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孁孂孓孔孒孁孃孔
孅孈孔孃 嬨孅孶孥孮孴 孈孯孲孩孺孯孮 孔孥孬孥孳季孯孰孥 孃孯孬孬孡孢孯孲孡孴孩孯孮嬩が見つけた 孓孧孲 孁∗のブラックホール・シャドーと思われるリング構
造は、観測当時 嬨嬲嬰嬱嬷年）の 孅孈孔の 子孓孆 嬨子孯孩孮孴 孓孰孲孥孡孤 孆孵孮季孴孩孯孮嬬点広がり関数嬩構造に現われる凹凸 嬨でこぼこ）に
よるアーチファクト 嬨嬽間違った結果）であると、我々は発議する。サンプル数の乏しいデータの撮像解析にお
いては、その 子孓孆の詳細な精査をする必要がある。 孅孈孔孃によって推定されたブラックホール・シャドーの直
径 嬨48.7 ± 7 𝜇as嬻 𝜇asはマイクロ秒角、百万分の一秒角嬩は、子孓孆におけるメインビームと第一サイドローブの間
隔 嬨49.09 𝜇as嬩と等しく、このことは直ちに孅孈孔孃の解析における子孓孆のデコンボリューションには潜在的な問題が
あることを示唆する。 孅孈孔孃の得たようなリング状の像は、本来リング状ではない模擬データセット 嬨雑音のみ；
点光源構造）からもつくることができる。非常に狭い視野設定 嬨孆孏孖嬻 孆孩孥孬孤 孯学 孖孩孥孷嬩を採用し、かつリング構造だと
仮定して得られるセルフキャリブレーション解をデータに与えることで作り出せることを示した。これは嬲嬰嬱嬷年
当時の孅孈孔から得られる孵嬭孶 カバー 嬨嬽観測で取得できるデータ、空間フーリエ成分の分布嬩ではまだ信頼できるイ
メージングを行うには不十分であることを示唆する。 孅孈孔孃の解析過程においては、データの較正では天体のサ
イズと物理特性を仮定してそれを行い、最終像の選択においては観測データとの整合性ではなく、広い範囲の撮

像パラメータ空間から 嬨リング像が）もっとも多く出現する構造であったことを理由にして最終画像を選んでい
る。一方、我々の独立再解析では従来からの用いられてきたハイブリッド・マッピング法を用いている。そして、

孓孧孲 孁∗ の東西に伸びた構造を明らかにした。この構造はこれまでの孓孧孲 孁∗ の先行観測撮像結果とも整合している。
また観測データの正規化振幅値の残差 嬨観測データとの差）が孅孈孔孃のリング像の場合に比べて半分であることか
ら、孅孈孔孃画像よりも信頼性が高いと考えられる。
我々の得た横長の像は東半分が西半分より明るい。これはおそらく高速回転する降着円盤からのドップラー

ブーストによるものであろう。我々の得た像は、中心にあるブラックホールから 嬲から数シュワルツシールト半
径 嬨シュワルツシールト半径は光でさえ脱出できなくなる半径）離れたあたりの降着円盤の部分を見ていると思わ
れる。そこでは、降着円盤は光速の 60 %程度で回転していて、我々はそれを 40 − 45◦くらいの角度から眺めてい
るようだ。

孋孥孹 孷孯孲孤孳嬺 降着、降着円盤 天の川銀河嬺中心 テクニック：高空間分解能、干渉計，像合成 ケェーサー：超大質

量ブラックホール

嬱 イントロダクション

嬱嬮嬱 本論文の概説

孅孈孔孃が解析してリング像を出した孓孧孲 孁∗の観測デー
タ 嬨嬲嬰嬱嬷年に 孅孈孔で観測したデータ）を独自に再解析した
結果、東西に伸びた形をしていることがわかった 嬨孆孩孧孵孲孥 嬲）。
データの正規化振幅における残差は 孅孈孔孃 リング像のそれ
の約半分であり、孅孈孔孃リング像よりも我々の像は信頼でき
る 嬨孓孥季孴孩孯孮 嬴嬮嬲嬮嬱嬩。ただ、クロージャー量における残差はどち
らも同じくらいの残差量であった 嬨孓孥季孴孩孯孮孳 嬴嬮嬲嬮嬲嬬嬴嬮嬲嬮嬳嬩。
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私たちは、孅孈孔孃によって報告された 孓孧孲 孁∗のブラックホ
ール・シャドーは、孅孈孔 嬲嬰嬱嬷年観測 嬨孆孩孧孵孲孥 嬹）の凸凹 嬨でこ
ぼこ）した子孓孆 嬨子孯孩孮孴 孓孰孲孥孡孤 孆孵孮季孴孩孯孮嬩の不完全なデコンボリ
ューションによって引き起こされたアーチファクト 嬨孡孲孴孩学孡季孴嬬
誤った結果）であるという仮説を立てた。このデータセット
は、イメージング結果に偽の50 𝜇as間隔の構造を生じさせる
可能性が高い。

その 子孓孆 構造には、メインビームの強度に比肩する強
度をもつ第一サイドローブがあって 嬨メインビームに対し
て∼ 49 %の強度比嬩、それはメインビームから49.09 𝜇as離れ
たところにある。しかも、その中間の位置にはとても深い
マイナスの極小値点がある 嬨その深さはメインビームに対し
て −89 %の強度レベル嬩。
つまり、孅孈孔孃の測定したブラックホール・シャドーの直径
は、子孓孆の構造にあるメインビームと第一サイドローブの間
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¹ þ ð Ë  ’ î š W_âÇë’ visibility Çü¿ (³ , UŒ_
z “ Õüê¨ � � n Æ� 	 kÕ£ÃÈY‹Shg L •Œ_�
WKW� H L � v nFa� � 8 n Ï � � ’ L c_ � v njK
ko ¹ þ ð Ë  K‰•ZK`L 8 1 WfD‹‚nLB‹� ‹
Hp� Shen et al. (2005)n ó 1bL : Y CLEANkˆ‹ …ã Ï ;
Ï o� q • ¹ � k 8 s_ b ¶ ’WfJŠ�WK‚ q J � h •
J � g 7 ¦ L ^ þ ð kjcfD‹� q t J � L � ‹Dn �̀

! n µ Ž hWf� Sgr A� n Ë  L ¹ þ ð Ë  K‰inO‰
DZŒfD‹nK’ ¿ y‹ µ Ž kj‹�

Miyoshi et al. (2011)o Slit-Modulation Imag-
ing (SMI)Õ (Miyoshi 2008)� S n ¹ Õ g o ® Ï P œ k
o u-v « Ð ü n U D n q ÿ ’ × Q j D� S Œ ’ ( D
f Sgr A� n Ï K‰ h � „ í � 	 Õ ’UP‹ f •’ L c_�
Sn � v go� Sgr A� L Ñ d � Õ ì¢ ’ w SW_ ô Œ
k 43 GHzg Ÿ ½ UŒ_ VLBA ³ , Çü¿K‰�¼ígoj
D¯íü¸ãü M ø $ L� � , UŒ_� ) S L ¹ þ ð Ë  K
‰� Œ_ Ë  ’ � d 4 � �¯íü¸ãü M ø o¼ígojD
$ kj‹�Sn � , o á < ¦ o Ø DhoDHjDL Sgr A� n
Ë  L ¹ þ ð Ë  K‰ � ŒfD‹Sh’ : Y‚ngBc_�
~_� B “ 	 Õ WjD ú š n Ï goÇü¿’ Œh k ¬ � gM
jDShK‰� Sgr A� n Ë  L í B “ 	 Õ WfD‹ShL :
� UŒfD‹�~_]n 	 Õ h � ¹Ú¯ÈëL Sgr A� n Ï n
q J � � • J � hg p j‹Sh‚ : � WfD‹�

U‰k� ]n Œn ³ , h � v kˆcf� Sgr A� n q • k
8 s_ b ¶ ko ^ þ ð ' LBŠ]F`hDF 1 J LUŒf
†O� Sgr A� Ë  n ^ þ ð � � ’U‰k s WO ¿ y‹_
•� Robert C. Byrd Green Bank Telescope (GBT)„ Large Mil-
limeter Telescope Alfonso Serrano (LMT)jin ' ‹ ¢óÆÊ
’ VLBA ³ , k D • ¼ •� � ¦ ’ Ø •_ ³ , L L •Œ_�
Brinkerink et al. (2016)o� ¯íü¸ãü M ø n ã • kˆc
f 86 GHzn VLBA ³ , Çü¿’ ¿ û W� Sgr A� n Ë  n � ‚
� ‹D è � K‰ q k � 100` asn M n k , Œn � � LB‹ <
à ’ z ‹ W_�~_� Fish et al. (2016)kˆ‹ 230 GHzgn P
œ� Ortiz-Leon et al. (2016)kˆ‹ 86 GHzgn P œ� Rauch et
al. (2016)kˆ‹ 230 GHzgn P œkJDf‚ � Ø j p ¹ ' n
� X LUŒfD‹� � D Û H‹h p j‹ ³ , h â p h p j‹
³ , B � kJQ‹ Sgr A� n Ë  k ^ þ ð L : UŒfD_�S
Œ‰n ³ , o N h â p gB‹ � � c q n q ÿ ’ × QfoD‹
L EHT 2017³ , Çü¿ˆŠ‚o‹Kk � On u-v «Ðü’ —
_ ³ , gBc_�

c q n q ÿ � Sgr A� ,e n b ¶ kdDf Johnson et al. (2018)
o å� nˆFk~h•fD‹� c q n ¹ œo� p ¹ ' ’‚
cfD‹L� � ' n c q n ' MUo ¹1•380� 0•013º � _2

cm mas
� � n c q n ' MUo ¹0•703� 0•013º � _2

cm masgB‹� (S
Sg maso � ßê Ò Ò � C � n � Ò Ò gB‹� 	 � ' n c q n
¹ � o B Ò 81� •9 � 0� •2n ¹ � gB‹ (d~Š q • ¹ � kM

Frequency 43 86 230 (GHz)

Broadening (Major axis) 67.2 16.8 2.3 (' S)
(Minor axis) 34.2 8.6 1.2 (' S)

(Position Angle) 81� •9 � 0� •2

Intrinsic Size 27.9 14.0 5.2 (' S)

Table 1. c q I kˆ‹ Sgr A� n Ï n ƒ LŠh� ¨ š UŒfD‹ ,e
n Sgr A� n ' MU’ (Johnson et al. 2018)k “ cf � —W_�SSgo
·åïëÄ·üëÈ J „ � 1 ' ( = 10 ` as(Þ¤¯í Ò Ò )h î š Wf
D‹�

••f Ñ D 	 � Johnson et al. (2018)o Sgr A� ,e n b ¶ kd
Dfo å� nˆFk ‹ M ‚cfD‹� Sgr A� ,e ' MUo
â w 1.3 mm (h â p go 230 GHz)K‰ â w 1.3 cm (h â p g
o 22 GHz)n “ go� ³ , â w k Ô ‹ Y‹�d~Š� � g :
YhJˆ] \ src � 0•4 � _cm mashj‹�

SŒk “ Fh� 43 GHzgo c q kˆ‹ á ' � o Sgr A� ,
e nµ¤ºˆŠ‚ ' MD� 86 GHzgo c q kˆ‹ á ' �
o Sgr A� ,e nµ¤ºh � XO‰D�]Wf� 230 GHzgo
c q kˆ‹ á ' � o{| q ÿ WjOjcf Sgr A� ,e nµ
¤ºL ³ , gM‹hDFShkj‹ (Table 1)�

EHTn , < „ j 2017t ³ , ˆŠ å M kJDf Sgr A� kdD
f —fD_ å ‹ o ! nˆFk~h•‹ShLgMˆF�

(i) ³ , UŒ‹ Sgr A� nµ¤ºo ; k c q n[Dg ³ , â
w n ŒWg ' MOj‹�Sn c q ko p ¹ ' LB‹� (`D
_D 	 q • ¹ � k]n c q o ' MD� ]Wf� ]n q ÿ o
230 GHzn ³ , go ! – gM‹O‰Dkj‹ (Johnson et al.
2018)�

(ii) Sgr A� n ,e n b ¶ o q • ¹ � knsfD‹h ¨ š U
ŒfD_ (Bower et al. 2014)�

(iii) (Sgr A� n ,e n b ¶ o q • knsfD‹•Q`L )�
DOdKn ³ , � 43, 86, & 230 GHzn ³ , K‰� q • p ¹ '
LB‹h : � UŒfD_�

1.3 EHTC 2022L : W_ Sgr A� nêó° ¶ Ë  

2022t 5� � EHTCo� Sgr A� n EHT ³ , kˆ‹êó° ¶ n ;
Ï ’ 1 J W_�~_ Sgr A� L 1B “ ˆŠ í D¹±üëg 	 Õ
’ : YSh‚ º K•_ (Event Horizon Telescope Collaboration
2022a,b,c,d,e,f)�

³ , ) S L� ³ , - k B “ 	 Õ Y‹h� � 8 � r 	 � k
ˆ‹ Ï � � o ð ã gB‹� EHTCo� Sgr A� n 	 Õ ’ � n Y
‹ ì ê n ã • K Õ ’ ( Df]n Ë  ’ z š W_� EHTCL
1 J W_ Sgr A� n Ë  o� ú , � ô „ 51•8 � 2•3 ` asn � ‹
O š Dêó°gBc_� _ �̀ Snêó°o (j •‰K
gojO 	 y š n ¹ M Ò ¹ � k � ‹D è � LBcf� ^
þ ð ' ’ : WfD_� d~Š 3dn � ‹D¹ÝÃÈL B
Ò PA � � 140� –� 40� h ¸ 70� k M n WfD‹� - Ã è � nÖé
Ã¯Ûüëû·ãÉün � ß o Œh k � Ò gojO� � Oê
ó° è � k Ô � YŒp —D � ¦ gBc_ (Event Horizon Tele-
scope Collaboration 2022a)�Sn Sgr A� n b ¶ o� EHTCL H
k 1 J W_ M87nêó° ¶ n Ï (Event Horizon Telescope col-
laboration 2019a,b,c,d,e,f)k < fDf�~‹gÖéÃ¯Ûüë
n q h M @† ä ’ � * K‰gojO � 
 K‰ ‹ _KnˆFj
Ï gBc_�

Sgr A� n í � B “ 	 Õ kdDf ð y‹� ]n û â gn �
� n � ú o Miyazaki et al. (2004)kˆcf L •Œ_� | ‰o�
Sgr A� Lßê â / g � å nFak 	 Õ Y‹Sh�Yj•a í
B “ nÐü¹È „ 	 Õ ’ : YSh’ z ‹ W_�]n Œ� � Ø
n í � Ðü¹È „ 	 Õ o X Ú ³ , (Bagano� et al. 2001)� d �
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4 Miyoshi et al.

