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Abstract. We report results from EISCAT and MERLIN ob- operated together as a single extremely long-baseline system
servations of radio scintillation during a solar eruptive eventfor a limited number of observations each year (Breen et al.,
in May 2005. Anomalous increases in signal strength de-2006).

tected at sites more than 2000 km apart are shown to arise |pg arises when a compact astronomical radio source is

from the detection of a strong coronal radio burst in the dis-gpserved close to the Sun in the sky. Differences in the de-
tant off-axis response of the MERLIN and EISCAT antennas.gree of refraction introduced by turbulent-scale irregularities

These observations show that EISCAT is capable of detectyjye rise to phase changes in the incident wave — these are
ing the signatures of explosive events in the solar atmosphergonverted to amplitude variation as the signal continues to
with a high degree of time resolution. We further suggest tha{tropagate, and if this pattern is sampled with two radio tele-
the highly time-structured variation in signal strength causedscopes then the result will be two time-series of signal power,
by distant off-axis detection of a powerful coronal radio sig- ith the signal varying on timescales of 0.1-10s. The accu-
nal could provide an explanation for previously unexplainedracy to which IPS can estimate solar wind speed improves
anomalies in EISCAT IPS observations, as well as being a5 the separation of the antennas projected into the plane
potential source of errors in active observations using radaps the sky increases (Rao et al., 1995; Coles, 1996). The
codes with a completion time longer than the time-variation programme of extremely long baseline IPS experiments us-
of the coronal signal. ing EISCAT and MERLIN takes advantage of this improved
Keywords_ Solar physiCS, astrophysiCS,and astronomy (Ra.SGnSitiVity to Study the fine structure of solar wind VelOCity
dio emissions; Flares and mass ejections) — Radio sciencdistribution (Bisi et al., 2006; Breen et al., 2006).
(Instruments and techniques) IPS observations require accurate measurements of sig-
nal power with a time resolution sufficient to determine not
only the spectrum of scintillation, but the background level
at higher frequencies. EISCAT samples the detected signal
at a rate of 16Hz which is subsequently averaged to give

Measurements of interplanetary scintillation (IPS) have beerft 10W-noise time series of intensity measurements at 0.01-s
used to study the solar wind for over forty years (e.g. HewishNtérvals, while MERLIN samples at 100Hz. EISCAT IPS
et al., 1964; Armstrong and Coles, 1972; Kojima and Kak- observations have occasionally detected anomalous bursts
inuma, 1990). With its wide antenna separations low-Of enhanced radio signal intensity with little or no time-
noise receivers and accurate timing control, EISCAT is well-120 between the variations at different sites.  Until re-
suited to IPS observations (Bourgois et al., 1985) and regulaf€ntly the cause of these events was assumed to be so-
programmes of measurements have taken place since 19480 but this assumption had not been tested. In this paper
(Coles et al., 1991). The MERLIN network of radio tele- W& discuss one such event which was recorded simultane-
scopes has also been used for IPS studies (Rickett, 1992usly at EISCAT and MERLIN. The availability of data at

Breen et al., 2000) and from 2002 the two systems have bee{'©_frequencies from the very widely separated antennas
of EISCAT and MERLIN, together with supporting infor-

Correspondence toA. R. Breen mation from the GOES, SoHO and TRACE spacecraft and
(azb@aber.ac.uk) from the PHOENIX-2 radio spectrometer made it possible to
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Weird Anomaly - 20050513, EISCAT and MERLIN Data
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Fig. 1. Observations from EISCAT and MERLIN of the anomalous radio signal strength enhancement of 13 May 2005. The Jodrell Bank
(Mk.1A), Cambridge and Knockin telescopes of MERLIN and the Kiruna and Sodamdégdscopes of EISCAT were operating at a central
frequency of 1.4 GHz. The Tromsg telescope of EISCAT was operating at a central frequency of 0.93 GHz.

