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1) (R {5 B TR 23 B RSN, Bt 210044)
2) (FEUH B TR, A 210044)
3) (M EBEBE Y T S 7S MR SCE SRR E, AT 210008)
4) (TR RHEARE S DL, BT 530022)
(2020 4E 10 H 29 HY#l; 2020 48 12 H 17 HIYEIESR)

JEF Wind, STEREO %5 LA 155 WL Bk, 2 2R 24 K BHIE 2 4 2010 4F 1 7 2 2018 4F 3 J 31 273
A TR0 I o 2% 004, 0 IR -85 TR0 B 5% A 04T 4328, BRI A B 45 25 1T 26 I3 e % SO0 0 AR 2 2 R T LA B
H %% Bt 5 (coronal mass ejection, CME) 5 K FH = BEHRL F (solar energetic particle, SEP) 354 2 [b] 1Y S k..
HREER DR 1) 2 RG2S 40, SEP F4X N 1Y CME M s, 3. Fi . 3ife RIESE SR
i KT A2 SEP A, W] SEP =4 iy ™= A 75 2L K M 98 Ho =i g 7Y CME; 2) #H Lt A DH i Be I 1R 9
I 70 5 fE 2 MK 38 B T 4R 19 1T BY 5 B 2% fF B R SEP 3544+ 174 He 91 B8 w57, 22 451 B 1T 7Y 0 A % 42 Bb B 1 B =
PFEEAs 5 7 SEP S, Horp M-DH-KM 11 #45§ H B A Fifi SEP S Lo (il 5 (73%), DH IIs only ZEH5A% (19%);
3) M —2E I AU AL 22 rh ) 45 SEP S04 77 A= (%) 11 T 459 oL 2% L TG SEP B 358 5 A7 T 5 10 0 45 % (BRI A ik i
TE R ) AR B S R G m 25 R & ) DA R KRRt |, 25 5 7= 4= SEP 4 L H 2 KA
SEP =) 04 H 5 B0 8 8 75 BR 5 TR R T8 ) (An/NT° 3R, RARIAEAR), HAegERr 2R & 0y & 8 (i
T 30R,); 4) 11 B 5 i B4R 1 1] ) R 45 GOBR B AR SR A S AR 5C (cc = —0.93), 7742 SEP S 4 L il il 11 2 5
F 4R 52 [ B84 M T B A0 K G 45 AT SR 4 i B S R AIG, ELAR KRR IR F CME 13 B2 S5 280 AR
SR — L RY], SEP F 477 A4 5 15 55 10 AU S e 52l 288 B2 AR5 WY S A OG  TT 750 S5F Rl 25 A 2 0 2% 8 5 L 45 T
FBAR, W M-DH-KM 11 AL i 5% H CME 7EAR AR 5 B2 5K 3l T W0 O 1% 4 2 AR a1 e B2, Dt 4 S B[]
K, kA [E RS 7242 SEP 44 L HJER K SEP F440) M HER datd K.

KEEIA: 1 AGTE A, KIHBERT, H 2T, Bk
PACS: 96.60.ph, 96.25.Tg, 96.50.Pw, 02.70.Rr DOI: 10.7498 /aps.70.20201800
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KBHHEBER H 2 F i) (coronal mass ejec- €1 AR T I 3  E N LK =11y A ) || B = S
tion, CME) 2 &I ZL i K BHIE S B4 . M52 K FH T H A (IR R BFLIR FL R 2 0 R SO . (TR
KA IR AL TG SIS, IF RS BT & T ) FNGF L K (AR ST HL ), KAA |, Mg
5. CME J2 K BH R A H A JCRIASE Y 4 o P e T 1 GHz (AR, KT 1 GHz B i 2.
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R4 5 PR 2 S S AR T A R AE 1T A4k 1, 10, 10,
IV AV UG 2 02,

