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Interferometric and dual beam observations of daytime
spread- F-like irregularities over Jicamarca

Jorge L. Chau® and Ronald F. Woodman
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Abstract. We report new observations made on April 11
2000 over Jicamarca of daytime spread- F-like irregularities.
These irregularities are extremely rare and were first re-
ported by Woodman et al. [1985]. The main features of these
new observations, which are similar to the previous ones, are
that they were: (1) two orders of magnitude stronger than
the incoherent scatter echoes at the F peak, (2) observed be-
tween 1400 and 1600 LT; (3) characterized by small Doppler
shifts (Jug| < 1 m s~1); and (4) characterized by long corre-
lation times, i.e., narrow spectral widths. The latter is inter-
preted as evidence that these irregularities are field aligned
(very aspect sensitive in the north-south direction). On this
occasion the irregularities occurred at higher altitudes than
before, between 950 and 1450 km compared to 600-1000 km.
The echoes in these recent observations were quite localized
in the east-west direction (they were much stronger in the
west beam than in the east beam). Furthermore, using in-
terferometry we determined that the irregularities were in
the form of blobs, aspect sensitive in the east-west (as well
as north-south) direction with aspect angle widths as small
as 0.2 degrees, particularly when the echoes were strong.

1. Introduction

In this letter, we report radar observations of daytime
equatorial field-aligned irregularities (FAI) from the topside
of the ionosphere. These irregularities are very uncommon,
they have been observed only three times in the past, all of
them over the Jicamarca Radio Observatory. Woodman et
al. [1985] reported two events (March 26 1974 and February
1 1984), and there is a third unpublished event (only a pho-
tograph from the oscilloscope) that was observed on April
21 1982 between 1530 and 1600 LT.

These new radar observations were made on April 11 2000
as part of the April-2000 Incoherent scatter world day cam-
paign. What is new for this time is that the Jicamarca radar
was operating in the new east-west dual beam interferometer
mode used for zonal and vertical drift measurements [Kudeki
et al., 1999], which allows us to extract more information on
the daytime irregularities compared to the previous obser-
vations.

As before, we are referring to these new observations as
daytime equatorial spread F (ESF) irregularities for con-
sistency. However, we think the name is questionable
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since these events were not observed with the Jicamarca
ionosonde. ESF irregularities are common nighttime phe-
nomena, and their name comes from the spread nature of
the echoes that they produce on ionosondes [Berkner and
Wells, 1934]. They can also be detected by coherent and
incoherent scatter radars, in situ space probes, radio prop-
agation and scintillation experiments, and airglow. For a
comprehensive overview of these nighttime phenomena, the
reader should consult Hysell [2000].

The Jicamarca radar which is sensitive to the 3-m plasma
irregularities produced during ESF events, has contributed
extensively to the understanding of these very common
nighttime phenomena [e.g., Hysell, 2000 and references
therein]. The daytime occurrence of these 3-m irregulari-
ties is very puzzling, not only because most observations are
confined to the nighttime, but physically they are harder
to explain considering the stabilizing effect of the E-region
conductivity during the day. On the other hand, top-
side sounders have detected irregularities almost until noon
[Dyson, 1977).

2. Interferometric and Dual-beam
Observations

In Figure 1 we show the antenna setup and pointing direc-
tions used for these observations, which are used for the inco-
herent scatter east-west mode [Kudeki et al., 1999]. Briefly,
the Jicamarca antenna is configured to point simultaneously
in two directions, using two independent systems pointing
~2.5° to the east and west of the geomagnetic meridional
plane, respectively. The thick oval represent the half power
region of each beam which are labeled by the letters E
and W, respectively. The independence of the systems is
obtained using two orthogonal polarizations, one for each
transmitting beam. Associated with each pointing direction
is a two-antenna receiving interferometer consisting of rect-
angular sections of the same polarization as the one used in
transmission, i.e., the rectangular sections NW (composed
of the North and West quarters) and SE are used for the
East beam; and the rectangular sections NE and SW are
used for the West beam. The loci of perpendicularity to the
magnetic field are shown for heights 400 (plus signs), 800
(stars) and 1200 km (diamonds) above Jicamarca, accord-
ing to the IGRF2000 magnetic field model. It is important
to note that both interferometer baselines are ~45° from the
magnetic field lines. More specific details on the experimen-
tal setup are presented by Kudeki et al. [1999].

The measurements were conducted with a 10 ms inter-
pulse period (IPP) (1500 km), and 3-baud Barker coded
transmitted pulses with a total width of 300 us and a baud
width of 100 us to provide a nominal range resolution of 15
km with decoded returns. During normal incoherent scatter
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Figure 1. Antenna configuration. Two beams were transmit-
ted, one pointing to the East (E) and one pointing to the West
(W). A sketch of the receiving interferometer for each pointing
direction is shown below/beside each beam. The loci of perpen-
dicularity to the magnetic field are shown for 400, 800 and 1200
km above Jicamarca.

observations the sampling window is between 45 and 930 km.
Complex raw data are recorded for each of the four receiving
channels.

