia l - M o d er‘a.‘-e O bs e r'va-r i O na I
Zamca Elmegreen IBM Watson Ha::amn Ce::r r'eq u i r'emenTs:

R i Ao e 12 OSIRIS@GTC hours +
v oA PR LIRS et 24 TSTS@WHT hours

- Extension to determine the (radio; lead by M. Filho)


mailto:ISIS@WHT

rocaltadpolelgalaxies

3193 3473 3867 3975
5kpc | —— —_
5149 5639 5870 6511
.
6610 6664 6669 6877
eqaree 0 0 0 G

ompareda
adpole s
pple a beep
2|0
erse (U
0 g 0 gald



o

log Areal Star Formation Rate (M yr™' kpe™)

log Surface Density (M, pc?)
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We are analyzing the dynamics of a representative subset (7 targets)

B I 1 = HeED i 1
of | Pyl 100 Gk g - @ \WORKIN PROGRESS

SRy T

an
e
.
e e e et W i
]
{m]

Mas=

10 Q a 10 Q 0
AL BECREL
l 9.0
|
————————————— -+ - - B : :':1.
i — _I,Té_ll‘l:‘:": :.— 2
£ 8.0
4
T
lu} +] 15 20
Juiabance |arcaec | Jiakance | Rrosec

Rotation with lopsided starburst
in a very asymmeftric disk




L 100
a80; F \
. Gt I L L
o ! . af
o ¥ k o
':. = s _—
a f , g E 20 "'-jg,.‘ et
£ T X 2 - ezt FHE 5
2 ! o L IR =
= ',.__I L Ka
'”t. 20! Jiree
n i
0610 L .
50 il Q Q 10 1 1} 20 m o
Distance | arcaec | LJatance |arcsec | Distance |ercacc |
s 38T
W0 f o® e e
o i L 1:- . = 107; i |
= | 2 = L= P -
e fulul f [ - -
= ; ]”.. | M i & ot
R | B . B |
i 200 .r'|- :
bl

100 & 1 Iy": 1 ‘

If
i R L (LE LM +1
..-L.Ll il WU hl"l.h' : IJ.ll. i
S0 E‘:J_ 1Q _D i

o — .
w -30 -20 -0 0
Jlatance | RECIEs |

2,

2 5 7

E 1 = 8.0}

= W

5 =

1 sl

:qI ol 7.5 WORK IN PROGRESS

LL#] ) mn o g 50 i 10 Q
Matance |arcsec | Liatnnce |areaee |

Turbulence-supported dwarf galaxy




Conclvusions

Extremely metal poor (XMP) are chemically primitive objets

* Surprisingly, XMP galaxies turn out to be tadpole or cometary

Why? Unknown, but the answer important beyond XMP galaxies.

* Tadpoles are rare in local universe, but common at high-z,
where they are commonly interpreted as disks being formed

XMP galaxies may be disks being assembled as well. (It is
conceivable that they are not only chemically primitive but also

dynamically primitive).

* If so, they represent a nearby laboratory to study disk assembly, a
critical process, not understood, and impossible to study in detail at high-z.

* We are setting up an observing proposals to determine the
nature of the shape of the XMP galaxies

Are they disks been assembled right now?
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Specirascapic classitication of all SDSS/DR7

ASK : Automatic Spectroscopic K-mean based

» It works for SDSS/DR7 spectra. 3800 - 9300 A, #1.5 A pixels,
selected spectral regions, normalized to the mean flux in the g-band,

corrected to restframe wavelengths. Central 3 arcsec

(z < 0.25 ++)
* Computationally intensive: pixels (» ).
50 iterations. 150 initializations. We
» Classification algorithm:

* 99% of the 788677 galaxies can be assigned to only 17 major
classes. We order them by u-g color.

though VO, SDSS casjobs, IAC webpage ...
* Ref: SA et al. (2010, ApJ, 714, 487)
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