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The LLAGN in M81

Low Luminosity AGN (LLAGN) in spiral
galaxy M81

| M81* 13 Sep 2002
| 43 .GHz ‘

- Distance: 3.96 + 0.29 Mpc (Bartel et
al. 2007)

- Radio luminosity ~ 103" ergs/s (e.qg.,
Ho et al. 1999). 0.13 Jy@Xband
(NED)

- X-ray luminosity ~ 10%° ergs/s (e.qg.,
Reynolds et al. 2009).

- Spectral index +0.3 up to ~200GHz

O 0.5 mas (Reuter & Lesch 1996).

VLBA - Estimated mass of SMBH: ~7x10’

I M@ (e.g., Deveraux et al. 2003).
E. Ros,etal. A&A , 2012. _ R, ~1Xx 105 pc

1 |.laS ~ 3 RSCh
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Discrete jet

Discrete knot ejection from the jet after low energy X-ray flare in 2011.
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Core size and P.A. of frequency(wavelength) dependence.
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A flat tendency?
Need to be checked at 3 mm.
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Precession of jet

The P.A. observed at 5GHz showed a precession period of
7.27 yr and a speed of drifting 0.54 degree/yr.
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P.A. change of jet ?

Pseudo Closure Amplitude(PCA) measurement

Ur (Gain+Atm+Tsys)"2 Correction
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Motivations

Sensitivity of VLBI array

SEFD = nrD2v\2BT

Thanks to the development of modern technology:

v More/Big antenna dish D
v" Wide band receiver

v High frequency sampling :|- B
v High speed recording

v Fast frequency-switching / simultaneous
multi-frequency receiving system
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Motivations
With improvement factor 1-2 (D), 10 (B), >10 (T), current
VLBI sensitivity > sqrt(100) even at 3mm.
100mJy level targets # faint sources
Higher sensitivity (sub-mJy@mm) makes weaker

sources approachable:

v Nearby low luminosity sources, such as M81*
v" High redshift sources
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Observation summary

Date Feb. 2016, clean weather.

Dur 8h.

Sta. 8 VLBA station with 86G capability.

Freq Q/W band, 43860/87720 MHz
fast freq. switching + PR (SFPR)

Rec. 256MHz BW, full pol, 2 Gbps

Corr. @scorro

. B
Kitt Peak Pie Town

Object RA DEC Flux@86G Separation
Angle
M81* 09:55:33.1730 +69:03:55.061 71 mJy 0 AGN,
Target
0954+658 09:58:47.2451 +65:33:54.818 1.16 Jy 3.5 deg QSO, Phase and
amplitude calibrator
1044+719 10:48:27.6199 +71:43:35.938 0.87 Jy 5.2 deg QSO, Polarization
calibrator
0J287 08:54:48.8749  +20:06:30.641 2.7 ly Calibrator,

D term calibrator



VLBA observation on M81 at Q/W band

Basic idea of fast frequency-switching phase-
referencing (FFPR)

obs

V(I)lnt

True vis. Core shift
tru _I_((I)pOS . pOS)
+(pgnt — )/5?“) + (pro — ”0) =0, removable
+ ( cl)ms His) |+ (cl)“’" $Lom) | to be removed

After source frequency phase referencing (SFPR),

we have,

¢tﬂr oLy
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VLBA observation on M81 at Q/W band

ME1 at 43.05
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VLBA image of M81 at Q band

b1 at 43955 GHz 2016 Febk 27

Clean map of M81 at
43GHz.

Uniform weighting
RMS=0.23 mJy/beam
Dynamic range ~320
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VLBA image of M81 at W band
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7/ mm phases of M81* for SFPR at 3.4 mm, ref: LA.
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Phases at 3.4mm before SFPR.
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Phases of M81* at 3.4mm with SFPR.
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VLBA image of M81 at W band

~-5-LA-BR =6~ LA-MK -B-LA-PT ——LA-FD LA-KP

Fringe SNR

Integration time ~ 20 min
Improvement Factor ~60 (T)

100 Integration time (sec) 1000

Fringe SNR (86GHz) via Integration time
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VLBA image of M81 at W band

T at 37.816 GHz 2016 Feb 27

i
F-:flﬂ ht Ascension | mas |

First image of
M81* at 3.4 mm!

Clean map of 86G imaging
Natural weighting
Peak=45.3 mJy/beam
RMS=0.34 mJy/beam
Dynamic range ~ 130

0.1 mas ~ 0.0016 pc ~ 300 Rsch
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MilliArc seconds
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VLBA image of M81 at W band
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SFPR-ed map of M81*.

-0.8

Relative core-shift
ARA = -35 pas
ADEC = -32 pas

B0954+658
180+20 pas 4.6-8.9 GHz
direction 157° (p.a. 23°) at 43 G

Then, M81* 43-87 GHz
57+14 yas @ -151°
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Core shift
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Bietenholz M. F., et al. APJ 2004.
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Position angle changes

®Bietenholz M F et al. 1993.
BRos E, etal. 2002.
A CVN 2014 VLBAZ2016 A

» > The PA-Frequency
10 A relation was shifted
g o in parallel.
g = A > Drifting speed is
g ~0.5 degreelyear.

1 10 100

Frequency (GHz)

Position angle with respect to frequency.

Page 21



Core size

10¢ -
: @® major axis
3 equiv. diameter i
fit to major axis _
fit to equiv. diameter
— E

Size (mas)

* ,,f/t/%, oc )\0.88

4'“\\
\

001 10 00

Wavelength (mm)

Core size in a power-law relationship to
wavelength is valid at 3.4 mm.
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Summary

1. The first image of M81* at 3.4 mm was
successfully obtained with SFPR. DR ~ 130:1

2. Integration time at 3.4 mm increased from tens of
second to tens of minutes with SFPR.

3. Core size In a power-law relationship with

wavelength, « A%88 js valid to 3.4 mm.

The minimum core size Is constraint to ~80 R

Core shift of M81* from 43-87GHz is 57 =14 pas,

-151°, preliminary spectral index map is also

obtained.

o B

Future plan

1. Multi-epoch multi-frequency observations on
M81* for better understanding the core and jet.
2. Polarimetry study of M81* in mm-VLBI.
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Thank you!
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