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Outline

•	  a	  quick	  inventory	  of	  ques1ons	  we	  want	  to	  address

•	  	  the	  central	  regions	  of	  ETGs:	  stellar	  popula1ons	  and	  DM	  frac1ons

•	  new	  scaling	  rela1ons	  of	  the	  central	  DM	  in	  ETGs	  (Reff,	  Age)

•	  environment

•	  conclusions
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The galaxy formation picture

Conroy	  &	  Wechsler	  2009

The	  cumula1ve	  effect	  is	  different	  at	  different	  mass	  scales:	  
the	  star	  forma1on	  efficiency

Abundance	  matching:	  
observed	  spa1al	  abundance	  of	  galaxies	  to
the	  expected	  spa1al	  abundance	  of	  halos	  at	  
mul1ple	  epochs

εSF	  =	  frac1on	  of	  baryon	  mass	  turned	  into	  

stars



Why	  central	  dark	  ma^er	  frac1on	  of	  early-‐type	  galaxies?

M/L*
IMF

halo	  contrac1on
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DM haloes in the LCDM cosmology

Navarro	  et	  al.	  2004

NFW

Moore	  et	  al.	  	  1999

Bullock	  et	  al.	  	  2001

(Cossisionless)	  Simula1ons	  say	  that	  DM	  halos	  are	  cuspy!



Central	  dark	  ma^er	  frac1on	  of	  early-‐type	  galaxies

stellar	  mass	  

dynamical	  mass



Central mass content of early-type galaxies

SAURON
Cappellari	  et	  al.	  2006

SDSS/DR4	  (~50000	  gal)
Hyde	  &	  Bernardi	  2009

SDSS/DR6	  
(~16000	  gal)
Graves	  et	  al.	  2010	  
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Central MDM/M* of early-type galaxies

We	  have	  started	  a	  pilot	  program	  on	  a	  limited	  sample	  of	  ~330	  galaxies	  from
Prugniel	  &	  Simien	  1997:

1) Mul1band	  photometry

2) Structural	  parameters	  (Re,	  Sersic	  index)

3) Aperture	  dispersion	  and	  rota1on	  measurement

4) Overlap	  with	  literature	  studies	  with	  more	  sophis)cated	  analysis	  



Central MDM/M* of early-type galaxies

Dynamical	  methods
	  	  	  	  	  
	  	  	  	  	  	  Spherical	  Jeans	  analysis

	  	  	  	  	  	  isotropic	  models

	  	  	  	  	  	  stellar	  mass	  from	  Sersic

	  	  	  	  	  	  total	  mass	  isothermal

	  	  	  	  	  	  galaxy	  rota1on
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Cappellari	  et	  al.	  2007
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Central MDM/M* of early-type galaxies

Prugniel	  &	  Simien	  1997

Tortora	  et	  al.	  2009

Dynamical	  methods
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Central MDM/M* of early-type galaxies

Koopmans	  et	  al.	  2006Dynamical	  methods
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Central MDM/M* of early-type galaxies

Dynamical	  methods
	  	  	  	  	  
	  	  	  	  	  	  Spherical	  Jeans	  analysis

	  	  	  	  	  	  isotropic	  models

	  	  	  	  	  	  stellar	  mass	  from	  Sersic

	  	  	  	  	  	  total	  mass	  isothermal

	  	  	  	  	  	  galaxy	  rota1on

vs	  SAURON

vs	  van	  der	  Marel+07



Central MDM/M* of early-type galaxies

Stellar	  popula)ons
	  	  	  	  	  
	  	  	  	  	  	  Bruzual	  &	  Charlot	  2003
	  	  	  	  	  	  Charlot	  &	  Bruzual	  2007
	  	  	  	  	  	  Maraston	  2005

	  	  	  	  	  	  Simple	  Stellar	  popula1on
	  	  	  	  	  	  Exponen1ally	  decaying	  SFR

	  	  	  	  	  	  Salpeter	  IMF
	   (Kroupa	  IMF)

	  	  	  	  	  	  Chabrier	  IMF

	  	  	  	  	  	  Z,	  Age,	  τ	  free	  parameters



Central MDM/M* of early-type galaxies

Total	  mass	  <
Mass	  in	  stars

Total	  mass	  >>
Mass	  in	  stars

DM	  frac1on	  depends	  on	  galaxy	  luminosity,	  mass	  and	  Reff
fDM=	  MDM/Mtot	  =	  (1+M*/MDM)