Ú ³ , (Genzel et al. 2003)g‚ º • UŒf� Sgr A� n 7 ¦ o
QcWf � š gojO 	 Õ Y‹ShL � º kjc_�

U‰k� Ñ t n Atacama Large Millimeter/Submillimeter Ar-
ray (ALMA) ³ , kˆcf Sgr A� Lßê â / K‰µÖßê â
/ n û â kJDf � B “ …g 7 ¦ 	 Õ ’Y‹ShL $ c_�

Sn Sgr A� n í � 	 Õ n X ( o� þ ( nßê â VLBI ® Ï
³ , kˆcf ) S Ë  n c º j ; Ï ’ � � Y‹_•n ° _j
' O L hjcfD‹� VLBI kˆcf � ' P n u-v «Ðü’
T � Y‹ko� � ' 24B “ n ³ , B “ L Å • `K‰ �̀ û â
r 	 � ’ • ( Wf ; Ï ’ � � Y‹_•n ú , „ j M Ð a ö
o� ³ , UŒfD‹ ) S n � ¦ � � �d~Š b „ � ‹UL ³
, - ’ � Wf � š gB‹ShgB‹� � ^ n O L oSŒ~g
n VLBI ³ , kJDf‚ w MfD_� SS 433n VLBI ³ , go
³ , - k ³ ,• n 7 ¦ 	 Õ L � ú UŒ� ; Ï � � xn q ÿ L
ø õ UŒ_ (Vermeulen et al. 1993)�WKW� Sgr A� nßê â
/ gn B “ 	 Õ o� SS 433n 4 � ˆŠ À WO� B “ ¹±üë
‚ í D�

U‰k� Sgr A� L í � “ k 7 ¦ 	 Õ Y‹Sho� Sgr A� n
® Ï ’ ã WOY‹pKŠgojD� ALMA kˆ‹ € ³ - Ã �
ß n ' • ! j Ä ò n ® Ï ‚ ã WOWfDf�]n ® Ï P œk
o j •’‚_‰Y P œhjcfD‹ (Tsuboi et al. 2022)�

EHTCL 1 J W_êó° b ¶ n á < ' ’ $ ­ Y‹ko�Ç
ü¿n ì Ë W_ • � • L Å • `h � �o � X_� EHTCnê
ó°n ' MUo� º Kk ø þ ' � Ö K‰ ˆ ó UŒ‹ÖéÃ¯
Ûüëû·ãÉün ' MUh � ô WfD‹QŒi�]n � ¹
g H L � v K‰ • X UŒfD_ Sgr A� n Ë  ho � ô WfD
jD�

2 ³ , Çü¿

EHTo� 2017t 4� � •k� W u n ³ , @ (W u ¹ � ` á �
SPT)’ + € � � 8dn ³ , ¹ g� Sgr A� ’ ³ , W_� SPT’
+ •‹Shg� ]n W� ¹ � n z “ � ã ý L � 
 W_�
Sgr A� n ³ , o� 2017t 4� 5å K‰ 11å n “ n 5� k•_c
f Ÿ ½ UŒ_ (Event Horizon Telescope Collaboration 2022a)�
EHTCo ] n F a 4� 6å h 7å n 2Þ n ³ , Ç ü ¿ ’ l ‹
W_� � � 28� nÇü¿»ÃÈL l ‹ UŒfJŠ� p L
� DL� SŒ‰o å� k ð y‹ˆFk � p n p j‹ ¹ Õ
g � c UŒf_ P œ ’� p j‹Çü¿»ÃÈhW__•
�̀ SŒ‰nÇü¿»ÃÈn ¬ � o�� README.md
Õ¡
¤ ë k � 	 U Œ f J Š� https://datacommons.cyverse.
org/browse/iplant/home/shared/commons_repo/curated/
EHTC_FirstSgrAResults_May2022k l ‹ UŒfD‹�

� OnÇü¿LB‹_•�]n Ë  ’ • X Y‹no ã WD
K‚WŒjDL�DOdKn Í • j ‹ � ’ Y � YŒp� Ë  
L•HfO‹�~Z� EHTCo 2dn p j‹ � c ¹ Õ � EHT-
HOPSh rPICARD (CASA)Ñ¤×é¤ó�’ • ( W__•� �
X ³ , k þ Wf 2dn p j‹Çü¿»ÃÈLgMBL‹�
Sgr A� o ³ , - í � „ j 7 ¦ 	 Õ � J]‰O]n Ë  ‚ 	
� ’ : WfD_�Sn 	 Õ ’ Ü c Y‹_•k� EHTCoU‰
k� c • � 
W_Çü¿»ÃÈ’ \ � W_� Çü¿n / E
’� ALMA h SMAg ³ , Wf —_ Sgr A� n I ¦ 	 � ò Ú ’ (
Df� � B “ kJQ‹ 7 ¦ ’ Ü c WfD‹� (‚W� ³ , )
S L h S „ j Ë  o 	 H‹ShjO h S L G � k I ¦ 	 �
Y‹ 4 � �SnÇü¿k ½ UŒ_ c • � kˆcf� c º k
]n ) S n Ë  ’ Í  gM‹ ï ý ' LB‹ng�Sn Ü c
’ EHTCo L c_h � H‹� 	

U‰k LMT @k ¢ Wfn î c ’ ½ W_Çü¿»ÃÈL
ý   UŒfD‹� LMT @n²¤ón 
 º Ÿ ' ’ Ü F_•�
³ , ) S n Ò µ¤º’ î š Wf / E � c ’ L cfD‹�
Event Horizon Telescope Collaboration (2022c)n 2-2à kˆ‹

h� 2 G_ˆŠ • q ú Ú w L í DÇü¿ ¹ (w S „ ko SMT-
LMT ú Ú n• )k þ Wf� Sgr A� n Ò µ¤º’ 60 ` ash î š
Wf LMT @k ¢ Y‹ / E n 	 Õ ’ Ü c WfD‹�SŒ‰n
Ü c n 	 ¹ ' o ê � gojD�U‰k�SŒ‰nÇü¿ Ü c
’W_ Œg‚ ³ , ) S n Ë  n , ê „ j Å 1 LÇü¿k Ý �
UŒfD‹KkdDf Ý < Y‹ w S „ j < à ojD�

]Wf� � Œk� Sgr A� n í B “ ¹±üën Õ „ y ' ’ Š
á Y‹_•k� EHTCoÇü¿»ÃÈ’ 100 � “ nÇü¿’
� Š ú W_Çü¿»ÃÈ’ \ cfD‹ (� BEST� h & R UŒ
_Çü¿»ÃÈ )�

EHTC oSŒ‰ / E Ü c k   Hf� | ‰ì ê � H n î c
’ ½ W_ ã • K‰ Sgr A� n Y „ ; Ï � Event Horizon Telescope
Collaboration (2022a)n ó � k : UŒfD‹‚n� ’ —fD
‹�

, Ö ‡ kJDf : Y � �n ã • o� EHTCL Sgr A� n Y b
; Ï ’ —‹_•k • ( W_Çü¿»ÃÈk ú eDfD‹�
� �L ã • W_Çü¿»ÃÈo� M ð n Sgr A� n 7 ¦ ò Ú
K‰ —‰Œ_ P œ’ ( Df� EHTCkˆŠ c • � UŒ_‚
ngB‹� � �n Ê Þ n ã • go 4� 7å nÇü¿k Æ- Y
‹� SŒo EHTCL s 0 k ã • W_Çü¿g‚B‹ (Event
Horizon Telescope Collaboration 2022c)� ]Wf� Œ. ^ B
‹Fan HOPkˆcf � c W_‚n’ � �o ¿ y‹� ‚F
� ¹ n CASAkˆ‹ � c Çü¿»ÃÈo� HOP� c n‚n
kO‰yf� ŒdB‹ � 2 ÁãóÍë “ n¯íü¸ãü
/ E n U DL ' MO�Çü¿n Á ê L £ ‹ngojDKh
� H_K‰gB‹� (Sn¯íü¸ãün U DkdDfo
Table 5h Appendix G’ Â g nSh )�

~h•‹h� � �o 4� 7å n ³ , Çü¿� HOPkˆ‹ �
c � LMTk ¢ Y‹ / E Ü c ’ Ø   W� / E n B “ 	 � ’ c •
� W_Çü¿’ ã • Y‹ShkW_�

� �n � � n � c � � ¹ • Ï âÇë’ î š Wf M ø kdD
fn self calibration (»ëÕ­ãêÖìü·çó )n P œo s G
Y‹h¼ík Ñ D $ n M ø $ ’ : W_ (Appendix Dn Figure 14
’ Â g nSh )� EHTCn � README.md� kˆ‹hÇü¿o
ø ¢ æ � nBh � Ñ j � c L L •Œ_ˆFgB‹� Event
Horizon Telescope Collaboration (2022b)go� HOP � c n N
� njKg� � ¹ • Ï âÇë’ î š Wf M ø kdDfn»ë
Õ­ãêÖìü·çó’ L c_ho � : „ ko ð y‰ŒfD
jD� � ¹ n CASA � c go � ¹ • Ï âÇë’ î š Wf M ø
kdDfn»ëÕ­ãêÖìü·çó’ L c_h � 	 UŒf
D‹� HOP � c kJDf‚ L •Œ_h � H‹nL ê 6 gB
•F�`hYŒp�]n � c Çü¿k þ Wf • s � . n»ë
Õ­ãêÖìü·çó’ L Hp{|¼ín � c ã kj‹gB
•F�

SŒo ð yfJO Å • LB‹n`L� EHTCL Ÿ ½ W_Y
yfn � c ’ ý á W� Œh k � < Y‹Sho� � �n ì Ë ã
• go 
 ï ý gB‹� l ‹ Çü¿o � � 2 ÁãóÍënÇü
¿ko � p n h â p µÖÁãÍëojO� � dnÁãóÍë
k ' . UŒfD‹_•� AIPS n FRING jinÄüë„]Œ
k ^ < Y‹ Ö n¿¹¯’ • ( WfnÕêó¸µüÁ’ L FS
hogMjD� � 2 ÁãóÍën h â p ÐóÉÑ¹n � c k
dDf‚ � Ø gB‹�d~Š� E ö � E ö ‡ �Jˆs²¤ó
¨éü’ ì ê k ã • Y‹ShogMjD� � �L Ÿ ½ gM‹
/ � n � c k ¢ Y‹ ã • o�»ëÕ­ãêÖìü·çókˆ
‹ M ø Jˆs / E n Ü c (Schwab 1980; Cornwell&Wilkinson
1981)̀QgB‹�

3 � �nÇü¿ � c h Ï � �

� �nÇü¿ ã • o� VLBI n ® Ï n_•nÇü¿ ã • g �
‚ � , „ k • ( UŒfD‹Ï¤ÖêÃÉÞÃÔó°k ú eD
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EHT 2017t ³ , n Sgr A� Çü¿n ì Ë Ï¤ÖêÃÉ¤áü¸ó° ã • 5

fD‹�~Z� VLBI n ® Ï n_•nÇü¿ ã • n ‚ • ’ ¬
� W� ! k � �nÇü¿ ã • kdDf ð y‹�

3.1 VLBIkˆ‹ ® Ï

SSgo� VLBI kˆ‹ ® Ï € S n ‚ • ’� ]n Ÿ � `Qg
jO� Ÿ › n � • g � n YyMDOdKn O L ¹ ‚ + •f 9
Ë Y‹�

3.1.1 Ï � � n ú �

VLBI ( …w ú Ú û â r 	 Õ )’ + € û â r 	 � kˆ‹ ® Ï n
Ÿ � o� û â k P c_‚ngojO� I f /d � Ú / (XÚ 	 �
` á k‚ q � Y‹‚ngB‹� —‰Œ_ ; Ï o� ³ , þ a
n � n � ‹Un � � h û â r 	 � n ¹ ƒ LŠ ¢ p (PSF)n s
• ¼ •gB‹� PSFo� û â r 	 � go � , „ k�ÀüÆ£
üÓüà (dirty beam)
h | pŒ‹�~_�~Z —‰Œ‹ ;
Ï o�ÀüÆ£ÞÃ× (dirty map)
h | pŒ‹� Ÿ › nÇü
¿go�SŒ‰ 2dL s • ¼ • (convolve)UŒ_‚nk�U‰
³ , ¤ î L   •cfD‹� ³ , ) S n � n Ë  ’ � ‰Kk
Y‹_•ko� ³ , ¤ î ’ Ö Š d MjL‰� PSF’ � s • ¼
• (deconvolve)Y‹ Å • LB‹�

PSF~_o�ÀüÆ£üÓüà (dirty beam)
o� û â r 	
� n u-v «Ðükˆcf z š UŒ‹� u-v «Ðüo û â r 	
� g • ( UŒ‹ � € ( ž g� u-v ho z “ Õüê¨ � � ’ �
s Y‹� ³ , kˆcf —‰Œ‹ u-v n Æ� h PSFo ’ DkÕ
üê¨n Ì þ (Fourier duals)gBŠ� p f „ ko I ¡ gB‹�
p f „ ko I ¡ gB‹hDcf‚� u-v «Ðü’ ‹ _`Qg
o PSFn y ' ’ � ã Y‹Sho{| 
 ï ý gB‹_•� Ñ f
Ö ‡ g Ð : YyMo u-v «Ðün ó gojO� PSFn Ë  ]
n‚ngB‹�

º Kk� PSFn Ë  njKgá¤óÓüàLµ¤ÉíüÖ
jin Ö n Ë  ’ ' � Y‹ˆFj 4 � � PSFË  n   n q
ÿ ’ Ã M Y‹ Å • ojD� WKW� û â r 	 � L � p n  
P ¢óÆÊn•g Ë � UŒfD‹ 4 � �Kdfn VLBI � �
koˆO ‹ ‰Œ_Sh`L (þ ( oKjŠ � jOjc_L )�
u-v «Ðüo~p‰kjŠ� þ Ü Y‹ PSFË  o X¢ p „ j
X � ¹ Ë  K‰oKQ â Œ_‚nkj‹�W_Lcf� —‰
Œ_ ; Ï �ÀüÆ£ÞÃ× (dirty map)o ³ , UŒ_ ) S n �
n � ‹U � � ho ' MO p jŠ� ) S n Ë  ’ å ‹_•k
oÀüÆ£ÞÃ×K‰ PSF’ Ö Š d O (Ç³óÜêåü·ç
ó ; deconvolution)Å • LB‹�

Ÿ › n PSFn d » � Ç³óÜêåü·çó æ � go� A
� j P œ L —‰ŒZ� PSF Ë  k 1 e Y‹¢üÁÕ¡¯
È (� ¤ c_ 	 Ë  L � � UŒ‹ ï ý ' LB‹�W_Lcf�
PSFË  ’ ¿ y‹Sho ^ 8 k Í • gB‹� j\j‰�]n
Ë  ’ å ‹Shg� w SŠF‹¢üÁÕ¡¯È’ ˆ , gM‹
K‰ �̀ (Sn_•� NRAO n AIPS ÑÃ±ü¸n - n ; Ï �
� ¿¹¯go� ) ¿ ' ’ � n Wf�Ç³óÜêåü·çó ;
Ï hh‚k PSF’ ê Õ „ k � � Y‹� )

3.1.2 CLEAN algorithm

CLEAN ¢ë´êºà (Clark 1980; H¥>gbom 1974)o� PSFË
 nÇ³óÜêåü·çó’ L F_•k ‹ z UŒ� û â r 	
� n¤áü¸ó° � • kJDf � ‚ ƒ O • ( UŒfD‹‚n
�̀

CLEAN ¢ë´êºào � 8 � å� n � ŠgB‹� ³ , U
Œ_ ) S n Ë  o � p n ¹ • K‰ Ë � UŒfD‹ (B‹Do
� p ¹ • kˆcfF~O Ñ < ú e ‹ 	 h î š Y‹�ÀüÆ£
ÞÃ×’ ¿ y�]n � ' Ôü¯n M n k 1¹ LB‹h î š W�

³ , Çü¿K‰]n ¹ k þ Ü Y‹ z “ Õüê¨ � � ’ d » Y
‹�_`W� 1¹ • k þ Ü Y‹ z “ Õüê¨ � � ’� ³ , Ç
ü¿K‰ h è d » Y‹ngojO�]n ¹ • 7 ¦ n p Ñü»
óÈn 7 ¦ � ’ d » Y‹� ‹ Šn ³ , Çü¿’Õüê¨ 	 Û
W� ! nÀüÆ£ÞÃ×’ \ � Y‹� ]SK‰ ° WD � ' Ô
ü¯’~_ ‹ dQ�]nÔü¯ M n k‚ � ¹ • LB‹h � H
f�]n � ’Çü¿K‰ H {ih � Ø k d » Y‹�SnˆF
j æ� ’ ‹ ŠnÞÃ×n 7 ¦ LÎ¤ºìÙëk T Y‹~g p
Š Ô Y� CLEANn Í © K‰ —‰Œ_ ¹ ¤ (CLEAN � � n Æ
� )k� ·ãü×j © C Óüà’³óÜêåü·çóY‹S
hg PSFn q ÿ ’ Ö Š d D_ º —j Ï ’H‹ShLgM‹�
_ �̀ CLEAN ¢ë´êºà ê S go� ; Ï n ã Ï ¦ �d~
Š z “ � ã ý ’ z š gMjD�W_Lcf� ; Ï n z “ � ã
ý o º L $ ­ Wf z š Y‹ Å • LB‹� � , „ k� PSFná
¤óÓüàµ¤ºh b L z “ � ã ý gB‹h � H‹� PSFn
á¤óÓüàk Œø 
 I w ¬¦¹ b ¶ ’Õ£ÃÈU[f —
‰Œ_¬¦¹ b ¶ ’ © C ÓüàhWf • ( UŒ‹ShL �
D� (PSFná¤óÓüàµ¤ºˆŠ‚ Ø D z “ � ã ý L —
‰Œ‹ 4 � o�ˆŠ í DÓüà b ¶ ‚ © C ÓüàhWf • (
gM‹�SnˆFj 4 � �]nÞÃ×o …ã Ï ÞÃ×h | p
Œ‹� ) Ÿ › nÎ¤º’ Í  U[‹_•� CLEANnBhn ‹
î ÞÃ×’ s • ¼ •ÞÃ×k   Hf� CLEAN ÞÃ×L Œ�
Y‹�

WKW� CLEANn PSF’Ç³óÜêåü·çóY‹ ' ý o
Œ§ gojD� Ÿ › ko CLEAN ¢ë´êºàn P œhWf
—‰Œ‹ CLEAN ÞÃ×o� PSFË  n q ÿ ’ Œh k ’ d W
_‚nkoj‰jD� þ ( nhS•� PSFË  ’ Œh kÇ³
óÜêåü·çógM‹¢ë´êºào X ( WjD�SnS
ho� EHTC L • ( WfD‹ CLEAN å � n K Õ k‚ S fo
~‹�SnSho Section 5.3g : Y� 
 Œh jÇ³óÜêå
ü·çóko � jOh‚ 2dn � 1 LB‹�

~Z� PSFË  koá¤óÓüàn Ö k � p nÔü¯ (µ
¤ÉíüÖ )L X ( Y‹� ]n P œ�ÀüÆ£ÞÃ×koµ
¤ÉíüÖk þ Ü Y‹ � p n þ Ü Y‹Ôü¯L þ Œ‹�µ
¤ÉíüÖkˆ‹Ôü¯L ¤ cf CLEAN � � hWf x ž U
Œ‹ ï ý ' LB‹� ~_� PSFË  koÞ¤Ê¹n u � $
’ : Y è � LBŠ� CLEAN æ� n Í © - k } n (  n )Ôü
¯L � X‹�SŒo � 8 n CLEANn K � go� � Ô¯»ë
n v þ $ kˆcf � ' Ôü¯o x ž UŒ‹_•gB‹� y
k u-v «ÐüL~p‰j 4 � o� ¤ c_ CLEAN � � L —‰
Œ‹ ï ý ' LB‹Sh’ • X Y‹ShL Í • gB‹�

! k�Çü¿ � c L 
 A � gB‹h� z “ Õüê¨ � � n
/ E h M ø o ³ , ) S n Ë  L ,e : Y]Œ‰K‰ 8 1 Wf
W~F�Y‹h Ÿ › nÀüÆ£ÞÃ×o PSFh ³ , ) S n Ë
 n³óÜêåü·çó Ë  K‰ 8 1 Y‹�Sn 4 � ‚� c
º jÇ³óÜêåü·çóo ð ã kj‹�

3.1.3 Ï¤ÖêÃÉÞÃÔó° Õ

Ï � � N � kJDf�gM‹`Q c WD ) S Ë  ’ • þ Y
‹ko� ³ , Çü¿n � c L 
 ï  gB‹� VLBI kJQ‹
Ï � � go� � 8 � ‹ M n � c (¢óÆÊ ' ý h × á _ n )
¦ Çü¿k ú eO )n•go 
 A � gB‹� A � j � c ’Y
‹ Å • LB‹ShK‰�»ëÕ­ãêÖìü·çóh PSFn
Ç³óÜêåü·çó¢ë´êºà (CLEANji )n “ gn
Í © ’JSjFÏ¤ÖêÃÉÞÃÔó° Õ n ‹ z kdjL
c_� »ëÕ­ãêÖìü·çóo� ó š UŒ‹âÇë ;
Ï ’ î š Wf � ³ , @n � c Ñéáü¿’ z š Y‹ € S g
B‹ (Readhead & Wilkinson 1978; Pearson & Readhead 1984;
Schwab 1980)� Ï¤ÖêÃÉÞÃÔó° N � go� ¹ • ’â
Çë ; Ï hWf»ëÕ­ãêÖìü·çó’ ‹ Ë Y‹nL
� , „ gB‹� ³ , ) S n{| c º j Ë  L â å gB‹ 4
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� o� ]Œ’ � � âÇëhWf ¡ ( Y‹ShLgM‹�_
`W��{| c º j Ë  
L ¢ ³ „ k º Ë UŒ_‚ngBŠ�
¤ ã k ú eO‚ngojDSh’ º • Y‹ Å • LB‹�Ï¤
ÖêÃÉÞÃÔó° N � go»ëÕ­ãêÖìü·çó’ L
F › ko� � Œn¹ÆÃ×’ d OYyfn¹ÆÃ×g M ø n
•n ã ’ ¨ š Y‹nL ‰h gB‹� � Œn¹ÆÃ×n•g�
M ø h / E n ! ¹ ’»ëÕ­ãêÖìü·çóK‰‚h•f
� c ã hY‹nL ‰h gB‹�»ëÕ­ãêÖìü·çóg
( D‹âÇë ; Ï L ³ , ) S Ë  K‰~` ' MO â ŒfD‹
� � µ Ž g M ø h / E n ! ¹ n ã ’»ëÕ­ãêÖìü·
çóg ¨ š Y‹Sho� y k u-v «ÐüL � jD 4 � ko�
^ 8 k á < ' L N D� Sn ‹ ‹ kdDfo� Miyoshi et al.
(2003)’ Â g Y‹nLˆD� ]Sg 1 J UŒfD‹ Sgr A� n
¸§ÃÈ ¶ Ë  o�Ï¤ÖêÃÉÞÃÔó° æ� - nâÇë
; Ï ¨ š n p Š Ô WkJQ‹¨éük w à Y‹¢üÆ£Õ¡
¯È (¤ Š 	 gB‹� y k� � & %âüÉ (M ø h / E n ! ¹
n � c ã ’ ¨ š Y‹âüÉ )g»ëÕ­ãêÖìü·çó’
; A k • ( Y‹h� ; Ï 7 ¦ L 
 � W� } n¸§ÃÈ ¶ n¢
üÆ£Õ¡¯È ; Ï L � � UŒfD‹�

»ëÕ­ãêÖìü·çóo� î š hWf ( D_ Ï âÇ
ëk “ F � c ã ’ � � Y‹� ]n P œ� � c W_Çü¿K
‰—‰Œ‹ ! n Ï o� ³ , ) S n Ÿ › n Ë  ˆŠ‚ î š
hWf ( D_ Ï k < _‚nkj‹ ï ý ' L Ø D�Sn ¾ �
o� u-v «ÐüL � jD 4 � � y k U Wkj‹ (‹ Hp�
Figure 5.4.3h Section 11’ Â g )�»ëÕ­ãêÖìü·çó
n • ( o� ^ 8 k N Í k L F Å • LB‹�

3.1.4 BOX› Q

CLEANjin PSFnÇ³óÜêåü·çó æ� go� � c L

 A � g u-v «ÐüL 
 ³ WfD‹hDF O L xn æ‰n ã
z V hWf� – Î ’ 6 P Y‹ € S gB‹ BOX › QLˆO •
( UŒ‹�WKW� BOXn - š L , S n ) S � ¦ � � n Ä ò
’ + “gDjD 4 � � PSFnÇ³óÜêåü·çó’ i � k
L FShLgMZ�¢üÁÕ¡¯È ; Ï L þ Œ‹ShLB
‹� (‹ Hp� Figure 5.4.3h Section 11’ Â g )�~_� Ÿ ›
ko Ë  LjD M n k BOX’ M n Y‹h�]n M n k¢üÁ
Õ¡¯ÈhWfn Ë  L þ Œ‹�

� ‹ o U]Fj ; Ï L —‰Œ_‰� ! k]n ¥ S ' ’ ¢ ³
„ k º • Y‹�

3.1.5 PSFË  hn Ô �

� � n¹ÆÃ×o� —‰Œ_ ; Ï h PSFË  ’ Ô � Y‹Sh
g� PSFnÇ³óÜëü·çóLF~ODcfDjD F � ’
Á§Ã¯Y‹ShgB‹� y k�á¤óÓüàh , � µ¤É
íüÖn “ ” n tp 
 k ø S Y‹ˆFj � ‹DÔü¯n “ ”
LB‹KiFK’ º • Y‹ Å • LB‹� ‚W]FgBŒp�
PSFnµ¤ÉíüÖn q ÿ L ; Ï ko ‹ cfDf� ) S Ë  
L c WO I H‰ŒfDjD ï ý ' L Ø D�

