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Fig. 1. (a, ¢) Spectrum diagram of a type II radio burst with and without enhancement; (b, d) the height-time profile of CME1,

CME2 and its shock.
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Fig. 2. Histogram of CME velocity, mass, kinetic energy and flare class. Blue denotes radio enhancement events (Group I), and red

denotes no enhancement events (Group II).
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Fig. 4. Histogram of CME velocity, mass, kinetic energy with SEP/No SEP, and blue denotes the events with SEP, and red de-

notes the events without SEP.

XTI 4 W Group T A1 1T A1, 45 ol JC 4 H
ok, 774 SEP SH4E CME FEAS =4 SEP FH 44
() CME HA7 B = i | st M slifg. A 0
SR, JCIeE 4 SEP 575, A She iR
Ry CME BA T @ RE . JoieA oo s i am,
7= SEP $4) CME i % U [F1EE T J SEP 7=
A1) CME AW m Y. Wil tul, ANEHH
HE 5 CME #7274 SEP 1, #FHEHHEA

BB | TR e

3.3 4 EREISHT

N T PRSI SR R S SEP FH
A5G, AT BT 1 5 r B i A s 1] 5 s
KRG R (] A S J5 DU 151 5 DA S e g o
FFH ) SEP FF, KIEEAFHAFE SEP I A FHET
AT AR BRI VR 225 050, T1 B o % S S vl
SESRIT I | S5 AT ZI I SEP By fE I %) 5 275 45
ZERGI AL SR TR, BT — DS,
AT SR 1T RUR BT F AR I ) AT 5 T SEP & iR
FETTR], RORTAT o REARL TR S 7RI ™ A (i
DA TT B BT8R bR ) 2 )5 — Bt 18] N T4

BT A 1Y B 4 AT 14 56 38 58 O 4 1]
v SEP &R B 21 Z ATAN, Hdx 26 ARG
WSE A IEAE SEP I BEIZ 5 A T iR, X R I 4
RS> o i BERL T 7R 5 L 1 RS 5 2 T AE 2

Number of events

0
<—180 —180 0 180 360 540 720

Time difference/min

>720

Kl 5 LLSEP H{RANZMENSE S0, HENHAES
FMZ NG TR TG R R (T1 20 6) Figs
I 2 (T2 W5 ), 9 A 3 5 R Uh (T3 48 €4 ) R oL i 22
(T4 £¢40), SEP IE{ER %] (T5 K (1)

Fig. 5. Uses the starting moment of the SEP events as the
reference point (0), histogram of the difference between
type II radio burst start /stop time(T1/T2), radio enhance-
ment start/stop(T3/T4), SEP stop time(T5) and the refer-

ence point respectively.

169601-6


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 2 3R Acta Phys. Sin. Vol. 69, No. 16 (2020)

169601

S R, A — DS RS S SR TR | 4
W [ #EAE SEP A2 46 BT 2 (2 %18 0) Z Al
T1, T2, T3, T4, T5 B ¥{H 5 5~ -60.8, 281.5,
50.7, 256.7, 546.2 min. i i X} [ T1(-60.8 min),
O(SEP &I B Z]), T3(50.7 min) ATUIFE R &
&, CME 3Rh#i = 11 AU 28 Hk, 20
— BRI, K= SEP JEa MR, X —id
Tl AR = AR SR AR AT IR B AR M), R
(5 fE 2 CME 5617 CME sk 58 Ay I & A= 1
F, IFREBEST A EOR, X — i B 7E SEP 7B
Joi, RS K AR TR BE G N . 25 TR A 1 %
AR B RO R 1R 22, AT VR K L A 45 %
2 (40 1.7 AU), 25 F B 4 0 43 11 7Y 5 i 22
(25/30) FAER LA ] ) AT B TokE T2 A e TR ], 5
IRGEIR A —FL

X S LSS IT AR 2] T3(50.7) , 45 RIS
Z| T4(256.7) 5 SEP 2 ih B i iy %) (=% 1H 0).
SEP W %] T5(546.2), & o> FH55 i 4
SRFFEEI ] BEE SEP S35 0 R il 28 6 {1 B

15

a
— No SEP (a)
— SEP

10 |

L

Type IIs onset height/Rs

0 . . .
0 500 1000 1500 2000 2500 3000
CME speed/km-s~!

