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Introduction
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Large samples for population studies

A&A 562, A66 (2014)

Fig. 1. Approximate location of the fields discussed in the present pa-
per, overplotted on an optical image of the Milky Way bulge ( c Serge
Brunier). The large white rectangle is the area mapped by the VVV
survey. Red and white circles are fields observed at low spectral reso-
lution (R = 6500) through setup LR8, from program 187.B-0909; red
and white squares are fields observed at high resolution (R = 22500)
through setup HR13, from program 187.B-0909. Crosses at b⇠−2 are
the fields from program 089.B-0830, also observed through LR8. The
blue star is thefield, within Baade’s Window, used for the CaT calibra-
tion, and theblue triangle is thefield discussed inVásquez et al. (2013).

Fig. 2. Location of thefieldsdiscussed in thepresent study compared to
the fields from the ARGOS survey (Freeman et al. 2013). Black open
circles are the ARGOS fields. Red filled circles are fields observed at
low spectral resolution (R = 6500) through setup LR8, from program
187.B-0909; open squares are fields observed at high resolution (R =
22500) through setup HR13, from program 187.B-0909. Blue crosses
are the fields from program 089.B-0830, also observed through LR8.
The blue star is the field, within Baade’s Window, used for the CaT
calibration, and the blue triangle is the field discussed in Vásquez et al.
(2013) . Thelargerectangleshowstheareamapped by theVVV survey.

the observations were taken in the combined UVES+MEDUSA
mode) of the FLAMES multifibre instrument (Pasquini et al.
2002) at the ESO Very LargeTelescope, between May 2011 and
September 2012. Observations were carried out in service mode
under program 187.B-0909(A) and 187.B-0909(B), PI: Zoccali.
The log of the observations is reported in Table 1. All the spec-
tra, with the exception of those in the fields at b ⇠−4, were ob-
tained with setup LR8, at resolution R = 6500, centered on the

Calcium II Triplet (CaT) feature at ⇠8500 Å. Two di↵erent sets
of fibre allocations were performed for each field, allocating up
to 132⇥1.2 arcsec diameter fibres in each setup. Approximately
25 fibres in each fieldwereallocated to empty sky positions, thus

Fig. 3. Example of the GIBS target selection criteria for the LRm5m2
field. Left: theVVV CMD together with the214 GIRAFFE targets(red)
and the 14 UVES targets (cyan). Right: magnitude distribution of the
GIRAFFE targets (red histogram) compared with the underlying lumi-
nosity function of the RGB stars with J − K > 1.0 (black histogram).

collecting spectra for a total of ⇠215 targets per field. Four inde-
pendent allocations weredonefor thefieldsalong theminor axis,
thus collecting ⇠450 targets in these fields. Indeed, these fields
are particularly interesting because they cross two arms of the
X-shaped bulge, at latitude |b| > 5. For |b| < 3 the larger statis-
ticswasmotivated by theneed to solvethedebateconcerning the
extension of the metallicity gradient to the inner bulge. The ex-
posure time was optimized to reach aS/N ⇠50 per pixel. In the
most reddened fields this required multiple exposures. Typical
spectra, for three stars of di↵erent metallicities, are shown in
Fig. 4.

Stars in the fields at b ⇠−4 were observed at higher resolu-

tion (R = 22500) through setup HR13 centered at ⇠6300 Å in
order to measure the chemical abundance of iron and the light
elements, and to investigate the presence of radial gradients in
the alpha element ratios across di↵erent longitudes. The typical
S/N per pixel of these HR spectra is⇠100.

3. Data reduction pipeline

In thissection wedescribe our full pipeline, including extraction
and calibration of the spectra as well as the adopted procedure
to obtain measurements of physical parameters from thereduced
spectra. Only the radial velocitites are discussed in detail in this
paper, while the analysis of the metallicity and individual ele-
mental abundances will be discussed in forthcoming, dedicated
papers (Vásquez et al. 2014; Gonzalez et al., in prep.).

The spectra were extracted and wavelength calibrated using
the GIRAFFE pipeline maintained by ESO, which processes the
spectra applying bias, flat-field correction, individual spectral
extraction, and wavelength calibration based on daytime cali-
bration frames. Since the pipeline does not perform sky subtrac-
tion, the correction wasdone using IRAF tasks. As afirst step, a
master sky hasbeen obtained for each field from the20 sky spec-
tra, median combined and using asigmaclipping algorithm. The
master sky was then subtracted from the 1D spectrum of each
target using the IRAF skytweak task, shifting and/or scaling the
input sky spectra to improvethesubtraction of sky features from
target spectra.
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As tracers for galaxy evolution / SF history

Zoccali et al. (2014)



2015 2020 2025

Timeline
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KMOS: Multi-IFU, near-IR

MOSFIRE: Multi-slit, near-IR



KMOS: Stellar Evolution around the GC
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Mauerhan et al. (2010)

Early Of-type XRB

PI: Simon Clark (OU)