Payne-Scott 55 B 7£ 200, 100 A1 60 MHz 4%
T B 18 AT AR RS AR 1 K BH S FL 2
Wild Fl McCready ™ #83X ZEFFAF Y A BH 5 L A
11 AU . ERTEE A 1AV R T
CIRE ) AME R I 5 | RS 4 1 IR 3 7 A BHZUR B
FF DAARAIE 55 8 - (A0 38 5 A8 001 ) 1M S5 1) L 1
U BLTT D G Rl 2 43R 4R R R R K T 14 MHz
a3 R K T 7Y 5 L 2% Fl K- E K (deca-hecto-
metric, DH) IT BUGF AL 2, LUKV 1 MHz (9 TR
W XL Y S) F 2 O], 3 KU T AV L R AR H 5
WO IR AR 7)) DH L TR 1T AL H 254
AT B BRI B AR B,

Prakash 4§ 10 (R i} 57 3R W K i5k 11 89 55 Ha 22
B RESERE RE LA OC, 1T DH i 1T AU S L 2211
5 CME #i ¢, 47 DH iJ¥ 1T U5 oL 2R CME
Fb TG 1T AU 5 H Zx ARl Y CME B TR, 3 56
KU BeAh, AH K T RIS L 2%, 5 DH i 11 AY
ST AR CME Fifs K, ShReH w2

1 BE A1 CME #Bfig 5~ A= K BH 55 BB A+ (solar
energetic particle, SEP), SEP % 5} 2 X i R J& [F]
R A5 RS LR ANAE 700 sl AR K fa 3. — ik
HKeidi, SEP F 4 BN IEA R3PS ik sy
SEP FFfIZg A8 Rl SEP Fi4, Hrp ik SEP
P kL2 R BN 1Y, 2278 R SEP 2
H CME 3Rzl B3 = 1), 5Pk SEP Fi4:4H
L, 2278 SEP S F i HAA 0 W2 i WA,
UG 3 o v R RE R L R A i) 4 A (1310
HWF5E W], A% SEP F 4 158 i F CME 3
JERIELL, (B2, Fdi S8, BRl—4~ CME i#
JEE T I R 58 T DAAS AR JLAN B 2 0010, 3k
B, B CME J0I 382 A1, S0 5 B2 A0 i 49 i
DX S5 ) - 550 T e R R E SEP S48 B A
TS —AN & D78 — T, K SEP S4F (40
I, = 10 pfu, 1 pfu = 1 proton/(cm?s-sr)) ## 5
PRI 52 1) CME 3 & SFAFAHDC, (BASE B e e
() CME #f R/~ 4 SEP FF. T /&, g CME
A= SEP S 2R N Z B8R, 0 H 20 AR
&S CME RIAHEAE | twin-CMEs 45 1920,
WAk, WARFIA RN E mAERAY SEP (> 30 MeV)
F B R K B BE 0™ A= 9, T CME S0
1 HXTRAEE R ) SEP A BTk 2124,

2003 4, Gopalswamy %5 291 $8 tH | £ i 11 7Y
S LR R K £ 80 CME 38 i [/ i AL R K SEP
F 4, RIK SEP S48 % 5 CME 5K 8l 1) 0 AH
X 26 Gopalswamy 55 70 — A~ 5 #CK ) . DH
U R oK D A B 1 TL U 55 f 2 B O M-DH-KM
IT AU 5 e ) O HJC T AU B e 2 | K il 10 AU S e
S . DH 11 85 B3 22 F1 M-DH-KM IT %1 5} ey 52 %
Bl CME 13 fig 2 SR 3G K i a3, i 78% 1Y
M-DH-KM II AUff L 2 5 SEP S ¢, K™ 4E
SEP B354y M-DH-KM IT #1555 H, 52 H A BH I X AR
T R 2L SEP WEBCIE S IF. REBKIE SR 4R
SEP i X (H 10 PR X, T0 80 5 e 2 IR s k) 5
WL A5 (L) Z I8l 1R BRI 0 - 2%, % T 4%
BT SEP MG S50, #5000 55 BT 247 B PR
2RI H T 5 S5 VR IX e, ANA T e R IX
AR RIWLIA S, WIFR SEP WA 51525, 2
R SEP 7 e 322 45 14 i 1. Winter 1 Ledbetter(s]
PIBFE R, B A IE(E KT 15 pfu 19K SEP 3
PF4ERAERE DH % 1T BUGT . PR B ARSE 2
AOK AT DH i 1T 85 B 22 PR Y CME A7 5 5
FIMER A SEP S, Ak, A5 R, 771E
R /INE SEP S 44 W8I R F1] B ) 1T A S e
7%, XRFFRN RQ (radio quiet) F-44: B0,