Having noticed the presence of echoes at higher altitudes,
we changed to a higher sampling window, namely between
500 and 1400 km, during the time interval 1440 to 1530 LT.
The first echoes were outside the original sampling window,
so there are no digital records about when they started.
Since the phenomenon is not common, we varied the IPP to
exclude range aliasing from other sources (e.g., the Moon,
ionospheric echoes from higher altitudes). The echoes re-
mained in the same position in the oscilloscope, proving that
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the echoes were coming always from the topside of the F re-
gion.

In Figure 2 we show an example of the spectral charac-
teristics of daytime ESF after coherent integration. As one
can see, these irregularities are very strong and present rela-
tively long correlation times (i.e., spectral widths more than
two orders of magnitude narrower than incoherent scatter).

The top row of Figure 2 corresponds to the spectra (2a
and 2b), power profiles (including noise) (2c), normalized
cross spectral magnitude or coherence (2d), and cross spec-
tral phase (2e) for the West data. Similar plots are shown
for the East data in the bottom row. The cross spectra have
been normalized with respect to signal power (no noise).

From the spectral data, we get values of Doppler shifts
(va), spectral widths, and signal-to-noise ratio (SNR). The
coherent echoes (above ~950 km) are much stronger in the
West beam than in the East beam (~10 dB) and are up to
two orders of magnitude stronger than the incoherent scatter
echoes at the F peak. On the othetr hand, the incoherent
scatter echoes show similar power profiles in both beams,
giving us confidence on the good sensitivity of both systems.
In both beams, |vs| < 1 m s™! and the spectral widths have
comparable magnitudes.

In addition, there are significant differences in power
(Figure 2h) between the two receiving antennas of the East
beam (~5-10 dB), particularly above 950 km (thin profiles
show lower values than the thick profiles). Note also that
the power profile of the NW antenna (thick line) has a sim-
ilar shape than the profiles of the West pointing antennas
(i.e., SW and NE). Because of the similarity in the IS profiles
(below 800 km) and some of the coherent profiles (between
850 and 950 km), we are also certain of the good sensitivity
of both receiving antennas of the East beamm. We discuss
these differences in section 3.

The coherence values for the West data (i.e., SW, NE)
are very high (>0.9), while those from the East data (i.e.,
NW, SE) are less than 0.5. The phase values are pretty
much constant in frequency (only one gray tone) when the
coherence is high.

For each beam we have only one interferometer baseline,
which is not enough to determined the complete horizontal
sizes and position of the irregularities. However, khowing
that these irregularities are highly field-aligned, i.e., very
aspect sensitive in the north-south (NS) direction, we can
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Figure 2. Spectrograms, power profiles and cross spectrograms (magnitude and phase) for the two interferometers, top row for the

‘West beam data and bottom row for the East beam data.



CHAU AND WOODMAN: DAYTIME SPREAD F-LIKE IRREGULARITIES

1.00
0.95

0.90
0.85

0.80

0.75
0.01

Coherence

0.10 1.00 10.00
EW width (degrees)

Figure 3. Calculated theoretical values for different EW angu-

lar widths of a single field-aligned anisotropic Gaussian blob.

infer the aspect sensitivity width (or Brightness width) in
the east-west (EW) direction from the measured coherence
values. We have used equations 6 and 7 of Chau et al. [2000]
which apply for a general two dimensional approach, take
into account the geometry of the experiment (antenna sizes
and positions), and assume an anisotropic Gaussian blob
centered on the beam and with its axes aligned parallel (NS)
and transverse (EW) to the magnetic field lines. This ap-
proach is needed given that the interferometer baselines for
both beams are not aligned with either the parallel or the
transverse directions to the magnetic field. In Figure 3 we
show the coherence values of the interferometer as a function
of the EW angular width. Notice that when the EW width
of the blob is larger than the resulting antenna beam width
of the transmitting and receiving patterns, the coherence is
mostly determined by the latter, and approaches the value
of ~0.77.

In Figure 4 we show the range-time contours of (a) SNR,
and (b) EW aspect sensitivity width (from coherence val-
ues). Figure 4c shows the time series of cross-correlation
phases for different ranges with different gray tones for each
range. The EW widths are as small as 0.2°, and there are
times (e.g., around 1458 LT) when EW width approaches
the antenna beam width. For most of the heights, the phase
slope as function of time is very small (~0.006°s™") and cor-
responds to very small EW drift velocities of about 0.5 m s~!
westward.

