Atmos. Chem. Phys., 11, 2537544 2011 iy —* -

www.atmos-chem-phys.net/11/2537/2011/ Atmospherlc
doi:10.5194/acp-11-2537-2011 Chemls_try
© Author(s) 2011. CC Attribution 3.0 License. and Phys|cs

Optical properties of pristine ice crystals in mid-latitude cirrus
clouds: a case study during CIRCLE-2 experiment

J.-F. Gayett, G. Miochel, V. Shcherbako2, C. Gourbeyre!, R. Buser?, and A. Minikin 3

1L aboratoire de Mteorologie Physique UMR 6016 CNRS/UniveésBlaise Pascal, France
2LaMP — Institut Universitaire de Technologie de Montlugon, Avenue A, Briand-BP 2235, 03101 Montlugon Cedex, France
3Deutsches Zentruniif Luft- und Raumfahrt, Institutifr Physik der Atmospire, Oberpfaffenhofen, Germany

Received: 22 September 2010 — Published in Atmos. Chem. Phys. Discuss.: 22 October 2010
Revised: 7 February 2011 — Accepted: 25 February 2011 — Published: 17 March 2011

Abstract. In this paper, we describe in situ observations of 1  Introduction

mid-latitude cirrus cloud band carried out on 16 May 2007

during the CIRCLE-2 experiment. The Polar NephelometerLight-scattering properties of ice crystals have been the sub-
and the Cloud Particle Imager (CPI) instruments with PMSject of considerable work over the last few years, address-
FSSP-300 and 2D-C probes were used for the descriptioing the global climate effect of cirrus clouds (Stephens et al.,
of the optical and microphysical cloud properties. Two se-1990). Optical phenomena such as thé Balo (and 46
lected cloud regions are compared and discussed in detaihalo) were first explained by Mariotte (1717) as being due to
Significant differences in optical properties are evidenced inthe refraction of light (in the visible) by randomly oriented
terms of 22 halo occurrences even though prevalent planar-hexagonal ice crystals. Modelling studies of scattering phase
plate ice crystals are observed in both cloud regions. Feafunctions show that these features are an indication of highly
tureless scattering phase functions are measured in the firgggular pristine ice crystals (see among others Takano and
cloud region located near the trailing edge of the cirrus-band_jou, 1989; laquinta et al., 1995; Macke et al., 1996a; Yang
at about 11800 m/57°C. In contrast, well pronounced 22 et al., 2001; Um and McFarquhar, 2010). Observations of
halo peaks are observed with predominant similar-shaped iceloud ice particles tend to show much smoother scattering
crystals near the cirrus-band leading edge at 71077 C. behaviour compared with modelling results obtained in lab-
CPI ice crystal images with Polar Nephelometer observa-oratory studies (Sassen and Liou, 1979%& et al., 1997;
tions are carefully analysed and interpreted from a theoretBarkey et al., 2002). The first in situ observations of az-
ical light scattering model in order to explain occurrence andimuthal scattering patterns also confirmed that smooth scat-
non-occurrence of the 2dalo feature. The results highlight tering phase functions prevail in cirrus clouds (Gayet et al.,
that the halo peaks are inherent only in perfect plate ice crys1998; Auriol et al., 2001; Field et al., 2003a; Gayet et al.,
tals (or pristine crystals). On the basis of previous dataset®004; Baumgardner et al., 2005). Defaults in crystal geom-
in mid-latitude cirrus, it is found that simple pristine crystals etry, roughness of the ice surface or imperfect internal struc-
are uncommon whereas particles with imperfect or complexure are known to hamper the formation of halos (see among
shapes are prevalent. As a result, phase functions that arsthers Baran and Labonnote, 2007). This may explain the
smooth and featureless best represent cirrus scattering propare ground-observed occurrences of these optical phenom-
erties. ena.

