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Stellar Feedback Outflows

Are star-forming galaxies 
chemically homogeneous?

Yuan+ 2011

Dekel+ 2009

M
et

all
ici

ty

Metal Distribution

OutflowsAccretion

Galaxy Evolution

Star-Formation

109 spirals, 49 SF galaxies (Ho+2014)

Metallicity gradient

Negative gradients → inside-out growth, flattening with time
Positive gradients → tidal mixing, interacting systems (low-z)
                                  → infall of pristine gas into center (high-z)
                                  → SNe blowout + fallback, metal mixings?, self pollution?

Are dwarf galaxies 
chemically homogeneous?
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Knot BKnot C

Knot A

5” ~ 1.8 kpc

N

Haro 11 (James+ 2013a)

Accretion of pristine gas 
→ star-formation

Sanchez-Alm
eida+, 2014

Nearby Dwarf XMP Dwarfs

LESSONS FROM CHEMICAL 
VARIATIONS IN DWARFS….

How is star-
formation triggered?
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Jam
es et al. 2010

A
. M
onreal-Ibero

et al.: Physical and
chem

ical conditions of the ionized
gas in

N
G
C
5253
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Fig. 13. Predicted
N
/O

m
aps

using
the

N
2O
2
(top) and

N
2S2

(bottom
) tracers. N

ote that for an easier com
parisonw

ith
the pre-

dictions of the
direct m

ethods, m
aps are displayed

using
a
scale

covering
the sam

e range as the one presented
in
Fig. 8.

exam
ple, M

onreal-Ibero
et al. (2011a) and

Relaño
et al. (2010)

found
that m

etallicity
tracers

are
m
odulated

by
the

ionization

structure. The
best-know

n
m
etallicity

tracer w
ould

probably
be

R23
(Pagel et al. 1979). U

nfortunately, w
ith
a
12
+log(O

/H
)
∼

8.28, N
G
C
5253

falls at the
turn-over of the

m
etallicity-R23

re-

lation
and

therefore, this
tracer is

not appropriate
for m

etallic-

ity
determ

inations in
this galaxy. A

lternatively, tw
o
w
idely

used

tracers
are

O
3N
2
=
log(([O

iii]λ5007
/H
β)/([N

ii]λ6584
/H
α))

(A
lloin

et al.
1979)

and
N
2
=[N
ii]λ6584

/H
α
(D
enicoló

et al.

2002).
H
ow
ever,

both
involve

[N
ii]
em
ission

lines,
and

are

therefore, affected
by
the

variation
of relative

N
/O

abundance

across
the

galaxy. Thus, N
G
C
5253

is
not an

adequate
exam

-

ple
to
test

the
reliability

of
m
etallicity

determ
inations

based

on
strong

optical
lines.

Instead, since
this

galaxy
presents

a

range
of
N
/O

abundances, a
different test for the

correspond-

ing
strong

line
based

tracers
w
ould

be
of
high

interest. This

w
ill be

discussed
in
this

section. A
s
a
baseline, w

e
converted

our
line

ratio
m
aps

into
relative

abundances
using

the
ex-

pressions
provided

by
Pérez-M

ontero
&
Contini

(2009),
that

relate
N
/O

w
ith

N
2O
2
=
log([N

ii]λ6584
/[O
ii]λλ3726,3729)

and
N
2S2
=log([N

ii]λ6584
/[S
ii]λλ6717,6731)

as
defined

by

Kew
ley
&
D
opita (2002) and

Sabbadin
et al. (1977).

M
aps

for
the

estim
ated

relative
N
/O

abundances
are

pre-

sented
in
Fig. 13. They

show
that both

tracers, N
2O
2
and

N
2S2,

detect the m
ain
area w

ith
N
-enhancem

ent. Interestingly
enough,

only
N
2O
2
is sensitive

to
the
new

ly
discovered

area, associated

to
knot ♯3.

H
ow
ever, both

tracers fail to
predict the

correct N
/O
abun-

dance. This
is
not unexpected

since
the

utilized
relations

are
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Fig. 14. Com
parison

betw
een

the residuals for the determ
ination

of N
/O
based

on
the
tw
o
strong

line
m
ethods under considera-

tion
w
ith
respect to

the direct one. The locus of equal residuals is

indicated
w
ith
a black

line. A
n
orange square m

arks the position

w
here

the
three

m
ethods agree. D

ata
w
ere
divided

in
three

bins

of n
e as in

Figs. 7
and

12.

valid
to
interpret global tendencies

in
a
statistically

significant

sam
ple of galaxies, w

hile
N
/O
abundances for an

individual ob-

ject can
depart about

±0.3 and
±0.5 dex

from
this relation

for the

N
2O
2
and

N
2S2

tracers respectively
(see e.g. Figs. 10

and
11
in

Pérez-M
ontero

&
Contini 2009).

