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LIST OF ABBREVIATIONS

acronym Explanation

LFI Low Frequency Instrument

HFI High Frequency Instrument

IDPs Interplanetary Dust Particles

MOB Mobile Object

SSB Solar System Baricenter

SSO Solar System Object

TBC To Be Confirmed

TBD To Be Defined

TOD Time Ordered Data

TODs Plural of TOD

TOI Time Ordered Information

TODs Plural of TOI

ZLE Zodiacal Light Emission

DZLE ZLE code from DIRBE WebSite

KZLE Ken code for ZLE

HFIZLE HFT residuals for ZLE

MZLE Maris code for ZLE or My ZLE

ApJZLE Paper ZLE model of Kelsall on ApJ

AXVZLE Paper ZLE model of Kelsall on Archiv
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2 Scope of the document
This report is a followup of [AD-0] [AD-0] [AD-0] [AD-0], [AD-0l, [AD-0] [AD-0] [? ] [? ] and [?
]

The main scipe of this document is to gives prediction of the level of contamination expected
from ZLE to the Cy in cosmological channels.

2.1 Limits of Applicability

The results in this issue 2011 Oct 01, 0.0 of the document are subject to the following limitations:

1. Only PLANCK data are used to constrain the model parameters.
2. DXT7 maps;

3. Differential fitting;

4. Cloud and Bands are generated keeping the parameter in K98.

5. Circumsolar ring and Trailling blob are not considered.
3 Estimate of Zody spectra at HFI frequencies

The Zody spectra at HFI frequencies are estimated on the difference maps of Survey2 - Surveyl,
by minimizing the following >

~ ~ ~ 2
(BEAZS, i+ EBAZ i, ipixEF AS L i ipix — ATy.i5pix)

X = >

ipix€ AllowedPixels

(1)

2
OAT.f,ij

the sum is computer over a list of allowed pixels, i.e. pixels not masked either becouse they are
not visited in one of the two surveys or their survey—-to—survey variation is too large, or show other
anomalies (see Sect..

The model of Cloud variation AZC f,ij, ipix, and Bands variation AZ}Z Jipix are computed by
using the K98 model and simulating the scanning strategy for each frequency channell and survey,
the ASLp ij.ipix is a sidelobes map template normalized to have max(|ASLp ;jipix|) = 1. The
free parameters are EN’J(E, E}?’ and EN’?.

The error bars for EJ(;, E}?’ for each frequency are derived from MonteCarlo, assuming the error
is dominated by white noise with variance map given by UZ\T’Z. jipix’ -

Note that in general Cloud and Bands variations are expressed in MJy/sr while ATy ,; are
expressed in Kcyp. So either the model has to be converted to Kcymp or the data has to be
converted to MJy/sr, in this analysis the conversion have been not applied. So the E‘Jg, E?
already include any conversion factor, as well as they include the effect of colour correction, but in
this way they can not be compared directly with E¢, EJ];D’ extrapolated from K98. However, since
we are interested in spectra this is not a problem.

The E~J9 and E}?’ so derived are then used to produce extimated Zodiacal Light maps defined
as

Tyoay.s = ES Z§ + E} Z}; (2)

INAF/OATs
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with ch and Z}S the full sky templates for Cloud and Bands.
A set of statistics can be drawn from those maps in particular relevant for us are:

To.20dy, ¢ the baseline (zero point) of the zody map.
To zody,f = min(Tody, 1) 3)
Tpeak,zody,f: the peak signal on the zody map.
Tpeak zody,f = max(Tyody, ) (4)

Theak,zody,f: the 47 sky averaged Zody map.

1 .
<Tzody.,f>:E/ Troay,£(€2) dS2 (5)
4

note that this is the quantity given by Fixsen and Dwek (2002) as a FIRAS spectrum for
Z0ODY.

C%: the ANAFAST C, for the zody map.

It is important to note how the zero point 1§ 404y, is badly predicted by the K98 model, so the
estimated profiles could have a systematic error on T 504y, f much larger than the quoted statystical
error. Indeed it is lilkely believedthat K98 model underestimated Tj s04y,f, but however this is
not a problem in this analysis, since we are interested in the peaak—to—peak variation of the signal
over the map:

6ppTZ0dy,f = Tpeak,zody,f - TO,zody,f (6)

Fig. gives the spectral dependence of Ef and E}. The Ef does not scale down has v? as
expected from Fixsen and Dwek (2002) if confirmed this would mean that the smooth cloud at
100 GHz shall be even ten thousands stronger than expected from FIRAS. This is point worth
of reanalysis. The distribution of E}]? is about flat, even if it suggests an increase at the lowest
frequencies.