In this paper, we describe two cases of in situ observations
in mid-latitude cirrus clouds, both having mostly planar-plate
ice crystals but showing significant differences in optical
properties in terms of 2zhalo occurrences. Surprisingly, for

Correspondence tal.-F. Gayet one case, the Polar Nephelometer data do not reveal any sig-
BY

(i.f.gayet@opgc.univ-bpclermont.fr) nature of 22 (and 46) halos although for the second case,
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well-marked 22 halo features are observed in a few cloud
portions along with prevalent planar-plate ice crystals. The
interpretation of these results is discussed in the light of a Jemezn

_careful analy_5|s of the ice p_artlcle morphologles and by us- k e MMMJL 11
ing a theoretical model of light scattering (Shcherbakov et .. ewrum

al., 2006a). Implications for realistic modelling of scattering - MWMW
properties of cirrus clouds are given. ]

08
07
07

5 | 22°Halo

2 The CIRCLE-2 experiment and aircraft
instrumentation

100

The CIRCLE-2 campaign, held from 4 to 26 May 2007, in-

volved the Falcon aircraft operated by DLR (Deutsches Zen-

trum fur Luft- und Raumfahrt) from Oberpfaffenhofen (near == ==

Munich, Germany). Four independent techniques for cloud

in situ measurements were installed onboard the Falcon: thEig_ 1. Time-series of in situ parameters obtained on 16 May in

PMS FSSP-300 operated by the DLR, the Cloud Particlecirrus cloud at 12000/59°C and 11600 m55°C levels. Vw:

Imager (CPI), the Polar Nephelometer (PN) and the PMSvertical component of the airspeed, Conc2-D: concentration of ice

2D-C probe, operated by the Laboratoire détdbrologie particles withd > 100 um (from 2D-C data), ExtNP: extinction co-

Physique (LaMP). The combination of these four techniquesefficient,g: asymmetry parameter, 2B1alo ratio (see text) and CPI

provides a description of particles within a diameter rangepartlcle shape classification for_lce crystals larger than 20 um (av-

varying from a few micrometers (typically 3pm) to about eraged over 5s end expressed in percentages for each category, see

2mm. The method of data processing, the reliability of thelegends on the right side of the series).

instruments and the uncertainties of the derived microphys-

ical and optical parameters have been described in detail b)é Results

Gayet et al. (2009). We recall that the uncertainties on in-

ferred r_nlcrophysmal parameters from ZDTC measureme.ntsg_l Cirrus properties with non-occurrence of 22 halo

are estimated to 75% and 100% on particle concentration

and ice water content, respectively (Gayet et al., 2002). The (case A)

accuracies on extinction coefficient and asymmetry parame- . . . .

ters derived from the Polar Nephelometer are estimated to bé representative example of cirrus properties with non-
Observed 22 halo feature (case A) is illustrated from the

ithi 0 0 i .
within 25% and 4%, respectlyely (Gayetetal., 2002; qourdanobservations carried out in a cloud region located near the

et al., 2010). These accuracies could be affected by ice cryst-railing edge of the cirrus-band at about 11 806457°C.

tal shattering on the probe inlets. Relative humidity and Ve “chould be noted that these data address the flight se-

tical a.urspeed. ”.‘easuremef“s will also be used in this S.IUdyQUence which was coordinated with the CALIPSO overpass
Relative humidity was derived from measurements using

a(13:33 UT) located to the west of France over the ocean. The

CR'.Z fros_t point hygrometer. The qlerlvatlon method of the comparison results between the CALIPSO products and in
vertical airspeed from the Falcon aircraft measurements hagitu observations has been thorouahly described and inter-
been described in®yel and Baumann (1991). An error of gnly

+10cms'L for a mean value within a flight path of 200 km preted by Mioche et al. (2010). Figure 1 represents the time-

(or about 20 min flight duration) is generally expected series of the vertical component of the airspeed and cloud
In this paper, we describe in situ observations 01; mid- parameters: the concentretion of ice p_ar_ticles Witn50 um

latitude cirrus eloud carried out on 16 May 2007. From (from 2D-C data), the extinction coefficient, the asymmetry

MSG satellite imagery (Meteosat Second Generation) in theDarameter and the halo ratio (these two last parameters being
inferred from the Polar Nephelometer measurements). The

IR channel (not represented here) the airborne observations

. . : . halo ratio is not an optical parameter, but rather a quantita-
concerned a cirrus band associated with a warm front which. . :
; . ive criterion to characterise the occurrence of theé Balo
moved over France. In the following, two selected cirrus

