KorepeHTHOe nanyvyeHue nnasmbl B
acTpodPun3nN4ecknx obbekTax

[[HeguH KO.H., TAO PAH

ABCTPAKT

PagnoHabniogeHnss HEKOTOPbIX CUITbHO MEePEMEHHbIX aKTUBHbIX ranaktundecknx agep (AlrA)
NnokasblBalOT o4YeHb BbICOKyo T{B} > 10*{12} apKoCTHytO TeMmnepaTypy u LOBOJSIbHO BbICOKYH) ~
1% Kpyrosyo nongpusauuio.

Takasa cuTyauma no3sonseT caefiaTbe BbiIBOL O BO3MOXXHOW KOrepeHTHOM npupoae nanyvyeHus
penatmsucTckoro gxketa B AlA. B poknage paccMOTpeHbl crnefyrowmne BO3MOXHLIE B
paccMaTpuBaeMoOn CUTyauun KorepeHTHble npouecchl: (A) CUHXPOTPOHHOE W3Ny4veHue
pPenATUBMUCTCKOM nNnasMbl C oTpuuaTteribHon peabcopbumnen; (b) korepeHTHoe wuanyyvyeHue
CryCTKOB 3apsiioB M TOKOB B nria3me; (B) korepeHTHoOe nepexogHoe U3fydYeHue 1 paccesHue B
penatusmuctckon nnasme; ([) oHOYNATOpHOE  U3MydeHne  PensaTUBUCTCKUX  YvacTul.
HabniogatenbHbiM MNOATBEPXOAEHMEM MNOCNEAHEro MexaHumama sBnsieTcss obHapy)KeHHast
HedaBHO MNpsiMad CBS3b MeXOY XapaKTepHOM 4acCTOTOM KBa3UMepuognyecKkux OCuUnnaunm
nanydenuss Al'd n BennuunHOM MarHMTHOro nonsa B6MN3M ropu3oHTa CBEPXMACCMBHOW YEPHON

AbIpbl.
B 3akniouyeHun KpaTko aHanuM3uMpylTcsi HOBble MeXaHW3Mbl YCKOPEHUSI U U3NYyYeHUs
PENATUBUCTCKUX I)KETOB, NPeACcTaBrneHHble B NocneaHux nyonmkaumsx.
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MMOTEPU KOMIEHCUPYIOTCS YCKOPECHUEM




CneKkTp CUHXPOTPOHHOIO U3NyYeHUs
PENATUBUCTCKUX 3MNEKTPOHOB B OAHOPOAHOM
MarHMTHOM norse




CneKkTp CUHXPOTPOHHOIO U3NyYeHUs
PENATUBUCTCKUX SINEKTPOHOB B
HeogHOPOAHOM MarHUTHOM rnore




Knaccunyeckmm npumMmep KOrepeHTHOro
npoLecca — KorepeHTHoe O4HOKpaTHOE
paccedaHue:
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BnnaHmne HeogHopoaHOCTU cpeapbl

3oHa dbopMmnpoBaHUSA N3NYyYEHUS PENATUBUCTCKOWN YacCTULIbI:

2
] R, mc C
o = —_——— = —

y OB
BnvsHne  HeOQHOPOAHOCTM  MarHMTHOrO noms U

NNOTHOCTb Cpedbl Ha 3NEeMEHTapHbIN aKT W3NyYeHud
onpeaenseTcs COOTHOLLEHMEM MeXay lS " Lo

Ecnn L, > [ - 0Bbl4HOE CMHXPOTPOHHOE M3NyYeHne

Ecnun L, </ - cnekTp u nonsipusaums CyLecTBEHHO N3MEHSIOTCS



OndpdPpy3noHHOE CUHXPOTPOHHOE
n3nyyeHue

[.O. PnevwimaH «CToxacTudeckas Teopusa N3rnyvyeHusa»
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CnekTp 3NneKTpoOMarHUTHOro n3ny4vyeHust Ha BbICOKMX YacToTax
onpenenseTcs cnekTpanbHbiM UHAeKcoMm V| xapakTepusyoLmnm
pacrnpegerneHme MenkomacutTabHoro TypoyneHTHOro MarHUTHOro nosns.
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Fig. 1. Spectra of radiation by a relativistic particle with v = 10* for differing value of the
random magnetic field (left) and with different v in the presence of weak random magnetic field
(B%) /B3 =107* (right).
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Fig. 2. Spectra of radiation by a relativistic particle with different v in a dense plasma in the
presence of weak random magnetic field <Bft> /’Bﬁ = 107° (left), and with v = 10* in small-scale
random magnetic field (right). If wo is big enough (e.g., wo/wpe = 107 in the figure) the spectral

region provided by multiple scattering, w'/?, disappears.
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Fig. 3. Spectra of radiation by a relativistic particle with different v = 30, 3-10*, 10° in the
presence of small-scale random magnetic field (left). Emissivity by fast electron ensemble with
different energetic spectra (¢ = 2.5, 4.5, 6.5) for the case of dense plasma, wpe /wpe = 3 - 1073
(right).
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Fig. 4. Left: Same as in fig.[3] right. for less dense plasma, wp. /wpe = 3-1072. The contribution from
the uniform field (synchrotron radiation) decreases for softer electron spectra (i.e., as £ increases).
Right: Emissivity by fast electron ensemble (with ¢ = 6) from dense plasma (wpe/wpe = 3 - 1072)
in the presence of weak magnetic inhomogeneities <Bzf> /B3 =107 for different high-energy cut-
off values v2. When 72 is small enough, the uniform magnetic field does not affect the radiation
spectruim.
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FIG. 1. (Color online) DRL spectra produced by a particle with
y=10° in a plasma with developed one-dimensional Langmuir tur-
bulence for various particle propagation directions: cos 9=0, solid
(black) curve; cos O=1073, dashed (red) curve; cos ¥=0.5, dash-
dotted (green) curve; and cos %=1, dotted (blue) curve. Parameters
are given in the figure. The “parallel” contribution [blue (dotted)
curve] is very small (107'%) for the highly relativistic particle, al-
though it becomes competing for moderately relativistic particles.