‘We are not showing the results of the east beam, because
the SNR was very weak and the coherence was low. More-
over, the East echoes started at lower ranges (850 km) and
lasted for the same time as the west echoes (see section 3
below). :

In general, the measured vertical drifts at F-region heights
were ~15 m s~ upward as usual, while the Doppler veloc-
ities of the irregularities (not shown here) were between -1
and 1 m s™!. The Fregion zonal drifts were ~30 m s™!
westward also close to usual values. As it was shown by
Fejer et al. [1985], these drift values are not expected to
vary much with altitude, particularly for this time of the
day and for solar max conditions. The other ionospheric
conditions before, during, and after the occurrence of these
irregularities were also about normal for this time of the
year, i.e., Kp = 2 (quiet conditions), foF> = 13.50 MHz and
F10.7 = 182.4.
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3. Discussion

As we discuss below, most of our observations, particu-
larly those above 950 km, can be explained if we assume an
anisotropic Gaussian blob with the following characteristic
features: (1) infinitely elongated in the NS direction (i.e.,
field aligned), (2) variable width in the EW direction, and
(3) centered off-vertical in the EW direction. These features
could represent different physical mechanisms (e.g., a small
blob with variable EW widths or a large aspect-sensitive
blob, larger than the beam width) but given our current
one-baseline configuration, it is difficult for us to get a def-
inite description of the actual scattering mechanism. We
will limit our discussion to the observations and the one-
blob characteristic model.

The fact that we consider the irregularities to be field
aligned is highly justified. From a physical point of view,
ambipolar diffusion along the magnetic field would not allow
the buildup of density fluctuations with long coherence time
at any angle other than perpendicular to the magnetic field,
especially at wavelengths much shorter than the ion mean
free path such as the 3-m wavelength that concerns us here.
Only at angles almost perpendicular to the magnetic field,
the projected velocity of the gyro centers of the electrons
are small enough to explain the small Doppler widths (large
coherence time).

As we saw in section 2, the EW widths vary considerably
with time and height and can be as low as 0.2°. Moreover,
there is a clear correlation with the intensity of the echoes,
i.e., the stronger the echoes the narrower the EW widths.

We are assuming that our characteristic blob is centered
off-vertical, because the echoes are consistently stronger
(more than 10 dB) in the West beam than in the East beam.
Moreover, the echoes from the East receiving antennas are
coming from almost the same volume as the echoes from the
West antennas, given the very good agreement in the shape
of the power profiles and the spectral information (not shown
here), particularly from the echoes received at the NW an-
tenna.

With our current interferometer, the angular ambiguity
is less than 1.15°, so we are not able to use the phase in-
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Figure 4. Range-time diagrams of (a) SNR, (b) aspect sensitiv-
ity width in the East-West direction, and (c) interferometer phase,
using the West interferometer. Only data with SNR greater than
-6 dB are shown.
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formation to determine the absolute origin of the echoes.
However, we have plotted the antenna patterns for both the
East and West beams at the loci of perpendicularity for dif-
ferent heights (results not shown here), and we are certain
that the echoes are coming around the main lobe of the West
beam, i.e., the East antennas are seeing the echoes via side-
lobes. Therefore, our characteristic blob is centered around
2.5° to the west of the geomagnetic meridional plane for all
the altitudes (950-1450 km). In addition, from the phase
information we can determine if the characteristic blob is
drifting across the beam. From Figure 4c, we can see that
there is a very small drifting, i.e., phase slope is very small
for all ranges and therefore the westward drift (~0.5 m s™*)
is much smaller than the zonal drift measured at the lower
heights. The small EW velocity will also explain why the
blob did not drift from one beam (E) to the other (W).

So far, the observations we have discussed support our
characteristic blob. However there are two observations that
do not support our model (1) the difference in power between
the two East pointing antennas (i.e., NW, SE) and the low
coherence between their signals, and (2) the existence of
lower echoes (850-950 km) in the East beam. The former
observations can be explained by slight differences in the
sidelobes of the two East pointing antennas, particularly in
the region close to the antenna pattern nulls. Above, we
mentioned that the East echoes were coming via sidelobes,
but if the sidelobes are not the same, both antennas will
receive echoes from slightly different volumes.

The lower echoes observed by the East beam could be ex-
plained by another localized blob, located at a lower altitude
and centered at a different off-vertical position. However,
since the coherence is lower than expected, we also think
they are coming from slightly different sidelobes. This time
the power profiles for the two East receiving antennas are
similar, but the Doppler information is different (results not
shown here).

4. Concluding Remarks

We have reported a new event of the very uncommon
daytime F-region irregularities. The main characteristics of
our observations are similar to those observed on previous
events, namely that daytime spread- F-like irregularities (1)
are up to two orders of magnitude stronger than incoher-
ent scatter echoes, (2) occur between 1400 and 1600 LT, (3)
present very small Doppler shifts, and (4) have long correla-
tion times. On the other hand, the irregularities we have ob-
served occur at higher altitudes (~950-1400 km) than those
seen before (~600-1000 km).
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In addition, from our observations, these echoes (1) are
aspect sensitive in the east-west magnetic direction with
widths as small as 0.2°, particularly when the echoes are
strong, (2) they drift very slowly across the beam, and (3)
are localized in the EW direction.

Although the daytime F region irregularities have some
characteristics similar to those of nighttime ESF, i.e., en-
hanced power over the incoherent scatter echoes and longer
correlation times, we are not in position to propose a defi-
nite physical explanation for their existence. For future ob-
servations, it would be important to know the ionospheric
conditions at E-region heights corresponding to the same
magnetic tubes, to get a better insight on the physical mech-
anism behind these echoes.
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