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YckopeHue - U3Ab4BaHe — HabAIoAeHUue

YCKOpeHMe HA HACTULM (OT EAEKTOMYHO MOAE)
O ToAeMU U/MAM MAAKM MO PA3MEP TOKOBM CAOEBE U AP. (current sheets)
O YAQpPHM BbAHM (Shock waves)

O B3OMMOAEMNCTBUA MEXAY BbAHM 1 YOACTULIM

N3ABYBAHE HA EAEKTDOMATHUTHA EMUCUA — OT BCUYKM YCKOPEHM YHACTULLM

O eAeKkTpOHMU

O NpPOTOHU



PaAMOU3ADYBAHE

HaBAKOAOBAOHUTE XAPAKTEPUCTUKMN 3ABUCAT OT:
O BMAQ HA U3ABYBAHETO B OOAACTTA HO DOPMUPAHE MY (M3TOYHMKQ)
O PaAMATUMBHUA TOAHCODEP

O Edbektr HO pa3npPOCTPAHEHME — MPEYYNBAHE M MOTALLLLOHE NP HOAMYME HA TPAAMEHTU B MABTHOCTTA
B MACQI3MOTA BOAM AO OTMECTBAHE HA BUAMMATA MO3ULLMS HO EMUCUITA, MPOMSIHA B PA3NPEAEAEHMNETO
HO PAAMOSPKOCTTA, BIAOBO M CMEKTPAAHO PA3LLMPEHUNE HA OBAACTTA HO EMMUCUS

POAUMOU3IABYBAHE MMA CAMO OT eAeKTPOHuUlll




[TOTOK = AbdEeHUE/(MAOLL, - YEeCTOTA) 1Jy=102Wm 2Hz !

sphere at

., 5, 2 : radius R
MHTEH3IUTET L_. =k plpv- / c” rrightness temperature 7

oToK S, = kg TuigV” ;’c: effective

[Ton HODAIOAEHUA OT UAAOTO CABbHLLE —
NOTOKbT CE AQBA B CAbHYEBM EAMHULIM

1 sfu = 1077 ergs em2sec ' Hz~! = 10* Jansky

Atradio frequencies, 7v < kg T (the Rayleigh-Jeans regime)
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Spectrum: S7 Spiral Galaxy

In this case, the most flux
«— s present at blue
wavelengths...
Emission lines

g

... and there is not much
flux at red wavelengths

Absorption lines

500 4000 4500 $000 5500 6000 6500 7000 7500 8000

Wavelength

Flux (Vertical) vs wavelength (horizontal). The blue line

represents hotter stars and the red cooler ones.
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B 3QBMCUMOCT OT MEXAHM3IMA HO EMUCUS

O KoxepeHTHM — M3ABYBAHE HA OHCAMODBAQ OT YECTMLM BbB CpA3a

O HeKkoxepeHTHU — MHAMBUAYTAAHO M3ABYBAHE HA BCAKA OT YACTULIUTE B PA3MPEAEAEHMETO

B 3QBMCUMOCT OT CDYHKLLMFITO HA pasripeaseAeHme Ha 4HactmumTe

O  TonAuHHA (thermal) — HanpP. YePHOTEAHO PA3MNPEAEAEHNE, EMUCUATA 3ABUCH CAMO OT TEMMNEPATYPATA HA U3ABYBATEAS
(HO KbCW PAAMOBBAHM)

O HetonAmMHHA (non-thermal) — He 3aBMCK OT TEMNEPATYPATA HA U3ABYBATEAS (HO AbATM POAMOBBAHM)
PeAQTMBUCTUYHA —

HectabumaHO —

B 30BMCHMMOCT OT BUAQ HA CMEKTbPA
O HenpekbCHAT — EMUTUPAHUTE JOOTOHU MMAT HEMPEKLCHATO PA3NPEAEAEHUE MO EHEPTMM (TOMAMHHA M HETOMAMHHA)

