ALMA reveals a rotating dense molecular
torus in the nearby AGN NGC 1068

ALMA Cycle 4 : HCN J=3-2, HCO* J=3-2

Masa Imanishi (NAOJ)

2018 Dec 13 @ Puerto Varas



NGC 1068 (14 Mpc)
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NGC 1068 AGN torus position
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NGC 1068 Spatially isolate torus molecular
ALMA Cycle 2 (2015) emission from host galaxy
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NGC 1068 CO J=6-5 Torus gas dynamics
Cycle 2 (2015)

N-S rotation (?), not E-W torus direction
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ALMA CVCIE 4 HCN. HCO* J=3-2 ” _
(2017) ’ 17=70pc
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AGN torus intensity Velocity (rotation)

” ” 0.2 0 (\géb?m'km/g)es 1 WY
—0. . . 1070 1090 1"~ 1130 1150
0.04" x 0.07 || [ —

I I I I | I I I — T T T T
(2.8pc x 4.9pc) & PR 2 " 47"8 1" NGC 1068  HCN 3-2
- - B mom1
"9 3 m—_ g 47"9
/

ES #*:-' W
48".0 [ ,,‘J

pen TOrus is elongated along E-W
"*morphologically and dynamically !
(PA = 105-110 deg E of N)

HCO*J=3-2 "~ @

48".0

48".0

_OOOOI48”.1 _0000'48”‘1 = ] ] ] I ] ] ] I =
02M"42M40%.722 40°.712  40°.704 02"42M40°.722 40°.712  40°.704



ALMA release (2018 Feb 14) NGC 1068

2018.02.14

Rotating Dusty Gaseous Donut around an
Active Supermassive Black Hole

f share W tweet

High resolution observations with the Atacama Large Millimeter/submillimeter
Array (ALMA) imaged a rotating dusty gas torus around an active supermassive
black hole. The existence of such rotating donuts-shape structures was first
suggested decades ago, but this is the first time one has been confirmed so
clearly. This is an important step in understanding the co-evolution of
supermassive black holes and their host galaxies.

Imanishi+18
ApJL 853 L25

The central region of the spiral galaxy M77. The NASA/ESA Hubble



Surprising result 1  Asymmetric molecular emission

Intensity Velocity dispersion
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Surprising result 2  Much slower rotation than
Keplerian motion by the

central SMBH (1 x 107 Mo)
Keplerian rotation velocity = +120 km/s at 3 pc
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Dynamical decoupling of molecular
gas between outside and inside

Surprising result 3

torus
Host: Eoij!?glue?h'f:feo' Torus: E is redshifted

N 1070 1090 1 130 1150

46" NGC 1068 HCN 1 g
NGC 1068 HCN 3-2
i mom1 |
Tk mom1
47" S 1

HCNJ=3-2 o &F J'h...l w

ﬂ":“ 4 : p
49" { : %
o w" N |
—-0°00'50" [ ° S . 1 5 pc
| —_N°nniaQ

900 950 1000 1100 1200

"4

1070 1090 1110 1130 1150

46n + NGC 1068 HCO* -8 NGC 1068 HCO* 3-2 |
mom1 | - mom1 -

ar 47".9 " ]
- ﬁ:‘u —

HCO* J=3-2 .|

1 - . . . . T
49" 1 e b .- '
L 1 S5pc T
onn e - ° 4 Q
—0"00'50 % ‘ ‘ ‘ ‘ ‘ ‘ _OOOol48| ! | | | | I | | | I (=

02M42M408 85 40570  405.60 02M42™M40%.722 405712  405.704




Recessive Velocity (km s™)

Position—Velocity (PV) diagram  D. Nguyen (NAOJ)
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Subaru deep optical image (Tanaka+17)




Next step (NGC 1068)

ALMA Cycle 6

1. Mass distribution : symmetric or asymmetric ?
Optically thin isotopologue H13CN, H3CO* J=3-2 lines

2. Origin of high turbulence in the torus (W)
Nuclear starburst in the torus ?




Summary

ALMA 0.04” x 0.07” observations of NGC 1068
in the HCN and HCO* J=3-2 lines (dense molecular tracers)

1. Rotating dense molecular torus clearly detected
along the E-W torus direction for the first time

2. Gas emission and dynamics are not as simple
as expected from the classical AGN torus model

Origins need to be understood

Imanishi+16 ApJL 822 L10, Imanishi+18 ApJL 853 L25
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