. . eak. This criterion is defined by the ratio of the scattered
cloud regions (labelled case A and case B, respectively) ar .
. . . . . ._eénergy values measured at the scattering angles ‘0a2@
compared and discussed in detail. The differences in optic

cloud properties are highlighted by measuring theé B2lo 8.5 (Auriol et al., 2001). H_|gh halo ratio values-(1.0)
4 correspond to sharp peaks with a well-pronouncedtzio,

occurrence (or non-occurrence) with the Polar Nephelome- .
whereas smoothed peaks and/or smoothed scattering phase

ter. These optical observations are compared with the iC(?unctions with no 22 halo feature are characterised by a

gz:gcle shapes recognized from the Cloud Particle Imagers,maller halo ratio € 1). The sampling levels were located

near the cirrus cloud top: 12000#B9°C (from 13:30

Time (UTC)
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Fig. 2. Mean cirrus cloud properties averaged between 13:32:15 and 13:47:20 (see Kaj). E3SP-300, 2D-C (blue) and CPI (black)

particle size distributions with averaged values of microphysical and optical paranfejesattering phase function measured by the Polar
Nephelometer (filled black circle symbols) and theoretical phase function (cross symbols) calculated from the FSSP-300 size distribution
assuming (spherical) ice crystals. Filled red circles are modelled points (Shcherbakov et al., 2006a) from observed crystal shapes (see
discussion in Sect. 4)c) Pie-chart representation of the averaged particle shape classification (in terms of surface gdititletrative

examples of ice particle images from the CPI instrument.

to 13:45) and 11600 m/55°C (from 13:47 to 13:57, see ice particles measured above 3 um (from FSSP-300 and 2D-
Fig. 1). The results show that the extinction coefficient is C instruments). The observed and the theoretical phase func-
0.3knT! on average, whereas the ice particle concentratiortions (see upper right panel) show close agreement at the for-
detected by the 2D-C reaches only 1 to 81 The asym-  ward scattering angles{550°). This proves the consistency
metry parameter and the halo ratio exhibit very small hori- of data from the FSSP-300 (assuming the geometric optics
zontal variations indicating homogeneous optical propertieslimit) and Polar Nephelometer instruments, because most of
Mean properties (averaged between 13:32:15 and 13:47:2@he extinction is caused by scattering at forward angles. Ac-
are displayed in Fig. 2. The upper left panel shows the meartording to Field et al. (2003b) and Heymsfield (2007), the
particle size distributions of the FSSP-300, 2D-C and CPI,FSSP-300 and Polar Nephelometer measurements are not
whereas the upper right panel represents the scattering phaskely to be strongly affected by ice crystal-shattering effects
function (without normalization in units of und sr1) mea-  since the recorded ice particles are quite small (the effective
sured by the Polar Nephelometer (filled black circle sym-diameter is of 21 um and the largest particles are less than
bols) and the theoretical phase function (cross symbols) cal250 um in size).

culated from the FSSP-300 size distribution assuming (spher- ) ) . .

ical) ice crystals. The modelling results from observed crys- N Fig. 1, the time-series of the CPI particle shape clas-
tal shapes are shown by solid red circles (see related dissification for ice crystals larger than 25 um has been super-
cussion in Sect. 4 below). The mean values of the paramiMposed (averaged over 5s due to low particle concentra-
eters indicate ice particle concentration (1.48m concen-  tion and expressed in percentages for each category). The
tration of particle with? > 100 um (0.311), ice water con- ~ LaMP software (Ledvre, 2007) was used to process CPI
tent (2 mg nm3), extinction coefficient (0.28 kmt), effective ~ IMages to provide information on the ice-particle morphol-
diameter (21 pm) and asymmetry parameter (0.788). We not89Y- The results show that plate ice crystals dominate the
in passing that the effective diameter is defined by the volumdce crystal shape in the whole reported cloud sequence.

to surface ratio (Gayet et al., 2004) and relate contributions ofSuch plate ice crystals could be horizontally orientece(Er
and Dubrulle, 2004) which may therefore explain, for that

www.atmos-chem-phys.net/11/2537/2011/ Atmos. Chem. Phys., 11, 25872011
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particular cirrus situation, the significant overestimation of | e

the retrieved CALIPSO extinction with regards to coordi- .I< e

nated in situ observations (Mioche et al., 2010). We note Y —
in passing that not only plate ice crystals could explain the 2™ ™™ B

high level of CALIOP backscattering in cirrus clouds. Such : e A J\

a feature could also be due to pristine-crystals like elongated e = sl

columns, needles (and thin plates) which are preferentially : N e o MU\“/\

@

oriented with their greater projected areas facing the fall di-
rection (see former studies: Ono, 1969; Platt, 1978; Takano i |_ VMMN M HH””“JLV’”W\\WW\ |