O  AUHEEH — EMUTUPAHUTE CbOTOHl/I Ca CaOMO HA eAHA €AHAO AbAXKKMHA B 3ABUCHUMOCT OT KBAHTOBMTE CbCTOAHMA B ATOMA



Buaose

MEeXAHNIMHU

B 30BMCHMMOCT OT BUACQ HO PAAMOCMEKTLPA

O HenpekbCHAT — HAIMA MHADOPMALMA 30 MHTEH3UTETA B AOAEHA YECTOTA — M3MOA3BAT CE
LLBETOBM TADAMLM 30 O3HAYEHME HA TOAEMMHATA HO PAAMOMNOTOKA

O AMHeeH - 21 cm, M3AbYBAHE OT MOAEKYAM MPU MPOMIHA HA POTALMOHHUTE MM CbCTOSHUTE



LLBeToBE

LIBETOBETA HAO PAAMOMIODOPAKEHMITA HE €
UMCTUHCKM: false-color ce M3noA3BA 30 OCHAYABAHE HA
PAANOEMMNCUS

O T[lo yecTtota (Npm M30BPAXKEHMI HO MHOTO YEeCTOTH)

O T1o MHTEH3UTET (NPU M30DPAXKEHUA HO EAHA
4eCTOoTA, AUHMS

O W no asete (T.HAP. AMHOMMUYEH CNEKTLP NPU
HaBAOAEHMI HO CAbHYETO)

N3006pakeHME B 21-Cm HA CMMPAAHA FTAAQKTMKA
NGC253: roAeMUTE NOTOLM OT PAAMOEMMCUS CA
O3HAYEHM B YHEPBEHO
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Credit: Koribalski, Whiteoak “& Houghton (1995)
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Table 15.1: Radio emission mechanisms during solar flares. (gyrofrequences are given in units
of angular frequencies, w = 27r) (Aschwanden 2002Db).

Emission mechanism Frequency Source/Exciter

(1) Incoherent radio emission:

(la) Free-free emission (bremsstrahlung) v 2 1 GHz Thermal plasma
Microwave postbursts Thermal plasma

(1b) Gyroemission w = 8%,

Gyroresonance emission (s = 1,2,3,4) Thermal electrons

Gyrosynchrotron emission (s = 10 — 100)  Mildly relativistic electrons
Type IV moving Trapped electrons

CMMPAYHO AbYEHME, Microwave type IV Trapped electrons

HekoxepeHTHM -

(2) Coherent radio emission:
CMMPAAHO ABHEHNE (2a) Plasma emission . ¢ n Electron beams
Type I storms Langmuir turbulence
Type II bursts Beams from shocks
NAQ3MEHAO eMMCIHY, Type III bursts Upward propagating beams
Reverse slope (RS) bursts Downward propagating beams
™M LLMKAOTOOHEH MA3EP Type J bursts Beams along closed loops
Type U bursts Beams along closed loops
Type IV continuumm Trapped electrons
Slow electron beams

KOXepeHTHM -

(2b) Electron-cyclotron maser: w =8 /7 + k| Losscones
- Decimetric ms spike bursts Losscones




Table 15.1: Radio emission mechanisms during solar flares, (gyrofrequences are given in units
of angular frequencies, w = 271/) (Aschwanden 2002b).

Emission mechanism Frequency Source/Exciter

(1a) Free-free emission (bremsstrailung) v 2 1 GHz Thermal plasma
...... Microwave postbursts Thermal plasma

g = 8§,
(s =1,2,3,4) Thermal electrons
(s = 10 — 100) Mildly relativistic electrons
Trapped electrons
Trapped electrons

Vpe = 90004/ 1, Electron beams

Hama oBpatHa peakLMI OT EAEKTPOHMTE BbPXY COYHKUMATA ' Langmuir turbulence
MM HQO PA3NpeEAEAEHUE, BPOS HO UM3ABYEHUTE QODOTOHM € . B ——
NPOMNOPLMOHAAEH HAO OPOA HO EAEKTPOHUTE, ADOTOHUTE oo tours Beams along

