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1 MROER - BB

AR B R 2 3. BEOEBUBRETEC 2HLEDREFICHEEST 2B THH. XA FPH R
THRIN TV, ZOFMRERMBICIEET 2 XX MR 5 S R4 T 2 B 2 s % 2
ETREERD S F VAR L T ER 21525 203 TE 5,

B LFEICH 2 HL Tau ld, HiERD S 140 pc DMEICH D, EEHH 45° L FPBEENR L
TV, EREEANO T 27 VARIRMEMEE LTd, IVIETRDIAZVEVWS HT, RER
M D REE T RGEFE & TN 2 72 DICIERICE L TV 2,

ALMA (Atacama Large Millimeter /submillimeter Array) (&, ¥V D7 & h < WEICER I N
KRB RTFHEITHD, IV - V7 IVHED IS RFEROFOVEREHWS Z 2T, |, £,
RERDOUM. FHICBI2VMEERE2EHT 2 LB FEENTH S, TO ALMA OEWWZE
157 fRREIC & 2 IR RBIANC X o C. HL Tau (SRS 2 M OFEMAME L1525 Z e A TE
(K1), TBEHDAX=I T, FOLSEEAMNKFEL X vy THEZHRT 2L TE
%, The ALMA Partnership et al.(2015) TlZ. ZOF vy THEEIIKEFEROBETEL TV
. BEZTWVWS,

AWFFETIE HL Tau i20 U THHS X 17z ALMA RHEFREHIT— £ (2011.0.00015.SV, PLobservatory,
ALMA) ZHWT, ML S BIE T AN 5 2 R 2 T L. 2 DERNMED SE R
WESTZ2ZeZHE L,
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o
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1: The ALMA Partnership et al. (2015) TOfiEHT TF S 7z HL Tau 1B 3 2 JFAAKE R
M4 (Band 6+Band 7) 4 X =, 4 X =T face-on 12725 XS WWEHEAEZHVWTHEIATY
%



2 fEWtRT—23

S NSV S 7 =203, 2014410 H 14 HA 5 11 A 14 HE TfTbi/z ALMA 2k 5T
Bl A7z HL Tau DX R M#EFHK T —X TH 5 (K 2), 4 A=Y DH12id. CASA(Common
Astronomy Software Application) Z W7z, EfRD x B - y #llid, £ 24 HL Tau OREE - 7R
BEZRLTED, B 7 —=N=13X X M & 2B ORESEE (Intensity) Z/R L TW5, BN
Auw/zEREE, 2.9 mm (Band 3), 1.3 mm (Band 6), 0.87 mm (Band 7) T. ¥—A% 4 X%
1241 85.3 x 61.1 mas, 35.1 x 21.8 mas, 29.9 x 19.0 mas TH %, T¥EtDOHMEREE 3 (N B
B, bERAKERE) BT 2729, Band 7 THOLNE 4 X —=I D — L0 4 X0 b /N L fif
B2 A X =TT, Band 3 THLNE A X —=IDA4 X—=I P4 A0EDHRKESREHRRA A=D1
RoTW5,

X DM NY FOERER VT X —&1EX  The ALMA Partnership et al.(2015) & b #kfes
% (1),

2: ALMA THR&N 3N FOERKA X — (/425 Band 3,Band 6,Band 7)

# 1. BHlx N7z HL Tau @ik S 7 X — &, The ALMA Partnership et al. (2015) & D #kf

itionb
Source Position rms Peak® Flux Density® Size®
R.A. (J2000) Decl. (J2000) (1Jy beam™) (mJy beam ™) (mJy) (mas x mas (deg))

2.9 mm (Band 3, 101.9 GHz) 85.3 x 61.1 mas, P.A. = —179°

HL Tau 04:31:38.4253 (0.0002) 18:13:57.240 (0.004) 9 4.13 (0.03) 743 (0.4) ~1750
XZ Tau A 04:31:40.09714 (0.00004) 18:13:56.674 (0.001) 24 1.99 (0.04) 271 (0.08) <54
XZ Tau B 04:31:40.08218 (0.00007) 18:13:56.845 (0.001) 24 1.30 (0.04) 1.83 (0.08) <54
LkHa358 04:31:36.15383 (0.00007) 18:13:42:919 (0.002) 26 1.07 (0.03) 3.7 (0.1) 150 x 84 [+170] (6 x 3 [3])

1.3 mm (Band 6, 233.0 GHz) 35.1 x 21.8 mas, P.A. = + 11°

HL Tau 04:31:38.42548 (0.00008) 18:13:57.242 (0.001) 11 6.48 (0.03) 744.1 (1.5) ~1960

