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Abstract. We report radio observations of enhanced emission associated with the extreme-ultraviolet
(EUV) jets from polar coronal hole regions of the Sun, with the Gauribidanur radioheliograph (GRH).
We have estimated the brightness temperature, electron density and mass of the ejected material.
These jets were not accompanied by nonthermal radio bursts, particularly Type IIl events.

1. Introduction

In a recent paper, Wanet al. (1998) have reported observations of correlated
white-light and EUV jets from polar coronal holes with the Large Angle Spec-
trometric Coronagraph (LASCO, Bruecknetral., 1995) and Extreme-ultraviolet
Imaging Telescope (EIT, Delaboudiniere, 1995) on 8war and Heliospheric
Observatory(SOHO) during the period April 1997 to February 1998. These jets
originate near flaring EUV bright points and they are triggered by magnetic recon-
nection between newly emerged bipolar magnetic fields and neighbouring unipolar
flux. Though these jets are similar in appearance to those discovered earlier in soft
X-rays with Yohkoh(Shibataet al,, 1992), they are mainly confined to the polar
coronal holes unlike those which occur predominantly in active regions and flaring
soft X-ray bright points (Mosest al,, 1997). We searched tt#olar Geophysical

Data (1997a,b) for a possible temporal association between these jets and non-
thermal radio burst emission, since such an association would identify the flaring
EUV bright points with the flare process. None of the events reported by Wang
et al. (1998) were accompanied by nonthermal emission, particularly Type Il ra-
dio bursts, as was reported in the case of soft X-ray jets studied by Ketnalu
(1995). In this paper, we present evidence for a close association (both spatial and
temporal) between the EUV jets and a region of enhanced emission seen in the
radio heliograms obtained with the GRH.

2. Observations

The EUV jets reported were observed with the EIT on 19 April 1997 at 05:24 UT
and 21 October 1997 at 05:47 UT (Waagal.,, 1998). The corresponding white-
light jet was seen in the LASCO C2 coronagraph at 06:30 UT. The details of the
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TABLE |
Details of EIT/LASCO jets

Date EUV  Positionangle Enters Position angle
event ¢~ 1Rp) Cc2 r > 2Rp)
(UT)  (deg) (UT)  (deg)
19 Apr. 1997 05:24 182 06:30 183
21 0Oct. 1997 05:47 356 06:30 352
TABLE Il
Jet speeds
Date Time Viead Veen Vinit
(um (kms?1)  (kms1l) (kms
19 Apr. 1997 05:24-07:35 496124 295 292
21 0ct. 1997 05:34-07:23 56P140 299 478

jets are given in Tables | and Il. One can clearly notice the jets in the LASCO C2
difference images shown in Figures 1 and 2.

The radio images were obtained with the Gauribidanur radioheliograph (GRH,
Ramestet al,, 1998) during the local noon at 06:30 UT. Out of the 27 correlated
EIT and LASCO events listed by Wargg al. (1998), temporal association with
the GRH data was available only for the above two events since the duration of
observations with the GRH is limited to the meridian at present. The radio obser-
vations were made at the same time when the jets were first seen in the LASCO
C2 coronograph. The observing frequencies were 75 MHz on 19 April 1997 and
109 MHz on 21 October 1997. The integration time used was 145 ms. This is
well suited for observing any transient events like the Type Il radio bursts which
last for a few seconds. But in the absence of any burst emission, we average the
data offline for an effective integration time of about 5 s to minimize the noise.
The Sun was ‘quiet’ and no transient nonthermal burst activity was reported in
the Solar Geophysical Dat§1997a,b) neither at the time of the main EUV event
nor during our observational period. The values of the observed peak ‘quiet’ Sun
brightness temperaturdy) were 183 x 10° K at 75 MHz and 33 x 1¢° K at
109 MHz. On both the observing days, excess emission was detected in the radio
heliograms (Figures 3 and 5) at the position angle of the jets mentioned in Table I.
In Figures 4 and 6, we have plotted the region of enhanced emission alone to bring
it out more clearly against the background ‘quiet’ Sun. The centroid of the region
was located at 2 R, above the limb. The velocity of the jets listed in Table I
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Figure 1.Difference image obtained by subtracting the LASCO C2 image obtained on 19 April 1997