Beams along

HAMAT OCOLLMOLLI/I;I no (*)030 g o Trapped electlou-;

------ Type V Slow electron beams

(1a) Free-free/Bremssirahlung: EAEKTPOHbBT € OTAOHSABA B ) Electroncvelommon mrcer o
KY/\O HOBOTO NMOA€e HJd Cb OHOB TN p OTOH - Decimetric ms spike bursts

— KOraTO EAEKTPOHMTE CA YOCT OT HETOMAMHHO
PA3MPEAEAEHME EMUCUIATA HO JOOTOHM € B PEHTTEHOBATA
OOAQCT

- KOrato EAEKTPOHUTE MMAT TONAMHHO PA3MNPEAEAEHMNE —
EMMUCUATA € B PAAMO AMANA30HA, HODAIOAOBAO Ce CAQDa
NOAIPU3ALMS (TUM X)

- HA 4ecToTM HaA 1 GHz — Xpomocdhepa, CNOKOMHO
CAbHLLE, QKTUBHM ODBAQCTU



Table 15.1: Radio emission mechanis
of angular frequencies. w

Frequency

‘ahlung) 3 Thermal plasma
Thermal plasma

Thermal electrons

lativ electrons
Trapped electrons
Trapped electrons

Electron beams

( 1 a ) Fre = -fl'ee / B rem SSiTG h I un g : storms e --' Langmuir turbulence

SXT Al0.1pm

Beams from shocks
Upward propagating
( Downward propagating beams
T bu Beams along closed loops
pe U bursts Beams along closed loops
7 continuum Trapped electrons
Slow electron beams

ofron maser:

OT NPUAMKATA C MEKMS PEHTIEH CE
NPEAMNOAQrQd, Y€ eAHA M1 CbLLLA MAA3MA
Cb3AOBA M ABATA TMMA EMMCUS.
POAMOHODAIOAEHUATA AOMBABAT TE3M OT
MEKMA PEHTPEH U YATODOBMOAETA M AQBAT

Figure 15.3: Observations of the long-duration flare event of 1993-Mar-16 with the Nobeyama KOAMYECTBEHU OLLEHKM 30 NAPAMETPUTE
Radioheliograph at 17 GHz and Yohkol/SXT. Note the common loop-like structure. although
HAO HEXOMOTEeHHd NMAAd3MA.

there are little differences due to the different instrumental temperature responses (Hanaoka
1994).




(1b) Gyroemission — nNpu ABMXKEHUE HA YCKOPEH
EAEKTPOH B MATHUTHO MOAE — KAOTO BCEKM EAEKTOOH

M3ABYBA HO YECTOTA, B 30BUCUMOCT OT CKOPOCTTA CU
(100 keV-10 MeV)

Typical synchrotron spectrum.

gyrofrequences are given in units

Emission mechanism Frequency Source/Exciter
(1) Incoherent radio emissi
(1a) Free-free emission ( vz 1 GHz Thermal plasma

...... Microwave postbursts Thermal plasma

: Thermal electrons

hrotron 35 (s )0) Tildly relativ electrons
IV moving Trapped electrons
Trapped electrons

“oherent radio emission:

Plasma emission 9000, /1, Electron beams
Langmuir turbulence
Beams from shocks
Upward propagating beams
Downward propagating beams
Beams along closed loops
Beams along closed loops
Trapped electrons
Slow electron beams

Typical thermal spectrum.
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Table 15.1: Radio emission mechanisms during solar flares. ofrequences are given in units

of angular frequencies. w = 271) (Aschwanden 2(

Emission mechanism Frequency Source/Exciter

(1) Incoherent radio emissi

(la) Free-free emission (bremsstrahlung) v Z 1 GHz Thermal plasma
Microwave postbursts Thermal plasma

