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Dust	
  in	
  dEs	
  

	
  	
  	
  	
  	
  	
  Early-­‐type	
  dwarf	
  galaxies	
  (dEs)	
  are	
  the	
  dominant	
  morphological	
  type	
  in	
  
galaxy	
  clusters	
  (both	
  genuine	
  elliptical	
  dE	
  and	
  lens-­‐shaped	
  dS0)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  The	
  last	
  years,	
  the	
  heterogeneous	
  character	
  of	
  the	
  population	
  of	
  early-­‐type	
  
dwarf	
  galaxies	
  (dEs)	
  revealed:	
  	
  
*	
  (non-­‐)nucleated	
  subclasses	
  
*	
  rotationally	
  /	
  pressure-­‐supported	
  systems	
  
*	
  evidence	
  for	
  substructure:	
  -­‐	
  disks	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  spiral	
  structure	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  bars	
  	
  	
  

Jerjen	
  et	
  al.	
  (2000)	
   Lisker	
  et	
  al.	
  (2006a)	
  



Dust	
  in	
  dEs	
  

	
  	
  Some	
  dEs	
  possess	
  a	
  significant	
  interstellar	
  medium	
  (ISM):	
  	
  
	
  	
  	
  	
  	
  	
  independent	
  detections	
  of	
  both	
  	
  

atomic	
  and	
  molecular	
  gas	
  

NGC205,Marleau	
  et	
  al.(2006)	
  

	
  we	
  use	
  the	
  HeViCS	
  SDP	
  data	
  to	
  look	
  for	
  dust	
  emission	
  	
  
as	
  an	
  alternative	
  way	
  of	
  tracing	
  the	
  interstellar	
  medium	
  

so	
  far	
  dust	
  has	
  only	
  been	
  detected	
  in	
  Andromeda	
  
satellites:	
  
NGC	
  205	
  (3.2	
  x	
  105	
  M)	
  and	
  NGC	
  185	
  (1.9	
  x	
  103	
  M)	
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FIG. 4.ÈVelocity Ðeld of the H I in NGC 205 superposed on H I column density contours, as in Velocity Ðeld is calculated as the intensity-weightedFig. 2.
mean velocity. Gray scale ranges from [250 to [200 km s~1.

Since the locations of young massive stars in NGC 205
are known (e.g., we have searched the H I distribu-Fig. 2),
tion for evidence of the e†ects of young stars on the atomic
gas. Such e†ects might include expanding H I shells around
massive stars with strong stellar winds, increased H I veloc-
ity dispersion around the massive stars, and either a corre-
lation or an anticorrelation between H I column density and
the locations of the young stars. In NGC 205 we observe
that the young stars are generally found on the north and
west sides of the H I distribution and that they are not
located on local H I column density peaks. No strong evi-
dence for direct e†ects of young stars on the H I medium is
found. Of course, the young stars indicated in areFigure 2

not all of the young massive stars in the galaxy but merely
the ones for which there are published colors (Peletier 1993 ;

& MouldGallagher 1981).

3.5.2. NGC 185

presents channel images of the H I in NGC 185.Figure 7
Two prominent clumps are seen at velocities of about [176
km s~1 and [222 km s~1, and numerous other clumps are
easily identiÐable at velocities near [200 km s~1. The
clumps are close together in the two spatial dimensions, so
that the integrated H I intensity has a smooth cen-(Fig. 3)
trally peaked structure. However, the strongest clumps are
easily identiÐed in the velocity Ðeld and in multiply peaked

-220

-210

-200

-190

-180

D
E

C
L

IN
A

T
IO

N
 (

J
2
0
0
0
)

RIGHT ASCENSION (J2000)
00 39 10 05 00 38 55 50

48 22 00

21 30

00

20 30

00

19 30

00

18 30

134 YOUNG & LO Vol. 476

FIG. 5.ÈVelocity Ðeld of the H I in NGC 185 superposed on H I column density contours, as in Velocity Ðeld is represented by the intensity-Fig. 3.
weighted mean velocity, the interpretation of which is complicated by many double-peaked proÐles (see text). Gray scale in this Ðgure varies from [220 to
[180 km s~1 heliocentric.

H I line proÐles. For instance, the prominent clump at
[222 km s~1 is obvious as a strong, narrow, isolated peak
in the southern part of Thus, to disentangle theFigure 8.
kinematics and dispersion of the H I in NGC 185 it is Ðrst
necessary to identify the most obvious clumps and study
them individually. H I clumps were identiÐed and measured
using the same method described for NGC 205 ; in the case
of NGC 185, the cube with 28A resolution was used. Table 2
gives the Ðtted parameters of H I clumps in NGC 185.

