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XIV. Zodiacal emission
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f) Our Solar System

Our Solar System

- http://solarsystem.nasa.gov/planets/index.cfm

* 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
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@Zodlacal emission
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...measured by IRAS (it's the white 'S, not
the Galaxy)

http://coolcosmos.ipac.caltech.edu/image_galléries/lRAS/aIIsky.htmI
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37 Comparison to other emissions

2 Ch. Leainet of al: The 1907 refarence of diffuse nighd sky breighd e

104y Zodiacal
emission
Dominates
the sky
brightness
In the

~10 micron
range

Brightneas vl, (W mr2ar!)

Fig. 1. Owverview on the brighiness of the gky outgide the lower terrestrial aivoephers snd ad: high ecliptic and galactic latitadss.
The mediacal emisgion and scoatbaring as wall a8 the irdegrated hght of ptars ara given for the South Echptic Pols (1 = 2767,
= —307). The brighd magmitods cot-off for the stellar compomsrt 38 V= 6.0 mag forr 0.3 — 1 pan. T the ivdicgered, stans brighdar
theon 15 Jy babtween 125 and 485 e g brighber than 86 Jy at 12 pan aee comchaded. Mo cod-off was applied to the TTV data,
0.3 pan. Tha inderstaller cirrmg component 38 norrmglized for o colpmn dangity of 107 H-glorns con™2 corregponding to

?

|
IA

vigual exiinction of U053 mag. Thig @ cloge to the valunes at the dackest padches in the sky. Source fie the long-weomlengih
data, A > 135 an, are COHE DIRBE sacd FIRAS mepsuorama s a8 pressnted by Désart of al. (1906). The TR, cirrws specizom
8 sccording to the model of Désert of al. (1990) fitted to TRAS photometry. The short-wasmlength dade, A < 1.0 pan, are from
the following pources: sediacel Lght: Leinert & Gran (1990); mtegrated stalight: A < 03 an, Gondhalelce (1990), A = 0.3 pan,
Madttila (1980); cirrwe: A = 0.15 gan, Haikala of ol. (1895), A = 0.35 — 0.75 pam, Mattils & Schmar (1890), Mattila (1879). The
peocoronal Lyman of121.6 nm) snd the OI(130.4, 135.6 nm} line intengities wam as messurad with the Faint Object Camers
of the Hubhbla Space Telsscops st a hoight of 610 lon (Canilet ot al- 1994}, The varioss referances for the airglow amission ¢an
be foumd in Sect. &
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% How we do it

* |n successive
surveys we observe

similar, but different
2) \ total columns of
- interplanetary
| (local) dust (IPD)

Making differences
of successive
surveys allows us
~ loremove

——— “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

e |t varies with our “cycloid”
scanning strategy

» The difference is about what |
we will use to detect it. &

e Top: Survey 1;
Middle: Survey 2;
Bottom: Survey Difference
(Survey 2 minus Survey 1)
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“iﬂ%Circumsolar Ring (and Blob)

* Aring of dust in the
Earth's orbit T oo

» There is also a o ,
“Trailing Feature”
behind the Earth " :
"
i

S11

Earth
@
i

William T. Reach '1'- e

Structure of the Earth’s -

circumsolar dust ring, P _..,.ﬂ:

lcarus, Volume 209, Issue 2, b

October 2010, 848—-850
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~* Top: Survey 1
~ « Mid: Survey 2
Survey

e (- . . - R|ng

e @ = . - Right: Earth-
,  Tralling

Feature

- _____
-0.0416667 0.0416667 -0.0416667 0.0416667
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Q"?

o Asteroid collisions create
dust

s 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”

Artist's Impression (Don Davis)

http://news.sciencemag.org/sciencenow/2011/09/was-the-dinosaur-killer-unfairly.htmil
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37 What is a Zodiacal Band?

 An asteroid
impacts | ol
another ol .

« Aring is

Svkes &
formed enb

Greenberg

o Jupiter
perturbs the | .. ,
orbits to ii
1ELCE] 9 s
Cy||nter D

e We see the
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’\ 7 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

o Left: Survey 1

Middle: Survey 2
Right: Survey 2 minus
Survey 1

 \We cannot detect the
dipole through the FSLs
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« Row 1: All Sldelobes
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

—
e

are indicative; not from
fits)
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7100 GHz

2013-04-04

Ganga - Zodiacal Emission Measured by Planck

21



© 520 sz0 .. .
cpued

Ganga - Zodiacal Emission Measured by Planck

p)
-+
D)
7p)
O
| S
e

F

04

900 000
pnoin Bury

2013-04-



()857 GHz Zodi not removed
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(> The data

* We fit to the survey

differences

o | eft: Before Zodi

Removal

 Middle: After Zodi

Removal

* Right: Difference
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S Emissivities

Emissivity

e The Diffuse

Cloud descends
as expected
(Fixsen&Dwek)

e The Dust Bands
are different

e Band 2 is

I 1 Band2 different from

I 1 Band3 Bands 1 & 3

¢ ¢ K98 Ring/Feat. :

