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Where is It?
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The Perseus Cloud — L1448
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1448 IRS 3"

THE ASTROMHYSOCAL JOURNAL, 0353381308 2006 Do milve 20

CO200E, Tl Adzncac Astowomre Scors, Al eght ol Brawl in VSO

TWO BIPOLAR OUTFLOWS AND MAGNELC FIFETDS IN THE MULTIPLE
PROTOSTAR SYSTEI\‘I L1448 IRS 3|

Woorn Kwor, |Lesue W. Loowsy, Ricsazn M, Crurcher.' avp Jason M. Kk’
TRTG Ot of Astranamy, Uoiversity of Llinois at Lrbaca-Clhempnigs,
1002 Wes! Green Sureel, Urban, 10 618010 whwonZtasino vive wdu
Neveized 2N Aot IV, aocepted 2000 Scpvemive S

ABSTRAC]

We present specteal line observations of COJ =2 — 1, 7"COJ = | — 0,and C"*OJ = | — Dand polarimetiic
observations inthe £ = [ .3 mmcontinuum and in COJ = 2 = | towand the multiple protostar svstem L1448 [RS 3.
using the BIMA armuy. In the 2 1.3 mm conlinuum, bwo sources (LIRS 3A und 3B} were clearly detected with es-
timarad envelope masses of (.21 and 1,15 M., and one snurce (IRS 3C ) was marginally detocted with an upper mass
limitof D03 4., InCOJ — 2 1. we revealed two outflows originating trom IRS 3A and 3B. The masses. mean
nuinber densities, momentums, and kinetic energies of vutllow lobes were estimated. Based on those estunates and
outflow teatures, we conclude that the two outflows ure inteructng and thut the IRS 3A outflow 1s nearly perpendicular
1o the Ime ofsight, Inaddition, we estimate the veloactty, inelination, and opening of the IRS 3B outflow using Bayesin
staristics, Lincar polarization was deteeted in bath the 2 = 1.3 mm cantimium and CO J = 2 — 1, The lincar polar-
Lealion i the continuum shuws o magnenc Geld al the centrul source (IRS 2B} perpendiculur (o the outllow direction.
and the lincar polanzation in the CO.J = 2 — | was detected in the outflow regions either parallel or parpendicular te
the outflow dircetion. Moreover, we comprehensively discuss whether the binary system of IRS 34 and 3B 15 grav-
itationally bound, based on the velocity differences detected in “COJ = | — 0and C0OJF = | —0 observations and

e soan - 1AM % T
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1448 IRS 3A, 3B & 3C
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1448 IRS 3
LETTER

d0i:10,1038/nature20094

A triple protostar system formed via fragmentation

of a gravitationally unstable

John J. Tobin'<, Kaitlin M. Kratter’, Magnus V. Fersson®*, Leslie W. Loo
Zhi-Yun 117, Claire | Chandler®, Sarah | Sadavey”, Robert I Harrig?, (:

Binary and multiple star systems are a frequent outcome of the Ih
star formation process'~ and as a result almost half of all starswith  dust
masses similar to that of the Sun have at least one companion star’,  were
Theoretical studies indicate that there are two main pathways that  obsa
can operate concurrently to form binary/multiple star systems:  surm
large-scale fragmentation of turbuleat gas cores and filaments™®  The
or smaller-scale fragmentation of a massive protostellar disk due  links
to gravitational instability™”. Observational evidence for turbulent  whic
fragmentation on scales of more than 1,000 astronomical units has  rotai
recently emerged™”. Previous evidence for disk fragmentation was  close
limited to inferences basad on the separations of more-evelved  (an

pre-main sequence and protostellar multiple systems'® "' . The hasa
triple protostar system L1448 IRS3B is an ideal system with which  The!
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Wait...What's happening?

