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The formation of star
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Evolution of Young Stellar Objects
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(Andrea Isella . 2006)

Class O:
* Youngest
* Most embedded
Class 1:
* Starting to shed envelope

Class 2:
* Barely any emvelope left

Class 3:
e Tenuous disk left



Polarization

A B Polarization of radiation from
a optically thin cloud of
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aligned dust grains.
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L1527 protostellar system
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( alma.mtk.nao.ac.jp/e/index.html )

Constellation Taurus
Distance ~140pc
RA(J2000) 04h39m53s.9
Dec(J2000) +26 03’9”".72
Stage Class O I

Infalling
envelope

~25,000 Au

(Tobin et al .2012)


http://www.nature.com/nature/journal/v492/n7427/full/nature11610.html#auth-1

L1527 Moment Map .« C180(J = 2 — 1)
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http://www.appledaily.com.tw/appledaily/art



J2000 Declingtion

L1527 Position-Velocity diagram
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J2000 Declination

L1527 Position-Velocity diagram
c180(J =2-1)
Major axes(pa=180)
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L1527 Position-Velocity diagram
o =2-1

Jy Beam™!



Constellation

Distance
RA(J2000)
Dec(J2000)

Stage

HH111 protostellar system

Orion

~400pc
05h51m46s.254
+02" 48’29”.65

Class |

The Multiple "
Star System
of HH111

Star/

with
disk

-

(https://www.spacetelescope.org/images/opo0005b/)



HH111 Moment Map
c80(J =2-1)
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HH111 Disk and Envelope Structure

In order to see how the structure changes with velocity,
the line emission is divided into three ranges:

low, medium, and high velocity ranges,
on the redshifted and blueshifted sides.

(Chin-Fei Lee. 2010)
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J20040 Declinotian
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J20040 Declination

HH111 Position-Velocity diagram
c180(J = 2 — 1)

Minor axes(pa=66)
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J2000 Declination

HH111 Position-Velocity diagram
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HH111 Position-Velocity diagram
C180(] =2 —1)

c)

Jy Beam™!

position offset (arcse

The mass that supports the Keplerian rotation :~1.38M,
(Chin-Fei Lee .2010)



TMC-1A protostellar system

Constellation Taurus

Distance ~137pc
RA(J2000) 04h39m35s5.195
Dec(J2000) +25 41’44”.344
Stage Class |

TMC-1A is located in the Heiles
Cloud 2 (Torres et al. 2007),
where the carbon-chain-
molecule rich starless core TMC-1
and the warm-carbon-chain-
chemistry (WCCC) source L1527
(Sakai et al. 2008) are associated.
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The figure shows continuum(white
contours), intensity (black contours) and
velocity (color-scale) integrated map

of C180(J =2 —1).

White contour levels are from 150 to
2650 in steps of 500, where 10 is 0.61Jy
beam™! km s™1.

Black contour levels are from 30 to 930
in steps of 100, where 1o is 12mly

beam 1 km s~ 1.



JZ2000 Declination
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J20Q0 Declination

TMC-1A Position-Velocity diagram
c180(J = 2 — 1)
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position offset (arcsec)

TMC-1A Position-Velocity diagram

Viep (km s71)

c8o(J =2-1)

Contour levels are in steps of
3,5,10,15,20,25,390,

where g =6mlJy/beam

curves: the kepler’s third law,
different colors represent different
masses of the proto-star.(except blue

line: infall)
Inclination angle=55°

The protostellar mass is 0.68M,
(Yusuke Aso et al. 2015)




L1489 IRS

L1489_C180.cont.image.fils—roster
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L1489 IRS : a Class | protostar surrounded by
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L1489 IRS Moment Map
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1
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position offset (arcsec)

L1489 Position-Velocity diagram
C0(] = 2

Contour levels are in steps of
3,5,10,15,20,25,390,

where o =6mlJy/beam

curves: the kepler’s third law,
different colors represent different
masses of the proto-star.

(except blue line: infall)

Inclination angle=66°

the protostellar mass is
estimated to be

(Hsi-Wei Yen et al. 2015)



Serp_smm?2
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ICRS Daclination

Serp_smm?2
C180(] = 2=

serp_smmZ.mem1.image —roster

0Z" I~
o1t

1°13'00"

57" T

58” — {:'

w @ &

18"30M00% 9

Q0.7 D05
ICRS Right Ascensien

7.2

I ] 6.0

(8/W)

Moment 0 map (light contour) and continue
map(heavy contour) overlaid on the moment
1 map (color) of the C*80 (2-1) emission in
serp_smm?2.

A filled ellipse in the bottom right corner of
each panel denotes the beam size.

Moment O contour levels are from 30 to 60 in
steps of 10, where 10 is 0.02)y beam™! km
2

Continue map contour levels are from 50 to

300 in steps of 50, where 10 is 0.13mly
beam™! kms™!.



