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How are abundances of galaxies measured?

Strong-line method (a.k.a. R23)
observe strong oxygen emission lines,
& use O as tracer of metallicity

Requires
assumptions about:
Gas temperature
lonizing sources
‘clumpiness’
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Red Supergiants (RSGs) as

cosmic abundance probes...

e Complementary to BSGs

e Greater potential for E-ELT:

% Stars have flux-peaks in NIR
* Method is NIR-based

10



Previous RSG abundance work

e Cool (Tetr ~ 4000K).

e | ots ofﬁio‘ecular lines.

® High-r
(R>
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Molecular lines

=~ metal line si Davies+ 2009a -
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Not currently feasible for
extra-galactic work (no targets!)
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Normalized flux + offset

. 2. Red Supergiants

.
However, if we switch to J-band: - -

* Only atomic lines (molecular lines v. wgah

e Can get all stellar parameters A d
e Can drop resolution to R~3000
-
e Can use a MOS
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2. Red Supergiants
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2. Red Supergiants

m 24 stars at once: 1 galaxy per night at 4Mpc (VLT + KMOS)
= humber of observable targets increased to ~100

15



Modelling & Analysis

* MARCS models...
(Gustavsson+ 2008)

e .. with nLTE corrections
(Bergemann+ 2012, 2013,

In prep)
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‘Nearby Universe’ phase...

e Study RSGs in three closest galaxies
(with different masses & metallicities)...

Per OB1 (Subaru+IRCS, R=20,000)
[Z] = -0.04+0.10

s
- 18
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. ..“» o e .
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Gazak, Davies, Kudritzki+ (2014, ApJ 788, 58)
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‘Nearby Universe’ phase...

e Study RSGs in three closest galaxies
(with different masses & metallicities)...

HD 14469

BD+56 512
WA 2 A

HD 14488

¢ r

1.178
Wavelength [microns]

Gazak, Davies, Kudritzki+ (2014, ApJ 788, 58)
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‘Nearby Universe’ phase...

Study RSGs in three closest galaxies
(with different masses & metallicities)...

‘standard’
spectrographs

—

E e ) S

dedicated high-resolution
<€— gpectrographs...

NLTE

10000 6000 4000
Resolution [A/04]

Gazak, Davies, Kudritzki+ (2014, ApJ 788, 58)
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‘Nearby Universe’ phase...

Study RSGs in three closest galaxies
with different masses & metallicities)...

& Stephs

Davies et al (submitted)
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Survey of galaxies within 4Mpc:

it . NGC300
| Gazakoet al. ‘(in prep)

KRR R A T TN

NGC 6822
Patrick et al (in prep)

“WLM
Davies et al (in prep) s
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RSG-dominated star-clusters...

AL

™ ' . » '
. ’L',"‘ . *
. ‘. » '. y s ..‘
’ » . » \ R »
- T e S . :

hd

-\

‘NGC 21

g
00 (LMO) |

24



RSG-dominated star-clusters...

Simulated star cluster,

initial mass = 5x10% Mo

Gazak et al (2013, MNRAS 430, 3
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RSG-dominated star-clusters...
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RSG-dominated star-clusters...

120 L4 ' L4 L4 L4 I L4 LS L4

100}

Qo
o

| %
| =
| O
@
o 60
ok
O
2
¢
N

S
o

Simulated star cluster,
initial mass = 5x10* Mo j g %
" PP PP B EEPEEPE BEPEE Er ,.:'
10 12 14 16 18 20 i

Age [Myr]

" 8 wi® x100 boost in-
GaZak et al (2013, MNRAS 430, 35) SNERSEE., = Fraous Ng1e Mo clL

4 ‘ .'.' \ A
ot \ [

-

-
v
-

L]

-




Norm. Flux

1.18 1.19 1.20

Wavelength [um]
/] = +0.28+0.14

Gazak, Davies, Bastian et al. (2014, ApJ (87, 142
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Survey of RSG clusters in high SFR galaxies

3 Sita i WMM/ . \ NZ =+0.02 T 0.13

36731

WWWM pa—=

SSC 50776

Normalized Flux + offset

i FeSSi

1.19
Wavelcngth [um]

W A. '_.. ks
SSC 36731 TR

Antennae
Gazak et al. (in prep)
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Survey of RSG clusters in high SFR galaxies

L
.
K
- .
L . -
L] .
. -~ . -
- . ~
.
.
w
-
B .
.
.
e
L Y
@ .
P -
g @
. .
.
Y . .
r ' 4
.‘v., ¢ . .
' 3
.
-
@
.
* . 5
. . " . ¢

| . Ms3.
. % . Lardo etal(in prep)

30



Cosmlc Chemical Evolutlon using
| Red Superglants.

‘Summary & Outlook :

Quantitative spectroscopy of individual Red |

Supergiants, at dlstances out to 4Mpc

N - Accurate mass? metalll%ty reIatlon at z= O

. Can be used to recallbrate strong -line methods for
higher z work

Quantitative spectroscopy of RSG domlnated star -
; cIusters out to 40Mpc

E-ELT potentlal - see talk tomorrow by Chris Evans...

31