Hgxd I B 55 SEP Z A R E
LI, B 243 T1 B0 55 e, 2 ) 2 B0 464743
KL G R, [, BT R PR & TR X S50
UMEREY SV R AE WG 3 S S LN A il A A
DR A UL T 7E— g R L BRAS h T
R 22 SR SRR IR I 0. AR SC SN
AU T 755 e 2 A O REE S L 5 SEP S544: 1) ¢
R, WU A A T A0 5 e 2 5 17 ) CME 380
X SEP M A5 1) 22 53 K v] BRI PR oA, LA (7]
R DA BTt —20 P 11 A i R SEP 2
1 2Z 10 R I LA S S s 7= A= SEP A BEAILEE.

2 BAERFEHAE

G4 2 A TR (Wind/WAVES, STEREO/
WAVES) i 5 3 (Learmonth, Culgoora, SS
RT, YNAO &) 5 sOULm gkt A< SCifi i 4 2010
AF 1 H % 2018 4F 3 H ] 273 4 (0.02—450 MHz)
AT LAY BbT Hb TR0 S5 P A0 3 255 4 1 T U S R 2R . AE
s 11 RS g 2 5 CME —— X0 7 i, 2R 3C
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ik [31, 32] ikt AL BE; JR45 A SOHO/LASCO,
SDO/AIA FIl STEREO A (B)/SECCHIL, EUVI {X
LA SRR OGS B AL PAALE XS CME #E17
Xt SHAEXF R CME W3 (v), i (m) . shig
(Ey) NI (a). P00 ff (CPA) Fff 58 (WD) 4§
ZH A CDAW 48 & (https://cdaw.gsfe.
nasa.gov/CME _list). MEBEAFLY | I 8 X A 2157 B
Bt H CDAW, LMSAL (https://www.lmsal.com/
solarsoft /latest _events archive.html) Pk & Solar
Monitor (https://solarmonitor.org).

AR SEP BHERET STEREO-A(B)/HET
(23.8—60 MeV) il SOHO/COSTEP EPHIN (25—
53 MeV), F-RBOCCHR 33, 34] 15 4L B SEP =
P B . FE HET WL Ay i {50 f2 A2 IE 5 1Y
EPHIN I {538 i i i i KAEAE 9 SEP Sy
WE(ESREE (1), LA 0.0114 (cm?s-sre-MeV) T 4EH
K SEP $iff (large SEP) AW fi.

SEP 7 it K FH B i B ik B 21 (solar particle
release time, SPR) M4l 5 5% FH i B B3 #553 M 7
1% 5537, SEP BIRBEHGR BE (Hgpr) RN T 5 BERL
T SPR I ZIf) CME B i . % TR 2% 11 2
SRR, S PR SRR R B4 E CME OB
s DX, BV IT BUG i 2R A 7 AR S B S CME B
T o JEE R ). AR SCIE A 0 CME B4 e 2 -6 1) L
IR AT 2B, IR TT Y S R R I
Z X L CME F 4 e B2 3 AR Ay I R F) 8 i 9
BB T H R CME RivE 2 A7 76 5 5 1
TR 2, PRI 2Z 0] A BE B kA B AA PR 28 (standoff
distance), FIT LL 3% i H # SE BR &5 B R B T
CME Hijif i B .

