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EE ne MELSRER/NYTEE, BR w, < Qo , XH w, BETEETHREE, Q EHT
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H B ERFEL.

W A R R 1P

Hr,



2 FEEEK, S LT R RK R A AR K Bl B AC P T R SR AL AR 133

wp
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ik P G i AR R T S R T Y O 2 IR X 3 % B AN 3 ST X R S B 2 . Vocks
A1 Mann 47 3598 7 7 K BH H 228 RO 28 23 o U 2 o T DB ki R AR E HERE RN A
BROMOR ST B R I B. Rozhansky S5 A 181 R 28 T\ brivE i JE L 2 m g A& 07
TRXT R U R S BELEAT RS A O A, ST NS AR SN R B O AT L T SO0 L R AN TR TR )
ATHEAT T RVHFIE, AR BRI R I 7 98 o A W B ANXE AR, 9 T X — R4, AT sr
T =AY, A QA 4 N iy FL T B e ik A A AR ML AR 7 A, T AR A IR X R A REBILAY
W A ¥ —1k.
3.1 ECME XfKFHMIERA FFRE

SN M Rk G B R B AR T K AR & — S B &, i T
HZ ST g EMRMK, B 77 7 LRGSR/ — UL AT DL SR AR KAy 5
AL, TGN 7 1) B 4 B AR AL R SE 56 W /. R H % Pl A7 TR R 2 3 AR 4, ROM TG
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JifE (10) . (11) B#y R ZEUKME¥FRE—ER OFEE. H3XMlsSn—RaRE
%, BT HEGWR —w LA P RE S R 245, AU — 117 B 04 15 JBE o ORI R 7 e A
FTRERY. AATRRAL R B i T HRIZ 3 R LR 8k, 1 Newkirk M9 BIRI G454 iR
LT LS R e A (LT 2) .
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AR~ 10° km , HRPHER v, ~ 0.1c, NEERRE LA JLED.

TE— B 2 i AR, e 5 B R /N T 2, PREKRARE 18 £, FHE
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BORHORR, B, AR e AR LR 29 201/ (1 +wd) /2 — f2/ 2] . B dE — A EAR
MR, fo/fs 7E 0.1~0.2 &), WIRE uo =0.2, N H/F @KL R 1.88, uo = 0.6 Bf, HAE
K L6T . FAh, F X Y I A SE R ] RE AR L D,

TER — BRI, B G A APRIE AL E B, N E R, 2f(R) Ml fo(R) 3F
RR—ATETEN, SBEE 2f(R) = fo(R), R WACEAR, BIRERE 6 SCRIE AL B,
TENRREEE GMIE) B0 B — . SO R G TE o T LA 1 — BB
JEABEIF, BATIEEE] St e Pl R U5 B Pl A o L ¥, T EL 38 R R e A AT R
SR AR e A=A R S VAT RN B N s A2 N

ARYEIE] 4 20 H AN [F] A5 4 A  1E BLE I Sl R Rl T g e M, ATDAR Y, BEICRA
TSR T, OB E A SRR, N R S A LR AR A LR MR £,
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L H ¥ i
60 |- -
40| -

S~
AS) F ]
20 i -
0 [ 1 1 1 | 1 1 1 | 1 1 1 |
180 120 60 0
f/MHz

B4 REBEHRE SR

W 3 FrR, (e, R IR BR TREE [, ®, BRTZESRAR T L4 MHz
B, BRI, EEEREE FRER) , WEHERILBURATREN 2f, B8, TR
PABAIL T, XN E SR ST
3.2 ECME Mg RIEsEG HFR

PR R S A S L S T B S R 9 HOE 5, AT L TR AR BE . T4 35
REEBEHRT, RNREEREIEK, XRRIEEM, Simaa Rty 3

W = n/nomvg (12)

i, MR, LR 0 K

n = ¢ ; 5 % sin? o cos? o (Aar)? . (13)
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Z B RGN SAR B U R E (WA 5) , A HURHE R AT A HITR, Aa
FELERWHAIE Ao ~ ao i1, HH A¢ BRI AEMEIE A¢ ~ 7 BN, T o < 11§
B, MREEE RN 192

W ~ nomuiaj (14)

Bf, HESEEMWM, W Aa = ag(Ad =), XFRIFFKEECH LN, XWEWRSE R
REEPE e R, PR T RRER B EIL R nomogad . WERIKELIRR &R EIETT,
HAET R RE RS BE /N T nomwge 5 TANSRPKEUKMUIRSIZTT, 4B R BER RE % B AT LA
REIM AR R EE. TS, WAREEREETUE N 5
nomvgag

W =~
I ’

(15)

WAL L RGP L.