Thermal electrons

g ) Mildly c electrons
e IV moving Trapped electrons

Microwave type I'V Trapped electrons

(2) Coherent radio emission:

Jasma emission EZ.'IL"ZIL"ZIL"ZI\__.:"'? Electron beams

L] L] .
(1b) Gyroemission — MOAY4OBA CE€ HEMPEKbCHAT CNEKTHP I storms Langmuir turbulence

Type II bu Beams from shocks

KATO CYMA OT CNEKPMUTE OT BCUMYKM M3ABYBALLLM Type Ml bursts Uprward ropagating beamss
EAEKTPOHM

- U3ABYBAHE HA PA3AMYHU XOPMOHUKM HO LMKAOTHPOHHATA
S e C T O T O (2b) Electror

- Decimetric ms

> OT HOKAOHQO HQ CMEKTbPA CE OMNPEAEAS CMNEKTPAAHMS
MHAEKC

- 30 AMATHOCTMKA HA AOM3UYHUTE YCAOBMUS B M3ABYBALLLOTC
cpead

- 3d AMATHOCTUMKA HAO MATHUTHOTO MOAE U oprHeHTAauUMA contnbutions , ——
from indivicdual . y

alectons

Vee/V = eB/2mnym.c ~ 2.8B/y MHz, with B 1n Gauss

414 P
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(1b-1) PE30OHAHCHO UAU LLUKAOTPOHHO
= OT EAEKTPOHMU C TONAMHHA JOYHKLMA HA PA3NPEAEAEHME

(< 10s keV)
- 1-4 XQPMOHUKM

- AMHEEH CMEKTbP HAO EMUMCUA OT BCEKM EAEKTPOOH

- €MUCUI HOA CABHYEBM NETHA (AKTMBHM OOAQCTH)

Table 15.1: Radio emission mechanisms during s

of angular frequencie:

Emission mechanism

(1) Incoherent radio emi

(1a) Free-free emission (bremsstrahlung)
Microwave postbursts

sonance emission
nchrotron emission

(2) Coherent radio emission:
lasma emission Ve

- Decimetric ms spike bursts

...... 9000/

yrofrequences are given in units

iter

Thermal plasma
Thermal plasma

Thermal electrons
Mildly relativ electrons
Trapped electrons
Trapped electrons

Electron beams

Langmuir turbulence

Beams from shocks

Upward propagating beams
Downward propagating beams
Beams along closed loops
Beams along closed loops
Trapped electrons

Slow electron beams




(1b-2) CnMpAAHO-CUHXPOTPOHHO
— OT EAEKTPOHM C eHeprum 10s keV — 10 MeV

> BCEKM EAEKTPOH OT PA3NPEAEAEHMNETO M3ABYBA HO XAPMOHMKM
10-100

> MHAMBUMAYOAHOTO EMUCUST € CUAHO CDOKYCHPAHA, HO
TOMAMHHOTO M EHEPTUMMHO PA3LLUMPEHME HO dOYHKLUMSTA HO
PA3MNPEAEAEHNE BOAM AO HEMPEKLCHAT CMEKTHP

- €AEKTPOHM B KOHJoMIypaAuUMs ,, MATHUTHA OYTMAKQ"
- EMUCUSI B CAYHOM HO BUCOKOYECTOHU PAAMNO-M3DYXBAHMS

Table 15.1: Radio emission mex.h'mu

of angular frequencies. w

Emission mechanism

(1) Incoherent radio emi :
(1a) Free-free emission (bremsstrahlung)
------ Microwave postbursts

“oherent r adm emission:
Plasma emission

Le I storms

pe U bursts

IV continuum

Y

Electron-cy
- Decimetric ms

otron maser:
pike bursts

Frequency

!

