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Abstract. We mapped at 25 pm five ~0.5° x0.5° fields at low,
intermediate and high ecliptic latitude with the photometer on-
board the Infrared Space Observatory. The goal was to search
for potential structures in the zodiacal light. No structures were
seen in these five sample fields. For an aperture of 3’ diameter
we find an upper limit for the underlying rms brightness fluc-
tuations of +0.2%, which corresponds at high ecliptic latitudes
to £0.04 MJy/sr or £25mlJy in the beam.
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1. Introduction

One of the main characteristics of the zodiacal light is the large-
scale smoothness of its brightness distribution over the sky. Vari-
ability due to Thompson scattering of solar radiation at inter-
planetary plasma clouds is usually a small effect, related to high
solar activity, even at visual wavelengths (Richter et al. 1982).
The high incidence of localised brightness structures, observed
by Levasseur and Blamont (1973) from the satellite D2A at
653 nm and attributed by them to meteor streams, is not typical
for the zodiacal light in general. However, two types of elon-
gated structures detected by the infrared satellite IRAS are now
considered as typical phenomena: the asteroidal bands and the
cometary trails. The asteroidal bands are located at low ecliptic
latitudes, | # |< 12°, have a brightness enhancement of several
percent of the zodiacal light and a width of two to four degrees
(see, e.g. Reach 1992). They are thought to result from debris
created in collisions between members of asteroid families (e.g.
Sykes 1990). The cometary dust trails are fainter and narrower,
having a peak brightness of about 1% of the zodiacal light and
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a width of one or a few arcminutes (Sykes and Walker 1992).
They are due mainly to mm-sized dust particles released from
the comet at lower velocities than the particles constituting the
tail and which therefore concentrate in the comet orbital plane.

Little is known on the graininess of zodiacal light bright-
ness at small spatial scales. It has to exist at some level since
the zodiacal light is produced from particles which are replen-
ished from localised sources, comets and asteroids. Depending
on amplitude and scale of such fluctuations, the sensitivity of
deep source counts and the usefulness of fluctuation analysis
to recover the flux distribution of still fainter sources may be
reduced. This may adversely affect some of the extragalactic
studies to be performed with infrared satellites.

Therefore, as part of the ISOPHOT guaranteed time pro-
gramme on infrared diffuse sky brightness, we mapped a few
fields of ~0.5°x0.5° at 25 pm in order to look for fluctuations
in the zodiacal light at low, intermediate and high ecliptic lat-
itudes. These fields were selected for low cirrus emission and
avoided any brighter infrared point sources. Since in the wave-
length range of 7 um to 60 um the zodiacal light is at its max-
imum, any detected fluctuation probably would be due to the
zodiacal light.

2. Observations and data reduction

Five fields in low cirrus regions were mapped in raster mode
(called ‘AOT P22’) with 3’ stepsize using the ISOPHOT P_25
filter and 180" aperture (Lemke et al. 1996). Central positions
of the fields and sizes of the maps are listed in Table 1. MOI,
MO02, MO3 refer to low background positions at ecliptic latitudes
of B =87°, 74°, 67°, respectively. NGP stands for a field near
the North Galactic Pole and ECL90,0 for a field in the ecliptic
plane to be observed when the distance from the Sun is about
90°.

Data reduction was performed using the ISOPHOT Interac-
tive Analysis (PIA) version 6.0, including correction for non-
linearities of the electronics, subtraction of dark current, and re-
moval of cosmic ray hits (in some measurements the latter was
performed by visual inspection of the integration ramps). The
data were calibrated by using the default responsivity of 0.46
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Table 1. Coordinates and sizes of the mapped fields

703

Field J2000 Ecliptic coordinates Size of
Name o 6 longitude  latitude A — Ae  the map
MO1 17h50m14s  +69d41°14”  105.09°  +86.74° -161.2° 27'x27’
MO02 15h00m33s  +70d43'12"”  145.39°  +73.56° -108.6° 27'x 27
MO3 13h36m12s  +70d34'53”  140.38°  +66.81° -78.5°  27'x27
NGP 13h42m32s  +40d29'13”  183.58°  +46.60°  +98.4° 45'x 45
ECL90,0 11h46m0ls +01d11'25"  176.26° -0.30°  +90.2°  39'x 39’

A/W of the P2 detector, and applying a preliminary correction
of 0.55 for signal increase in the 180" aperture with respect to
the aperture for which the calibration of responsivity had been
performed on standard stars (see Lemke 1997). Comparing the
average surface brightness of our maps, listed in Table 2, with
COBE/DIRBE weekly maps (see Boggess et al. 1992 and Sil-
verberg et al. 1993) we found deviations of less than 10% (no
colour correction has been applied to either data set).

