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1.2.1 GROUND~BASED OBSERVATIONS OF THE ZODIACAL LIGHT

René DUMONT

Obsgervatoire de Bordeaux
33270 FLOIRAC (France)

I. OBSERVATIONS AND THEIR DECREE OF RELIABILITY

At the present time, when space experiments bring us more and more informa-
tion of increasing quality, it might appear questionable whether ground-based
zodiacal light observations are still of interest. Nevertheless, any detailed
examination of the available data ( see, for example, the review paper of Leinert
1975 ) shows that a considerable part of our present optical knowledge of inter-
planetary dust has been contributed by ground-based programmes. Moreover, new
available parameters arising from space data, mainly in the field of heliocentrio
dependence ©of brightness, open new important abilities for a better interpreta—

tion of ground-based observations.

Shortcomings and advantages

of ground-based compared to space

zodiacal light observations

Airglow is the main drawback of ground-based data, and it has been in the
past responsible for the lack of consistency of many ground-based results with
each other and with space results, especiazlly off the ecliptic. Most of the fi=-
gures proposed before 1967 for off-ecliptic brightness and polarization degree
are nowadays reckoned to be largely erroneous, viz. overestimated.

The difficulties of ground-based observations are even greater when we go
from the blue-green rangs of the spectrum, either towards the red, where OH bands
of the nightglow are increasingly disturbing, or towards the 0.3 - 0.4 ILm range,
where tropospheric correciions become large. A consequence is that colorimetriec
measurements from ground are scarce and not fully reliable. Extensions to IR and
UV domains are practiocally impossible from ground.

Ag emphasized below, telluric disturbances to polarimetry from ground are
more or less worrying according to the direction, and may become totally unaccep-—
table near the horizon or the antisun.

Several doubtful results concerning z.l. intrinsic variations, espescially
short-timed ones, may be ascribed at least partially to these various sources of
errors, particularly to airglow inhomogeneities and variations.

On the other hand, ground-based observations have in some cases no serious
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disadvantage compared to space experiments; on a few particular points they may
even be credited for a true superiority. In the case of Fabry-Perot interferome-
try, disturbances coming from atmosphere are moderate, and in a space experiment
the only major improvement expected would be a better coverage of small elonga-
tions. In the case of photopolarimetry, the advantages of space are much more
obvious; still, ground-based data keep the best ( up to now ) with respect to

the following rather important items:

l) better abilities to reduce the integrated starlight
correction. The well-known uncertainty of this term can be lowered by a conside—~
rable ratio if the light-collector has a sufficient diameter, so that stars down
to an advanced limit-magnitude can be excluded from the field by a visual and

manual operation — typically irrelevant to spatial constraints.

2) the possibility of a very long time span of observation,
Only a few space programmes have lasted a year or more, and many ones have lasted
some days or even minutes, while ground-based programmes like those of Haleakala,
of Pic-du~-Midi and of Tenerife have heen carried out for periods of 10 years or
more. Now, problems about stability or evolution of the zodiacal cloud throughout

a solar oycle obviously demand long programmes, with stable instrumentation.

3) ground-based observations cover the whole sky except
small elongations, not only more or less restricted regions. Perhaps the most
striking feature of our presently available collection of space results is its
" mosaic '" character: each concerns limited areas or lines, and the resulting
density of the information remains rather patohy over the sky. This shortcoming
will certainly be removed in the future, but to-~day it contrasts highly with the
bulk of homogensous data obtained from ground over 90 percent of the ocelestial
gphere.

Some remarks about the reliability

of ground-based z.l. photometry and polarimetry

The various limitations to the accuracy of ground-based data arising from
airglow and from tropospheric scattering largely depend upon wavelength, celes—
tial direction and zenith distance, so that the situation cannot be summarized
briefly.