2 1 GHz

s during solar flares. (gyrofrequences are given in units

Source/Exciter

Thermal plasma
Thermal plasma

Thermal electrons

v relativ electrons
Trapped electrons
Trapped electrons

Electron beams

Langmuir turbulence

Beams from shocks

Upward propagating beams
Downward propagating beams
Beams along closed loops
Beams along closed loops
Trapped electrons

Slow electron beams




Table 15.1: Radio emission mechanisms during solar flares

of angular frequenci

Emission mechanism

(1) Incoherent radio em:

oresonance emission
1chrotron emission

Plasma emission
ype I storms

hwanden

Frequenc

strahlung) v

ofrequences are given in units

Thermal plasma
Thermal plasma

Thermal electrons
ic electrons

Electron beams

(1b-3) CUHXPOTPOHHO

Langmuir turbulence
Beams from shocks
Upward gating beams

9 pe/\OTI/I BNCTMMHHUM eHe p T, > ] O Mev ( Downward propagating he1111\

Beams along closed lo
logy, o F
g'll.:l l._:l:{\'

Beams along closed lo
Trapped electrons
Slow electron beams

106 y o, otron maser:
,:.}}‘*‘?' pike bursts
106
104
rp
103 Cran fledi g A
ﬂhj
102 273
o
¥
10 &
g
&l@

10 100 1000 10,000
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Table 15.1: Radio emission mechanis

of angular frequencies, w = 27v)
Emission mechanism

(1) Incoherent radio emission:
(1a) Free-free emission (bremsstrahlung)
------ Microwave postbursts

(2) Coherent radio emission:
(2a) Plasma emission

TO31 KAQC ABYEHUE 30BUCK OT TOAEMMHATA M MOCOKATA HA
MATHUTHOTO MOAE, EHEPIUATA M OPUEHTALMITA HA
ADYHKUMATA HAO PA3MNPEAEAEHME HO YCKOPEHMUTE
EAEKTPOHU, MABTHOCTTA HO JOOHOBATA MAA3MA U
4EeCTOTATA HO HODAIOAEHME

S) bursts
— Type U bursts
IV continuum

(2b) Electror tron maser:

- Decimetric ms bursts

- Razin suppression: Npu eMUCKI B MHOTO MABTHA MAQ3MAQ,
HO HUCKM YHECTOTU MMA PEAYLIMPAHA HO EMUCUATA

- free-free absorption — No Ab4a HA 3pEHME

- thermal gyrosynchrotron absorption — ot 3a00mMKaAgLLLATA
NAQ3MA

- EMUCKHA HO NO-HNCKMN XAPMOHUMKM OT TEOPETUYHUTE

s during solar

schwanden 2(

Frequency

vz 1 GHz

3,4)
100)

9000\/n.

ofrequences are given in units

Source/Exciter
Thermal plasma
Thermal plasma

Thermal electrons
Mildly relativistic electrons
Trapped electrons
Trapped electrons

Electron beams
Langmuir turbulence
Beams from shocks
Upward propagating beams
Downward propagatir
g closed loops

s along closed loops
Trapped electrons
Slow electron beams




PE3yATATU OT TEOPETUYHEH MOAEA

HabaloaeHnd (mm & cm): Owens Valley Radio
Observatory, Radio Solar Telescope Network...

N3TOYHUKDBT € OMTUYECKM HEMPO3PAYEH
(optically thick) HO HUCKM YeCTOTH, PA3ZMEPDBT
MY HOMOASBQA C YBEAMYABAHE HA 4Y€CTOTATA,
CMEKTbPBLT MY MMA AODPE M3PA3EH MOKCUMYM
(mexay 5 m 10 GHz)

HaBAIOAEHMATA MOTBLPXXACGBAT, Y€ EMUCHATA OT
BMCOKOYECTOTHU PAANOMITOYHMLM €
NOAIPU3MPAHA (X-Mmode), AOKATO
HUCKOYECTOTHUTE CA NMPEAMMHO Be3
MNOAIPM3ALMS

BAM3KM BpEMEBU MPOTOUAM C PEHTTEHOBATA
eMMCUS

.(1998)

