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OUTLINE OF TALK

« Motivation

 Occulting Galaxies

« SDSS spectra & zoo
* A pair with HST

» [FU 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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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
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R > 2 1 . Extinction law depends on size
e (o] 0.2 0.4 Oés/ r25 0.8 1 1.2 p
Radius R/Rys of sampling area.

White et al. 2000, ApJ, 542, 761
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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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* Spectral type selection
together with visual check:
86 occulting pairs.

» Selection from spectra
imits 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

1.5 ¢ r+i (0.1 < z < 0.2)
/N 1 ' '
X s 8 i+ Radial opacity plot as a
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Holwerda et al., 2007c AJ, 134,

Distance from centre (R/Ras) 2385, astro-ph/0708.1119
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LATEST NEWS: The Galaxy Zoo Fopurn IS Agy online: | My Galaxies Is nowonline - ’ R L L S e o R
o ol s L w ! .

Welcome to GalaxyZoo , the project which hamesses the power of the intemet - and your braln to clasdiv‘ User Namo:_
a million galaxies. By taking par, you'll not only be ‘contributing to scientific research, but you'll vigw parts of
the Universe that literally no-ong has ever seen befon,,and gel a sense of the glorious dhmsm of galades Password:_
PR G 610, Ve M Remember me next time.
Why do we need you? : [ Login |
The simple answer is that the human brain Is much better at rccognlzlng patterns than a computer can Register
ever be, Any computer program we write to sort our galaxdes into catégones would do a reasonable job, but Forgot Password
Itwould also inevitably threw out the unusual, the weird and the wonderful To rescue these ll:@ﬁStlng
systems which have a story to tell, we need you, A ' R
GZ is now livel Go ahead and sian up to start classifvina qalaxies riaht away. 4. L PR

Galaxy zoo project: Chris Lmtott Anze Slosar, Alex
Szlalay, Daniel Thomas, Kevin Schawinski, Kate Land,
Bob Nichol, Bill Keel and a cast of many thousands
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GALAXYZOO SAMP

* Mostly nearby pairs (z<O.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
B.W. Holwerda, ING Seminar; 30-8-2013
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OCCULTING PAIRWITH HS T
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ANALYSIS

« Method A: Fit rotated
galaxies

* Method B: flip background

j galaxy
% * Method C: isophotal

models of both galaxies.

PA
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Method A: rotate both galaxies
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/ERO-POINT CHECK

Method B: flip background galaxy
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Method C: model bot
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DISTRIBUTION OF OPTICAL

DEPTH
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» Optical depth distribution In
overlap region.

* Exponential distribution with
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RADIAL DISTRIBUTION
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F435W

X TINCTION MAPS

« Extinction in three
filters measured
independently

« HST pro: high
photometric stability

c
F435W Q.  and resolution
FA75W F606 W F814W O
| % Q
> > S Holwerda et al., 2009,
=1 AJ, 137, 3000
: 1 &
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* Three filters allow two separate
estimates of extinction law.

* Much spread due to structure in
both galaxies.

* Mean A./A, values very close to the
Milky Way value.
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» Extinction Law depends
on the physical sampling
scale.

- Taken over larger areas,
the law becomes grayer.
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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!?

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

B.W. Holwerda, ING Seminar, 30-8-2013
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HST PAIR
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HST PAIR
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Av VALUES
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UV-OPTICAL EXTINCTION
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UV-OPTICA
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WILLIAM H
|

-

-SCOPE

* Deeper Imaging Campaign (Dec 2012).

* Long-slit spectroscopy
* redshift
- spectral class

e extinction curve

-RSCHE

* GOAL: a clean sample of occulting dwarf galaxies.
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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 s a flat CCM (Rv < 3) or Calzetti (UV+opt).

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

B.W. Holwerda, ING Seminar, 30-8-2013
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WHAT THE OCCULT CAN DO
FORYOU

* 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?

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