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[1naH npoknaaa

* «OBObIKHOBEHHANA» (NapHas) penakcauus
N €€ oTNnu4yme OT Pe30HaHCHOW penakcaumnm

e CcKanspHaga 1 BEeKTOpHasa pe3oHaHcHasa pernakcauung
* METOAbl pacyeTa aPPEKTUBHOCTM periakcauum

e acTpodunanyeckue nNpunoxeHmsa

npuMeHeHne Kk Hecdepniecknm 3BE3aHbIM CUCTEMAM

INnutepartypa:

Rauch & Tremaine 1996; Rauch & Ingalls 1998;
Hopman & Alexander 2006; Gurkan & Hopman 2007;
Eilon, Kupi & Alexander 2009; Kocsis & Tremaine 2010;
Madigan, Hopman & Levin 2010 (in prep.)



Obbl4yHas (napHasi) penakcauus
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OpOuTbI 3BE3[ B OKPECTHOCTU
CBEepXMacCUBHOW YepHOM AObipbl

e Ha Bpemenax mopsijika (paguabHOIO) OpOUTAIBHOIO

nepuoa t, = 2m G‘j&

KCILJICPOBCKHUEC 2J1IJIAIICDBI]

— IIOYTH 3aMKHYTBIC

e Ha Bpemenax mopsijika mepuoia Mperneccuu
tp, ~t, My /M, (a) — pozeTku;

e B me-chepudecku-cuMMeTpUIHOM
IIOTEeHIIaJIe OpOUTaAIbHAA ILJIOCKOCTD
IpereccupyeT Ha BpeMeHax t, 2 lp.







«PE30HAaHCHbINY XapaKTep NapHOro B3anMoencTBuS

pe30oHaHC Mexay paguaribHbIM U YyrnoBbIM NEPUOLOM OpOUTLI
(TOYHbIW B CIlydae YNCTO KensiepoOBCKOro OABUXKEHUSA)
NpuBOaANT K BONbLUEMY BPEMEHN KOr€PEHTHOCTH
(nocrnegoBaTenbHblE COBLITUA paccemBaHNs HE HE3ABUCUMDI)

Ha NPOTA>XEeHNUN BPpEMEHN KOTepeHTHOCTW MNMOMPaBKN K CKOPOCTH
cknagblBaloTCs IMHEUHO, a He cpeagHeKkBaapaTtnyHo

B3aMMHOE BIIUAHUNE Op6I/IT onncbiBaeTC4A MOMEHTOM CUJT MEeXY
ABYMSA 3r1JIMNCaMn

pPe30HaHCHOEe paccesiHne nNpmMBoanUT K UBMEHEHUIO MOMEHTA
nMMnynbca, HO He 3HEePrumn (T.k. NoTeHyuan annurca crtaunoHapeH)



Xapaktep u3aMmeHeHnsa momeHTta npu PP
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[1Ba Bnga pe3oHaHCHOW penakcauum

*  cKansipHas:

B3aMMOLENCTBUNE MeXayY
KennepoBCKUMU annurncamu;
N3MEHSAET MoAYSb N HanpasreHne
BEKTOpa yrrioBoro MOMeHTa

*  BEKTOPHas:

B3aMMOLENCTBUNE MeXaY

KonbLamu (po3eTkamm);

N3MeHSET TOSIbKO HarnpasfieHne

BEKTopa YyrrioBoro MOMeHTa, HO He MOy b.




CkangapHaga penakcayms

BpeMH KOI'ep€HTHOCTH OlIpelde/IdeTCd BpeEMEHEM IIPpeHeCCu HallpaBJICHNZ
OOJIBINOM HOJIYOCH 3JILJIMUIICA.