15

B No SEP (c)
B SEP
£ 3.50
3 10F
5 l 4.03
-
o
2 l
[
e
]
z,
0
1 2 3 4 5 >5

Type IIs onset height/Rs

]

34 INEHBEEFBR.ERGE

1) A STE R

Bl 6 5T aR S, 51 6(a) FTEL 6(b) 43l
S 11 BV R LG | 45 R i 2 X R )R CME 3
FEMARILEZR; T8 6 (c) M 6(d) 4350 11 25
HEALLR | S5 R EE S, 406 TG SEP 3
P, BN SEP Fi4. WK 6(a) ATLLE H, T
SEP F {4 /Y CME # & 4 &R /N T 1500 km/s, H.
1T 70 S5 Fh S s 8 B P4 (B R CMIE 8 3 K 1 %
Wi T B A SEP F {4 ) CME 3 B 4 #8 K+
500 km /s, 1T 78 5 3 5% I 16 5 BE B /N T 6 Rs.
Kl 6(c) nAT SEP Fo /= A 1) 11 RS B B IF U6
1 BEMEAR T T8 SEP 47 A 1Y 11 AL L 20T I s
JE (#14 4.03 Rs > 3.50 Rs). ;#/f SEP # {4 1
1T 75 S5 Fb, 2 sl e R TR 9 i g B, 3 53
Hk [4,5] o CME B (04 i s BE R A 25 ) )
= SEP 4 RARTT.

150
b

— No SEP (b)

4 — SEP

~

+

< 100}

B

°

5

2 - —

— 50 -

(9]

o

>

&=

0 500 1000 1500 2000 2500 3000
CME speed/km-s—1

15

10 |

Number of events

0
0 10 20 30 40 50 >50

Type IIs end height/Rs

K6 SFsaR s er (a, b) 1AL B IT UG | 25 00w B TR A ) 38 X IR) N I S (B 2305 (c, d) TLELGF L BT 4 | S5 m I I e it

HJT

Fig. 6. For radio enhancement events, (a, b) the bin-average distribution of the type IIs start/stop height in different speed inter-
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169601-7


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 2 3R Acta Phys. Sin. Vol. 69, No. 16 (2020)

169601

& 6(b) F (d) Ay 1T A5 HL R EE R i B2 44T, DA
Kl 6(b) #1 (d) ATLAE H, A SEP SFF/ £ 1 11 A
S R R 5 R I B R T JC SEP R (UM
33.06 Rs < 47.26 Rs), HAT SEP f}RfifY 11 BT
AR AR CME #EE RS R IH BAR. F
37 T UG 28 ) 235 o s B 1T 213K 100 Rs DA b

2) JoiTEL TR AR

B 7 e R, (a), (b) b 1T AU
FRTTUR L 25 A R B DX ) 3 {1 Bl 0 A 1 O
(c), (d) Jy 1T BUGF LB TT Uy | 25 R I S T B
Bl & 7(a) 7T DL Y, 7E TG S8 He 3 5 =5 4
IT 740 55F H 5% I s v B 280 B35 3l /N 6 Rs, 1 G
SEP F {4 JohH 22 5. I 7(b) AT LA o gt
FEL 9 i R ) TR G e R A R R R /N T
30 Rs; IT %Y 5 H 28 25 o i FE 4 { A0 B CME i
s R T, HA JC SEP FAF L W22 7.
Bl 7(c), (d) ATLAE H: 774 SEP F441 11 B
T T 5 v B — PRI T 45 o e B A (BME R
3.53—12.81 Rs), AL B HA BRI s

15

a
— No SEP (a)
— SEP

10 |

T —F

S—

Type IIs onset height/Rs

0 . .
0 500 1000 1500 2000
CME speed/km-s~!

