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Fig. 1 The integrated intensity of 12CO in NGC 2264
region. Spokes, Cone (C) and Cone regions are marked in
the figure. The cyan and lime stars show the location of the
IRS1 and IRS2, respectively. I and b represent right
ascension and declination. The beam size (white circle), pc
scale and the equatorial coordinate system scale (N indicates
northward along declination, and W indicates westward

along right ascension) are reported in the left lower corner.
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Table 1 Basic parameters of the molecular line

Molecular line Rest frequency/GHz HPBW/” T.../K Thnb o,/ (kms_l)
2CO (J=1-0) 115.2 49 250300 0.51 0.16
BCOo (J=1-0) 110.2 51 150-200 0.56 0.17
Cc®0 (J=1-0) 109.8 52 150-200 0.56 0.17
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Fig. 2 The rms noise distribution of 260 molecular line
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Fig. 3 Panel (a) shows the blue and red lobes of the 12CO molecular spectral line in the Cone region. The background is the

integrated intensity map of the 13CO molecular spectral line. The cyan and lime stars show the location of the IRS1 and IRS2

sources, respectively. The beam size (black circle), pc scale and the equatorial coordinate system scale are reported in the left

lower corner. Panels (b)—(i) are the 260 and *co spectral lines at the extreme point positions of the blue lobe and red lobe,

respectively. The shadow parts indicate the velocity range of the blue and red lobes. L is the low velocity, H is the high

velocity and E is the extremely high velocity.
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Table 2 The velocity range of molecular outflow

LV HV EHV
Region
Avy/(km's ") Av/(km's')  Av/(km's')  Av/(kms)  Av,/(kms)  Av,/(kmes )
Spokes (—4,3) (10,18) (—14,~4) (18,27) (—24,-14) (27,35)
Cone (C) (-6,0) (10,20) (-16,-6) (20,25) (=) (25,39)
BCO/(K-km-s™) BCO/(K-km-s™) BCO/(K-km-s™)
8 16 24 32 40 48 8 16 24 32 40 48 8 16 24 32 40 48
(a) * IRS2 E(b) * IRS2 1 E(c) . * IRS2
215 . 2.15F . 2.15F .

E 025 pc E 025pc 1

= /\4N»—c ] 1.95 ) /HN»—«O' . 9

203 25 203 20 203.15 203 10 203 25 203 20 203.15 203. 10 203.25 203.20 203.15 203.10
Q) (%) )

I 4 Spokes[KIR/EMGHE . AR IR T (' COA TSR, KN P COB IR, S8 62 NTRS2, 41 F M RWH A
UNEEN DN pcﬁ&‘%uﬁréjéh%hﬁ () G4 TR TSR A5, 18, 21, 24, 27, 30. 33 K- km-s , LIRS L
N9, 11, 13, 15. 17. 19 K- kms . (D) mEE ST MR EL RS E A N0.9. 1.4 1.9, 2.4, 2.9 K- kms L B A N0 4,
0.5, 0.6+ 0.7+ 0.8, 0.9 K- km's . () Mes w2 T Ah i . B 2 50,20 0.34 0.4, 0.5 K- km's LR A N0.3.

0.39. 0.48. 0.57. 0.66 K- km's .

Fig. 4 The blue and red lobes of the 1200 molecular spectral line for low velocity, high velocity and the extremely high
velocity in Spokes region. The background is the integrated intensity of 13CO. Lime star is IRS2. In the lower right corner are
the beam size (black circle), pc scale and equatorial coordinate system scale. (a) Low velocity molecular outflow. Blueshifted
lobe contours are at 15, 18, 21, 24, 27, 30, 33 K- km's_l7 redshifted lobe contours are at 9, 11, 13, 15, 17, 19 K- km's_l. (b) High
velocity molecular outflow. Blueshifted lobe contours are at 0.9, 1.4, 1.9, 2.4, 2.9 K- km-sﬂ7 redshifted lobe contours are at 0.4,

0.5, 0.6, 0.7, 0.8, 0.9 K- km-sil. (c) Extremely high velocity molecular outflow. Blueshifted lobe contours are at 0.2, 0.3, 0.4, 0.5

K- km's_l, redshifted lobe contours are at 0.3, 0.39, 0.48, 0.57, 0.66 K- km's_l.
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Fig. 5 Redshifted and blueshifted *2CO emission profiles in
the Spokes region. Redshifted lobe velocity is 10~35 km'sil7
contours are at 7, 9, 11, 13, 15, 17, 19 K- km-sil. Blueshifted
lobe velocity is —24~3 km-sil, contours are at 7, 11, 15, 19,
23, 27, 31, 35 K- km'sil. The background is the integrated
intensity diagram of “co (J=2-1) molecular spectral line

drawn by Kim et al.[55].
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Fig. 6 Redshifted and blueshifted 2CO emission profiles in
the Spokes region. Redshifted lobe velocity is 10~35 km-sﬂ7
contours are at 7, 9, 11, 13, 15, 17, 19 K- km-sil. Blueshifted
lobe velocity is —24~3 km-sil, contours are at 7, 11, 15, 19,
23, 27, 31, 35 K- km‘s_l. The background is the integrated
intensity diagram of 200 (J=2-1) molecular spectral lines

