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ABSTRACT

Supernova driven winds are often invoked to remove chemically enriched gas from dwarf galaxies to match their
low observed metallicities. In such shallow potential wells, outflows may produce massive amounts of enriched halo
gas (circum-galactic medium or CGM) and pollute the intergalactic medium (IGM). Here, we present a survey of the
CGM and IGM around 18 star-forming field dwarfs with stellar masses of log M, /M:; = 8 — 9 at z = 0.2. Eight of
these have CGM probed by quasar absorption spectra at projected distances, d, less than the host virial radius, R}.
Ten are probed in the surrounding IGM at d/ Ry, = 1 — 3. The absorption measurements include neutral hydrogen,
the dominant silicon ions for diffuse cool gas (7" ~ 10% K; Sill, Silll, and SilV), moderately ionized carbon (C1V),
and highly ionized oxygen (O VI). Metal absorption from the CGM of the dwarfs is less common and = 4x weaker
compared to massive star-forming galaxies though O VI absorption is still common. None of the dwarfs probed at
d/Ry = 1 — 3 have definitive metal-line detections. Combining the available silicon ions, we estimate that the cool
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Figure 1. Stellar mass distribution of the star-forming field
dwarf galaxies. For comparison, the star-forming and passive
galaxies from the COS-Halos survey and intermediate mass
samples from COS-Dwarfs and Liang & Chen (2014) are also
shown.



... C KBa3apaMu Ha galibHEM (poHe

THE GASEOUSE HALOS OF DWARF GALAXIES i

0.4179

(=4

[T

TOLETTTT
| — I

e
o

i

C

i

i

— S

TE

T

T T (P

= = L T PO, o i ien
T I e T e o o i
£ - T R AT ..'L'I,:. fJLH_]J: AT
E q £ ¢ e eeirg o Brp R
1z t Wl i )
= E . i A i
3 oo ! JEW !
3 EEEL L. I = I I _;
- i il | m s [ e s o okl s ks s |
= I | T T T T T3
3 1 v%rﬁd‘;ﬂf[ﬂf .

(=4
[T}

| '
—&00 o
av [Een g] av [Em a-]

Figure 2, Examples of the star-forming feld dwarf galacies D and D2 near the sightline toward PRS 06837702, The fop
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Bbibopka

2.1 The MaNGA data

The MaNGA survey (Bundy et al. 2015; Yan et al. 2016b), part of
SDSS-IV (Blanton et al. 2017), aims to obtain spatially resolved
spectroscopy for a representative sample of 10 000 galaxies in the
redshift range 0.01 < z < 0.15 by 2020. The MaNGA instrument
operates on the SDSS 2.5m telescope at Apache Point Observatory
(Gunn et al. 2006) and consists of a set of 17 hexagonal fibre
bundles of different sizes. plus a set of mini-bundles and sky fibres
used for flux calibration and sky subtraction respectively (Drory
etal. 2015; Law et al. 2015; Yan et al. 2016a). All fibres are fed into
the dual beam BOSS spectrographs covering the wavelength range
from 3600 A to 10300 A with a spectral resolution R ~ 2000 (Smee
et al. 2013).

MaNGA galaxies are selected from an extended version of the
NSA catalogue and are observed out to 1.5 Re (primary sample,
comprising 2/3 of the total sample) or 2.5 Re (secondary sample,
comprising 1/3 of the total sample). Targets are selected to be rep-
resentative of the overall galaxy population at each stellar mass
in the range 9.0 < log(Mx« /Mg) < 11.0 (in practice M; is used
for sample selection to avoid the systematic uncertainty intrinsic in
deriving stellar masses, Wake et al. 2017).

The MaNGA data used in this work was reduced using version
vl_5_1 of the MaNGA reduction pipeline (Law et al. 2016). Our
starting sample consists of all MaNGA galaxies observed within the
first ~ 2 years of operation, corresponding to the publicly available
SDSS data release 13 (DR13, Albareti et al. 2016), which includes
1352 unique galaxies.

eLIER and line-less galaxies are defined to host no
spectroscopically-detected star formation, and are thus excluded
from the current study. We emphasize that in this work a galaxy is
defined as SF based on its MaNGA spectroscopy and not by its po-
sition with respect to the SEMS, although, as seen in Fig. 2, galaxies
classified as SF lies mostly on the SFMS.