10° K

(b) T, Spectra

(a) Magnetic Loop Model

Loop top
Footpoint A — - — -
Footpoint B _ _ _

2 GHz 5 10

2.00 GHz 2.88 GHz 3.67 GHz 5.27 GHz

7.59 GHz 9.67 GHz 15.70 GHz 20.00 GHz

Figure I Gyrosynchrotron emission from a model coronal magnetic loop. Top left: A repre-
sentation of the magnetic field lines of force. The black lines of force demarcate the full width
at half maximum of the electron number density of nonthermal electrons. Zop right: Brightness
temperature spectra of the resulting gyrosynchrotron emission at magnetic footpoints A and B and
at the loop top. In the bottom two rows, the brightness distribution of the Stoke meter are
shown for eight frequencies. The contour levels are 2%, 5%, 10%, 20%, 30%. 40%, 50%, 60%,
70%, 80%, and 90% of 6.8 x 10® K. The scale of each of the /ower panels is half that of the
upper-left panel.
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Figure 15.2: Universal frequency spectra of a homogeneous source in radio brightness temper-
ature (top row) and radio flux density (bottom row), for three different emission mechanisms:
free-free emission (left). thermal gyrosynchrotron (middle). and nonthermal gyrosynchrotron
emission. The arrows represent the magnitude and directions of shift for an increase of parame-
ters by a factor of two (Gary & Hurford 1989).




Table 15.1: Radio emission mechanisms during solar flares, (gyrofrequences are given in units

of angular frequencies, w = 271/) (Aschwanden 2002b).

Emission mechanism Frequency Source/Exciter
(1) Incoherent radio emission:

(la) Free-free emission (bremsstrahlung) v Z 1 GHz Thermal plasma
------ Microwave postbursts Thermal plasma

,2,3.4) Thermal electrons

(s = 10 — 100)  Mildly relativistic electrons
Trapped electrons
Trapped electrons

EAEKTDOHUTE CE YCKOPSBAT BbB ADA3A M M3ABYBAT CDOTOHM, KOUTO [ i mence
CBLLLO CO BbB dPA3A, PAAMOIPKOCTTA € MO-TOAIMA OT CPEAHATA e I bursts Bens fromshocks
EHEPIMS HO M3ABYBALLIMTE EAEKTDOHM st g be

(2a) NArazmeHa emmcims :
Trapped electrons

— MPEACTABAIBA HEAMHEMHO MPEBPBLLAHE HO EHEPTMATA HA Slow electron beams
M3ABYBALLIMTE EAEKTPOHM B MAA3MEHM BbAHM, KOUTO HO CBOM PEA ot oo
Ce MNPEBPBLLUAT B EAEKTPOMATHUTHU BbAHM

- M3ABYBAHE HA MAA3IMEHATA YECTOTA MAM BTOPA XAPMOHUMKA

> EAEKTPOHEH CHOM C HECTAOUMAHA AOYHKLMS HO
PA3NPEAEAEHME

- 30 AMATHOCTMKA HO EAEKTPOHHATA MABTHOCT OAM30 M BbTPE B
M3TOYHWKA M MPU PA3NPOCTPAHEHUNE HO EAEKTPOHUTE B
KOPOHATA M MEXAYMAQHETHATA CPEAC




Table 15.1: Radio emission mechanisms during solar flares. (gyrofrequences are given in units
of angular frequencies, w = 2mv) (Aschwanden 2002b).

