
Planck 2013 results. 
XIV. Zodiacal emission

ArXiv/1303.5074
Planck Collaboration

Presented by:
Ken Ganga



2013-04-04 Ganga - Zodiacal Emission Measured by Planck 2

Our Solar System

● There is Interplanetary Dust (IPD) in our Solar 
System, concentrated within the orbit of Jupiter. 

● This IPD makes Zodiacal Light Emission (ZLE), to 
which Planck is sensitive

http://solarsystem.nasa.gov/planets/index.cfm
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Zodiacal emission

http://coolcosmos.ipac.caltech.edu/image_galleries/IRAS/allsky.html

...measured by IRAS (it's the white 'S', not
the Galaxy)

file:///Users/ganga/Desktop/2013-04-04%20ESTEC/VTS_01_0.divx
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Comparison to other emissions

Zodiacal
emission

Dominates
the sky

brightness 
in the 

~10 micron
range
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DIRBE

240 μm

25 μm3.5 μm

100 μm
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How we do it
● In successive 

surveys we observe 
similar, but different 
total columns of 
interplanetary 
(local) dust (IPD)

● Making differences 
of successive 
surveys allows us 
to remove 
“contamination”, but 
still be sensitive to 
the IPD 
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The Diffuse Cloud
● This is what we usually think 

about when we talk about 
the IDP

● It varies with our “cycloid” 
scanning strategy

● The difference is about what 
we will use to detect it.

● Top: Survey 1; 
Middle: Survey 2; 
Bottom: Survey Difference
 (Survey 2 minus Survey 1) 
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Circumsolar Ring (and Blob)
● A ring of dust in the 

Earth's orbit
● There is also a

“Trailing Feature” 
behind the Earth

William T. Reach
Structure of the Earth’s 
circumsolar dust ring, 
Icarus, Volume 209, Issue 2, 
October 2010, 848–850
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Circumsolar Ring and Trail Fea.
● Top: Survey 1
● Mid: Survey 2
● Bottom: 

Survey 
Difference

● Left: 
Circumsolar 
Ring

● Right: Earth-
Trailing 
Feature
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Zodiacal Bands
● Asteroid collisions create 

dust
● Different velocities 

causes the debris to 
spread into a ring

● Perturbations from 
Jupiter cause the ring to 
spread out into a cylinder

● We see the “rims” of 
the cylinder more than 
the “center”

http://news.sciencemag.org/sciencenow/2011/09/was-the-dinosaur-killer-unfairly.html

Artist's Impression (Don Davis)
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What is a Zodiacal Band?
● An asteroid 

impacts 
another

● A ring is 
formed

● Jupiter 
perturbs the 
orbits to 
make a 
cylinter

● We see the 
“rim”

Espy et al. (2009)

Sykes &
Greenberg

(1986)
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IRAS Dust Bands in Planck
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Far sidelobe templates
● 1: Dipole SR/Direct

2: Dipole PR
3: Dipole SR/Baffle
4: Galaxy SR/Direct
5: Galaxy PR (Banana)
6: Galaxy SR/Baffle

● Left: Survey 1
Middle: Survey 2
Right: Survey 2 minus 
Survey 1

● We cannot detect the 
dipole through the FSLs
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Orders of magnitude
● Row 1: All Sidelobes

Row 2: + Band 1
Row 3: + Band 3
Row 4: + Band 2
Row 5: + C. Ring & Feat.
Row 6: + Diffuse Cloud

● (The values used here 
are indicative; not from 
fits)
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857 GHz
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857 GHz
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545 GHz
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353 GHz
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217 GHz
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143 GHz
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100 GHz
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Fit results
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857 GHz Zodi not removed
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857 GHz Zodi removed
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545 GHz zodi not removed
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545 GHz Zodi removed
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353 GHz Zodi not removed
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353 GHz Zodi removed
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217 GHz Zodi not removed
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217 GHz Zodi removed
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143 GHz Zodi not removed
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143 GHz Zodi removed
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100 GHz Zodi not removed
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100 GHz Zodi removed
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The data
● We fit to the survey 
differences

● Left: Before Zodi 
Removal

● Middle: After Zodi 
Removal

● Right: Difference
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Emissivities
● The Diffuse 

Cloud descends 
as expected 
(Fixsen&Dwek)

● The Dust Bands 
are different
● Band 2 is 

different from 
Bands 1 & 3

● I don't know 
what to make of 
the Ring and 
Feature
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Power spectrum contamination

857 + 545 x

353 ▲ 217 ♦

143 ● 100 ■

● Note that each 
major y-tick is 
two orders of 
magnitude

● The solid line 
shows ΛCDM

● Odd multipoles 
unfilled
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Far sidelobes
● Our fits to the Primary 

Spillover would 
indicated that the 
sidelobes are over-
predicted.

● The opposite is true 
for the Secondary 
Spillover.

● We take this as an 
indication that the 
calculations are not 
too wrong.
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Asteroids (and one comet)
● Ceres, Pallas, Juno, 

Vesta, Hebe, Flora, 
Metis, Hygiea, Victoria, 
Egeria, Eunomia, 
Psyche, Melpomene, 
Fortuna, Massalia, 
Amphitrite, Eugenia, 
Europa, Thisbe, 
Nemesis, Bamberga, 
Davida, Interamnia, 
Christensen

f ~ d-2s-1/2



2013-04-04 Ganga - Zodiacal Emission Measured by Planck 40



2013-04-04 Ganga - Zodiacal Emission Measured by Planck 41

And anomalies
● It's hard to imagine a local signal with a CMB 

anisotropy spectrum
● Our motions should be in the Ecliptic, and not 

perpendicular to it – and would be visible as a 
dipole

● The Solar System is basically symmetric about the 
Ecliptic plane
● It shouldn't asymmetrically add (or subtract) power to 

one hemisphere and not the other 
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And component separation
● Two sets of HFI maps 

are provided
● One without Zodi 

removal
● One with Zodi removal

● The component 
separation teams used 
maps withOUT Zodi 
removal

● Improvement in the 
frequency modeling will 
improve the removal
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Out-of-band leaks
● Since Zodiacal 

emission is so 
much brighter at 
~10 microns than 
at 100 GHz 
allows us to set 
limits on blue 
leaks.

● See the poster 
by Locke 
Spencer for the 
Planck 
Collaboration. 
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What's next? Kuiper belt

http://discovery.nasa.gov/SmallWorlds/images/Kuiperbelt.jpg

● Planck should be able 
to put tight, long-lasting 
limits on dust in the 
outer solar system. 

● This analysis would 
necessarily be different 
from that presented 
here, as the parallax is 
smaller at these 
distances
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What's next? Comet tails
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Artist's Impression (NASA)

Thanks!
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Characteristics of Zodi Bands

Grogan et al. (2001)
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The data

MJy/sr

MJy/sr

μK
cmb μK
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GHz

545 
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353 
GHz

100 
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143 
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217 
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