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This research is to search for an intermediate-mass black hole (IMBH) with a

mass several thousand to tens of thousands of times that of the Sun, which is expected to exist
within 1 pc near the Galactic Center (SgrA*) using the Atacama Millimeter/submillimeter Array
ALMA). The idea is to use precision position astronomical data (especially proper motion) obtained
from observations of ALMA. We obtained the following results; (1) We determined the positions of
about 70 IR objects near Sgr A* using ALMA with over 1 mas accuracy. (2) From two epoch data, the
proper motions of 65 of the objects were derived. The motions of almost all objects are described by

Kepler motions around Sgr A*. (3) The exceptional case was found in IRS13E3 from the proper motions
and the radial velocity of the H30a line. The gas in IRS13E3 is rotating around a object with
several thousand solar mass. (4) The actual distance of IRS13E3 from Sgr A* was estimated from the
chemical properties of the molecular gas.



B X C—19, F—19—1. Z—19 (@

1. MBSO 5

KO NERAT O A FEI T B 0D X T oy FRIEE LTHIIEN S SgrA* b %,
Z LT, 2213400 T KBEEEFOBEKRT 7 v 7 m—/(GCBH)YNFHET H EEZ BT
Do LNLZDGCBH BED L HITHE L TEBIEORIZ RS T-IE 3O ETH D, ik
THE A= VEY T IV ETFER ALMA 385 L7 2 &2k 0, 20 Sgr A*EIR OB E L
HERL, EABHKRNTND,

Fex b Sgr ANEFE(1pe LAPIZ I CKFEFFEAHE H30a DB 217V, Sgr A*H 647 0.13pc
(5 22 B ) 00 BRI L2 KSR BRSSO RR OBLIN CHER 72 8Bl D A RIKZ R L 7= (Tsuboi+, ApJL, 850,
L5,2017), F DIRE L — 7 x5 H ZAD NN 0.1pc LLEIZE S T2 W T WA X DI/ 27,
CORKFOIEE L — 7 ORE ZITELE 400 K CHEALLL FIZT X 22008, BER o0 3 E iE 13
650km/s LI EIZ 725, Z O EREE ITEREY ADNBELROIEFICRKRE WSS 7T —1EE) LT
HEMRIRT AL 9 ELHHRTEXZ, DF VIRE Y — 7 (T2 IMBH IZH Y+ 55T 6805
KEEEFO>a 87 VRIKDRH D, %@ﬂl%*%ﬁxﬁm@a#fi—ﬁﬁbfwét
WO HLDTHD, BRI SNIEERMELZ ORI CIIRETE WL > TH D, 2FED, Z
DO EEE - F Z OALEIC IMBH BMFEET DAL TH D EE 22BN D, RITLIRIH AR E]
HNZE Y ZORET IRSI13E W) B E L THEEIN TV, 2L TEDA L A—DEDIHE
ﬁ@%ﬁ%%lmu_mmH@fﬁ#é@fj@wﬁtﬁﬂéhf%tottbﬁm%@ﬁm

ikffkwmmefEL@waﬁéﬁ b oz, Fox OBIHNT IMBH DNMEET 5008
ﬂ®ﬁ BB 2B % LIz Z LT D,

é(&BH@&Eﬁ&fkéﬁ Z DX 97 IMBH B FEHEMMOBIZE 100 @ & SR TE
IXHBAED GCBH @ 400 7 KBE &IZiH ¢ 5, Lov L, L3I GCBH & = @io@mmH
DHNH Y HIEER LTI O AT A TIIAREE 2 0FIEFICHEH L, 72878 51
@@%%/XTAT%ﬁﬁ&%mLfﬁﬁ#%ﬁﬁ&#éw Z DR BT T/hE L
FEELANICZ D250 BH A LAERT 5 Z &% it BRVWEEZDEMNLTHD, OF
D:h%%AwéﬁfecmwwgiéﬁMéﬁét ZIFh o T Z o IMBH O#E ES)C
7v—%%ﬂﬁf%é$ﬁﬁgfkéo:@ﬁ@ﬂd%%%h%it<éhﬁﬁ?éoLﬂb:
NHEHOEN T L—F2N T o5 THAIMN? E%@Ei(?mﬁﬁk%wﬁ)m:
IMBH {2 EE_THizeD T/NE < EEBUAI SN TV D L 9120 DD 2058 [ ZHMUN i X 81 &
nszZLixdH-Th IMBH 2 IS ﬁ%ﬁ<@&¢$i%bwiofké(ttb AL S
T2 2T IMBH OFFEDOEREIZIE 2 D), F2AFHOESEYT A IMBH 2 ~E B/ & < Rk
W7 L —F e NT TR FILTE R,

