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ABSTRACT

Context. Chemical abundances in the Leo ring, the largest H1 cloud in the local Universe, have recently been determined to be close
or above solar (Corbelli et al. 2021), incompatible with a previously claimed primordial origin of the ring. The gas, pre-enriched in a
galactic disk and tidally stripped. did not manage to form stars very efficiently in intergalactic space.

Aims. Using Ho emission and a multi wavelengths analysis of its extremely faint optical counterpart we investigate the process of star
formation and the slow building up of a stellar population.

Methods. We map nebular lines in 3 dense Hi1 clumps of the Leo ring and complement these data with archival stellar continuum
observations and population synthesis models.

Results. A sparse population of stars is detected in the main body of the ring, with individual young stars as massive as O7-types
powering some Hu region. The average star formation rate density in the ring is of order of 107 M_, yr™! kpc™ and proceeds with
local bursts a few hundred parsecs in size, where loose stellar associations of 500 — 1000 M, occasionally host massive outliers. The
far ultraviolet -to-He emission ratio in nebular regions implies recent stellar bursts, from 2 to 7 Myr ago. The relation between the
local H1 gas density and the star formation rate in the ring is similar to what is found in dwarfs and outer disks with gas depletion
times as long as 100 Gyrs. We find a candidate planetary nebula in a compact and faint He region with [OII]/Her line enhancement
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U“ cm” 2 .in \elluw the V]_ A I-I[ mn[uun of lhe snuthern parl ul [h-:' ring as demlbed b\, btl‘lﬂﬁldt‘l
et al. (1986). Square symbols indicate the positions of the 3 H1 L]ump»r observed with M Clumpl, Clump2 and Clump2E. In the right panel
an enlargement of the 3 H1 clumps shows the coverage of the 8.5 kpc® MUSE fields overlaied on the far UV-GALEX image.
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Fig. 2. Detected and undetected nebular line emission in the blue por-
tions of the spectra for 3 regions of the Leo ring. Apertures have radii
of 2.4"(black lines) and of 1.2”(red lines). Emission lines detected
at least in one aperture are labeled with the rest frame wavelengths
and blue tick marks. Dotted lines for undetected lines are placed at
the expected wavelengths. Line intensity units along the y-axis are
10" erg s7' cm™ A~'. Spectra have been arbitrarily shifted along the
y-axes for display purposes.
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Fig. 3. The line ratios [OII]5007/HB and [NI[]6586/He are plotted for
all nebular regions in Table 1 for which these ratios have been measured
or limiting values can be inferred. Different colors indicate different re-
gions. Data for the largest aperture (radius 2.4") has been plotted with
afilled circle and are listed in Table 2, filled triangles refer to 1.2 aper-
tures. For reference we also indicate the criteria proposed by Kauffmann
et al. (2003) for distinguishing between star forming galaxies and AGN
(dashed line) and by Sanders et al. (2012) to separate H n regions and
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Fig. 6. Contours of the Ho emission of the two brightest Hu regions in Clump1, Cla and C1b, are overplotted in green to the GALEX-FUV con-
tinuum image in the left panel and to the HST-ACS-F606W optical image in the right panel. Contour levels are: 2.5,4,6.10,20x107 erg

