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Fig. 1. Spectrum diagram of a typical type-II radio burst and the linear fitting results of spectrum with different coronal density

model.
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Fig. 2. (a) Scatter plot of fitting shock speed and CME speed for all 81 candidate events. The blue circle represents the shock speed

coincides with the CME speed event, the red triangle represents the events that the fitting shock speed is much smaller than the

CME speed, the black solid line is the linear fit of all events, and the blue solid line is the linear fit of all 77 coincident or normal

events. (b) Distribution of the speed difference between shock speed and CME speed.

139601-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 68, No. 13 (2019)

139601

P 3(a) A FTA 0 1T 20 5 e B HAR I 2038 %
BB CME AL SE R, HSERECh 0. 81, 5
R RIEwFG, ata=fABRRwHt HH1%
JEIEH S, X RECH 0.92. NEHERIEKE,
PIALAEFEIET 114, BN EE S CME
AR X — g R SR [21] RO IE 45 R — K
H [ 3(b) FTLAE H, 1EH S ik PR bh &
JEE =T CME & (0.43 Rs), 58474 CME
B DX RV IR S B B P %  IH s i 22 RN it
MR BE B (standoff distance). 15 % 34 1 F1Y
235 Rs, W2 VLI ™ A 11 7Y 5 Ay 2

20

O O O Normal events
A A A Abnormal events
R =0.81, SEcc =0.07

15 F 1=0.92, SEcc; = 0.05

Shock height/Rs

0 5 10 15 20
CME height/Rs

e AR T CME R e B, 117 Ul 5 7E B
55 G EAE TN AR 16171 B85 4015 Ve B
FE a5 CME #2253, Al s i
oA BT AN BB S T

ARG LA BT R BAT TR B T 3 77 AU i
JE RIS CME AT B LU et ot
FERIREAR SR o B BE R SR i R A
344>, ToI HLIESR A AFA 43 15 7742 SEP S AF
4 54 4>, Jo SEP SH/FFERERIA 23 4> T A
E BT SRR AR S (51 M S R 8 A 1 0 R
JETEE CME R5HK SN SEP 2E 1520

40
[ =l Normal events (b)

[ B Abnormal events
L 0.43 Rs

Number of events

-6 -5 -4 -3 —2 -1 0 1 2 3 4
Hgpook— Hcme/RS

B3 TRk DH IR S B B G i 2038 = 5 CME R Z M A& R, () @R IEF F M, 406 =M 25 % F 1t
BOTLRTTAFEMFMUGL, EOLLREFEMERSENIEGL, BORLFEN 1. (b) DH IT 5T i 588 46 1 20 80 &
J¥5 CME /& B 2210 875 18], i A IE W S0, 2065000 5 0k

Fig. 3. Scatter plot of shock height and CME height at the onset of type IIs radio burst for all 81 candidate events. (a) The blue
circle is a normal event, the red triangle is an abnormal event, the black solid line is the fitted line for all events, the blue solid line
is the fitted line for the normal event start height, and the black dotted line slope is 1. (b) histogram of the difference between the
shock height and the CME height at the start of the type IIs radio burst. The blue bar is a normal event and the red bar is an ab-

normal event.
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Abstract

In this paper, we investigate 77 type-Il radio burst events' data observed by Wind/WAVES and
STEREO/SWAVES from January 2007 to December 2015. By fitting the frequency-time profile to obtain the
corresponding shock velocity, we study the relationship between the parameters of shock and those of coronal
mass ejection (CME), solar flare and the associated SEP events, and explore the influences of type II radio
enhancement on these relationships. Our findings are as follows. 1) In general, at the onset time of type II radio
bursts within deca-hectometric (DH) waveband, the shock front is about 0.4Rs ahead of the leading edge of
CME (shock standoff distance), and this distance increases as the CME propagates outward. In the low and
high corona, the relationship between shock standoff distance and CME speed indicates a significant difference;
the shock standoff distance is correlated with the CME speed positively at the low altitude, but negatively at
high altitude. 2) The CME speed of the events with radio enhancement is significantly larger than that with no
radio enhancement; and comparing with the events with no radio enhancement, the correlation coefficient
between the shock speed and the mass and kinetic energy of the associated CME is significantly high for the
events with radio enhancement. 3) There is no correlation between the duration of type II radio burst in DH
waveband with enhancement and the speed, mass and kinetic energy of CME. However, it presents a positive
correlation for the events with no radio enhancement. 4) Usually the speed of shock that can produce SEP event
is obviously higher than that with producing no SEP event. The probability of the SEP generated by the events
associated with radio enhancement is slightly higher than with no radio enhancement (73.5% > 67.4%), but for
the large SEP events, the generation probability (67.6%) associated with radio enhancement is about one-order
of magnitude higher than that with no radio enhancement (37.2%). This conclusion indicates that the type II
radio enhancement can be used as one of the signatures of the shock or the radio source that more probably

produces a large SEP event.

Keywords: type II radio burst, coronal mass ejection, radio enhancement, coronal shock
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