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Type Il solar radio bursts are one of intense radio wave emissions that appear with the solar flares. They appear in the
wide frequency range from the GHz to kHz band, and show a large negative frequency drift. A generation process of
type III bursts is thought that high energy electrons originally generated with magnetic reconnections during a flare
event excite Langmuir waves in the solar corona and/or interplanetary space, then the Langmuir waves are converted
into electromagnetic waves observed as type III bursts. It is therefore generally assumed that the frequency of type 111
bursts reflects the plasma density in the solar corona and/or interplanetary space where the radio waves are generated,
and their frequency drift reflect the plasma density distribution and the velocity of high-energy electrons.

It is well known that density distributions of the solar plasma differ depending on the activity of solar surface area (ex.
Aschwanden and Acton, 2000). This implies that the plasma density distribution roughly varies with the solar activity
cycle and therefore the frequency drift rates of type III bursts might show solar cycle dependence since the drift rate
should reflect plasma density distributions along the paths of high energy electrons and also their energies. Although
the occurrence rates of type III bursts are known to show a positive correlation with solar activity, our knowledge for
solar cycle dependence of the drift rates has been still limited (ex. Zhang et al., 2018).

In this study, we have investigated statistical occurrence features of type III bursts, especially drift rate, flux density and
their mutual relations, to clarify their solar cycle dependence. For this purpose, we have tried to make statistical analyses
of type III bursts using a database of solar radio spectra observed with the Nancay Decameter Array (NDA) in France
since 1977. We have analyzed the low-resolution data (175 kHz frequency resolution, 1 second time resolution) of the
Nancay Decameter Array (NDA) in Paris, France. Although the observation frequency range of NDA is 10MHz-
80MHz, we have used the spectra for 30-80MHz to avoid hard artificial radio noises below 30MHz.

In this analysis, an automatic burst detection system was newly developed to make the statistical analyses. First,
candidates of solar radio bursts were picked up as the ones whose radio flux exceeded some threshold level. Second,
more plausible candidates as type III bursts were sorted out automatically as the bursts appearing continuity in the
frequency and time domains at some extents and also with the negative frequency drift. Next, we visually identified the
detected burst candidates, classified the type III bursts and those that were not, and developed a Convolution Neural
Network (CNN) that detects type III bursts. Finally, we identified the type III burst from the CNN results through a
visual check.

Using the developed automatic detection system, analyses for the NDA data observed in the solar cycle 24 have been
performed. A preliminary result shows that the number of detected type III bursts in 2017 (near the solar minimum)
was reduced to about 2/5 compared to that in 2013 (around the solar maximum) and frequency drift rate was somewhat
higher in 2017 than 2013. In the presentation, we will introduce the automatic type III bursts detection system and
show solar cycle dependence for the occurrence characteristics of type III bursts based on statistical analysis with the
discussion of their background processes.

Acknowledgments: The solar radio spectrum data was provided by the Nancay Observatory, Observatoire de Paris,
France. We would appreciate Dr. L. Lamy and the NDA operation group.

KRIGEPMBAS—Z M E, 7 LTIt THBLS 2 2R BRI O —>Th 2, 2o MBIRBEEIE GHz w2 5
kHz 45 ¥ CILHIPHICBE L O, RELRADOREE Y 7 P R 3R Z2 Ko, M —2 b oFAMEE L LT, |5V
AR vavicko TER -MEINZEIALTF—BFLAKREG e FHO 77 X~ %53 2 FRIC Langmuir % %
JkE L. BIC Langmuir 3 BMEIKICEEI N SN b EE 2 LN TW 5B, fE> T, MR N—X b O JEHEUTER
BFEAETIERG 2 FHO T I X EEEZRKML, ZORFEE N 7 V377 AEEM AL BT ALY —BTOD
HEx T 5 LEIND,

KGar o7 7 XBEESMICOWTEKGREBROEHIREICL > THRAEZZEBHONLTWS (ex.
Aschwanden and Acton, 2000), Z® Z &t KIGEEIEEORIEI A 7 — A TE 2 728568, 7 7 X~ B 00 23 4L 15
I X KBHEBIEICIS U Tl 5 2 L 2RE 3 5, RN — 2 b & RGEENE & OBIfRICO W TIE, Z O HIAEE 2
HENE EIEOMBIZ RT L I3AIONT WS, ZDO—FT, auF D77 X2EE M- CBIKIMEIRO & 4L ¥ —
B ELBRT 2N Y 7 RO KEIEEIE & o BfRICD Wi, EFTHHZIR & 40T % (ex. Zhang et al,,
2018), # Z TAHRIFZETIX. KEGREHEES ORI A7 —A T, MIBAA—X 238D X5 RS ~EERErY 7 b



KOHHEBE~ 2RL, INRTIRXAEESHPHI AL —ETHEL &0 X9 RERERO»rEHL»ICL
T e ZHWIC, EWMATIRS— X+ D 2~ bV H BV D fFHT % 3024 72,

ZOHMD =D, R Cld, RIAB O KGERE A~ 27 vl Tbit s 77 v 2 ¥ ) KA Nancay
Decameter Array (NDA) DAKSfERET — & (JEIEE 7 RE 175kHz, IR0 FRRE 1sec) Z#MEA L, MBI AN—Z D
BT 2 1T o 72 NDA O &LHIE HE(T 10MHz-80MHz TH 2 23, A3 2 EREEISIZATL 2 4 XD
BARD L, MR —2 F oHE2ES 7% 30-80MHz & L 7z,

fEMT I, MBI N — X+ O#EH e BB 2 R 2 2 720 c, TR AN— 2 F o BB 7 0 275 A% {ER L 72, B
BT — 2ot U C RIS — 2 P e L Ol T 2BIEAEE L. BEABA 2T — 2 2B AN—X + OAfHE
HERbHEbDE LT L, BoizT —xiIconT, BEE . R RNICEGEZ RS, BEEFY 7 o
HhERHERRCE 2 2 &, ZBMEEE LT u 7 A CHBRE L 72, BHIC, B L 728 — & MMeEfhiiic o B 1
REATO, MBAN=Z 2 Z 5 THROWHERODEZITO, A E 0B S  FHEH T ANN—Z F 2T 5
Convolution Neural Network(CNN) ZBAFE L 72, CNN ORHFEE & HREZ 21T, EWICIBAA— 2 + Z[EE
L7,

FIFE L -HERH 7w 777 22w, o cic, KBEBIEM cycle 24 oK AfHAE D 2013 4 & A/ NEATT O
2017 LD T — ZfEMT 24T\, 2013 £RICHR~ 2017 4R I3 S 2 TN — = b oo BRI 2/5 (KR L., JEEEK
FU 7 FRIIKREL R EAZHERL 72, BFE, TR T — £ %2800 LA N U 7 bR o RIAZEIRE D T %
D TWB,

ATl B I N RN — 2 b OfEEHENTICHE O & | KEEENEIC X 2 RIAZEIREZ R T L L dic, BB
RICHIYHEROER (T, £7-. AHFETHF L ZBEBHRE 70 77 LONFICOWTHIHNZITI FETH
%,
BEE  REGER ARSI b AT =21, 7 7 v 2% KK Nancay BHIFTIC X Y 2t & 17z, L. Lamy f#i+:fth NDA
70— FI G L BT S,



	R007-10