IIpeneccusa obycaoBaeHa:

a) pacrpeeIéHHON Maccoil 3BE311 BHYTPH JTAHHON OpOUTHI
M s
bty >~ t, W rjae m, - Macca OJJHOM 3Be3/1bl,
N (a) - aucio 3BE€31] BHYTPU OPOUTHI JAHHOTO PaJIAYCa
(HeroToHOBCKAsT TIpeIeccus );

6) cmemenunem mepuactpa 3a caér OTO (pensTuBUCTCKas Mperneccust)
2

by > 1, = Y LI(’ 7z, T/€ @ — panuyc opoutsl, r, — paanyc HIpapnmmuisa,

L. — Makc. MOMEHT KPYroBoil OpOMTHI C PaIUyCOM d.



Cpenuuii MOMEHT CIJI, JefiCTBYIOIIUM Ha OpOUTY M3-3a CJIyIailHBIX
dIIyKTyanuii B MOJIOXKEHUHU JIPYTUX 3BE3]T

dL x VNm,
M= | L] oy G g YNy
dt a M,

DTOT MOMEHT CIJI COXPAaHsIETCs Ha IPOTIAKEHUU BPEeMEHU KOIe€pPeHTHOCTHU
teon = min(tp’ Ny tpa R), 32 9TO BpeMsi MOMEHT UMILYJIbCa U3MEHSAETCs Ha

(A|L|)eon >~ Le/VN (115 HBIOTOHOBCKOIH IPEIIECCHH ).

BpeMmst penakcanmum onpenensgercd KakK BpeMsd, HEOOXOIUMOe JIJIs
M3MEHEHUsI MOMEHTAa UMITYJIbCa Ha BEeJIUYUHY HOpsaiaKa L.; TOCKOJbKY
npu t 2 t.on TPOIECC UMEET XapaKTep CIydaitHOro OJIyzKIaHus, TO
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BekTopHaga penakcauug

e JelicTByeT B JIIOOOM cHepUIeCKU-CAMMETPUYIHOM IIOTEHIIAAJIE;
e paboTaer Ha BpeMeHaxX 2 t,, KOTJa OPOUTHI BBITVISIAT KaK KOJIBIIA;
® He IOJIABJAETCA PEIATUBUCTCKON IIpeIeccuei;

® N3MeHAdeT TOJBbKO HallpaBJI€eHHEe, HO HE MOJAYJ/Ib BEKTOPa MOMEHTa HMMILYJ/IbCa.

IIpu orcyrcrBumM Apyrux (pakToOpOB M3MEHEHHE OPOUTAIBLHON ILJIOCKOCTH,

BbI3bIBAalOIIIee NEKOIr€epeHIINI0, IIPOUCXOJUT TOJIBKO 3a cueT caMoii peJIaKCaluu.
Lc M Trel,s
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XapaktepHble BpeMeHa anga Hawen ['anaktuku
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MeToabl pacyeTta pe3oHaHCHOWN penakcaumm

opbutanbHO-yCpeaHEHHbBIN (BbIYNCIIEHME MOMEHTOB CUIM MeXAY
oBym4a annuncamu). Rauch & Tremaine 1996 (unused); Gurkan &
Hopman 2007; Touma, Tremaine & Kazandjian 2009 (Gauss’ method)
— UCMONb3YLLMN NpenmMyLLecTBa onncaHua paccmMmaTpuBaemMoun
don3nyeckon CUCTeMbI; NOTEHUMASIbHO MNO3BOSIAET MOAENNPOBaATL
apontouuto N-annuncos 1 onpegeneHme BpeMeHn KOrepeHTHOCTM!.

[Mpamon N-body (crnoxHocTu: HeobxoanM TOYHLIN MHTErpaTop Ans
n3bexaHnsa «YMCrEeHHOM» npeLeccmm Ha 6onbLUNMX BpEMEHAX;
peanu3yem noka TOSbKO A5l OrPaHNYEHHOro YMcna «TECTOBbIX» 3BE3[
B MPUCYTCTBUM HEB3AMMOAENCTBYOLLNX «OHOBbLIXY» 3BE3L):

Rauch & Tremaine 1996; Eilon et al 2009; Madigan et al 2010.
[Tlo3BongeT HaNPAMYHK N3MEPATL BPEMSA KOrepeHTHOCTU
(koppensaunoHHbIM aHanus). M.6. gononHeH MoHTe-Kapno /
dokkep-l1naHKOBCKMM METOAOM Ha DONbLUMX BPEMEHAX.



