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Outline

Introduction: AGN jet, collimation process
Observation: VLBI, EVN
Result: Structural transition of the NGC 6251 et

Discussion: Compare to M87
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[NGC 6251 | image credit: Readhead+ 1978

I AGN Jet

Energy/momentum
transport from SMBH
through the host galaxy

' to ISM/ICM

* Long (AU — Mpc)

100 KILOPARSECS

e Collimated (Bopen~1°)
e Very fast (z 0.99¢)

o * Powerful (1045 erg/s)

1 PARSEC
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How to
collimate?

* |n MHD simulations,
jet structure correlates
with the bulk acceleration
(I Bopen ~ 0.1)

= Self-collimation by Bg
(hoop stress)

= External confinement

High Energy T 2
Astrophysics " (by thermal gas)

% Komissarov+ 2007, 2009
Zakamska+ 2008,
Pu+ 2015
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Collimation Profile of NGC 6251
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HST Optical

NGC 6251

Giant elliptical galaxy

Exceptionally long (3 Mpc), straight jet.
Waggett+ 1977

SMBH mass ~ 6 x 10° Mo [

Ferarrese & Ford 1999, gas dynamics

Distance ~ 100 Mpc
Wegner+ 2003, redshift

Viewing angle ~ 20°
Sudou+ 2000, Chiaberge+ 2003

100 KILOPARSECS

Scales:
1 mas = 0.5 pc = 8,700 rqg |
1 mas = 1.5 pc = 26,800 rg (orientation effect) ]

1 PARSEC
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Data Summary

v(GHz) | Resolution (mas) | Jet length (mas)

VLA
Sambruna+ 2004 2000 /500-
viBA S 1 5-16
Archival Data
yLBA 15 0.5 0.6-7
MOJAVE, Lister+ 2009

EVN | 10 -150

Our observation 2013
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EVN Observation

EVN: European VLBI Network

e 12 antennas, including Shanghai, Urumaqi, Jodrell bank
Max. baseline length: ~9000 km (Jb-Sh
= :
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Measuring Jet Radius

1. Measure the intensity profile
transverse to jet axis A—B

2. Fit by Gaussian function, and
Plot file version 1 created 21-MAY-2015 06:12:10 take FWHIVI aS 2X jet radius r

n
NGC6251 RR 1386.919 MHz VLA 1.4G.LGEOM.1

I 3. Deconvolution from the
- beam.
4. Examine collimation profile:
I “radius r—distance 2" figure
A B
0.0 I \/I I I | \I/ |
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Collimation Profile of N(%C] 6251
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Sphere of Grav. Influence (SGlI)
vS Bondl radius

* Virial equilibrium

. . . , GM
o Stellar motion, with velocity dispersion o rSGI = ——5—
>
* (Gas motion, with local sound speed c; A 2GM
2
C

o~ 293 km/s, rscr ~ 30 pcC

Heckman+ 2004

SMBH

nass M Host galaxy

Structural Transition in the NGC 6251 Jet — Chin-Yin Tseng



Environment (BH—Galaxy) plays
a role In determining jet structure

) ll'll“l T raaTnm

(Bondi radius or SGI:
y gravity from BH wins
%.1 1 10 100 1000 10* 105 10® 107 10 that from galaxy)

(Bview ~ 14°) deprojected distance from the core [rs] (Z)

Asada & Nakamura 2012 _
Nakamura & Asada 2013 rs = 2GM/c?

—

= VtBA at 43 GHz §i .3 - M 87, First discovery
o | EVNat16GHz = e of structural transition
© E MERLIN at 1.6 GHz ] g . .
VLBA core at 43 GHz Parabolic °°[ ﬂ in an AGN jet!
S o L EHT core at 230 GHz Z~r1.7 | Ii
- / -
T o (< 10°rs) oL ]+ Jetgeometryis
0 S e described by
2 v X7 | Z~I’1
3 e | 2 power-law lines
° g P > 105T P
8 - E ol a )
— / !
o / L7 | = A structural transition
______ R I takes place at ~10°rs
| ISCO
l
l




Combined Collimation Profile of & M 87
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summary

* We find a structural transition in the NGC 6251 jet, a
2nd case following M 87, which may be a fundamental
phenomena of an AGN jet, showing an interplay with
its SMBH—galaxy system.

* The collimation process of AGN |ets is characterized
by thermal pressure of the external gas, and
eventually terminates at around the SGI of the SMBH.
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