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ASTRON
The star of the Show

Spectr-R - RadioAstron

Study of high brightness sources
AGN, pulsars, OH And H,O masers
& gravity experiments
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tragalactic H,O MMasers

— NGC4298

— NGC4945 :

=> LMC - N133 & 30Dor -

= Circinus - 4.2 Jy - Keplerian disk & bi-conical outflow
= M33 - 1.5 Jy - starformation regions

= (NGC1068 - 0.65 Jy - Keplerian disk)
= (IC10 - 10-20 Jy - too much blueshifted)



NGC 3079 |
P W 1 oy DR S -
g L o) ¢ e T Wit
; .
4 ¥ J

Cecil et al.2001 [HST; WFPC2



ASTRO

NGC 3079
Nuclear

Activity

AN

HP@IEgaaser emission
@FNasorber (15818161 GHHz)
Hirabsorber
HeG@ eniitier &labsorber

CHEO@H absorber

=>edge-on Sey: 2/.TINER galaxy
=> starburst disk

=>'numerous HIT regions & filaments
=> sfreaming gas in 9 kpc

£, — outflow 2 kpc above disk

Distance 15.6 Mpc
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Flux (Jy)

RG11AD & RG1
Baseline 1.9 ED
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Ground based flux 1.6 Jy
RAO-GBT cross 0.6 Jy

Flux (Jy)

Line ratio Auto/Cross =
0.75

Size = 0.027 mas
Tb=4.2-5.3 x 1012 K
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Regions are resolved at
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«iow Location of MM features in NGC3079
This is NOT a disk maser => extended/diffuse reg
Possible scenario
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Middelberg et al 2003, 2005;
Hagiwara, Kléckner, Baan 2004 Expansion 1 pc = 104 yr @ 100km/s



NGC 4258
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H,OMM at CS0 in'Centre of NGC4258

X-ray purple, Radio blue, Hubble yellow & blue, FIR red
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@Rl _ Eleven NGC 4258 detections

NGC4258 V4.FITLD.1 _ ) . NGC4258 2CH.FITLD.1
Freq = 22.1890 GHz, Bw = 15.031 MH Calibrated with CL # 3 but no bandpass applied Freq = 22.1880 GHz, Bw = 16.000 MH Calibrated with CL # 5 but no bandpass applied
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Lower frame: Ampl Jy Top frame: Phas de:

g
Vector averaged cross-power spectrum Baseline: RA (01) - GB (02)
Timerange: 00/12:00:01 to 00/12:10:00

Experiment RAGS11AF 2014-12-18 at 1.3 ED (165 pas beam)
Single line profile - Simple spectrum

Lower frame: Real Jy
Auto-corr total-power spectrum Antenna: GB (02)
Timerange: 00/12:00:00 to 00/12:10:00

Auto / Cross => ratio 0.420

Single baseline experiments - only spectral data
Flux calibration not so accurate
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- NGC 4258
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& @ Detection NGC4258 at 1.3 ED

Experiment | NGC4258 - RG11AF

Date: 2014.964
Baseline: 0.5 -19E
Stations: GBT, TR
Beam: 113 pas
Spot size: 861 AU

Flux Density (Jy)

Phase (deg)

Flux Density (Jy)
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LSR Velocity (km/s)
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S @ Detection NGC4258 at 9.5 ED

NGC4258 - RKO7AT

Experiment R

Date: 2014.964
Baseline: 9.1-9.8 EC
Stations: EFF, TR, BD
Beam: 23 uas

Spot size: 173AU

Flux Density (Jy) Phase (deg) Flux Density (Jy)
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LSR Velocity (km/s)




Detection NGC4258 at 195 ED

Experiment

Date: 2014.964
Baseline: 19.5 ED
Stations: GBT, YB, TR
Beam: 11 pas

Spot size: 84 AU
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ASTRO
Detection at 27 ED = highest resolution

Fringe amplitude at St1l: RADIO-AS St2: MEDICINA Sou: NGC4258 Exp: RKO7AV
RadioAstron-Medicina

-160 —-158 -156 -154 -152 -150
Delay rate (mHz)

w

Group delay (us)

N

Multi-component

Not able to correlated yet



. GEL) _ New Profiles and Velocity Drift ASTRON
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Epoch (Year) Observation Epoch (yr)

Velocity Drift for N6C4258
features at 3 epochs

@
N

'82-'94 Velocity Drift of features

Early values 6.2 - 11.6 km/s/yr
Current value 11.1 km/s/yr

Current radius 0.126 pc Haschick, Baan & Peng 1994

Humphreys, Reid, Greenhill etal 2008




How to get masering from an AGN disc ?

Maser ¢
coherent ra

Differentially rotc

es velocity-

2s hot make radial columns

Actively manipulate the shear layers to make radial columns
Some Instability operating in disc ???



Periodic Instability & masering columns ?

YES Loca

Or Alternative Models
=> Modulation of interferometric fringes
=> Bi-refringence conditions
=> Special scattering and propagation conditions
Unlikely because these also require 'building a column’



Hawley
Balbus
Stone
1991
1996

ASTRON

Mganeto Rotational Instability --- Simulations
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Magneto-rotational Instability
Differential rotation & Shear-driven
Cause for radial momentum exchange & transport

S Background radio source

Inner Keplerian Velocity _

MRI filaments
with amplifying
H,0O column

Molecular zone in:

the accretion disc! dlst:anoe

E Outer Képlierian Velocl,ity ._E

Amplified H,0O q'pectrum E

{mmmmmm | SR Velocity
Artist conception of MRI amplifying columns
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Model suggests two amplifying MRI columns
=> Two sides of feature need not be same
=> Phase jump in center of features ?
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Fading of maser features

ASTRON
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Some Conclusions

= Compact e
= Maser feature ral CSO
— Isolated periodic features a i tance 0.126 pc

— Cloud formation results from MRI instability

— Clouds relate to shear-driven MRI at work as viscosity agent

= Confirmation of Shakura & Sunyaev 1973 prediction

= H,OMM disk maser activity relates to the accretion rate

= MM activity does NOT relate to gas properties in nuclear region
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The authors dedicate this paper to the memory of our colleague
and friend NIKOLAI KARDASHEV, a man of great vision, who
persevered to realise the RadioAstron mission.

NGC4258 results published in Nature Astronomy



Imaging experime
single orbit with EVN anc
EFF & GBT - December 2017



