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WHXATORN, XX =1 X—=PF—D5b5 Class Il XN 2D DIIKEREEFKRETD AR
XNz, KEBEEAGEBOMIAICX X ) — L XA —F—PEHRFErXhTW3, 6.7GHz XX J —
VR = = FZIERITHEED & BHINE S TH 25, [RWHIFHOYHENRE (HREE < 250K, X R MEE
> 100K, HREE <108ecm™3, HHE 101 em 2 104 em™2) THEDHAET 2720, VFIREOREIX
WEETH 2, — /. 19.9GHz BXU 23.1GHz DA X ) —)L X —F =%, X HF\WEFHOYHIKE (7 AEE
< 50K, AR MEE 100200K, A R%EE 109108 cm =3, HH%E 1013 ecm =2 10132 cm~2) THRH XN 3
TN TREINTVS (Ellingsen et al., 2004), 6.7GHz X X ) —)L X = —TI3HZ < BB ITHDH T
27, 19.9GHz BL U 23.1GHz X &/ —)L X —H—D8HENZ 10 FIfE 2 Diwv, A TIE. BEIGIOD 7
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BHIZ, KIMAKET 6.7GHz BX X 12.2GHz X &/ — L X —HF —DFEIFFE= X —EHI 21T > T3 434 Rk
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AHFEOBBIRERZ . KX X — VX =¥ — RSN ERO YRR PRI A2 EEREOMFRET V
(Ellingsen et al., 2004) ¥ [t#3 2 &, W3(OH) 34 2 EE < 16 K,144- 202K, X2 MEE 175 K, H 2%
FE 107 e 3, FEEE 102 ecm 2 £203. A RIEE 50K, X R MEE 120-141 K, HRHEE 107 cm 3, F:%
FE 1072 em™2, 7213, HREE 50K, X2 MEE 175K, HAZE (L), H%EE 102 cm 2, 7213,
B AW 50K, X R MEE 175K, X A%E 107 ecm =3, H%E 101111015 ecm =2 2 W 2E&fFowghdy
i LTWB Z e hRBE NS, NGC6334F 3 RARE < 13K £7/213 > 147K, FZX MEE 175K, #
ZEE 107 em ™3, HEE 1012 em 2, /2%, FREE 50K, X2 MEE 111-127K. 2 A%E 107 cm 3,
FEZRE 1012 em ™2, F720E, A AMEE 50K, KA MRE 175K, HREE (L), H%E 102em2, %
721k, HAIEE 50K, & MEE 175K, HAZEE 107 ecm 3, H%E 10112-101°ecm ™2 2 Wo 5o n
TN %L TWB I EhRBINS,
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Abstract

Massive star-forming regions are difficult to observe due to their high optical thickness, which obscures
internal structures. Their great distance and the resulting difficulty in achieving high spatial resolution
further complicate observations. Consequently, the formation process of massive stars remains poorly
understood. Methanol masers classified as Class 2 are detected only within massive star-forming regions,
making methanol masers a powerful tool for elucidating massive star formation processes. The 6.7 GHz
methanol maser is highly luminous and easy to observe, but it emits across a wide range of physical
states (gas temperature < 250K, dust temperature > 100K, gas density < 108cm™3, column density
10 em~2- 10'* cm~2) that emit radiation, making it difficult to identify the specific physical conditions.
In contrast, the 19.9 GHz and 23.1 GHz methanol masers occur within a narrower range of physical
conditions (gas temperature < 50K, dust temperature 100-200K, gas density 10°-10% cm™3, column
density 10113 ecm=2- 10132 cm™2) are expected to be detected(Ellingsen et al., 2004). While numerous
observations exist for the 6.7 GHz methanol maser, observations of the 19.9 GHz and 23.1 GHz methanol
masers are scarce, numbering only about 10 examples. This study aimed to elucidate the physical
conditions within massive star-forming regions using the less-observed 19.9 GHz and 23.1 GHz methanol
masers.

First, we conducted observations of the 19.9 GHz and 23.1 GHz methanol masers using the Takahagi
32-meter radio telescope. GHz methanol masers using the Takahagi 32-m radio telescope. These obser-
vations targeted 434 objects simultaneously monitored for 6.7 GHz and 12.2 GHz methanol masers at
Ibaraki University, conducted over 228 days divided into 9 observation schedules. This marks the first
simultaneous and long-term monitoring of both 19.9 GHz and 23.1 GHz methanol masers. The integra-
tion time per observation was 5 minutes ON and 5 minutes OFF, resulting in a typical total ON-point
integration time of 100 minutes per object. The typical post-integration noise level (1 o) was 0.27 Jy at
19.9 GHz and 0.34 Jy at 23.1 GHz. Emission exceeding 5 ¢ was detected in two objects at both 19.9 GHz
and 23.1 GHz. Emission between 4 o and 5 o, considered a tentative detection, was found in eight objects
at 19.9 GHz and eleven objects at 23.1 GHz. Follow-up observations were then conducted to improve
the S/N ratio. Objects were selected using the following procedure. For follow-up at 19.9 GHz, objects
exhibiting emission at 3 o or higher were classified based on their 6.7 GHz methanol maser emission
velocity band. Objects whose 19.9 GHz velocity band matched the 6.7 GHz velocity band within & 1
km /s were observed daily. Objects whose velocities did not match were observed once per group of three.
Follow-up observations at 23.1 GHz were conducted for objects detecting radiation at 4 o or greater at
23.1 GHz, or for the 52 objects observed daily at 19.9 GHz that detected radiation at 3 o or greater but
less than 4 o at 23.1 GHz. As a result, follow-up observations were conducted for 80 objects over 55 days
at 19.9 GHz and for 44 objects over 6 days at 23.1 GHz. The integration time per run consisted of 5
minutes ON and 5 minutes OFF, resulting in a typical total ON-point integration time per object of 600
minutes at 19.9 GHz and 150 minutes at 23.1 GHz. After velocity-integrating the observation data per
object and per frequency, the typical noise level (1 o) was 0.10 Jy at 19.9 GHz and 0.24 Jy at 23.1 GHz.
Radiation detected at 5 ¢ or higher was found in 2 objects at both 19.9 GHz and 23.1 GHz. Radiation
detected as tentative at 4 o or higher but less than 5 o was found in 4 objects at 19.9 GHz and 2 objects
at 23.1 GHz. The velocity bands of the emission peaks for the two detected objects matched those in
previous studies. Among the objects detected in previous studies, two at 19.9 GHz and one at 23.1 GHz

were not detected in this study due to insufficient sensitivity caused by the difference in aperture.



