DISSECTING HEHN-EMITTERS: SPECTRAL TEMPLATES
FOR THE SOURCES OF THE COSMIC :DAWN

_ Carolina Kehrig
J.Iglesias-Paramo (IAA)
¥ JM.VilcheZ (IAA)
@.Le Fevre (LAM, France)
A.l. Diaz (UAM)

"4

S. Duarte-Puertas (I1AA)

ESTALLIDOS Workshop, CIEMAT .
Madrid, 6-8 Junio 2018 P. Cassata (IFA-UV, Chile)



Why is the study of the Hell line relevant ?

v Nebular Hell emission (A1640,4686 A) is observed to be more frequent among SF
galaxies at high-z than for local SF objects (e.g. Kehrig+2011; Cassata+2013; ) and
indicates extremely hard UV-emitting spectrum (E > 54 eV)

v Expected harder SED at the lower
metallicities typical in the far-away Universe
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Why is the study of the Hell line relevant ?

v High-ionization Hell line: window into the ionizing spectrum of metal-poor hot
stars and one of the best tracers of Poplll stars (e.g., Schaerer 2003; Johnson+2009) >
“first lights” that appear during the cosmic dawn (6 <z < 10)
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The nature of the sources responsible for the Universe reionization is currently
unconstrained and subject of considerable observational and theoretical efforts.

Searching for Poplll galaxies is one of the main science drivers for next-generation
telescopes (e.g. JWST, ELT; Johnson 2010; Visbal+2015)

v The gas properties and stars necessary and sufficient to power such high-ionizing
emission remains unclear in many cases; before interpreting z > 6 Hell-emitters and
use Hell line to infer properties of distant starburst, it is crucial to understand the

formation of Hell line at lower redshifts!



Hell ionization: the observational reality

v’ Sources of ionizing radiation (hot Wolf-Rayet (WR) stars, fast shocks, X-
ray binaries) have been proposed to explain the Hell ionization in local star-

forming systems (e.g., Garnett+1991; Schaerer 1996; Thuan & lzotov 2005; Grafener &
Vink 2015)

v/ Nebular Hell does not appear to be always associated with WRs and the
origin of the Hell ionization in several SF objects remains unclear - (e.g.
Guseva+2001; Shirazi & Brinchmann 2012; Kehrig+2013)



Nebular Hell does not appear to be always associated with WRs = WRs

cannot explain the Hell ionization in all cases, particularly at low metallicity
(e.g. Guseva+2001; Shirazi & Brinchmann 2012; Kehrig+2013)

CR7 (the brightest Ly @ emitter at z = 6.6): WR
star interpretation is strongly disfavoured.
Poplll stars or Black Hole ? (e.g. Sobral+2015;
Agarwal+2017; Bowler+2017)
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Hell ionization in the local Universe: The observational reality

Guseva et al. (2000)

c)

12 out of 30 Hell-emitting SF galaxies gala:jqes W'tg \O/l\?;efded clyle
do not show WR features in their nonadetecte eatures are

long-slit spectra indistinguishable and other
mechanisms for the origin of nebular
Hell need to be invoked
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Shirazy & Brinchmann (2012): 40% of the Hell-emitting SF galaxies from SDSS do
not show WR signatures - lack of WR features does not seem to be a S/N issue



Hell ionization in the local Universe: The observational reality

The origin of the nebular Hell still remains difficult to understand in many cases

GMOS/GEMINI spectroscopy of Hell nebulae in M33 (Kehrig, Oey, Crowther+2011)

BCLMP651

HBWG73
He |l 4686

2 new Hell nebulae in M33 not associated with any hot massive star




Hell ionization in the local Universe from IFS

Mrk178 (Z ~ 10% Zg) and [IZw70 (Z ~ 15% Z): Hell emission is extended
and goes much beyond the location of WR stars
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IFS: Spatial separation between WR stars and the Hell-emitting zone
(see also Izotov+2006; Herenz+2017), and where the non-detection of WR
features is unlikely to be an effect of the weakness of WR bumps (see
also Shirazi & Brinchmann 2012)



The first IFS study of IZw18!  Kehrig, Vilchez et al. (2015,201¢)

The nearby lowest-metallicity (Z~0.0004) SF galaxy and our best local analog
of faraway starbursts (e.g. Skillman & Kennicutt 1993; Vilchez & Iglesias-Paramo 1998)

Natural local counterpart of distant Hell-emitters!
~

PAWARS

NW Knot

SE Knot ~

- : First IFS study of 1Zw18!

NASA, ESA Y. lzotov (MAO, Kyiv, UA) and STScl-PRCO4-
T. Thuan (University of Virginia)

FOV ~ 1.4 kpc x 1.4 kpc

Optical spectra: PMAS IFU @ CAHA 3.5m telescope



We discovered a large nebular Hell4686-emitting region
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v’ Most of higher-Te[Olll] (> 22000 K) spaxels
v’ Higher excitation gas and ionization parameter

v Nebular Hell-emitting region

Existence of a harder radiation field

Our IFU data reveal for the first time: total
spatial extent and precise location of the
nebular Hell region, and the corresponding
total Hell-ionizing flux in 1Zw18!




What is the main source powering nebular Hell emission in IZw18 ?
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Conventional Hell-ionizing sources (WRs, shocks, X-ray binaries) are
not sufficient to explain the observed Hell emission in 1Zw18.

Peculiar very hot stars in IZw18 are required to explain the Hell
ionization

metal-free ionizing stars (Poplll-like stars; Yoon+2012) ? (see also
Senchyna+2017)




The extended Hell.14686 emission in the extremely metal-poor

galaxy SBS 0335-052E seen with MUSE*
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Figure 1. HST ACS/F220W archival image of SBS 0335-052E (HST Pro-
posal ID 10575; PI: G.Ostlin). The brightest SSCs as identified by Thuan et
al. (1997) are labeled. The image i1s 6 X 6”. North is up and east is to the
left.

