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Table 1 The basic physical properties of NGC 1068
Parameter Value Reference
Galaxy center (J2000) (R.A.: 02h42m40.711s, Dec.: -00d00m47.81s) [25]
AGN position (J2000) (R.A.: 02h42m40.710s, Dec.: -00d00m47.94s) [26]
E-knot position® (J2000)  (R.A.: 02h42m40.771s, Dec.: -00d00m47.84s) [22]
W-knot position® (J2000)  (R.A.: 02h42m40.630s, Dec.: -00d00m47.84s) [22]
Redshift/z 0.00379 [27]
Dr° 15.7 Mpc [10]
Position angle 278° (28]
Inclination 41° 3]
Type (R)SA (rs)b, AGN [29]
Heliocentric velocity (vner) 1137 km -s™* [30]
# The eastern peak position of the CND, where R.A. and Dec. represent the right ascen-
sion and the declination, respectively.
® The western peak position of the CND.
¢ Luminosity distance, calculated with Hubble constant Hy = 71 km-s~' - Mpc™?, cor-
rected for the Virgo infall motion.
2  HIENEIEAIE 1.48 mm, 328K B [ 41-2251 m. HCN (3-2)
2.1 %8 AHCOT (3-2)%04 T20154E WM, 2 W Wil 4 i 1

A TAE R AEMALATANGIR H 8F 58 () 2l |,
RN 2 ZANGC 1068 A0 4% X B 41 2 R A
Py IR T, IRATEH 7k TALMA%L
PEAY AL IINGC 10685 2 HE i L 30, s T
CO (1-0). CO (2-1). CO (3-2)« HCN (1-0). HCO*
(1-0)» HCN (3-2). HCO* (3-2). HCN (4-3)A
HCO™ (4-3). 4k, I FH 72.6 mm. 1.3 mmAll
0.8 mm [ FESEREVE N5 BhEHE. F2rh ol T 1
) 5 T 2 e 2 0 a1 I ARRS, b AR A
I 5% P 5545 S

JIT A ) il 22 0 34 68 1% B3040 51 oKk U5 T ALMA T
H. HCN (1-0)fHCO™ (1-0)F%ds T-201 545 0L,
ZLIALE T 12 mPE B 354 K 2k filband 3HzUX
ML, KI5 2% (Precipitable Water Vapor, PWV)}
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12 mPfE 51| (1364 K £k Alband 685 W HL, PWV A
1.9 mm, &FASBELL B CE S T A R 1A e, 2
1.875 GHz, ZEZE K EVEH: 41-2270 m. HCN (4-3)
FHETF20154E 0, £ T 12 mBEF1 394 K £k
band 7THAL, FELK VG 15-1466 m, &M
DA 2432.1 min. HCO* (4-3)F1CO (3-2) i M
W F2015%, 12U MAE A 712 mBE 51 (414> R4
Fband THEUWHL, PWV H0.8 mm, S0 I &)
83 min. CO (2-1)%#E 720155 WM, /1 H 712 m
FE 51 1374 K 2k Flband 632 L, PWV A2.4 mm,
SIS 1] 4529 min. CO (1-0)Fdk T-20194F M0,
8 H 112 mPE %1 11461 K & Fband 3#Z YR HL, P-
WV 2.0 mm, MBS [A] 956 min. 3% 2538 3 ok
5T FH DL PR AT B 1 T i 26 R B T T I
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Table 2 The basic information of molecular lines and continuum in NGC 1068
Molecular line Rest frequency Nerit” Beam size LAS® F.0.V¢
Project-ID* Band

(or Continuum) /GHz Jem™3 /" /" /"
HCN (1-0) 2013.1.00055.S1!] 88.6316 3 1.1 x 10° 0.79 x 0.54 16.2  64.5
HCO™' (1-0) 2013.1.00055.8151 89.1885 3 2.2 x 10* 0.79 x 0.54 162  64.5
HCN (3-2) 2013.1.00188.832 265.8864 6  38x10° 018 x0.13 33 220
HCO™ (3-2) 2013.1.00188.813? 267.5576 6 81 x10° 0.2x0.13 33 220
HCN (4-3) 2013.1.00014.8%] 354.5055 7 9.1 x 10° 0.15 x 0.11 2.5 16.8
HCO™ (4-3) 2013.1.01307.S 356.7342 7 2.0 x 10° 0.18 x 0.13 2.8 16.7
CO (3-2) 2013.1.01307.S 345.7960 7 6.8 x 10> 0.18 x 0.13 2.8  16.7
CO (2-1) 2013.1.00111.8134 230.5380 6 1.9 x 10> 0.65 x 0.21 4.0 25.3
CO (1-0) 2018.1.01684.S 115.2712 3 2.1 x 10> 04 x 035 148 513
2.6 mm continuum  2018.1.01684.S 115.2712 3 2.1 x 10> 04 x 035 148 513
1.3 mm continuum  2013.1.00111.S534 230.5380 6 1.9 x 10> 0.65 x 0.21 4.0 25.3
0.8 mm continuum  2013.1.01307.S 356.7342 7 2.0 x 10° 0.18 x 0.13 2.8  16.7

& ALMA project-ID, where superscripts are references.

b Critical densities at the kinematic temperature of 100 K, from Shirley[35].