characterise this event as a coronal radio burst, detected iradio emission. There did, however, appear to be some prob-
the distant side-response of the antenna beams. A coron&ms with this interpretation.
mass ejection launched by this event was detected by EIS- On 13 May 2005 the point of closest approach of the ray-
CAT and MERLIN during IPS observations the following paths from the EISCAT and MERLIN telescopes to 3C84 lay
day and went on to pass the ACE spacecraft at the L1 La84 solar radii ) off the north-east limb of the Sun — over
grange point at 02:00 UT on 15 May 2005. Analysis of this 20° away from the Sun in the sky. The main beam of the
event is in progress and it will be described in a forthcomingKiruna and Sodankg@ EISCAT UHF antennas operating at
paper. 1.4 GHz is 0.44 wide, with first sidelobes some 17dB down
on the main beam (Wannberg et al., 2002). This appeared
to make it unlikely that a source so far off-axis could be de-
2 Observations on 13 May 2005 tected. Furthermore, early EISCAT observations of IPS at
10-12R; from Sun centre showed a very clear “saw-tooth”
Shortly after 16:30 UT on 13 May 2005 during IPS observa- pattgrn in signal strength, cau'sed by the limb of the Sun drift-
tions of the strong radio source 0319+415 (3C84) the tele-"'J " and out of the beam sidelobes as the antenna moved

scopes of EISCAT and MERLIN observed significant and every 2565 (Breen et al, 1996)_‘ Th'$ led us to expect that
. . : o : if the source had been detected in a side-lobe of the antenna
highly time-variant enhancements in signal strength (Fig. 1)

This enhancement lasted until shortly after 17:10 UT on beam then it would have shown a 2.56 s periodicity in EIS-

13 May 2005. X-ray data from the GOES spacecraft and oy CAT observations but not in data from MERLIN, where the

treme ultraviolet images from the EIT instrument on SoHO antennas tra_ck continuously. This was not the case, and it
. . . made it considerably harder to explain the observations. Fur-
(Fig. 2) showed that a significant solar eruption had taken I i : .

. o . ther difficulties arose from the difference in strength and in
place near disc centre, beginning shortly after 16:30 UT. Att'me- ariation of the sianal enhancement recorded at the dif-
the same time the PHOENIX-2 radio spectrometer (Mess_fleren\t/sitlesl These isslges are discussed in the next sectiorl1
mer et al., 1999) recorded a strong radio burst from the solar ' '
corona (Fig. 3), with emission moving to lower frequencies
with time. Taken together, these observations immediately3 Discussion
suggested that the enhancement in signal strength detected by
EISCAT and MERLIN were associated with the solar erup- The structure and strength of the enhancement event seen
tion and could, perhaps, represent a detection of the coronah radio data from EISCAT and MERLIN differed from

Ann. Geophys., 24, 2412418 2006 www.ann-geophys.net/24/2413/2006/
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Fig. 2. GOES X-ray flux (top panel) on 13 and 14 May 2005. The onset of the flare shortly after 16:30 UT on 13 May 2005 can be clearly

seen.

telescope to telescope. In particular, the time-series of signal
power from Cambridge showed a high degree of fine struc-
ture between shortly after 17:00 UT and 17:15 UT which was
not present in data from the other telescopes. The strength
of the enhancement was also greatest in the data from these
two telescopes, with the largest increase in signal strength
seen at Cambridge. The degree of enhancement was consid-
erably weaker in the EISCAT 1.4 GHz measurements from
Kiruna and Sodank#, while the 0.93 GHz measurements
from Tromsg showed a distinctly different time variation.
The enhancement was weakest in the data from the 76 m Jo-
drell Bank Mk.1A telescope, though the time variation was

very similar to that seen in the EISCAT 1.4 GHz measure- _

ments.