3 G4 R

SEP {45 11 Y5 1 28 2 A OGP, Filkb 3
H AR AR KA 97% 1 SEP F4EERE A
() 1T B G L % 24 3% 1) SEP S5 4 A LI 2] 11 #4
SR, N THE5E SEP SHAFRINAFE S 1T 5
HL 28 ) ORI, RIS [R) 2 A0 1T A 5 i 5% B X6F 1 1)
CME AR BEXS SEP S5 F 0y 52, 4 Ay 11 A0 5
H, 2 2 R R B - ORI B g L2 1) G,
K T U1 (M IIs only, 14—450 MHz); 2) G2,
DH # 11 BUffra%: (DH IIs only, 1—14 MHz); 3) G3,
M-DH i IT % 5 1 & (M-DH IIs, 1—450 MHz);

4) G4, DH-KM ¥ 1T ZU4fH 2 (DH-KM IIs, 0.02—
14 MHz); 5) G5, M-DH-KM 3% 1T %I §f # 2 (M-
DH-KM IIs, 0.02—450 MHz). 78 3¢ 43 5 % 7 2
IT 045} H 2 J O R 19 CME, WEBE S BT 20 #T,
PRUTAS [F] 28 A =5 04 77 A5 /Y SEP 3 4 B2 X g
CME, WEBERN 1T RIS R ST HRRIE 22 7.

3.1 II BStEE R FE SEP EHMH KLt

1 NI I B R AERE SEP ST YSE T
P ARSI LR G 2 1R (AL AR AR Bt
273 />, HH M IIs only (G1) 107 4>, DH IIs only
(G2) 324, M-DH IIs (G3) 36 4~ . DH-KM IIs
(G4) 38 1 M-DH-KM IIs (G5) 60 1~; A ¢
A fERf SEP S &4 1A 109 1, JC SEP
FOERE A 164 4. Bk 1 F, Bk G5 (SEP &
14 44 4~, JC SEP FF 16 4N) 4b, HATIUE 11 A5
HLER RS SEP F 4000 /078 SEP F444; 1
FE ok SEP 1 /SEP Fi44 /TG SEP F44 %k
I3k G1(13/27/80), G2 (3/6/26), G3 (12/16/
20), G4 (13/16/22) F1 G5 (40/44/16). f:kti SEP
H A FK SEP 1 L 430 o G (25% Fil 12%),
G2 (19% 1 9%), G3 (44% F1 33%), G4 (42% FI
34%) 1 G5 (73% 1 67%), FhilHs, G5 b=k
SEP FFM Lk T 2/3, Hi=4: SEP HH {4 #)
Fe ik 3 1 73%, Bim KT HAh PSS A, X R
Gopalswamy 5 7 153 2| () 78% iy M-DH-KM IIs
(0.02—180 MHz) 5 SEP Z 4 4H X (1 25 S FL A —
B W B 11 BT 27 4 SEP SR He i
i T B T B H BR an =EEA (G5)

F 1 I EUGTHRAERE SEP HAFRY SR
Table 1. SEP events associated with different
group of type II radio bursts.

Fpem Gl G2 G3 G4 G5 Al
JICEEES 107 32 36 38 60 273
JCSEP 14k 80 26 20 22 16 164
SEPH{ 4 27 6 16 16 44 109

SEPHE/Fditk/% 25 19 44 42 73 40

KSEPF4L 13 3 12 13 40 81
KSEPHEMF /% 12 9 33 34 67 30
SEPHEMREEMME 053 0.02 0.49 4.89 38.74 16.41
SEPEM#E M 0.01 0.01 02 024 053 0.09
KSEPEMSRESIME 1.09 0.04 0.65 6.02 42.62 22.28
KSEPFMFSREFME 0.13 0.02 0.33 025 06 0.34
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TP BERF (G3, G4) . WIS B4 T B
Bt (G1, G2). & 1 AT IE W, Bk M-DH-KM
IIs 4b, HAh 42584 i SEP S L BIME T 50%,
SEP F R HEAR S > LI G2 f H A5 6 4> SEP
F4F), BAEG M R 2t SEP S FIJC SEP
FAF A2 5 RSO BIE A T4
TIXF HE AT

AL, Xt G1, G3, G5 =Fh2EAlp= /& SEP &
PRI SEP S5 4 1) B A1) Ko X o7 < 45 3w 21, A
KUEBITUR I 11 RUGT a2 LS SO Bt AR, 7 2E
(K) SEP FH{FmmT aetEstiak K, 7= (K) SEP
FEF R B X G2, G4 PRZERTAT, M DH
W B IR G 10 A G A 2 LSS O B AIG, R
(K) SEP AT feMEREEK, P40 (K) SEP
FFsm BB, R G2, G3 F G4, G5, [RIEER)