drawn by Margulis et al.[53].
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Fig. 7 The blue and red lobes of the 12C‘O molecular spectral line for low velocity, high velocity and the extremely high

velocity in Cone (C) region. The background is the integrated intensity of 1300. Cyan star is IRS1. In the lower right corner

are the beam size (black circle), pc scale and equatorial coordinate system scale. (a) Low velocity molecular outflow.
Blueshifted lobe contours are at 0.55, 0.7, 0.85, 1 K- km-sil, redshifted lobe contours are at 25, 30, 35, 40, 45, 50 K- km-sﬁl.
(b) High velocity molecular outflow. Blueshifted lobe contours are at 0.14, 0.18, 0.22, 0.26, 0.3, 0.34 K- km‘sil, redshifted lobe
contours are at 0.37, 0.47, 0.57, 0.67, 0.77 K- km*s_l. (c) Extremely high velocity molecular outflow. Redshifted lobe contours
are at 0.28, 0.32, 0.36, 0.4, 0.4, 0.48 K- km's .
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Table 3 Basic properties of the molecular outflow in the Spokes region

Lblue Lred Hblue Hredl HredZ Eblue Ered3 Ered4

M/M, 3.39 1.63 0.08  0.03 0.13 0.0l 0.0l  0.04
(Avpe) /(km's ™) 4.0 7.1 12.6 15.7 145 200 340 238
P/(Mg-km-s™') 1345  11.57  1.05  0.49 1.96 021 035 099
E/(10* erg) 5.56 9.18 1.36 0.82 3.01 0.51 0.88 2.47
L/L, 0.05 0.41 0.08  0.10 0.21 0.07  0.15  0.20

t/ (10* yr) 8.5 1.8 1.5 0.7 1.2 0.6 0.5 1.0
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Table 5 Physical properties of the molecular cloud

-Eturb/(1047 erg) Lturb/(1033 erg - Sil) Rcloud/pc Egrav/(1047 erg) Eflow/(1045 erg) .Lﬂow/(l()33 erg - Sil)

Region
Spokes 0.6 2.5 0.5
Cone (C) 1.3 7.4 0.6

2.6 2.4 4.9

3.5 1.7 4.1
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The Extremely High Velocity Molecular Outflow in the
NGC 2264 Cone Region

LIU Xin-rong'? LI Jing-jing! LIU De-jian'? KONG De-yun'? LI Ying-jie!
LIN Ze-hao! HAO Chao-jie! BIAN Shuai-bo!

1 Purple Mountain Observatory, Chinese Academy of Sciences, Nangjing 210023
Yy Jing
(2 School of Astronomy and Space Sciences, University of Science and Technology of China, Hefei 230026)

Asstract Using the high-sensitivity and high-resolution observations of the “CO (J=1-0, J is
angular-momentum quantum number) molecular line observed by the Qinghai Observatory of Purple
Mountain Observatory with the 13.7 meter telescope, extremely high velocity molecular outflows with
total velocity width up to ~ 60 km-'s"' were detected for the first time in the two sub-regions, Spokes
and Cone (C), of the NGC 2264 Cone. The detected outflow velocities were divided into three
components (low, high and extremely high velocity) to reveal changes in the morphology and
distribution of the molecular outflows. The CO emission of extremely high velocity shows multiple
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blueshifted and redshifted lobes. As the gas velocities increase, the distances between the lobes increase
significantly, indicating an outward movement. The physical parameters of the outflows at different
velocities in the Cone region were calculated, and the results showed that low velocity gas possesses the
most energy and luminosity. The comparison of the total energy and luminosity of the outflow with the
turbulent energy and luminosity of the molecular cloud suggests that the outflows may be a significant
factor in influencing the turbulence in the Cone region.

Key words ISM (interstellar medium): outflows, ISM: clouds, stars: formation, stars: activity
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Fig. A.1 The red lobe of the 12CO velocity channal in Spokes region. The background is the integrated intensity map of the
1?’CO molecular spectral. The speed of each channel is shown in the top right corner of each panel. The contour levels of

the red lobes are from 40%-90% of the peak intensity of each lobe. In the lower right corner are the beam

size (black circle) and pc scale.
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Fig. A.2 The blue lobe of the 12CO velocity channal in Spokes region. The background is the integrated intensity map of the
13CO molecular spectral. The speed of each channel is shown in the top right corner of each panel. The contour levels of the
blue lobes are from 40%—90% of the peak intensity of each lobe. In the lower right corner are the beam

size (black circle) and pc scale.
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Fig. A.3 The red lobe of the 1200 velocity channal in Cone (C) region. The background is the integrated intensity map of
the 1300 molecular spectral. The speed of each channel is shown in the top right corner of each panel. The contour

levels of the red lobes are from 40%—-90% of the peak intensity of each lobe. In the lower right corner are the

beam size (black circle) and pc scale.
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Fig. A.4 The blue lobe of the 1200 velocity channal in Cone (C) region. The background is the integrated intensity map of
the 1300 molecular spectral. The speed of each channel is shown in the top right corner of each panel. The contour

levels of the blue lobes are from 40%-90% of the peak intensity of each lobe. In the lower right corner are

the beam size (black circle) and pc scale.
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