While initially puzzling, these variations proved possible
to explain in terms of the known characteristics of the two
systems:

— The 76m MK.1A telescope at Jodrell Bank has a consid-
erably narrower beam then the 32m EISCAT antennas
or the 25m and 32 m telescopes at the other MERLIN
sites. The weaker response in the Mk.1A signal was an

www.ann-geophys.net/24/2413/2006/

important indication that the radio enhancement did not
lie in the centre of the telescope beams;

— the rapid time-variation of the signal seen in the Cam-

bridge data is consistent with the known characteristics
of the MERLIN signal processing hardware, which in-
stead of saturating “rolls over” and resumes counting
from zero. This rapid time variation — which was not
seen in the weaker signal strength enhancement seen at
the other elescopes — is therefore an artifact introduced
when the enhancement raised signal levels out of ac-
ceptable limits for MERLIN;

the weaker response seen in EISCAT 1.4 GHz data —
and particularly in Kiruna data — is consistent with the
results of other IPS observations in 2005, in which the
signal strength at Kiruna was lower than observed in
previous years;

the difference in the time-variation of the strength of
enhancement seen at Tromsg at 0.93GHz and in the
other sites at 1.4 GHz is easily understood if the source
of emission was itself varying in frequency during the
event.

Ann. Geophys., 24, 2418-2006
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Fig. 3. PHOENIX-2 radio spectrogram from 16:30 UT onwards on 13 May 2005. The onset of enhanced emission at lower frequencies from
16:35 UT, leading to a strong burst from 16:45 UT can be clearly seen. The evolution from high-frequency emission to lower frequencies is
characteristic of coronal radio bursts, as the blast wave from the explosive event rises higher into the corona.

Table 1. Results of cross-correlating time series of signal intensities recorded at the EISCAT and MERLIN sites against PHOENIX-2
observations The data were averaged over 30 s (shown in bold type), 10 s (shown in normal type) and 0.1s (shown in italic type). The 30s
and 10s averages were used to eliminate the short-period time-variation due to interplanetary scintillation from the EISCAT and MERLIN
data, the 0.1-s averaging was used to determine whether any time-lag between variations in EISCAT/MERLIN and PHOENIX data was
present.

Site 1 Site 2 Maximum cross- Time-lag for maximum
correlation % Data cross-correlation (s)
averaged over:
30s,10s0.1s

PHOENIX-2 1.4GHz Kiruna 60.1, 59.7,59.2 0,0,0.0

Sodanky& 66.2 64.6,64.1 0,0,0.0
Jodrell Bank channel 1 66.3 64.8,58.8 0,0,0.0
Jodrell Bank channel 2 62.8 62.1,58.6 0,0,0.0
Cambridge 77.076.4,71.3 0,0,0.0
Knockin 73.971.7,70.4 0,0,0.0
PHOENIX-2 0.915 GHz Tromsg 89.6 91.3,89.8 0,0,0.0
PHOENIX-2 0.985 GHz 59.7,60.0,60.5 0,0,0.0

Once the differences between the observing systems weran intrinsic difference between the characteristics of emis-
taken into account, the results provided strong evidence thagion at 0.93 and 1.4 GHz. These characteristics seemed to
all the telescopes receiving at 1.4 GHz were observing arbe consistent with an observation of a coronal radio burst
event with the same characteristics, that the source of emisahich was co-temporal with the flare, but we were initially
sion did not lie in the centre of the beam and that there wasincertain of this interpretation because the observation was

Ann. Geophys., 24, 2412418 2006 www.ann-geophys.net/24/2413/2006/
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so far off-Sun and because no signatures of the tracking inter-
val (such as we would have expected if strong emission was EISCAT (1420 iz, MERLIN 01420 M) anl oernc2 (1415 i),
being picked up in a discrete side-lobe) were apparentinthe ¥ ———>r—
EISCAT data. W. Coles and W. Erickson independently sug- | qua;::;'?q; i;fﬂl:'” 1
gested to us that we might be detecting strong emission from Jockell 2 (1420 MHz)
the corona in the relatively flat, far off-axis response of the

Kirura {1420 MHz) T
telescopes (private communications, 2005), an interpretation 300 Phoenix2 (1415 MHz) .
which was supported by detailed consideration of the EIS- Z sl
CAT UHF beam characteristics at 1.4 GHz, which showed .