0.87 mm (Band 7, 343.5 GHz) 29.9 x 19.0 mas, P.A. = —176°

HL Tau 04:31:38.4254 (0.0001) 18:13:57.242 (0.001) 23 11.56 (0.07) 2140.8 (3.7) ~1960

1.0 mm (Combined Band 647, 287.2 GHz) 33.5 x 21.1 mas, P.A. = +9°

HL Tau 04:31:38.42545 (0.00009) 18:13:57.242 (0.001) 12 9.79 (0.04) 1441.5 (1.8) ~1960




3 MMFE

U DT, BNV FOBETERE R T 2720128 — A0 4 X 7Y 4 X GbH 3 0E
BHb, ZHUE, A A=Y LORSEBEZZNZRDEY —2 34 2o TFHINTLEID
T, BNV RFOEHEEFRICIZT2720TH2, TOL—LF A X 7LV 4 XOFEIXHHT
2NV ROBPMHAGDLETENT 20T, SEIENTICHW S Band 6+Band 7, Band 3+Band
6+Band 7 D D DFHAGDHEIIOWTH A XxHiZ 7z (K3, K4), 22T, ¥4 XOFHBEEZHIL
CASA @& X7 imsmooth, imgred Z W7z, F#FLAIEMRTEL D 5,

F£2: 20DV FEHAGDEBERE S v 7DV 4 XfER

NV R Band 6 + Band 7
| )% 1600 x 1600
' — 24 X | 0.047" x 0.033"(P.A. = —43.6°)

HL Tau (Ba

X 3: 220DNY RTYH A XLEBRA X =

K3 30DV FRHAEGDELBERE Y 7DV I 4 THER

A =4 Band 3 4+ Band 6 + Band 7
v 7 L 1600 x 1600
E— A% 4 X | 0.11” x 0.080" (P.A. — —43.6°)




HL Tau (Band 3:2.9 mm) HL Tau (Band 6:1.3 mm) HL Tau (Band 7:0.87 mm)

X 4: 32DNY RTUYH A XUEBRA X —

RIT, FIAAERE N BEHTREA X =206, UTO 320X ZHWTERTGT (r) ITHRFE
L7228y ROYHER (RET, ZA AT 44688 B, HEEY) 2Rk 5,

L(T) = BTG - exp(-7) 0
) = 0 2
L\ A
ser) = 1] (i) ®)

T 2Ty LIy /st 3R E. 7 I 3EFNEA, k[m?/ke] 13X R b ORINKEHETSH 5, £
B,(MXRET D77 > 7B TH 5,

X (1) WFEsEE R T. K (2) AN E AR & mEE ORI Hpls 2 e R L
TWd, R (3) FPIMHEHE 215 5 7D OUE T, £ L 72 o TV B HUEIX Beckwith et al. (1990)
TRINTVWABELZ AW,

F7230 (1) 3. RIFD X R FADEENTEVG S (1> 1) & HETHEWIEE (1 < 1) 220
TEBT 2 2N TE S, HENEVGE, X (1) L(T) =~ B,(T) &2, Z ORI EAK
FeARTIENTES, Lo TRETIX. BAEBHOXTKRD SN SMERE T, I~ LES
WCRDDZEHTED, 2L, KFENEVCRTELEZITS 222k b, 7 X oFHILbi
TLEWV, VHEOHENHEL {RoTLES. —7. HANTHEGERXL(T) =~ mB,(T) & r
DEREEATVEY, RET ZEERDZ N TERL KD, EBICIXHEERE » 1KF LK
SRE I, 7 700 NFNBECEREZREL. 74y PLERET 2522 2 THRERKY
HEZRD TV,

PUEZFED2ZELMITRLAEDIZ5,

I(T) = B,(T)[1 — exp(—71)]
T>1 I(T) =~ B,(T)
TK1 I(T) =~ 7B,(T)

DUED &5 )78 Tt 2D 5,



4 R
4.1 Band 6+Band 7

XU ®IC, 2 HiTE S NI HETRE < v 70 S BIE T MICHKTE U 7 E G REE O 75376 K % R
T5% (K5) K1 EX5ZLEET 2, HL Tau O E T2 WEBIE RS2 < . BEORERT
W AITIN Z & UL S DFRBEATK % < 2 B IZ O NSRS B Z e hibh b, &
AUZ HL Tau FEHHLEDBRGHNIKZ S HE L ZIT TV TH D, B TORNTHIHE
MTHEIePRBINDG, Ty NV FELZHKT 222 T Band TIE5DBHFABPKEN &
bbb, TIUIX A b ORISR (HER) OREBIKEENERTH 2 L &2 5., Bl
RO\ Band 7 D AEFRNCEWZ e T N S,