Uncertainties comes from the colour correction to be applied at the theoretical model. If
Bands have flat EJ]? spectral dependence their power should scale more or less as v? and the colour
correction should be some percent. The Cloud was expected to scale down as v* introducing an
about 10% colour correction. The horizontal lines shows the bandwidth of each frequency channel,
as reovered from the latest RIIMO, and the amount of variation on E}j and E? introducted by
introducing or neglecting the largest possible colour correction. The differences are quite small.

Another possible systematic error comes from the effect of Side Lobes. The plot shows what
happend removing from the model the sidelobes template (triangles) The bands are quite affected
since sidelobes have a size and power comparable to bands. Indeed by masking the sidelobes where
they are stronger most of the E}?’ systematic is removed (circles)

Fig. 2| represents the spectra of Zody as derived from the current measures and analysis.
Systematics could change the signal of some 20% and a better assesment would be an important
topic for the next release of this report.

The signal below ~ 260G H z is dominated by the bands, indeed below 217 GHz the estimate
of the cloud signal is not reliable.

IThis is worth of deeper analysis in a future version of the report.
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K98 : Cloud and Bands v.z. DX7 diff S2-S1, 5000 MC realizzations
e e cloud
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1.2p v v cloud noS.L.
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Figure 1: EfB and E? for K98 Squares E}j and E]]? from minimization of Eq. with
errorBars are drawn at 1 and 3 sigma. The fit is performed by taking the side lobes template
as it is. The nearly horizontal bands represents the bandwidth, their vertical displacemente
represents the uncertainty introduced by the color corrections. Triangles are cloud and band
fitted forcing E;l = 0, error bars are avoided for clarity. The circles are Cloud and Bands
fitted after having cutted away the pixels in the sidelobes template above a threshold 0.3.
It is interesting to note how at 100 GHz and 143 GHz the cloud is compatible with zero (a

negative E? or E})’ would represent a subtraction of power).
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K98 : Cloud and Bands v.z. DX7 diff S2-S1, 1000 MC realizzations
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Figure 2: Sky averaged spectra in Kcmp of Zody and extrapolation at LFI Frequencies.
The sky averaged signal for Cloud is denoted by circles, squares denotes the sky averaged
signal for bands. Below 217 GHz the cloud signal is compatible with zero (the fit gives
negative signal) so it can not be shown in this logarithmic plot. The line without symbols
is the averaged sky signal, sum of Cloud and Bands. The two dashed red lines are Tp sody,
(bottom) and Tpeak,zody,s (top). The stars represents the extrapolation of sky aveaged signal
at LFI frequencies.
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Freq Cr [nK2ws)]
[GHz] (=1 =2 =3 =14 {=5
30 3.0e-06 + 1.1e-06 1.3e+00 + 2.6e-01 7.7e-04 + 1.5e-04 5.1e-01 + 9.9e-02 5.0e-04 + 9.9¢-05
44 6.9e-06 + 1.8e-06 2.1e4+00 £ 3.3e-01 1.1e-03 £ 1.7e-04 7.8e-01 + 1.2e-01 6.6e-04 + 1.0e-04
70 1.9e-05 + 2.8e-06 3.9e4+00 £ 4.0e-01 1.9e-03 £+ 1.9e-04 1.3e+00 £ 1.3e-01 9.3e-04 + 9.3e-05
100 5.3e-05 + 4.0e-06 6.1e4+00 £ 4.5e-01 2.6e-03 + 1.9¢-04 1.9e+00 £ 1.4e-01 1.1e-03 £ 8.1e-05
143 6.1e-05 + 4.0e-06 1.0e+01 + 4.7e-01 4.6e-03 £+ 1.7e-04 3.2e4+00 + 1.2e-01 1.9e-03 £ 7.9e-05
217 3.0e-04 + 4.9e-05 1.7e+01 + 8.7e-01 5.9e-03 + 2.8e-04 4.5e4+00 + 2.2e-01 2.0e-03 + 1.1e-04
353 2.6e-01 + 6.2e-03 1.4e+03 £ 2.8¢e+01  4.9e-01 £ 9.2e-03  2.5e+02 £ 5.7e+00 1.2e-01 £ 2.3e-03
545 1.5e4+02 £+ 1.4e4+00 6.3e+05 + 5.6e+03 2.4e+02 + 1.9e+00 9.9e4+04 + 1.1e+03  6.4e+01 £ 5.5e-01
857 8.7e4+05 £+ 2.6e+03 3.2e4+09 £+ 1.0e+07 1.3e4+06 + 3.5e+03 4.8e+08 £+ 1.9e+06 3.6e4+05 £ 1.1e+03
Table 1: Estimated C; at HFI Frequencies and extrapolated ones at LFI frequencies.

