
  

Morphological transformation in the

Local Group?

or...



  

The true identity of NGC 205



  



  

NGC 205 was discovered by Messier in 1773

But was included in the catalog only in 1966 
It's M110, the last object of the list
First resolved by Baade (1944)



  

120' x 120'
POSS-red image of M31 + NGC 205

M110 is classified as dwarf ellitptical 
(and indeed it looks like)

             M/Msun = 0.7x1e9; Mv =-16.6



  

Zooming in confirms the impression

False color image obtained with
DSS red + blue

dE?



  

Zooming in confirms the impression

But also that there is something peculiar



  

It's not the only peculiarity



  

- specific frequency of GCs is SN = 1.8 
    (Harris & van den Bergh 1981), 
    in the regime of spiral galaxies 

- The large scale dynamics shows
   partial rotational support 
      (De Rijcke et al. 2006; Geha et al. 2006) 

- 11 +/- 5 km/sec along major axis 



  



  



  



  

- There is a significant amount of rotating  
molecular and atomic gas (Welch et al. 1998) 

   (10e6 Msun)

- and dust (Marleau et al. 2006). 



  



  

- NGC 205 harbors a fairly complex stellar 
population 

- especially in the central regions
 
- the presence of bright O and B stars in the 
center is known since Baade (1951). 



  

- Bica et al. (1990) from integrated spectrum of nucleus: 

   mean age: 100—500 Myr

   metallicity: -1< [m/H] <-0.5 
   (max [m/H]=-0.5)



  

- (Cappellari et al. 1999), wfpc2 observations 

- Baade's “stars” are actually multiple systems 

- ages of 50 and 100 Myr for two clusters

- This centrally concentrated blue population 
likely represents the last episode of star 
formation in NGC 205



  



  

The C99 clusters/associations are not the only 
young population

A young 'field' population is revealed by ACS/HRC
in the central region 

Monaco, Saviane, et al. In preparation



  

Some hint in Butler & Martinez-Delgado (2005)



  

ACS/HRC image of central cluster + fieldACS/HRC image of central cluster + field

Nuclear Dynamics of NGC 205: Probing the Low-Mass End Nuclear Dynamics of NGC 205: Probing the Low-Mass End 
of the M-sigma Relationof the M-sigma Relation

Laura Ferrarese / 9448Laura Ferrarese / 9448



  

ACS
(PI=Ferrarese)

WFPC2
C99



  

From Holtzman et al. 
Same region as ACS field

~50 Myr

~300 Myr

Photometry of ACS field by
Sibilla Perina



  

~40” (160pc)

S.B. Profile from Valluri, Ferrarese et al. (2005)

Nuclear cluster is only
a few arcsec



  



  

SF
episode
~ 25 Myr

Cont. SF



  

SFR= 5e-4 Msun/yr during 220 Myr => 1.2e5 Msun generated

~300Myr at 100% comp.



  

APOD, Jan 24, 2008



  

© Tony Hallas / astrophoto.com



  

Galaxy body made from 10 
frames, each frame 7 - 8 hours 
LRGB.

Telescope : 14.5 "  f/8  RCOSCC

Camera : SBIG STL - 11K 

Background made from 9 frames, 
each frame 5 - 6 hours LRGB.

Telescope : Stellarvue 6" f/8 

and TeleVue 4" f/5.

Camera : SBIG STL-11K

AstroDon and SBIG filters

A/P 1200 GTO mount

Taken Fall 2007 from Foresthill,CA



  

M 82



  

Tony Hallas

HST/ACS Hubble Heritage Team



  

Tony Hallas

HST/ACS Hubble Heritage Team

 Dust features better
revealed in the 
groundbased image
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NGC 1300 / Hubble heritage



  

9 Frame mosaic taken with 6 " f / 8 Stellervue refractor

STL-11K camera 

Each frame 2 hours exposure



  

Tony Hallas, priv. comm.



  



  

Diffuse light component subtracted



  

Unsharp masking technique  (10px smoothing length)



  

White-light image with different
cut levels



  

The spiral structure

Typical feature of a rotating disk

Jerjen et al. 2000; Barazza et al. 2002; Graham et al. 2003

-> hidden spiral and bar features discovered in early-type dwarfs of the Virgo cluster 

-> interpreted as the result of galaxy harassment (Moore et al. 1996). 
    
( Not the case here! )

   Harassment = 1 encounter/Gyr with an L* galaxy, within 50kpc

CL0939 @z=0.42

                   Coma cluster @z=0.0023



  



  



  

The big picture:

morphological evolution in the LG?