RITHRE T ZRET %, T ZTIE The ALMA Partnership et al.(2015) Kb, £2TOHZ WY »
T OREBIIHFEINIE N IRET 2 Z L TIRE T 23k 5, BAMICIZ, —FE HL Tau 2K T
NN (I, = B, ZHH) © UCHERE T, 25k 3, 2 LTI I THLNHEEIRE DM
K, FEBRORET £ —HIT 2 EXREZEH r OFRTT7 4y b FT22210T 5, MRIFN
6 DEIWHEDBEET X, T =919 (r/10 au) 20 K =157/, BEARMHASIZ, 20.73 au,
37.84 au, 79.95 au D 3 HEHW. 7 4y MIIXBETREDRER» SV ¥ 7 D 3 WA Band
62 B, KO RBEMIEVWE B2 Band 7 Z#H L=, F7-. Carlos Carrasco Gonzalez
et al. (2016) 22 SIRE T X, T = (70 — 140) - (/10 au) =506 K TH 2 Z e BRI ATV B 7=
B, ZO#HMHZEE TR,

Y DR S YHEZ T L TW L, KENEA 71X, [, = B[l — (—7)] \ZRIFERD R
ET 2RATE2ILTRDEZZLDTES, BRIZ. MT7TDLSICK -7, Band 7 TIEMI K
LRVHEDPIEEAFE L ze U7 4y P ORER, BEERE T, PMRE T Z k[l o T 2 JFEE
LTWB3HR6THS, 2D &b, Band 7 TONENEA 7 ZEIEICHWE XA M AT 4
T8 B RHEE Y bFE CHEBTHRESS Z 3 TERh o7 ZOMBREEE X, #7212 Band 3
DTF—RERNS Z L THEZ DM 21T 72,
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4.2 Band 3+Band 6+Band 7

4.1 HIOMREZIEE Z T, S BITHEEMICHEY Band 3 DF — X 2 M T 21T o7, 418k
FRRIC 2 B CoRDIZMETRE ~ v 70 6. HETHTRE QBRSO 51X % ERR L7z (X 10), Band
3%, Band 6, Band 7 IZHERTE — 2494 XK S GRED S MO X vy THHE R RS
52U oo, iz, METEREOEEEE KD 2 72 DIV 2 BT A OFE 7 I

B — a4 RIRFE L T2 720, SR 2EINTNE {Txo Tz,

Z DRGSR 2 FWT 4.1 Hik FIRICHEEEIRE T, Y IBE T 2Rd 7z (K1), METTRE /N
{lgoltz, BERE T, 3N ERERXE o/, /2, ZITROLMEERE T, CREKEE
KRDZDFHEL o720, 4.1 HITRDIZMAEDONMBEE T2 Z & T Band 7 OREEIRE T,

B BUE T B ATE Uiz IHET 3T = 79.0 - (r/10 au) 05 K OIE% 87,
LU_Es & Py

SR LTV, IRELLREDM T 226 ZRNENDNY FIZOWTHENE

ArEHETRZY, M120 &5 R 2B, Band 7 OfEIX. 4.1 G FEOEBTHRE2ES 2
T ERWEDTELE L722Y, Band 3, Band6 TIRIRE T ICHAREREIRE T, OENETOHET

> >
— -

T 5 727D %2825 Z BT,

TRDINFNEA 7 DI e (2). X (3) PEHXR T

FRET 4B B KD, TOENPLZNFHOHEE L ZROZLUTD XS REREE S Z

YHTET (K13, K 14),

R MARTT o FE8RBIE K (2),XB) 2o 200Ny FONFENEA DL ¥ #HIFE
v DLt B = dlogr/dlogy TRD 2 Z MR TE S, HHFANEA 713 Band 7 TFZ1G2 Z & TER
VRPFIE L7, KA MA T T4 58 8 Tz 1R 2 Z 2 3T Z72Did Band 3, Band 6 D
T=REFHLDDRE T THolze TITHEXA NI T 41588 K (2), K (3) 2 HHIE
X %R T %, HEE X3 Carlos Carrasco Gonzalez et al. (2016) THEE X 1 2 IRETHED 5

1351 3 T O FIF (Kb # @ ORR) TP ET 3 2 & ST BTz,
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5 E8

