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Mateo 2008 

gas rich quiescently evolving dwarf 
irregulars: outer regions of the LG	  

gas-less pressure 
supported dSphs: 
concentrated towards MW 
and M31	  

A	  dwarf	  galaxy	  census	  in	  the	  Local	  group:	  
dSph	  vs	  dIrr	  



Dwarf	  galaxies:	  	  
dSph	  and	  dIrr	  

•  dIrr	  galaxies	  bear	  a	  unknown	  rela1on	  
to	  dSph:	  are	  they	  simply	  the	  gas-‐rich	  
counterpart	  of	  dSph	  (where	  gas	  was	  
stripped	  by	  interac1ons/ram-‐
pressure	  stripping)	  ?	  	  
–  	  dIrr	  live	  further	  away	  from	  the	  massive	  
galaxies	  of	  the	  LG	  (MW	  and	  M31)	  than	  
dSph	  (favors	  the	  stripping	  idea	  for	  the	  
absence	  of	  gas	  is	  dSph)	  

–  structural	  proper1es	  tend	  to	  show	  that	  
both	  families	  are	  related	  (see	  eg.	  
Kormendy	  2008,	  Tolstoy	  et	  al.	  2009)	  

–  The	  lack	  of	  (or	  very	  slow)	  rota1on	  in	  
dSph	  tend	  to	  contradict	  such	  a	  rela1on	  



Metallicity	  radial	  varia1ons	  coupled	  with	  kinema1cs	  

Tolstoy et al. 2004 ApJL�Coupling	  kinema1cs	  and	  
metallici1es	  in	  dSph	  around	  
the	  MW	  have	  revealed	  
complex	  systems	  

What	  we	  learnt	  of	  dSph	  galaxies	  (FLAMES@VLT)	  

Help	  alleviate	  velocity	  anisotropy	  degeneracy	  with	  total	  mass:	  	  	  	  	  	  	  	  	  	  	  
	  M/L~160;	  M=3x108M¤	  

Tolstoy et al. 2004; Battaglia 2007 
PhD; Battaglia et al. 2008 & 2009	  

Sculptor	  dSph	  



What	  we	  learnt	  of	  dSph	  galaxies	  
(FLAMES@VLT)	  

•  Detailed	  abundances	  dSph	  around	  the	  MW	  have	  revealed	  dis1nct	  and	  
intriguing	  chemical	  evolu1on	  (eg.	  Tolstoy,	  Hill,	  Tosi,	  ARAA	  2009),	  that	  yields	  both	  
informa1on	  on:	  
–  the	  assembly	  of	  bigger	  galaxies	  (early	  merging	  is	  required)	  
–  the	  	  metal	  enrichment	  processes	  at	  the	  smallest	  galaxy	  scales	  (role	  of	  metal-‐losses,	  

stochas1c	  star	  forma1on,	  etc.)	  



What	  we	  learnt	  of	  dSph	  galaxies	  	  
(FLAMES@VLT	  +	  deep	  CMDs)	  

De	  Boer	  et	  al.	  2012	  

Sculptor	  dSph	  

Coupling	  deep	  CMDs,	  metallicity	  
distribu1ons	  and	  detailed	  
abundances:	  coherent	  picture	  for	  
star	  forma1on	  history	  and	  the	  
1mescale	  of	  metal-‐enrichment	  	  
in	  a	  dSph	  galaxy.	  
	  



Sph	  code	  

Nbody-‐Tree-‐SPH	  code	  with	  simple	  
chemistry	  (Mg,	  Fe):	  cosmologically	  
mo1vated	  ini1al	  condi1ons,	  isolated	  
galaxies,	  feedback	  treated	  with	  care.	  

• 	  varying	  Mtot,	  ρg,	  rmax,	  c*,	  (εSN,tad)	  
• 	  reproduces	  L-‐metallicity	  and	  M/L-‐L	  
rela1ons	  

Revaz	  &	  Jablonka	  2012	  



Currently:	  «	  present-‐day	  »	  
composi1on	  of	  dIrrs	  	  

•  dIrr	  galaxies	  have	  well	  known	  gas	  and	  young	  material	  characteris1cs	  
(rota1on,	  abundances	  in	  nebular	  gaz,	  detailed	  abundances	  in	  a	  few	  very	  
young	  supergiants	  –limits	  of	  UVES@VLT	  possibili1es)	  

Nothing	  is	  known	  about	  the	  chemical	  proper1es	  of	  older	  
stellar	  popula1ons	  present	  in	  these	  galaxies	  (RGBs).	  