N III

Br-γ



New windows for stellar studies
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Davies, Kudritzki & Figer (2010)

J-band spectroscopy of red supergiants

AO correction better in J-band, and stars are intrinsically red (I-J) = 0.5-1.0

Sabbi et al. (2013)



Refining the atomic data: nLTE effects

Bergemann et al. (2012, 2013, 2015)

Spectroscopy of Red Supergiants

Huge potential for observations with 8-10m & ELTs

J-band method now tested for RSGs – tests for RGB stars to come



2015 2020 2025

Timeline
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HUGE surveys, >106 stars

• Inner MW

• MW disk, halo

• Magellanic Clouds

• LG dwarfs/Irrs



Star-formation – Always Clustered? 
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+ Parker et al. (2014)

RVs in Cyg OB2 (from Nick Wright’s talk at Rhodes meeting in 2013)

No apparent evidence for one past cluster

Next MOS generation will give strong 

constraints on initial star-formation conditions 



2015 2020 2025

Timeline
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“There’s a capacity for appetite that a whole 

heaven and earth of cake can’t satisfy”

East of Eden, John Steinbeck



Current Limits
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NGC 3109   
FLAMES LR08 

Dalcanton et al. (2009)

FORS V-band  (Evans et al. 2007)



Image Credits: David Radburn-Smith

ELT Spectroscopy Beyond the Local Group
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• High quality optical spectroscopy of massive stars

• IJ-band spectroscopy of AGB/RGB stars



Leo P
Giovanelli et al. (2013)

Rhode et al. (2013): 1.5-2Mpc

Skillman et al. (2013):

12+log(O/H)=7.14
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~18 Mpc

~12 Mpc

Even more extreme environments



E-ELT Enters Construction Phase



E-ELT Instrumentation: ESO Roadmap

Two 1st-light instruments 

Future decision points mapped out

HARMONI EPICSMICADO METIS MOS HIRES



MOS Requirements
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MOS workshop in A’dam (Oct’12)

Meetings in UK, Ita, Fra, Bra, NL

New Science Simulations

‘ELT-MOS White Paper’

Updates to White Paper

White Paper v2; Phase A call

arXiv:1303.0029

arXiv:1406.6369

MOSAIC Requirements
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MOS Requirements
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> 1 Mpc

< 1 Mpc

arXiv:1501.04726

SC5: Resolved stellar pops beyond the Local Group

SC6: Galaxy archaeology



MOS Requirements
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• High definition: 

Tens of channels using high-performance (multi-object) AO

• High multiplex: 

Integrated-light (GLAO) spectroscopy of >100 objects



MOS Observations 
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HST-ACS   NGC55

Effective multiplex of >>100



MOS Observations
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HST-ACS   NGC55

MOSAIC

FLAMES LR08



MOS Observations 
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AGB/TRGB



MOS Observations 
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RSGs



Technical Challenges: AO
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Gendron et al. (2011)



Technical Challenges: AO

La Palma MOS Conf. – Chris Evans – March 2015



Technical Challenges: Design
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Good alloc. efficiencies for high-z & stellar targets ✓

Avoids need for multiple plates/carousel ✓

Potentially quicker target allocation ✓

Design work ongoing: one possible focal-plane architecture:

Phase A to start late 2015



Summary

• Huge potential for stellar spectroscopy with E-ELT + MOSAIC

• White Paper presenting top-level cases

• Phase A study coming soon…

• MOS instruments are workhorses of current large telescopes

• MOS instruments early-on in GMT and TMT plans 



Science with MOS: Towards the ELT Era

Cefalu, Sicily – 7-11 Sept. 2015
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Thanks!



HARMONI

1st-light spectrograph (PI: N. Thatte, Oxford)

Final specs now converging for PDR phase 



Technical Challenges: Design

La Palma MOS Conf. – Chris Evans – March 2015

Good alloc. efficiencies for high-z & stellar targets ✓

Avoids need for multiple plates/carousel ✓

Potentially quicker target allocation ✓

Design work ongoing: one possible focal-plane architecture:

Phase A to start late 2015



Spectroscopy of Red Supergiants
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KMOS MOSFIRE

NGC 6822 - Patrick et al. (2015) M31 – Gazak et al. (in prep) 
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• Apparently single stars & with RVs within 1σ of mean RVs

• Associated with molecular filaments

• HST images: no obvious clusters, proper motion

• Proper motion studies with HST underway

Star-formation – Isolated? 

Bressert et al. (2012)

See also Lamb et al. (2010) in SMC
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Star-formation – clustered? Isolated? 



Current Limits
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Bresolin et al. (2001)

Kudritzki et al. (2014)

NGC 3621   
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Star-formation – clustered? Isolated? 



Current Limits

Tramper et al. (2011)

La Palma MOS Conf. – Chris Evans – March 2015See: Garcia & Herrero (2013); Garcia et al. (2013); Tramper et al. (2014)



Pitch: Red Supergiants as probes of metallicity

Evans et al. (2011)