FEDE TN ONWTEE T 5720, FIT4.2HTRD SN/-HEE X 12DV T, Carlos Carrasco
Gonzalez et al. (2016) D7 —& & i F 5 (X 15), AT TR, ZAFTHALZ ANV FIC
i Z. VLA(Very Large Array) T8I L 72 & HIEEHNTE Y 7.0 mm OB 7 — & %2 FH W T#
MEiTo T3, 7—X& L oIRHERE T, X¥HNEA 7, HEE S, AR MUER
a = dlogl, /dlogy £ 75 TW3, Tz, 4.1 HICTRREEE T OIEDMIC, #HE 7 mm TOR
UNPHITE RS f7m = 0.13 —0.21 cm?g~ L, BRAFANRS T8 B %2 B=a—2TKD, ZORIH
JBT & 25040 OEERNCHVR) TOEIE (BEIE 8~ 1.2) L WHIREZ AW T ATV S,

HZEE Y3, THREANBIRE LR G R IZETHEOFMRE BQ—T 2% & >TW\wd,
7272 L. PO < 10 au fHETIED R DIRWEDZET S Nz, ZHhE7 4 FOERIEICE S B
DOTH 11 DIREDTMH S b D22 K512, HOLOMENFEHRL TVWEDTH D, EHEDIRED
T IHEEERE T, Bk 2 e HEE S, A2 0ER 15155 1 au TORERFHHETZ &,
980K titEEN 5, ZOXNTHWAE D SNEZ KD 23K (4). HEH HIREIZ KD 53K
(5) Z FHWTIRE I Tinag ZKDZ LT D K 5127857 (K16), 7272 L. BENZMEE LTHE
ET 2D REDORNEEERT 2MBESDHD, TDILIER 16 IR L7 Thag HPBIHITHES
NFEERELD SELNEYTHZ e 2o bHLLTH S,

L, 0.0813D%107 %4~ . o, (4)

L\*/ r \"3
280 <1«>> (I;H) K (5)
T/, MBOEEE © 3 h M KGRFEGROWRE 7L 5 & Ml r 1HHl L TEEMRL 25k
ENTVWEH, SEDOMEHTTIX, AR o7z, ZO XS RERIEYITH 2 0% HW$ 25 LT
RKEBFEMEGZ TOVEDONBRA NIRRT 4B B ORBD D TH B, HfTHATIEARY
FAER o P HRDTNB 0, THHLDHETHIAELTAS, T2EX18ITRT &5 RiER
ERLIIENTEL, ZRL B=a—21& HENIHEVRE (1 < 1) DAZAMTH 272D, K
13 DD BIEEMNTTHE O ALE 60 au LURDOTED S ¥ L, K17 DX R+ A2 7 4 188 B DI
NN TOMEIZ B = 1.15 ZERHA L z. & DSR2 & X EEE » 1200 © THZE 2 1332070
XL BB EL BRAEAP R THN S 120, X D FIARERMEOEEN L€ 7 MG VEHER
BDEIICAZB, LEL, = HTEAMIRST 4B L RX A PDOREOHEZRLTWS
HDTHD, EIVNZIWVIEE X R F DY A4 RFKEWZ e HFE N5, BITEDOHZE TN
DHBEZA LT A ZFRKRENVEEZN, BRI T 4B BITOVWTEZ S, K13D X5k
PEEE r IR E SR BICON, RAMF RO T4 IER B DREL BRBZHBHROAVB DX S BT
ISR THEEER S, ZOZODRED LIC, IVHBERLS XA MA YT 416883
%R BT DI R THANCH N LS BRRRED T — 205 ART MVER o ZHWTF

BEMOLTICXA NI T4 B ERDZ e DEEND,

Tnag (r)
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15 SEATHFRIC I o THES ATV S %87 X —& (i #:Carlos Carrasco Gonzalez et
al,2016,ApJL, 821,116)
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6 o

MOV EZ KD 5 7201213, BRI X 2 CFNEADREN K X RERNTR 5, AT
Tl Band 307 =& 2T 5 Z & T, HITHETHE SN TV 2 EDHEHMICAI L 2 701h
TERMNI—BIHET 22N TEL, LrL, stETEONLYHE, FHCHEE D DM
MR OET VL =BT 2 X5 BMRTIERD» o7, SHROELL LTI VLA ZHWE XD
EEEDT—XEHWBNEEN S,

FBE, RIAKRA I Vit v F T HEF ngVLA (next generation Very Large Array) D&t
B RED 5N TE D, 2024 FEZRA, 2034 FICERTE T2 HIE L MEIDED s h T b,
25 S BRI EA 3 mm-20 cm ICEE L TE D, BHERM L T2 VLA O 10 5D KE
CIHBREDER T2 EONT VS, TOXIBREMREEA X - 2R L. FARELRMABROW
FDBICHE L. KGRDOIEBGEREN I NS Z 2 ICHIFRFT 2,

