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Some motivations

€ Study early phases of assembly and chemical evolution of galaxies

€ Reionization



Some motivations

€ Study early phases of assembly and chemical evolution of galaxies
lookback time (Gyr)

Redshift z=2-3 probes a major epoch in galaxy
assembly

|[deal to study mechanisms driven and regulating
galaxy growth: accretion, mergers, feedback...
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Need to understand dwarf galaxies
Detailed studies are now possible
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Some motivations

(5TSen

&€ Reionization

GLESE

I=agn: NASA, ESA A Fubes

AGNs ?
Other sources ?
Dwarf galaxies are believed to play a significant role

Star-forming galaxies ?
]— Faint or bright ?

Need to constrain the LyC escape fraction
But direct detection of LyC at z>6 is impossible
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What do we know about primeval galaxies ?

(Several talks in this conference; first session)

At z>4 galaxies show more extreme properties Roberts-Borsani+15
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The UV spectra of low-mass galaxies m./Mo<~1095)

(Several talks in this conference)

Show faint absorption features and
large EW nebular emission lines
(e.g. CllN11907,1909, Olll]1661,1666,
Hell1640 and CIV1548,1550).

rarely seen in more massive SFGs

Hard radiation fields
High ionization & low metallicity
(<~20% solar) environments
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The UV spectra of low-mass galaxies m-me~ 107-1009)

(Several talks in this conference)

Intimately linked to extreme rest optical
emission line properties

T T ! !
**
je ' |
S eI N
i . .._:8:,0 ‘,,3‘,
= i o .
0.0 A
o ‘T
= . 3
o 1.0
- Erb+16 |
0.5 F 0'9
* Extreme w08
10 + KBSS
10k 0.7 :
® Green Fl’eas 1 . -18  -16 _11,4 -2 -10

-2.0 -1.5 -1.0 -0.5 0.0 0.5
Log ([N 1] /Ha)

Difficult to draw conclusions based on
single objects. We need larger samples
Especially true at z>2

- Strong lensing

- Very deep surveys
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ESO Large Program: 640h
Focused on 2<z<6

1 deg?

10,000 targets

3 fields: mitigate cosmic variance
Selection: photo-z + SED + color, iAB<25
14hr integration over 3600-9300A (R~200)
8000 galaxies with 2<zspec<6.5
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ReSU tS |n the COSMOS ﬂeld Amorin et al., submitted (June 2016)
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Blue continuum (median B=-2.3) + high Lyo. EW,. (from ~45A to 260A) + high ionization nebular lines
(OllN], CHIY) + Wind lines (CIV, Silll]) + Hell (in 6). Very faint absorption features.
Not typical for normal z~3 UV-selected galaxies (e.g. Shapley+03, Steidel+14)

Suggest low-metallicity, low-dust, young star-bursting dwarf galaxies e.g.
Erb+10,Christensen+12,Stark+14,James+14,Steidel+14, Rigby+15, deBarros+16, Vanzella+16a,b, etc...
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i i Only 10 galaxies <z>=2.8 (24<i,g<25)
Results in the COSMOS tield Amorin et al., submitted (June 2016)
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Blue continuum (median B=-2.3) + high Lyo. EW,. (from ~45A to 260A) + high ionization nebular lines
(OllN], CHIY) + Wind lines (CIV, Silll]) + Hell (in 6). Very faint absorption features.

Not typical for normal z~3 UV-selected galaxies (e.g. Shapley+03, Steidel+14)

Suggest low-metallicity, low-dust, young star-bursting dwarf galaxies e.g.
Erb+10,Christensen+12,Stark+14,James+14,Steidel+14, Rigby+15, deBarros+16, Vanzella+16a,b, etc...
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Log(CIV1551/Hell1640) Log(CIV1551/ClI11909)

lonization diagnostics

Feltre et al. (2016)

No clear evidence of AGNs

AGN models . Interesting objects to constrain models
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Model-based, Te-consistent  PerezMontero (2014)

abundances I | T
gg i l}llh*g - _}35— - -f?i‘.‘:‘:"“ —
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UV metallicity indicators for high-z SFGs: testing local analogs

Pérez-Montero & Amorin, in prep.
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Carbon and oxygen gas-phase abundances of UV-EELGs

* Our 10 galaxies are extremely

metal-poor (Z42s~5%-10% solar)

« Carbon is strongly sub-solar

* Median ionization parameter
U=-2.0

Below 0.2 Zg C/O is essentially

produced by massive O-stars

Above 0.2 Zg intermediate
and low mass stars produce
more C than O, increasing C/O

log(C/O)

Similar behavior in C/O and N/O

e.g. Garnett+95,99; Pérez-Montero & Contini
2009; Steidel+16, Berg+16, Pérez-Montero &
Amorinin prep.)

Our results suggest rapid
chemical enrichment and the
presence of hot, massive stars.
Possible non-standard IMF?

-0.5

-1.0

-1.5

Amorin et al., submitted
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Their UV to MIR SED properties

Amorin et al., submitted
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F814+F125+F160
“green pea-like”

...and HST Morphology

ACS F814W mosaics (0.03"/pixel)

AJ [arcsec]

Morphological diversity:
tadpoles, pairs and single compact SF See Ribeiro+16
clumps of few hundred parscs in size for technical details

Median R5o(GALFIT) ~ 0.5 kpc
R100< 2kpc (small forming disks?) ' 1T [0]
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Compact starbursts. High surface densities
ACS F814W mosaics (0.03"/pixel)

Morphological diversity:
tadpoles, pairs and single compact SF

See Ribeiro+16
for technical details

clumps of few hundred parscs in size

Amorin et al., submitted
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Probing the low-mass end of
key scaling relations at z~3 9.0

Quite unexplored at z~3.
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% Thiswork 2.4 <z < 3.5
ALBGs3<z<3.7
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Young star-forming dwarf galaxies at z~3 selected by UV nebular lines in VUDS have
mean properties closely resemble those observed/expected in primeval galaxies at z>6:
+ High EW nebular lines, Olll], CIV, ClIl] and also Lya and Hell. Faint absorptions and blue cont.
+ Hard radiation fields. Presence of very massive stars; strong outflows ?
+ Very low O/H and C/O abundances, high ionization.
+ Low masses, high SSFR and young ages. High rest optical EWs (like “green peas”)
+ Small sizes and extreme compactness. SF clumps of few hundreds of pc
v" Witnessing a short (few Myr), vigorous phase of assembly and chemical enrichment.
Recent accretion of metal-poor gas ? Outflows? Mergers?

- They appear to be very rare (~0.5% in VUDS)

Related to short timescales involved? Selection bias? Ubiquitous at lower masses at z>~37?
» Good candidates for LyC leakage (e.g. de Barros+16; Vanzella+16a) .

» Good targets to constrain models

» Best analogs of primeval galaxies - Promising science for JWST

Next steps:

v Additional candidates in the other two VUDS fields (ECDF-S and VVDS-02h)

v" Need higher S/N and higher resolution data to make progress in the UV > VANDELS
v" Need NIR spectra to make progress in ISM physical properties and abundances

Stay Tuned !