3.1.6 ³ , Çü¿h Û þ LjDKnÁ§Ã¯

, 2µ Ž o� ; Ï h ³ , Çü¿n t � ' n º • gB‹� Ÿ �
„ ko� 	 P n u-v «Ðüg —‰Œ‹ z “ Õüê¨ � � n
Æ� ’ € _Y ; Ï o ! P k X ( Y‹ (Bracewell & Roberts
1954)�WKW� Ÿ › n r 	 � gn ; Ï ã • go� —‰Œf
‹Çü¿’ Œh k € _Y ; Ï rhd’ —‹UH� ã WD� Ÿ
› „ k � j j¢×íüÁo�Çü¿»ÃÈkgM‹`Q � ô
Y‹ ; Ï ’ Ö —Y‹ShgB‹� ã • K‰ —‰Œ_U~V~

j ; Ï n „ Wª Wo�Çü¿»ÃÈhn t � ' n ¦ � Dg U
¡ gM‹� —‰Œ_ ; Ï ’ � Õüê¨ 	 Û Wf� z “ Õüê
¨ � � x 	 Û W� ³ , K‰ —‰ŒfD‹ z “ Õüê¨ � � n
M ø h / E h Ô � Y‹� / E n Ô � go� ³ , Çü¿n � n
/ E gojO� c • � / E (Appendix A)g U ¡ Y‹{FL �
~WD�

SSgo� ³ , Çü¿gojO� ³ , Çü¿’ ; Ï ’âÇ
ëhW_»ëÕ­ãêÖìü·çó ã ’ ( Df � c W_�d
~Š � c ŒnÇü¿»ÃÈ’ ( Df Ô � ’ L F� VLBI ³ ,
go� o D ; Ï ’ —‹_•ko� A � j � c ’ L F Å • LB
‹� � c ’ L •jD ³ , Çü¿ (Ó·ÓêÆ£ 	 ’ • cf Ô
� Y‹h (]Sko ¤ î L + ~ŒfD‹ng 	 �_hH —‰Œ
_ ; Ï L c WOf‚� ! � n “ k ' Mj ß D U DL � X‹ ï
ý ' L Ø D�W_Lcf� � c ’ L c_ ³ , Çü¿h ; Ï ’
Ô � Y‹Shkj‹�d~Š�SŒo —‰Œ_ ; Ï L ³ , U
Œ_ ) S n Ë  h � ô WfD‹KiFK’ ¿ y‹‚ngoj
O� � c h ; Ï � � n ê ñ t � ' ’ ¿ y‹‚ngB‹�

3.1.7 ¯íü¸ãü Ï k ¢ Y‹ ! Û þ ' nÁ§Ã¯

]Œgo� ³ , ) S n Ë  hn Œh j t � ' ’ ¿ û Y‹ ¹ Õ
ojDnKh � FK‚WŒjD� “ ¥ „ j ¹ Õ goB‹L�
]nˆFj ¹ Õ oB‹�¯íü¸ãü M ø h¯íü¸ãü /
E Ï n • ( gB‹�

¯íü¸ãü M ø (Jennison (1958); Appendix B)Jˆs¯
íü¸ãü / E (Felli & Spencer (1989); Readhead et al. (1980);
Twiss et al. (1960); Appendix C)o�¢óÆÊk w à Y‹ ¤ î
n q ÿ ’ × QjD Ï gBŠ� ³ , ) S n Ë  n•kˆcf z
š UŒ‹ Ï gB‹�¯íü¸ãü Ï n ¿ û o� —‰Œ_ ; Ï
’ U ¡ Y‹ 
 g u •f Í • gB‹�WKW� å� n 3dn 6
P ’ õ - k n O Å • LB‹�

(i) ¯íü¸ãü Ï k � ô Y‹ ; Ï o Ÿ � „ ko ! P kB
‹� Ÿ › n ã • go]n � d’ —‹n‚ ã WD�

(ii) ¯íü¸ãü Ï kJDfo¢óÆÊk w à Y‹ û q ¤
î o­ãó»ëUŒ‹L� ± Ñ ó o + ~ŒfD‹� ± Ñ ó n
q ÿ n ¦ � DoÇü¿n M � B “ ’ 	 H‹Shg • X gM
‹�

(iii) ¢óÆÊ w à gojO ú Ú k w à Y‹ û q ¤ î o¯í
ü¸ãü Ï kJDfo­ãó»ëUŒjD�SŒo¯íü¸
ãü Ï n š © K‰ � ‰KgB‹� r 	 � n Y Ñ ø go� ú Ú
k w à Y‹ û q ¤ î LjDSh’ M Ð k�¯íü¸ãü Ï n
¬ � WfD‹ 4 � L{h“igB‹L� ú Ú k w à Y‹ û q
¤ î L X ( Y‹ 4 � �¯íü¸ãü Ï o ‰X‰ŒZ� ³ , )
S n Ë  n Å 1 L 1 •ŒfD‹ ï ý ' LB‹� ú Ú k ú eO
¤ î n ‹ hWfo� ' � M ø 	 Õ kˆ‹ ^ ³Òüìó¹LB
‹�SŒo¯íü¸ãü Ï L ‰X‰ŒjD�

3.2 Çü¿k þ Y‹ � �nÏ¤ÖêÃÉÞÃÔó° N �

Uf�]Œgo� Á _aL L c_ w S „ j ã • ×í»¹kd
Df ¬ � WˆF�Çü¿ko 2dn � 2 ÁãóÍënÇü¿
LB‹� ]Œ‰’Þü¸W� Ï¤ÖêÃÉÞÃÔó°hD
F K Õ ’ ( Df 1dn ; Ï P œ’ \ � W_� Ï¤ÖêÃÉÞ
ÃÔó°o VLBI kJQ‹ Ï � � g � , „ k • ( UŒfDf�
AIPS (NRAOn ) ‡ ; Ï æ � ·¹Æà (Greisen 2003))kB‹
¿¹¯’ ( Df L H‹�

Sgr A� n Ë  k J Q ‹ B “ 	 Õ ’ é Œ Y ‹ _ • k�
EHTCL GRMHD·ßåìü·çók ú eDf L c_ˆFj
Çü¿ ¹ k þ Y‹ y %j Í • Ø Qo � �o i ( [Z�M••
f � , „ j¢×íüÁ’ ( D_�Ï¤ÖêÃÉÞÃÔó°n
¹ÆÃ×Thk� CLEAN � � g Ë � UŒ‹ � p n CLEAN Þ
Ã×’ s G � Wf � p n ; Ï� Ü ’ \ � W�¯íü¸ãü M

MNRAS 000, 1�29 (2024)



EHT 2017t ³ , n Sgr A� Çü¿n ì Ë Ï¤ÖêÃÉ¤áü¸ó° ã • 7

ø n ‹ î �¯íü¸ãü / E � c • � / E ’ Ô � W_�SŒ
‰nFa� ; Ï K‰ (Õüê¨ 	 Û Wf 	 —_ z “ Õüê¨
� � h ³ , Çü¿K‰n¯íü¸ãü Ï n î p ’ º • Wf�
³ , Çü¿hgM‹`QˆD � ô ’ : Y ; Ï ’ � B „ k x s
ú W_�

� �o� ) S Ë  L 
 � j 4 � nÏ¤ÖêÃÉÞÃÔó°
n � – „ j K � k “ D� ¹ • ’ � � ; Ï âÇëhWf ( D�
Ï¤ÖêÃÉÞÃÔó°’ ‹ Ë W_�

»ëÕ­ãêÖìü·çóo]n 6¹ÆÃ×’ M ø n•
ã ’ B •‹âüÉg Ÿ L W_� � ¹ÆÃ×go� � p n Ï
Ñéáü¿ - š (BOXn - š � AIPSn CLEAN’ L F¿¹¯ ,
IMAGRgo ROBUSTNESS� GAIN� NITER nÑéáü¿ )’
( Df � p n ; Ï L � � Wf� Ô � Y‹Shg ! n ; Ï âÇ
ëL x ž WfDc_� jJ� CALIB (»ëÕ­ãêÖìü·
çó )kJQ‹ M � B ““ ” (SOLINT = 0•15)o�»ëÕ­ã
êÖìü·çón¿¹¯gB‹ CALIBkJDf�³Òüìó
¹ B “ ˆŠ‚ A � k í D $ k - š UŒfD‹�SnB_Š
o Miyoshi et al. (2022a)kJQ‹ CALIBh � X¢×íüÁk
“ cfD‹�

Sgr A� o 7 ¦ n 	 Õ L WWO�Çü¿ / E ¿ t n � © oF
YDh $ ­ Wf / E n»ëÕ­ãêÖìü·çó’ ( D_Ç
ü¿ � c o L •jKc_� � � h � Œn»ëÕ­ãêÖìü
·çóh ã o� Appendix Dk : W_� � � n»ëÕ­ãêÖ
ìü·çó½êåü·çóo ¹ • âÇë’ ( Df —‰Œ_‚
ngBŠ� 2dnÁãóÍë “ n U Do� M87n l ‹ Çü¿
n ã • n 4 � ˆŠ‚ � UKc_�U‰k� � Œn ã h � � n
ã n î ‚ � UKc_� M87n l ‹ Çü¿n 4 � h Ô � Wf�
‹ M nÇü¿ � c n µ Ž g Ø ¾ ¦ j M ø � c L L •Œ_h �
H‰Œ‹� (Ô � ko� Miyoshi et al. (2022a)n ó 2’ Â g nS
h� )

Figure 1k 4� 7å n ³ , Çü¿n PSF (ÀüÆ£Óüà dirty
beam)hÀüÆ£ÞÃ×’ : W_�

2017t n EHTn PSFo� VLA (Very Large Array)„ ALMA n
ˆFj � , „ j r 	 � n‚nh Ô � gMjD{i ùø L À W
D� PSFË  njKgá¤óÓüào z Wf ' � „ goj
O� Ø ìÙënµ¤ÉíüÖh ñ DO|•L � p X ( Y‹�
PSFn Ë  K‰•K‹ˆFk�µ¤ÉíüÖnìÙëoá¤
óÓüàh Ô � gM‹ Ø DìÙë’‚cfD‹�µ¤Éíü
ÖnjKg � ‚ Ø D‚no�á¤óÓüàn 49•1%k‚ T W
fD‹� PSFË  n - n   n è � ‚ ñ O� � ñ ‡ @goá¤
óÓüàn � 78•1% n ñ UgB‹�á¤óÓüàh , 1µ¤
ÉíüÖn “ ” o� � 50 ` asgB‹�Sn PSFo ^ 8 k ùø
n À WD Ë  ’‚cfDf� p A ` asn ) S Ë  ’ y š Y‹
no ã WD`•F�

ÀüÆ£ÞÃ×h PSF’ Ô � Y‹h�ÀüÆ£ÞÃ×n -
Ã � ß o PSFn ; ÓüàˆŠ‚o‹Kk ƒ O Ñ ‰KgB‹
ShL•K‹�SŒo ³ , ) S n Ë  n - Ã è � o z “ � ã
ý (� 20 ` as)ˆŠ‚ ƒ LcfD‹Sh’ : � WfD‹~_�
ÀüÆ£ÞÃ×n - Ã Ë  o� q • ¹ � k 8 sfoD‹L�
KjŠn ¹ þ ð ' ’ : WfJŠ� â Œ_ � p nÔü¯g Ñ <
UŒ‹ˆFj Ë  ˆŠ�€W• 1dnÔü¯’ � drhK_
~Šn³óÑ¯Èj Ë  gB‹ ï ý ' ’ : WfD‹� PSFn
Ë  kdDfo�U‰k Section 5.1Jˆs Appendix Eg p Ö
Y‹�

� �o CLEANkJDfo 1 masÛ ¹ n – Î - š ’W_�
WKW� Ÿ › ko� BOX › Qkˆ‹ CLEAN � —n Ä ò 6
P (ô „ 256` as…)’ L cfD‹� Sgr A� nµ¤ºkdD
fo Section 1g ð y_ˆFk� å M K‰ s 0 ³ , LUŒfD
f�¸§ÃÈnˆFj 8 s_ Ë  o � ú UŒfDjD (ng�
� �n - š – Î o ¥ S joZgB‹ 	 �~_� Event Horizon
Telescope Collaboration (2022a)n ó 2kJQ‹ u-v Ý â k þ
Y‹ / E n 	 � ‚� EHT 2017³ , g ³ , UŒ_ Sgr A� n '

MUL 1 maŝŠ‚o‹Kk � UDSh’ : WfD‹� “ c
f Sgr A� ’ ® Ï Y‹ › Å • j – Î - š o 1 maså …gB‹h ‰
Ã Wf î š gM‹�

4 � �n Ï � � P œ

SSgo Sgr A� n � �n � B Ï ’ : W�]n á < ' ’ ¿ û Y
‹�

4.1 � �n � B Ï

EHTCL 1 J W_êó° Ë  ho þ g „ k� � �n Sgr A� n
� B Ï go� q • ¹ � k ^ þ ð k 8 s_ b ¶ L : UŒfD
‹� q t L • t ˆŠ‚ � ‹O ‹ H‹�~_�]n h ò kÏí
ü ¶ n á D ƒ LŠ‚ ‹ ‰Œ‹�Sn q • ¹ � k ^ þ ð k 8 s
_ b ¶ o� Section 1g ð y_ˆFk� 43 GHz’ …H‹ h â p
gn N » n ³ , P œh � ô WfD‹�

Sgr A� n ,e n Ò µ¤ºL ³ , â w k Ô ‹ Y‹ (Johnson et
al. 2018)h î š W� Sgr A� n b ¶ ’ Bower et al. (2014)K‰
230 GHzk � ? W_ b ¶ o� J $ E (HPBW)g 66� 24 ` as�
]n w ø n � Mo B Ò 95 � hj‹ Œø 
 I U † ¬¦¹ � �
b ¶ hj‹� Sn ˆ ó b ¶ o� � �n � B ; Ï nÔü¯ �
¦ n 50 %ìÙëkJQ‹ b ¶ h � ô WfD‹� _` B Ò
o 20 � p j‹�

SSg� å� nˆFj \ m î ¬ ’ Ë f‹� � �n � B Ï g
³ , UŒ_ q • ¹ � n � ¦ n ^ þ ð ' o� M @† ä n Ø � Þ
â kˆ‹ÉÃ×éüÖü¹È /ÇÖü¹È ¹ œkˆ‹‚ng
B‹h� M @† ä n ^ þ ð j U † b ¶ o� � �o (� 
 K‰
gojO 	 * ¹ � K‰ Þ â Y‹ M @† ä ’ ‹ fD‹Sh’ :
� WfD‹�Yj•a� † ä o q t L � �k � KcfMf�
• t o � �K‰ ` VK‹ˆFk Þ â WfD‹� � �n � B Ï
L Sgr A� n M @† ä n Ë  ’ c º k h WfD‹h î š W�S
SgoÉÃ×éüÖü¹Èkˆ‹ —I û � I âÇë’ ( Df
]n ã È ’ f •‹�ÖéÃ¯Ûüë h º n I f „ k „ D M @
† ä n ï b ’ ³ , Y‹ 4 � � † ä L ø þ Ö „ � ¦ g Þ â Wf
D‹h�ÉÃ×éü ¹ œkˆŠ ^ þ ð n � ‹UÑ¿üóL �
X‹�SnˆFj ¶ Á kJQ‹ÉÃ×éü —I /� I kˆ‹
� ‹Un Ô � o� å� n � g � H‰Œ‹�

� = ¹
1 ¸ E

2 cos\

1 � E
2 cos\

º3– (1)

SSg� co I � � v o † ä n Þ â � ¦ gB‹� † ä ’
‹ ‹ Ò ¦ o \ gBŠ� \ = 0� o † ä ’ � * K‰ ‹ ‹ 4 � �
\ = 90� o † ä n � 
 K‰ ‹ ‹ 4 � gB‹�

Figure 2 (a)g o� q t g � ‚ � ‹ D ¹ Ý Ã È (7 ¦
o 2•1701� 10� 4Jy•Beam, M n (0–� 2 ` as)) h • t kB‹ —D
¹ÝÃÈ (7 ¦ 3•8635� 10� 5Jy•Beam, M n (� 37–� 17 ` as))L
B‹�Sn � ‚ � ‹D¹ÝÃÈoÉÃ×éü ¹ œkˆŠ � ‚
7 ¿ UŒ� � ‚ —D¹ÝÃÈoÉÃ×éü ¹ œkˆŠ � ‚ 1
•‰ŒfD‹‚n`h î š Y‹�

]n 7 ¦ Ô o � = 2•1701� 10� 4

3•8635� 10� 5 = 5•617jng�

E
2

cos\ = 0•438• (2)

€ ³ - Ã ~gn Ý â ’ DGC = 8kpc� Sgr A� nÖéÃ¯Ûüë
ê Ï ’ 4 � 106M � hYŒp� Ò Ý â 21•3 ` as�d~ŠÖü¹È
kˆ‹ � ‚ � ‹D p Ñü»óÈh � ‚ —OjcfD‹¹ÝÃ
Èn “ ” o � 2•11' Sk ø S Y‹�Sn Ý â o 3 ' S,d~Š Þ â
WfDjDÖéÃ¯Ûüën h Šgn � …� ‰š † Ì S ˆŠ
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8 Miyoshi et al.

Figure 1. 4� 7å n ³ , Çü¿k þ Y‹ PSF (ÀüÆ£Óüà 	 hÀüÆ£ÞÃ×�ÑÍë (a)o PSFg�¹±üëoá¤óÓüàn Ø Ug c • �
W_�ÑÍë (b)o� � ¹ • âÇë’ ( D_»ëÕ­ãêÖìü·çó (M ø n• 	 n ã gÇü¿’ � c W_ ŒnÀüÆ£ÞÃ×gB‹� 7 ¦
n X M o Jy/beamgB‹�

í D�J]‰O�SŒo Sgr A� nÖéÃ¯Ûüëo Þ â Y‹
«üÖéÃ¯ÛüëgB‹Sh’ � s Y‹�ÖéÃ¯Ûüë
K‰Sn Ý â go � , ø þ Ö „ † K Õ � ¦ o vGR � 0•607 cg
B‹K‰� � �o Þ â † ä ’ \ � 43•8� n Ò ¦ K‰ ‹ fD‹h
DFShkj‹�Sn ³ , Çü¿oÖéÃ¯Ûüën]p�
� 2 K‰ p ' SB_Šn M @† ä n > � n Å 1 ’ + “gD‹h
� •Œ‹�

SŒ~g� Sgr A� n M @† ä k þ Y‹ � � n – Ú Ò
¦ kdDfo � 
 K‰ � * ~g � Ø j ¨ š LB‹� � Ñ
n GRAVITYn ³ , go i = 160� 10� (GRAVITY Collaboration
2018)� d~Š{| � 
 K‰h 1 J UŒ‹ � ¹ � û â ³ ,
K‰oWpWp � * K‰h ¨ š UŒfD‹� Cho et al.
(2022)o 30 � 40� å� h ¨ š � Dexter et al. (2010), Broderick
et al. (2011),]Wf Wang et al. (2013)o 50 � 68� h ¨ š Wf
D‹� Miyoshi et al. (2011)o SMIÕ kˆ‹Ôü¯ M n n 	 �
K‰ 87 � 87•7� �d~Š{| � * K‰h 1 J WfD‹�

å 
 ð y_ Sgr A� n M @† ä …t è � kdDfn p Ö
o� � �n � B Ï L c WDh î š W_ 
 gn‚ngB‹�
Figure 2 (a)k ‹ D`[‹ ® 0 Ë  Lê¢ëgB‹hWfn p
Ö gB‹n`L� Figure 2 (b)ko‚F � W' M•n © C Óü
àhWf 25 ` asn¬¦¹ ‹ Óüà’ • c_ 4 � n Ï ’ : W
_�Sn ó n 4 � � • t n —D ¹ �ÉÃ×éüÇÖü¹È ¹
gB‹h � c_ ¹ o ‹ HjOjcfD‹� “ cf� Figure 2
(a)k ‹ D`[‹ ® 0 Ë  oê¢ëgjDK‚WŒjD�

4.2 � �n � B Ï n á < '

� �n � B Ï n á < ' ’ U ¡ Y‹_•k� � �o c • �
/ E � ¯íü¸ãü M ø � ¯íü¸ãü / E n ‹ î ’ � —
W� EHTCnêó° Ï n 4 � n]Œ‰h Ô � W_� EHTCn
êó° Ï kdDfo� ]n Ï ’ Ë � Y‹ � »ën § � h]
n § � kJQ‹ 7 ¦ ’ —‹_•k� Event Horizon Telescope
Collaboration (2022a)n ó 3’Ç¸¿¤ºW_� � »ën 7
¦ ’ ­ • ¼ “` Œ� h S n 7 ¦ ’ 1Jyh î š Wf î c W� p
$ ; Ï Çü¿’ AIPSn¿¹¯gB‹ UVMODk e › W� EHT

2017n u-v «Ðüh � XÇü¿’ � dÓ¸ÓêÆ£»ÃÈ’
\ � W_� 1�

¯íü¸ãü M ø h¯íü¸ãü / E k ¢ Y‹ ‹ î ’ ¿ y
‹h� � �n � B Ï h EHTC êó° Ï hn “ k � º j U Do
‹ ‰ŒjD� c • � / E n ‹ î kdDf � Hp� EHTC êó
° Ï n 4 � kO‰y� � �n � B Ï go ‹ î L J � kjcf
D‹� jJ� � �n � B Ï h EHTC êó° ; n ! ¹ h‚g�
‹ î L M87 (Miyoshi et al. 2022a)n 4 � n]Œ‰ˆŠ‚Kj
Š ' MDSho è î k $ Y‹�J]‰OSŒo� Sgr A� n �
å nFak w S‹ %� j 	 Õ n q ÿ gB•F�

4.2.1 EHTCêó°h Ô � W_� � �n � B Ï n c • � / E
n ‹ î

Figure 3k c • � / E ‹ î (Section 3.1.6, Appendix A)’ : Y�
EHTCn¤áü¸ó°Áüà‚ | ‰n ã • njKgSŒkd
Df ¿ yfD‹�

� � n � B Ï o� M � B “ (Tint = 10 secK ‰
Tint = 900 sec~ g n “ )k ¢ • ‰ Z� EHTC ê ó ° Ï n
4 � ˆŠ‚� ‹ î n s G $ h � – O î L 8 k � UO : U
ŒfD‹� � �n � B ; Ï n ‹ î n s G o 0K‰ 0.2gB
‹ n k þ W� EHTC ê ó ° ; Ï n ‹ î o 0.2K ‰ 0.6g B
‹� � �n � B ; Ï n � – O î o 1M ŒgB‹nk þ W�
EHTC ê ó ° ; Ï n ] Œ o 1å 
 3å � g B ‹� ‹ H p�
M � B “ Tint = 180 seck J D f � � n � B Ï o c • � /
E ‹ î o NRours = 0•080� 0•397gB‹L� EHTCnêó°
Ï n ]Œo NREHTC = 0•862� 1•552gB‹� WKW� M87
(Section 5.4)n 4 � n ‹ î h Ô � Y‹h Sgr A� go � �n �
B Ï ‚ EHTCnêó° Ï ‚ —‰Œ_ c • � / E n ‹ î n $ o
WWO ' MD� � jOh‚�SŒ‰n ' Mj ‹ î o� � �
n � —ß¹kˆ‹‚ngojDh º á WfD‹� j\j‰�
Event Horizon Telescope Collaboration (2022d)L � Y EHTC ê

1 M87n 4 � h U cf� Sgr A� n ® Ï Ñ¤×é¤ó’ EHTCo l ‹ W
fDjD�

MNRAS 000, 1�29 (2024)
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Figure 2. � �n ã • K‰ —_ Sgr A� n � B Ï �ÑÍë (a)o 20 ` as(HPBW)µ¤ºn¬¦¹ ‹ n © C Óüà’ CLEAN � � k i ( Wf Ï D_‚
n�ÑÍë (b)o 25 ` as(HPBW)µ¤ºn¬¦¹ ‹ n © C Óüà’ CLEAN � � k i ( Wf Ï D_‚n�h‚k � ¦ n X M o Jy•beam
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ó° Ï n 4 � n ‹ î P œL� � �n ‹ î � • P œh Û þ Wf
DjDK‰ �̀ M87n 4 � n ‹ î ˆŠ‚ ' Mj ‹ î hj‹
Ÿ à o� Sgr A� n 7 ¦ h Ë  L í � 	 Õ Y‹Sh`•F� ³
, - k 	 Õ Y‹ ) S Ë  ’ X � n Y b ; Ï g h þ WˆF (h
! � ’ 	 hW_ P œgB‹�

y ´ „ jno� M � B “ k þ Y‹ ‹ î n � Õ gB‹� � �
n � B Ï go� M � B “ ’ 	 Hf‚ $ n 	 � o ' MOjD
L� EHTC êó° Ï go� s G $ h � – O î L M � B “ hh
‚k • �k —  WfD‹ˆFk ‹ H‹�

� , „ k� ± Ñ ó kˆ‹ ‹ î o M � B “ hh‚k � � Y
‹�SnÇü¿»ÃÈgoSŒL ³ ß UŒjD_•�SSg
n ‹ î o ± Ñ ó kˆ‹‚ngojO�€W• U ‰Kn û q ¤
î kˆ‹‚ngB‹h P Ö eQ‹ShLgM‹� å� k ¬ �
Y‹¯íü¸ãü M ø h¯íü¸ãü / E k ¢ Y‹ ‹ î g‚
� Ø n � Õ ’ : WfJŠ� ± Ñ ó å � n U ‰Kn • à L * â
gB‹Sh’ : � WfD‹�

EHTêó° Ï n 4 � � M � B “ ’ w OY‹h ‹ î L ' MO
j‹ � 1 hWf�³Òüìó¹n Þ © L 
 A � gB‹ShL
� H‰Œ‹� Ï L 
 i � jâÇëgB‹ 4 � �»ëÕ­ãê
Öìü·çókˆ‹Çü¿n � c o S 6 
 A � hj‹� ' �
- n 4 ¸ � kˆ‹ M ø 	 Õ n q ÿ L A � k d » gMZ�Çü
¿L : Y / E $ L � UOjŠ� c • � / E kJQ‹ ‹ î L '
MOj‹ ï ý ' LB‹�

(Ø ¦ Ò L N D{i� ' � M ø 	 Õ n q ÿ L ' MOj
‹� � @gn ³ , Ø ¦ Ò ’W‰yf•_ 	 � ³ , @kJ
Q‹ Sgr A� n ³ , Ø ¦ Ò o� � c_{i Ø OojD�Áêk
B‹ ALMA h¢¿«ÞÑ¹Õ¡¤óÀü Ÿ � (APEX)n ³ ,
@go� � ' Ø ¦ Ò o � 80� k T Y‹L� LMT�¸§üàº
û¯éü¯ûÞÃ¯¹¦§ë � ` á (JCMT)�µÖßê â r
	 � (SMA)n ³ , @go� � ' Ø ¦ Ò o � 40� gB‹�¢ê
¾Ê Þ nµÖßê â � ` á ³ , @ (SMT� AZ)hÔ³ûÙì
¿ (PV)@n Ø ¦ Ò o 30� * € gB‹� SPT@o Wu ¹ k M n
WfD‹_•� ³ , UŒ‹ ð Ò o{| 30� g � š gB‹�

4.2.2 EHTCêó°h Ô � W_� � �n � B Ï n¯íü¸ã
ü M ø n ‹ î

Section 3.1.7h Appendix Bg : WfD‹ˆFk�¯íü¸ãü
M ø o�¢óÆÊk w à Y‹ û q ¤ î n q ÿ ’ × QjD Ï g
BŠ� ú Ú k ú eO ¤ î L X ( WjD P Š� ) S Ë  �]n
� ¦ � � n•k • X Y‹ Ï gB‹� ³ , Çü¿n]Œhh Ï
K‰ (� Õüê¨ 	 Û kˆcf 	 � ú UŒ_]Œn “ n ø U
o� Ï h ³ , Çü¿n t � ' ’ U ¡ Y‹ 
 g Í • j � � hj
‹�

SSgo� � �n � B Ï h EHTCnêó° Ï n¯íü¸ã
ü M ø n ‹ î ’ Ô � Y‹ (Figure 4)� ‹ Hp� Tint = 180 secn
4 � � � �n � B Ï n ‹ î o Rescp = 0•2 � 58•1� gBŠ� �
¹ � EHTC êó°n ‹ î o Rescp = � 4•3 � 55•3� gB‹�

� �n � B Ï n ‹ î n s G $ o� M � B “ k ¢ Â jO¼í
k Ñ D� � ¹ � EHTC êó° Ï n ‹ î n s G $ ‚�¼íK‰
]Œ{i â ŒfDjDn`L� � – O î n ' MU’ � n Y‹
h� M � B “ k ¢ Â jO� 8 k¼íK‰ p ¦ â ŒfD‹�S
nShK‰� � �n � B Ï o Ÿ › n ) S Ë  k EHTCn Ï k
Ô yf � Wo Ñ Dngoh � H‰Œ‹�

WKW� ia‰n 4 � ‚� M � B “ hh‚k � – O î L
� � WjD� ‚W ¤ î L ± Ñ ó kˆ‹‚ngB‹j‰p�
� – O î $ o M � B “ n -0.5Wk Ô ‹ Wf � � Y‹oZgB
‹ (/ T� 0•5

intg )�

s G $ L¼ík Ñ O� � – O î L � 50 � g M � B “ k ¢ Â
jO � š gB‹ � 1 ‚� Sgr A� n Ë  n B “ 	 � kˆ‹‚n
K‚WŒjDh ¨ , W_�Sn ¨ , L c WDnK º • Y‹_

Figure 3. c • � / E n ‹ î n q � �ÑÍë (a)o c • � / E n ‹ î
n s G ’�ÑÍë (b)o]n � – O î ’ : Y� d Ú o EHTC êó° Ï
n 4 � n ‹ î q � Ï (s G � � – O î 	 � R Ú o � �n � B Ï n 4 �
n ‹ î q � Ï gB‹� Ÿ Ú o h Çü¿n ‹ î n q � Ï ’ : W� 4 Ú
o ŒdB‹ � 2 ÁãóÍënFaíüûÁãóÍëhÏ¤ûÁãó
ÍënÇü¿k P š Wf � —W_ 4 � n q � Ï ’ : Y�

•k� 2dn � 2 ÁãóÍë “ n¯íü¸ãü M ø î ’ ¿ û
W_� Sgr A� n 7 D í � „ 	 Õ k‚KK•‰Z� � B k �
2 UŒfD‹ng � Ö „ ko � X¯íü¸ãü M ø $ ’ :
YoZgB‹�W_Lcf� � 2 ÁãóÍë “ n¯íü¸ã
ü M ø î o s G Y‹h¼íkj‹oZgB‹�]Wf ¤ î h
Wf ± Ñ ó n•L X ( WfD‹j‰p� � – O î o M � B “
n -0.5Wk Ô ‹ Wf � � Y‹oZgB‹�

å� n s 0 j � —K‰� � 2 ÁãóÍë “ n ³ , h â p
- š n•ZKj î o ! – gM‹ShL•K‹� 2dnÁãó
Íën ³ , h â p o•ZKk p jŠ� h â p n î o•ZK
0.88 % (227.1h 229.1 GHz)gB‹� º Kk� Sgr A� n Ë  
ko h â p • X ' LB‹L�Sn h â p kˆ‹ U Do•ZK
1 %* € gB‹� Johnson et al. (2018)n Sgr A� n ' MUn ¨ š
$ ’SSk Ü ( Y‹h� Ë ( Y‹×éºÞkˆ‹µ¤ºn ƒ
LŠn U Do 0•4 � 0•2 ` ashj‹�~_ Sgr A� n ,e nµ¤
ºgo� ]n î o•ZK 0•46 ` asgB‹�SŒ‰o ³ , n z
“ � ã ý (� 20 ` as)ˆŠ‚o‹Kk � UO�W_Lcf� )

MNRAS 000, 1�29 (2024)



EHT 2017t ³ , n Sgr A� Çü¿n ì Ë Ï¤ÖêÃÉ¤áü¸ó° ã • 11

S Ë  „ c q n q ÿ n h â p • X ' k w à Y‹ � 2 ÁãóÍ
ë “ nÇü¿n U Do , ê „ k ! – gM‹Shkj‹�

hS•L� ˆ � [l P œ� � 2 ÁãóÍëk + ~Œ‹ ) S
Å 1 k …è Û þ LB‹h � •Œ‹ P œLgfM_�

ÁãÍë “ n¯íü¸ãü M ø î n � – O î o ˆ ó ˆ
Š ‚ ' MD� ‹ Hp� Tint = 180 secn M � kJQ‹ î o
0•007 � 54•9� gBŠ�SŒo 
 k : W_¯íü¸ãü M ø
‹ î n $ hB~Š 	 •‰jD� º Kk� s G $ L � …� Š{
|¼ígB‹nk þ W� M � B “ ’ 	 Hf‚ � – O î oB~
Š � � WjD�‚W h â p ÁãÍë “ n h â p n U Dk • X
Wf ) S Ë  L ' MO p jcfD‹ 4 � � 2dnÁãÍë “
n î n s G $ o¼íkj‰jD�WKW� ³ , UŒ_ s G $
o{|¼ígB‹_•� ³ , ) S n Ë  k 	 � j h â p • X
' LB‹ho ã È gMjD�J]‰O�Çü¿ko¯íü¸
ãü M ø k ¢ Wf …è „ j Û þ LB‹Sh’ � s WfD‹�

Figure 4ko�ÁãÍë “ n¯íü¸ãü M ø î ‚ : Wf
D‹�¯íü¸ãü Ï n 
 t � o�Çü¿L ) S Ë  k ¢ W
f c WO Å 1 ’ + “gDjD ï ý ' ’ : � WfD‹�Sn
O L ’ ñ O ˜ Š � R‹_•k� EHTCK‰ � , k l ‹ UŒf
D‹Yyfn Sgr A� ³ , Çü¿’ ¿ û W_�SŒ‰nÇü¿
n 2dn � 2 ÁãÍë “ n î p kdDfo� Appendix Gg ¬
� W_�

4.2.3 EHTCêó°h Ô � W_� � �n � B Ï n¯íü¸ã
ü / E n ‹ î

SSgo�¯íü¸ãü / E n ‹ î ’ ¿ y‹�¯íü¸ãü
/ E o� Section 3.1.7h Appendix Cg : UŒfD‹ˆFk�
� ¢óÆÊK‰n û q ¤ î koˆ‰jD Ï gB‹�¯íü¸
ãü M ø � Ø � Ï h ³ , ) S n Ÿ › n Ë  hn “ n t � ' ’
U ¡ Y‹_•n : ¦ hWf _ ý Y‹� Figure 5k� c • � ¯
íü¸ãü / E n Ÿ › n ‹ î ’ : Y�

‹ Hp� Tint = 180 secn 4 � � � �n � B Ï n c • � ¯í
ü¸ãü / E ‹ î o Resca = 0•473� 3•784gB‹L� EHTCê
ó°n]Œo� Resca = 0•432� 3•643gB‹�
Ô � Â g n_•kÁãÍë “ n c • � ¯íü¸ãü / E
n î p ’ : Y : Tint = 180 secn 4 � � Ï¤ÁãóÍë’ ú –
kY‹h Resca = 0•480� 2•339 íüÁãóÍë’ ú – kY‹
h Resca = 0•686� 6•746hj‹�

� �n � B Ï h EHTC êó° Ï n ! ¹ kJDf� c • � ¯
íü¸ãü / E n ‹ î o ! – gMjD�SSg‚� ‹ î $ o
Å ZW‚ M � B “ hh‚k � � Y‹•QgojDShL•K
‹� M � B “ L 300 sec~gn 4 � � s G $ h � – O î o � ,
„ k � � Y‹�WKW� M � B “ L 300 sec’ …H‹h� ! �
o —  Y‹�U‰k� � ' $ L 180 secn M � B “ g —‰Œ‹
ShLB‹Sho è î k $ Y‹�

Figure 5go� c • � ¯íü¸ãü / E n ‹ î `QgjO�
2dn � 2 ÁãóÍë “ n î ‚ : WfD‹�

s 0 o Appendix F’ Â g Wf{WD� ‚WSSg ‹ dKc
_ÁãÍë “ n c • � ¯íü¸ãü / E n î L�¯íü¸ã
ü / E k U ‰Kn û q ¤ î L + ~ŒfD‹Sh’ � s Y‹j
‰p� ‹ î Ï nˆŠ � UD � i j Ï ’ x ž Y‹Sho ð ã h
j‹�

4.2.4 � �n � B Ï kJQ‹ PSFË  n q ÿ

� , „ k� PSF Ë  ’ Œh k ’ d W_ Ï ’ —‹Sho ^
8 k ã WD� � �n � B Ï k PSFË  k w à Y‹h � •Œ
‹ y ´ LjDK ¿ y_� 2017t n EHT¢ì¤n PSFgo�

Figure 4. ¯íü¸ãü M ø k ¢ Y‹ ‹ î n q � �ÑÍë (a)o¯í
ü¸ãü M ø n ‹ î n s G ’ : Y�ÑÍë (b)o]n � – O î ’ : W
fD‹� d Ú o EHTC êó° Ï n 4 � � R Ú o � �n � B Ï n 4 �
n¯íü¸ãü M ø n ‹ î n q � Ï (s G $ � � – O î 	 gB‹� h
Çü¿k þ Wf � —W_ ‹ î n q � Ï o Ÿ Ú g : Y� 2dn � 2 Á
ãóÍLB‹L�]Œ^Œ %�kWf � —W_ 4 � n ‹ î n q � Ï
’ ¹ Ú g : Y�U‰k� Ò D ¹ Ú o 2dn � 2 ÁãÍë “ n¯íü¸
ãü M ø n� î 
n s G $ � � – O î ’ : Y�

� 50 ` as“ ” n Ë  L U WgB‹� � ‚ U Wjno�á¤ó
Óüàh , � µ¤ÉíüÖn “ n “ ” gBŠ� 49•09 ` asgB
‹� Figure 6o� I Ø Ú kˆ‹ h þ g � �n � B Ï ’ : W_
‚ngB‹� - Ã nÔü¯K‰ � 50 ` asâ Œ_ M n k�DO
dKn u ' $ L ‹ ‰Œ‹� y k� P1� P2� P3� P4o�Ôü¯
K‰ 50� 2•5` asn Ý â kB‹�SŒoJ]‰O PSFË  n q
ÿ kˆ‹‚nh � •Œ‹�WKW� � B Ï n h S „ j � ¦ �
� ko ' Mj q ÿ ’ � HfDjDˆF �̀

4.2.5 � �n � B Ï n á < ' n~h•

¯íü¸ãü M ø h c • � ¯íü¸ãü / E kJQ‹ ‹ î K
‰� � �n � B Ï n á < ' ’ • � Y‹h� EHTC êó°hn
“ k 	 � j î o ‹ ‰ŒjKc_�WKW� � �n � B Ï n c
• � / E n ‹ î o EHTC êó°n 4 � k Ô yf � 2
 o } g
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Figure 5. c • � ¯íü¸ãü / E n ‹ î n q � �ÑÍë (a)o s G $
’ : W�ÑÍë (b)o þ Ü Y‹ � – O î ’ : Y� Ÿ Ú o h Çü¿n c
• � ¯íü¸ãü / E n ‹ î n q � Ï (s G $ h � – O î 	 ’ : Y�
d Ú o EHTC êó° Ï n 4 � n q � Ï � R Ú o � �n � B Ï n 4 �
gB‹� ¹ Ú oíüûÁãóÍëhÏ¤ûÁãóÍënÇü¿n•
k þ Wfn ‹ î q � ’ h Y�jJ Ò D ¹ Ú o 2dn � 2 ÁãÍë “ n