The fact that this complexity has not always been borne in mind has some—
times resulted in excessive opinions, in both senses, with respect to the accura~
¢y to be hoped ~ either a total suspicion of all ground-based results, or too
much confidence in them. In order to clarify that problem, a rather extensive
study of the accuracy has been attempted ( TAnchez 1969; Dumont and Sénchez 1973,
1975a ) and has led to the following conclusions:

&) in ground-baged z.1. photometry, airglow is the main
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disturbance, except in the bright cones. All kinds of ways to minimize its inter-
vention must be sought ( lowest possible latitude and zenith distance; careful
choice of the spectral range...) One such which we have aloptei at Tenerife ( Du-
mont 1965, 1967; Dumont and Sénchez 1975a ) is to make use of the green oxygen
line [Oﬁ] 5577 lasa photometric indicator for the nightsglow continuum variations,
since a fair correlation appears most of the time between them. The exigtence of
that correlation above all observatories remains controversial, but its usefulness
in those ones where it is seldom failing, is beyond doubt. The accuracy provided
by this refinement is of the order of +10 percent in the cones down to * 25 per—
cent in the dim off-ecliptic regions, but it remains possible to perform a reli-
able photometry up to the ecliptical pole.

b) ground-based z.l. polarimetry has, in addition, to take
account of the false polarization originating in tropospheric transfers. The three
celestial sources ( z.l., airglow and stars ) scattered along the line of sight

introduce three parasitic totally polarized components Jj, which disturb the true

O
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Fig. 1. Distribution over the sky in heliocecliptic
coordinates ( with conservation of areas ) of the ex-
peoted reliability in ground~based polarimetry.

J component ( J = PZ, where Z is the brightness and P the polarization degree of
the z.1l. ). The resulting disturbance is of the order of 1 le near 30° zenith
distance, up to 5 S10 near T0° its effect is weak in the regions where J is

strong, but it completely distorts the results when J is only a few SlO'
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The sky may be divided into a few zones of different reliability for z.l.
polarimetry ( fig. 1 ). We see that an antisolar cap of about 45° radius is an
area of very poor reliability from ground. This is the reason why, in my opinion,
the problem of neutral points and slight negative polarization on the wings of
the gegenschein is a typical aim for space experiments. Another consequence is
the questionable oredibility of some works ( Bandermann and Wolstenoroft 1974 )
which purport to show variations in gegenschein polarization, on the basis of
observed J variations at levels of 1 §,, ( see also Sparrow and Weinberg 1975 ).
Despite these various difficulties in ground-based polarimetry, satisfying figu—
res for the polarization degree P can be obtained over the major part of the sky.

The difficulties to compute the polarization degree P led several authors
to restrict the problem to the determination of J = PZ, Obviously this quantity,
although being disturbed by low-atmosphere scattering, is considerably safer to
be computed from ground — and even from spase - than P, since the bothers arising
from the diluting sources ( airglow and integrated starlight, whose brightnesses
are uncertain but polarization is roughly negligible ) are avoided as far as J
alone is concerned. Unfortunately, J is a hybrid quantity, and its determination
without any independent determination of Z and P - in other terms, the 2nd and 34
Stokes' parameters being known and the first unknown - remains a much less funda-
mental step towards the optical knowledge of the dust. Contrary to the opinion of
Wolstencroft and Brandt ( 1972 ), I think that moderately accurate measurements
of brightness Z and of polarization P are more useful than accurate data on the
totally polarized component J = PZ, if interpretations in terms of dust distribu-

tion, size, optical properties, and nature, are the final purpose.

II. RESULTS AND INTERPRETATION:
OPTICAL PROPERTIES AND DISTRIBUTION OF THE GRAINS

The attempt in this section is to summarize the results and to extract which
kind of information they contain about interplanetary dust, with emphasis on pho-
topolarimetry over the whole sky.

Doppler-shifts measurements

and the motion of the grains

The most evident conclusion arising from the recent works in this field
( Reay and Ring 1968; James and Smeethe 1970; Hickse et al. 1974 ) is that almost
all the grains move along prograde orbits. Obviously, much more information may
be expeoted from the diagrams wavelength shift vs. elongation, especially, as
pointed out by James ( 1969 ), about the size distribution of the grains.

