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WISE ET AL. 2012
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The OLDEST stars are not necessarily the most metal poor,
e.g., the Intense Model’s oldest stars can have [Z/H] > -1.0 to -3.5.
e.g., the Quiet Model’s most metal poor stars form later.
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Thus, rather than focusing on most MP stars ([Fe/H] < -3)
curious what MP stars in the Galactic Bulge may look like.
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METAL POOR STARS NEAR [FE/H] = -
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Wanajo 201 3:

PNS winds in core collapse SN

Even highest masses cannot reproduce
heaviest r-process elements.

Wanajo et al. 2014:
Neutron star mergers rare, but excellent
source for heavy r-process elements.
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VARIOUS KINDS OF EARLY SUPERNOVAE
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Heger & Woosley 2008

Iwamoto et al 2005
25 M Pop Il “faint supernova”
(extensive mixing & fallback during the explosion)

sample of models
little/no yields beyond Fe

similarly PISN (Heger & Woosley 2002)

“Faint SN”

* is faint because Fe is synthesized from the 56Ni that powers the light curve.
* observed (e.g., SN1999br, SN 2008ha)

e satisfies many observational constraints (see list by Tominaga et al. 2014)
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TOMINAGA ET AL. 2014: 25 M FAINT SNE
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Individual abundances of 48 metal poor
stars with [Fe/H] < -3.5 in the MWV halo,

dSph and UFD galaxies.

All 25 M faint SN
but varying parameters such as explosion
energy, mass cuts, mixing efficiencies, etc.

7 THINKSHOP, AUG 2014

Monday, September 8, 2014



)
o -2
/p)
O
p -
S
= -4
O
©
" —
p —
®
o
£ -6
-
c
+—
-
@
-
o -8
Q
(o)
o

+
-~
O

KELLER ET AL. 2014: 60 M LOW EXP ENERGY SN

I . I |
Na Al Ca Ti Cr Fe Ni Zn
Mg Si 1Sc V Mn Co Cu

5
(from Keller 2014 GA talk)

\ 200 M pair-instabliity SN’

?

ow explosion energy with bigh fall bac[k SN

10 20 30
atomic number

40

The solid line shows the abundances predicted for a 60 M Population Il star of relatively low explosion
energy (1.8x10%" erg) and low levels of internal mixing (Joggerst, Woosley & Heger 2009). The dashed
line shows the expected yield from a 200 M supernova (pair-instability mechanism).
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Thus, are the metal poor stars in the
MW halo and dwarfs
actually representative of the First Stars?

Did 25 M faint SN contribute to

the ionizing photons at reionization?
the earliest stages of feedback?
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IF THIS WERE EASY, IT WOULD HAVE BEEN DONE
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BULGE METALLICITY DISTRIBUTION FUNCTION - PAST
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BULGE METALLICITY DISTRIBUTION FUNCTION - TODAY
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ARGOS data from Melissa Ness’ (201 3)

AAOmega R~ 1,000 CaT survey 28,000 stars

The ARGOS data includes positions & velocities as well.

They attribute the bulge components to instability-driven bar/bulge formation

but do not exclude a weak underlying classical merger-generated bulge component.
And still all stars with [Fe/H] > -2
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SEARCH FOR METAL POOR STARS IN THE BULGE
(Howes, Asplund, Freeman et al 2014 in prep)

60 stars with [Fe/H] < -3 |
AAOmega EMBLA (Howes et al. 2014 in prep)  classical bulge?
AAOmega ARGOS (Ness et al. 2013) related to First Stars?
note biased MDF

0.25

0.20

(v-g) - 2(g-)

Frequency of stars

(g-i)

AAOmega (350 stars per 2h)
selected from SkyMapper, also with
Gaia-ESO and Magellan follow-up (July 2014)

Monday, September 8, 2014



CHEMICAL TAGGING IN THE BULGE  Howesetal 2014 in prep.

Our data: 1.0
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IN THE BULGE / OF THE BULGE? Howesetal 2014 in prep.

* Two of the
Gala-ESO stars
are on very
eccentric orbits,
passing through

from the halo. R (kpo)
* Other two have s
orbits more like NS
bulge or disc N o
stars? 40| /5
=40 10\0‘ 40
I R (kpc)

Gaia proper motions will be very useful here!
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RAVEN : UVIC + SUBARU

RAVEN
MOAO
+|RCS
Subaru

HST WFC3 Galactic Bulge Treasury
Brown et al. 2009,2010

H ~ |6, reddening free indices
where RGBs with [Fe/H] < -2
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RAVEN i1s a Canadian-Japanese collaboration

Collaboration : UVic, NRC-HIA, NAOJ, & U.Tohoku
Timeline: CoDR March 2011
Shipped to Subaru Telescope, Dec 2013
First light May 2014
Engineering run Aug 2014

Monday, September 8, 2014



Wavefront sensor in open loop "
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-----------------

Multiple WFS calculate the turbulence
over the FOV, but only one DM only
corrects a small portion of sky.

Here shown on-axis.
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R/ ("
@q First light of RAVEN, a MOAO instrument at Subaru Telescope
A\

ay 29, 2014 http://web.uvic.ca/~lardiere/raven/release Mayl4/ravenFirstLight.html

Field#38 ) | arcmi.n. .

2014/05/15, 09:30 UT o

Raw IRCSimage (H e¢hellé mode)
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http://web.uvic.ca/~lardiere/raven/releaseMay14/ravenFirstLight.html
http://web.uvic.ca/~lardiere/raven/releaseMay14/ravenFirstLight.html
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A We hoped to gather IR spectra to -




First RAVEN spectra : M71
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IR & OPTICAL ANALYSIS OF [FE/H] < -2 Lamb,Venn et al. 2014 in prep

Optical: from HET spectrum, SNR~50
IR: from APOGEE spectrum, SNR~100

[Fe/H] = -2.1

NGC 5024 22254
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ADVANTAGES / DISADVANTAGES OF IR SPECTRA Lamb,Venn et al. 2014 in prep

Advantages:
reddening negligible
works with AO

CNO, Si, Al
iIndependent Mg, Ti, Fe
isochrone fits

NGC 5024 22254

Disadvantages:

stellar parameters trickier
[Fe/H] <-2.57

heavy elements ?
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1. Earliest stars in the Galactic Centre may have had different
masses, properties, etc. and left different remnants from the MW
halo & dwarf galaxy metal poor stars.

2. These remnants will be really hard to find (metal poor?
crowded? high reddening? very rare. )

3. IR spectroscopy may be needed or complement optical
spectra of metal poor objects in the Galactic Centre.

4. AO helps with spatial resolution, MOAO multiplex advantages
and is now a real option.
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