Comparing the observational results of this study with the relationship model between the physical state
of each methanol maser emission region and the expected brightness temperature (Ellingsen et al., 2004),
W3(OH) shows gas temperature < 16K, 144- -202 K, dust temperature 175 K, gas density 107 cm™3,
column density 10'2cm™2 or gas temperature 50 K, dust temperature 120-141 K, gas density 107 cm™3,

~2 or gas temperature 50 K, dust temperature 175K, gas density (no solution),

2

column density 102 cm
, or gas temperature 50K, dust temperature 175K, gas density 107 cm™3,

column density 10'*1-105cm=2 . NGC6334F has either a gas temperature < 13K or > 147K, dust
2

column density 102 cm™

temperature 175 K, gas density 107 cm ™3, column density 10'? mathrmem ™2, or gas temperature 50 K,

dust temperature 111-127 K, gas density 10" cm~3, column density 10'2cm =2

—2

, or gas temperature 50 K,
dust temperature 175K, gas density (no solution), column density 10?2 cm ™2, or gas temperature 50 K,
dust temperature 175K, gas density 107 cm ™3, column density 10**2-10'1% cm=2.

Future follow-up observations will extend the integration time to reduce noise, enabling continued
exploration for newly detected objects. We will also aim to determine their physical states by comparing

observations with those of methanol masers at other frequencies emitted from the detected objects.
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BIRKSCFE, BRI O 5 B4 30 MHz 22 & 3 THz 2 O & EEIHE W 2 KXXFO—5785TH %,
BNH O IIMOBE R (AL, X)) LB L T3 ¥ =2 TRW—75, ZOERIEX X +
DAY A X XD b+ RV. TOREICE D, BRIZX R M X 2 BELPIRINOZ B 2 EHA LS 2,
L7735 T, AIfYETIRER X 1 5 RE B BEAGEBO R EEE T FEOWNERNE. H 5 WIEERMHULE
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FCIREEAATRE R MR TR D ARAE 2 L L. RIK DM IS & ZE RN 57 L TR S % & A3nlhE
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1.2 KEEE

REBE LI, S KGEEBRNHOEZHNEREL VWS DI LT, S KFEEUELOEDZETHL, K
HEEOHMERIIBAINEHIE L W WS HERDH 5, —KkiZ, F/NEEERMEBIC L KRE ' B
FRTEIEEHIER 22 & D FREEDNE < (BRANCEL kpe ). ADREEDHIRZZ TRV, LEEEDHT ALK R
MCERSCEIB N T WS 0, BEDHIREZZ TR TV, SHICKEREIPHE X CELDORMR 7 —L 5%
WD DWIMIERE IR Z 2 Z LN TH 2, REREEROMMEZIEET 2 701213, HEEFHES
M- 7o 70—l e o YRR ALY 2 TSRS 2 B R 2 T PERTH 5, A
T, REEREZENINZEDSIAE L TV BHEBATEINZEEICH 2, ZO XS RRETIIEROEWER
RAR XA IDBRET 270, 2O REREVSGEEZ THEL TEHET 2 oML <% 2, REREIZ
IELICBWTEHERZEZHH S —75 T, ZORAGERIZER - WRIHNEMTDH 5,
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KEEZEDOEAGEREITH/ NVE R R ¥ I U CTERE X CEL DR R 7 — L2355 < . 2D AR A 22 R Y
WEELTEBD, $REHFMET S 6. JEREHBIZOWTIEW L 22 ORI A TRR SN T
W3HDD, FERRM—PREFRICIEE> TV, BREERIAMmCBY T, B—0ENFHEa 7 O
e RET 5 Core Accretion E7 V| &, EFEHMEEBICE I 2810072 4 X{iEZEMHT 5 Competitive
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2. REEFRED SR SN 258 RENESRERZIEE T 2 RS ERME] 202wk L, &R
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HEz2zER T2 05 K3, AENGRETDH 5, FEOBHIMEIC XD, FIBEESLT7Y P 7o -1
X 2B EDEEIRE I N T WS P, H 1T 2 ER T 2 i ICH 2 HMPO (High-Mass Protostellar
Object), o TP EE &GRS T2 7 Th5 HMC (Hot Molecular Core), Z L TEIRGNT X - TJEH
HEHEN7: UCHII (Ultra-Compact H II region) AN #ELT 2BEEDK 7 = —XI2BWT, EERR
R, B ROIRE - BEME, RO CICEHOETE Vo YHIRES Y D X 5121 - BRI 2 1K ERS
Z =R XHIT & 2 PRERHRIRIIRIZHENL L TWRW,
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1.3 X—1—

X —# — 2% Microwave Amplification by Stimulated Emission of Radiation (FFERIICL 2~ 471
POEIE) O TH D, FERSC X o TEEIEES N 2BR 2T, Zhz~A 27 vl (Microwave) T
137 < (Light) OREREICI LD DL —% — (LASER) THh %, [FIFEALF M D/ ZEH3 70 WA 2 fHIE T,
DFHN AN EGEE DRI 2 & 57 F R O/EZERED S OBOBENIC & o T, FED T FoRIREICR %,
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DDA =P —id, BFHREEBOF TS EEE TRIRLYFISAFHIRAL L T 2 5T 2 3 R IR §1E
Y25, FHCEVE DGR CBIEMONEFRIET L TV AHEBEIRZ 2 Z e AT 55T, BENKIFKICE
WTERELZBHFERTH 5,