and Jayaweera, 1985). On the bottom left panel in Fig. 2, " NWMWN\M MW““W
g s s S N

pie-chart representation of the average particle shape clas

Iregulars
sification (in terms of particle surface) reveals 42% plates, :2;{9;12395
10% needles and columns with 48% unclassified particles - s
(irregular) as illustrated by examples of ice particle images e
(see bottom right panel). Even with the prevalence of reg- . mutes
ular plate-shaped ice crystals, the Polar Nephelometer sur- ~  ~ = " wmes” 7"

prisingly does not reveal any signature of thé Balo with a ) o ) ) o )
featureless scattering phase function as highlighted in Fig. 29: 3- Same asinFig. 1. Time-series of in situ parameters obtained
with a halo ratio of 0.74. It should be noted that this fea- °" 16 May in cirrus QIOUd at7200m27°C. The relative humidity
ture is not a consequence of the preferential orientation ogover lce) is also indicated.

plate-like crystals because the orientation is lost inside the

shrouded Polar Nephelometer (and CPI) inlet due to aero- ) _ o
dynamical disturbances (King, 1986). Therefore, randomlyfunction calculated from the FSSP-300 size distribution. At
oriented plate-like crystals should have caused a sharp pedRrward angles (see upper right panel) the observed energy
in the forward scattering properties related to the Balo  (from the Polar Nephelometer) is larger than the theoreti-
(see among others Yang et al., 2001) which is not observe&al phase function derived from FSSP-300 data indicating a
in this case. significant contribution of particles larger than 20 um on the

A counterexample is discussed in the next section whichSCattering pattern. As for the previous case, the modelling
describes cirrus properties with a well-marked Balo peak results from observed crystal shapes are shown by solid red
still related to plate-like ice crystals. circles in Fig. 4 (see related discussion in Sect. 4 below).

The mean values of the parameters indicate the ice particle
concentration (1.9 cr?), the concentration of particles with

d > 100um (7.311), the ice water content (14 mgm),

the extinction coefficient (0.49 kn), the effective diameter

This example (case B) concerns a cirrus cloud sampled ovet86 Hm) and the asymmetry parameter (0.795). Within this
France during the DLR Falcon transit flight from Oberp- cloud sequence t.he Polar Nephelometer' clearly revgal; the
fafenhoffen to Brest (France). The observations were car22” halo peak which remarkably occurs with mostly pristine
ried out in a region located near the leading edge of the cirPlate-shaped ice crystals. Indeed, the pie-chart (see bottom
rus band at 7100 m/27°C flight level. Time-series of the left panelin Fig. 4) reveals contributions of 57% plates, 17%
same parameters as in Fig. 1 with relative humidity (overcolumns and needles, 12% of dendrite and side plane with
ice) are displayed in Fig. 3. Compared with the previous©nly 15% unclassified (irregular). Compared to the previous
example, the cirrus cloud is denser with rather high hori-classification in Fig. 2, the smaller proportion of unclassi-
zontal heterogeneities. The extinction coefficient and theli€d shapes is explained by larger ice crystals (86 um versus
ice particle concentration peak at 4.8khand 501, re-  21Hm, respectively) due to more reliable shape recognition.
Spective|y, while the asymmetry parameter and the halo ra:rhe plate type is found to be the dominant ice CryStaI Shape
tio reveal large variations (from 0.77 to 0.80 and from 0.5 for both examples with rather similar occurrences (57% ver-
to 1.4, respectively). These variations, when compared tUS 42%, respectively).

the CPI particle shape classification for ice crystals, highlight As larger ice crystals are observed in this case (crystal
that high halo ratios (22halo peaks) are observed with the sizes up to 1 mm), the FSSP-300 and Polar Nephelometer
largest occurrence of plate ice crystals (see arrows in Fig. 3)measurements are likely to be more affected by ice crystal
In order to illustrate this feature the mean properties (avershattering effects than in the previous cirrus case. From a
aged between 09:02:10 and 09:02:30, i.e., during 20 s, semodelling approach (Shcherbakov et al., 2010), rough esti-
Fig. 3) are displayed in Fig. 4. As for Fig. 2, the upper pan- mates of subsequent errors on extinction and particle con-
els display the mean particle size distributions and measuredentration could be estimated as 35% and 70%, respec-
scattering phase function along with the theoretical phasdively. Nevertheless, a visual analysis of the CPIl images (see