{ 1 K98 Bands * | don't know
what to make of

Wavelength (microns) the Ring and

Feature
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e Note that eacﬁ

ol major y-tick is
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37 Far sidelobes

A4 ,
Table 4, Fit coefficients for the Galaxy seen through the farside-  © O UT fItS tO the Prlmary
lobes. Spillover would

. . SRS indi
Gy RSl Rear PR e Indicated that the
100 -258%57 7 263157 56.7%57 10 sidelobes are over-
143 9141 6 130+48 238zx54 .
207 06+11 5 63221 6513 6 predicted.
353 12:05 1 43:21  36:07 1
%5 77:17 13 8831 79210 1 TR
i 1is34 15 2ss42 167231 oxs ° |N€ Opposite is true

Notes. @ The (unit-less) value we would expect for the fit to the
primary spillover sidelobe contribution, It is the ratio of the primary
spillover at the given frequency over the spillover at 353 GHz, as cal-
culated in table 2 of Tauber et al. (2010). If all our data and predictions
were perfect, this value would match the corresponding fit value in the
Col. labelled ‘PR Spill.’; ® The (unit-less) value we would expect for
the fit to the secondary spillover sidelobe contribution, It is the ratio
of the secondary spillover at the given frequency over the spillover at
353 GHz, as calculated in table 2 of Tauber et al. (2010). If all our data

for the Secondary
Spillover.

 \We take this as an
Indication that the
calculations are not

and predictions were perfect, this value would match the corresponding
fit values in the Cols. Iabelled ‘SR SpilL’. oo wrong.
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7 Asteroids (and one comet)

 Ceres, Pallas, Juno,
Vesta, Hebe, Flora,
Metis, Hygiea, Victoria,
Egeria, Eunomia,
Psyche, Melpomene,
Fortuna, Massalia,
Amphitrite, Eugenia,
Europa, Thisbe,

0.51.01.52.0

(£/£5) - (5/30) "7

: E | | QJ | | | (O,_\l
Nemesis, Bamberga, In® g 7 g O »+0GQ » .
Davida, Interamnia, . |

. oo
Christensen ;
U%‘D ' ' ' I | |
22 24 26 28 30 32
Solar Distance (AU)
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¥7And anomalies

e 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

* |t shouldn't asymmetrically add (or subtract) power to
one hemisphere and not the other
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37 And component separation

 Two sets of HFI maps
are provided

e One without Zodi
remova

Emissivity

e One with Zodi removal

 The component
separation teams used

maps withOUT Zodi
removal

Wavelength (microns)

Table 2. Emissivities of the diffuse cloud, circumsolar ring, and
Earth-trailing feature from fit result averages.

: v (GHz) Cloud “Ring__ Feature
] | m p roveme nt 18 th e 857 0301 £ 0008 05780359 0423+0.114
f d | i i | | 545 0223+ 0.007 0591 +0203 -0.182+ 0.061
353 0.168 + 0.005 -0211+0.085 0.676 + 0.149
requency modae Ing Wi 217 03T 0004  0,185+0.143  0.243 +0.139
- 143  -0014+0010 ) -0252+0314 -0.002 +0.180
Im p rove th erem Oval 100 0002522 0163+0.784  0.252 +0.455

2013-04-04

Ganga - Zodiacal Emission Measured by Planck

42



AL

oL

37 Out-of-band leaks

* Since Zodiacal o L (| (A

emission is so g"

much brighter at 3,

~10 microns than §~

at 100 GHz g

allows us to set 2

limits on blue %

eaks 2 S
» See the poster Frequency [GHz]

by Locke Fig, 18. The spectrum of the diffuse cloud in the Ecliptic plane.

Spencer for th
Planck
Collaboration.

The blue curve represents the spectrum one would see assuming

€ that uniform cloud emissivity of unity, The dotted red line shows
the modification expected with a 1/A% emissivity proportionality
for frequencies below 2 000 GHz (i.e., wavelengths longer than
150 ym).
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What's next? Kuiper belt
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* 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

http://discovery.nasa.gov/SmallWorlds/images/Kuiperbelt.jpg
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Comet 65/P Gunn Wide-field Infrared Survey Explorer
NASA/JPL-Caltech/WISE Team WISE 2010-020

wise.astro.ucla.edu 'ﬁLSE)
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@Thanks!
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7 Characteristics of Zodi Bands

I IDEALIZED DUST BANDS
f

Dust Band Y . B 6

...........

Midplane

FIG. 2. Cross section through idealized dust bands. Dust particles are produced by the gradual comminution of asteroid families and decay toward the Sun
under the influence of drag forces. The narrow Themis and Koronis dust bands are embedded within the wider Eos dust band. The angular width of each dust band
is twice the proper inclination () of its parental asteroid family. The midplane of the dust bands is inclined to the ecliptic by the forced inclination (). Earth (@)
orbits the Sun within the dust bands. The spatial density of dust particles is enhanced near their extremes in latitude, which results in the “bands” of emission that

were observed by the Infrared Astronomical Satellite (sec Fig. 1). G tal. (2001)
rogan et al.
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7 The data

g, _ '
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