Sodankyla (14203
. — U N
that by 20 off-axis the response was near-constant at about e

350 F

Poey aihitary whitsh
M
=]
=1

10° of the gain at beam centre. With this established, we v |

could confidently associate the transient enhancement in sig- M

nal strength detected by EISCAT and MERLIN on 13 May ey - b

2005 with the coronal radio burst detected by PHOENIX-2. sl _
The IPS experiment which provided that data discussed ‘ |

in this paper was primarily designed to record fluctuations — Yo 65 185 167 188 165 v i1 vz s e

Tirme {decimal hours on 13 May 2005

scintillations — in signal strength taking place on timescales
of ~0.1to 10s. The time-structure of the radio burst, how- @
ever, varies more slowly than this, so before comparing the
variation in signal power seen by EISCAT and MERLIN with
the PHOENIX-2 record varying degrees of smoothing were
introduced by taking running averages over periods of 30s,
10s (to smooth out the short-period fluctuations in EISCAT
and MERLIN data introduced by interplanetary scintillation)
and 0.1s (to determine whether there was any time-lag be-
tween variations seen by the two systems). When the 10s-
averaged time-series of signal intensities from MERLIN and
EISCAT (Kiruna and Sodankg) data were cross-correlated
against the PHOENIX-2 time-series at 1.415MHz strong
correlations at zero lag were revealed, ranging from 76.4% ool
between PHOENIX-2 and Cambridge data and 59.7% be-
tween PHOENIX-2 and Kiruna (Table 1). The agreement .
between the PHOENIX-2 records at 0.915 GHz and EISCAT AL e LA
Tromsg at 0.928 GHz was even better, showing a correlation
of over 91%. The degree of correlation between the EIS-
CAT record and the PHOENIX-2 0.985 GHz time-series was.
There was no evidence for any time-lag for maximum corre-
lation, even when the averaging period was reduced to 0.1 §ig. 4. (a) Time-series of radio intensity recorded at the Kiruna and
(Table 1). Sodankyh EISCAT sites, at the Jodrell Bank, Knockin and Cam-
Figure 4 compares the intensity of radio emission detectedridge MERLIN sites and by the PHOENIX-2 instrument at ETH

at EISCAT and MERLIN sites with that measured at 0.93 andZurich, all at 1.4 GHz(b) Time-series of radio intensity recorded at
1.4GHz by PHOENIX-2. The agreement is most impres_EISCAT Tromsg at 0.928 GHz and by the PHOENIX-2 instrument

sive, strongly indicating that the instruments were observingat ETH Zurich at 0.915 and 0.985 GHz.

the same event. An especially interesting point is that EIS-

CAT and MERLIN provide better information on the peak _

of the radio burst — the PHOENIX instrument reaches sat-# Conclusions

uration, but EISCAT and MERLIN (with the exception of

Cambridge) remain within signal intensity limits. This result The results presented in this paper are clear evidence that

clearly demonstrates that EISCAT (and MERLIN) can pro- the anomalous enhancement in EISCAT and MERLIN signal

vide valuable information on the evolution of coronal radio levels detected on 13 May 2005 were due to the detection of a

busts — and thus on solar explosive events. coronal radio burst in the distant side response of the antenna
beams. In particular, the data from SodasdgKnockin and
Jodrell Bank show very good agreement with the time-series
of signal intensity at 1.415 GHz recorded by the PHOENIX-2
radiospectrograph — and provide better information on the

Radio Burst Observation on 13 May 2005,
EISCAT (925 MHz), Phoenix-2 (915 MHz) and Phoenix-2 (385 MHz)
BOO T T T T T T T T

Tromso (928 MHz)
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