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WHAT CAN THE OCCULT DO 
FOR YOU?

DUST EXTINCTION MEASURED IN OVERLAPPING 
GALAXY PAIRS.

B.W. Holwerda (ESA)
W.C. Keel (University of Alabama)

J.J. Dalcanton (University of Washington)
R.S. de Jong (Potsdam)
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OUTLINE OF TALK
• Motivation

• Occulting Galaxies

• SDSS spectra & zoo

• A pair with HST

• IFU observations

• Conclusions

• Future Outlook
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MOTIVATION

• Interstellar dust reprocesses 30-50% of the 
stellar light from a spiral galaxy.

• Spectral Energy Distribution models of spiral 
galaxies need to know dust geometry.

• Distance measurements (Tully-Fisher, SNIa) 
need a prior assumption about dust in the host 
spirals.
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OCCULTING GALAXY 
TECHNIQUE
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REAL PAIRS

• Real pairs all types of galaxies

• Galaxy asymmetry remains a 
problem.

• Only a few pairs known and 
in literature by 2001.

Domingue et al 1999,2000 
White et al. 2000

Keel et al. 2001a,b
Elmegreen et al 2000
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FIRST RESULTS

• Spiral arms are more opaque 
than the rest of the disk.

• There is dust extinction up to 
R25

• Extinction law depends on size 
of sampling area.

774 WHITE, KEEL, & CONSELICE Vol. 542

and while in interarm regions,A
B

B 0.3È2 A
I
B 0.15È1.4,

and Table 3 summarizes theA
B

B 0.07È1.4 A
I
B 0.05È1.3.

pairs and regions for which extinction measurements have
been made. The top panel of Figure 12 graphically sum-
marizes these results for arm regions, while the bottom
panel of Figure 12 does the same for interarm regions (solid
and dotted diamonds represent values of andA

B
A

I
,

respectively). The arm and interarm plots are drawn to the
same scale to emphasize that arm regions tend to be much
more opaque than interarm regions. Within each plot it is
also clear that there is more extinction in B than in I, as
expected.

The interarm (““ disk ÏÏ) extinction tends to decline with
radius (Fig. 12, bottom panel) from values of only D1A

Bmag within In contrast, spiral arms and reso-D0.3R25.
nance rings can be optically thick at almost any galactocen-
tric radius. We do not see evidence for substantial
extinction in the outer parts of disks (and such extinction
would have been obvious even in our initial screening as
““ bites ÏÏ taken out of background galaxies). The radial dis-
tribution of B and I extinction in interarm regions can be
characterized by exponential scale lengths that are consis-
tent with the exponential scale length of stars in typicalh*spiral disks : (Simien & de Vaucouleurs 1986).h* B 0.28R25We thus Ðnd that the interarm dust has a scale length
similar to that of the disk starlight, in agreement with the
KylaÐs & Bahcall (1987) result of near equality found from
photometric decomposition of the edge-on spiral NGC 891.
Presently known sites of grain formation (in particular,
kinds of stellar atmospheres and expanding envelopes)
naturally give rise to dust distributions that are tied to those
of stars.

We Ðnd no correlation between extinction properties and
galaxy Hubble type in our sample. However, most of the
galaxies in our sample are type Sbc or a bit later ; only two
are as early as Sa (AM 1311[455 and ESO

FIG. 12.ÈSummary of all face-onÈcorrected extinction measurements.
Top : extinction magnitudes in arm regions as functions of withR25B , A

Bvalues indicated by solid (dotted) diamonds ; bottom : extinction magni-(A
I
)

tudes in interarm regions as functions of The arm measurements showR25B .
no obvious trend with galactocentric radius, but the interarm extinction
drops with distance from the nucleus in a way that can be well described by
an exponential in extinction (and thus in column density). The scale length
of this form is close to that for the disk starlight in a typical spiral.

032012[5150.1), and these have arm and interarm extinc-
tions typical of the whole sample.

Our initial results on AM 1316[241 (White & Keel
1992) led us to conclude that disk opacity is concentrated in
spiral arms and that interarm regions are fairly transparent.
Our newer work is generally consistent with this picture,
with resonance rings found to be as optically thick as spiral
arms. Therefore, the distribution of absorption tends to be
spatially correlated with particularly bright regions since
spiral arms are brighter than interarm regions. We (White
& Keel 1992) suggested that this spatial correlation between
internal extinction and emission may account for the sta-
tistical results reported in earlier studies, i.e., that surface
brightness is roughly independent of inclination. The dust is
optimally placed to a†ect global blue photometric proper-
ties since typically half the disk light comes from only about
20% of its area, accounting for the rather Ñat inclinationÈ
surface brightness relation, without requiring galaxies to be
optically thick in interarm regions. These remarks are
directed particularly to grand-design spirals since in Ñoccu-
lent systems we cannot make a clear distinction between
arm and interarm regions.