-‐1

Chabrier	  	  IMF
Salpeter	  	  IMF
ellip1cals
len1culars

Tortora,	  	  Napolitano,	  Romanowsky,	  
Capaccioli,	  Covone	  	  (2009)

20	  to	  50%	  dark	  ma^er	  within	  
1	  effec1ve	  radius

Tilt	  of	  the	  Fundamental	  Plane
M/L~L0.2

Ruszkowski	  &Springel,	  2009

T+09



Central MDM/M* of early-type galaxies

DM	  frac1on	  depends	  on	  galaxy	  luminosity,	  mass,	  Reff
fDM=	  MDM/Mtot	  =	  (1+M*/MDM)

-‐1

	  

Napolitano	  Tortora	  &	  Romanowsky	  (2009)



Central DM density of early-type galaxies

Napolitano	  Romanowsky	  &	  Tortora	  2010

<ρDM	  >	  ~ Reff
-‐2	  	  for	  a	  cuspy	  

(contracted)	  halo!!!

-‐2

-‐1

DwE

LTGs

ETGs Halo	  contrac1on

Why	  a	  contracted	  cuspy	  halo

If	  	  	  ρ(r)	  ~r	  −α	  	  	  	  	  	  	  	  	  	  	  	  	  	  α<3
M(r	  )	  ~ r	  3−α	  

<ρ(Reff)>	  ~ Reff	  −3 M(Reff)	  ~ Reff	  −α 

For	  a	  non	  contracted	  NFW	  α ~ 1.3	  @	  Reff	  	  	  

For	  a	  contracted	  halo	  α =1.6-‐1.9	  @	  Reff	  



Central DM density of early-type galaxies

Napolitano	  Romanowsky	  &	  Tortora	  2010

<ρDM	  >	  ~ Reff
-‐2	  	  for	  a	  cuspy	  

(contracted)	  halo!!!

-‐2

-‐1

DwE

LTGs

ETGs Halo	  contrac1on

LCDM	  predic1ons	  with	  AC

no	  AC



Central DM with the Spider sample

Tortora	  et	  al.	  2011,	  (almost)	  submi^ed

La	  Barbera	  et	  al.

~4000	  ETGs	  
SDSS+UKIRT
SDSS	  spectra



Central DM with the Spider sample

Tortora	  et	  al.	  2011,	  (almost)	  submi^ed

La	  Barbera	  et	  al.simula1ons:	  contracted

simula1ons:	  uncontracted



Central DM with the Spider sample

Tortora	  et	  al.	  2011,	  (almost)	  submi^ed

FIELD
SATELLITES
CENTRALS

ENVIRONMENT



Central MDM/M* and connections with SFH

DM	  frac1on	  depends	  on	  Age
	  

Napolitano	  Tortora	  &	  Romanowsky	  (2009)
M
A
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Central MDM/M* and connections with SFH

Napolitano	  Romanowsky	  &	  Tortora	  2010

AGE (Gyr)

Halo	  contrac1on

Standard	  LCDM

Kroupa	  IMF

Halo	  contrac1on

Standard	  LCDM

LCDM	  predic1ons

1) Assume	  a	  normal	  NFW	  halo
2) Assume	  a	  Sersic	  profile	  for	  the	  stars
3) Compute	  the	  fDM	  for	  different	  εSF

4) Add	  some	  adiaba1c	  contrac1on
IMF	  –	  AC	  degeneracy!



Central MDM/M* and connections with SFH

Napolitano	  Romanowsky	  &	  Tortora	  2010

AGE (Gyr)

Kroupa	  IMF

LCDM	  predic1ons
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Central MDM/M* and connections with SFH

Napolitano	  Romanowsky	  &	  Tortora	  2010

AGE (Gyr)

Kroupa	  IMF

LCDM	  predic1ons

1) Assume	  a	  normal	  NFW	  halo
2) Assume	  a	  Sersic	  profile	  for	  the	  stars
3) Compute	  the	  fDM	  for	  different	  εSF

4) Add	  some	  adiaba1c	  contrac1on

LOW	  

LOW

LOW

VERY
LOW	  



Strong lensing, dynamics and stellar populations

Tortora	  Napolitano	  Romanowsky	  &	  Jetzer	  2010,	  ApJL

<ρDM	  >	  ~ Reff
-‐2	  	  for	  a	  cuspy	  

(contracted)	  halo!!!