Nevertheless, serious difficulties of interpretation seem to arise ( in ad-
dition to the observational problems due to the weakness of the expeoted and ob-
served Doppler-~Shifts ), and important discrepancies remain between the results,
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and if they are compared to the theoretical curves. The variety of the interpreta-~
tions suggested to explain these discrepancies - a cirocumterrestrial component

( Vanysek and Harwit 1970 ), eccentric orbits ( Bandermann and Wolstencroft 1969 )
or interstellar dust streaming through the solar system ( Hicks et al. 1974 ) -
means that, up to now, unambiguous information can hardly be extracted from the
available data in this field.

Photopolarimetric surveys of the ecliptiec

and the phase function of an elementary volume

It is obvious before any calculation that a lot of concealed information
about the scattering functions of the grains and their distribution within the
zodiacal cloud is contained in the surveys providing the brightness Z and the po-
larization degree P with a very wide coverage of the gky.

Measurements along the ecliptic are of gpecial interest because of the rota-
tional symmetry that we may ascribe to the zodiacal cloud, at least as an outline.
The eccentricity of the earth's orbit, and the fact that the invariable plane of
the golar system is more and more generally accepted to be the true symmetry plane,
are able to introduce small seasonal effects, some of which are detected in Tene-
rife data ( Dumont and Sénchez 1968 ), in Pic-du-Midi data ( Robley 1973 ) and by
the D2A satellite experiment ( Levasseur and Blamont 1974 ). However, these sea~
sonal changes are slight enough ( a few percent ) to ensure that observations in
the ecliptic from the earth are practically equivalent with observations in the
true symmetry plane and from 1 A,U., heliocentric distance exactly.

Considering that partial surveys of the ecliptic -~ some points, or a restric—
ted range of a few tens degrees -~ are not so readily useful for interpretations as
wide surveys on a considerable range of elongations are, only have been selected
here the available data extending to at least 2/3 of the ecliptic ( i.e. an elon-
gation range [Se 2 120°, since no significant east-west dissymmeiries have been
reported ). It is noteworthy that, for brightness ( fig. 2 ), only four published
surveys satisfy this condition -~ three of them being ground-based and one from &
balloon -~ and for polarization ( figse 3 ) only two surveys -~ both ground-based -
presently offer this wide coverage.

Brightness along the ecliptic.

Fig. 2 shows two groups of curves; the upper pair gives from 35 to 110° elon-
gation stronger values of Z than the lower pair by a nearly constant factor of l.2.
In the far zodiacal band, the four curves are more separated, the maximal discre-
pancy being almost a fastor of 1.7. The elongation of the minimum ranges from 125
to 140°, and the ratio Z(antisun)/Z(minimum) ranges from 1.25 to 1.60. There is a
fair agreement on the value of the derivative dZ/ds at € = 90° which is direc-
11y related to the scattering effiociency of a unit—volume of interplanetary space
( Dumont 1972, 1973 ).
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Fig. 2. Zodiacal light brightness along the
ecliptie, according to the available surveys
covering an elongation range A& 3 120°.

Polarization along the ecliptie.

The only two available surveys of the whole ecliptic give the same general
shape of curve ( fig. 3 ). The maximum is 0.229 at € = 70° according %o Weinberg
1964, and 0.177 at € = 62° according to Dumonit and Shnechez 1975b ( similar values
already given in Dumont 1965 ). The greatest discrepanscy is 6 percent polarization
near &€ = 80° Both curves have a moderate slope at & = 30° suggesting that P
remains rather high when the line of sight approaches the sun. This is in agree—
ment with the photometric results obtained in the inner z.l. by the rocket expe-—
riment of Leinert et al. ( 1974 ).

Both in Z and in P these differences between Haleakala and Tenerife are ra—
ther important, and they exceed the minimal errors inherent to ground-based obser—
vations. However, they are not dramatic, and they probably do not prevent the ex-

traction of conclusions in general agreement on dust properties and distribution.

The scatteringﬁphaso funetion,

The possibility of deriving the phase function in arbitrary units, over the
same range of scattering angle @ as the available observed range of elongation € ,
has been emphasized by Dumont 1973 ; see also Leinert 1975, and Dumont (1976).

