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Uacme HabrrodamernibHo20 Mamepuarna yxe obcyxoanu Ha VOLGA:

ALMA CO 0.07"=4-9 pc

+HST
+SINOFONI IFU

LLInpoknn ananasoH CBETUMOCTEN
1 TUMOB aKTUBHOCTU

PasHoobpasune mopdonornu rasa:
KonbLa, cnupany, UCTEYEHUS. ..
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AILLMA observations of molecular tori around massive black holes
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[Mpobnema cTtapas,
Ho ALMA nossonger

paccMaTpuBaTb
neTanun c
S— arXiv:1811.00984  paspelueHnem ny4iie
10 nK
Name Type D SFR  log(Ly)
Mpc Mg/yr  erg/s
N613 Sy- SB(rs)bc 172 53 41.2
N1326 LINER-SBO(r) 14.9 1.1 39.9
N1365 Sy 1.8- SB(s)b 17.8 17. 41.8
N1433 Sy 2- SB(r)ab 9.7 0.5 39.2
N1566 Sy 1.5-SAB(s)bc¢ 7.2 0.8 40.5
N1672 Sy 2- SB(s)b 114 31 384
N1808 Sy 2- SAB(s)a 9.3 4.7 30.8
100

LleHTpanbHble MonekynspHble “Topbl” (He Bcerga ¢ AblpoMn,
OHU ecTb Tonbko B N1365, 1566, 1672):

BeigensawTtca 1 mopdonoruen n KNHeMaTUKom

Paounyc 6-27 nk

Macca 0.7-4 *10*7 Mo

Yem Bonblue macca, TeM MeHblue L X ?

T.e. OTO BHeLLHMe YacTu “NbiNeBbIX” TOPOB
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NGC 1569: nuclear spiral at r<400 pc (ILR of the bar)
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Ecnn Temn npeueccun ¢ r nagaeTt — cnuparnb oTcTalowas u ras
OBWXETCHA BOBHYTPb, MHaA4Ye — HapyxXy, K ILR 6apa (1 cnnpans —
nnaunpyowaq). Yeepxagaertcs, 4To BHYTpU 50 nNK — Mbl BUOUM
TOro, 4to Hago (cnacmbo BH ~ 8*1076).

MeHsa ¢ cmyLLaeT OTCyTCTBUE MbINEBOW NNANPYOLLEN crnpanu
Ha r=100-400 nk. N 6ap He Bne4yaTnseT

with {2 the rotation frequency = V/r, and & the epicyelic frequency. Usually, inside ILR,
and far from the black hole, 2 — k/2 increases with radius, and the spiral is leading. The
torque of the bar is positive, and the gas is driven back to the ILR. But near the massive
black hole, the precessing frequency 2 — k/2 is decreasing with radius, and the spiral is
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Figure 2. ALMA CO(3-2) observations of the Seyfert-2 NGC 1433: Left, the velocity field,
with the color bar labelled in km/s; The thin line indicates the minor axis (PA=109°). Right,
spectrum summing the blue and red-shifted components close to the center, al-:rn§ the minor
axis. The systemic velocity is V4, .= 1075 km/s. The mass in the outflow is 3.6 10° M. From

NGC 613 — menkoe uctevenme ( 23 pc, 300 km/s), coBnagaeTt ¢ paguogKeTom

“Radio mode” - Tonbko AaBneHue gXxeta

Ecnn L~L_Edd/100 — pobaBnsieTca BeTep (ny4yeBoe AaBrieHne oT a4pa)
910 cnyyamn NGC 1068 — monekynapHoe ncrtevyeHme BOosib paguomxeTa
(He nepneHanKynspeH aUcKy ranakTuku!)

NGC 1377 — npeueccupytowmin (?) MonekynapHbein ket 6e3 paamo
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4. Molecular tori: misalignment

BHelHWe obnactu neinesbiX TOPOB, pagunyc okono 20 nk, yxe B cdepe BnmaHusa Y/

Combes+ 2018:

Table 4. Radii, masses and inclinations of the molecular ton

Galaxy Radius S(CO)V Mass" inc(®) PA(®*) inc(®)" |Beam logNH; M. off-centring
(pc) Jykm/s 10'M, | tomus toms  gal (pc)  (em™)  10° Mg (pc)
NGC 613 T14+:3 5620 3.0+1.4 | 46x] 0+8 36 6.2 25.3+.001 10. 42,
NGC 1326 2145 18+2 0.95+0.1 | 605 90+10 %, " 3 23.9+.02 0.3 21.
NGC 1365 2643 10+3 0.74+£0.2 | 2710 70+10 63 6.3 23.5+.01 0. 86.
NGC 1433 - - - - = 67 2.9 23.5+0.1 0.04 =
NGC 1566  24+5 72+10 0.88+0.1 | 1212 30+10 48 1.7 24.5+.01 0.1 7 i
NGC 1672 2747 80+9 2.5+0.3 | 662y  Oxl0 28 4.0 24.3+.01 0.4 21.
NGC 1808 6+2 46+6 0.94+0.1 | 647 65+8 84 3] 24.6+.004 0.5 58.

OpUEeHTUPOBaHbI — KaK YyrogHo

(BO3MOXeEH BHYTpEHHWIA n3rnb!) 3ameTHoe cMmelleHVe Mexay LeHTPOM AncKa Ha

P W Y

[MpyymHbl M3rMba BHYTPEHHEro AncKa:

- radiation driven warping instability — moMeHT nosaBnseTca n3-3a nepensnyyeHme gUCKoMm
- magnetic instability ( HO npobnemesl ¢ napameTpamm onsa AGN)

- HECOrnacoBaHHOCTb OCEN aKpeLMOHHOro aucka n cnuHa Y, penatmBuctckum adpekT
bapaeHa-lletepcoHa — gucKk cTapaeTcs noacTpouTbea nog “akeatop” Y
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not alisned with the black hole spin. The relativistic frame dragging effect induces a
precession, which tends to alipn the inner parts of the accretion disk with the black hole
equator. The disk develops a warping up to distances 10° to 10* Schwarzschild radius
R:. The precession of the disk and its warp can be seen from inner to outer disk, up to
1 pc Mgy /(10°Mg). According to the amplitude of viscosity, one can distinguish two
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Figure 3. Misalignment of the accreting material near a black hole: Left: radial profiles of
the disk tilt-angle (with respect to the black hole spin), for several values of the parameter a,
dimensionless angular momentum .J of the black hole M, 0 < a < 1 (a= ¢J/(GM?)). The initial
tilt-angle is 5°. The radius is in unit of the gravitational radius R, = GM / c2. From Banerjee
et al. | (2019a). Right: Simulation of the Bardeen-Petterson effect, in a disk initially inclined by
60° with respect to the black hole spin. The Lense-Thirring precession causes the disk to break

[1Ba pexxnma, B 3aBMCUMOCTU OT anb@a-napamMmeTpa gmcka:

a>H/R — nnaBHas nepectponka

a<H/R — guck pacnagaeTcsa Ha HaKMoHHbIE NpeLeccupytowme Konbua
Habntopaetca no masepam B NGC 4258 1n 10687

KopMneHunto Taknx AMCKoB AOSMKHO cnocobcTBoBaTh LieHTpanbHoe 30, “3aknabiBatollee” ras
Ha nonsipHble opbuTbl (ranakTndeckne oHTaHbl)...
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