AGE (Gyr)

-‐2

Kroupa	  IMF

LTGs

ETGs

NRT10	  confirmed	  by	  ~70	  SLACS	  gravita1onal	  lenses	  @	  z~0.3	  (~3Gyr)



Strong lensing, dynamics and stellar populations

-‐2

LTGs

fDM-‐Age	  confirmed	  by	  the	  SAURON	  sample

logM*	  >	  11

logM*	  <	  11
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Central MDM/M* and connections with SFH

Naab	  et	  al.	  2009

Explaining	  the	  	  fDM	  –	  Age

1) Reff	  –	  Age	  =>	  compa1ble	  with	  size	  evolu1on	  with	  lookback	  1me	  

(Naab	  et	  al.	  2009)



Central MDM/M* and connections with SFH

Explaining	  the	  	  fDM	  –	  Age

1) Reff	  –	  Age	  =>	  compa1ble	  with	  size	  evolu1on	  with	  lookback	  1me

2) Some	  εSF	  varia)on	  =>	  compa1ble	  with	  early	  cold	  accre1on	  (e.g.	  Dekel	  et	  al.	  2009,	  

Naab	  et	  al.	  2009)	  -‐-‐	  overall	  qualita1vely	  consistent	  with	  CW09



Central MDM/M* and connections with SFH

Explaining	  the	  	  fDM	  –	  Age

1) Reff	  –	  Age	  =>	  compa1ble	  with	  size	  evolu1on	  with	  lookback	  1me

2) Some	  εSF	  varia)on	  =>	  compa1ble	  with	  early	  cold	  accre1on	  (e.g.	  Dekel	  et	  al.	  2009,	  

Naab	  et	  al.	  2009)	  -‐-‐	  overall	  qualita1vely	  consistent	  with	  CW09

3) Some	  AC	  varia)on	  with	  )me	  =>	  if	  any,	  younger	  systems	  show	  AC	  



Central MDM/M* and connections with SFH

Explaining	  the	  	  fDM	  –	  Age

1) Reff	  –	  Age	  =>	  compa1ble	  with	  size	  evolu1on	  with	  lookback	  1me

2) Some	  εSF	  varia)on	  =>	  compa1ble	  with	  early	  cold	  accre1on	  (e.g.	  Dekel	  et	  al.	  2009,	  

Naab	  et	  al.	  2009)	  -‐-‐	  overall	  qualita1vely	  consistent	  with	  CW09

3) Some	  AC	  varia)on	  with	  )me	  =>	  if	  any,	  younger	  systems	  show	  AC	  

4) Last	  but	  not	  the	  least:	  IMF	  varia)on



Central MDM/M* and connections with SFH

Explaining	  the	  	  fDM	  –	  Age

1) Reff	  –	  Age	  =>	  compa1ble	  with	  size	  evolu1on	  with	  lookback	  1me

2) Some	  εSF	  varia)on	  =>	  compa1ble	  with	  early	  cold	  accre1on	  (e.g.	  Dekel	  et	  al.	  2009,	  

Naab	  et	  al.	  2009)	  -‐-‐	  overall	  qualita1vely	  consistent	  with	  CW09

3) Some	  AC	  varia)on	  with	  )me	  =>	  if	  any,	  younger	  systems	  show	  AC	  

4) Last	  but	  not	  the	  least:	  IMF	  varia)on



Central MDM/M* and connections with SFH

Explaining	  the	  	  fDM	  –	  Age

1) Reff	  –	  Age	  =>	  compa1ble	  with	  size	  evolu1on	  with	  lookback	  1me

2) Some	  εSF	  varia)on	  =>	  compa1ble	  with	  early	  cold	  accre1on	  (e.g.	  Dekel	  et	  al.	  2009,	  

Naab	  et	  al.	  2009)

3) Some	  AC	  varia)on	  =>	  old	  galaxies

4) t	  but	  not	  the	  least:	  IMF	  varia)on



Conclusions

•	  fDM	  are	  mainly	  driven	  by	  Reff	  

•	  The	  Reff-‐Age	  (size-‐z	  evolu1on)	  is	  responsible	  of	  most	  of	  the	  fDM-‐Age	  
rela1on

•	  the	  residual	  trend	  is	  possibly	  caused	  by	  the	  eSF-‐Age	  =>	  younger	  
systems	  have	  lower	  eSF.	  Older	  systems	  follow	  the	  CW09	  eSF-‐M*

•	  If	  there	  is	  a	  AC	  varia1on	  with	  1me,	  younger	  systems	  show	  stronger	  AC

•	  IMF	  varia1on	  (?):	  younger	  galaxies	  have	  Salpeter	  IMF,	  older	  Chabrier	  
IMF

•	  fDM	  seem	  not	  to	  have	  a	  significant	  dependence	  on	  the	  environment



The End



Today is a good day...