20

B No SEP (c)
B SEP

Number of events

1 2 3 4 5 >5
Type IIs onset height/Rs

I FEL R B 7R AR SEP SR 11 AL 5 e 2T
f o B — B A R AR (W
3.85—7.97 Rs), BRI 5 B i FEl .

XFHC K 6 FIE 7, Bk BA SEP SRRy 114!
S HL B 0RO HL G SEP H A BB AK, 4k
3.5 Rs. LA (JC)SEP FAF, A B e s -y
IT 750 S5) Fi B 45 TR 15 8 Ol 47.26 Rs (33.06 Rs) L3
KT T g aRdi 1Y 12.81 Rs (7.97 Rs).

3.5 HHIEEXSFEEXBEZE

P 8 Dy S Fi 4 5 0 i T RS R B 6 X
SRS B TAR RS (N L) RIS F 3 o DX B4 35 2
JERSFIRRAL (N2) B N2-N1 9 4eiT B Bl AR8F5T
HR TR H 58 5 BER R Ol — ARSI R APk, HAE
H G S BEAR 1) 70 A Al 5, AN BE 5 B S Rl i ]
il H B P ) =200 A, T LAASHIE S R S 1 LA
EEARXT AR, WA 8 PR, Tk A SEP ik
ST SEP =, S f s o DX B2 2 0k g T AR 4
SR DI X5 S ELE SRR N T CME AHEAE Y ik

40
b
— No SEP (b)
0
— SEP
E 30
>
=
o0
k5
<
T 20f
[
A
2
& 10t
& ’=|:
0 . .
0 500 1000 1500 2000
CME speed/km-s—1
20
BN No SEP (d)
Il SEP
w 15F
z
£ 7.97
>
[}
o
S 10} l
o
[}
2
g
=
Z 5

0
0 5 10 15 20 >50

Type IIs end height/Rs

Fo7 AR IR E (a), (b) L1 ZLSE g B 4 | 45 0 o 8 70 AN [R] B DX (8] A R 3B 20 A5 (c), (d)IL 2S00 v b 0y | 45 0o 18 110

Heit B 5 A

Fig. 7. For no radio enhancement events: (a, b) The bin-average distribution of the type IIs start/stop height in different speed in-

tervals; (c, d) the histogram of the type IIs start/stop height.
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Abstract

In this paper, we investigated 82 type-II radio burst events detected by some ground stations Learmonth,
YNAO, and BIRS and spacecraft Wind/WAVES, STEREO/WAVES from January 2007 to December 2015.
And we identified 39 events associated with radio enhancement and 43 events without enhancement. We found
that: 1) The CME velocity, mass, kinetic energy and flare class with respect to type II radio enhancement
events were generally higher than that of no enhancement events, and these properties in the solar energetic
particle (SEP) events were significantly higher than that no SEP event, regardless of whether radio
enhancement or not. 2) As shown in the characteristic time analysis, the initial release time of SEPs is generally
earlier than the start time of radio enhancement, so we can the radio enhancement is only as a signature of the
shock enhancement rather than the direct generator of SEP events. 3) Whether radio enhancement or not, the
onset height of type IIs associated with SEP event is slightly lower than that of event without SEP. For the
absence height, the SEP events are significantly higher than the no-SEP events, and that the absence height of
enhancement events are also distinctly higher than that non-enhancement events, which reveals that the
enhanced CME shock characterized by enhanced radio burst can keep propagating to more higher or further
space. 4) When one fast and wide CME fully sweeps over another slow and narrow preceding CME, CME
interaction can more easily generate radio enhancement, but no distinctive difference between SEP events and
non-SEP events. So the results of this paper reveal that radio enhancement can be regarded as a manifestation
of CME shock becoming strong during interacting with other CME, and the enhanced shock can accelerate the
particle to generate large SEP events more easily. However, the type II radio enhancement is not the direct

producer or causer that generate large SEP event.

Keywords: type II radio burst, radio enhancement, solar energetic particle (SEP), shock enhancement
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