Because long term detector drifts in ISOPHOT were antic-
ipated, we also performed two cross scans on each map fol-
lowing the raster measurement. These short duration scans are
less affected by drift, providing a possibility to correct the raster
measurement by comparing directly sky positions observed both
in the cross scans and in the map. Also linear gradients were
removed from the map. After this process, the map looks like
shown in Figure 1. Since the initial part of the drift in the raster
measurement could not be well corrected for by our procedure,
we omitted the pixels around the edge of the field, where the
first measured pixels are situated, in the following analysis.

The fluctuation of surface brightness in the maps was de-
termined by two independent methods. First, we plotted the
histogram of pixels and fitted the central part of the distribution
by a Gaussian (see Figure 2). The standard deviation of this fit
is denoted in Table 2 as ‘Histogram, 1o’. As a second method,
we calculated the structure function of the maps,

S(A) = (|F(x) — F(x+ A)? )x

where, for a given separation A, the average is taken over all sky
locations x of the map, and in addition was performed over all
position angles of the separation vector. We then estimated the
fluctuation as /0.5 * the value of the structure function at 3/
(see Figure 3). In general these two measures of noise agree.
Table 2 lists the average surface brightness of the maps as
well as the 1 sigma fluctuations in MJy/sr determined from
the histogram and the structure function, respectively. We also
included the instrumental measurement uncertainties, derived
from the fluctuations between the individual brightness read-
ings, as given by PIA. The last two columns give the fluctuation
of the maps after subtracting this instrumental measurement
uncertainty quadratically from the observed fluctuations. These
columns constitute the primary result of our measurement.

3. Results and discussion

Not unexpectedly, the results of our measurements shown in
Table 2 confirm the general smoothness of zodiacal light. How-
ever, we consider the average residual fluctuation of + 0.2%

27.3 MJyl/sr 28.0 MJy/sr

Fig. 1. Map of 45'x45’ obtained at the North Galactic Pole. The data
have been drift-corrected as described in the text. Note that the map
shows full 3’x3’ pixels for convenience only - the actual measurements
were performed with a circular diaphragm of 3" diameter.

(£25 mJy per beam at high ecliptic latitudes, + 80 mJy in the
ecliptic) only as an upper limit for possible true variations on
3’ scales. First, we note that the absolute values of the fluctu-
ations appear to increase with the total brightness in the field.
This could be the signature of real zodiacal light fluctuations,
but would also be the signature of variations in instrument sen-
sitivity. Now, among the time series of the observations in the
five fields at least one showed a clear event of a fluctuation in
the detector sensitivity, as they typically occur after particle hits,
corresponding on the sky to a quite untypical striplike depres-
sion. Therefore we assume that less conspicuous instrumental
instabilities still contribute a significant amount to the observed
fluctuations. Since at the level of fractions of a percent the in-
strument behaviour is not really known, we cannot quantify this
contribution, and therefore take the full observed fluctuations
as given in Table 2 as upper limits. This only emphasizes again
the general smoothness of zodiacal light. Although the area cov-
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Table 2. Instrumental noise and fluctuation of surface brightness [in MJy/sr]

Field Mean surface PIA From structure ~ Histogram
Name brightness 1o noise function lo
MO1 23.76 0.034 0.087 0.052
MO02 2332 0.043 0.067 0.044
MO3 2343 0.035 0.067 0.051
NGP 27.67 0.035 0.086 0.088
ECL90,0 67.60 0.047 0.145 0.133

@ residual fluctuation (MJy/sr) = \/ observed? — (PIA noise)* (where

Residual
fluctuation®”
0.039 0.17%
0.009 0.04%
0.037 0.16%
0.081 0.29%
0.124 0.18%

’observed’ refers to column 5)

® residual fluctuation (%) = (residual fluctuation [MJ y/st])/(total surface brightness)
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Fig. 2. Histogramm of the brightnesses measured in the central 13x13
pixels of the map at the North Galactic Pole.

ered is small (1.6 degree2 or ~640 individual measurements),
we consider the result as representative and do not expect that
larger samples to be accumulated during the ISO mission will
lead to a different result.