The expression of the phase function for a unit-volume situated at 1 AU from the sun isy
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Fig., 3. Polarization degree of the zodiacal
light along the ecliptie, according to the
available surveys covering an elongation ran-
ge Ae» 120°.
after inversion of the brightness integral along the line of sight:
. dZ
- P - S —
c(8=¢) = = (4+n)cos & Z(€) ~ sine = (1)

if the space density in the symmetry plane of the zodiacal e¢loud ( practically,
in the ecliptiec ) is assumed to be proportional to r"n, at least in the range of
r the most efficient for producing the z.l. observable from ground ( 0.5 <« r < -
2 A.U. ). The fact that the distribution law seems to be broken down to zero in
the asteroidal belt cannot be seriously argued against the wvalidity of this for-
mula (Dumont, 1976).

Very different values of n have been suggested in various models, but the
plausible range is presently much more restricted. Most of the preliminary results
of Pioneer 10 ( optical data ) are in favour of n % 1 ( Hanner and Weinberg 1973a
1973b; Soberman et al. 1974 ). Still, according to the weak residual brighiness
due to the z.l. at r= 2.4 A.U. reported by Hanner et al. ( 1974 ), n could be > 1,
perhaps of the order of 1.5.

Introducing high values of n ( of the order of 2 or even 1.6 ) in eq. (1)
leads, on the basis of our knowledge of Z along the ecliptie, to negative and
therefore meaningless values of & ., Values > 1.5 being eliminated by these con-
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siderations, and values <« 1 conflicting with Pioneer 10's results, I suggest that
n=12% 0,3 is presently the best evaluation of this parameter ( see footnote ).

T (n:12)

HALEAKALA

TENERIFE

T
Phase function (arbitrary unit)

scattering angle ©

1 ] T 1 T 1 I T L} 1 H ] ! |
30 60" 90° 120° 150° 180°

Fig. 4. The phase function of interplanetary dust,

as resulting from eq. (1) and from Haleakala and_ Te-

nerife photometric surveys. A space density ~s r™-°

in the ecliptie is assumed., The left side is pooxrly

reliable.

Fig. 4 shows the phase functions obtained when supplying eq. (1) with the

Z(& ) data of Haleakala ( Weinberg 1964 ) and of Tenerife ( Dumont 1965; Dumont
and Sinchez 1975b ), assuming n = 1.2, We must notice that the accuracy of the me~
thod is decreasing with decreasing 9 s Gue to the fact that the two terms of eq.
(1)'s right hand side increase rapidly, with absolute values of the same order and
opposite signs. The peaks near @ = 33° although conspicuous in both ocurves, must
therefore be considered with caution. Rightward of 9 2 50° the reliability becomes
fair, and both curves ghow a rough igotropy from 50 to 130° and they climb in the
backscattering domain,

These curves are rather sensitive to the value of n adopted, but not enough

~ The evolution with heliocentric distance of the brightnesses observed by
Helios between 1 and 0.3 A.U., as reported by Link et al. (1976) is in
favour-of n = 1.3, cherefore in very good agreement with the above conclusion.
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to lose their oconspiocuous irend to isotropy for medium values of 9 y a8 far as
values of n in the range 1.0 -~ 1.5 are assumed ( see Dumont and S{nchez 1975b, fig.
3 ). The variations of 6 from 8= 50° %o 9 = 130° are probably within a factor
of 2, and this conflicts with many theoretical scattering functions which show va-
riations by a factor of 5 to 10 in the quoted range of scattering angle.

.".. B Cad AR

Phase function (arbitrary units)

(-]
[ X ot =
n Leinert et al. HALEAKALA TENERIFE
1.0 -——0——- =ttt ———————
1.2 ° ——
1.4 0000 Oooeoe 'o‘ooolcooloool- s000 000000 ¢
1 1 I 1
o° 10° 20° 30° 40° 50° 60°
Scattering angle <)
Fig, 5. Forward scattering range of the phase func—

tion of interplanetary dust, as resulti from eq.(l).
A dengity lawas rn ( n = 1,05 1.2; 1.4 ) is assumed
in the ecliptic. Classical z.l. ground-based surveys
rightwards of @ = 30°; inner z.l. rocket results left-
wards of that scattering angle. The level of accuracy
given by eq. (1) deoreases rapidly when § —» zero.

