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Abstract. Two special fine structures observed with the 5.2-7.6 GHz high temporal and spectral resolution spec-
trometer of Beijing Astronomical Observatory (BAQO) are described and analyzed in this paper. Because they
appear as the letters N and M on dynamic spectra, we call them centimetric type N and type M bursts, respec-
tively. They have very short durations (about 500 ms and 300 ms), small flux densities (tens of SFU), narrow
bandwidth (relative bandwidth about 10%), and very small polarization degree (close to the accuracy limit of
observation instruments), but each branch has considerable high frequency drift rates (several GHz/s). We think
that they are an extension of metric or decimetric type U(N) bursts in centimetric wavelengths. Type N and type
M bursts may be due to the mirroring effect near the foot point, as well as a scattering effect caused by whistler
wave turbulence near the top of loop. They may also be interpreted by the quasi-periodic particle injection into

coronal loops.
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1. Introduction

As the sensitive tracer of propagation of subrelativistic
electron beams along open magnetic field lines in solar
corona and interplanetary medium, solar radio type III
bursts have been studied for more than 40 years. Type III
bursts have not been understood clearly, and have cap-
tured the attention of solar physicists up to now.

If electron beams travel along closed magnetic field
lines, the radio bursts will appear as an inverted capi-
tal U on the dynamic spectra. Type U bursts are also
interpreted as being produced by subrelativistic electron
beams (e.g. Maxwell & Swarup 1958; Stewart 1974; Benz
et al. 1977; Benz et al. 1979). Some type U bursts, in
which the third ascending branch following the second
descending branch are observed instantly, this bursts ap-
pears as a capital letter N on the dynamic spectra (Dumas
et al. 1982; Caroubalos et al. 1987; Hillaris et al. 1988).
With the development of high temporal and high spectral
resolution and high sensitivity observation instruments,
type III bursts, as well as the type U(N) bursts have been
observed in decimetric wavelengths (Giidel & Benz 1988;
Aurass & Klein 1997; Aschwanden et al. 1992). However
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we note that no type U(N) bursts have been reported in
centimetric wavelengths.

In this paper, we introduce two centimetric fine struc-
tures observed with high temporal (5 ms) and spectral
(20 MHz) resolution by a new digital multi-channel spec-
trometer of the Beijing Astronomical Observatory (BAO).
On the dynamic spectra, these two fine structures appear
as capital N and M very clearly, therefore, we call them
centimetric type N and type M bursts, respectively. This
may be the first observation of type N/M bursts in such
high frequencies. Because of the similarity to the type
N burst in lower frequencies on the dynamic spectra, we
think that they are extension of metric and decimetric
type N bursts, and they are also due to the plasma emis-
sion excited by electron beams.

In Sect. 2, the type N and M bursts are described in
detail, and the important observational parameters are
measured and analyzed. The discussion and conclusions
are given in Sects. 3 and 4.

2. Observation

2.1. Instruments

The solar radio spectrometer of BAO has been in opera-
tion since July 1999. The total bandwidth is 2400 MHz,
which is covered by 120 channels with a bandwidth
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Fig. 1. Radio burst on November 27, 1999 (thick line: right po-
larization component; thin line: left polarization component).

of 20 MHz each. The temporal resolution is 5 ms. The
flux density and circular polarization of solar radio bursts
are recorded digitally. The sensitivity is better than 2% of
the quiet-Sun level, and the accuracy of the polarization
measurement is better than 5-10% (see Fu et al. 1995, for
details).

2.2. Observations

As shown in Fig. 1, a small solar radio burst with several
impulses superimposed was observed at 04:51-04:56 UT
on 27 November 1999. According to the Solar Geophysical
Data (SGD), a C9.9/1N flare in the Active Region NOAA
8778 located at S12 W15 was recorded. Generally, it is
difficult to observed the fine structures in centimetric
wavelengths.

At 04:52 UT (corresponding to the impulsive phase of
the flare), two fine structures was found at 04:52:21 UT
and 04:52:23 UT, respectively. Figures 2 and 3 show their
dynamic spectra.