•  A-‐type	  supergiants	  in	  WLM,	  NGC6822,	  
IC1613,	  Sextans	  A:	  Venn	  et	  al.	  2001,	  
2003,	  Kaufer	  et	  al.	  2004	  
•  AFK	  supergiants	  in	  the	  SMC:	  Hill	  et	  al.	  
1997;	  Luck	  et	  al.	  1998;	  Venn	  1999	  	  

Only	  end-‐point	  of	  the	  evolu1on!	  



Older	  popula1ons	  in	  dIrrs	  

Spectra	  (IR	  CaII	  triplet)	  of	  RGB	  can	  be	  readily	  observed	  for	  
some	  dIrr,	  yielding	  metallicity	  distribu1ons	  and	  radial	  
veloci1es:	  	  

–  See	  the	  pioneering	  work	  of	  Leaman	  et	  al.	  (2009,	  2012,	  
2013)	  in	  WLM:	  but	  at	  a	  very	  high	  observing	  cost	  (here	  
~6h	  exposure	  per	  MOS	  configura1on	  with	  FORS2@VLT	  
or	  DEIMOS@Keck	  just	  reaching	  the	  1p	  of	  the	  RGB)	  
	   WLM:	  Leaman	  et	  al.	  2009	  



dIrr	  with	  deep	  CMD	  
Low-‐res	  
RGBs	  

High-‐res	  
Supergiants	  



1-‐	  Chemical	  evolu1on	  of	  dIrr:	  
Requirements	  for	  an	  ELT-‐MOS	  

I=21	  
V~22.5	  mag	  

Abundances	  of	  ~20	  
elements	  in	  large	  
samples	  of	  RGB	  stars	  of	  
all	  ages	  of	  dIrr	  in	  the	  
Local	  Group:	  	  

WLM	  (D=978kpc)	  

ELT	  requirements:	  	  
•  R≥15,000	  -‐	  20,000	  
•  visible	  VR(I)	  
•  I≥21	  SNR≥30	  
•  Mul1plex:	  anything	  above	  10	  is	  useful;	  

typical	  densi1es	  of	  targets	  >10-‐100/
armin2	  (or	  >70	  per	  ELT	  FoV)	  

	  



Star-‐forming	  dIrr	  
HST/STIS	  Imaging	  Spectroscopy	  of	  I	  Zw	  18	  (Brown	  et	  al.	  2002)	  

	   	   	   	   	   	   	   	   	   	   	   	   	  	  
Detection of several WR-WC	

stars in 	
I Zw18, unexpected	

by low-metallicity Geneva	

evolutionary models	


Meynet & Maeder 2005	




Star-‐forming	  dIrr	  
HST/WFPC2	  	  Imaging	  of	  I	  Zw	  18	  (Aloisi	  et	  al.	  1999)	  

	   	   	   	   	   	   	   	   	   	   	   	   	  	  

ELT	  requirements:	  	  
•  R	  ≥	  5,000	  -‐	  10,000	  
•  visible	  VR(I)	  
•  V≥23	  SNR≥30	  
•  Mul1plex:	  above	  10	  is	  useful	  

No. 1, 1999 THE STAR FORMATION HISTORY OF I Zw 18 311

the innermost and more crowded regions, particularly in
the northwest component of I Zw 18.

All the H II regions recognized by HT95 (as well as many
stars in the badly resolved northwest cluster), were auto-
matically removed from our V , V [I diagram because they
turned out to have s2 [ 3 and/or sharpness outside the
range [[1, 1]. Also, the bright star clusters and associations
are rejected for the same reason. This implies that our CMD
is not sampling extremely young stars. The percentage of
Ñux discarded with this procedure corresponds roughly to
3.5% (2%) of the total Ñux of the whole galaxy in the V (I)
Ðlter, while it is D40% of the total Ñux sampled by the
resolved stars in both bands.

An inspection of the V versus B[V diagram shows that
also in this case we reached the limiting magnitude V ^ 26.
We have, however, a shallower cuto† as the B[V color
becomes redder : this is due to the shorter integration time
and to the lower sensitivity of the F439W Ðlter with respect
to the F814W. Again in this CMD we can recognize the
typical blue plume of the MS and post-MS stars, with a
median color of B[V ^ 0, and an upper brightness limit of
V ^ 22.5. Also in this case, we are not retaining the H II

regions of HT95 and the star clusters, the total Ñux of the
galaxy lost with the rejection criteria being 1% (0.5%) in the
V (B) band, again D40% of the light in the resolved stars.