14 X&J—=)LX—H—
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7L TW3,
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Class II X &/ — X —¥—id, KEEFHRETED B GEGEKX R D5 DRNMMIBENIC L > THE X 3
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1.42 Class Il X& /=)L XA——DARKKER

Class I X &/ = A —HF =3B Z K OEBDBHEET 200, ZOMRILRPHEIIER Z L ITRKRESRL S
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&b W Z R T (Ellingsen et al., 1996), KW\ T 6.7 GHz X =% —%f£5 RIKicB W T 12.2 GHz
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et al., 2004; Wilson et al., 1984; Wilson et al., 1985), T 6 ZHOBRIHEERINIC TSR35, B
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DI PICERR BV T 2EE DB WVICERT % 2 E 2 575 (Cragg et al., 2005),
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Cragg et al. (2002) &, RIRICHBIT 270 F X —F—, FiZ CH;0H & OH ZHEmET Y v I X o THIfiEL
X2 LMFETH %, Cragg et al. (2002) TIEEROER (H72 2 [EHRMEN) 2 H X —F —FAEDEM %
A ETADIRREN, ZEBR - ZHTRICBI 2 X -V —REZHOERRNEREZHN E LTV 5,
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EFUTIE, EHREENL, b= 3 VA RIRENENL, DT OMNMMEDBEVWREZEOEHORTHEMZEE
L7z F LANAGFETAERME L, Cragg et al. (2002) Tld, HFEBES. I, FEBEG & W\ o 7 G
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ETFAFEZITV, 23.1 GHz 2SN D 587 X — X —HHZ#H 7, SD E7 /L (Sobolev and Deguchi,
1994) ZHWT, 6.7 GHz, 23.1 GHz. 107.0 GHz DX X/ =)L X —HF —HHBE DL E ET N 8T X — & —
(T RMRE, XA MRE, TRAEE, AR —WEEERY) OBfRZERIX-RER I~y By 95Ik
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B 1.2: XX =N X =¥ —Dkk4 2 EROREIRE (M) cPHEINE (M) oORfR, 7 REE 75 K. XX MEE
225 K. # AZE 107 ecm ™, HHEE 10 °cm? TEEL., X9 X—&X—% 1 DFOE{LEE T3 Cragg
et al. (2004),




Cragg et al. (2005) . SD £7 /L Sobolev and Deguchi (1994) ZX— X2 X HIZFE X H., Pottage et al.
(2001) IC X BHF7IBONTA X ) — NV DEERBEBA —F —E T M RIZTHELBGELL 2 TH 5,
XD 2L OEEREER, R UNHEMNZE D, 850 ED L NLVETEM UL, TARE, XX MRE., HREE,
HEEEZILS AF ¥ ¥ Lz, BRICOWTH L X 2GR L. CORMFTREDHBEL 2027 i L7z, /3
TRA—REREHBEDIEL, BHIZNE X —F - OMBRF L EE T 2K MFOMAEDEEZRD IR, &
KR ZMH AN SEATHISE (Cragg et al., 2004) A —T 2 Z e ARENiz, — /T THRAEE IR T HIT
EWMEICS 7 N T AHAIDD 5, BERE TN TREERBROECTYHEMEN 7 FLTHED, W3(OH) &
E OMLIRT b BRIV S A 3 2 AlgetivR S Nl FHRAIRIZN 1.3 1087,
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1.3: XX =X =Y —DkAREBEROEEIRE (Hth) ©YHEMRE (M) ok, B 2EHERFRHBEH W4
DR =Y —=I1ZBIF 287 X — XL EEREICE 2 278, SR L PFD %87 — &, s EmRlZ A
Wiz, HRIREE 150 K, X2 MEE 175 K. A REE 10" cm ™3 | % 1022 cm ™2 THEEL, 5 A —&—
%1032 XET WS (Cragg et al., 2005),

1.5.2 BB L DORIEFRMEDEL

F—DORERERTD., FENDLEDL LT TEOEBEBRDXEMNINKELEDD 5%, THOLLEBOD
BERMEIIEE TR, TRAEE, BE. X&X /7 —VEE, BEHG0OMI R OBREKRTFTH 2, TNENE
DU 6.7 GHz ® 122 GHz DX 52X Y v —BBETIE L., LLAYA F—EROHDEREEICH 55
AR %5, ZAUIBREEIAIT 19.9 / 23.1 GHz ORIV K BB, H 2 WITRFEDIRE TO AR X
% 7% FEmHIZ A 3 2 RIS 7 % (Cragg et al., 2002),

B 23.1 GHz BEHICRERSEFIEA R ) — VX —F —HTEENTH D, ZNHIEET NV EEDOD TR



BT A—ROMAEDEEZLEL T 20, D25 WVIFHMIREENEXE 7L TIEEER T Z R WEI 2 YR
FREEZAELTVWSAREZRELTWS, HR2E7 ) Y7 3WHEREZHINT 2 LTAEHTH2—71. &
SIRREBIANG & o THE A 72 X — ¥ — D BIE M (19GHz D5V X —H —DME R ) H3H 52K - 721812175
DHHETH % (Cragg et al., 2004),

Z DBROMIETIE, HZEBREOI D F VAW R SN K D BENZESRAPHHMEE Lz, 6.7 GHz 1A
WERAETHIET 52—, 23.1 GHz & KDRESINLFZHTLIEZICZSR WV, 19.9 GHz % 23.1 GHz
DESRIFWRX =V — BB S IEARETH 253, Bkt (OF REE - XX MEE - ROABBEHEE) 13 6.7
GHz KOS KRENTD 5, HLWEZET — X DEAIZ X D BB A ZREEPIERE TV & D & < 72 2[R
H D, 23.1 GHz DJifiEs’ & b BREKT H 2 HEmAIIRML & 72 % (Cragg et al., 2005),