C. Kehring, J M. Vilchez!, M.A. Guerrero!, J. Iglesias-PéIamol‘z, LK. Hunt?
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6 C.Kehrig et al.
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The extended HellA4686 emission in SBS 0335-052E
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He II
X-ray 0.6-1.4 keV

Region #1

Region #2 [

Figure 5. Left panel: Soft (cyan lines) and hard (red lines) X-ray contours overlaid on the HST ACS/F220W 1mage of SBS 0335-052E. Right panel: Colour
composite image of SBS 0335-052E in three bandpasses (blue = soft X-rays, red = hard X-rays, green = Hell 14686 flux image). In both panels, the white
curves represent the 1socontours of the Hell 14686 emission line flux. North 1s up and east 1s to the left.
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The extended HelIA4686 emission in SBS 0335-052E 13
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Figure 8. Top panel: Nebular Hell 14686 map centered on the massive young SSCs whose positions are represented by the white countours. The crosses
mmdicate the location of the WR knots detected in this work. Bottom row: spectra showing the WR bumps. Bottom-left panel: spectrum of the spaxel nearby
SSC#3, indicated by the green cross in the fop panel; Bottom-right panel: spectrum obtained by adding the emission from the 3 spaxels marked with black
crosses 1n the top panel.



IMF @ Z(Z/Zo)® Q(HeIl) photon s~
Single Binary
10 (005 %) | 140x 10¥  7.89x 10°Y
imf100-100°¢ 1074 (0.5 %) 6.45x 10  3.40x 10
0.001 (5 %) 505x 10%  2.18x 10%
10 (005 %) | 120x 10¥  737x 10V
imf100-300° 1074 (0.5 %) 6.16x 10 3.48x 100
0.001 (5 %) 430%x 10%  239x 10%
10 (005 %) | 501x 10®  2.09x 10°Y
imf135a11-1002 | 1074 (05%) | 229x 10®  897x 10¥
0.001 (5 %) 177x 10%  594x 10%
10 ° (005 %) | 6.87x 100® 271 x 10V
imf135-100¢ 104 (05%) | 3.10x 10¥  1.16x 100
0.001 (5 %) 240x 10%  7.68x 10
10 ° (005 %) | 6.59x 100 2.79x 10°0
imf135-300¢ 104 (05%) | 298x10¥ 127x 100
0.001 (5 %) 230x 10%  899x 10
107 (005 %) | 2.60x 10®  722x 10%
imf170-100/ 104(05%) | 116x10¥  307x 10%
0.001 (5 %) 877x 10%  213x 10
10 (005 %) | 2.58x 10®  7.62x 10%
imf170-300/ 1004 (05%) | 115x10%®  343x10%
0.001 (5 %) 8.70x 10%  246x 10

@ IMFs are labelled following the BPASSv2.1 designation (Eldridge et al. 2017)

b BPASS models assume Z5=0.02 for consistency with their empirical mass-loss rates which were scaled from this value.

¢ imf100-100: @;=-130 (0.1-0.5 My), a2=-2.00 (0.5-100 M); imf100-300: as imf100-100 but with M,;,=300 M,

4 Salpeter IMF with M,;,=100 My,

€ These are the default IMFs recommended by Eldridge et al. (2017); imf135-100: @=-1.30 (0.1-0.5 M), a@>=-2.35 (0.5-100 M):
1mf135-300: as 1mf135-100 but with My;=300 Mo

f imf170-100: a1=-130 (0.1-0.5 Mp), @2=-2.70 (0.5-100 My); 1mf170-300: as imf170-100 but withM,,,=300 My

emission. For the first time, using the derived SBS 0335-052E 1inte-
grated spectrum, we recovered the entire nebular Hell emission and

compute the corresponding total Hell-1onization budget, Q(Hell),,
~ 3.17 x 10°! photon s7!. As we showed in Kehrig et al. (2015),




SBS 0335-052E, one of the most metal-poor (Z ~ 3-4% Z) Hell-emitter starbursts
known in the nearby universe, is studied using optical VLT/MUSE spectroscopic and Chan-
dra X-ray observations. We spatially resolved the spectral map of the nebular Hell14686
emission from which we derived for the first time the total Hell-ionizing energy budget of
SBS 0335-052E. The nebular Hell line is indicative of a quite hard ionizing spectrum with
photon energies > 4 Ryd, and is observed to be more common at high-z than locally. Our
study rules out a significant contribution from X-ray sources and shocks to the Hell pho-
toionization budget, indicating that the He ™ excitation is mainly due to hot stellar continua.
We discovered a new WR knot, but we also discard single WR stars as the main responsi-
ble for the Hell ionization. By comparing observations with current models, we found that
the Hell-ionization budget of SBS 0335-052E can only be produced by either single, rotating
metal-free stars or a binary population with Z ~ 10~ and a "top-heavy’ IMF. This discrepancy
between the metallicity of such stars and that of the HII regions in SBS 0335-052E is similar
to results obtained by Kehrig et al. (2015) for the very metal-deficient Hell-emitting galaxy

- w ww -



Our Hell emitters = unique sample of counterparts to the long-sought-for
sources of cosmic reionization and fundamental guidance for the
interpretation of upcoming rest-frame UV galaxy spectra at high-z

This project presents a novel approach to be performed using the GTC
MEGARA-IFU which offers the only opportunity to perform this project in
the foreseeable future!




