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Rosetta stone . «*
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galaxy formation

and e -.

chemical evolution! - ,
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strong line method: R,; = f[N(O)/N(H)]

simple empirical calibration
but...

R,; depends on

T

electron

[0 11]3727 + [OI11]4959, 5007 Nelectron

nature of
H @ ionizing stars

gas imhomog.
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- o M |
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Blue supergiants - objects in transition

Brightest normal stars at visual light: 10°..10° L

3.5

sun

-7 2 M, 2 -10 mag

t,, ~ 103 yrs
L, M ~ const.

ideal to determine

- chemical compos.
- abundance grad.
- SF history

- extinction

- extinction laws

- distances

of galaxies



Spectroscopy of individual BSGs
beyond the Local Group

- selection of targets from wide field CMDs
. HST ACS imaging

- multi-object spectroscopy
AA ~ 4-5 A with FORS @ VLT
LRIS @ Keck

> detailed NLTE model atmospheres
Teff ~ 4%, A |Og g~ 0.05,
metallicity ~ 0.1 dex

- galaxies out to 10 Mpc
with TMT/E-ELT 30 Mpc
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Athens 2013
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Advanced atmosphere models: ~ 106 lines in NLTE
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Athens 2013

Spectral window 4497-4607A
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IfA 2012

Spectral window 4497-4607A
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Athens 2013

x; spectral window 4497-4607A

chi

...... NGC300/star21
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Athens 2013

X. all windows - [Z] = -0.44

0.1

chi

3.0F

NGC300/star21




Stellar metallicity gradient in NGC300

Athens 2013

m BO - B3 supergiants
« B8 - A4 supergiants
--- log{Z/Z_sun} = -0.03 - 0.08-d/kpc

:S:“g;gﬁ';' g:&:g?j&'e TBr ;ilsnc:l:? angular galactocentric distance

2008, ApJ 681, 269 Po = 9.75 arcmin ® 5.7kpc




M81
Keck LRIS

-05 00 05 10 15 20 25 149.2 149.0 148.8 148.6
B-V (mag) RA (J2000)

Kudritzki, Ur'aneja, Gazak et al.,
201, ApJ 747, 15
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| super solar [Z]

very shallow gradient:
0.03 dex/kpc

o

R[kpc]

Kudritzki, Urbaneja, Gazak et al., 2012, ApJ 747, 15




« PNe, Stanghellini et al. 2010
= BSG, this work

Strong chemical evolution
over last 5 Gyrs

o

R[kpc]

Kudritzki, Urbaneja, Gazak et al., 2012, ApJ 747, 15



A mass-metallicity relationship
only from stellar spectroscopy

9 10 11
log M/Mg
Kudritzki, Urbaneja, Gazak et al., 2012, ApJ 747, 15




Comparison with HII strong line
methods (Kewley & Ellison, 2008)

9 10 11
log M/Mg
Kudritzki, Urbaneja, Gazak et al., 2012, ApJ 747, 15




HII auroral line method -staggered SDSS spectra
Andrew & Martini, 2013

Kudritzki+12

8 9 10 11 12
log M/M_,




H, uncertainty and universe equation of state

Hubble constant uncertainty = ow _ ,9Ho
EoS parameter w w  Ho
w— £
c2p

3H, ~ 10% > 3w ~ 0.2

goal for next

1% > 8w ~0.02 . .0de |

Riess et al., 2009, 2011 2> 0H, ~ 3%



The' perennial problem of ex’rragalachc disiances

pa‘rchy dus'r ex’rmc’rlon ‘
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_,'NGC 300 adl9 Mpc o0 e
gt E(B-V) from BSG specTr'oscopy

| | | I — |

0.10 0.15 0.20 0.25

E B—-V
KUdr‘ITZkl et al.




M81 at 3.5 s SR
_ . Mpc BN E(B-V) from BSG spectroscopy

. . : ; 0.20 0.30 0.40
E(B-V)

Kudritzki, Ur'banja, Gazak et al.,

2012, ApJ 747, 15



Flux weighted Gravity - Luminosity Relationship (FGLR)

Kudritzki, Bresolin, Przybilla, ApJ Letters, 582, L83 (2003)

M ~ g=xR? ~ Lx(g/T4) = const.

const.
with L ~ M ~ LX(g/T, x ~ 3
S|L'* ~ (g/T
or with M, ~ -2.5log L
M., = a log(g/T*) + b FGLR
a =2.5 x/(1-x) ~ 3.75

| 4.5 | | | | 4 | | | | 3.5
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N6C 3621

Key Pro Jec’r |
“galaxy at

65Mpc

Tu.l’ly-Fisher'
calibrator




BSGs in
NGC 3621

LT/FORS
spectra

Kudritzki, Urbaneja,
Bresolin, Hosek,
Przybilla, 2014, ApJ,
788, b6










NGC 3621 FGLR and distance

| -

‘@ 20.5F //+‘; |
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12 + log(0/H)

NGC 1512
NGC 3621

NGC 4625




12 + log(0/H)
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[Z]

NGC 3621 stellar metallicity
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between the two HII

| strong line methods

~ 0.1 dex higher than
auroral line method

1 confirms outer disk flat
1 metallicity profile

Kudritzki et al. 2014



observed metallicity

age of outer disk

1 I l

10 20 30
t [Gyr]

47 Gyr

time needed
with in-situ
SF and
present SFR
to produce
observed
metallicity




BN \\GC 4258 7.6 Mpc
Maser Galaxy iy S
distance accurate to 3% : e -
Humphreys et al., 2013 |- B 3 ' S S

New anchor galaxy of .
extragalactic distance scale
using PLR of Cepheids

Riess et al., 2011




INGC 4258 7.6 Mpc

© -

HST ACS 1“ radius

Kudritzki, Urbaneja,
. : Gazak, Macri, Hosek,

Bresolin, Przybilla
2013, ApJ 779, L20




NGC4258 slit 6 Balmer' lines
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Metallicity of NGC 4258 .

Zar'i'rky et
al., 1994

strong lines

Bresolin, 2011

S BSG in NGC 4258 NI .critzki e al.213



FGLR of NGC 4258 BSG |

M_bol (mag)
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log g_F (cgs) Kudritzki et al.,2013




FGLR vs. Cepheid distances

MIAPP 2014
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BSGs and TMT/ELT perspectives

WFOS - quantitative spectroscopy
possible down to m, ~ 24.5 mag

- with objects M, < - 8 mag
m- M ~ 32.5 mag ~ 30 Mpc possible

chemical evolution studies
SF
ISM, extinction, extinction laws
distances
10 objects per galaxy
2> A(m-M) ~ 0.1 mag