5 REEASHRE R LT RE B
Bk AT — M EERMFERE EWmRRE. RRET SHEAEGEREE W H

K7 A B

kT, = WVeon (16)
X HLHY Veon A&4E S HIAR TR
wvoao Aa
Veoh & [ 5ot <a—0> ] (17)
M (14) . (16) . (17) SLEP AT AS S Bk ofoiR A58 47 F B Bk P48 4 SR LB (792
mu2 ome?\? ap \ 2
To~ 27r/€?3 <wv0) (E) ' (18)

R Acosf ~ (vg/c)Aa, Aw/w ~ (vo/c)?Aaag, ng = 107em =3, I _EF AT LLIFE B BkiFE & 5
PR AR T R SRR E (T, ~ mod/ks ~ 108 K) & (2rc?/wvo)?no(Aa/ag)? /2mks ~ 1012,
IRBRFTE R R RS BT, Al (14)~(16) 7T LIGE T a4 Fe il i 752 .
mv? [2me\® 1
Tb ~ kBO (—) L—TO s (19)

w
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XEE ro = ?/me® EHFRIPER, X IKFER TR ERARIEME TR HRER 10° £, H
I, FERERE, WKERMMTEERR T, ~ 101 K, WX FKURES, BER SR
EREET, Th>10M"K,

BRI (F4n X AR O i) MR Rl I i B BBk P R R g 2
AE, EEMEHIUVNEER. BRI ER I AR T SR, B
WRERR w | BHE T 0 . URFHEFRL w,/ 2 BERE, BRSE TR, BATH
1, WLIE] IRt 0 B R 2 — il S AR IR AT B W%, 9% B2 JL-F- 7T AKX E] 100% .
(] Ji@ A2 kB A Sh X X BEARH AR, (T X BUEIC L O RIS 2. BRI R AR SRR
ufg [7,32]

FS(X) _ 1+T5 1+ Tx cost 2 (20)
r® 1473 \1+Tpcosb
W Txo N
Txo=-x+(2+1)"2 (21)
HAPZH x 1 wi/w? < 18R
2,sin% 0
= . 22
X 2w cos 0 (22)

T w =20 B, ZHEHHEIHA Tx ~ 0.53F cosd ~ 1/3) Fl Tx ~ 0.2(% cosf ~ 0.1) ,
E, WK EES AR, A FRAWRERRR. &, B T35 2 /v iiit4e
R, B Tx T 1, W EmIR. (e ZEEEE, fia b MER,
A AT DATRRE R 23 100% HY [ R 5 4

ML 2] g QU e 56 B 55— B AR IE S S AR R /. IR S R RIS R R % Aw
WRE Aw/w < 0.0182 | {HJE, 4K HFESH B TR TIHRE FOARRSE, B, R
AREX LR G FRERAFEAFUERE, XS E WIS RE B MERME 2. BG4
FIREUE, Rk 4R S0 SRR TE B ZE L 0.01 K, (HASKKZ.
3.3 RFFILHFIREEELITA

KRR oy ARl F 1 BB FEfa 5, AE W RAR ST AR S i — D EE W EALH, 18
REYHF TR I N TR 25 PR Rt e S PR 42, R 0] A S I A 0 4 T 55F ri 4 e B
. MR, R4, BRENEFA#H D RRET X —HAILH IR, N TR I
AU S F R AR B OV A BRI S R IR AN B B . Rk, VR AR STER IR IR
T EARPUREE X EE AT, R, JTIZ8Y RS s, K FHATH Al R ey 9E
AR BN E AL N RE R AT R E, A0 R BHAE X b 42 e SR A UL 43 A S
N, ARPHMEBERR & 7 A A 3E 2w B HE T I R B 40 A KK 2 B0 IR RE A L i B R AR BB O
Stupp 0, Zaitsev % A BU | Fleishman 451 43 51 I\ 7R [5] £ BE BF 75 670 R0 AR 33 o 7 K 3 A9 ik
AR, M —Mxt R B AC A o 0y BULAT A AT RR IR A AL B, R — 22 % R
FI T 77 1 AP 38 L v B A 1 S, S R AR R oA B i BR IR RE B L Y R R
RE T 1 3 B 23 ] & 1] SRR A A S Y A, L TR0 @ K V5 e S ) AT R A L A7 oy R B 4%
] S AL A 3K 5
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RixIERETREANRRIEENA, F(E) =AE~, AR FIREH K B AR T U