For a reliable study of radial gradients we impose further cuts
on our galaxy sample, as in Belfiore et al. (2017a). In detail we select
galaxies to have a major to minor axis ratio (b/a) greater than 0.4 (to
exclude high-inclination systems), 9.0 < log(M4/Mg) < 11.5 and
exclude visually-classified mergers or closely interacting systems.
These cuts lead to a final sample of 579 galaxies. The relative mix of
blue cloud and GV, as well as SF and cLIER sources in this sample
is detailed in Table 1.
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Figure 1. The relation between sSFR and EW(He) in emission for all the
spaxels classified as star forming using the [SII/Ha BPT diagram in the

Table 1. Sample of MaNGA galaxies used in this work.

Type N. galaxies
Sample used in this work 579
Blue Cloud 443 (76%)
Green Valley (GV) 109 {19%)
Red Sequence 27 (5%)
star forming (SF) 455 (79%:)
central LIER (cLIER) 124 (21%)

Veilleux & Osterbrock 1987; Kauffmann et al. 2003b; Kewley et al.
2006; Belfiore et al. 2016).

Using repeat observations Yan et al. (2016b) demonstrate that
for log(SFR/Mg yr~! kpe™2) > —2.7 (converting to a Chabrier
IMF) and E(B — V) < 0.5 the uncertainty in the SFR is less
than 0.2 dex. This uncertainty is dominated by the uncertainty in
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Figure 7. Same as Fig. 6, but comparing the cLIER sample with a sample of star forming galaxies matched in mass and X, (the stellar mass surface density

within 1 kpc, as defined in Fang et al. 2013). The comparison demonstrates that GV galaxies have lower sSFR in their discs even when compared to a sample
of blue cloud galaxies with comparable total mass and central mass surface density (Z) ).
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A final cut is applied to the sample based on galaxy
axis ratio. Edge-on disks with a b/a < 0.3 are removed from
the sample, as we have found that their radial profiles are
poorly resolved. A total of 128 galaxies are removed based on
this cut. The final sample is then composed of 1494 galaxies,
1016 of which are star forming, 364 are composite and 114

are AGN/LI(N)ER.
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Figure 2. Contours of the distribution of D,4000 and SSFR, the
contours represent the 1-, 2— and 3 — ¢ levels. The thick solid
line is the mean fitted to the data we use for spaxels which are
marked as composite or AGN/LINER from the BPT Diagram.
Spaxels which we classify as low SNR are included in this model
with an upper limit of log,((SSFR) = —11.5. The dashed lines are
the standard deviation from the mean.
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Figure 8. Histogram showing the ratios between the SSFR in the
centre most radial bin and the mean SSFR beyond r/re. = 0.75. We
show with a dashed line the cut between the centrally suppressed
and unsuppressed galaxies, which marks where the disk has 55FR
is approximately 10 times higher than the core of the galaxy.
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Figure 14. The mean S5FR profiles of centrally suppressed and
unsuppressed galaxies. The upper set of lines are the unsuppressed
galaxies, while the lower lines are the suppressed galaxies. Satel-
lite profiles use solid lines and centrals use dashing lines. We do
not include the low mass bin for the suppressed galaxies. We used
the same three stellar mass bins as in Figure 6.
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(SSFR)

L0

o

lago( SSFR)

A OT Yyero oHa 3aBUCUT?

860 < log(M,) < 0.87

Central Galaxies

0.87 < Teg({M,) < 10.41

1041 < log(J.) < 11.00

0.7 == Star Forming
| = Compesite

— AGN

Centrally Quenched Fraction

4 { | 07 =Semic Indax, n=. |36
— .35 <Senic Index, n= 205
-0.4 293 <Samic Index, n= 400
10,07
10.2 ﬁ"@
_10.4 ﬁ
10.6 4
10,8
=110
11.2
0 03 GW 0m L® 1% o 025 0% o LW 1% om0 0% o LW 1%
[r.
Satellite Galaxies
860 < log{M,) < 0.87 0.87 < log( M,) < 10.41 1041 < log( M,) < 1100
B o | — L) = Seric Inde, ne 138 4
—— 1.3 =<Senic Index, n< 208
0.8 2.9 <Sersic Index, n< 600
1000
0|
1.4 E A ‘g_:é:—/ ~ ﬁ
~10.4
10.&
11.0
-11.2 4
T T T T T T T T ¥
00 02 03 o7 L0 1B 000 0.2 1 1 00 02 050 0 it 1
|

T T g 1 L
B35 &40 0.7% L W) 10.25 10 5
lag( M.)

Figure 17. The fraction of galaxies which are centrally quenched,
for galaxies which have an integrated BPT classification of AGN,
Star Forming and Compaosite, in three bins of Stellar Mass.