3.2 Cirrus properties with 22° Halo occurrence (case B)

Atmos. Chem. Phys., 11, 2537544 2011 www.atmos-chem-phys.net/11/2537/2011/
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Fig. 4. Same as in Fig. 2. Mean cirrus cloud properties averaged between 09:02:10 and 09:02:30 (see Fig. 3).

examples in Fig. 4d) clearly suggests that most of the sam- 20 20
pled ice crystals are intact with a quasi-perfect shape and a
dense internal structure. Such a robust feature may be lesso **° . s
sensitive to the particle shattering. § R A

g 104 « q:‘t.cgs’ .;.

x nl 0l Mottt ons o
4 Discussion " os el R

T a b

The prevalence of plate ice crystals is a common feature of T 0 2% 300 a0 076 o078 080 08 o084
both the examples given above. At the same time, larger Asymmetry parameter
ice crystals are observed for case B. This is seen in Fig. 5a 20 20
which displays the halo ratio versus the mean volume diam-
eter (MVD) derived from the CPI size distributions. Well- g *° s
marked 22 halo peaks (halo ratis- 1) are found folMVD s
ranging from 50 to 250 um. Case A data (non-halo case) rep- £ *° H
resented by red symbols are distributed over a smidiéD 8 05
range & 130 pum) and with sizes larger than 20um. This
size appears to delineate the lower limit of ice crystal size 0 ¢ 0 d

responsible (at visible wavelengths) for halo formation ac- 105 005 1 80 %0 100 110 120 130
cording to earlier laboratory studies (Sassen and Liou, 1979; vertical airspeed (m/s) Relative humidity (over ice) (%)

Barkey et al., 2002) and theoretical resuits (Mishchenko anq:ig. 5. Scatter plots of the halo ratio versus) the mean volume

Macke, 1999). In situ observatl.ons at the South Pole stayiameter from CPI (DVM) (b) the asymmetry paramete() the
tion (Shcherbakov et al., 2006a; Lawson et al., 2006) alsorelative humidity over ice an@d) the vertical airspeed. The data

reported very well-marked 2zhalo peaks with pristine ice  rgjate cirrus with 22 Halo occurrence (case B, see Fig. 3). The red
crystals no larger than 100 um. Therefore, the reported icoints in Fig. 5a concern the cirrus with no2Balo occurrence
crystal sizes do not appear to be critical for the halo/no-halg(case A, see Fig. 1).