per pixel (0.2”). The radius of the 10x10- erg s~' cm~2 contour level is about 70 and 50 pe for Cla and Clb respectively. The HST ima T ;!rrl TTTE I TTTT I TrTI
that only part of the stellar population in the cloud is emitting ionizing photons powering the Stromgren spheres. I~ ! L (a ) =1 »
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Fig. 7. Point-like sources within 1 kpc of the center of the area hosting the two brightest nebulae in Clumpl are shown with asterisk symbols in the
CMD (in VEGAMAGS) of panel (a) and (b). The open magenta circles mark sources within 3.8” from the center of Cla in panel (a) and of Clb
in panel (b), with black color and labels used for sources at the center of the nebulae. Blue asterisks are for objects of type=1 (good stars). The
dotted lines are the predicted evolutionary tracks for PADOVA isochrones for Z=0.0142, with black color for ages < 10 Myr, green color for ages
between 10 and 100 Myr and cyan color for ages > 100 Myr. No extinction corrections have been applied. To the right the HST-F606W image
shows the sparse population of stars in a region of Clump1. Magenta circles of 3.8 radii have been placed at the location of Cla and Clb, a filled
yellow dot indicates the HI peak of Clumpl. For reference the dashed line is 1 kpc in length.
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Fig. 8. The image of Clump2E in Her (log scale) is shown in the upper-left panel. The two brightest Hn regions, with more than one nebular line
detected, are marked with blue diamonds in a zoom in image of the Ho emission in the upper-right panel (linear seale). The Ho smoothed contour
levels at 1.2.2.4.10.20 1072 erg 7' em? per pixel shape a partial ring of radius ~ (L6 kpe. They are marked also on the VLT red continuum image
(bottom-lefi panel) and on the FUV-GALEX image (bottom-right panel). The blue crosses, at the location of the Her sources listed in Table 3, are
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Table 4. Massive stars and star formation rates in the Leo ring

Source log Ly, central L, ryv/Lua age Lyruv/Lue My log Xsrr log Xsrr
ergs™!  stellar %ﬁ‘klﬂ Myr %ﬁ‘lﬂ My Mgyr'kpe™ Mg yr! kpe™
total type R.,,=184pc burst R,,=364pc cont R.,=364 pc Rap=2.2 kpc
Cla 36.58 07 1.6 3 1.8 30 -3.4 -4.3
Clb 36.06 08.5 1.9 7 2.3 20 -3.5 -4.3
C2Ea 36.79 06.5 1.2 3 § 5 45 -3.5 -4.5
C2Eb 35.97 09 1.9 T 2.3 20 -3.5 -4.5
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Fig. 10. Location of possible star forming sites (vellow ovals) identified
in the FUV-GALEX map of the Leo ring (background image). Green
contours are relative to 21-cm H1 emission mapped by Schneider et al.
(1986). Filled yellow circles indicate the location of H1 peaks with as-
sociated FUV emission estimated using a circular aperture of 45" in
radius, indicated by a gray circle at the bottom left corner.



3akoH KeHHukaTa-lWUmMmunaTa: kak Bo
BHELLUHUX ANCKax crnnparbHbIX
ranakTuk

-3

_I IFUI-VJ:I5I4I Ilb|—4-|1 TT Tl I__I IFUI-v]:|1|41 Ilbl—‘l!iil//l,] T I_

'm_‘ [~ Ll (}ﬂ// 0{7

" - R SEE

8 4 -+ -

% L T s g 4

‘I-| [ — // =

- - - i -
>€} il E

i@ Fay & G B s 7

= sl T 1

5 - fe -

[ =+ 37

[ ] E T

o L 4 _

2 I Al 4 -

_6 B f _

Tl b bov b b b b d

0 05 1 0 05 1

log £, [Mypc™] log T, [Mgypc?]

Fig. 11. In the left panel FUV based estimates of the star formation
rate densities Egrp and H1 gas mass surface densities £y, are shown
with red triangles for the 6 H1 peaks in the Leo ring with non negligible
FUV emission. The open triangles indicate H1 peak data not listed by
Schneider et al. (1986) relative to cloudlets towards M96. Filled dots
trace the relation for the median values of the large database on outer
disks of spiral galaxies (black color) and on dwarf galaxies (blue color)
obtained by Bigiel et al. (2010) and their dispersion. For this panel we
use the same star formation rate coefficient as in Bigiel et al. (2010). In
the right panel we show the star formation rate densities for the same 6
H1 peaks in the ring but computed with the conversion coefficient rela-
tive to Starburst99 continuous star formation models with M,.=35 M.,
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* Bce-Taku, KonbLo — nepBUYHOE UM
CTONKHOBUTENbHOE?

* Ecnu ctonkHoBUTENBLHOE, No4YeMy Takoe
ycTOM4YMBOE (MUHUMaArbHbIE TEMIIbI
3Be3goobpasoBaHus, 3 10+ macc ConHua
Ha KBagpaTHbIN Kuronapcek)?



