Sydney

i . = y i IMACQUARIE ASTRONOMY, ASTROPHYSICS AND

Castiglione della Pescaia — September 2013



51956-207-478 _Teff = 5422 logg = 2.80 [Fe/H] = -2.56 [C/H] = -2.56 [C/Fe] = 0.00

| W \-& W b Bl
vw( yﬁ e [P Jﬁ\f s i

[CH] = -2.56 CC = 0.629 Chi2 = 9.267 [GH] = -0.25 CC = 0980 Chi2 = 1.474 [C/H] = -0.25 CC = 0980 ChiZ = 1.474
; ] 20 ] 20f i i ]

] |rh.‘fﬂ f,\ ]

n ] .'I k.\_
.. %F\?_‘\t/ ‘
05f v ]

] ool

4290 4300 4310 4320 4280

Teff = 3422 logg = 280 [Fe/H] =-2.56 [C/H] =-0.25 [C/Fe]= 2.31




| Fr'equencies‘ of CEMP Stars Based on Stellar Pépulatic)n’s

| >Carb0n—Ethahced MetalePodr (*CEMP) stars ha’vé be*enl recognized -
‘to be an important stellar component of the halo system
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>CEMP stars frequenc:les are:
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>But Why ?— Ca.rollo et al. (2012) suggest that 1t 1S populatlon dr1ven

CEMP stars contain useful mformation on the nature 'of
| nucleosynthesis in the early Galaxy
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Exploratron of Nature S Laboratory for
. Neutron-Capture Processes ;

Neutron-capture-rich stars
r-1 0.3 < [Eu/Fe] < +1.0 and [Ba/Eu] < 0
r-11 [Eu/Fe] > +1.0 and [Ba/Eu] < 0
S [Ba/Fe] > +1.0 and [Ba/Eu] > 40.5
1/s 0.0 < [Ba/Eu] < 40.5

Carbon-enhanced metal-poor stars
CEMP [C/Fe] > +1.0
CEMP-r [C/Fe] > +1.0 and [Eu/Fe] > +1.0
CEMP-s [C/Fe] > +1.0, [Ba/Fe] > +1.0, and [Ba/Eu] > +0.5
CEMP-1/s |[C/Fe] > +1.0and 0.0 < [Ba/Eu] < 4+0.5
CEMP-no [C/Fe] > +1.0 and [Ba/Fe] <

Beers & Christlieb ARAA (2005)
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CEMP classes R
*+* )
CEMP-s: [C/Fe] > +1.0; [Ba/Fe]>+10 [Ba/Eu]>+05 .

Progenitor: Intérmediate mass stars during AGB phase
1nab1narysystefn R S S T
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.CEMP -no: [G/Fe] > +1+0 and. [Ba7Fé] <T)' :
Progenitors:

~ +Faint Superfiova Models (Umedaf & Nomoto, 2003 [Wamoto et aI
2005)

-Nucleosynthe3|s in Rotatlng Masswe Stars (Meynet 2006 and
refererlces therejn) . + | . +
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. BD+44:493 — A 9 Magnitude Messenger from the .
S Early Universe | :

| > Ito et al. (2009) report on discovery that BD+44 is an [Fe/H]
=—3.8, CEMP-no star

M > Light-element abundance patterns similar to those for other
| CEMP-no stars

» Previous RV monitoring by Carney et al. indicate no
variation at levels > 0.5 km/s over past 25 years

" An Object of COSMOLOGICAL Significance with Diffraction Spikes
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- Abundance Pattern Compared.to 25 M, Faint -
| “Supernpova Model |

+

Ca Ti Cr Fe N 2n

V Mn Co Cu

Not'in a binary system: RV rms varjation ovei‘ 25 years 1s 0.73 .km/ S

~ Ito et al. (2013) CEMP -no 9 Carbon excess probably form falnt
supenova



The Halo System of the Mllky Way The CEMP
.stars connection ‘



Carollo D. et al., Nature 2007, Vol. 450, 1020-1025
(See also Carollo D. et al. 2010 and Beers et al. 2012)

' 'Halo-)Halos_ .

Inner Halo
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: Dominant atR<10-15 kpc

+ = Highly eccentrie orbits 4
= Slightly Prograde A
: MetaII|C|ty peak at [FeIH] -1.6

+ “O|:|terHan+ - M S ’

+ = Dominant at R > 15-20 kpc | ¥ "
= More uniform dlstrlbutlon of | ‘
~ eccentricity
= Highly retrograde orblts
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(Carollo et al. 2010, ApJ, 712, 692)
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1.2 | @Thick Disk

foe e  Stellar Fractions,
Fyand Foyr,asa -
: functionof Z__ -
S
. The'value Z,,,, ~ 15-20 kpc

] -

is the inversion point!