AU, WIS LRI B R, 7=k SEP S 1) L il
Sk, SEP SRR K. f R 1T LLE
CME %8 & 14 Fifi (1) T1 76 55 Hi 2 30 s A Bt vy L 285
FOI R R B AR B, 4 M-DH-KM IIs, =
H: SEP Ff (JuHE K SEP %) BYME Al 5.
AT DABR AR MK BEFF AR ) 1T 25 5 i B TR 25
W AE AR = A, H—H4E R 2R =
— 7 T 1T AT A T 2 R, S — T
P n TR 1 B ) B SRR Y SR R
SEP ${4 7=z, o 2K SEP Fift.

3.2 CME s =k

321 CMERE. A%. izttt

1 o T0RLS i B X i CME (Y BE | £ 58
Bt MshfeS BT AL, 20684 SEP FiF, B

100 60 80 50
2 @l 122.(06) (b1) (c1) \ @] -
80 1 o e
g wE Vv 60 15.4 (15.1) 30.i(29-6) g
60 30 F
= 460 (388) 30E 214 (224) 20k 31.2(30.7) =
o v 15.7(15.8) | 50k v
3 665 (650) 20 F v =)
E 20l v 10 20¢ I . 10 5
Z
0 0 0 0
L 40 ] 2 2 40 =] ¥ @
a c —
5 sof 7os (669) 15 F 222 (195) 30 2 z
z v 15,7£15,5) 20E 31.%30.7) g
S - )i(n
° 20f 7P5(T94) 10 262 (276) 20 15.9(16)| 15F 31.5(31.3) | o
2 v v 10F a
g 10 5F 10} =
) 5E ~
Z o
0 0 0 0
30 20 30 25
é 05 (a3) (b3) 05 (c3) d3)| _
4 3 L 20 F )
a0k 655587) 15 284 (360) 20 15.7(15.6) 31.9(31.6) | B
w— v v 15 F v =
° 15F 931(812) 10F 227 (199) 5E Lrasol o 313(308) | 2
2 10 v S i 10F v \ §
ZS 5 5F 5F U mm
0 0 0 0 SEP
25 25 30 40 =
é (ad) (b4) 05 (c4) (d4)| —~ No SEP
g 20 20F ‘ 15.7(15.6) | 30F =
z 1205 (1201) 324 (360) 20 v 31.6¢(31.5) S
e 15 15F
<] b . . o X
5 10f 697 (880 w0k 196 {208) 15 161 (f Dl 20 32(31.9) | &
E ﬂ i Y I I 10 . e
E 5 5 5 E <+
Z &}
0 0 0 0
40 80 50 .
£ 415 (1407 (a5)|  80F (b5) (c5) ds)| =
g 30 ‘ (V ) 354 (360) | 60 40 ¢ 323(32.1) | 5
g 60 F v 16 (16) v S
5 1191 (1255) N 30 F <
20 v 305(360) | 40 F 16.2(16.1) 32(32 o
5 40t v " (v" 20 F o
g .
§ 20 ¢ 20 ¢ 10 F \E_,
0
z - m J <)

0
500 1500 2500 0 120 240 360
v/(km-s—1) WD/(°)

0
14 15 16 17 28 29 30 31 32 33 >33
log(m)(log(g)) log(Ex)(log(erg))

K1 CMEMEE ., 98, i fdhieseit 55 &
Fig. 1. Histogram of CME speed (v), angular width (WD), mass (m) and kinetic energy ().
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HTC SEP F44, B ARERXT M SE A (HE).
P 1 B R e B AR 2 0 X E) 9 P S R Y
Z/b, X 5 IX RN I SAEEAECE ¢, IEAMRER T
TR ™A SEP iR i ke (R TRD). &l 1 Al
WEER |, TR 1T U e X R Y CME 2
¥, 724k SEP HF /) CME # | /196 . i 3h
ABAFEH 0 & TJC SEP F=A . R, f SEP
FEA R ST, BT M-DH IIs (G3) il DH-KM

IIs (G4) CME it A 44, CME 9 (318 35

A58 B AR N B IK A G, G2, G3,
G4, G5. L HIZEE] KM ¥ B b 11 A5 e 2 (G4
1 G5) XY CME £ 2 & ] i 5 T35 3 DH I
B TR e 2% (G2 A1 G3), BIRERS 2135 KM I
By 11 RUS L X ) CME B =7 RE.

