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0.0 0.5 1.0

Fig. 4. Observed heavy element abundance, Z, versus total mass
for the compact and irregular galaxies under consideration. Filled
circles are objects with known mass; open circles are lower limits
to the total mass for I Zw 18 and II Zw 40 (for which we adopted
9.9 10° My). Solid line, least-squares fit for all galaxies (log M,,,
=8.184229 Z). Dashed line, least-squares fit for galaxies of
known mass (log M, =8.484+187 Z)

Mass-metallicity relationship of
galaxies
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0.5 W Dave Finlator & Oppenhelmer (201 1)

e.g...

e i | ® Impact of supernova winds
T s (Davé et al 2011)

E

log (oxygen abundance) + constant

S e Rate of infall of ‘pristine’ gas
No winds .|,” == (Colavitti et al 2008)

A l | T B W l > . Y. . l Ak _R__J l | -

e |nitial Mass Function

9 10 11 12 (Koppen et al. 2007)

log (Mgalaxy / Mo)

+ many more...

Mass-metallicity relationship of
galaxies

Tremonti+ 2004
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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’

4500 0000 6500
Wavelength (angstrom
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log (0xygen abundance) + constant
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distances,
metallicities

(A = optical)

RSGs |

tmetallicities _

(A =NIR) |
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1. Blue Supergiants (BSGs)

* Hot (Tert ~ 9,000 - 30,000 K).

e Can solve for Teff, gravity.... * = 7%
-~ e :

o ... then get abundances.




1. Blue Supergiants (BSGs)
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1. Blue Supergiants

NGC 300

Check results using Te-sensitive |
‘auroral’ lines of HIl regions

: ‘strong’ = |Had éi '
6x10"5—/ \ o

og : O 1] [O I11]
£ |
N 4x10-"5 - [H,B] -
S |
& ‘auroral’
2 2x10-" | [Hyl E
[ S 111
r [He ] LE 1] ! ] :
0 | 11 - Al L ~ | i 1 1‘1 1 1 1l - L'TLﬂ
4000 6000 8000

Wavelength (&)

Bresolin et al 2009, ApdJ, 700, 309 17



1. Blue Supergiants

NGC 300

Check results using Te-sensitive Excellent agreement

‘auroral’ lines of HIl regions -> with BSGs!
8.8' T | T T T | T T T | T T T | T T T | ]
. O @ HlIll-auroral :
8.6 O % supergiants
Hy * perg
reL rorg; ., ? ]
o Ssion [* :
o ) S 2° # . i
f:82 R L.C SUpey
C ' Qiant
o re IS
— o Qre SIOI’)
8 ) O —
7.8 1 1 |_l 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0] 0.2 0.4 0.6 0.8 1 1.2
R/R,s

Bresolin et al 2009, ApdJ, 700, 309 18



1. Blue Supergiants

Bonus: can be used as distance indicators...

Z 0.020

20M

fL~MX
-~ (g/T4)x/(1 —x), or

OM_

Mool = a log(g/T4) + b (FGLR)

LOE 1

eff




1. Blue Supergiants

Bonus: can be used as distance indicators...

© NGC 300 (A O (B) .
10 P2 6822( ) Lots of galaxies:

o mibwe  Kudritzki et al., 2008, ApJ 681, 269
O NGC 3621 ,
@ LMC

SMC
"9 © M 33

Mbol (mag)

22 2.0 1.8 1.6 1.4 1.2 1.0
log (g/ T') (cgs)

20



2. Red Supergiants (RSGs)

e Complementary to BSGs

e Greater potential for E-ELT:

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

21



2. Red Supergiants

Previous RSG abundance work

* Cool (Tett ~ 4000K).

e | ots of molecular lines.

Molecular lines

I

metal Ilne 8*. DaV|es+ 2009a 1

AALLL J AJALALLLL l

15-870 15080 16890 1.5800 l5910

Fe

wavelength (um)

22



2. Red Supergiants

Not currently feasible for
extra-galactic work (no targets!)

One star per galaxy, per night, at ~1Mpc (VLT + CRIRES)

23



Normalized flux + offset

s 2. Red Supergiants
.