AP PEKTbI KOFrEPEHTHOCTU B 3SIEKTPOMArHUTHOM
N3ny4YeHnmn OLICTPbIX YacTul, B cpeae

B ornpeaefneHHbIX YCI1oBUAX cobCcTBEHHOE n3nyyvyeHne 4actmubl U U3ny4eHune
cpeibl MOXET ObITb KOrepeHTHbIM No OTHOWEHUK K YaCTnuaM Cpebl.

KorepeHTHOe TOpMO3HOE U3ny4yeHue.
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KOrepeHTHoO n3siydaeT BCe 3J1EKTPOHbI Cpe/ibl B obbeéme HEOOAHOPOAOHOCTMU.

LINKNOTPOHHBLIN Ma3epHbIN, NepexoaHbit Ma3epHbIn, NiasMmeHHble MexXaHU3Mb!
N3nyvyeHns.



dopmMbl NepexonHOro N3ny4YeHus:

Ha oTAeNbLHOW rpaHuue, andpakunoHHoe, pe3oHaHCHOoeE,
nonapmnsaunoHHoe
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a) CeMencTBo CNeKkTpoB NepexogHoro
N3Ny4YyeHnsa OS89 pasnnyHbIX 3Ha4YeHUN
B6e3pasamepHOro nMnyrnbca 3apsaKeHHON
yactuubl X = D / mc (uMdppbl Y KPUBLIX).

6) N3ny4yeHne aHcaMbnsa 3apsKeHHbIX
YacTtuy, co cTeneHHbIM pacnpeaeneHnem
No UMMNyrbcam ANs pasfnnyHbIX
nokasarenen cnekrpa (LmMdpsbl y KpMBbIX).
LLUTpMXOBbIMM NIMHUSIMU NOKa3aHbl CAEKTPbI,
BbIYNCNEHHbIE MO PENATUBUCTCKUM
acmmMmnToTukaMm. [pn noctpoeHun rpadonkos
npuHaTo v =1.5.

(r.4. ®nenwmaH «CtoxacTnyeckas Teopus UsnyveHus »)



KorepeHTHOe nepexogHoe U3J1yUYeHH e

Cr'yCTKAa 3apsiioB
KOFCpeHTHOCTB — B IIPOLCCCC U3JIIYHUCHHUA HaCTHUILIbI

HaxosITcs Ha paccrosanu d < A .
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HOW PHOTON

BUBBLE
INSTABILITY

WORKS

B=0: oFlux L ov
B #0: oFlux has component || ov

Sound waves (Gammie 98)
or

Entropy waves (Arons 92)
can be destabilized

N. Turner et al. 2004 Radiation Flux



PHOTON BUBBLE SHOCK TRAINS
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PunameHTbl B penATUBUCTCKOM OXXeTe

Magnetized filaments
Non—diffuse

./7 emission I"EEIOI'IS

Working surface

_..,_

Disc & Torus Jet knots/blobs Lobes

(arXiv:1009.0312, 2Sep 2010 M.Honda)




SUPER-EDDINGTON ACCRETION DISKS?

Photon bubbles = porous disk =
L > L possible without blowing disk apart

Max. luminosity:

— ~ 130 —

o \_J

L0.03 /L 10°,
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CY CLOTRON MASER EMISSION FEOM BLAZAR JETS?

Initial Electron Distribution
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Fig. 1.—(a) Cartoon of a current-carrying magnetic mirror on a quasi— force-free flux rope. The nearly field-aligned current increases both the toroidal and axial
components of the magnetic field. Electrons carry the current of the flux rope from top to bottom. A parallel electric field, as in the aurorac on Earth and Jupiter, is
reguired to maintain the electron flow through the mirror region. The combination of parallel potential and magnetic mirror evolves the initial electron distribution
(£ mto a horseshoe-shaped disoribution, () when viewed in two dimensions (a shell when viewed in three dimensions). In these plots we use a mirror ratio B = 5,
a current |Jo, | = 30mAd/m® (Fog| = 6md fm?), and a 500 keV parallel potential, which is consistent with the current for an electron temperature of ~100 keV and
density of 100 em ™. The adiabatic, static Vlasov code used for these calculations is described by Ergun et al. (2000b).

(Apd, 625, 51, 2005 May 20, Begelman et al.)



CHUHXPOTPOHHOE Ma3€pPHOE N3ITYUYCHHUE
B.B. XXene3nskos + mkosa UT1O PAH
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Fig. 2. Schematic view of the frequency spectrum I, of the synchrotron-maser emission. The spectrum at
frequencies v g /Eoq, at which the reabsorption is negative, has the pw.rer—law form (31) if § < —13/6 (a)
and a narrow maximum if & ::- —13/6 (b). As for the frequencies ef? Sve at which the absorption
is positive, we have I, ~ g,12. The level of radiation at higher frequencies v > 2 is determined by weak
spontaneous emission. Here £, is the characteristic width of the electron distribution determined by the
radiation outside the amplification range (see Sec. 4 below).
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Figure 1. Schematic representation of the initially linear planar channel bent by the

transverse acoustic wave. The notations are: d is the channel width, a, A are the AW

amplitude and wavelength, respectively.
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