XF G AR OR TR 2 A g T A S e B e L
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Fig. 2. Histogram of solar flare classes.
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Fig. 3. (a) Starting frequency distribution of type II radio bursts; (b)—(f) histogram of the starting frequencies of type II radio

bursts for five groups (G1-G5).
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Fig. 4. (a) Ending frequency distribution of type II radio bursts; (b)—(f) histogram of the ending frequencies of type II radio bursts

for five groups (G1-Gb5).
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Fig. 8. Histogram of the ending heights of the different group of type II radio bursts.
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hive.html; https://solarmonitor.org/); DH i 1T F 5]
#  (https://cdaw.gsfc.nasa.gov/CME _list/radio/waves
type2.html); K5 B I (Radio Monitoring: Lear-
month, CULG, YNAO, http://www.sws.bom.gov.au/
World Data_Centre/1/9, ftp://ftp.ngdc.noaa.gov/STP/
space-weather /solar-data/solar-features/solar-radio/rstn-
spectral/learmonth/, http://secchirh.obspm.fr/index.php;
BIRS, https://www.astro.umd.edu/~white/gb/Data/Ima-
ges/); DH I A1 KM 3 54 1 0 I0 204 (https://cdaweb.

gsfe.nasa.gov/pub/data/wind /waves/; STEREO/SWA-

VES, https://solar-radio.gsfc.nasa.gov/data/stereo/new
summary/); & AERL T4 (STEREO/HET, http://www.
ieap.uni-kiel.de/et/ag-heber/costep/data.php; SOHO /EP-
HIN, http://www2.physik.unikiel.de/SOHO /phpeph/EP-
HIN.htm).
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Abstract

In this paper, we investigate 273 type II radio burst events detected by Wind, STEREO spacecraft from
January 2010 to March 2018 during the 24th solar cycle. We classify all events as five groups or sub-types
according to their starting and ending frequencies, and then analyze the observed characteristics of each group
of type II radio bursts and the correlation between the occurrence of solar energetic particle (SEP) events and
the associated coronal mass ejection (CME) or type II radio bursts. What we find is as follows. 1) In each group
of type II radio burst events, the CME speed (v), width (WD), mass (m), and kinetic energy (F,) associated
with SEP events are generally greater than those with no SEP events, indicating that the generation of SEP
events requires a fast and wide energetic CME eruption. 2) Compared with type II radio bursts starting from
the DH band, type II radio bursts starting from the metric band have a higher proportion of large SEP events.
Multi-band type II radio bursts are more likely to produce SEP events than single-band events, where M-DH-
KM type II bursts have the highest proportion of SEP events (73%), and the DH IIs only have the lowest one
(19%). 3) In each kind of type II radio bursts, the type IIs with SEP events usually have higher starting
frequencies (lower shock forming heights), lower ending frequencies (higher ending heights) and longer durations
than those with no SEP events; coronal shock waves that are easy to produce SEP events (especially large SEP
events) generally begin to form at a lower height (such as < 3R, R,: solar radius), and are sustained to a much
larger height (such as > 30R,). 4) There exists a strong negative correlation between the duration and the
ending frequency of type II radio burst (cc = —0.93). The proportion of SEP events increases with the increase
of the duration of type II radio burst, and decreases with the increase of the ending frequency, which largely
depends on the CME speed and other properties. The results of this paper further show that the generation of
SEP events is greatly related to the sub-types and characteristics of type II radio bursts. The higher the
starting frequencies and the lower the ending frequencies of type II radio bursts, such as M-DH-KM type II
bursts, of which the CME drives to forming shock waves at a very low height and propagates to a very large
height, the longer the duration of the shock, the longer the time it takes to accelerate the particles, and the
greater the probability of SEP events (especially large SEP events) is.
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