1.5.3 19.9 GHz - 23.1 GHz X—#'—D45E M

Class I X & /) =V X =% —DZHK D MEE - #RE) - A CNEER 2 EFLIE LTE <L F L XOLE T ILEN
(Sobolev and Deguchi, 1994) Ti&, X =¥ —DRIDTMIEZE—DH 2 VEPBORI L 7 A 702X - T
HERFI N2 DTIER L, ZBOTTORIROBANC X > THERIND Z 2R ENT, TOMRIZ. X —F =il
EEDMRFE DRI L T THURTH 5 Z L ZHKT %, KT 6.7 GHz D X 5 @SR HIZRER TR
JROYBEE R TEBOR Y Y VRPN ER 22Dz L. 19.9 GHz % 23.1 GHz £ \Wo /L 7ER T
. BIR AR TR OEDIR SN, FEDHTAKE « XA MR - FROVERIBER T8 EE D S 453 RN 12 il 7
ENBZRERDH D, XHIZ, XA—F—2FHIREISEOL b, BABOER R Y b7 —2IZBWTREDER
DIREEMDAR Py 78 LTHREL. B F D3 DMEND S PMUNBERLIZS KRS, ZOR LAy 7E
Bid. RIS 2T 2 — /T X —F—HEOERZIH T 21xE 2R, MR LTHERZ LIcH
MIRRART v 7 ARBET 5, ZOLSREE, S, 199 GHz BX U 23.1 GHz DX —H =&, I
BRI DE W X o THIEE - IHRDEAG SRR TV,

BHIAICIX, 19.9 GHz X =% —13—E DK T 6.7 GHz X =% —r KE» A U (S 0.2arcsec) 127
E3 2 A[REMEDVR I LTV 525, ZE[HINY - MER DA OFIE —BE 3. MEILT L HFE—OYHEf T
il X TV 501 TldR W (Krishnan et al., 2013), 19.9 GHz X —#—{id, —f&%iZ5877% UC Hir mHR
LB 2 EA2H D (Ellingsen et al., 2004). & D RKE7% Class II X —¥—27 7 XX —NOEMBLRER &
GERBLZZEFETOMREINS ZeAFINS, ZA5ORREMEIE, BT 19.9/23.1 GHz X —F =210
POZEEIRNCHIE S 2 B 2 HERACHIAT 2RI e 72 5, S0 MREBIHNC X o T, R 2 ZERH O ER
RREETMDA S IR o T21RIC, YV FERET NV Z HWFEMRYBSEAEOFHEA G R £ 7 5 (Cragg
et al., 2002, 2004, 2005),
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il

21 HRE=

AR )=V RA—F - I KERBEHREBTOAMEIN 2720, KEEEFSEBEORIICENTH 5, 6.7
GHz X & ) = X —=HF —=TIIEZ K BB TONATE D, 1000 RIEDL LA S Tw 2 (Caswell et al.,
2010; Breen et al., 2015), 6.7 GHz X & /) — X =% =&, [RWEFHOWEIRE (HREE < 250K, & A
MR > 100K, HREE < 108 cm ™3, FEE 101%%cm ™2 10 em™2) THBHFH TN & FHEINS
720, VIFIREOREIINHETH 2, —, 19.9GHz BXU 23.1GHz DA X/ —)L X —F—i, L HHEw
HIPHOYHIREE (H REE < 50K, &2 MEEE 100200 K., # 2% 105108 cm =3, #F% % 10113 cm =2
1032 ecm=2) cHitthah 2 PR TED (K 2.1, Ellingsen et al. 2004 & b 51H). AWFZEDEHIHPHE
KREOREICKELEMT 2 EZ N5,
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(c) Z2 MR (d) HEET

2.1: BREPERICB T 2 XX — VA =¥ —OEEIRE () &PPRE (M) ok, & RRE 50 K. £ X MRE
175 K. A RA%E 10" em™® | HE 10 ecm ™2 THEEL, X9 X—&—% 1 DFOE(XET W5, (Ellingsen
et al., 2004)

22 S&ITHAZE
2.2.1 19.9 GHz

FATHR TR SN REZINETT 11 REL2RV, MES AL REZE 2.2, SBITHETHRE A
TREDAAARP BT 2 Z e RN TELZREDARY PV EK 2.2 IR,

19.9 GHz DA X/ = A =¥ —D@HFETIEZhZh, N4 Y Effelsberg 100 m (Wilson et al., 1985) |
7 X1 71 Green Bank 43 m T 4 HIA (Menten and Batrla, 1989), +—X + 5 U 7 Tidbinbilla 70 m T 6 H
. /A4 XL 0L (10) 0.1 Jy, 1 RIRY 72D oBARIR 28857 600 s (Ellingsen et al., 2004), *—X b5
Y 7 Compact Array T 1 Hffl. /4 XL~L (10) 0.1 Jy. 1 RIEY 7z b 08B fE 2B 35 min (2100
s) (Krishnan et al., 2013), @< 7 RT-22 22 m T 1 R&EY7: D o AR E7RFEIE 5 min (Volvach
et al., 2019) TiTbN/z, WIThdEHMEHITH %,
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Fig. 1. The methanol CH3OH line recorded at 19.967 GHz in the source G358.931-0.030.