From the velocities in the third column of weTable 2

TABLE 1

ESTIMATED PROPERTIES OF H I CLUMPS IN NGC 205

v
H I

p
H I

M
H I

Radius
a (J2000)a d (J2000)b (km s~1) (km s~1) (104 M

_
) (pc)

00 40 22.9 . . . . . . ]41 40 09 [216.3 8.5 11.2 84
00 40 23.7 . . . . . . ]41 40 12 [215.8 5.8 2.7 75
00 40 22.7 . . . . . . ]41 41 18 [238.3 10.4 7.0 90
00 40 23.7 . . . . . . ]41 41 51 [243.7 8.5 5.4 53
00 40 21.4 . . . . . . ]41 41 14 [251.4 3.7 1.1 65
00 40 22.2 . . . . . . ]41 40 44 [225.9 10.5 9.0 81 :
00 40 20.5 . . . . . . ]41 39 30 [208.8 8.5 5.9 81 :

NOTE.ÈValues marked with a colon are uncertain because of confusion
with neighboring clumps.

a In units of hours, minutes, and seconds.
b In units of degrees, arcminutes, and arcseconds.

estimate that the velocity dispersion of the brightest H I

clumps in NGC 185 (the clump-clump dispersion) is 14 km
s~1, which is in agreement with the dispersion of 15.3 ^ 0.8
km s~1 measured in the global H I proÐle. This dispersion is
somewhat smaller than that of the stars in NGC 185, which
is 22 km s~1 et al. The accuracy of the(Bender 1991).
clump-clump dispersion is limited by the fact that only six
clumps have been identiÐed.

Because the H I clump at [222 km s~1 is so bright and
easily isolated in space and velocity from neighboring
clumps, we have studied its properties in detail by Ðtting
Gaussian components to the individual proÐles. When

TABLE 2

ESTIMATED PROPERTIES OF H I CLUMPS IN NGC 185

v
H I

p
H I

M
H I

Radius
a (J2000)a d (J2000)b (km s~1) (km s~1) (104 M

_
) (pc)

00 38 58.0 . . . . . . ]48 20 35 [179.6 6.2 0.6 50
00 39 01.5 . . . . . . ]48 20 44 [207.8 4.9 0.8 67
00 39 01.0 . . . . . . ]48 21 20 [200.1 6.4 0.4 46
00 39 03.0 . . . . . . ]48 19 45 [202.0 9.6 0.7 66
00 38 59.3 . . . . . . ]48 20 00 [222.1 3.9 1.1 54
00 38 58.0 . . . . . . ]48 20 20 [199.6 15.2 0.7 54

a In units of hours, minutes, and seconds.
b In units of degrees, arcminutes, and arcseconds.

NGC205	
  and	
  NGC185	
  ,	
  Young	
  &	
  Lo	
  (2007)	
  



HeViCS	
  Science	
  Demonstration	
  Phase	
  

	
  	
  	
  	
  	
  	
  SDP	
  data	
  =	
  1	
  cross-­‐scan	
  in	
  	
  
parallel	
  “fast”	
  scan	
  mode	
  
(PACS+SPIRE	
  data,	
  scan	
  
speed	
  =	
  60	
  arcsec/s)	
  	
  
of	
  a	
  4°	
  by	
  4°	
  	
  field,	
  covering	
  
the	
  central	
  region	
  of	
  the	
  
Virgo	
  cluster	
  



Sample	
  selection	
  

We	
  select	
  370	
  galaxies	
  in	
  Goldmine	
  with	
  
morphological	
  type	
  dE	
  and	
  dS0	
  

$

removal	
  of	
  16	
  background	
  galaxies	
  and	
  	
  
115	
  sources	
  with	
  a	
  contaminating	
  	
  
optical	
  source	
  within	
  6	
  arcsec	
  

	
  	
  $

blind	
  aperture	
  photometry	
  based	
  on	
  the	
  	
  
positions	
  of	
  the	
  remaining	
  239	
  galaxies	
  	
  

in	
  our	
  sample$



Results	
  

  	
  The	
  dwarfs	
  	
  VCC	
  781	
  and	
  VCC	
  951	
  were	
  detected	
  in	
  the	
  SPIRE	
  250	
  μm	
  
image	
  at	
  10	
  σ	
  and	
  >	
  3σ	
  at	
  several	
  other	
  PACS	
  +	
  SPIRE	
  wavelengths	
  