  

Galaxy threshing



  



  

Disk stars

New stars

Bulge



  

M32: from disk to spheroid

n-body/smoothed particle hydrodynamics simulations
 
Started several Gyr ago as a low-luminosity spiral galaxy (M/Msun=4e9 

later stripped of its outer stellar and gaseous disk by M31's tidal field

In the course of the transformation, gas rapidly transferred to the central region

nuclear starburst is triggered => 
  => central high-density, more metal-rich stellar populations 
  => with relatively young ages



  

Tidal stirring

Mayer et al. 2001, 2006, 2007
Klimentowski et al. 2008



  



  



  

In any case, interaction with M31 is clear



  

Davidge (2003): 

- multiple episodes of star formation in the most central 
region 

- with a time spacing compatible with the putative 
  NGC 205 orbital period (Cepa & Beckman 1988)



  

Demers et al. (2003) 
-> extra-tidal carbon stars

Ibata et al. 2001; McConnachie et al. 2004
-> tidal streams of stars in M31 halo
    - possibly related with NGC 205 and/or M32 

 Hodge 1973; Choi et al. 2002
-> isophotes twisted at radii larger than ~ 4' 
    - incipient tidal tails 

De Rijcke et al. 2006; Geha et al. 2006
    - stars beyond that radius are apparently moving 
      in the opposite direction with respect to the inner galaxy 

Note that NGC 205 is also the prototype of nucleated dwarf ellipticals
-> usually considered as tracers of high density environments 
      (interactions favor the nucleation process)

The four nucleated galaxies in the Local Group (M33, Sagittarius, M32, and NGC 205; 
Kormendy & McClure 1993; Majewski et al. 2003; Ibata et al. 2001; McConnachie et al. 
2004) have all been suggested to be in the process of tidal disruption



  



  



  



  



  



  



  

the inescapable conclusion seems to be 
that NGC 205 is a disk galaxy disguised as an elliptical because 
its old stars have been stirred up by the tidal field of M31, and 
they have been distributed in a spheroid.



  

What next...



  

From Lee et al. (2009)



  

Wide-area, deep imaging:

- HST/ACS
- LBT/LBC
- Subaru/SuprimeCam



  

Holtzman et al. Field 5



  

BD05 Field 2 (=Holtzman Field 5)

HB?



  



  

Go deeper with ACS and
see whether there is
~ 500 Myr population 
in the disk



  

The Large Binocular Cameras (LBC) 

- Two wide-field, high-throughput imaging cameras 

- Prime Focus stations of the LBT

- 23'x23' / 0.23”/pixel

- Optics and detectors optimized for 

- UV-blue wavelengths (from 320 to 500 nm / 
UBV) 

- Red-IR bands (from 500 to 1000 nm /Riz)

- Both channels available simultaneously



  

7.4h in I => SN R = 5  @ I =27  (89x300sec)
(B − I)  0.8 on MS≃

4.8h in B => SNR =5 @ B =27.8
 
2min in V to obtain (V-I)=> [Fe/H]

To be observed, hopefully, between 20 and 24 Feb.

                                                                                  



  

From Saha et al. (1992)

g passband of Thuan & Gunn (1976)
=> g(lim) > 26.5

   g-band avoids e.g., [OI] 5577



  

HST / ACS



  
16 orbits + 2 control field



  

An exciting possibility, to be confirmed by a really sound body of evidence 

A panoramic view of this key member of the Local Group is needed

Need to resolve stars as faint as I=27 (get MS stars as old as 3 Gyr)
=> mosaic of ACS/WFC images 
     -> resolution to distinguish the subtle morphological features
     -> sensitivity to reconstruct the recent SFH of the disk
     -> trend of SFH over several orbits (P=0.1 Gyr, CB88): 
         enhanced in close passages to M31?
     -> spatial trends of SF? Tidal stripping?

Should be one of the top galaxies that should be part of the HST legacy



  

The mosaic of ACS frames will cover the whole spiral pattern

 
=> confirm the morphology of NGC 205

To enhance the large-scale features
  - rebin the images 
   - use matched filter techniques
     => map spiral arms to larger distances using resolved stars
      (e.g. Walsh et al. 2007; Ondekirchen et al. 2001; Willman et al. 2002). 

The blue filter will ensure the best contrast of the spiral arms with respect to 
the diffuse population

and enhance the dust patches => gas is more extended than thought before?

resolved stars CMDs for the entire GCs system of this keystone galaxy
 



  

Simulated MS Observed MS



  

Simulated MS Observed MS

Termination of   MS



  



  



  

Simulations:

-- Take  observed MS and interpolate with fiducial line 
       (red line in top panels)

-- Take errors from photometry and interpolate with exponential law vs. mag.
-- Multiply by three... (errors underestimated or MS has intrinsic width)

-- Each burst contains the same number of stars 
-- Normalize sum of bursts to reproduce observed number of stars 



  

T. Hallas

McConnachie et al. 2004



  

Martinez-Delgado (2009)

Same SBIG camera as T. Hallas



  



  



  



  

 Fig. 
[fig:Stellar-content-of] already hints that SF in the disk might 
have stopped \sim0.4 Gyr ago, which is interestingly close to the 
time when the central SF burst started (0.5 Gyr, see above). One 
might then speculate that around that time the gaseous disk was 
disturbed, and gas began to be fed into the central regions. The 
reality of this guess will be checked with the more precise 
photometry allowed by the ACS, and moreover, the spatial trends 
of SF across the galaxy disk will be studied, possibly revealing 
the effect of the tidal stripping. In addition, the color 
distribution of the RGB can be used to compute the metallicity 
distribution function (MDF) in different regions (e.g,. Momany et 
al. 2005), which will offer clues on the chemical evolution of 
the galaxy, to be compared to the mean age of the underlying 
stellar population.
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