To estimate the masses of the stars visible in the CMDs
and the corresponding look-back times, we have converted
stellar evolutionary tracks into the observational plane and
superposed them on the observed CMDs. In Figure 9 we
show the Padua tracks with Z \ 0.0004 (Fagotto et al.
1994) converted to the V versus V [I (Fig. 9a) and V versus
B[V (Fig. 9b) plane, having adopted a distance modulus

and a reddening value E(B[V ) \ 0.04. The(m [ M)0 \ 30
V versus V [I diagram shows that in I Zw 18 we have
detected MS stars with masses higher than 12 M

_(corresponding to lifetimes younger than D20 Myr) and
blue-loop stars with masses down to D3È4 (thus withM

_ages up to D0.2 Gyr). The faintest clump of red objects in
Figure 9 can be populated by (red) core helium burning,
asymptotic giant branch (AGB) stars and bright red giant
branch (RGB) stars, whose masses can be in principle as low
as D1 extending the look-back time up to several Gyr.M

_
,

However, given the large photometric error, it is not pos-
sible to estimate precisely the mass, and therefore the age, of
these faint stars. In the following we will conservatively
assume a look-back time of 1 Gyr. In the V versus B[V
diagram we see objects with mass larger than 12 in theM

_MS stage Myr) and larger than 7 in the(q [ 20 M
_post-MS phase, thus with ages less than D50 Myr. We will

use the V versus V [I diagram to infer the SF history of I
Zw 18 over the last D1 Gyr, while the V versus B[V
diagram will be used as a further check over the last D50
Myr.

In Figure 10 we plot the di†erential luminosity functions
(LFs) of all the stars with in both Ðlters presentpDAO \ 0.2
in the V versus V [I and the V versus B[V diagrams
(Figs. 10a and 10b, respectively). We can see in both cases a
rather smooth trend. The LFs will be used in the simula-
tions to check the consistency between models and obser-
vations.

It is clear from Figure 9 that the blue plume of I Zw 18 is
populated by stars both on the MS and at the hot edge of
the blue loop evolutionary phase and that no safe criterion
can be found to separate the two di†erent populations. For

FIG. 9.ÈCMDs of I Zw 18 compared with the Padua tracks with
Z \ 0.0004. (a) V vs. V [I ; (b) V vs. B[V . The stellar mass of each track is
given in The right vertical axis is the absolute magnitude in theM

_
.

F555W Ðlter.

this reason we do not even attempt to derive a MS LF,
which would be inevitably a†ected by too large uncer-
tainties to be of any use.

Also, the derivation of the slope of the LF may turn out
too uncertain, once we consider that, as listed in Table 2, the
data start to be incomplete already at the brightest magni-
tudes and signiÐcantly incomplete at V \ 24. For the mere
sake of comparison with other galaxies and warning that
these values should only be taken as indicative, we have
nonetheless computed the slope by means of a maximum
likelihood Ðtting on the deeper V data. Down to V \ 23,
where the data are almost complete but where only very few
stars are present, * log N/*V \ 1.28 ^ 0.04 ; at V \ 24,
where completeness is 85%, the slope is 0.68 ^ 0.02, and at
V \ 25 (75% of completeness) it is 0.45 ^ 0.04. The latter
value is consistent with those derived by HT95 from the
same data for stars in three di†erent locations (slopes
between 0.58 and 0.65), once we consider that they have
corrected them for incompleteness.

HT95 pointed out that these slopes are steeper than those
derived for other star-forming systems like R136 and
NGC 604. They also appear steeper than the average



2-‐	  Tracing	  the	  Li	  plateau	  in	  other	  systems	  

Tracing	  ini1al	  (pre-‐stellar	  dilu1on)	  Li	  requires	  to	  measure	  it	  in	  un-‐evolved	  warm	  stars	  



2-‐	  Tracing	  the	  Li	  plateau	  in	  other	  systems	  
Lithium	  plateau	  (plateau,	  its	  cosmological	  and/or	  
stellar	  physics	  implica1ons)	  in	  different	  environments:	  
probing	  the	  oldest	  genera1ons	  of	  stars	  in:	  	  	  	  

Clarksson	  et	  al.	  2008,	  propper-‐mo1on	  
cleaned	  CMD	  of	  a	  Bulge	  field	  (l,b)=(1.2◦,-‐2.6◦)	   Javiel	  et	  al.	  2005:	  HST	  CMD	  of	  LMC	  fields	  

around	  globular	  clusters	  

- 	  Galac1c	  bulge	  (in	  low	  
E(B-‐V)	  regions):	  	  	  	  	  	  	  	  	  
I=19,	  V~20.2	  
- 	  Magellanic	  clouds	  
V~22	  (LMC)	  



2-‐	  Extragalac1c	  Lithium	  evolu1on	  	  
	  

Lithium	  evolu1on	  along	  the	  Magellanic	  clouds	  chemical	  evolu1on:	  	  
- 	  the	  increase	  of	  Li	  along	  the	  evolu1on	  of	  the	  galac1c	  disc	  has	  long	  been	  a	  puzzle	  
(efficiency	  of	  Li-‐produc1on	  vs	  Li-‐distruc1on	  in	  stellar	  genera1ons)	  
- 	  moving	  into	  a	  different	  realisa1on	  of	  this	  enrichment	  process	  	  (the	  MCs	  were	  
more	  metal-‐poor	  than	  the	  MW	  disc	  at	  a	  given	  1me/age)	  will	  yield	  essen1al	  
constraints	  on	  Li	  produc1on	  by	  low-‐mass	  stars	  	  as	  a	  func1on	  of	  metallicity	  