(e) 358.9-00(Volvach et al., 2019)

2.2: JEATHISET 19.9 GHz X X ) — A X —F =2 SN RIKD 5 5, HAD LBIHAAHER 5 RIKD AT t v
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+ 2.1: 19.9 GHz THH X /=KK

Kix Bfla— p* FIAR Hi GRS HA7 & OB RS
W3(OH) 133.9+10 Wilson et al. (1985) AlHE
NGCT7538 111.5+07 Wilson et al. (1985) Al AE
NGC6334F NGC6334F | Menten and Batrla (1989) Glkiz
323.740-0.263 Ellingsen et al. (2004)
328.808+0.633 Ellingsen et al. (2004)
339.884-1.259 Ellingsen et al. (2004)
345.003-0.223 Ellingsen et al. (2004)
345.010+1.792 Ellingsen et al. (2004)
353.410-0.360 353.4-0.3 Ellingsen et al. (2004) ARE
G309.921+0.479 Krishnan et al. (2013)
(G358.931-0.030 358.9-00 Volvach et al. (2019) Al RE 2019.10 /N— & M HF
SIIKEDIT > TOB AR T =LA —F — DTS RTWSEM I — FERL TS,
# 2.2: 23.1 GHz TR 7RIk
Kk B o — P HIIRR RS HA D & OEHI GRS
W3(OH) 133.9+10 Wilson et al. (1984) A HE
NGC7538 111.5+07 Wilson et al. (1984) Glkiz
NGC6334F NGC6334F | Menten and Batrla (1989) AIHE
NGC63341-MM1 MacLeod et al. (2018) A[RE 2015.08 /N— 2 hf
(G358.931-0.030 358.9-00 MacLeod et al. (2019) Gk 1z 2019.03 »N—X hRf

KRR FEDATIR o TN AR ) =N X —F—DBRITH O TV BBl — F2RLTWd,

2.2.2 23.1 GHz

BHXNZRIKIZINETT 5 RIFL2ZRWV, BRIBSHAERIKZE 77, BITWETHRIE S A RKIEDONH
AP oBIHT 2 P TELREDZARY FLZK 2.3 ITRT

NGC63341-MM1 iFE =& — B 217 > TR,

23.1 GHz DX &%/ =L X —F—D@EHIZ. F A Effelsberg 100 m THHI (Wilson et al., 1984), KA
Effelsberg 100 m T 1 HfE. /4 XL~ (1 0) 0.2 Jy. 1 RIEY7- b o BIARIF 2850 RS 18 min (1080 s
)(Menten et al., 1985). 7 X U % Green Bank 43 m T 4 HR (Menten and Batrla, 1989), & —X +Z U
7 Parkes atenna 64 m T 6 HfE. /4 XL~UL (1 o) 0.3 Jy, FE7HEE 30 min ( 1800 s )(Cragg et al.,
2004), 7 XV 5 VLA T2 HiEl. 74 XL~ (10) 0.2 Jy. 1 RIKY72 b o AR 253 R 60 min (
3600 s )(Galvan-Madrid et al., 2010). B> 7 VU » Hartebeesthoeck 26 m(MacLeod et al., 2018). 7 7
1 71 Hartebeesthoeck 26 m (MacLeod et al., 2019) TiTbh iz, Wih b EHREHITSH 3,

LSRR — TP, HIL » Bk 32-m BINEEHF 2 HWT 450 RIAERED X X ) — L X —HF—JRIZHR LT 6.7 GHz 22 DX &
J =NV RA—=F =TT o TWABHIDE
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X 2.3: AT T 23.1 GHz X &) — LA —F =W XN KIEkD 27 p L

23 HEXIK

231 W3 (OH)

W3(OH) IZRRANCHE T 2 AR REREBIVREETH b s WEBGEGN S 2 £ 5 UCH 11 1#Is
ThHb, WIEHTARYEDHIANZH D, 2.04 kpe (Hachisuka et al., 2006) O FEEECHIE L TV 5,

ARED I S BE RO —213, BEOEGRA BIER 1N e TH %, W3(OH) s 2% UCHI
BRI EVETEELZRD, £V F X — MUERICBWTERED HlE-AEBET 2R T, 2 OFRETER T
. A= - OERFE UTHKEEL 5 2 M TEETH 5 (Wilson et al., 1985), W3(OH) &, OH, H,0,
726 MR D Class IT X & — VX =B —BRHIHET 2HDP L WKIED—DTHD (Menten, 1991), X —
P—FAERE L LT TEERIERE G5 X 5, 207D, RERKITBHINFILD AR ST X — 5 —[jicEim
DIGERNSG e LTHEFITHZ D BRI T X7 (Sobolev and Deguchi, 1994; Cragg et al., 2002, 2005),

D ED#H2 S W3(OH) 1ZX &/ =X —F—MFIcBIr 2 RERREK) L TUED T o, KRB
BOWTHEHELRBAN R LTHKS,
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2.3.2 NGC6334F

NGC6334F 1%, S Z D FEHFANCIE T 2 KEEEBREE NGC6334 WITIFEET 5. TR\ B FGEGLR I
S5 UCHU I TH 5, NGC6334 1ZIBFFRATHRICIER L BEERE RTHEBO—2 LTHIOATE
D. ZONENIFER OIS X & Hu HEDEET 5 (Bl 213 Rodriguez et al. 1982), ZDOHTH
NGC6334F 1%, 5RWEEFGEGE NG & 2872 X — W — B HFE T 2 T o 72 RIETH %,

NGC6334F Tlik, OH X —#—B X H,O X—%—=I1ZMZ, 6.7 GHz % 12.2 GHz 12ff&F X113 Class
I XZ)—=NA—F—PHRHEHINTED, Class [ X —F—HANLREREZHI - RKLEZ ST TNV
(Menten 1991; Ellingsen et al. 1996), F#Z. AKAKIZ 19.9 GHz BL K 23.1 GHz X X/ — )L X —F =3
M XD TR SN2 RKIKDO—>THDH (Wilson et al. 1985; Krishnan et al. 2013), HERIC D L
WIIFESAF DB R X 2 B EBRICHIL L TWAHl LTERETH 5,

BWEBEGH RS R E R T2 a0, BEOD Class I[I X & — L X—F —BBERHGET 2 51280 T,
NGC6334F & W3(OH) & Z < OoH@mx o, — /T, ZHMEESCHE S MITEBB TOEVY D HiE X
NTBH, INHITE—DRESFTIEHATERVATREMEZ R LT3 (Cragg et al. 2005), 2D XS
12 NGC6334F 1%, 19.9 GHz - 23.1 GHz X &/ — L X —¥ —OREMEZ MG T % LT, W3(OH) i REH
BB RIKTH 5,

2.4: NGC6334 [ESO]
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3.1 &ARETT

BIHEETTEZR 3.1 1R Y, ERBRAZITo7REDY Z 2t A TR,

% 3.1: BT

i F BB I S s 5 KSR

i FH JEI IR A 19.9673961 GHz
23.1210242 GHz

B30 ) R s 19.951 — 19.983 GHz
23.105 — 23.137 GHz

TR 32 MHz

PAD NS4 8192

R 4 19.9 GHz : 505.26 km s~ !
23.1 GHz : 417.39 km s !