Emission mechanism Frequency Source/Exciter

(1) Incoherent radio emission:
(la) Free-free emission (bremsstrahlung) v Z 1 GHz Thermal plasma
Microwave postbursts Thermal plasma

(1b) Gyroemission w = 58,

Gyroresonance emission (s =1,2,3,4) Thermal electrons

Gyrosynchrotron emission (s = 10 — 100) Mildly relativistic electrons
Type IV moving Trapped electrons
Microwave type IV Trapped electrons

(2a) Plasma emission 1 Electron beams

(20) |_| Ad3INMeHd eMmMCIn9 Type I storms Langmuir turbulence
Type II bursts Beams from shocks
Thermal Type III bursts Upward propagating beams
Reverse slope (RS) bursts Downward propagating beams
Type J bursts Beams along closed loops
Type U bursts Beams along closed loops
Type IV continuum Trapped electrons

Slow electron beams

(2b) Electron-cyclotron maser: w Losscones
- Decimetric ms spike bursts Losscones

Beam evolution
1) MopaAn HOAMYMETO HA AUCIIEPCHUA MO
CKOPOCTH, Bb3HMKBA bump-on-tail
HEYCTOMYMBOCT. HEYCTOMYMBOCTTA Ce PA3BMBQA,
KOraTO CKOPOCTTA HA CHOMA € NoHe 3 MbTu MOo-
FOASIMA OT TOMAMHHATA CKOPOCT.

o~ v
2) MOAOXMTEAHUSA HOKAOH BOAM AO PE3OHAHC HA

Figure 15.10: The evolution of a beam in the tail of a thermal distribution is shown, starting AQHAQY, KOETO reHEePUHA AQHTMIOMPOBM BbAHM.

with the arrival of the fastest electrons at time /, = L /v, producing a positive slope df /0v > 0 3) CAeA HEAUHEMHO CMECBAHE C APYTU
and which 1s unstable. At later times. slower electrons arrive at /- L,’m and {3 L,H-'_J,. but AQHIMIOPOBM, ﬁoHHo_QKyCTMqHM MAM HOMPEYHM
the slowest ones do not produce a posifive slope and are stable (adapted from Lin et al. 1981D). BbAHM CE Cb3AABA MAA3ZMEHATA EMMCUS.




(2a) lNMAa3zmeHa emmcug

AR AR LR

¥
E
o
1
o
a
L
L
=
=

i 2410 3xiQ" n© 25100 30010

M, cm/sec

Figure 15.11: In situ measurements of the electron beam distribution in interplanetary space
by ISEE-3 on 1979-Feb-17. The sequence of 24 distribution functions is taken every 64 s and is
displayed incrementally shifted to the right by amounts of Av = 2 x 10" em s~ '. Note that a
positive slope occurs mainly between 20:00 and 20:30 UT (Lin et al. 1981Db).

Table 15.1: Radio emission mechanisms during solar flares.

of angular frequencies. chwanden 2002
Emission mechanism Frequency
(1) Incoherent radio emission:

(la) Free-free emission (bremsstrahlung) v Z 1 GHz

~ Type U bursts
Type IV continuum

gyrofrequences are given in units

Thermal plasma
Thermal plasma

Thermal electrons
Mildly relativistic electrons
Trapped electrons
Trapped electrons

Electron beams

Langmuir turbulence

Beams from shocks

Upward propagating beams
Downward propagating beams
Beams along closed loops
Beams along closed loops
Trapped electrons

Slow electron beams

Losscones
Losscones
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Figure 9 Cartoon of a flare model suggesting a global view of acceleration and evaporation
processes in the context of density measurements by coherent radio bursts and SXR emission.
The panel on the right illustrates a radio spectrogram (dynamic spectrum) with bursts indicated
schematically. The acceleration site 1s located in a low-density cusp from where electron beams
are accelerated m upward (m-X type III and type U bursts) and downward (reverse-slope or RS
type IIIdm bursts) directions. Downward-precipitating beams that intercept the chromospheric
evaporation front may show as decimetric bursts (DCIM) with almost infinite drift rate in the 1- to
2-GHzrange. The chromospheric upflow fills SXR-bright loops with subsequently wider footpoint
separation while the reconnection point rises higher. (From Aschwanden & Benz 1997.)
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Table 15.1: Radio emission mechanisms during solar flares, (gyrofrequences are given in units

of angular frequencies. w

Emission mechanism Frequency Source/Exciter
(1) Incoherent radio emi
vz 1 GHz Thermal plasma
Thermal plasma