Closer examination of Table 3 shows that the relation
between and is consistent in arm and interarmA

B
A

Iregions, given our errors ; in other words, we do not detect a
di†erence in the reddening curves of arm and interarm
regions. For some of the galaxies, the disparity between A

Band is not as great as that in our own Galaxy, which hasA
I Several of these galaxies have soA

B
/A

I
B 2. A

B
/A

I
B 1.5,

their extinction curves are Ñatter (““ grayer ÏÏ) than the Galac-
tic curve. Since our measurements are based on spatially
averaged transmission values, the ““ e†ective ÏÏ extinction
may not be fully comparable to the extinction curves
derived from what are essentially point sources in our own
and nearby galaxies. In particular, since the dust distribu-
tion is directly observed to be clumpy on a wide range of
scales, we may expect to see such a Ñattening of the
observed extinction compared to that which would come
from the intrinsic grain properties. Clumped extinction will
saturate in B before I, which diminishes The moreA

B
/A

I
.

strongly clumped the dust, the Ñatter the extinction curve
will be. In viewing a spatially extended region, the light at
each wavelength comes preferentially from the areas with
smallest extinction. As a simple example, if we consider a
uniform dust screen with transparent holes that occupy
some covering fraction g, the measured extinction curve
from an extended background source will never give an
e†ective extinction greater than A \ [2.5 log g, regardless
of the optical depth in the screen ; that is, if 10% of the area
has no extinction, at no wavelength would we measure an
extinction greater than 2.5 mag. We expect some concep-
tually similar (but naturally much more complex) situation
to obtain in the disks of spirals. Our limited sample does
not show any systematic di†erence in the slope of the e†ec-
tive extinction between arm and interarm regions or any
overall trend with radius within the galaxies. In our analysis
of additional observations, particularly HST imaging to
trace the extinction structure to scales of order 10 pc (Keel
& White 2000) and Infrared Space Observatory measure-
ments to measure the overall dust masses (Domingue et al.
1999), we examine the role of clumpiness in more detail.

Our results bear on the question of whether the high-
redshift ““ QSO cuto† ÏÏ can be produced by absorption in
spirals along the line of sight. The high redshift of the cuto†

White et al. 2000, ApJ, 542, 761
Radius R/R25
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OCCULTING GALAXIES IN 
SLOAN

• SDSS spectra.

• Gravitational lenses; late-
type spectra (lens) with 
high-redshift emission lines 
(lensed spiral). 

• Rejects: Late-type spectra 
with emission lines at lower 
redshifts.
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THE SLOAN SAMPLE

• Spectral type selection 
together with visual check:    
86 occulting pairs.

• Selection from spectra 
limits to z = 0.4. 

•Most of foreground spirals 
z < 0.2

Holwerda et al., 2007c AJ, 134, 2385, 
astro-ph/0708.1119
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GALAXY PAIRS IN SLOAN

• Radial opacity plot as a 
function of redshift.

• Compare to local results. 

•Mix of arm/disk and 
Hubble types.

•More pairs!

Holwerda et al., 2007c AJ, 134, 
2385, astro-ph/0708.1119Distance from centre (R/R25)
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Galaxy zoo project: Chris Lintott, Anze Slosar, Alex 
Szlalay, Daniel Thomas, Kevin Schawinski, Kate Land, 

Bob Nichol, Bill Keel and a cast of many thousands

Friday, August 30, 2013
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1993 pairs!

Keel et al., 2013, PASP,  125, 3
Friday, August 30, 2013
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GALAXYZOO SAMPLE
• Mostly nearby pairs (z<0.1)

• All types of galaxies, many spiral-spiral pairs

• Foreground disks at any inclination

• Subsamples:

• WIYN, KPNO and WHT follow-up, deep imaging

• GALEX UV (spiral-spiral)

• HST GO and SNAP proposals

Friday, August 30, 2013
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OCCULTING PAIR WITH HST
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OCCULTING PAIR WITH HST

ACS Nearby Galaxy Survey Treasury
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OCCULTING PAIR WITH HST

z = 0.06

ACS Nearby Galaxy Survey Treasury
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ANALYSIS

• Method A: Fit rotated 
galaxies

• Method B: flip background 
galaxy 

• Method C: isophotal 
models of both galaxies.

F’

<F+Be   >

PAB

PAF

B’
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ZERO-POINT CHECK

Extended
Aperture

F475W F606W F814W

Check 1

Check 2
Overlap

Method A: rotate both galaxies
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ZERO-POINT CHECK

Extended
Aperture

F475W F606W F814W

Check 1

Check 2
Overlap

Method B: flip background galaxy
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ZERO-POINT CHECK

Extended
Aperture

F475W F606W F814W

Check 1

Check 2
Overlap

Method C: model both galaxies
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ZERO-POINT CHECK

Extended
Aperture

F475W F606W F814W

Check 1

Check 2
Overlap

Method C: model both galaxies

Winner!
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METHOD C

F4
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Background 
galaxy model

Foreground
galaxy model

Original HST
ACS image

Residual
Image

F814W

F606W

F435W

Holwerda et al., 2009, AJ, 137, 3000
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DISTRIBUTION OF OPTICAL 
DEPTH

• Optical depth distribution in 
overlap region.

• Exponential distribution with 
scales of 0.3, 0.15 and 0.1 
mag.