However, if we switch to J-band: . -
e Only atomic lines (molecular lines v. w@,am
e Can get all stellar parameters ®
e Can drop resolution to R~3000 a
e Can use a MOS
’
2.0-' ' ' ! 1Ty ' ' )
Sil i l {
; l Mg | I
- I 4 l l l l Fel l
1517 f " ! =
[ b % aHer (M5Ib) ;
1.0 : wd W b P A, WA A L e AALA Bra i f.“
) 's' ! ao:(m.smb) 3 a ‘ E !
05T | | | D;vies, Kudritzki, Figer 2010, MNRAS 407, 1203 ]
1.16 117 1.18 1.19 1.20 1.21

Wavelength (um) 24



2. Red Supergiants

Modelling & Analysis

e MARCS models...
(Gustavsson+ 2008)

e ... with nLTE corrections
(Bergemann+ 2012,201 3)

>
D
—
&
9
=
9
o)
8
-
Rl
=
i

3400 3600 3800 4000 4200 4400
T|np_n (K)

S P D EHT L WY TR TP D FGHT KL MY P CHT X
POPFPFOHT R LMS PDF ORI XL MY PP OHTYXLYS PP F'aHT X

25



2. Red Supergiants

Modelling & Analysis

e MARCS models...
(Gustavsson+ 2008)

st35qmO4n26: Surfoce Intensity(1r), time( 0.0)=30263 yrs

o ... with nLTE corrections
(Bergemann+ 2012,201 3) ‘ ,

e ... and 3-D effects
(Bergemann+ in prep)

Movie by Bernd Freytag

26



2. Red Supergiants

: h

.............. 12" e 1B B 28

.
................

One star per galaxy, per night, at ~1TMpc (VLT + CRIRES)

27



2. Red Supergiants

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

28



2. Red Supergiants

R = 4000
log[Z] = 0.0

o

1.18 1.19
Wavelength (um)

Evans, Davies, Kudritzki et al. 2011 A&A 527, 50 ‘ op—8-——-f——-t-——--F———=——-

R =4000

E-ELT potential G5E e ine
e Accurate abundances at J=23
e Limiting distance: 70Mpc

e (35Mpc if we’re modest...) 2

J-band magnitude

29



2. Red Supergiants

:.:h h
U A 18 L — ; E— C

B A L T ssssssssssssssssssssssdesnncnsnsnnnsnnsnnnnnnnlicscsnncnne

L
.
L
.
e
o*
........
.
.....
S AR

= \/LT: 1 galaxy per night at 4Mpc
= humber of observable targets increased to ~100

K10



2. Red Supergiants

§h
2 .......... o°v...... | 1V SRR,
s

3 . ¢
&

¢ :

; i

: o : ®

H =1 ®
uxs'?ﬁ- 7 w

$ o '

= E-ELT: 1 galaxy per night at 35MpcC (modest...)
= number of observable targets increased to ~1500!!
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2. Red Supergiants

Mass-Metallicity Relation (supergiants)

1 1 1 1 1

e? -
. —
o9 _
®
. "
® -
®

o © RSGs

® BSGs

7 8 9 10 11

12
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2. Red Supergiants
Bonus #1: RSG-dominated star-clusters...

| imiting distance
with E-ELT:

' | x100 boost in f
fora 10° Mo C

10 12 14 16
Age [Myr]




I%onus #2: In principle, technique can work on any cool star...

. s & '." % » ™ ' ’
’ s .® . g -~ ‘ ’, & o ®
o ' . ., ... 'S Ii Ve a' ~ ’ s
» 1 .

R S A T3 AN : (not just supergiants)
. . ‘o; .; .
. p .".‘ .../\'J "
.’A 32 A ;;:'{.‘:t";h s 2
s DR ..
. F ; !
. .“:{‘ 0
2 . ':." . o
Y o 3 . % - : .6
o ® .
- ‘... ¢ v :
3 .9 -. .;. " 'o;." -
o . ..; ‘ ’ ‘.'. ." ,0'0 . :. .;. o : . . ®
 Red Giants, AGB stars... .7 : =~ .7 &
‘. 4 . 3 L (I . .. 3"
e indSph, Globular Clusters... + = * *+

« at distances of 3.5Mpc (Andromeda, Sculptor & M91 groups)

34



~Stellar Spectroscopy B'eybnd the
- Local Group with the E-ELT

_ Requirements:
BSGs: . . _ RSGs:
A=4000-5000A | A=1.1-1.3um
R=/1000/ - SESEEEMET = 3000
_ I\/Iultlplexmg >25 - Multiplexing: >25
Bonus: | -~ bBonus:
. distances accurate to e Clusters @ x10 distance.

j~10%- . ‘  RGs in dSph, GCs

35



Stellar Spectroscopy B'eyond the A
LocaI Group W|th the E-ELT.

Summary & Outlook
Quantitative spectroscopy of |nd|V|duaI superglants
at distances >30Mpc S |

B Accurate mass meéalg .,g"fé'létion at 7=0.
% i Yl e
* FLA% e Ry :

B , Can be used to recallbrate strong I|ne methods jelg
hlgher 74 work

*~ ;

3 Greater accuracy for. Iower end of dlstance Iadder
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