  9	
  other	
  dEs	
  were	
  tentatively	
  	
  
detected	
  at	
  ~	
  2-­‐3	
  σ	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

we	
  excluded	
  them	
  for	
  the	
  moment	
  being	
  
as	
  these	
  detections	
  raised	
  some	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  kind	
  of	
  doubt	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  	
  	
  deeper	
  optical/NIR	
  images	
  might	
  reveal	
  	
  
the	
  true	
  origin	
  of	
  their	
  infrared	
  emission	
  

1.4°	
  

1.2°	
  



Detection	
  of	
  dust	
  in	
  VCC	
  781	
  

PACS	
  	
  
160	
  μm	
  

SPIRE	
  	
  
250	
  μm	
  

SPIRE	
  	
  
350	
  μm	
  

SPIRE	
  	
  
500	
  μm	
  

PACS	
  	
  
110	
  μm	
  



Detection	
  of	
  dust	
  in	
  VCC951	
  

SPIRE	
  250	
  μm	
   SPIRE	
  350	
  μm	
   SPIRE	
  500	
  μm	
  



How	
  convincing	
  are	
  these	
  detections?	
  	
  

Testing	
  the	
  reliability	
  of	
  both	
  detections:	
  

  	
  look	
  for	
  possible	
  contaminating	
  background	
  sources	
  
within	
  18.1”	
  (=	
  FWHM	
  of	
  SPIRE	
  250	
  μm)	
  of	
  the	
  dwarf	
  
positions	
  in	
  all	
  relevant	
  images/catalogs	
  (SDSS,	
  2MASS,	
  
UKIDSS,	
  Spitzer)	
  

 check	
  whether	
  the	
  dwarfs	
  possess	
  properties	
  supporting	
  
the	
  presence	
  of	
  dust	
  in	
  those	
  dwarf	
  galaxies.	
  



Background	
  sources	
  for	
  VCC	
  781	
  

We	
  identify	
  4	
  SDSS	
  sources	
  within	
  the	
  SPIRE	
  250	
  μm	
  PSF	
  region.	
  

SDSS	
  g-­‐band	
  image	
  

★	
  

★ ★

Classified	
  as	
  

★ 	
  :	
  star	
  

 	
  	
  :	
  	
  galaxy	
  

	
  	
  :	
  no	
  SDSS	
  
classification 	
  

	
  
	
  



Background	
  sources	
  for	
  VCC	
  781	
  

•  Superior	
  resolution	
  in	
  PACS	
  160	
  μm	
  image	
  discards	
  3	
  background	
  
sources	
  possibly	
  contaminating	
  the	
  dwarf	
  emission.	
  

PACS	
  160	
  μm	
   SPIRE	
  250	
  μm	
  

	
   	
  ★

★★ ★	
  ★	
  

★	
  
	
   	
  



Background	
  sources	
  for	
  VCC	
  781	
  

•  Superior	
  resolution	
  in	
  Spitzer	
  24	
  μm	
  image	
  rules	
  out	
  the	
  last	
  
background	
  source	
  (data	
  from	
  Fadda	
  et	
  al.	
  in	
  prep.).	
  	
  

★	
  
★	
  

★	
  

	
  
	
  



Background	
  sources	
  for	
  VCC	
  951	
  

We	
  identify	
  5	
  SDSS	
  sources	
  within	
  the	
  SPIRE	
  250	
  μm	
  PSF	
  region.	
  

SDSS	
  g-­‐band	
  image	
  

★	
  

★	
   ★	
  

Classified	
  as	
  

★ 	
  :	
  star	
  

 	
  	
  :	
  	
  galaxy	
  

	
  	
  :	
  no	
  SDSS	
  
classification 	
  

	
  
	
  

SDSS	
  g-­‐band	
  image	
  

★

★

★	
  

	
  

	
  



Background	
  sources	
  for	
  VCC	
  951	
  

SPIRE	
  250	
  μm	
  

UKIDSS	
  H-­‐band	
  

	
  

	
  

★	
  

★	
  

★	
  

★	
  

★	
  

★	
  	
  

	
  

	
  

	
  



Background	
  sources	
  for	
  VCC	
  951	
  

Superior	
  resolution	
  in	
  Spitzer	
  24	
  μm	
  image	
  can	
  not	
  definitely	
  exclude	
  one	
  
background	
  source	
  classified	
  as	
  a	
  star	
  (data	
  from	
  Fadda	
  et	
  al.	
  in	
  prep.).	
  