Z DA AIGR O R 2 fiFRk 95 515D 1 D3RR LI 2 ELL Lo IMBH RN GEET S
tw5%®fkéo&BH%M%RV}%ATi3¢W£W%#E V9%, ZHUF/NT A—
DY 12 X > TUXE O H 72 EICH_ T 522 8=R 912 GCBH & IMBH Z Ak &4
HZENTED FEo721 50 IMBH 1Z4MAll ﬁﬁéﬂéﬁ)»ﬁof % 3BH OfFEIX (2D
FRBERKERERND 5D EiLd GCBH O EEREY T VA WAL b RERET
H 5B,

ALMA 3% L7-Z 212k v, Sgr A*Tf5 1 pc NI ké%éwﬁ%%%@aﬁmuﬁil
(Nuclear Star Cluster, NSC) DAL E RSB K& 2 BN b 726 &=, ALMA 555 fRRE
BH (B— 281 X5 20-30 S URP) 1280 Sgr A*\OFFZBHI T 52, ZNETOERE
EETIIHRHETER»o7 TMER] 2HMETE 5L 9107272, NSC DLl R ICHEMITIEZ
NE CHRIMEEESE OB Th 72, HUITIE8m ZiEsE (Subaru L FIFRE) 24 E/E& LT
RO TR GRAVITY 78 S2 D Sgr A* ~D TR OALE K SCHBLIR TR f 2 5638 L=,
GRAVITY (£3 R VPO B — 2 A X CHIH CTEALERES 3u BThDH, L LIEEIZIERIZ
W< 17 LT THD, —J7 ALMA DIREFIZIRZEITIAL 86GHz T 80”7 , 230GHz T30” HH 5, M
ZC ALMA O E BRI EE 13774 © adaptive optics ZFJH L72E LD bRV, 2D XHIZ
ALMA OAZEBLNIEL GRAVITY & 1 ZRFN B /e 0 FEHAOVER 2 85> T D

2. e BEM

FFED X 912 GCBH DR E DS IMBH & DGR TiHTe 72 &1 Sgr AN PFIZ 1T D IMBH 2345
ELTWBITTTH D, SEIOFED BHIE IMBH 9725 Sgr AT Ipc WICHFAET H LT
ﬁéhék%®ﬁ?#%%ﬁﬁ#@ TE AT 5 IMBH DL % ALMA O#IIZ X% NSC 12
GENDEONBERLFT —% (EFER) NHITEI EWVI LD THDH, ALMA OBIHNIC K D
N RICFT — X ST 512 iMMA@E%ﬁ X2BRALETH D,

NSC 125 £ 5 BTSSR T GCBH DEM A7 77 —@E LT\ 5 L 9 I8l s
TWAH2, & L NSC OUTEIZ IMBH A iE s 77 —EB N b TN NATRZ51ETTH
%, ZOFETEKEIO ALMA OEERICE 28HIC L Y NSCIZEEN D EOHIEZRD T,
o [Fn] #RHETH2EVWI HEDOTH S,

3. WrROITIE



(1)

(2)

(3)
(4)