JEB RSy AR # 3.91 kHz

7 fERE 19.9 GHz : 0.0616 km s~ *
23.1 GHz : 0.0510 km s *

FE 5 s ON i 54, OFF &5 %)

3.2 EHAEE

Bk 32 m BIRYEEE A FHWT 19.9 GHz . 23.1 GHz X & — X —H—%@H% 2 BHED X — > TFE
WL 7=,
3.2.1 HENEA

B 32 m BIREEEAZHWT 19.9 GHz . 23.1 GHz X & ) — L X —¥F —DFEENERIZ1T - 72, 2023 4F
11 AR T TIWAET 6.7 GHz £ 12.2 GHz X &% /) — ) X —HF —DFIFE =X —BHIATHhI T\ 434
KRR LT, 9 HRENSO W CTERBIZSEZM L 72, SEEEIZER 3.2 1087,
3.2.2 EBEA

EAk 32 m BIREEFEZHWT 19.9 GHz . 23.1 GHz X & — A X =% =T LT, RIFEZR-> TEE
WEAT o720 BEROBHIRKDREERIEICOWTIZ, 6.1 FITRT, BHBEEIZE 3.3 1T°7,
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x 3.2: ZREMBIHNCST 2 BB

BRe 19.9 GHz : 2023/12/21-2025/02/05 (228 H)
23.1 GHz : 2024,/04/15-2025/02/05 (201 H)
2024/04/15-2025/02/05 (201 H) (X FEIRELHI

BIRIRAREL 434 KIK

434 KiK%Z 9 Z L — A28 LB

BRI r Y 2 —n

W3(OH). NGC6334F 13452 L — 7Rl

AR~V (1 o) OHLAIE*

19.9GHz 1.03Jy

23.1GHz 2.06Jy

ERH%D /4 X (1 0) OHAUE*

19.9GHz 0.27Jy

23.1GHz 0.34Jy

1 RIEYS/-DFE L7

2 % v RO AYE

19.9GHz 26

23.1GHz 23

* FIHRERE L2 oMk Z, AL o FTHHAERZ 30 % LIRE L7,

* 3.3: BEINCEIT 2 B

B 19.9 GHz : 2025/10/12-2026,/01/07 (55 H)
23.1 GHz : 2025/12/11-2025/01/08 (6 H)
BN FERBHIZ 1T > TViRn
BIAER A% 19.9 GHz : 80 K{k
23.1 GHz : 44 KK
19.9GHz : 80 Kik% 3 7 )L —Fiz53EI L CHEiHl
BHIR 7Y 2 —L 23.1GHz : 44 RiA% 1 70— 7 THBIH

W3(OH). NGC6334F 13452 v — 7Rl

Moo/ 4 X (1 o) OHAE*

19.9GHz 0.10Jy

23.1GHz 0.24Jy

1 RIEY - FED L7

A% v RO MAUE

199GHz 44

23.1GHz 29

* BMRER B K2 OMMAKRTEEZ, (A1 &k o FRMOREREZ 30 % tIRE L.

15




‘\-4ﬁ

FLE

RT3 7

4.1 fRWTAE

Chopper-Wheel EIC & 27 > T HREDEH, Fv 77 —HIEIC X 2 BBEED S Vi BEADZEHE, Flux
EEDRIE, baseline DFRZEIE, B TRAEBTITDON S, ZDEROFEN % python ZHWTITo 72, &K
Ko 1 BIHIHND 7 — 2120 U CHRE A 3 SBEFEZ@EH Lz, 20U LT/ 4 XFHEiZ1TWV. rms
235 0 (6.86 Jy WCRR) Z#Z %7 — XIIEEESMRV KM L. DIEON D SR L7z, BRI LT — &
PR U T, BRAMEE L BRNCET— &% ) 4 XD -2 |OEANM EFG% L, 3 S, 3 XZHERT
N—=2RF74 V74 v F&{Tol

v2 & v3 O, 6.7 GHz DX —HF =B R oN 5 FEHPATH %, vl & v2 ODRIBIL, v3 & v4 D
D 2 D73, baseline O#EEHIFTH %, baseline DHEEHIPHIZ, baseline fit Z1THHER. /4 AL NIL
ERDBZGZEIMHES, v1 25 vd OFEIPFITRARY PARIER LIz ThERIRLZDDEK 4.1 1ITR7,

133.9+10_ave.bas_v1v4

o
o
_ o
tx{ | Baseline |*—¥—1&t | Baseline
2 20/

-

o] _

B T — T

—60 —55 'l50 —ZI#S —ZIH —35 —3
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4.1: vl, v2, v3, v4 D%

42 PEMRHEDER

BHSNTZART PNVDETF v Y INDBEDN T ¥ X L3 A XTH 256, BEERTMITIES . FHEE
BT, 1o EDREWVEZFROMERIZ 15 % . 30 KOREFWHEEZRFOMERIZ, 01 % . 50 LHKREW
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EEFOMERIE, 275 X107° %o 2FD, /AN 30 EDBRKEWVEEFOMERIZ 01 % DT, 30
ED b RENMEDPBRH X NGE. 20D 4 XTH B REMIIIER ITEV, SWIRX 3 & ZDEE5IZEDMK
BTHBLEZZHENTES, LOLEBICIET VXL A X THRWABENEA D 2DT, Sl 40 UL 50
KD 2 B ER R, 5 o M EDBE 2B AT,
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S 5hE