★	
  

★

★	
  

	
  

	
  

	
  



Morphology	
  of	
  both	
  galaxies	
  

  Classified	
  as:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  dS03(5),N	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  VCC781	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  dS0(2),N	
  /	
  dE2	
  pec,N	
  	
  	
  	
  VCC951	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(Binggeli	
  et	
  al.	
  1985)	
  

  Central	
  substructure	
  	
  	
  	
  	
  	
  
(Lisker	
  et	
  al.	
  2006a)	
  

  Blue	
  central	
  colors	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(Lisker	
  et	
  al.	
  2006b)	
  	
  

     	
  

	
  	
  	
  	
  	
  indicative	
  for	
  recent	
  	
  
	
  	
  	
  	
  	
  star	
  formation	
  	
  



Photometric	
  &	
  spectral	
  properties	
  

  SDSS	
  spectrum	
  exhibits	
  deep	
  	
  
Hydrogen	
  absorption	
  lines:	
  
	
  (EW[Hδ])	
  >	
  4	
  Å	
  

  24	
  μm	
  emission	
  is	
  centered	
  on	
  	
  
and	
  more	
  concentrated	
  	
  
than	
  the	
  optical	
  nuclei	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   $
both	
  galaxies	
  are	
  in	
  a	
  	
  
post-­‐starburst	
  phase	
  

   connection	
  between	
  dust	
  emission	
  	
  
and	
  a	
  recent	
  episode	
  of	
  star	
  formation	
  

Hα+[NII]	
  Hβ	
  Hγ	
  Hδ	
  



Photometric	
  &	
  spectral	
  properties	
  

	
  	
  	
  	
  	
  	
  Boselli	
  et	
  al.(2008)	
  define	
  a	
  	
  
transitional	
  class	
  of	
  dwarf	
  galaxies	
  	
  
having	
  properties	
  in	
  between:	
  	
  
*	
  star-­‐forming	
  late-­‐type	
  galaxies	
  	
  
*	
  quiescent	
  early-­‐type	
  galaxies	
  

Transitional	
  class	
  	
  

	
  	
  	
  	
  	
  	
  	
  VCC	
  781	
  :	
  	
  ★	
  
VCC	
  951	
  :	
  	
  ★	
  	
   Boselli	
  et	
  al.	
  (2008)	
  

log	
  LH	
  <	
  9.6	
  LH$

	
  	
  3	
  <	
  FUV	
  –	
  H	
  <	
  6	
  

★	
  ★	
  



How	
  convincing	
  are	
  these	
  detections?	
  

VCC	
  781	
   $
background	
  sources?	
  	
  
	
  24	
  μm	
  image	
  confirms	
  that	
  VCC	
  781	
  is	
  responsible	
  for	
  the	
  IR	
  emission	
  
(the	
  only	
  other	
  option	
  is	
  a	
  perfect	
  alignment	
  with	
  a	
  background	
  source	
  and	
  
the	
  center	
  of	
  VCC	
  781)	
  
	
  VCC	
  781	
  has	
  also	
  been	
  clearly	
  detected	
  at	
  MIPS	
  70	
  and	
  160	
  μm	
  

VCC	
  951	
  
background	
  sources?	
  
	
  24	
  μm	
  image	
  is	
  unable	
  to	
  exclude	
  contamination	
  by	
  a	
  SDSS	
  source,	
  
classified	
  as	
  a	
  star,	
  based	
  on	
  the	
  24	
  μm	
  emission.	
  

	
  	
  	
  	
  	
  	
  Combined	
  with	
  the	
  post-­‐starburst	
  phase	
  of	
  both	
  dEs,	
  the	
  weight	
  of	
  
evidence	
  is	
  in	
  favour	
  of	
  a	
  true	
  detection	
  of	
  dust	
  in	
  dEs	
  !	
  	
  	
  	
  



Temperature	
  and	
  dust	
  mass	
  estimation	
  

Two	
  different	
  procedures:	
  

1.  a.	
  Determine	
  dust	
  temperature	
  using	
  Monte	
  Carlo	
  radiative	
  
transfer	
  simulations.	
  
*	
  stellar	
  body	
  is	
  represented	
  as	
  an	
  exponential	
  profile	
  
*	
  dust	
  distribution	
  is	
  similar	
  to	
  stellar	
  one	
  
*	
  elliptical	
  galaxy	
  template	
  SED	
  from	
  PEGASE	
  library	
  

b.	
  Compute	
  corresponding	
  dust	
  masses	
  according	
  to	
  	
  

2.  Simple	
  grey	
  body	
  fit	
  to	
  Herschel	
  data	
  points	
  

Md	
  	
  =	
  	
  	
  	
  	
  	
  S250	
  D2	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  κ250B250(Td)	
  



Temperature	
  and	
  dust	
  mass	
  estimate	
  

Results	
  for	
  two	
  different	
  procedures:	
  