EEF

BRRICAIZEC H7- D MBI 2B 2 D, Bz THREZ2 WV AlES SR, 1%
TEORVERZRE L TTE o 2KBRABERICZ 052 E 0 THILA L LT3, $%E=
DERE. FHIHTERER IO R D A7 53, HTHIRRLBINICE L2 Rz 2 wiizv
Tl el BV EBVE T, Bk AHRZH DL I TS VE LT

BE R

[1] The ALMA Partnership et al. 2015 ,ApJL, 808, L3

[2] Condon & Ransom, 2016, Essential Radio Astronomy (Princeton University Press)
[3] Beckwith et al. 1990, AJ, 99, 924

[4] Carlos Carrasco Gonzalez et al. 2016, ApJL, 821,116

16



{98% A imsmooth

ARX=IDE =LY A XEEET S CASA DX
imagename ICZEE T 5 7 7 £ V£, targetres I& True. major,minor,pa & Z N2 — L DEH,
W, KPP ar 7y, outfile TEHRFLIZWT 7 A A ZHA

# imsmooth :: Smooth an image or portio

imagename =

I 'gauss’

targetres

region

box

chans

stokes

outfile
overwrite

i
#
#
#
#
#
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
#
#
3
i
i
#
#
#

H ok h R B B O OH OHH W H R

17

n of an image

Name of the input image. Must be
specified.

Type of kernel to use. Acceptable
values are "b", "box", or "boxcar"
for a boxcar kernel, "g", "gauss",
or "gaussian" for a gaussian kernel,
"c", "common", or "commonbeam" to
use the common beam of an image with
multiple beams as the gaussian to
which to convolve all the planes,
"i" or "image" to use an image as
the kernel.

Alternate way of describing a
Gaussian. If specified, must be a
dictionary with keys "major",
"minor", and “pa" (or
"positionangle"). Do not specify
beam if specifying major, minor, and
pa.

If gaussian kernel, specified
parameters are to be resolution of
output image (True) or parameters of
gaussian to convolve with input
image (False).

Major axis for the kernels. Standard
quantity representation. Must be
specified for kernel="boxcar".

Minor axis. Standard quantity
representation. Must be specified
for kernel="boxcar".

Position angle used only for gaussian
kernel. Standard quantity
representation.

Region selection. Default is to use
the full image.

Rectangular region to select in
direction plane. Default is to use
the entire direction plane.

Channels to use. Default is to use
all channels.

Stokes planes to use. Default is to
use all Stokes planes.

Mask to use. Default is none.

Output image name. Must be specified.

If true, overwrite (unprompted) pre-
existing output file.




{48k B imregrid

ARX=IDETELNE - BT NI A X MDA X=IDETLIE - BT LY 4 XITHEDE
572D CASA DX R
imagenamen IZ&bHE 35 7 7 4 V4, template [T 7 2AE - 72V 4 X EHETZWITD
7 7 A V5, output IHRIELT2WT 7 A VKB A

# imregrid :: regrid an image onto a template image
imagename = v Name of the source image
‘get' A dictionary, refcode, or name of an

image that provides the output shape
and coordinate system

Name for the regridded image

Regrid spectral axis in velocity
space rather than frequency space?

The pixel axes to regrid. -1 => all.

The interpolation method. One of
"nearest", "linear", "cubic".

Decimation factor for coordinate grid
computation

Replicate image rather than regrid?

Overwrite (unprompted) pre-existing
output file?

output t
asvelocity True

axes [-1]
interpolation 'linear’

decimate 10

replicate
overwrite

HEBEHHEHREREEREERE SRR
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{38k C exportfits

A X=V% fits BRUITE XX 5 CASA DX RS

imagename 127 7 4 L4, fitsimage ICHF XM 2RO 7 7 A VB2 A

# exportfits ::

imagename
fitsimage
velocity

optical

bitpix
minpix

maxpix

overwrite
dropstokes
stokeslast
history
dropdeg

Convert a CASA image to

False

False

-32
0

19

a FITS file

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

Name of input CASA image

Name of output image FITS file

Use velocity (rather than frequency)
as spectral axis

Use the optical (rather than radio)
velocity convention

Bits per pixel

Minimum pixel value (if minpix >
maxpix, value is automatically
determined)

Maximum pixel value (if minpix >
maxpix, value is automatically
determined)

Overwrite output file if it exists?

Drop the Stokes axis?

Put Stokes axis last in header?

Write history to the FITS image?

Drop all degenerate axes (e.g. Stokes
and/or Frequency)?