TWQO BIPOLAR OUTFLOWS AND MAGNETIC FIELDS IN THE
PROTOSTAR SYSTEM L1448 IRS 3

Waomn Kwon, Lrsoir W, Loonry, Ricoiazn M. Crirerre,! axn Tason M. Kric”
Deparumzat of Astoaomy, Universiy of Hlinois ar Urbana Champaian,
02 West Gireen Street, Urhana, [ 1801 shwani@asme nine edn
Receiovd 2000 Apnid 1% aveeeled 2000 Sepienir 4

MULTIPLE

ABSTRACT

We present spectrul line ebservations of CO.7 = 2 — |1, MO = 1 = 0,and C 07 = | — Dand polarimetric
observations inthe 4 = 1.3 mmcontinnumand in COJ = 2 Tlprotostar system L1448 LIRS 3,
usmg the BIMA array. ln the 4 —1.3mm commuum WO SOUrCes IR§ 3A and 3B were clearl) detected wnh es-

A tnﬁ@ protostar system formed via fragmentatlon
of a gravntatlonally unstable disk

John I Tt uhm
Zhi-Yun Li’,

— ]t

", Kaitlin M, Krater”, Magnus ¥ Persson’™,
Cl :unl Chandler®, Snahl Sadavoy”,

Leslic W Locney®, Michacl M., Dunham”, Dominigque Segura-Cox®,

Robert ] Harris®, Carl Melis™ & Laura M. Ferez!

AmMHSC M
KAl ch

Binary and multiple star systems are a frequent oulcome of the
star formation process™® and asa result almost half of all stars with
masscs similar to that of the Sun have at least one companion star,
Theorctical studics indicatc that there are two main pathways that
can operate concurrently to form binary/multiple star systems:
large-scale fragmentation of turbulent gas cores and filaments™*
or smaller-scale fragmentation of a massive protostellar disk due
to gravitational instability®”. Observational evidence for turbulent
fragmentation on scales of more than 1,000 astronomical units has

The ALMA 1.3 e image ol L1448 TRS2R is shown in Fig, 1, revealing
dust emission towards ¢ach of the three distinet protostars, which
were identitied in previous Karl G, Jansky Very Large Array (VLA)
observations'®. The ALM.A images also reveal & disk with substructure
surrounding the entive system, extending to a radius of around 400 av.

Th" -l».\ Q- v }\ﬂ.,\‘: aalo o oo s bel L .-.I-.n:. 1 el o

rotation pwf.lc e below] p]nu‘ fie centre ol TIaISS of lhc svstem near lhc
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Upgrading
years

5.C0O0J — 2 — | OBSERVATION
5.1, Bipalay Ouiffows

As mitroduced n i [, one, two. or up to three outflows have
been suggcested for this region, Bachiller et al. (1990} proposcd
that an ourflow in the ensr-west direcrion originates from IRS 3.
bused on a redshilled component that was deleeled mthe region
of the blueshifted lohe of the L. | 448 -mm outflow. Recently Walf
Chase etal. (2000} suggested outflows of position angle 1507 and

129 from IRS 3A and 3B, respectively, using their large- %-.aIeVS

CO J — | — 0 obscrvation as well as previous studics of H
ohservations and Ierbig-Tlara ahjects. In addirion. Girarr & Acord
(2001) presenied o redshilled S10 component along a line ol po-
sition angle | 107 from IRS 3B. However, w date there were no
observations with enough angular resalution to clearhe ideatify

outflows wirh sources. Here we prespnt high nnoulnr resolution

BIMA obscrvations to illustrate outfi: >
outflows from IRS 3A and 2N burna mltﬁ(’!“ rmm RS AC. based

on channel maps and mlegraied intensily maps.