¢ Largest angular scale recovered.

4 Field-of-view of the observations.

2.2 HREAE

CASA! (Common Astronomy Software Appli-
cations) & K H ALMA — 5K 11 £ 48 4k 22 3+
A AR A2 AT 0 B AT T R Ab B 3RAT]
158 FH ALM A2 43 (1) 075 4 72 77 0 2080 30 AT 1 R i Ak
X T T 2 i BB, FRANT SR A
2 2 B 1A 3 SR R 0 A (R KO, R A
“uvcontsub” f£ 55 MUV~ T ) £ 4f i 2 1 1 2
AR . LT USR] T 28R S B(Multi-
frequency synthesis, mfs)fft) 75 % ATHF A T
“tclean” - 55 W £ 2E 47 28 B AL A EUR. A%
B FRE A T “briges” BIEHE AT X, @ FE (ro-
bust) 0.5, %2 Wk A e 1, 7SI &R
KNBEE BRI /4-1/5. 1538) T B R, 3
AT X G AT T PR IE. J7 IR 5 (root

*https://casa.nrao.edu.
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mean square, RMS) &k 5 T 3% 15 5 & 1)
X 35, FRATTE H “imstat” £ 55 5k & & H g K CF
BEAh, T S m s R A 5, BT A S
P B 720 km - s HER L

55

REF IR EE
N T HFFRANGC 10680 X ds 7y S AR ) 43 A,
AT HHCASA A 4 “immoments”, & & % i 48
(moment = 0), % 1 4 ) 58 B HEAT 1 B2 AR50
BT IR T A [6] 431 1% 26 1 3 5 AR 0 5 5 11, A
SRIEFH TR IR, AR R BG4, B2 AR
HOAGNIALE, A6+ HAARCNDI R K
SEERTE RS SR E (2 WKL),
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Bl 1 NGC 106891511l 4 id & #1558 % Bl (moment 0). 7k EIARIF O TR TR REE(FIERR, TR RMESLE), B4
My -beam ™' - km - s™ . W KANEIRETEINE T . AEXNREFOAGNIME, FAAGTFoMNRERR RS LRI RS AE. K
ALK NCO (1-0): 20200 (o NMEF IkERE), K20, Hfle = 0.25 Jy-beam™' - km-s™*; CO (2-1): 30-300, $ K60, H

Flo = 0.98 Jy-beam ™' -km-s™*; CO (3-2): 30+ To. 150+ 290, HHle = 0.70 Jy -beam ™' -km-s~'; HCN (1-0): 50450,
£50, HF1lo = 0.10 Jy -beam™ ! - km -s™'; HCN (3-2): 20-180, $¥4do, HHlo = 0.25 Jy-beam™' -km -s™!; HCN (4-3): 20-180,
$Kdo, Hhle = 0.25 Jy-beam™ - km-s~*; HCO™T (1-0): 50-300, K50, HH 1o = 0.09 Jy -beam™' - km-s~'; HCOT (3-2):
30-120, $ K30, HH1oc = 0.17 Jy-beam™' - km -s™'; HCOT (4-3): 30, 50. 100 150. 200. 300, EHlo =
0.09 Jy -beam™! -km-s~'.