at 05:50 UT from that at 06:30 UT. The field of view isS@Ry in the E-W direction and 8 R,

in the N-S direction. The edge of the outer most of the two circles at the center is at a height of
2.1 Ry from the center of the Sun. North is straight up and east is to the left. The location of the jet
is indicated by the rectangular box.

indicates that the excess emission was associated with the leading edge of the jet.
The brightness temperatures were found to be lower than the corresponding peak
value of ‘quiet’ Sun by about an order of magnitude. Table Ill gives the details
of the region of enhanced emission seen in the GRH maps. One can notice that
the values of the various parameters are slightly smaller at 75 MHz compared to
109 MHz in spite of the altitude of the location of the regions being the same at
both frequencies. However, it is to be noted that while the time delay between the
75 MHz observations on 19 April 1997 and the main EUV eruption was 66 min,

it was only 43 min in the case of 109 MHz observations on 21 October 1997.
According to Wanget al. (1998), only in a few cases does the material continue to
be ejected from the source up to 1 hr after the main EUV event.
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Figure 2. Difference image obtained by subtracting the LASCO C2 image obtained on 21 Octo-
ber 1997 at 06:07 UT from that at 06:30 UT. The field of view is the same as in Figure 1. The
location of the jet is indicated by the rectangular box.

TABLE Il
Characteristics of the region of enhanced emission seen in the GRH data

Date Frequency Size Tp Ne Mass
(MHz) (arcmin) (1#K) (108cm3) (10°¢)
19 Apr. 1997 75 28 21 1.27 1.71 4.65

21 0Oct. 1997 109 2% 19 3.34 4.66 6.43
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T T 1 T

ARC MIN
=)
T

20F

1997/04/19

-40 -20

ARC MIN

Figure 3.Radio map obtained with the GRH at 06:30 UT on 19 April 1997. The contour levels are
from 95 to 5% in steps of.83 x 10° K. The open circle at the center is the solar limb. The beam size
is indicated by the filled circle at the bottom right-hand corner.
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Figure 4.Map of the region of enhanced emission seen in Figure 3. The contour levels are 91, 82,
74, 65, 56, 44, 35, 26% 0f 27 x 10* K.
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GAURIBIDANUR RADIO HELIOGRAM - 109 MHz
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Figure 5.Radio map obtained with the GRH at 06:30 UT on 21 October 1997. The contour levels
are from 95 to 5% in steps of & x 10° K.
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Figure 6. Map of the region of enhanced emission seen in Figure 5. The contour levels are 95, 84,
74,63, 53, 42, 32% of.34 x 10* K.
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We would like to point out here that it was possible for us to observe faint
features such as those mentioned above mainly because of the calibration scheme
that is used for processing of the GRH data. This scheme which effectively makes
use of the available redundancy in the length and orientation of the various base-
line vectors allows us to image material at brightness temperatures ranging from
~ 10* K above the background te 10° K in the same map (Ramesh, 1999).