RENSRA KR

\ng

5.1 HAKEE
5.1.1 19.9 GHz X%/ —JLX—H—

19.9 GHz X & J — L X —HF —DOMHRAEEZE 5.1 ITRT,

£ 5.1: 19.9 GHz 2B 2 BHREX S Z L ORI

MR 7> | RIAEK
S<3o 209
3c<85<4o0 214
40<S5<5b50 9
50<S8 2

40 DIE 5 o KOG &7z KR, 13.71-00, 16.58-00, 174.1-00, 2.615+01, 24.93+00, 30.98-00,
34.10+00, 38.12-02, 45.47+00 TH 3%, 5 o U LOWHFH R S/ KIKIZ, 133.9+10. NGC6334F TH 2,
50 U EOHERRONLZRIKDZRZ ML %K 5.1 IRT, LITHFETHRIH I NLEEK (N—2 b RikE
Br<) @, 353.4—0.3, 1115407 EABAICBWT 3 0 RMD 77 v 7 AEETH > 72, 353.4—0.3 &
i L7z Ellingsen et al. (2004) Ti&. & —Z + 7V 7 ® Tidbinbilla 70m #HZHWT, /A4 XAL~L (1 o)
~0.1 Jy ARESINTVS, OfF D =32 m OLEFTRFOKELE 21213 (32/70)2 ~ 0.21 f5DORKE,
THOH ~0.02)y BED ) A XLRUHBREL 25, FFRIZ, 111.5407 28t L7 Wilson et al. (1985)
TlE, Effelsberg 100m $i2 LD /A XL~L (1 0) ~0.1 Jy BFEoNTVWS, LB -oTHIED =32 m
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- 7.1
Fysgn, 10.5Jy £0.1Jy (7.1)
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RT1D77 v 7 REELPK 2118 TEH. ZOHHZFHAN - MR ER 7.2, X 7.3 101”7, L
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BRIGHTNESS TEMPERATURE / K
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SZEM UL METT 5,

721 XXX NBBST

MEZHOERDP XA MEEOZER S, BEIRFEIEX X MEEZLORIRFFHEEE TH 5, Burns et al.
(2020) 1%, XA N DIREEIVEED 4 - 8 % FREDEMBEE TEMMICEELS 22 E2RLTVWS, KA
WSS TIMEHEE 2 H D 5 % ARE LTze XA D OIREZED, D 5 % TX—HF =Ry b 2B
NEEBREMA 7=V (1 H) TE#ET 256, X—F—XARy PORZXIE89au tRKDHN D, BHIEN
TEBRE R 7 —UE, A—HF =Ky PORZZ (1100 au 2, Minier et al. 2002) LRGN TH 5,
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TRMED D 2 25| 2t 28BS 2 2 & CREIAZ BIE 3,
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X

AZEIX, KEEEEAEBOYHEIRELFIHT 2 2 2 HMZ 19.9 GHz, 23.1 GHz XX ) —L X —H#—
DB EIT > 720 5 o I EDOHE M Xz Rk, AT T D BT RER O 133.9+10 ¥ NGC6334F
DAHBTHolze L LETHRATIIEMNMEEREOBR DA 572720, mEEE N L TEMRN., £
19.9 GHz, 23.1 GHz OFRIFFEHENZIWOTTH 2, 2D 2 RIKIEEZLFHZ L TEDH, 2 DOREZEI
X BAREMD D B, F5RELED 5 W3(OH) 37 ARE < 16 K,144-202 K, &R MEE 175 K, HAKE
107 em ™3, FEEE 102 ecm 2 F720&, A RMEE 50K, XA MREE 120-141 K, HREE 107 cm =3, fFEE
102 ecm™2, 7203, HRIEE 50K, # & MEE 175K, HRABE (@ L). HEE 1012cm2, 7213,
ZIRE 50K, KR MEE 175K, A REE 107 cm 3, A%EE 101111012 em =2 2 W o =E&fFondhnk
72 L TW3 ZeARBEINS, NGC6334F 7 ARE < 13K F7/2id > 147K, £ &2 MRE 175K, H A
B 107 cm ™3, HEE 1012 em 2, %, FRIEE 50K, £ X MEE 111-127K, A REE 10" cm 3, ¥
102 em =2, /23, FRAEE 50K, KR MERE 175K, HARE (@ l). HEE 102ecm—2, %/
X, HABE 50K, £ MEE 175K, HR%EE 10" cm 3, HZE 101121015 ecm =2 2o &Moo ng
NHhZiELTWE I eARBEN 3,
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AW EED 51CHT-D ., KEBIIIEEHE L L TRBADLLRIHREZHD L L, 77 FOHilA
PHHTE. HROEDTICEL T TTER I RWAELES LI VEHBL LT Ed, BRI, €3
F— B L CTEBRRXEOHERE2 CHENLLEE T L, ZLOEMIZH TEIZBEZ WAL T
WLES, £, MERBEORRIACBHERNSHRCHETI2PE 2L L EBIT, BESDEM
WHBHITHIEL TV EREBHFEICRD E L, 2610, R EDHFEZAILET —XEHICBIT S
Python a— FOERICER L TERAIREWLRLE, ESEILHEL LT T,

&RIC, BEBHIMIRZEDOERICEARLONARICIH D ZLOTHE LIV Z W EE L, &
ROBHRZDBLIT T, AMELMIXETENEIEL IR TER L, I IRXRSEHOEZRLF T,
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FEx A