Errors includes just the statistical errors and are derived with MonteCarlos.

4 Predicted impact multipoles and extrapolation for LFI

Fig. represents the spectra of Zody as derived from the current measures and analysis. System-
atics could change the signal of some 20% and a better assesment would be an important topic
for the next release of this report.

The extrapolated sky averaged value at 70 GHz is about 1.3 pKcnmp, but peak value is about
TuKcmp- Note that both the sky averaged values are affected by the zero point uncertainty,
however since the minimum value is some 0.1uKcymp the peak—to-peak variation at 70 GHz would
have to be 5 + TuKcyp. Most of this signal has to be concentrated around the ecliptic.

The Survey to Survey differential variation is expected to be about 10% of peak—to—peak signal,
or =~ 0.7uKcmp likely outside the LFI capabilities at least working with just two surveys.

It has to be noted that in this analysis it have been neglects the resonant dust, (circumsolar
ring plus Trailling blob), if it will behave as Bands, the signal could be even stronger.

In addition the possible contribution of the cold dust in the outer solar system (which can not
be detected from analysis of differential data) could further enhance the signal.

Fig. represents the expansion in multipoles of the Zody map at different frequencies. Multi-
poles at LFT frequencies are extrapolated from maps at the higher frequencies.

It is evidend how even multipoles are much more affected than the odd multipoles, a fact
already pointed out in Maris etal 2011 [RD-0|, more over most of the power is concentrated into
the first 10 multipoles

2This could be used to setup a filter to extract the total power profile.
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Figure 3: Sky averaged spectra in Kcmp of Zody and extrapolation at LFI Frequencies.
The sky averaged signal for Cloud is denoted by circles, squares denotes the sky averaged
signal for bands. Below 217 GHz the cloud signal is compatible with zero (the fit gives
negative signal) so it can not be shown in this logarithmic plot. The line without symbols
is the averaged sky signal, sum of Cloud and Bands. The two dashed red lines are T, .04y, s
(bottom) and Tpeak,zody,s (top). The stars represents the extrapolation of sky aveaged signal
at LFI frequencies.
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A Technicalitis

In the following:

ipix denotes a pixel number of a map
Xipix denotes a pixel of map X

Tt,7 denotes a Temperature map for frequency channel f and survey i, it corresponds to the
I_Stokes column of an exchange file.

Nuits ¢, denotes an Hits map for frequency channel f and survey i, it corresponds to the Hits
column of an exchange file.

oz £ denotes a covariance noise map for frequency channel f and survey ¢, it corresponds to the
I cov column of an exchange file.

A Prepending a A denotes a difference map (ex.: ATy ;).

A.1 Difference Maps

Difference maps of data are defined as follow:

ATy;; =Ty — Ty, (7)

difference maps are defined only where the pixels of the input map are visited in the survey, i.e.
where the corresponding hits map is not zero. Pixels not visited (i.e. those with 0 hits in one of
the two maps are masked as NaN and not used).

The expected noise covariance for each pixeld of a difference map is

UQAT,f,ij = U%,f,i + U%,f,j (8)

where 02 1 i and o2 1 7 are the noise variances for the two maps.

A.2 Degrading Data Maps

Maps are degraded from their original Nside = 2048 or Ngge = 1024.

The algorithm of downgrading an original map of given Ngge downgraded to Nade is based
on the idea of simulating the scan of rings drawn onto an Ngg.' map.
So denoting with ii)ix a pixel of the target map and with {ipix }ipixs the corresponding set of
pixels in the original map which projects onto iéix

Nhitsipix’ = E Nhitsipix; (9)
ipix€{ipix}, pixs
1
Tipixt = ——— E Nhitsipix Lipix; (10)
Nuitsipix/

ipix€{ipix};pixs

1
2 _ o2 2 .
0T ipix’ = N, 2 E NhltSipixaT,ipixa (11)
hitsipix’ ipix€{ipix},pix/
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A.3 Selecting pixels

The criteria for pixels selection on maps are the following:

1. Pixels are visited in both surveys;

2. The pixel does not project onto the Galaxy or does not have a too briliant source inside;

. The survey—to-survey average does not exceed 2(f/857GHz)? MJy /sr;

3
4. The survey—to-survey variation does not exceed 2(f/857GHz)? MJy/sr;

5. The survey—to—survey variation of the sidelobes template does not exceed a given threshold

(usually this cut is not applied).

The first two cuts removes the largest part of the bad pixels, while the last two cuts removes
just a small fraction. The cut is calibrated at 857 GHz and a change of the threshold does not
afffect much the result. Only the Side Lobes template cut affects in a sensible way the fitting.

A.4 Sidelobes Cut

To be written.
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