Inner halo stars have rapo < 15 kpc
Outer Halaq, stars have rapo > 15 kpc | 4
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Fhe dual halo: observationakevidences from gther surveys

- v Nissen & Schuster (2010): Solat Neighbourhood Santple

. . + + .

v de Jong et al. (2*010)': Segue Vertical fhdtbmetry Stripes
4, T T S

+
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- v/ Kinman et al. (2012): BHB and RR-Lyrae * | - '
S .
v An et al. 2013: Equatorial Stripe 82 *
A S T R T o+ T o+
Y Hattori et al. 2013: BHB stars in SDSS/SEGUE =~ | *
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R <20 kpe 2 llicity distribution
— R [Fe/H]~ -1.3 and

R>90
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<: In situ stellar
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 with the findings
al. (2007, 2010).
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Different chemo-cosmological codes are in agreement

Simulated stellar halos are formed by a combination of in-situ and

debris stars from'accreted satellites 4 4
(Zolotov et al. 2009, Font et al. 2011 McCarthy et al 2012
Tissera et al. 2012 2013)

> Simulated stellar halo exhibit a shift in meta‘llicitsf as a function’
of the galactic radius v v

- Simulated stellar halo shows a shear in the mean rotational
velocity between in situ and accreted halo components 4
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% CEMP-Predicted
CEMP-0bs. Inner
e CEMP-0Qbs. Outer

CEMP Froction %

Observed increases of CEMP
stars as [Fe/H] decreases

At -2.5 < [Fe/H] < -2.0:
CEMPOuter—Halo ~2x CEMPImzer—Halo

The hlgher fraction of CEMP stars is drlven by the

~ outer-halo population.
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Clear increase of f (CEMP) with |Z]
(not expected for single halo)
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- Global CEMP Fraetion vs: V4 T



.C_arollo D., Freeman, K. et al,, '2013,'ApJ», submitted .

Sample of 300 stars with high resolution spectroscopy
. obtained with Subaru and other sources (Aoki et al. 2013
Norrls et al. 2013 and references thereln)
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+High res. smtable to get the Barlum S|gnature
> CEMP-sICEMP -no. | |

. I'nn‘eri0uter Halo Membership as*signe‘d by using ihtegrals \
+ of motion and orbital parameters (apo-galactic distance)
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Carollo D., Freeman, K. et al., 2013, ApJ, submitted'
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i
| [Fe/H] < -1.3; R > 15 kpe
I

0E+00

L=z (kpckms ‘,‘
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‘Carollo D., Freeman K. et al., 2013, ApJ, submitted
| | - OHP

A CEMPFs IHP
" ‘ . % CEMP—-no IHP

~ =~

CEMP -no £2 x CEMP -

. CEMP -5 ~2 x CEMP - 1o
TR

IHP —~6000-4000-2000 O 2000 4000 6000
J, kpc km?s™




b Implication for the Formation of the +
. - Halo System |
+ b | ' + | hd | ' + | '
Different Spatial Distributions
Different Kinematics
D|fferent Chemical Comp05|t|on (MDFs)

— Dlstmct A§trophy5|cal Orlgm &
—) Crucial to Understand the Formation and Subsequent
Evolutlon of the M|Iky Way

+ 4 + . 4

+

Inner Halo: Dissipative merger of few massive sub-Galactic
fragments formed at early stage, mainly in situ stars

Outer Halo: Dissipationless chaotic merging of small sub-systems within |
a pre-existing Dark Matter Halo, mainly accreted stars




Implication for the formation of the Halo System

v CEMP-s formed in blnary systems with an intermediate mass
star M = 1.5- 6MO (significant productmn of neutron -capture
elements) " ) _ ' . . } N

v CEMP -no: erigin much less clear! * A ¥

Possible scenarios: Faint supernova or masswe fast rotating stars

v Lets consider the mass transfer scenarid for the CEMP-s and the
Faint-SNe for the CEMP-no = the former predominate in the
1nner-ha10 populatlon, the latter are more numerous in the outer-
halo populatlon

v CEMP-s and CEMP -no phenomena Vary w1th the mass of the
stars that produced the Carbon 2 with the 1 | |



" Salpeter IMF: slope changes from o =-2.35'to o = -1.5
i buteréHala
- progenitors:
IMF Flatter

Inner_—Haio progenitors:
- IMF Steeper




Implication for the formation of the Halo System

'V ‘Higher mass progenitors had steeper IMF and higher
frequency of CEMP-s stars »

v/ Lower mass progenitors had ﬂatter IMF and higher frequency
,ofCEMPnostars | L & e 4

| v "Trend conﬁrmed in HST studles of the'IMF in the SMG and two |
UFDs satellltes of the Milky Way (Kallral et al. 2013 Brown et
al 2012 Geha et al. 2013) -

v. More observations and theeretlcal Works needed to confirm I
,thlsscenarlo» v T %
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CEMP-nO stars in the Outer Halo.i |

+ +

Do they have the chemlcal 1mpr1nt of the ﬁrst
generatlons of stars"

+ ' . ' + ‘ . . +

‘What about galaxies at high redshift? -
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: Connections ‘with high-z DLA Systems :

Carbon enhancement in Damped Lyman Alpha system with [Fe/

H] ~ -3, [C/Fe] ~1.5, observed at z ~ 2.3 (Cooke et al. 2011b) !

+ 4 + % + % +

| 9 Suggests possible connections between these high redshift

A galax1es and the early bulldlng blocks of the MllkyNVay —hke
galax1es |

> Inltlal chemical compos1tlon of the gas from whlch CEMP

stars subsequently formed
+ . " + | . & . + | , & , + |
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