Fig. 5 concentrates on the forward-scattering range (91:60° ). Even if we
keep in mind the lower level of accuracy achieved when 0 decreases, we may notice
the good junction of the ground-baged curves with those derived from the roocket
data of Leinert et al. ( 1974 ) at the elongations 15, 21 and 30° We see that:

- high values of n also conflict with the latter obser~
vations;

- the general trend to isotropy extends to the inner z.l.
if values of n in the range 1.0 - 1.2 are assumed ( waves of moderate amplitude,
such as the slight negative range of 6 around 9 = 20° for n = 1.2, must of course
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be disregarded, since in this domain only the general appearance of the curves
remaing significant ).

Indeed, the variations of & seem to be within a faotor of 5 in the 20°«< 8 <
180° range. Such a flatness can agree with few of the scatiering funetions repor-
ted by Wickramasinghe { 1973 ) for Mie particles, or by Giese ( 1970, 1971, 1974 )
for elaborate mixtures of homogeneous or mantle—oore partieles: most of these cur—
ves exhibit a much stronger forward scattering. Some agreement may perhaps be
sought with absorbing particles, for which the ratio Gnmax/ G min 18 generally of
the order of 10 in the 20° < 9-< 180° range, but can be as low as 2 or 3. On the
other hand, the curves of figs 4 and 5 seem very hard to reconcile with dielestrie
particles, for which the same ratio is between 20 and 200 or more.

Polarized components of the phase function.

On the assumption that the vibration plane of the scattered light does not
deviate from the plane perpendicular to the scattering plane { or, if some negative
polarization occurs, from the scattering plane itself ), eqa. (1) can be duplicated

i | 1 1 1 1 1 ] 1 i 1 1 ] 1
AL 4 i
HALEAKALA e assssase —5
TENERIFE ————— B
: -2
i
: n=1.2 & [ 5
T £
5 c
~ L 9
1\ o &
M 0 o ”
- . 0.. - ”’/ L g
~ .'- Y \’..” by
. A . e °s o
~ ’oqo-;ﬂ— s
\~___— s
7 L a
Scattering angle ©
o T T T T LI T T 1 I 1 I .
30 60’ 90 120° 150 180°

Fig. 6. Polarized components ( electric vector perpen-
dioular tos 1., and lying in: // , the scattering plane )
of the phase function of interplanetary dusit, given by a
duplication of eq. (1). A density law ~s r~1+2i5 assumed
in the ecliptie. The left side is poorly reliable.
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for the two components of the scattered light, corresponding to the Fresnel or
electric vestor perpendisular to (1), or lying in (2), the scattering plans.

Fig. 6 shows, for Haleakala and for Tenerife data, the polarized componenis
of the phase function. The trend to isotropie scattering is especially conspicu-
ous upon the component 1 for Tenerife results, sinee no variations greater than
10 percent of the mean value occur between 9 = 44° and 9 = 142°, The component 2
bas & minimum at a level of about half the mean level of the component 1. The
backseattering efficiensy is higher than the mean scattering effieieney for the
first component by a faetor of 1.7 ( Tenerife ) or 1.9 ( Haleakala ). In the left
( poorly reliable ) side, some negative polarization appears, but it is probably

not genuine.

6

(n=1.2) Polarization 5

degree -

P L 4

HALEAKALA
- .3
4+ .2
TENERIFE

- .1

7 r 0
- -.1
Scattering angle © 2

H 1 T 1 T 1 o T 1 T o ! 1 T T T =

30 60° 90 120 150 180°

Fig. ¥. The polarization curve of interplaneta:
dust polarization degree vs. scattering angle Eg
obtained by a duplication of eq. (1) and assumption

of a density law As r1+2 in the ecliptic. The left
side is poorly reliable.