In Fig. 2, there is an undeveloped type U (or J) burst,
immediately followed by the third ascending branch at
the end of the descending branch, appearing as a capital
letter N on the dynamic spectrum. As its counterpart in
metric or decimetric wavelengths, we call it a centimetric
type N burst. Another branch with a slower frequency
drift rate (reverse drift) near the beginning of the second
descending branch was found.

In Fig. 3, there is a typical type U burst first, then
the third ascending branch followed the second descending
branch and developed to a weaker type U burst, appearing
as a capital letter M on the dynamic spectrum. Thus, we
call it a centimetric type M burst.

The total duration of the type N burst is about
485 ms, and the total bandwidth is about 0.84 GHz
(from 5.24 to 6.08 GHz), i.e., the relative bandwidth of the
type N burst (Av/v) is about 15%. The bandwidth of the
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Fig. 2. Dynamic spectrum of type N burst on November 27,
1999.

Table 1. Observational characteristics of centimetric type N
burst.

Branch | D(ms) | I(SFU) Av dv/dt

1st AB 40 15 0.24 GHz | 3.40 GHz/s
2nd DB 80 30 0.86 GHz | 2.50 GHz/s
3rd AB 30 20 0.34 GHz | 9.70 GHz/s

second descending branch is much broader than the other
two branches.

The total duration of the type M burst is about 270 ms.
The total bandwidth of it is about 0.44 GHz (5.50 to
6.04 GHz), i.e., the relative bandwidth of the type M burst
(Av/v) is about 9%.

From Figs. 2 and 3, we found that the polariza-
tion degrees of these two bursts are very weak, close to
the accuracy limit of polarization measurement of the
instruments.

The observational characteristics of each ascending
branch (AB) and descending branch (DB) of the type N
and type M bursts, such as typical half power duration D,
typical flux density I, bandwidth Av, and frequency drift
rate dv/dt are listed in Tables 1 and 2, respectively.

3. Discussion

The centimetric type N and M bursts are reported here,
probably for the first time. Because of the similarity
of the spectral morphology between the centimetric and
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Fig. 3. Dynamic spectrum of type M burst on November 27,
1999.

Table 2. Observational characteristics of centimetric type
M burst.

Branch | D(ms) | I(SFU) Av dv/dt

1st AB 80 25 0.50 GHz | 7.10 GHz/s
2nd DB 70 30 0.42 GHz | 5.10 GHz/s
3rd AB 45 15 0.42 GHz | 6.00 GHz/s
4th DB 40 15 0.34 GHz | 9.70 GHz/s

decimetric (or metric ) type U(N/M) bursts, we can pro-
pose that the centimetric type U(N/M) bursts are the ex-
tension of metric and decimetric type U(N) burst.

3.1. Comparison of centimetric and mettric
(or decimetric) type U(N) bursts

3.1.1. Duration

It is obvious that the total duration of type U(N) bursts
decreases with increasing frequency, from 5-40 s at metric
bands (Suzuki & Dulk 1985), to several seconds in the fre-
quency range of 150-470 MHz (Caroubalos et al. 1987), to
about 1 s at decimetric bands (Aschwanden et al. 1992), to
several hundreds of milliseconds at the centimetric bands
of our observations. The reason is that the electron beams
would travel through a denser medium in the lower corona,
where the beams are isotropized faster by Coulomb colli-
sions. So the duration of electron beams is shorter in the
lower corona than in the higher corona. A shorter duration
of type U bursts also implies smaller loops.
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The statistical results of Caroublos et al. (1987)
showed that the durations increased along the three suc-
cessive branches of type N burst, and they believed that it
was strong evidence that the three branches were due to
the same electron beams. Our observations are not consis-
tent with their results. Because there are only two samples
of type N/M bursts, we cannot obtain more reliable rela-
tionships between duration of the successive branches and
time. A possible interpretation of our observations is that
not all electrons were mirrored, and then excited the third
ascending branch.