ﬁﬂ+¢usmAw%gmeMMA®Eﬁ/%% EREECHIIIL NSC 128 £h
ME%@mLTSmA*ﬂﬁéﬁﬂu%%Mmﬁé FTNE S EOBLAIT — X 13
\ZHIFRTRE &I LTz, 1E B 1% 2015-2016 ED L — X OB CTHEE B S
#M@%Hﬂ%ﬁﬂf%@ Z OFRFE DFAR OB TT R TOT — & HMLH S ik
BEn T, 2B 2017-2018 ED > — X OB T 2 b HEEH B H 03 Pl o4t
FFABRCH Y . Z OFRFE OBAE O RS T 25 R/ 3 X CTOBRAHE T L Tz,
F 72 3{H B 11X 2018-2019 A0 2 — X L THIFHEE N Pl TIXZRWBIHITH 5 08 2019 47
WZFEITSNTe, L L, aa o 7= DIZBHAFTEIFRY O 7 — & 1 AT IZIRERE] 23 530>
D\%ot2w1$4ﬁm@017~ﬁ47éhto4@9%%@@%%?%5&5&
RAHEFRLTWERN T THE ALMA ~DH A N—I8C K 5 KR o 8Lk 7e
EDOLIZBEDT — A 7T OFEIF 2024 49 AIZ72 > TWT, Z ORI O 7
Wz B 7eno Tz,
FROBRT — % TREEZITV, NSCIZE N HHEZ M L Sgr AMZ x4 2 FHxHr
B ZHE L7z, ALMA OB ORERBEILZHFV B 2 (HEDMNENKE <H
G228, Sgr AMIZxT B IEEDOFRNALEITRET 2 2 U BRE T 10° B ORE Tk
ETEXDHI ENRbhot-, &F 1{EE OBHT — &iﬁfﬂﬁ<2@93ﬁﬁtmm
THEBNT -2 L LTRLS WnWZ tbbhot-, FIC2MEE 3EE BT —4 T
D T AR ORI E & bR CEAES 2R ET 5,
FOWEE . IHHENS IMBH O¥EEZ T 5,
2fE B 31E B OBANIZAKFE RS H30a OFRHE DD TEORBEEZITV, (2)
EADET3DHELRKDTIMBH DAL 5,
ALMA OBRIT — Z I3 BE KT TS0y FR N aG £ b, 2z VW T IMBH @
PEREE1S5,

4. WFZERR

(1)

ALMA T Sgr A*OUtfEDKI 7 0 HOIEE D Sgr A 1Tk DRI B2 R ET2 2 U Bk
BRT10°RORBETHRDT, 0556 5EORKEOME A EE) 2 fiiE 15 kn/s F2E DR
ECTHH L, BEOBNEERE . KE - - EATESIL SgrA* Y 400 H KFEEEZRD
NS DORENr 7T —E#E L CWD E L THEILRN -T2, (Tsuboietal., PASY, 74,
738, 2022) FI-EAHOBIIN & bR & I SN2 KBRS AR H30al I TE 2o 7z,
Bk 1oL LT, 3WILHEET800 kn s UL EOMEAZFHOREKE RO 7-, 0O
BETCIENSCICERINCTEEDL Z N TERY, ZORKIT N - - BEET A DR AR -
TWb, £ L TROMBOESIZ SgrA* IV 220, O JE V) ZEEE L TW\W5DTH
HIMNTIHTH D, 1 HOOAEEMEE L TR X0 IMBH [ZELENNZE 2 30TV 5 aTRENE
NEz 5%, (Tsuboietal., URSI GASS, 2023)
ALMA T Sgr A* & AR IE RAIR O AR E % bhige L C Sgr A* HAR O [ A EE) 2 K ed 72,
dl/dt = —6.08+/-0. 01 mas/year, db/dt = 0.53+/-0.02 mas/year, % L CTK
PEEfEC ORI Rl E A k7=, (Tsuboi et al., URSI GASS, 2023)
KB FRE AR H300D & /3 R RE BRI C RS IR FEMRE 23 AV VIRZMER RAR TRS13E3 D JEI BRI
VITWOEBET AR LTz, ZDE %ﬁ%)/?iMBH@HI%@%LTbé&%
2 HNDHDT, ZOFEAES) & A A RO 2> 5N S D RIEHD KBS OB T
DEEEFFHOZ L &% A L=, (Tsuboi et al., PASJ, 71, id 105, 2019)
B T EMESGOREEZIT 5, FiC N&:*aihék T REOMEE T KL
SREH L TS OTEB S TIITSICHBEINTLEI XTI TH D, #IZZ DM
ME ﬂ%ﬂﬁﬂ%@SmNﬁ%®%ﬁ%%%m¢é EMTE D, K7 IRSIZES D
PRI 2 OSBRI LR TR Y KE WD 3o 7=, IRSISES OB & & Sgr A*H
%®lﬁ$@ﬁ?@bfb@w L#xx L7, (Tsuboietal, PASJ, 72, id L5, 2020)