BAIRIAU X b

A.l

RERER

AL FENBIACEALZZRIEY R b 434 KK

0.092+06 12.02-00 23.24-02 35.20-07
0.167-04 12.11-01 23.32-02 35.20-17
0.315-02 12.18-01 23.39+4-01 35.25-02
0.376+00 12.20-01 23.43-01 35.40+00
0.409-05 12.26-00 23.484-00 35.594-00
0.475-00 12.52+00 23.66-01 35.79-01
0.546-08 12.62-00 23.70-01 36.02-02
0.645-00 12.68-01 23.80-+04 36.70-+00
0.673-00 12.77+401 23.91+00 36.84-00
0.836+01 12.88+04 23.98-00 36.90-04
1.008-02 12.90-02 24.14+00 36.92-+04
1.147-01 13.17+00 24.33+01 37.04-00
1.329-+01 13.65-05 24.50-00 37.38-00
1.719-00 13.69-01 24.54+03 37.40+15
2.143+00 13.71-00 24.64-03 37.52-01
2.521-02 14.10-+00 24.67-01 37.60+04
2.536-+01 14.23-05 24.784-00 37.74-01
2.591-00 14.39-00 24.93-+00 37.76-01
2.615+01 14.45-01 25.27-04 37.77-02
2.703-+00 14.49-+00 25.38-01 38.03-03
3.253+00 14.524-01 25.38-+00 38.08-02
3.312-03 14.60+00 25.41+01 38.12-02
3.442-03 14.63-05 25.53+03 38.20-00
3.502-02 14.99-01 25.65-+10 38.26-00
3.910+-00 15.09+-01 25.70+00 38.26-02
4.3934-00 15.60-02 25.82-01 38.56+-01
4.434+01 15.66-04 26.52-02 38.60-02
4.569-00 16.11-03 26.59-00 38.66-+00




A2 EEA
A2.1 19.9 GHz

4.586+00 16.30-01 26.60-02 38.92-03
4.676+02 16.58-00 27.21+02 39.10-+04
4.866-01 16.66-03 27.28+01 39.39-01
5.618-00 16.83+00 27.36-01 40.28-02
5.657+04 16.85+06 27.78+00 40.41+07
5.885-03 16.86-21 27.78-02 40.62-01
6.189-03 17.02-00 27.86-02 40.94-00
6.368-00 17.02-24 28.02-04 41.08-01
6.539-01 17.63+01 28.14+4-00 41.12-01
6.588-01 18.07+00 28.20-00 41.12-02
6.610-00 18.15+00 28.28-03 41.16-02
6.881+4-00 18.26-02 28.39-+00 41.23-02
7.166+-01 18.34+4-17 28.69+-04 41.27+03
7.601-01 18.44+-00 28.81+03 41.34-01
7.632-01 18.46-00 28.824-04 41.58+00
8.139+02 18.66-+00 28.83-02 41.87-01
8.683-03 18.83-03 28.86+00 42.03+01
8.832-00 18.87+00 29.31-01 42.43-02
8.872-04 18.88-04 29.86-00 42.70-01
9.215-02 19.00-00 29.95-00 43.04-04
9.621+01 19.24+-02 30.20-01 43.08-00
9.986-00 19.26+03 30.30+00 43.15-+00
10.09-+07 19.36-00 30.30-01 43.17-00
10.28-01 19.47+4-01 30.40-02 43.80-01
10.32-01 19.49+01 30.53+00 43.87-07
10.32-02 19.60-02 30.59-01 44.31+00
10.35-01 19.61+00 30.59-00 44.64-05
10.44-00 19.61-01 30.70-00 45.44+00
10.474-00 19.66+01 30.76-00 45.47+00
10.627-0 19.70-02 30.78+02 45.47+01
10.72-03 19.75-01 30.82+02 45.49+01
10.82-01 19.88-05 30.82-00 45.57-01
10.88+-01 20.08-01 30.96-01 45.81-03
10.95+4-00 20.24+00 30.98-00 46.07+02
11.03+4-00 21.57-00 31.16+-00 46.12+03
NGC6334F | NGC2071A | IRS16293 | V1318CYG
G24.14-00 G23.24+00 | G12.4+00 | G65.7-20
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A.2.2 23.1 GHz

RA.2: BEHIO® 19.9 GHz TEHHAIL7=REY 2+ 80 Kk

133.94+10 | 174.1-00 173.4+24 | NGC2071A
188.7+10 | IRS16293 | NGC6334F | G353.240
351.7-05 | 354.6+04 | G357.9-0 359.6-02
0.496+01 | 0.673-00 111.5+07 0.546-08
2.536+401 | 2.615+01 | 2.7034-00 6.189-03
6.795-02 | 8.683-03 10.47+00 11.10-01
18.46-00 | 12.26-00 189.7+03 13.71-00
14.10-+00 | 13.65-05 14.99-01 14.63-05
16.30-01 16.58-00 (C19.0-02 27.36-01
23.48+00 | 25.65+10 23.24-02 24.33+01
23.98-00 | 24.93+00 24.64-03 25.70-+00
25.82-01 | 28.82+04 | 28.39+400 28.83-02
29.95-00 | 353.4-03 31.41+03 30.76-00
30.98-00 | 32.97+00 33.09-00 33.13-00
33.40+00 | 33.86+00 | 34.24401 37.54-+02
34.10+00 | 36.84-00 38.20-00 38.26-00
38.12-02 | 40.41+07 40.28-02 41.12-02
42.03+01 | 45.07+01 | 45.47+01 45.47+00
43.87-07 | 69.52-09 49.27+03 49.41+03
49.47-03 | 49.62-03 G65.7-20 81.76+05

R A.3: BEHIO 23.1 GHz TEHEILZ=REY X+ 44 RiK

133.9+10 | NGC6334F | 351.7-05 | 354.6+04
359.6-02 0.496+01 | 111.5+07 | 0.546-08
6.189-03 8.683-03 10.474-00 | 12.90-00
13.71-00 14.10+00 | C19.0-02 | 23.48+00
25.65-+10 23.98-00 24.93+00 | 28.82+04
28.39-+00 353.4-03 31.41+03 | 37.47-01
32.97+4-00 33.09-00 33.40+00 | 33.86+00
34.24+01 41.08-01 38.20-00 | 45.44+00
40.41+07 40.28-02 41.12-02 | 43.15+00
45.47+01 | 45.47+00 43.87-07 | 49.27+03
49.47-03 49.62-03 G65.7-20 | 81.76+05
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