The polarization degree of the scattered sunlight, Pa (G:]-‘ng)/(*’; +°—z)
is given by fig. 7, still under the assumption that n = 1.2. Contrary to the pho-
tometric curves, the polarization curve is weakly sensitive 1o the value of n
adopted. This is due to the faet ( Dumont 1972, 1973 ) that two points are rigo-
rously independent of n j they are 9 = 90° and 9 = Sh‘, i.e. the elongation
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of the maximum of observed polarization P ( 60 to 70° ); in the latter case, We
have ¢?5= P. As far as the polarigzation ourve is expested to be symmetrical with
respect to 9 = 90° these two points are more or less suffiscient to determine the
whole curve, so that the curves really obtained for very different walues of n

( see Dumont and Sénehez 1975b, fig. 5 ) will not differ a great deal from the
curve corresponding to n = 1.,2. The maximum of the true local polarization Ja

( 0.41 at 6 = 88° from Haleakala data; 0.33 at @ = 82° from Tenerife data ) is
stronger than the corresponding maximum of P observed in the z.l. by almost & fac—
tor of 2.

Off-ecliptic photopolarimetry
and the oblateness of the zodiacal cloud

Rather few data are available in the field of photometry and/or polarimetry
over large off-ecliptic sky areas. Photometrie data are given by Roach ( 1972 )
on the whole sky; by Dumont ( 1965 ) on 90 percent of the sky; by Frey et al.

( 1974 ) ( balloon ) on 80 percent of the sky. All other data, from ground or space,
are of fragmentary nature with respect to the coverage of the sky. Concerning off-
ecliptic z.l. polarimetry, Tenerife results ( Dumont 1965; Dumont and Sdnchez 1966;
Shnchez 1967 ) are the only extended ones.

For the simplicity of the presentation and discussion, we shall concentrate
here on the cirele sun-ecliptic pole~antisun, which cuts the zodiacal cloud prace-
tically along a meridian plane. This circle provides the largest differencesg in
the observations, compared to the escliptiec.

Off-ecliptic brightness.

Fig. 8 gives the brighiness from 15° to 180° elongation ( = angular distance
to the sun ), according to Roach's compilation { 1972 ), and from 40° to 180°,
according to Tenerife results ( Dumont 1965; Dumont and Sdnchez 1973; the provisio-
nal values for a paper in preparation about off-ecliptic results are also taken
into account ). Also plotted are the rocket data at 15, 21 and 30° elongation of
Leinert et al. ( 1974 ).

The minimum, which is at {the ecliptical pole according to Roach 1972, is sig-
nificantly lower in Tenerife results, and it is shifted by 20° towards the antisun
(A-R@ = 1809, /3 = 70° ). Let us recall that several space determinations of Z
at the ecliptic pole agree on 50 - 60 SlO’ i,e. slightly less than the brightness
found at Tenerife { 65 slo). The latter figure leads to 0.32 for the ratio Z ( 90,
90 )/Z { 90, 0 ), frequently used in zodiacal cloud models and theoretical works.

Comparisons with an ellipsoidal model of the zodiacal cloud.

The most direct and simple assumption for the zodiacal cloud is an ellipsoi-
dal ( oblate ) shape. The model we wish %o propose ( Dumont and S4nchez, to be pu~
blished ) has the following parameters:
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Fig. 8. Off-ecliptic z.l. brightness ( in the

plane sun-ecliptic pole-antisun ) and compari-

son with the ellipsoidal model of the zodiacal

cloud proposed in the text.
&) in the symmetry plane, the run of the space density is
=-1.2
r .

b) the dust has the same optical properties outside as
inside the ecliptic, i.e. the phase function o () found in the ecliptic ( fig. 4 ),
its polarised components ( fig. 6 ), and its polarization curve ( fig. 7 ) are va—
1id in all directions. Within 9= 45°, viz. where 0° is poorly known, we have agsu-
mned an isotropy.

o) the isodense surfaces are ellipsoids, with a ratio of
oblateness a./b, t0 be determined by the observations.

Brightness Z and polarization P in each direction are easily computed for such
a model by integrating along the line of sight the local values .7 (O) ( = inten-
sity scattered under the scattering angle @ by a unit volume of space ) and ﬁ(a)
( = polarization degres of the scattered light ).

