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TheMetallicitydistribution of the halo
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Halo abundance patterns and stellar yields
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IS it compatible with the formation of the Halo reproducehe peakof the observed Halo MD
from hierarchicamerging plus tidal disruption (reducedyield), but it is not clear why.
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Ingredients required to evaluate

the halo MD as a sum of MDs
of subhaloes in the

hierarchical merging paradigm :
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1) Shape of subalo MD

2) Dependence of shllo MD on subalo mass

3) Baryon mass distribution of swddoes

Present day dwarf satellites of MW
cannotbe the building blocks
of MW halo
(@bundance ratios: Fe fr@hIia

The building blocks (stlialoes)
of MW halanust have evolved
UNAFFECTEDy SNleagjecta

[ short timescales (KGy) |

(alternatively,SNlaejecta
preferentiallyost fromthose system}



The MDs aSphsatellites
of the MW

can be well described by the 0.2 |

simple model with outflow

AND either

- preenrichment
(Helmiet al. 2006

- earlyinfall
(Prantzo007}

- both
(Salvadoret al. 2008
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Local dwarf spheroidals today display a Mass d(stellar) metallicity relationship
which may be explained by SN feedback, inducing stronger mass loss in less massive
galaxies (Dekel and Silk 1985, Dekel and Woo 2003) and resultingin a
reduced effective vyield

— Yo
Yeff (M) ~ T+ k(M) Assuming that Outflow rate = k(M) * SFR

N. B. ThMilky Way halfwonsidered as a singdatity) iSoundBELOW that relationship

(steeper IMF, OR abnormiifjh massloss foritsmnass, OReé ?7?7?)



1e8Ell (z=0.5)
B slope = —1.86+0.02
reduced x* = 0.50
Via Lactea (z=0)
slope = —-1.90+0.02
B reduced x* = 1.28
N Madatet al. 2008
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Simulations find that for the dark matterrmalbes

dNdM”™ M2

(Diemanckt al. 2006yladatet al. 2008)



But lower mass sub -haloes are
preferentially affected by outflow,
and the baryonic mass distribution of
sub-haloes will be flatter than the one
of dark matter (Prantzos 2008)

dN
dM.

o< M2

Normalization: Total halo mass
Mo, =4 108 My (Bell et al. 2007 )

M
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But lower mass sub -haloes are
preferentially affected by outflow,
and the baryonic mass distribution of
sub-haloes will be flatter than the
one of dark matter (Prantzos 2008)
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Normalization: Total halo mass
Mipiao = 4 108 My (Bell et al. 2007 )
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But lower mass sub -haloes are
preferentially affected by outflow,
and the baryonic mass distribution of
sub-haloes will be flatter than the
one of dark matter (Prantzos 2008)
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Normalization: Total halo mass
Mipiao = 4 108 My (Bell et al. 2007 )
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Metallicity distribution of halo =
Sum of MDs of subhaloes
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The halo MD magsult aghe sum of the MI

of ~a fewdozens of small galaxies 1
(subhaloes of 1B 1CG M;), 0.8
_ _ _ 0.6
each one with an effective yield

obtained from the observadassmetallicity
relationfor local dwarspheroidals 0.2
0

and with amppropriate numbelistribution
1

Most of the lowestetallicitystars 0.1
of the haldq[Fe/H]<2) have been ;44
formedinthe numerous,
smallestsub-haloes
while its highmetallicitytail
wasformed in aCOUPLE of

104

relatively massiveub-haloes !
NONE OF THEM REMAIN TOD
Future extension of the MD 0.1
to the lowesmetallicitieg[Fe/H] <4)
will allow to probe:
-The sukhalo distribution function 0.01

-- The startingnetallicityof sulthaloes

100

" Fraction of stars formed in sub—haloes of mass M,

2x10° M,

3x107 M,

2x10° M,

B Prlantzos20()l8

=8 -4




The low metallicity tail of the MW halo MD
deviates from the simple outflow model and
could be described by:

1) an early infall phase for all the sub -haloes
and for their sum
(<100 Myr, Prantzos 2003, 2008 )

In that case, differences betweeen Z,
of halo ([Fe/H]~ -4) and
luminous present -day dSphs ([Fe/H]~ -3)
are due to more prolonged infall
in the case of present -day luminous dSphs

2) Anon-zero initial metallicity
[Fe/H]~ -4 for the MW sub -haloes
vs [Fe/H}~ -3 for the dSphs,
due to late formation of the  dSphs
from a more enriched intragalactic medium
(Salvadori etal. 2007, 2008)
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Hamburg/ESO survey (Schoerk et al. 2008)

Prantzos (2003)
Prantzos (2003) as observed in HE

HES sample
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STELLAR YIELDS
Woosley and Weaver 1995, Overproduction factors of elements in massive stars
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ABUNDANCES AT SOLAR SYSTEM FORMATION

Massive stars: Woosley+Weaver 1995;
Intermediate mass stars: van den Hoek+Gronewegen 1997;
SNIla: Iwamoto et al. 2000
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oNai veo expectation of the
(circa mid -90ies)
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LocaldSphsshow BOTH
-high U/Fe at lownetallicity
and
-low U/Fe at BOTH
high and lovwmetallicities

Halo stars display ONLY
hight/Fe, up to [Fe/H]E

If halo is made byeontinuous

accretion/disruption of local
dSphs WHY ONLY
low U/Fe stars accreted ?

Only starts from the outskirts
of dSphs?
(Majewskithis morning)

OK, but WHY all of them are
>12GyrOLD ??7?



Chemical evolution from € to Zn : theory vs observations
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« Hyades

o Ursa Maior

A Coma Berenices

1.7

At present : many biases and limitations

BUT:

SFR (1)

Things must improve with deeper
and more accuragirveys (GAIA)

0.3

0.25 -

0.2

0.15

0.1+

0.05

Deriving the local SFR history from
the Colourmagnitude diagram
(Cignoniet al.2006

This work
—-—- Vergely et al. 2002
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The Milky Way disk
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HISTORY OF MILKY WAY DISK redshirt
11 8 0= 0.5 . = % ¢
i 10 [ De Lucia andlelmi2008 b)
= = 8 )_'
W 1010 = | :
; <. -:
= 109 2 ;
£ 10 .
o 5
= 1
=+
T 10 =
B =+
S 0.1
2
.6 0 j
— Fe/H
® —1 [Fe/H] 3
e (=]
é I
—= S ——— [ Zgas/Zsun
0 4 8 12 o.oL . , , . . .
O 2 v ) 8 B 10 12 14

Time (Gyr)

lockbacktime (Gwvr)



Abundance gradients generically produced, | ' Macieetal.2007
generally found to flatten with time
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The Milky Wagisk

What is the value of the Galactic abundance gradient ?

9.0

Observations of OB stars 9
o)

suggest a gradient of v 8.5
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dlog(O/H)/ dR ~ -0.033 dex/kpc 8

(about half the canonical value) 7'%
for oxygen, 265
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and slightly larger Eﬂ
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for other elements
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A toy model for radial mixing (&kllwoodandBinney2002
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Effect of radial mixing on local agetallicityrelation

Local unmixe
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Local mixed
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Radial mixing may
induce dispersion into
and slightly alter
the average local
agemetallicity

relation

Butwhat isthe observed
average local
agemetallicityrelation ?
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AveragametallicityvsAge and Average age usetallicity
from simulated input data

The averagmetallicityvs age relations always flatter than the one in simulated input dz

It is unfortunately meaningless to compareMggllicityrelation of simple ormone models
to average Ag®letallicityrelation derived from surveys