13 11 9 9

Tsuboi, Masato, Tsutsumi, Takahiro, Miyazaki, Atsushi, Miyawaki, Ryosuke, Miyoshi, Makoto 74

ALMA astrometry of the objects within 0.5 pc of Sagittarius A* 2022

Publications of the Astronomical Society of Japan 738 756
DOl

10.1093/pasj/psac031

Peissker, Florian, Zajacek Michal, Sabha, Nadeen B., Tsuboi, Masato, Moultaka, Jihane, 944

Labadie, Lucas, Eckart, Andreas, Karas, Vladimir, Steiniger, Lukas, Subroweit, Matthias,

Suresh, Anjana, Melamed, Maria, Clenet, Yann

X3: A High-mass Young Stellar Object Close to the Supermassive Black Hole Sgr A* 2023

The Astrophysical Journal -
DOl

10.3847/1538-4357/aca977

Ryosuke Miyawaki, Masato Tsuboi, Kenta Uehara, Atsushi Miyazaki 73

Hot molecular core candidates in the Galactic center 50 km s*-1 molecular cloud 2021

Publications of the Astronomical Society of Japan 943~969
DOl

10.1093/pasj/psab056

Tsuboi, M., Kitamura, Y., Tsutsumi, T., Miyawaki, R. , Miyoshi, M., Miyazaki, A. 528

ALMA Astrometry of the IR Stars in the Vicinity of Sgr A* 2021

ASP Conference Series 315~316

DOl




Tsuboi, M, Kitamura, Y., Tsutsumi, T. , Miyawaki, R., Miyoshi, M., Miyazaki, A. 528
lonized Gas Ring Rotating Around the Galactic Center IMBH, IRS13E3 2021
ASP Conference Series 155~158
DOl
Iwata Yuhei Oka Tomoharu Tsuboi Masato Miyoshi Makoto Takekawa Shunya 892
Time Variations in the Flux Density of Sgr A* at 230 GHz Detected with ALMA 2020
The Astrophysical Journal L30 L30
DOl
10.3847/2041-8213/ab800d
Tsuboi Masato Kitamura Yoshimi Tsutsumi Takahiro Miyawaki Ryosuke Miyoshi Makoto Miyazaki 72
Atsushi
Sub-millimeter detection of a Galactic center cool star IRS7 by ALMA 2020
Publications of the Astronomical Society of Japan -
DOl
10.1093/pasj/psaa0l3
Tsuboi Masato Kitamura Yoshimi Tsutsumi Takahiro Miyawaki Ryosuke Miyoshi Makoto Miyazaki 72
Atsushi
How far actually is the Galactic Center IRS 13E3 from Sagittarius A*? 2020

Publications of the Astronomical Society of Japan

DOl
10.1093/pasj/psaa016




Tsuboi Masato Tsutsumi Takahiro Kitamura Yoshimi Miyawaki Ryosuke Miyazaki Atsushi Miyoshi 72