• SN1a prior? SED model 
constraint?

Friday, August 30, 2013
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RADIAL DISTRIBUTION

• Effects of dust extinction 
extends up to 6 R50 or 
almost twice the R25. 

• The spiral arms are clear 
bumps in the mean optical 
depth.

Friday, August 30, 2013
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EXTENDED RADIAL PROFILE

Extended
Aperture

F475W F606W F814W

Check 1

Check 2
Overlap
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EXTINCTION MAPS

• Extinction in three 
filters measured 
independently

• HST pro: high 
photometric stability 
and resolution
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Holwerda et al., 2009, 
AJ, 137, 3000
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EXTINCTION 
LAW

• Three filters allow two separate 
estimates of extinction law.

• Much spread due to structure in 
both galaxies.

• Mean Ax/Ay values very close to the 
Milky Way value.
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EXTINCTION LAW AND 
SAMPLING

• Extinction Law depends 
on the physical sampling 
scale.

• Taken over larger areas, 
the law becomes grayer.

Friday, August 30, 2013
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DUST IN DWARFS

• Stacked Herschel fluxes indicated lots of cold dust in smaller galaxies 
but relatively little extinction (e.g. Bourne et al. 2012).

• One way that could happen if a large fraction of the dust is in a more 
extended disk.

• How common is it for dwarf spirals to have the dust spread out so 
much?

Friday, August 30, 2013
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IFU OBSERVATIONS

• Reap the benefit of both spatial and spectroscopic information.

• Match fibers to construct maps of extinction and slope of the 
extinction curve.

• Drawback: typical spatial sampling is greater than a Giant Molecular 
Cloud in the foreground galaxy.

Friday, August 30, 2013
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HST PAIR
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HST PAIR
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EXTINCTION CURVE
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EXTINCTION CURVE
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RV AND AV MAPS
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UGC3995

• Another occulting 
pair with HST data

• Known interaction 
though

• Part of the CALIFA 
DR1

Friday, August 30, 2013
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UGC3995

• Another occulting 
pair with HST data

• Known interaction 
though

• Part of the CALIFA 
DR1
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HST 
MAP
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HST 
MAP

Friday, August 30, 2013



B.W. Holwerda, ING Seminar,  30-8-2013

AV VALUES

• Low extinction values 
relatively under-
represented.

• Interaction causing 
asymmetry?

• Or shocking dust into 
opaque structures.

Friday, August 30, 2013
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IFU AV AND RV MAPS
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UV-OPTICAL EXTINCTION LAW
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Fig. 1.— Montage of NGC 2207/IC 2163 as seen in ugriz and XMM-OM UV bands. Some bright stars
have been patched by interpolation in the optical images. The displays use an offset logarithmic intensity
mapping, similar to the sinh mapping recommended by Lupton et al. (2004), to retain detail over a wide
dynamic range. The area shown spans 254 × 110 arcseconds, with north at the top.
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UV-OPTICAL EXTINCTION LAW
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Fig. 1.— Montage of NGC 2207/IC 2163 as seen in ugriz and XMM-OM UV bands. Some bright stars
have been patched by interpolation in the optical images. The displays use an offset logarithmic intensity
mapping, similar to the sinh mapping recommended by Lupton et al. (2004), to retain detail over a wide
dynamic range. The area shown spans 254 × 110 arcseconds, with north at the top.

8

Fig. 15.— Comparison of our mean data, as in Fig. 13, to the Calzetti et al. form, using their analytic
expression. The assumed value of RV affects both normalization and slope, since our technique an measure
grey extinction as well as reddening. The best-fit value assuming no grey component is AV = 4.0, close to
their value of 4.06 from SED fitting.
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WILLIAM HERSCHEL 
TELESCOPE

• Deeper Imaging Campaign (Dec 2012).

• Long-slit spectroscopy

• redshift

• spectral class

• extinction curve

• GOAL: a clean sample of occulting dwarf galaxies.

1

2

3 F

B
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CONCLUSIONS

• Backlighting a galaxy is a good way to explore the small-scale dust 
structures and resulting extinction law in galaxies.

• No longer data-starved.

• Distributions of extinction values vary strongly from galaxy to galaxy.

• Extinction law is a flat CCM (RV < 3) or Calzetti (UV+opt).

Friday, August 30, 2013
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WHAT’S NEXT?

• Compare dust surface densities to Herschel fluxes in SDSS (e.g. in 
Stripe 82).

• HST snapshots.

• GAMA Southern Hemisphere Occulting Pairs

• More IFU data (e.g., CALIFA DR2)

• High-redshift pairs in HST deep fields.

Friday, August 30, 2013
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WHAT THE OCCULT CAN DO 
FOR YOU

• What is the chance a line-of-sight through a spiral galaxy has a 
certain amount of dust extinction?

• What is the typical extinction law seen through a spiral disk (as a 
function of spatial sampling)?

• How does dust geometry depend on luminosity, Hubble type, etc?

• How far does the dust disk extend?
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www.hubblesite.org
www.heritage.stsci.edu

www.stsci.edu

THANK 
YOU!
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