ELT	  requirements:	  	  
•  R≥15,000	  -‐	  20,000	  
•  R	  (650-‐680nm)	  
•  V~20-‐22	  SNR≥80	  
•  Mul1plex:	  the	  larger	  

the	  bezer	  
	  



3-‐	  First	  stars	  relics	  in	  the	  Local	  Group	  
•  Extremely	  metal-‐poor	  stars	  at	  z=0	  are	  (the	  first?)	  low-‐mass	  stars	  that	  bear	  

the	  fossil	  traces	  of	  their	  deceased	  popula1on	  III	  (metal-‐free)	  parents	  
•  Most	  of	  our	  knowledge	  so	  far	  (metallicity	  distribu1on,	  metallicity	  floor,	  

detailed	  composi1ons	  of	  the	  most	  metal-‐poor	  stars)	  is	  inferred	  from	  the	  
most	  metal-‐poor	  stars	  in	  the	  Milky-‐Way	  halo	  stars	  (needles	  in	  a	  haystack:	  
so	  far	  less	  than	  10	  stars	  are	  known	  with	  [Fe/H]<-‐4)	  	  

Tracking	  extremely	  metal-‐poor	  stars	  in	  
different	  galaxy	  hosts	  thoughout	  the	  Local	  
Group	  will	  allow	  to	  answer	  :	  	  	  
- 	  Does	  the	  forma1on	  of	  first	  stars	  depend	  
on	  the	  parent	  (galac1c)	  halo	  ?	  	  
- How	  low	  is	  the	  true	  metallicity	  floor	  for	  
low-‐mass	  star	  forma1on	  ?	  How	  does	  it	  
depend	  on	  the	  Carbon	  content	  ?	  [bezer	  
sta1s1cs,	  unreachable	  in	  the	  MW	  alone]	  	  	  	  	  	  



3-‐	  First	  stars	  relics	  in	  the	  Local	  Group	  
We	  already	  know	  that	  extremely	  metal-‐poor	  
stars	  exist	  in	  dSph	  galaxies	  

ü 	  	  Calibrated	  to	  the	  low-‐Z	  regime,	  CaII	  triplet	  survey	  (DART)	  yields	  metallici1es	  down	  to	  -‐4.	  
ü 	  The	  shape	  of	  the	  low-‐Z	  tail	  is	  undis1guishable	  from	  that	  of	  the	  MW	  halo	  ([Fe/H]<-‐2.5)	  
	  

Starkenburg	  et	  al.	  2010	  	  Starkenburg	  et	  al.	  2010	  	  



3-‐	  First	  stars	  relics	  in	  the	  Local	  Group	  

The	  ELT/HR	  will	  allow	  
to	  characterizing	  low-‐Z	  
stars	  with	  exquisite	  
accuracies	  in	  dSph	  in	  
the	  Local	  Group	  

Shetrone	  et	  al.	  2001,	  2003	  
Koch	  et	  al.	  2008,	  2009	  
Cohen	  &Huang	  2009	  
Frebel	  et	  al.	  2009,	  2010	  
Tolstoy,	  Hill,	  Tosi	  2009	  

Pioneering	  work	  (10m	  telescopes,	  low	  SNR):	  	  
‣ Subaru	  (Aoki	  et	  al.	  2009)	  
‣ VLT/UVES	  (Tafelmeyer	  et	  al.	  2010:	  Fnx,	  Scl,	  Sext)	  
‣ VLT/Xshooter	  (Starkenburg	  et	  al.	  in	  prep,	  Scl)	  
‣ Magellan/MIKE	  (Venn	  et	  al.	  2011	  subm.,	  Car)	  

ELT	  requirements:	  	  
•  R≥	  20,000	  
•  (B)V	  (380-‐500nm)	  
•  V~20	  SNR≥80	  (RGB	  stars)	  
•  Mul1plex:	  none	  
	  



Key	  points	  	  

•  Kinema1cs	  and	  chemical	  abundances	  to	  unveil	  
SFH,	  forma1on	  and	  evolu1on	  of	  LG	  galaxies	  

•  Precise	  abundances	  necessary	  to	  disantangle	  
diverse	  popula1ons	  	  	  

-‐>	  High	  spectral	  resoluAon	  	  (R	  ~	  15000	  -‐20000)	  
•  B,	  V	  spectral	  range	  required	  