interpretation.
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Quite regular plate-shaped ice particles are highlightedgrowth. This feature should be found in low updraft veloc-
from CPI images in Figs. 2d and 4d. Most of the recordedities, but results in Fig. 5d rather show that halo ratios are
ice crystal plates in Fig. 4d have the perfectly transparentmore pronounced for increasing updrafts.
internal structure. Thus, refraction through the @oisms Coming back to Fig. 3, pristine ice crystals (CPI im-
of such plates will produce a sharp scattering peak near 22ages) with subsequent 2Ralo signature (PN) are observed
(see Fig. 4b). On the contrary, plate-shaped ice particles ifin only a few cloud portions (see arrows) characterised by
Fig. 2d have an imperfect internal structure with well rec- small horizontal scales (from 1000 m to 4000 m). The large
ognizable lattices. As a result, the measured phase functiodataset obtained during the INCA experiment (Gayet et al.,
in Fig. 2b is smooth and featureless. Our data and modef004) showed that cloud sections with the occurrence of the
calculations show that the halo feature is only observed foralo signature (and, therefore, pristine ice crystals) occurred
perfect plate ice crystals (or pristine crystals, strictly speak-statistically in only 3% of the total measurement time in
ing). This also means that the Polar Nephelometer data conmid-latitude cirrus (Auriol et al., 2001; Shcherbakov et al.,
tains a signature of pristine ice crystals. Defaults in crystal2006b). Korolev et al. (2000) also observed a similar low oc-
geometry, roughness of the ice surface or imperfect internaturrence (3%) of pristine ice particles in Arctic clouds (with
structure do hamper the formation of halo (see among othersemperatures lower than30°C) from the analysis of CPI
Baran and Labonnote, 2007). The model from Shcherbakowlata. This means that while simple pristine crystals are un-
et al. (2006a) has been employed to compute the angulacommon, particles with imperfect or complex shapes (shape
scattering patterns by using measured crystal shape and sizefaults, roughness, inclusions, . ..) are prevalent. Following
and by considering both roughness and internal structure. Ithe findings of Baran (2004, 2009) modelling of ice crystal
this model, the surface roughness assumes the Weibull statiensemble rather than single crystals should better represent
tics and the air bubble density is hypothesized to representirrus single-scattering properties. Our large dataset in cir-
the internal heterogeneities of the crystal. Ice plates andus (at mid-latitudes) clearly shows that phase functions are
columns were modelled by quasi-hexagonal prisms with thesmooth and featureless and best represent scattering proper-
aspect ratio of 0.2 and 2, respectively. To smooth the 46 ties from cirrus.
halo peak, the hexagonal planes were divided into a number As for the observed differences in the crystal internal
of facets. Furthermore, the vertices of the facets were ranstructure properties, they may likely be explained by dom-
domly shifted along the “C” axis of the crystal. The shift inant crystal growth regimes, i.e., mainly inhomogeneous in
was within 10% of the crystal length. The particle shapethe trailing edge parts of the cirrus band and locally regular
classification was considered in terms of particle surface (se@and slow in the leading edge cirrus region. It should be noted
pie-charts in Figs. 2c and 4c). The fitting results are shownthat no significant differences between the origins of the air
using red points in Figs. 2b and 4b. The smoothed scatteringnasses in the two experienced cirrus regions have been found
pattern (Fig. 2b) was obtained from the very rough surfacefrom the HYSPLIT back trajectory analysis (NOAA Hy-
of crystals with a heavy load of inclusions. To be specific, brid Single-Particle Lagrangian Integrated Trajectory model,
the distortion parameter was of 0.1, which corresponds to @raxler and Rolph, 2003). Despite the inherent limitations
deeply rough surface according to the classification of Yangn the reliability of the results, the analysed backward trajec-
and Liou (1998); the mean free path length between two subtories provide at least some basis for speculation that similar
sequent inclusions (see details in Macke et al., 1996b) wa$N were present in both cases which would not explain the
equal to 015x D, whereD is the diameter of the circle cir-  differences in the observed ice crystal internal structure.
cumscribing the hexagonal facet of an ice crystal. The scat-
tering pattern with 22 halo (Fig. 4b) was computed for the
slightly rough surface of crystals that have no inclusions (the5 Conclusions
distortion parameter was of 0.01).

The azimuthal halo pattern of the scattering behaviour sig-Two regions within a cirrus band associated with a warm
nificantly enhances the asymmetry parameter as exemplifieffont over France have been analysed from airborne in situ
in Fig. 5b. The largeg (from 0.780 to 0.805) is more pro- measurements. The comparisons between these cloud parts
nounced in the 22halo peak (074 < halo ratio< 1.50), sim-  show significant differences in optical properties in terms
ply because the energy is scattered more in the forward direcef 22° halo occurrences even though prevalent planar-plate
tion. Highly regular or pristine ice crystals are expected toice crystals are observed in both cloud regions. Featureless
result from extremely regular crystal growth. Figure 5¢ andscattering phase functions are measured in the first cloud
d displays the scatter plots of the halo ratio versus relativepart located near the trailing edge of the cirrus-band near
humidity (over ice) and vertical airspeed, respectively. Fig-11800 m~57°C. A careful analysis of the ice particle mor-
ure 5c reveals that the 2Ralo peaks are distributed mostly at phologies from CPI data highlights that plate-shaped ice par-
around 100% of RHi and confirm the findings from Heyms- ticles have, in this case, an imperfect internal structure with
field (1986) and Pruppacher and Klett (1997) that low ice su-well recognizable lattices. In contrast, well pronounce@ 22
persaturations are known to favour regular and slow crystahalo peaks are observed in the second selected region located

Atmos. Chem. Phys., 11, 2537544 2011 www.atmos-chem-phys.net/11/2537/2011/
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near the cirrus-band leading edge at 7108-@7°C. Here

most of the recorded ice crystal plates have a perfectly tran

parent internal structure. Thus, refraction through the 60

prisms of such plates will produce a sharp scattering peal

near 22. The occurrence and non-occurrence of thetgdo

feature is interpreted from a theoretical light scattering model

which considers measured crystal shape and size with boththe publication of this article is financed by CNRS-INSU.

roughness and internal structure. Our data and model calcu-

lations show that the halo feature is only observed for perfect

plate ice crystals (or pristine crystals, strictly speaking). ThisReferences
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