3. Analysis and Results

Since the electron temperature of the jet is nearly same as the coronal temperature
(Wanget al, 1998), it is possible to explain the enhanced radio emission asso-
ciated with the jets purely on the basis of thermal emission. In order to simulate
the observed brightness distribution, we performed ray tracing calculations using
Newkirk’s density model of the solar corona (Newkirk, 1961). Since the electron
density at any point in the corona during the solar minimum is considered to be
half of that during the maximum (Thejappa and Kundu, 1994), we have

Ne(p) = 2.1 x 10377 [1 4+ Cy exp(—B%/2 0%) ] cm™3 (1)

wherep is the distance from the center of the Sgris the distance from the axis
of the region of enhanced density amds the width of the enhanced region. All
distances are in units of the solar radius. The constantietermines the density
enhancement factor. In the present case, the valaends taken to be the same as
the lateral width of the discrete source seen in the radio heliogram in Figures 4 and
6. Assuming the background corona to be isothermal with the electron temperature
T, = 1 x 10° K, we found from our simulation that for th&, at a height of
approximately 2R above the limb to be the same as the observed value, the region
of enhanced density should be oriented at an angle of abbQ€ to the line of
sight and the values @y should bex~ 2 and 6 at 75 and 109 MHz, respectively.
We were able to account for the increaggdf the coronal region at the location
of the leading edge of the jet by enhancing the density alone and no increase in
temperature was required. The orientation of the region of enhanced density in the
ray tracing calculation agrees closely with the position angle of the jets mentioned
in Table I, as well as the altitude of the region of the enhanced emission in the
radio-heliograms.

Since the corona is optically thin far above the limb at frequencies around
80 MHz (Sheridan and Dulk, 1980), one can calculate the electron density using
the formula (Sheridast al.,, 1978)

N, = [5£2T221,1.71]"*cm 3, )

where f (MHz) is the observing frequency, is the electron temperaturg, is the
observed brightness temperature of the region of enhanced emissidnigrle
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depth of the region along the line of sight (in units of)RIn the present case we
assumed the depth to be the same as the observed radial width of the radio source in
Figures 4 and 6. Assuming that the coronal plasma is a fully ionized gas of normal
solar composition (90% hydrogen and 10% helium by number), one finds that each
electron is associated with approximatelyx210-24 g of material. Therefore, the

mass of the expelled material is given by

M=2x10%N,V g, (3

whereV is the volume of the region of enhanced radio emission. Its value was
calculated by multiplying the area of the discrete radio source in Figures 4 and 6
with the assumed depth. The values a@61x 10°3 cm® and 69 x 10°? cm® on

19 April 1997 and 21 October 1997, respectively. The kinetic energy of the jets was
calculated using the formulBy, = 1M VZ,, and the values are® x 10°* ergs

and 101 x 10°! ergs, respectively, on the above-mentioned two days.

4. Discussion and Conclusions

Simultaneous observations witlohkohand the Nancay radioheliograph were used

by Kunduet al. (1995) to show that there is a close spatial and temporal associa-
tion between the soft X-ray jets in thdohkohpictures and metric Type Il radio
bursts. They estimated the value of the electron density at the top of the jet to be
~ 6.9 x 10® cm3. In the present case no Type Il radio bursts were observed in
spite of the kinetic energy of the jet material beirg10®! ergs, which is higher

than the upper limit of~ 10?° ergs reported for the soft X-ray jets by Shibata
(1997). Also, it lies in the range of energy values for the normal flares which is
about 16° — 10°! ergs (Yokoyama and Shibata, 1996). It was shown by Kundu
et al.(1983) that the Type Ill emitting nonthermal electrons propagate mainly along
dense structures like coronal streamers which have densitled.0 times higher

than the ambient corona. In spite of an increase in the electron density at the loca-
tion of the jet, Type lll radio bursts were not observed in both events reported here.
Since the observations of radio bursts at long wavelengths is a straight forward indi-
cator of the presence of nonthermal population of energetic electrons (ktatu
1994), the lack of their association with EUV bright point flares raises the question
regarding the nature of the latter as compared to the normal flares. However, it must
be noted that there is not always a one to one correspondence between flares and
type Il radio bursts. While the statistical association between X-ray flares and type
[l bursts is 30%, it is only 10% in the case of white-light flares (Dulk, 1985). In
spite of these, one cannot rule out the possibility that the bursts are being too weak
to be detected by the existing spectrographs in the present case.
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