Thermal electrons
y relativistic electrons
Trapped electrons
Trapped electrons
(2) Coherent radio emission:

2b M Plasma emission 9000, /i, Electron beams
d3ep - e I storms Langmuir turbulence

Beams from shocks

Upward propagating beams
Downward propagating beams
Beams along closed loops
Beams along closed loops
Trapped electrons

Slow electron beams

> MPU ABMXKEHME HA EAEKTPOHM B MATHUTHU
APKM (3OXBALLLOHE B MATHUTHA OYTUAKQO U
AENO3NPAHE B XPOMOCHEPATA)

= 30 AMATHOCTMKA HA COM3UYHKM YCAOBMS NMPU

5 g z777; Y EMMCUA HO OUHU PAAMOCTPYKTYPMU
//

-; _Colhsmnal loss region -
452272 ////// Y (KPATKOTPAMHM, TECHM YECTOTHU AMATA30HM U
Chromosphere [OASM MHTEH3UTET HO EMUCHITA)

Figure 15.23: Spatial configuration of losscone-driven radio emission in the context of a flare

loop with a magnetic trap (Aschwanden et al. 1990).
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Figure 15.1: Characteristic frequencies for radio emission in the solar corona and heliosphere.
The plasma frequency (solid line) and the frequency where the free-free opacity is unity (dashed
line) are shown as distance from the photosphere versus frequency. The regimes of dominant
plasma emission. bremsstrahlung emission. and gyroresonance or gyrosynchrotron emission are
marked as a function of frequency (Gary & Hurford 1989).




B 30BMCUAMOCT OT YHKLMATA HA pasnpeaseAeHme f(v,,v, )
O TONAMHHO UAM U3OTPOMHO CYMPATEPMAAHO - MNPU HEKOXEPTHO M3ABYBAHE
O HeTONAMHHO, QHU3OTPOMNHO -

AMCMEPCUS MO CKOPOCTU — PA3MNPEAEAEHUE TUM beam: MAA3IMEHA EMMUCUS

MATHUTHA OYTUAKQO — TUM losscone: eMUCUS TUIM EAEKTOOHHO-LIMKAOTOOHEH MA3EP




4YeCTOTHO pa3npeAeAeHuUue

O mm/300 GHz > e > 1 MeV (AMArHOCTMKA 30 EAHM OT HOM-EHEPTETUYHUTE EAEKTPOHM
YCKOPEHM MPU AKTUBHU MPOLLECK B CABHYEBATA KOHOHA)

@)

cm/30 GHz - e ~ 100s keV (3a AMArHOCTMKA HO OU3UYHUTE YCAOBUS MO BPEME HA
M30YXBAHUATA, M3ODPAXKEHMS M CMNEKTPOCKOMMYHM METOAM)

dm/3 GHz - radio burst types
m/300 MHz - radio burst types
dam/30 MHz - radio burst types
hm/0.3 MHz > radio burst types
km/300 kHz - radio burst types

O O O O O
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Planck function

(wavelength form)

The intensity, or surface brightnessMget the flux F:

(frequency form)

I= /I{ﬁ-'}ff‘k-' (units: J m2 571 sr1). F= fIrIQ (units: Jm2 s, or Wm?)

flux density

1 Jansky (Jy) = 1026 W m2 Hz'*
5= j I(v) dQ (units: W m=2 Hz")

1 Solar Flux Unit (sfu) = 1022 W m2 Hz"' = 10000 J

blackbodies, which are by definition optically thick and in thermal equilibrium

if a source is not optically thick lits emission will appear weaker (lower intensity) than if it were

brightness temperaturel§ The brightness temperature is the same as the true temperature only for an optically thick blackbody

P P . .
T = B,(T)c*/2kv flux density measured by a radio telescope becomes I S,
§= 2kTyv=le” dC) = 2fve/c” T; dQ2

effective temperature

The field of view is also called the beam
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