1.  VCC	
  781	
  	
  	
  	
  	
  Td	
  =	
  20.7	
  K	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Md	
  =	
  1.9	
  x	
  105	
  M 	
   	
   	
  	
  

VCC	
  951	
  	
  	
  	
  	
  Td	
  =	
  19.4	
  K	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Md	
  =	
  1.3	
  x	
  105	
  M	
  	
  	
  

2.  VCC	
  781	
  	
  	
  	
  	
  Td	
  =	
  19.5	
  K	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Md	
  =	
  2.2	
  x	
  105	
  M 	
  	
  

!"#$%&"

"'("#)*&"



Gas-­‐to-­‐dust	
  ratio	
  

	
  	
  	
  	
  	
  	
  VCC	
  781	
  and	
  VCC	
  951	
  were	
  not	
  detected	
  in	
  HI	
  (angular	
  separation	
  
from	
  M87	
  of	
  1.39°	
  and	
  1.2°,	
  respectively	
  )	
  
we	
  determine	
  upper	
  limits	
  for	
  the	
  gas-­‐to-­‐dust	
  ratio.	
  

VCC	
  781	
  
	
   	
  MHI	
  <	
  2.3	
  x	
  107	
  M	
  (Gavazzi	
  et	
  al.	
  2003)	
  

	
   	
   	
  	
  	
  	
  	
  Gas-­‐to-­‐dust	
  ratio	
  <	
  	
  124.3	
  

	
  VCC	
  951	
  
	
   	
  MHI	
  <	
  8.0	
  x	
  106	
  M	
  (Conselice	
  et	
  al.	
  2003)	
  

	
   	
   	
  	
  	
  	
  	
  Gas-­‐to-­‐dust	
  ratio	
  <	
  	
  62.5	
  

	
  low	
  compared	
  to	
  Lisenfeld	
  &	
  Ferrara	
  (1998),	
  Walter	
  et	
  al.(2007)	
  



Conclusion	
  

•  We	
  have	
  detected	
  two	
  objects	
  (VCC	
  781	
  and	
  VCC	
  951)	
  at	
  10	
  σ	
  with	
  a	
  high	
  
probability	
  of	
  being	
  true	
  detections	
  of	
  dEs	
  	
  detection	
  rate	
  ≈	
  1	
  %$

•  1.7	
  %	
  HI	
  detection	
  rate	
  in	
  Virgo	
  (di	
  Serego	
  Alighieri	
  et	
  al.	
  2007)	
  

	
  	
  	
  	
  3σ	
  	
  MHI	
  limit	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3σ	
  	
  Md	
  limit	
  	
  

	
  	
  	
  	
  	
  3.5	
  x	
  107	
  M  	
  	
  	
  	
  	
  	
  	
  	
  3.5	
  x	
  104	
  M	
  ≈	
  	
  104	
  M	
  (HeViCS	
  SDP	
  limit)	
  

Our	
  detection	
  rate	
  is	
  high:	
  	
  
dEs	
  with	
  sufficient	
  HI	
  are	
  preferentially	
  located	
  in	
  the	
  outskirts	
  of	
  Virgo	
  
	
  if	
  gas	
  and	
  dust	
  are	
  tightly	
  coupled,	
  we	
  expect	
  the	
  central	
  regions	
  to	
  be	
  
most	
  dust	
  deficient.	
  	
  
evidence	
  of	
  dust	
  stripping	
  in	
  the	
  Virgo	
  Cluster	
  is	
  seen	
  for	
  the	
  first	
  time	
  in	
  
HI-­‐deficient	
  spiral	
  galaxies	
  (Cortese	
  et	
  al.	
  2010)	
  



Future	
  work	
  

Future	
  HeViCS	
  observations	
  will	
  go	
  

*	
  deeper	
  (each	
  field	
  will	
  be	
  covered	
  by	
  4	
  cross-­‐scans)	
  
*	
  wider	
  (the	
  total	
  observed	
  area	
  ~	
  64	
  deg2)	
  	
  

	
  we	
  can	
  perform	
  better	
  statistics	
  	
  
	
  reveal	
  why	
  some	
  dwarf	
  ellipticals	
  possess	
  a	
  significant	
  
amount	
  of	
  dust	
  while	
  others	
  are	
  dust	
  deficient	
  	
  

	
   	
   	
   	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  $

	
  	
  	
  	
  	
  	
  	
  link	
  with	
  -­‐	
  gas-­‐to-­‐dust	
  ratio	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  metallicity	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  position	
  in	
  the	
  cluster	
  (environmental	
  effects)	
  