KRN
S = /Oo AE;®EodEy = A B o(keV.em=2.57) (23)
E. o—2

AER T SR IR E T H AR ICRE R L BIE E. . 4 E. — 0, S — oo, ARIESRERE
MR, AR MATRE—EMARREEM T2, LARES—TMEIE E. . TER ISR o BRE,
E. Xt EReE S Bk, BORFRMCRERE ] LA S BEERBF R e R LM BRI £ 5.

— B, ARAEE i W ST AR AR R TR RE AL 2R A, Ho B A P2 e T R
FRAEDL, BUFRMr#E Lk (sharp cutoff) FIMEAMIEL 1L (saturation cutoff) :

F(E) = AE~ % ESE, |
0 Y E<E, |,

AE~® % E> E,,

FE) = { AE;® M E<E,. . 29)

Wu il Tang M 350 T A TX B Z MIEHEE, R T80 504 bR 50N -
Fy(E) = Ay tanh(E/E.)°(E/E.)~° (26)

I o S5 A TR BEISRE, FEILASE (steepness index)d AIEAEELL B, A T U
F T IRRERUE O . Ay BT RE 0, A4, — 1/ / tanh(B/ B0 (E/ B dE

B ARRE AL AT i AU IE VIR B tanh(E/ E) Yeg, B 6 U143 724 o % (o =3),
BORFHY o B0 A7 R B AFAE. IEIHRATLAEE], 24 0> o B, fREER L& T B L,
M0 < a BRI L, MTF—BREEE, 6> o, OERGETFHMREEA R
1E470%, BITEMRRERRL E. &bF — T REE 4L,

10° 3

6=3

10" 4

(=%
© 5

FL/(E)
6:12
8=30

E/E,
6 SR TR LT Y, A o = 309
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3.4 {REEEK LT AN E HEhkERaT R A

Wu 1 Tang ') (R 45 R 3R 01, BIGE 7 HA & m R HSE BT, TRl TR IRRE R
14T A WA A B B R AR AT E . F TR A R BCR
1

u20¢1

ﬂﬂQ:Ammm<ﬁ>% , (27)

Uo

XHE, w RERAFROFEEE TR, A BHLRE. E0RE R
EXEF (26) X, HF a1 =a+1/2.

TREREW, 40 <o b, HRBAZOE, BRI, WRIERAE TR A7E KR
BEABMB RS, BAENMARBEEFEETHROIKEAREME, BN XEHMEAFIERL T2
[, BT AERIEEN R R o R etk A 0 HIRR, TS O1 fl 02 QSR IEH AR IR A
W, X1 A X2 USRS B SRR, A B 3 I R AR RE 0 psgnmig R, X
H B BEAL MR RE A L Yy S R B T RS A O R Ik PR AN e o, ThT ELIRRE A LE BEAL 465 (0)
R, BAEGWEAREE. B 7 AR RBGMAERIL (E) WK, FTLEH, R
KARREE IRRERUL Ee rgRTHEK.

8 85 90 95 100 80 85 90 95 100 20 30 40 50 60 70 80 90 100
6/(%) 6/(%) E./keV

B 7 IR 1 f R REB R Ay e R 1)

W), Tang 1 Wu B3 BF5E T H BREPRH (URALE i FIKSI AR EE, THE TR
REBLAT N, FERETHEH,. BREETHRSET A REERE .