ICRS Declination
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J2000 Declination
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Moment 0 map of the high-velocity, medium-velocity, and low-velocity C*80 (2-1) emission in Serp_smm?2. The
integrated velocity ranges are shown above the relevant panels. A filled ellipse in the bottom right corner of each
panel denotes the beam size.

Contour levels are from 3o in steps of 1o in the high-velocity ~ the medium-velocity and low-velocity maps. Here
lois 11, 5.8,12, 6.1, 10, and 6.9 mJy beam™! km s~ in the high-velocity blueshifted, high-velocity redshifted,
medium-velocity blueshifted, medium-velocity redshifted, low-velocity blueshifted, and low-velocity redshifted
maps, respectively.



Serp_smm1ll
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J2000 Dealination
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Moment O map (light contour) and continue
map(heavy contour) overlaid on the moment
1 map (color) of the C*80 (2-1) emission in
serp_smm?2.

A filled ellipse in the bottom right corner of
each panel denotes the beam size.

Moment O contour levels are from 3o to 60
in fteps of 10, where 10 is 0.02)y beam™! km
S

Continue map contour levels are from 50 to
300 in steps of 50, where 1o is 0.13mly
beam™ ! kmst.



J2000 Declination
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Ser-emb 8 has been known by many names
including Serpens SMM9



J2000 Declination
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J2000 Dealinatian
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The velocity ranges of the SiO(J =
5-4) line wing emission are 22 to
10 km/s (redshifted) and 7 to -7
km/s (blueshifted).

o= 0.06 Km/s



J2QQ0 Declination

Serpens_ Emb8 Moment Map
of C1®0(J =2-1)
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Serpens Emb8
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Serpens Emb8N SiO Moment Map
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Serpens Emb8N Polarization Map

ALMA Archive Band7 335.495 ~351.497GHz
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Serpens_ Emb8N
Moment Map and Polarization Map
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Moment Map and Polarization Map
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J2000 Declination

Serpens Emb6

salibrated_final_cont_EmbS_image.image.fits ALMA Archive Band6 216.080~232.164GHz
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Ser-emb 6 (also called Serp-FIR1 and Serp-
SMM1) is the brightest (sub)millimeter
source in the Serpens Main cluster.

13"

18" The images are centered on the main

source SMM1-a (white circle: J2000 =
s 18:29:49.81, J2000 = +1:15:20.32); the
18728M50%.0 45°.9 AEE L 49NT 498 fainter source 200 to the WNW is
©2000 Right Ascension SMM1-b (white triangle: J2000 =
18:29:49.67, J2000 = +1:15:21.07).
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Serpens_ Emb6 Moment Map of SiO(J=5-4)
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J2000 Daclingtion
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Moment Map of CO(J=2-1)
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Low-velocity red- and blue shifted
CO(J =2-1) from the ALMA data (red
and blue contours, respectively), The
CO velocity ranges are 2 to 15km/s
(redshifted) and —20 to —5km/s
(blueshifted) relative to the

VLSR of SMM1 of 8.5km/s (Lee et al.
2014). Line segments represent the

inferred magnetic field orientation

(Hull et al .2017)



Barnard 59

a dark nebula in the Ophiuchus
constellation and a part of the
Dark Horse Nebula.

https://www.eso.org/public/videos/eso01233b/
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54",

S5,

S5,

Se".

56",

37522870 o

BHEGY7—01.polarization degres,total intensity

17"11M04%.00 03534 03230 03586
J2000 Right Ascension

BHBO/-01

0.018

0.016
1 0.0714
F10.012
T 0.01

1 gx107

610~
410~

Zx10™

* Polarization percentage(color scale)
* Total intensity(contour)



BHBO/-11

Constellation Ophiuchus
RA(J2000) 17h11m23.0
Dec(J2000) -27d24m33
Distance 145 pc
Stage Class |
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* The intensity contrast between
the envelope (and spirals) and
the disk is clear.

* Total intensity with contours of
5, 25,75, 125, 175, 225, 275 and
325 times the noise level
(0.1mlJy/beam)
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Rectangle Region Profile
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J2000 Deslination

BHBO7-11 Position-Velocity diagram
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Rectangle Region Profile
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BHBO7-11 Position-Velocity diagram
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BHBO7-11 Polarization Map
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Thanks for listening
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Stokes parameters

* Polarized intensity:

100%Q | 100% U | 100% V

+O +U |’ +V | P=,/Q*+U?
2
W
* Polarization angle:
Q>0;U=0;V=0 Q=0U>0;V=0 Q=0;U=0;V=>0
(a) (c) (e) - -
ol Ul v | x = 0.5arctanU/Q.
- \ = ,-—--x.\\
N\ \/
Q<0:U=0:V=0 Q=0,U<0,V=0 Q=0;U=0;V=<0

(b)

(https://en.wikipedia.org/wiki/Stokes parameters) s