Beam Size
A=1.3mm
OUJ=2-1)

Resolution during 10

L1448 [RS3H is located in the Perseus melecular cleud at a distance
of around 230 pe (refl 13) and contains three protostars out of the
six that collectively make up L1448 IRS3'!* which spans a region
that is .05 pc wide. L1448 IRS33B is a Class O protostar system'”,
which represents an earlv phase of the star formation process when
the protostars are deeply enshrouded in an envelope of accreting
material'", The three protostars in L1448 IRS3B (denoted a. b,and ¢
have a hierarchical configuration; the central pretastar, 1IRS38-a, has
projected separations from IRS3B-b and IRSAB-c o[ §1 av and L83 Av.
respectively'®. The new cbservations of L1448 IRS3B conducted with
the Atacama Large Millimeter/submillimeter Array (ALMA) ata
resolution of 0.27% x 0.16" (62 av + 37 au) provide imagt‘s of the dust

sensitivity that is ten times higher and a resolution that is two times
lnbllu than previous studics.

Kwon et al. 2006 Tobin et al. 2016
4”6 X2”.6
4”7 5X2”.5

0.27” X0.16”
0.36” X 0.25”
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Properties of L1448 IRS3B

b -0.120

» Class 0 Protostar system

*1% e |nclination of the system: 45.4
degree

» Radius of entire system : 400 AU
M_disk = 0.30M_solar

+307 437 1R.0¢

Jed Apb Apsuag xnj4
°

 M_outer disk of IRS3B-c : 0.085
:  M_solar
s 2 « Combined Mass of IRS3B-a & b : 1
M_solar

« Spiral Arm Structure by
Gravitational Instability

+30F 457 15.07
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Data for imaging

Band/ A Band/ B

Resolution 0.08(high) 0.5(low)

FOV 15 arcsec
CO(3-2)
C170 C170
Data set |
continuum

s\' 28 ~ N
KI\SI AEHAH S LY -:b"“g@ L) ALMA Summer School 201814



lmaging process

Initial cleaning / Self-calibration
Continuum subtraction &
Spectral line imaging < Apply to full dataset

v

Image analysis

Lo~ e,
I(I\SI A AHEEO %m;% I[':‘f?_)? ALMA Summer School 201815




Self Calibrtion

rms ~0.67903 mJy/beam rms ~0.37913 mdy/beam
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Image analysis using spectral line
data

1. PV diagram and channel maps
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(1) C170

L1448 IRS3B c™0

()

Ofrart {sarcznc)

-al O . @ @m
'
- @.
°
=4 1 7 3 4
Visdocity (hmis|

Exlended Dala Figure 5 Posilion=velocitly diagrams of L1448 TRS3B
and a modcel disk showing the rotation profile. A4 positien-velncicy
(L7 curis taken along the major axis of the disk (analozous 1o a long sl
spectrum], acress the position of TRS3B-a and IRS3B-b (lett). The selid
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Image analysis using spectral line
data

2. Moment maps
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(1) Band7_B Moment
Maps(C170)

Moment O Moment 1 Reference

b
[ PO
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Tobin et al. 2016

Envelope tracer!!
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(2) Band7_B Moment Maps(CO
3-2)

Moment O Moment 1

Reference

fd PO O migtled codd-reninr
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Tobin et al. 2016
Outflow tracer!!
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CO vs C170
CcO
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Combined images

1. Continuum Images
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Continuum Combined Image

ba~d7_2_3_sombine.image rasier
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Continuum Combined Image
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Declinatior

ICRS

Comparison

TRIPS2CAL

barc?_7_G_ecrhbireimine—roder

30%43 2

—-—xleeMy
(ST |

6.3

36%.4 36°.%
ICRE Rigkt Ascesior

Declination (JEOOO|

+30° 45 16.07
+30° 458 150"

107 45 1407
+30° &5 18,07

Tobin et al. 2016
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Combined images

2. Moment maps
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1) C170 Line Combined Image

Moment O Moment 1 Moment 1
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Art? Science?
What is the difference?

Moment 1

Galaxy by Morrill (Pointillism)
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(2) CO (J=3-2) Line Combine

Image

« Combining CO (J=3-2) line was
problematic.

* The field of band7_A was not enough to
encompagsithe CO (J 3- 2) ine.Band7_B

AmvsChnlnd
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