We do not anticipate an important contribution to the ob-
served fluctuations from other astronomical sources. The re-
gions mapped were selected for low cirrus emission, =2 MJy/sr
at 100 pm, which corresponds to 0.09 MJy/sr at 25 pm (Désert
et al. 1990), and for which a brightness fluctuation of ~0.001
Mly/sr is predicted for a 3’ diameter field-of-view at 25 ym
(Helou and Beichman 1990). This is well below the limits on
brightness fluctuation derived from our measurement. Stars also
were avoided in our fields, down to magnitudes of R=12. Even a
rather red star of this brightness, spectral type M4, with a typical
colour index of R-N =~ 4.5-5, would have an estimated 25 pm
flux of only 6-10 mJy (corresponding to 0.010 Mly/sr - 0.017
MJy/sr), again small compared to the measured fluctuations.
Also, one or two sources from the IRAS faint source catalogue,
with upper flux limits of between 40 mJy and 140 mlJy, fall into
our fields, but they are not causing a signal at their position
which obviously exceeds the general level of fluctuation. Any-
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Fig. 3. Structure function <(I; - I; 2> calculated from the measured
single-pixel brightnesses in the map at the North Galactic Pole. The
smallest separation is the pixel separation of 3’, the largest separation
is determined by the size of the map.

way, the method of histogram fitting is not very sensitive to the
existence of a few point sources in the field. The observed fluc-
tuations therefore appear not to be due to background sources.
Rather they have to be attributed, as assumed above, mostly to
a combination of intrinsic zodiacal light brightness fluctuations
and the present instrumental noise limit. Our values give upper
limits to both of these effects.

Asfar as the zodiacal light is concerned, this relative smooth-
ness of the brightness distribution does not mean that the cloud
of interplanetary dust has to be homogeneous. Rather it em-
phasizes the efficiency of mixing to which the interplanetary
dust is subject by gravitational, electromagnetic and mechani-
cal forces. The few known structures in the zodiacal light are the
exceptions from the rule: cometary trails and asteroidal bands
show dust close to the locus of production respectively in a re-
gion of enhanced production, while the dust ring outside the
earth’s orbit (Dermott et al. 1994) is caused by a special, reso-
nant interaction.

The observed limit on zodiacal light fluctuations has also
to be considered for deep source counts, since such small-scale
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fluctuations may degrade the detection limit or introduce sys-
tematic uncertainties. The structure function of the fluctuations
shown in Figure 4 is flat, indicating a statistical behaviour like
for white noise. We therefore assume that this is the behaviour
of the fluctuations also at the smaller separations not observable
in our data. The fluctuations then simply scale with the diameter
of the aperture (pixel size), like in the photon noise limit. An
extrapolation to other beam sizes is therefore not so problem-
atic and can be extended to the longer wavelengths of 60 um
or 90 um , where the Airy disks and the pixel sizes (at least for
ISO) are still comparable to our diaphragm size. Using the aver-
age zodiacal light spectrum as measured by COBE at 90° from
the sun in the ecliptic, and the pixel sizes of 45" used on ISO,
and assuming that the fluctuations are proportional to observed
zodiacal light brightness, we then predict fluctuations of less
than 2 mJy at 60 pm and smaller than 1 mJy at 90 pm. This is
far below the cutoff of 50 mJy reached in the deep IRAS source
counts at 60 ym (Hacking and Houck 1987). It indicates that
the above limits on zodiacal light fluctuations should not com-
promise faint source counts going to ten times fainter brightness
limits. Of course, there are usually more restrictive limits due
to cirrus fluctuations or instrumental effects.

At the wavelengths short of 25 ;sm much smaller pixel sizes
are used (<12” in the infrared camera ISOCAM onboard ISO).
Nevertheless, we note for information and comparison that the
above assumptions (flat power spectrum for the fluctuations,
proportionality to total zodiacal light brightness) lead to an up-
per limit to 1o fluctuations for a pixel size of 6" of +0.06 mJy
at 7 pm and £0.45 mJy at 15 pm.

4. Conclusions

Mapping five fields at different ecliptic latitudes we determined
an upper limit on the observed brightness fluctuations of £0.2 %
at25 pm, corresponding to +-25 mJy in the 3’ beam at high eclip-
tic latitudes. This supports the concept of a generally smooth
zodiacal light distribution. Faint source counts at brightness lev-
els down to ~5 mJy at 60 pum or 90 pm will not be affected by
potential small-scale zodiacal light structures.
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