Figure
14
show

s a
com

parison
of the

residuals betw
een

the

strong
line

m
ethods and

the
direct one. O

nly
those

spaxels w
ith

an
estim

ated
uncertainty

low
er than

0.25
dex

in
both

residuals

w
ere included

in
the com

parison. The good
correlation

betw
een

the
residuals is

consistent w
ith
both

m
ethods being

affected
by

the
sam

e
factors. A

lso, there
is an

increase
of the

residual w
ith

n
e . This also

im
plies an

increase w
ith
the other physical param

e-

ters since a com
parison

of the different m
aps presented

through-

out the
paper

show
s
that in

general, larger
n
e
corresponds

to

brighter areas and
w
ith
larger T

e and
ionization

strength. G
iven

the spatial coincidence of these variations, disentangling
the rel-

ative
role

of a
given

physical quantity
as the

cause
of the

vari-

ations in
the
residuals is not straightforw

ard
for this galaxy

and

w
ill not be

addressed
here. M

ean
(±standard

deviation) for the

residuals
are
∼
0.11(±0.03) and

∼
0.02(±0.12) for N

2O
2
and

N
2S2, respectively. Therefore, a

m
ethod

based
on
N
2O
2
is
∼4

tim
es
less

sensitive
to
any

variation
of
the

physical/chem
ical

properties than
the one based

on
N
2S2.

In
sum

m
ary, our com

parison of the N
/O
abundances derived

using
strong

line
m
ethods w

ith
respect to

direct m
easurem

ents

in
the search

for chem
ical inhom

ogeneities w
ithin

a galaxy, sup-

ports the
use

of that based
on
N
2O
2
over that based

on
N
2S2.

The
first m

ethod
is
sensitive

to
a
w
ider

range
of
N
/O

abun-

dances and
is
m
ore

stable
against variations of physical condi-

tions w
ithin

the area of interest.

4.4. On
the

relationship
between

extra
N

and
W

R
stars

There
are

several
w
orks

in
the

literature
using

long-slit
ob-

servations
that

suggest
a
connection

betw
een

nitrogen
over-13

M
onreal-Ibero et al. 2012

N
/O

e.g. NGC5253
(Westmoquette, James et al. 2012)

Self-pollution + 
young (WR) cluster

Metallicity gradient 
⋍ stellar age gradient

LESSONS FROM CHEMICAL 
VARIATIONS IN DWARFS….

Star-formation ♻ 
metal mixing timescales
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Hot stars  Ionisation   Hα

Mrk 71

Star-formation 
efficiency 

Te
ys

sie
r, C

ha
po

n 
& 

Bo
ur

na
ud

 2
01

0

Surface Gas Density

St
ar-

fo
rm

at
io

n 
ef

fic
ien

cy
Chemical variations on <10pc scales

Thermal instabilities →gas fragmentation

James et al., 2016a, ApJ 

1 pixel < 1pc
WFC3 narrow band imaging HeII emission from 

Wolf Rayet stars
WFC3 Metallicity ‘image’

1 pixel < 1pc

LESSONS FROM SMALL SCALE 
CHEMICAL VARIATIONS IN DWARFS….
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‣SDSS-search based on Leo-P 
morphology
‣~120 previously unknown low 

surface brightness star-forming 
dwarf galaxies
‣25% are extremely metal 
poor (i.e. <0.1 Zsol)
‣Random regions of active SF in 

diffuse continuum → akin to high-
z systems

‣50/120 observed with MMT
‣7/120 observed with McDonald
‣1/120 observed with VLT/MUSE…

James, Koposov, Stark, Belokurov, McQuinn et al. 2015a, 2017 
BLUE DIFFUSE DWARF GALAXIES
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HOW IS STAR FORMATION TRIGGERED IN 
BLUE DIFFUSE DWARFS?

Hierarchical star-formation (e.g. Elmegreen+ 2010)

How stable is the gas? Is it turbulent?
Are there signs of accretion?

Is there an older stellar population?

Gas density too low for 
gravitational instability 
(dIrrs, Hunter+ 1998).

Lelli+ 2014

Triggered by external processes? 

Stream-fed?

Internal factors? 
e.g. turbulence, stellar feedback 
(Elmegreen & Hunter 2006)

dIrrs: Zhang+ 2012

Stellar mass density

St
ar-

fo
rm

at
io

n 
ra

te
 d

en
sit

y
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James, Kumari + 2019a, in-prep

λ=4650-9300Å
300x300 spaxels
900,000 spectra 

0.2” spaxels
~0.9” seeing

JKB18: MUSE OBSERVATIONS

Regions of star-formation in arm-like structures
Disturbed velocity field → past merger?