3.1.2. Polarization

Like metric and decimetric type U(N) burst, the centimet-
ric type N and M bursts have lower degrees of polarization.
This suggests that the centimetric type U(N/M) bursts are
due to the second harmonic plasma emission, because the
polarization degree of the fundamental plasma emission is
generally very high.

As noted earlier, the circular polarization degree of
the type N and M bursts are too small to be measured
precisely, their values are less than 10% throughout the
burst, close to the accuracy limits of our instruments. This
is consistent with previous observations (e.g. Aschwanden
et al. 1992; Aurass & Klein 1997). From this, we can con-
clude that their emission mechanism is the second har-
monic plasma emission.

At lower frequencies (especially less than 100 MHz),
the two branches of the type U bursts generally have dif-
ferent signs of polarization because of the different mag-
netic field direction to the earth. But at higher frequen-
cies, type U bursts show that both branches have almost
the same sense of polarization. The interpretation of this
phenomenon is given in terms of the mode coupling, i.e.,
the quasi-transverse region in the overlying loop systems
(Benz et al. 1977). No obvious polarization reversal was
detected in centimetric type U(N/M) bursts.

3.1.3. Bandwidth and frequency drift rate

The relative  bandwidth  of centimetric type
U(N/M) bursts is about 10%, close to the results of
Aschwanden et al. (1992), but shorter than the statistical
results of metric and decimetric type U(N) bursts of
Aurass et al. (1997).

Centimetric type U(N/M) bursts have a much higher
frequency drift rate (several GHz/s) than that of type
U bursts in the lower frequencies (about 100 MHz/s). This
may suggest a faster beam velocity and smaller density
scale height in the centimetric type U(N/M) bursts.

3.2. The formation process of type N and type
M bursts

It is generally accepted that metric and decimetric type
U bursts are due to the subrelativistic electron beams
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travelling along the closed magnetic field lines.
Subsequently, the third ascending branches of type
N are caused by the same electron beams, which are
mirrored in the vicinity near the foot point of the corona
loop. This idea was supported by the numerical simu-
lation (Hillaris et al. 1988; Kalicky et al. 1996) and the
analysis combined with spatial resolution data (Aurass &
Klein 1997).

If the reflected beams travel along the closed magnetic
fields lines, it may excite the second type U burst again,
resulting in a type M burst on the dynamic spectra.

Furthermore, Karlicky et al. (1996) suggested that
type U(N) bursts can be not only excited by the mirror-
ing effect but also by the scattering of electron beams at
a zone of enhanced whistler wave turbulence near the top
of the loop.

In Fig. 2, the beginning of the second descending
branch (from 5.42 to 5.62 GHz) has another branch with
a slower frequency drift rate (reverse drift). This appears
somewhat like the capital letter U (or J). The dynamic
spectrum of Fig. 2 is very similar to Figs. 5B and 10A
of Karlicky et al. (1996). Now we can describe the whole
process of this type N burst. After the electron beams
traveled through the top of the loop, some electrons were
scattered by the whistler wave turbulence, and formed the
type U(J) bursts near the beginning of the second de-
scending branch. The other electrons continued to travel
downwards; when they were close to the foot point of the
loop, they were mirrored and excited the third ascending
branch.

For the type M burst, the reflected beam traveled in
the initial loop and excited another relatively weaker type
U burst. Because of the loss of energy and velocity, the re-
flected beam could not reach the region as high as the first
type U burst, so its turnover frequency (about 5.58 GHz)
was slightly greater than that of the first type U burst
(about 5.50 GHz).

Type U bursts are much rarer than the normal type IIT
bursts. Furthermore, the results of Aurass & Klein (1997)
indicated that only 10% out of the total type U bursts in
decimetric wavelength were type N bursts.

Because of the collisions with the ambient plasma,
the beams will be decelerated and lose their energy. So
the emission excited by the beams would be fainter and
fainter. The previous observations and our data support
this conclusion. For subrelativistic electron beams, they
will be isotropized within one second in the lower corona.
We think that this is why we could not observe frequently
type U(N/M) bursts.