The value a/b = 7 has been chosen for the oblateness ratio, since it fits the
obgerved ratio Z( 90, 90 )/z( 90, O ).
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On fig. 8, also appear the theoretical values of Z corresponding to our model.
Although the rocket data for the imner z.l. fit better Roach's values than our mo-
del, it can be seen that this model is in very satisfying agreement with all Z va-
lues obtained at Tenerife; especially, it reproduces the shift of the minimum to-

wards the antisun by a score of degrees.

Off-ecliptic polarization.

Similar agreement arises between our observational data and the above model,
with respect to the polarization degree P. Fig. 9 shows the theoretiocal and obser—

i 1 1 i 1 1 i ] 1 1 1 1 1 1 1 1 1
Observations Zodiacal cloud model
Leinert et al. TENERIFE (isotropy: n:1.2; a/b:7)
% esceoss0 0 in the eC”ptiC 0 0000 O
1 + ————— | to the ecliptic cecoe 3L
a
™
(] ®
2
" N o
. - o -2
~‘A'°°’°--o \ in the plane c
L) ,.-” / fee. N\ _ ¥ ~sun- ecliptic pole- 2
o Yy ‘o e . . ®
. *, ~ antisun” N
.1 ¥ [} b /..00 } E AL
+ in the ecliptic ., \\ )
.0 o
() . a\
.°'°'§\8
* \\.__
T 1 I° T T I° T 1 l° 1 1 ! R 1 1 1 ° | °
0 30 60 90 120 150 180

elongation €

Fig. 9, Off-ecliptic polarization of the =z.l.
i in the plane sun-ecliptic pole—antisun ) com—

pared to the results along the ecliptic. Also
plotted are the polarization degrees given for
both planes by the ellipsoidal model of the zo-
diacal cloud proposed in the text ( note the
good agreement of the model with Tenerife data
and with inner z.l. rocket data ).

ved P values along the plane sun-ecliptic pole-antisun, compared to the same va—
lues along the ecliptic. Our results along the former plane are still provisional,
awaiting a thorough reduction of all observations made since 1964. Near the elon-
gation € = 50° the polarization degree is the same ( 0.17 ) at all inclinations;
P ig stronger off the ecliptic than along it for greater elongations, weaker for
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smaller elongations. Part of this result was already implied in the oblate igopo-
larimetric curves given in the antisolar hemisphere by the former Tenerife results
( Dumont 1965, fig. VII-5 ) A similar trend is reported in the same region by the
preliminary results of Skylab in its study of low light level phenomena { Weinberg
and Hahn 1975 ).

An excellent agreement arises between the polarization degrees given by our
model in the inner z.l. and those found along cireles of 15 and 21° radii around
the sun by the rocket experiment of Leinert et al. ( 1974 }« Our model predicis
that the polarization degree P remains rather high when the line of sight approa—
ches the sun ( € —» zero ), with a limit nearly equal to P ( € = 90° ), viz. about
0.15, and a plain geometrical explanation of this faet can be found ( Dumont and
Sdnehez 1975b ). Perhaps the most convincing test of wvalidity for the model is
that it reproduces very well the change of sign for the difference of polarization
degree between the two planes, near 50° elongation.

QONCLUSTON

A considerable part of the observed photopolarimetric features of the zodia~
cal light appear to be simultaneously fitted by a rather simple model, the outlines
of which are:

- an ellipsoidal dust cloud, flattened in a ratio of
about T;

- a gpace density decreasing with heliocentric distance
slightly steeper than l/r;

- a scattering phase function and pelarization curve
exhibiting a quasi-isotropy for the normal component ( except some backscattering
excess, and & possible but not proven enhancement near # = 30° ), with a loss of
50 percent at right angle ( or somewhat before ) for the parallel-component.

On the basis of the phase functions obtained ( figs. 4 to 7 ), the field re-
mains open to determine which mixtures of grains ( size spectrum, refractive and
absorptive indices, nature ) are candidates to be the interplanetary " dust ™
producing the zodiacal light.
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