4 HEHRA

A2 90% LA i IR ST TR 8 ST 7 X 45 2 A H il S O 00 Rty L. SRR B
PORMBERHEAER £ 5 B 2R, T EAE M YLE 0 =A%, AR T LI B A # I & J
FIRREE, FpHl AR B A & Fiors 40 45+ B9 /N ROBE Sl St e TR B PR R A B &%, R AR AL
i By FE R A R I T W R TR TR R K. RAARE 5 P A AR B RE TR ERERK R AR A, R
PRGT L4 S — D EEALH], TEMRE R M R B P Y A AR A T R A B O (M
KRBT ESFHAT EA S AR . KM XA E B i ST g R 5 RIGHR %) BB T2
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. Ak, FELAER BT B BERK AR AT LB B, — AR R, MV R R IR
B IE B RE T TR BRSO IR B A A . X — 2R T BT[]
TRk PR ST LA B VS B . s L, TZ BRSO A A SR, K BH AN H At KR B g RE
B2 2R MR EIEE MR ARHE, X2t —P M i B 5 Bk 758 5L i 4
K&, H—J7m, WAE RS BR, BA TR 6E T 20K & A8 B T 1Y 1R
R M —PRILRE R IE S TR RRE TREM MR L, R RE LT hE
HOARE AR AT R E . Wu Al Tang M9 (9 BF R 45 R BoR, B8 M RAEE L AT R i R
R R T T LA OO (1 e Pk 3 e S DT DR g e 1 A K B R T R A T R A 2R R A
S AR TR, RORTCSE T HE T 1B ok 38 4 SR ML A A 3 I 2%, AR R ¥ 98 1 ¥ 7 B e ik
R AT AL AR A K e 4 B R S S

A R A RE T RRAE, R K RE AR LR AT o RIA ] 1 55 8 1 PR R 5 T OV
SRR ECRAMIE R, o H 7 BBk R S ML A S R B 22 T A BRI S, S b TR AR RE T
R G S B TR SR RIS RO A S S AR AT PR AT B2 R, e — IR
T RSB L4 S5 64 SO A BELATL o DA B ST X B A BDIR S, 45 A R S 2 i fR ik 5
BRI IR, AL, RUS EBRAMRIFARL —DICLER A R, TR — R
R — RN, BN AR R RS R AR AT e SRR, R
AR, A, VA R TR Y AR AR R BB R T A IR AILAR] B AN R B A R R A R R
AE FL TR Y LT B R R SN TE L A AE Ly 2257, A 1A o A o U X 2 M R o AR Y 5
My, DA KR S Bl < AL S T R
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Solar Radio Emission Mechanism Driven by Electron-cyclotron

Maser Instability

TANG Jian-fei 1'2, WU De-jin!

(1. Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China; 2. Graduate
University of Chinese Academy of Sciences , Beijing 100049 , China)

Abstract: Electromagnetic radiation mechanism is the most basic and important research topic
in astrophysics. And the generation of radio emission is one of the most complex emission mech-
anisms. This paper gives an overview of the solar radio emission and bursts from observation to
theory. The electron-cyclotron maser instability is an important mechanism that directly ampli-
fies electromagnetic radiation by nonthermal energetic electrons trapped in magnetic fields. It
has been extensively applied to explain various short-time radio burst phenomena, such as the
auroral kilometric radiation from the Earth, radio emission from other magnetized planets in the
solar system and extra-solar planets, radio bursts or spikes from the Sun and other stars. Most
discussions on the electron-cyclotron maser instability suppose that the nonthermal electrons have
an anisotropy loss-cone distribution. This is the primary condition of the nonthermal electrons
to driven electron-cyclotron maser instability and it restrict this mechanism to be applied widely.

On the other hand, major astrophysical observations imply that the nonthermal electrons
frequently exhibit an energy distribution that can be approximated by a negative power-law spec-
trum with a lower energy cutoff. From the close connection between the hard X ray emission
and radio emission we can expect that the hard X ray and radio emission are driven by the same
nonthermal electron beam. Recent study show that the power-law electrons with the steepness
cutoff can efficiently excite the electron-cyclotron maser instability because of the energy reverse
distribution below the cutoff energy. Thus greatly broaden the applicable condition of the elec-
tron cyclotron maser emission mechanism, and then expand the prospect of application of it in

astrophysics.

Key words: radio emission mechanism; electron-cyclotron maser (ECM) instability; radio

bursts; power-law spectrum; lower energy cutoff behavior