There may be alternative ways of forming a type N and
type M burst. Quasi-periodic sequences of type III bursts
were not rare during flares (e.g. Zhao et al. 1991), and
decimetric type U bursts in quasi-periodic sequences have
been also observed (Aschwanden et al. 1993). The period-
icity of type IIT and type U bursts can be interpreted by
the model of quasi-periodic particle (electrons) injection
(Aschwanden et al. 1993, 1994). Especially, if the period of
the subsequent type U burst is similar to the duration of
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the type U burst, a chance coincidence of the end of a first
type U burst with the start of the second type U burst,
which make a type M burst, is relatively high.

3.3. Estimation of parameters

According to the observational characteristics of the cen-
timetric type N and M bursts, we can estimate the pa-
rameters of the source. All the following calculations are
based on the assumption of the second harmonic plasma
radiation.

The electron density is given by the relation between
the observed frequency and source plasma frequency, from
the center frequency of about 5.7 GHz of the type N and
type M bursts, we get the electron density N, = 1.01 x
10" ¢m™3 (for the second harmonic radiation).

A lower limit of the beam velocity Vi can be estimated
from the requirement of the deflection time ¢p by Coulomb
collisions with the thermal particles.

tp = 3.1 x 1072°V{§ /N (1)

According to the total duration of about 485 and 270 ms
of type N and type M bursts, respectively, the minimum
velocity of electron beam Vy =~ 0.40c and Vi ~ 0.32c.
So we can roughly get the length of the loops of the type
N burst Ly = 0.40¢x0.485s = 5.8x10? cm, and the length
of the type M burst Ly = 0.32¢ x 0.27s = 2.6 x 108 cm.

Under the assumption of the plasma emission excited
by the electron beams in a barometric solar atmosphere,
there is a linear relationship between the frequency drift
rate and frequency (Benz et al. 1983); here we take the
temperature T = 2 x 10% K.

In order for the corona plasma to be magnetically con-
fined, 8 = 3.47x 105N, T/B? < 1, in this case, under the
assumption of T = 2 x 10% K and N, = 1.01 x 10! cm™3,
the magnetic field strength could exceed 26 Gauss.

Using Eq. (5) of Benz et al. (1983):

N - N A 2)
106 K " ¢/3dw/dt cosf

where T' = 2x10° K , cos @ ~ 0.9 (S12 W15), v = 5.7 GHz,
dw/dt = 4.0 GHz/s (for a type N burst, the average value)
and dw/dt = 7.0 GHz/s (for a type M burst, the average
value). We get the beam velocities of type N and type
M bursts Vi = 0.39¢ and Vi1 = 0.68¢, respectively, which
satisfies the requirement of minimum velocity of the elec-
tron beams.

The optical thickness for the fundamental radiation is
given by Dulk (1985):

T=15x10"1T73/22H, (3)

The optical thickness for the second harmonic emission is
16 times lower than that of the fundamental emission. In
the present event, in order for the second harmonic emis-
sion escape from the corona, with the optical thickness
7 & 1, we get the density scale height (along the observer’s
line-of-sight) H = 930 km. This value may mean a smaller
density scale height in the lower corona.
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4. Conclusion

We discuss the new observations of centimetric type N
and type M bursts observed on 27 November 1999. We
think they are extension of metric and decimetric type
U(N) bursts in centimetric wavelengths. They can be in-
terpreted as the second harmonic plasma emission excited
by the same subrelativistic electron beams mirrored near
the footpoint. If the reflected beams again travel along
open or closed magnetic field lines, we may see a type N
or type M burst.

Quasi-periodic particle (electrons) acceleration and in-
jection may be an alternative interpretation of type N and
type M bursts, especially when the period of the subse-
quent type U bursts is similar to the duration of the type
U bursts.

As fine structures, type N and type M bursts sug-
gest that there are more complex and smaller magnetic
configurations in the lower corona. We believe that some
new spectral features of solar microwave bursts will be ob-
served in the future. This is helpful for us to understand
the characteristic of the corona magnetic arch, corona con-
dition, and the behavior of electron beams.
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