MeToabl pacyeTa pe3oHaHCHOW penakcauum
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Figure 5. Long-term relaxation in a Q = 10* simulation with N = 50
particles and a » = 1 density profile. The theoretical composite correlation

curve (Equation (14)) for scalar RR (line) is fitted across the coherent (7 <
7)) and random-walk phases to the simulated data (points) (see Figure I).
The theoretical estimates of 7); and 7, are shown for Ay = A, = |1
(Equations (4) and (5)). The derived best fit for this simulation is Ay =
0.99 + 0.01. As expected (Section 4.2), the coherent (o) phase of the vector
RR correlation curve extends only up to 1. and not 7. and it does not show
a clear random-walk phase. Also shown are the theoretical asymptotic 7 > 1,
values of the correlation curves (diamonds) (Section 4.2).
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AcTpodunsndeckme npunoxeHuns ckanapHou PP

1. YBenu4yeHue noTtoka 3BE3[ B YEPHYIO ObIpY
(ymMepeHHoe, n3-3a orpaHnyYeHnm rno BpeMeHn KOrepeHTHOCTN)
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Fic. 2.—Growth of a cusp in the presence of RR, with the same initial con-
ditions as in Fig. 1 in the presence of the NR and RR sink terms for RR cfficiency
factors of y =0, I, 3, and 10. For RR efficicncy factor y = 3, RR leads to an
exponential cutoff of the DF at high energies.
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Figure 6. Change in the EMRI and plunge rates relative to that predicted
assuming only NR, as function of the RR efficiency x (adapted from Hopman
& Alexander 2006; Figure 5). The RT96 estimate of S (x = 1) predicts an
increase of x7.1 in the EMRI rate due to RR, close to the maximum. Our
(EKA09) new measured RR efficiency (x = 3.9) predicts a higher plunge rate
and thus a smaller increase of x4.9 in the EMRI rate.



AcTpodunsndeckme npunoxeHuns ckanapHou PP

2. OOBACHEHME BbICOKMX IKCLEHTPUCUTETOB S-3BE3A
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AcTpodunsndeckme npunoxeHns sektopHon PP

3. o0bbsacHeHue narnba ancka monoabix 38€3g (r ~ 0.05-0.5 pc);
4. onpegeneHne paBHOBECHOrO pacnpeaeneHust No HanpaeneHuto L
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Figure 6. Two orthogonal cross-sections of a disc subjected to
vector resonant relaxation. The parameters of the dise and the

stellar cluster in which it is embedded are described in 5] The T
. C R T L i crit
disc was initially horizontal. The calculation is based on the as- —04 _

sumption that the inclinations are small and the results presented d\ﬁ\k
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here are large enough that this approximation is not quantita- - .
tively accurate. Only stars with mass > 20 Mg are shown but the / Cba3OBb|V| nepexon
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BektopHas PP B Hecdepuieckmnx cuctemax

NpY HaNM4MM Apyrux MexXaHM3moB, Loyr
BMMAIOLNX Ha NpeLeccuio 10° 5 bode relasat
opbuTanbHOM NMNOCKOCTU, OHU £ OCy recanation Toain
OyayT orpaHn4nBaTh Bpems . pyramid
KOrepeHTHOCTM 1 NoAaBNATb 10 Scalar RR
BEKTOPHYH penakcauuio. . -

10
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noTeHUnana 3B€3[ BpemMs 10’
BeKTOpHOM PP MoxeT BbITb
CPaBHMMO Wnn 6onbLUe, YeMm 10° Ce. 'sio,]
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3akrnr4yeHune

B OKpecTHOCTU cBEpXMAaCCMBHOW YEPHOWN Oblpbl paccesiHue 3BE3 Apyr
Ha apyre NpoucxoauT KorepeHTHbIM 00pa3oMm, T.e. Ha NPOTAXKEHUN
MHOIMX opoOuTarnbHbIX NEPUOLOB.

Pe3oHaHCcHasa penakcauua 4yacto ropa3go addektnaHee 06bI4YHON:
ckangpHasa PP nameHaeT moaynb yrinoBoro MOMeHTa, HO nogaBnseTcs
pPeENSTUBNCTCKON npeueccunen; BektopHasi PP npouncxogut ObicTpee,
HO U3MEHSAET TONbKO HanpaBfieHne MOMEHTa.

PP mMoxeT npuBoauThb K paay UHTEPECHbLIX aCTPOoPMN3NYECKNX ABIEHUN,
B YaCTHOCTWU, ycunmBaTb TeMM 3axBaTa 3BE3[ YEPHON ObIPOMN.

PP B Hecdepnyecknx 3Be3gHbIX CUCTEMaX ELLE MOASIEXUT U3YYEHMUIO.