Fig.1 The velocity-integrated intensity images (moment 0) of different molecular lines in NGC 1068. The color bars on the
right side of each panel show the integrated intensities (expressed by I, the subscript is the corresponding spectral line) in units
of Jy -beam ™' - km -s~!. Beam sizes are shown in the lower-left corner of panels. The red cross represents the position of the
AGN, and the two white crosses represent the positions of the E-knot and W-knot. The contour levels are as follows, CO (1-0):
20-200 (o is standard deviation of noise), in steps of 2o, where 1o = 0.25 Jy -beam™' - km -s™'; CO (2-1): 36-300, in steps of
60, where 1o = 0.98 Jy-beam ™' -km-s~*; CO (3-2): 30, 70, 150, 290, where 1o = 0.70 Jy -beam~* - km -s~'; HCN (1-0):
50-450, in steps of 50, where 1o = 0.10 Jy - beam ™' - km -s~'; HCN (3-2): 20-180, in steps of 40, where 1o =
0.25 Jy -beam ™' -km -s™!; HCN (4-3): 20180, in steps of 40, where 1o = 0.25 Jy -beam ™' - km -s~*; HCO™ (1-0): 56-300, in
steps of 50, where 1o = 0.09 Jy-beam ™' -km -s™'; HCO™ (3-2): 30120, in steps of 30, where 1o = 0.17 Jy -beam ™' -km -s™!
HCO™ (4-3): 30, 50, 100, 150, 200, 300, where 1o = 0.09 Jy -beam™! - km-s~*'.
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Symbols are same as Fig. 4.
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Table 3 The luminosity ratio between different molecular lines
Luminosity ratio E-knot® W-knot? CND¢ AGN¢
HCN (1-0)/CO (1-0) 0.55 + 0.06 0.35 + 0.06 0.34 + 0.07 0.13 £+ 0.03
HCN (3-2)/CO (1-0) 2.25 + 0.34 0.77 + 0.26 0.55 + 0.19 -
HCN (4-3)/CO (1-0) 2.25 £ 0.32 1.19 + 0.42 0.89 £ 0.29 -
HCO' (1-0)/CO (1-0) 0.28 + 0.02 0.18 + 0.05 0.17 £ 0.05 0.22 £+ 0.06
HCO™ (3-2)/CO (1-0) 0.98 + 0.15 0.29 + 0.08 0.23 + 0.05 -
HCO™ (4-3)/CO (1-0) 0.85 + 0.04 0.41 + 0.10 0.35 £ 0.11 -
HCN (1-0)/HCO™ (1-0) 2.05 + 0.14 1.93 £ 0.21 1.83 £ 0.18 -
HCN (3-2)/HCO™ (3-2) 2.52 + 0.45 1.86 £ 0.34 2.31 £ 041 1.18 £ 0.21
HCN (4-3)/HCO* (4-3) 2.83 £ 0.37 2.76 £ 0.36 2.58 £ 0.33 1.40 £ 0.18
CO (2-1)/CO (1-0) 2.43 £ 0.24 1.25 + 0.22 0.68 £ 0.21 -
CO (3-2)/CO (1-0) 10.32 £ 1.44 7.54 £1.13 5.90 £+ 0.88 -
CO (3-2)/CO (2-1) 3.25 + 0.22 3.92 + 0.63 3.61 + 0.57 -
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Fig.8 The molecular spectra from the W-knot and E-knot sub-regions in the CND of NGC 1068. The spectra are extracted

from the circle region centered on W-knot and E-knot, with a radius of 0.5".
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Fig.9 The molecular spectra from the AGN of NGC 1068. The black solid lines are spectra extracted from the circle region

with a radius of 0.1”. The black dotted lines are spectra extracted from the beam area of each spectrum in the AGN position.

For the convenience of display, some spectral fluxes at AGN position have been scaled, and the scale factors are shown in the

right-top corner.
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Physical Properties of the Nuclear Region of NGC 1068 Based
on ALMA High-resolution Multi-spectral Lines

LIN Shu-ting!2 GAO Yu P!  TAN Qing-hua!

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Science, University of Science and Technology of China, Hefei 230026)
(8 Department of Astronomy, College of Physical Science and Technology, Xiamen University, Xiamen 361005)

Agstract Using the multi-spectral lines from ALMA (Atacama Large Millimeter/submillimeter Array)
with high-resolution (~ 0.2”-0.7") and the continuum data, this work studies the physical properties of the
nuclear region of nearby galaxy NGC 1068. The spectral lines include CO (1-0), CO (2-1), CO (3-2), HCN
(1-0), HCO™ (1-0), HCN (3-2), HCO™ (3-2), HCN (4-3) and HCO™ (4-3). The CND (CircumNuclear Disk)
shows an asymmetric ring structure with a size of ~ 300 pc in the velocity-integrated intensity images. All
the molecular lines of the CND show stronger emission at the eastern knot (E-knot) than the western knot
(W-knot) of the CND. Furthermore, the E-knot shows larger velocities than the W-knot, which indicates
that there is significant rotational pattern in the CND. The dense gas fraction (traced by the different
transitions of HCN or HCO™ to CO (1-0) integrated intensity ratios) and dense gas ratio (HCN/HCO™) are
higher at the E-knot, implying that the E- and W-knots have different physical environments or chemical
compositions. The HCN emission in the CND show enhancement compared with HCO™, which could be
affected by the AGN (Active Galactic Nucleus) radiation and starburst activity. The CO (3-2)/CO (1-0)
integrated intensity ratio is a significant indicator of gas excitation. CO (3-2)/CO (1-0) ratios show much
higher values at the E-knot, suggesting that there is molecular excitation enhancement caused by the
extreme physical environment. Compared with the fluxes of HCN (4-3) and HCO™ (4-3) from the single-
dish telescope JCMT (James Clerk Maxwell Telescope), the ALMA missing fluxes of dense molecular
gas on 1 kpc scale are about 10%-20%. The spectral lines show that the flux ratios between E-knot and
W-knot are ~ 1.8-3.9. These differences shown between E-knot and W-knot may be associated with the
AGN feedback. In addition, the CO (2-1), CO (1-0) and HCO™ (1-0) spectra show absorption features in
the position of AGN. This absorption could be caused by the strong background of continuum emissions,
and the gas inflow around the AGN can produce self-absorption in spectra.

Key words stars: formation, submillimeter: ISM, galaxies: starburst, radio lines: galaxies, galaxies:
individual: NGC 1068
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