Makoto

Where is the western part of the Galactic Center Lobe located really? 2020

Publications of the Astronomical Society of Japan -
DOl

10.1093/pasj/psaa077

Tsuboi Masato Kitamura Yoshimi Uehara Kenta Miyawaki Ryosuke Tsutsumi Takahiro Miyazaki 73

Atsushi Miyoshi Makoto

Cloud-cloud collision in the Galactic Center Arc 2021

Publications of the Astronomical Society of Japan S91 S116
DOl

10.1093/pasj/psaa095

Tsuboi Masato Kitamura Yoshimi Tsutsumi Takahiro Miyawaki Ryosuke Miyoshi Makoto Miyazaki 71

Atsushi

Rotating ionized gas ring around the Galactic center IRS13E3 2019

Publications of the Astronomical Society of Japan -
DOl

10.1093/pasj/psz089

Tsuboi Masato Kitamura Yoshimi Tsutsumi Takahiro Miyawaki Ryosuke Miyoshi Makoto Miyazaki 72

Atsushi

Sub-millimeter detection of a Galactic center cool star IRS?7 by ALMA 2020

Publications of the Astronomical Society of Japan

DOl
10.1093/pasj/psaa0l3




Tsuboi Masato Kitamura Yoshimi Tsutsumi Takahiro Miyawaki Ryosuke Miyoshi Makoto Miyazaki 72
Atsushi

How far actually is the Galactic Center IRS 13E3 from Sagittarius A*? 2020

Publications of the Astronomical Society of Japan -

DOl
10.1093/pasj/psaa016

13 0 2

, Tsutsumi Takahiro, , ,

Joint Analysis of Proper Motion and Radial Velocity of GCIRS13E; New Mass Estimation of the IMBH Candidate

2022

2022

, , Tsutsumi Takahiro,

Bullet Stars Leave Long Tails in the Galactic Center

2023

2023

Tsuboi, Masato, Tsutsumi, Takahiro, Miyazaki, Atsushi, Miyawake, Ryosuke, Miyoshi, Makoto;

ALMA Astrometry of the Nuclear Star Cluster

IAU GA 2022 FM7: Astrometry for 21st Century Astronomy

2022




TSUBOI Masato, TSUTSUMI Takahiro, MIYAZAKI Atsushi, MIYOSHI Makoto, MIYAWAKI Ryosuke

Astrometry of the Nuclear Star Cluster using ALMA

2021

TSUBOI Masato, MIYAWAKI Ryosuke, MIYAZAKI Atsushi, TSUTSUMI Takahiro, MIYOSHI Makoto

Galactic Center IRS21, Falling Hyper Compact HIl Regions?

2021

TSUBOI Masato, TSUTSUMI Takahiro, MIYAZAKI Atsushi, MIYOSHI Makoto, MIYAWAKI Ryosuke

Astrometry of Sagittarius A* using ALMA

2022

M. Tsuboi, Y. Kitamura, K. Uehara,R. Miyawak,T. Tsutsumi,A. Miyazaki, M. Miyoshi

Cloud-Cloud Collision in the Galactic Center Arc 11

2020

2020




M. Tsuboi, T. Tsutsumi,Y. Kitamura, K. Uehara,R. Miyawak,A. Miyazaki, M. Miyoshi

The Location of the Western Part of the Galactic Center Lobe

2021

2021

Masato Tsuboi

lonized Gas Rotating around the Galactic Center IMBH, IRS13E3

Galactic Center Workshop 2019

2019

Masato Tsuboi

ALMA View of Molecular Cloud Cores in the Galactic Center 50 km/s Cloud: Molecular Cloud Cores made by Cloud-cloud Collision

2019

2019

Masato Tsuboi

Rotating lonized Gas Ring around the Galactic Center IRS13E3

2019

2019




Masato Tsuboi

Sub-millimeter Detection of a Galactic Center Cool Star IRS 7 by ALMA

2020

2020

Masato Tsuboi

How far actually is the Galactic Center IRS 13E3 from Sagittarius A*?

2020

2020

JASMINE

(Miyoshi Makoto)

(50270450) (62616)