Uniform velocity dispersion → no evidence of outflowing gas

1 spaxel~20pc
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JKB18: IONIZATION MAPPING

[O
III]

/H
b

[O
III]

/H
b

[NII]/Ha

[SII]/Ha

•Mostly photoionization
•Gradients of high ionization mis-aligned with star-formation
•Evidence of shocks/gas-interactions
•No diffuse ionized gas
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• Evidence of ~0.5 dex chemical variations
• Variations depend on the metallicity diagnostic, but larger than diagnostic uncertainties 

JKB18: METALLICITY MAP
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•Variations do exist outside the mean
•Only small scale variations, 

considering random distribution of SF 
regions, stellar ages, gas velocity 

Direct 
Method

O3N2

JKB18: INHOMOGENEITY?
1 HII region ~100pc
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What do simulations of low-mass galaxies show us at these scales?
Can simulations see such small-scale metal variations?

JKB18: CAUSE/EFFECTS OF 
CHEMICAL INHOMOGENEITY

SFR (Msol/yr)

No sign of pristine gas 
accretion

 or outflows

Age (Gyr)

Gas is well mixed
no self-pollution

Lig
ht

-W
eig

ht
ed

 A
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 (G
yr

)

M
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HST-COS Survey of Local Star-Forming Galaxies (mostly BCDs)
(34 Orbits in Cycle17, 33 Orbits Cycle 25, PI: Aloisi)

~150 pc ~130 pc

E
N

SBS0335-052

MW Ly α
emission
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COS FUV
G130M
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Figure 3: N/H abundance ratio map of Mrk996 from 
VIMOS-IFU observations (James et al. 2009).  This 
demonstrates that peaks in chemical abundances are 
not always correlated with the brightest region of the 
galaxy, represented by the Halpha emission contours 
(black lines), and can therefore be missed with tradi-
tional long-slit methods.

Figure 1: HST ionized-gas (Ha or 
Hb) imaging of our sample of 
star-forming galaxies.  For each 
target we show the COS circular 
aperture at its exact pointing, 
overlaid with the rectangular 
GMOS aperture.

Figure 2: An example of HST-COS Far-UV G130M spectra for the 
star-forming galaxy SBS0335-052.  The spectral range offered is 
perfectly suited to probe the neutral gas abundances of elements such 
as O, Fe, Mg, Si, S, N, Ar, P and Mn.

Accurate line-of-sight abundances
→Gemini-GMOS data  (PI: James, Kumari et al. 2017, 2018, 2019) 
→Keck/CWI data  (PI: Hernandez, due 2020)

MW Ly α
emission

          Ly α

N
 I 

11
34

.1
,

11
34

.4
,.9

Fe
 II

 1
14

2,
11

43
,4

4 

P 
II 1

15
2

Si
 II

 &
 S

III
 1

19
0 

Si
 II

 1
19

3 

Si
 II

I 1
20

6

Si
 II

 &
 F

eI
I 1

26
0 

S 
II 

12
50

 
S 

II 
12

53

C 
II 

13
34

 

N
i I

I 1
37

0 

Si
 IV

 1
39

3

Si
 IV

 1
40

2

CI
II 

11
75

O
I 1

30
2 

N
i I

I 1
31

7 

N
 I 

11
99

,
12

00
.2

,1
20

0.
7

C 
II*

 1
33

5.
6,

.7
 

Si
 II

 1
30

4

James et al., 2014b, ApJ 

CHEMICAL VARIATION BETWEEN GAS PHASES
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New COS data allows for tailor made ICF models for each galaxy 
(Hernandez et al. 2019 in-prep)

N
eu

tra
l G

as
 A

bu
nd

an
ce

Ionized Gas Abundance:

All elements

CHEMICAL VARIATION BETWEEN GAS PHASES

(saturated)

To be continued with +45 galaxies in CLASSY (PIs Berg, James & Stark +, Cycle 27) 
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Just Oxygen

CHEMICAL VARIATION BETWEEN GAS PHASES

Amount of HI is 
strong function 
of metallicity

Gas is well 
mixed, despite 

metallicity

Decrease in 
metals only seen 

at very low 
metallicities

O/H in neutral 
phase increases 

in high mass 
galaxies

Io
nis

ed
 - 

N
eu

tra
l

Io
nis

ed
 - 

N
eu

tra
l

N
(H

I)

N
(P

), 
N

(O
)

MetallicityMetallicity

Metallicity N(HI)

Galactic outflows and/or SF inefficiency in most metal poor systems

James & Aloisi 2018



SUMMARY

Incorporating these variations into models is essential for 
accurate representation of galaxy evolution

...especially for dwarf galaxies

Dwarf galaxies are not always chemically homogeneous

Chemical variations in dwarfs tell us about:
• chemical mixing timescales
• past interactions
• accretion of metal-poor gas
• star-formation mechanisms
• galactic outflows
• Self pollution...or complete lack of.