� î 
’ h Y�

BŠ� � �n � B Ï o Ô � „ � ³ , Çü¿hn t � ' nB‹
‚ngB‹Sh’ : WfD‹�

Sn ¿ û g� Sgr A� n B “ 	 Õ ho h O ! ¢ Â k� ³ , Ç
ü¿n Á ê ]n‚nk ñ ; j O L LB‹ ï ý ' L Ø DShL
� Kc_� ø ¢ æ� ’ + € EHTÇü¿ æ� k U ‰Kn …è „
j 
 t � LB‹nK‚WŒjD�¯íü¸ãü Ï L Ý X UŒ
fDjD 4 � �]n � ¦ o 
 � gB‹L� ; Ï n Å 1 L 4 

WfD‹ ï ý ' LB‹� � �n � B Ï h EHTC êó° Ï n !
¹ L � X � ¦ n¯íü¸ãü ‹ î ’ : WfD‹ShK‰�¯
íü¸ãü Ï n ‹ î ã • K‰o 50 ` as� ¦ n ' MUn b ¶ ’
	 ! ’ z š gMjD{iÇü¿L 4 
 WfD‹ ï ý ' LB
‹� Appendix Gg : UŒfD‹ˆFk� EHTCÇü¿ko�
� 2 ÁãÍë “ k ¬ � gMjD¯íü¸ãü Ï n 
� ô LY
yfn l ‹ Çü¿ko X ( Y‹� þ ( n EHTl ‹ Çü¿n•
’ • ( Wf�SŒ‰n * å n¨éün Ÿ à ’ y š Y‹Sho
u •f ð ã gB‹� EHTl ‹ Çü¿o� � p nÁãóÍën
s G � hÞü¸kˆŠ� B “ � ã ý o N � WfJŠ� � 2 Á

ãóÍën / ß E h O I y ' o 1 •ŒfD‹�¯íü¸ãü
Ï n 
� ô n Ÿ à ’ y š Y‹ko� ø ¢ h n � ú › Çü¿’
Á§Ã¯Y‹ Å • LB‹� ³ , B k � 2 UŒ_Çü¿L ) (
ï ý j 4 � o� ø ¢ ×í»¹K‰ • þ YyMgB‹�

5 EHTC êó° b ¶ h VISIBILITY Çü¿n ¢ Â

SSgo� 2017t n EHTkˆ‹ Sgr A� n ³ , kJDf� ]
n PSFË  kˆŠ� ô „ � 50 ` asnêó°L (¤ cf 	 z � U
ŒF‹Sh’ ¬ � Y‹�SŒo ; k� PSFË  ká¤óÓü
àK‰ � 50 ` asn M n k � ' nµ¤ÉíüÖLBŠ�Kdá
¤óÓüàhn - “ ¹ k � ‚ ñ D   n � � $ LB‹_•gB
‹�

5.1 Sgr A� k þ Y‹ 2017t n EHTn u-v «Ðüh þ Ü Y
‹ PSF

SSgo� 2017t n EHTL Sgr A� ³ , kJDfµó×ëg
M‹ u-v «Ðün ¿ û ’Y‹� EHTCÖ ‡ (Event Horizon
Telescope Collaboration 2022a)go� u-v s b kJQ‹ u-v «
Ðün Ä ò ’ : WfD‹� ‹ õ jL‰� � 8 � On Ö ‡ g :
UŒfD‹Sn¿¤×n ó go�Çü¿nµó×ë Ï kdD
fo•K‰jD� ]Sg� Figure 7go�Õêó¸ “ ” k þ
Y‹Çü¿µó×êó° p n � � ’ : W_�×íÃÈko�
� � Õêó¸ “ ” 24 ` asK‰ 80 ` as~gnµó×êó°LB
‹L�Õêó¸ “ ” kˆcfµó×ë p L ' E k p j‹Sh
L•K‹� ø õ UŒ‹no� 30 ` aså� k 2dn Œh j * µó
×êó°n z } LB‹Sh �̀

Sgr A� ³ , Çü¿n u-v � � k ú eDf� PSFko 30 ` as*
€ n “ ” g n U W j ù ø Ë  ’ � d h ˆ ó W _�
Sgr A� n EHTC êó° Ï n ' MUo ô „ 50 ` ash , š UŒ
fDf 2 � 30 ` asn h ŠgojD� Ê Þ n Sgr A� n EHTC ê
ó° Ë  o PSFË  kˆ‹‚ngojO� Ÿ › n ) S Ë  
n y ´ kˆ‹‚ngB‹ngoh � …W_� Ÿ › n PSFË
 ko� � 50 ` asn¹±üëg U Wj 
� Y‹ Ë  L ‹ × Q
‰Œ‹ (Figure 9)�W_Lcf� u-v «Ðü`Q’ ¿ yf‚�
PSFË  ’ Œh k � ã Y‹ShogMjD� f S Ö ‡ go�
u-v «Ðün ó `QgjO� PSFË  ]n‚n’ : YShL

 ï  gB‹�Sn PSFn s 0 j y ' o å� k ‚ ¬ Y‹�á
¤óÓüào PSFË  n - Ã g b � UŒ‹�á¤óÓüà b
¶ xn¬¦¹Õ£ÃÆ£ó°kˆŠ�ÇÕ©ëÈnì¹È
êó°ÓüàhWf ¹FWHMº = 23•0 � 15•3 ` as� w ø n B Ò
o PA = 66•6� (Event Horizon Telescope Collaboration 2022c)L
—‰Œ‹�Snµ¤º , š k ú eDf� EHTCkˆ‹¤áü
¸ó°n z “ � ã ý o 20 ` ash š © UŒfD‹�SŒo u •
f ê 6 j , š gBŠ� � �n � • kJDf‚ i � gB‹S
hL º • UŒfD‹� Â � ~gk�ÇÕ©ëÈn © C Óüà
h EHTCL • ( W_ © C Óüàn Ô � h� EHTCL —‰Œ_
Ï hn ¢ Â ’ Figure 8k : Y�ÇÕ©ëÈn © C Óüàn b
¶ h ' MUo� EHTC êó°n - . n t �ÖéÃ¯Ûüëû
·ãÉüh � •Œ‹ è � ka‡Fi Î ~cfD‹� PSFn Ë
 ’ º • Y‹ › ko�á¤óÓüàn b ¶ hµ¤º`Qgj
O� PSFk þ Œ‹]n Ö n Ë  ‚ � n Y‹ShL Í • gB‹�
~Z � � k � n YyMSho� , � µ¤ÉíüÖn Ø Uh�
; Óüàk þ Y‹ M n gB‹� Figure 9k PSFË  ’ : YL�

2 EHTCg , š U Œ _ Ö é Ã ¯ Û ü ë û · ã É ü n ô
„ o d = 48•7 � 7•0 ` asg B Š� � ‹ O * D ê ó ° n ô „
o d = 51•8 � 2•3 ` asg B ‹ (Event Horizon Telescope Collaboration
2022a)�
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Figure 6. � �n � B Ï kJQ‹ PSFË  n q ÿ ’ ‹ ‹� ; Ï - n @@u ' ’ R D A Wg� @@„ u � ¹ ’ d D � p g : Y� P1� P2� P3� P4o
- . nÔü¯K‰ 50 � 2•5` ask M n Y‹ @@„ u ' ¹ gB‹� I $ Ú oÔü¯K‰¼íìÙë~gn : “ ’ 50�r Wf 2 %Thk ; “gD‹�
- . nÔü¯ M n ’ - Ã kWf� ô „ 25h 50 ` asn † ’ Â � n_• Ï D_�

, � µ¤ÉíüÖoá¤óÓüàk þ Wf (� 3–̧ 49 ` as)h
(¸ 3–� 49 ` as)k M n Y‹�SŒ‰ 2dnµ¤ÉíüÖoia‰
‚�á¤óÓüàK‰ 49•09 ` asâ ŒfD‹� Sn Ý â o�
EHTC êó°n ô „ k I WD� , � µ¤ÉíüÖnÔü¯n
Ø Uo�á¤óÓüànÔü¯ Ø Un ¸ 49•1 %k T WfJŠ�
SŒoMa“h -� W_ û â r 	 � n PSFg ‹ ‰Œ‹µ¤É
íüÖˆŠ‚ A U Dk Ø D�Çü¿n / E � c L 
 A � j 4
� �á¤óÓüàhµ¤ÉíüÖn Ý â k I WD Ý â k� �
nÔü¯ˆŠ‚ Ø D } nÔü¯L þ Œ‹ ï ý ' LB‹� ‚F
� dn Í • j ¹ o� PSFË  k ñ DÞ¤Ê¹n $ hj‹ è �
L X ( Y‹ShgB‹�SŒ‚ PSFË  k Ä � Y‹ z “ Õü
ê¨ � � L 
 A � j_•gB‹� 2017t n EHTgµó×êó
°UŒ_Çü¿»ÃÈgo� PSFË  ko ^ 8 k ñ DÞ¤Ê
¹n � ß LgMBL‹� Figure 9n R D � ß o� ìÙëL  
gB‹ 4 @’ : WfD‹�

PSF Ë  n � ‚ ñ D u � $ o� (� 2–̧ 25 ` as)
h (¸ 2–� 25 ` as) k þ Œ� S Œ ‰ n á ¤ ó Ó ü à K ‰ n
Ý â o 25•08 ` as gB‹� Sn Ý â o EHTCL , š W_ � ‹
O * Dêó°n J „ (r = 51•8� 2•3

2 = 25•9 � 1•15 ` as) h � Xg
B‹� ~_� � ñ è n u � $ n ñ Uoá¤óÓüàn Ø U
n � 78•1 %k T WfD‹ShL è î UŒ‹� ALMA nˆFj

�  P g Ë � UŒ_ r 	 � n PSFË  go�SnˆFj ñ D
O|•o ‹ ‰ŒjD�

~h•‹h� 2017t n EHTn Sgr A� k þ Y‹ PSFo� í O
Ø Dá¤óÓüà’ b � WfJ‰Z�µ¤ÉíüÖnÔü
¯L Ø O� ƒ D Ä ò kDOdKnÞ¤Ê¹hj‹O|•’
� a�gS|SW_ Ë  ’ b � WfD‹�~_� PSFnjK
g 
� Y‹ Ë  o� ]n x ‹ „ j “ ” LJˆ] 50 ` askj
‹� Figure 9k : YˆFk�á¤óÓüàh , � µ¤Éíü
Ön - “ ¹ (� t n 	 ’ - Ã k ô „ 50 ` asn † ’ Ï Oh� ]
n † h 
 kÔü¯ ¤ L X ( Y‹Shkj‹� “ cf� 2017t
k EHT¢ì¤gH_ Sgr A� nÇü¿K‰o 50 ` asµ¤ºn¢
üÁÕ¡¯È (=¤ Š 	 L ® Ï P œk c X‹ ï ý ' L ¼ Dh �
�o � H‰Œ‹�

5.2 êó°ho p j‹ Ë  ’ + € ! ì Çü¿K‰nêó° Ï

SSgo� EHT2017n PSFË  k w à Y‹¢üÁÕ¡¯È
(=¤ Š )hWf�êó° ¶ Ë  L � X‹ ï ý ' ’ û q „ k �
� Y‹� AIPSn¿¹¯gB‹ UVMOD’ ( Df 2dn·ßå
ìü·çóÇü¿»ÃÈ’ \ � W_� � do� w S „ j Ï Ë
 ‚_Z X k þ Ÿ „ j 7 ¦ nÎ¤ºn•g Ë � UŒ‹ ! ì Ç
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Figure 7. h ú Ú K‰ —_ ³ , Çü¿n � � (2017t 4� 7å ³ , Çü
¿ 	 � * ø o� Ö —UŒ_ visibilityÇü¿nÕêó¸ “ ” ’ ` asX M g
: Y� & ø oµó×ë p gB‹� d D Ú � o EHTCg , š W_êó
°n ô „ (d = 51•8 � 2•3 ` as)k ø S Y‹Õêó¸ “ ” ’ : WfD‹�
Ö —UŒ_Çü¿ko� Ö k 2.2 arcsecK‰ 3.2 arcsec� ¦ n z “ Õ
üê¨ � � LB‹�SSgo�SnˆFj ' Mjµó×ëo � e W
f×íÃÈWfD‹�

ü¿� ‚F 1do� h OÎ¤ºnjD � ¹ • Ë  ’ � d ! ì
Çü¿gB‹� ia‰‚� EHT¢ì¤ (2017	 n Sgr A� ³ ,
k þ Y‹nhJjX u-v «Ðü’‚d ! ì Çü¿gB‹�

Ÿ › n ³ , Çü¿o � 8 � 	 P j ' MUn ) S n Ë  k ¢
Y‹ Å 1 ’Î¤ºn ¤ î ’ 4 cf + “gD‹�SSg ( D_
! ì Çü¿o�]nˆFj Ÿ › n ³ , Çü¿K‰ � ‚ ` D u
ï j‚ngBŠ�êó° Ë  nÇü¿ho � ‰Kk h O p j
‹‚n �̀ Î¤º’ + ~jD � ¹ • ! ì Çü¿ko� ^ 8 k
X � j Ë  k ¢ Y‹ Å 1 L + ~ŒfJŠ� Î¤ºLjD_
•� � ¹ • Çü¿gB‹ShLYPk ¨ , gM‹ (/ E o •
q ú Ú w k • X [Z � š � ¯íü¸ãü M ø o 8 k 0�¯í
ü¸ãü / E o 8 k 1	 � ‚F � dn ! ì Çü¿� ) S Ë  o
� _Z� X kÎ¤ºn•g Ë � UŒfD‹ ! ì Çü¿n 4
� � M ø n $ o 0K‰ 2 cn “ géóÀàk � Ø k � � WfD
‹�SnÇü¿’Á§Ã¯YŒp� s § kÎ¤ºL / M „ j
Çü¿»ÃÈgBŠ� Ï � � æ� ’Y‹ � s LjDh P Ö g
M‹ˆFjÇü¿ �̀ Ÿ › nÇü¿ ã • go� Ï � � æ� n
M kÇü¿n y ' ’ ¿ y‹�Sn ! ì Çü¿g (¿ yŒp 	
o Ï � � æ� ’Wf‚êó°ogfSjDShoYPk � ã
gM‹�]nˆFj ! ì Çü¿’ ( Df�SSg : W_Dn
o� EHT2017n Sgr A� ³ , Çü¿nˆFj O WD ³ , Çü¿
k þ W�»ëÕ­ãêÖìü·çóh – Î ’ 6 P Y‹ShL
iŒ`Q 7 O ® Ï k q ÿ ’ � H‹KgB‹�

ô „ 51•8 ` asnªÕ»ÃÈêó° Ï h EHTCnêó° Ï ’
( Df»ëÕ­ãêÖìü·çó (=M ø h / E n ! ¹ k þ W
f 	 ’ L c_�~_� � ß ’ BOX › Qg 6 P Wf CLEANk
ˆ‹ ® Ï ’ L c_� Figure 10k·ßåìü·çón P œ’ :
Y��Î¤ºn•g Ë  jW
h�Î¤ºjWn � ¹ • 
n
! ¹ n ! ì Çü¿K‰�»ëÕ­ãêÖìü·çóg ; Ï â
ÇëhWf ( D_‚nh � XˆFjêó° ¶ n Ï ’ • þ Y‹
ShLgM_ 3� ªÕ»ÃÈW_êó°n 4 � �»ëÕ­ã

3 b } DShk��Î¤ºn•g Ë  jW
n ! ì Çü¿nÀüÆ£
ÞÃ×go� x ‹ „ j¹±üëL 50 ` asO‰DngS|SW_ Ë  
L ‹ ‰Œ‹�

Figure 8. ÇÕ©ëÈ (� � 8 	 n © C ûÓüàh EHTCn Ï n Ô
� ó � ÇÕ©ëÈn © C ûÓüào FWHM = 23•0 � 15•3 ` as �
PA = 66•6� n U † ¶ ¬¦·¢ó b ¶ g� ÑÍëgo R D U † g :
UŒfD‹� } D † o EHTCL]n ; Ï \ � k • ( W_ © C ûÓü
àgB‹�ªê¸Êën Ï o� Event Horizon Telescope Collaboration
(2022a)n Figure 3gB‹�

êÖìü·çókJDf � H‰Œ_âÇëh{| � X Ï L •
þ UŒfD‹�»ëÕ­ãêÖìü·çókJDf EHTC ê
ó°’ ( D_ 4 � n P œgo� EHTC êó°k < fD‹L�
Œh j • þ gojD�SŒoJ]‰OÇü¿n Í • Ø Qn
U Dkˆ‹‚ngB•F� EHTCo ì ê nÇü¿ Í • Ø Q’
Wfêó° ; Ï ’ —_L (SŒkdDfo Section 6g p Ö Y
‹ 	 � � �n·ßåìü·çógo | ‰� H n Í • Ø Qo •
cfDjD�Sn ¹ ’ � n Y‹h� � �n·ßåìü·ç
ó P œo� ú , „ k ^ êó°Çü¿K‰ EHTCnêó° ; Ï
h � I n‚n’ • þ W_h � H‹nL ¥ S gB•F��Î¤
ºn•g Ë  jW
h�Î¤ºjWn � ¹ • 
n ! ! ì Çü
¿o� ]nÇü¿Lªê¸Êëk + “gDjD Ï (êó° 	
’ ( D_»ëÕ­ãêÖìü·çókˆcf� � c 
UŒ�
^ 8 k í D BOX - š g ® Ï L º ’ L FShg� ªê¸Êë
n Ï gojO�êó° b ¶ L —‰Œ_� Sn P œo� EHT
2017n Sgr A� k þ Y‹ u-v «Ð -L� ³ , ) S n Ë  ’ c º k
• þ Y‹ko 
 A � gBŠ� (»ëÕ­ãêÖìü·çój
ikJDf ã • � L 	 ó š W_âÇë Ï h � ô Y‹ P œ’‚
_‰Y ï ý ' L ¼ DSh’ : Y Í • j F � n � dgB‹� �
‰Kk�»ëÕ­ãêÖìü·çóo¢óÆÊÙü¹n � c
ã L’ —ú Y‹ng�]Œ’Çü¿k i ( Wf‚�Çü¿n
¯íü¸ãü Ï o 	 •‰jD�‚W� � c UŒ_
Çü¿n
¯íü¸ãü Ï h� —‰Œ_ ; Ï K‰Õüê¨ 	 Û Wf —
_ visibilityÇü¿n¯íü¸ãü Ï ’ Ô � YŒp� ! � o �
XgojD�SSg —‰Œ_êó° ¶ n ; Ï L¢üÁÕ¡¯
È (¤ c_ Ï 	 gB‹Sho � ‰KgB‹�

% n ³ ¹ K‰� Sn·ßåìü·çó P œ’ � < Y‹�
Figure 11o� Ï z “ gojO� visibility z “ gn P œ’ :
WfJŠ�êó°âÇëkˆ‹»ëÕ­ãêÖìü·çó
h� CLEAN æ � g ( D_ í D BOX - š L� C �êó°g
jD – • ' Çü¿’ ' MO 	 � U[f�êó° Ï ’ u Š ú
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Figure 9. 2017t n EHTn Sgr A� ³ , (2å î )Çü¿n PSFË  (û â r 	 � n S ž hWfoÀüÆ£üÓüà 	 hÀüÆ£ÞÃ× (� Çü¿’
X � kÕüê¨ 	 Û Wf Ï kW_‚n 	 �ÑÍë (a)� (c)� (d)o 2017t 4� 7å k Ÿ ½ W_ ³ , n PSFË  (ÀüÆ£üÓüà 	 gB‹�ÑÍ
ë (b)o� visibilityÇü¿’Õüê¨ 	 Û Wf —‰Œ_ÀüÆ£ÞÃ×gB‹�ÑÍë (c)go� Ò n xÞü¯L - Ã Ø Ñ nÔü¯hj‹ u ' ¹
’� Ä r n xÞü¯L (Þ¤Ê¹kj‹ 	 � ‚ ñ DO|•’ h WfD‹� Ä r n ¹ Ú o�ÀüÆ£ÞÃ×n � ñ è (� t n‚n 	 n M n ’ - Ã
hW_ ô „ 50 ` asn † ’ : Y�ÑÍë (d)go� EHTCnêó° Ï (R D I Ø Ú 	 ’ÀüÆ£Óüàk Í mfD‹� I Ø Ú n “ ” oêó° Ï n
Ôü¯ $ k þ Wf 10 %Thk - š W_� EHTC êó°n E o� PSFn � Ôü¯n Ë  ˆŠ‚ * D�SŒo� ³ , UŒ_ ) S Ë  L � ¹ • go
jO�KjŠn ' MU’ � cfD‹Sh’ � s W� ƒ Lcf * OjcfD‹h � •Œ‹� PSFn � Ôü¯ (~_o � � $ 	 n 7 ¦ n X M o�á
¤óÓüàn Ø Uh � Ôü¯n Ø Un Ô hWf š © UŒ�ÀüÆ£ÞÃ×n 7 ¦ n X M o Jy/BEAM gB‹ (Óüàµ¤ºo 20 ` as	 �

Wf†OSh’ � º k : WfD‹� * ø o u-v Ý â � & ø
o visibilityn / E h M ø ’ : Y� d D Ú o 1 Jyn � ¹ • Ï n 4
� n visibility � � � R D ¹ oêó° Ï n 4 � n visibility � � g
B‹� Ò D ¹ o ! ì Çü¿L : Y $ gB‹�

Figure 11 (a)go��Î¤ºn•g Ë  jW
 ! ì Çü¿
n visibilityn / E h M ø ’ : Y� visibilityn / E oÎ¤º 7 ¦
k þ Ü Y‹ s G $ n h Šk¬¦¹ � � W� M ø o ænÑÍë
k : YˆFkéóÀàk � Ø k c ‰pcfD‹� - . nÑÍ
ë (self-calibrated)k : YˆFk��Î¤ºn•g Ë  jW
n
! ì Çü¿’êó° Ï âÇë’ ( D_»ëÕ­ãêÖìü·
çó ã kˆcf� � c 
Y‹h�KjŠÇü¿ ¹ Lêó° Ï
n 4 � n visibilityh � ô Y‹ (R D ¹ 	 L�‚a•“ � ô Wj

D ¹ ‚B‹� ó nÑÍë (CLEAN ; Ï )o�SŒ‰n� � c
� •
 ! ì Çü¿k þ Wf� í D BOX - š g CLEAN æ� ’
L c_ P œ—_ Ï n visibilityn � � ’ : WfD‹� Œh go
jDL�êó°âÇën visibilityh{| � ô WfD‹�

Figure 11 (b)k��Î¤ºjWn � ¹ • 
 ! ì Çü¿n 4 �
n visibilityn / E h M ø ’ : Y� æ ó k : YˆFk� h fn
/ E o � Ø k 1 JygBŠ� h fn M ø o¼ígB‹� aj
•k�¯íü¸ãün M ø oYyf¼íg�¯íü¸ãün
/ E oYyf 1gB‹� - . nÑÍë (self-calibrated)k : Yˆ
Fk� ! ì Çü¿’êó° Ï âÇëkˆ‹»ëÕ­ãêÖ
ìü·çó ã g� � c 
Y‹h�YyfnÇü¿ ¹ gojD
L� � OnÇü¿ ¹ Lêó° Ï n visibilityh � ô Y‹ (R D
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ŒfD‹ShL è î UŒ‹�»ëÕ­ãêÖìü·çón ›
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ü·çó’ L D� p j‹ ' MUnêó°LinˆFk • � g
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Ï ’ \ � W�SŒ‰nêó° Ï âÇë’ ( Df»ëÕ­ã
êÖìü·çó ã ’ B •f� ! ì Çü¿’]Œkˆcf� �
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‹ShL : � UŒ_�
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 ê 6 gB‹
h � H‰ŒfD‹�Sn·ßåìü·çógo�   n � ¦ �
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� UD�U‰k š Ï „ j Ô � ’ f •‹� Figure 13o� —‰
Œ_êó° ; Ï n y ´ gB‹� CLEAN � � ’ � � W_Õé
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WfÕéÃ¯¹ Æ¦ ’]n rmsÎ¤ºg r c_ Ô ’ : WfD
‹�Sn Ô o —‰Œ_ Ï n $ ‚‰WUn � � hjŠF‹� ô
„ 50 ` asnêó° Ï LSn Ô kJDf � ‚ ' Mj $ ’ : W�
SŒ‰n - g � ‚]Œ‰WD Ï hjcfD‹ShL•K‹�
~h•‹h�êó°n b � o� D = 50 ` asn 4 � k � ‚ , S
‰WO • þ UŒfD‹�SŒ‰n P œK‰� 2017t n EHT¢
ì¤n™ u-v «Ð -gn ® Ï ×í»¹go� —‰Œ_ P œL Å
ZW‚ Ÿ Ï L c WO I H‰ŒfDjDShL : UŒ_�~
_�¢üÁÕ¡¯È (= ¤ Š 	 hWf 40 � 60 ` asô „ nêó°
Ï L � � UŒ‹ShLB‹L� y k]n - g‚ 50 ` asô „ n
êó° b ¶ L � ‚¢üÁÕ¡¯È (=¤ Š )hWf � � UŒ‹
ï ý ' L Ø D�

5.3 EHTCn ® Ï ·ßåìü·çókJDf ‹ ‰Œ‹�
PSFË  n y ´ „ j Õ á h � •Œ‹ y ´ �

CLEANkˆ‹ PSFË  n d » �Ç³óÜêåü·çón '
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D� EHTC® Ï Õ ‚Sn ‹ � gojD`•F� Event Horizon
Telescope Collaboration (2022c)n ó 11 (a)n EHTCn Ï ·ßåì
ü·çón P œn - k� PSFn q ÿ ’ × QfD‹h � •Œ‹
Ë  L ‹ ‰Œ‹�� EHT-imaging
go�� X � † ä 
h� U
†† ä 
n • � Ï go�]Œ^Œn † ä n - Ã � ß k� ô „
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Œ‰n † ä Ï ‚� - . è k•ZKjO|•LB‹�� SMILI 

go~_�]n� 	 å � (° 	 
n • � Ï go� 50 ` asn y ´
LˆŠ U WgB‹� Ï n - . K‰ PA = ¸ 45� , PA = 0� , ]Wf
PA = � 45� n ¹ � k � Kcf 3dn � Þ nˆFj Ë  L þ Œ�
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� THEMIS
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n • � Ï gB‹� C n † ä � ß …k ô „ � 25 ` asn 4dn �
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f� u-v µó×êó°kJDf 25 ` asn z “ Õüê¨ � � L
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q ÿ ’ × QjD•QgojO� —‰Œ_ ; Ï ’ U ¡ Y‹ › k
o]n q ÿ ’ ¿ y‹ShL 
 ï  gB‹ShL•K‹�

5.4 EHT 2017n M 87³ , Çü¿n 4 �

Sgr A� n 4 � hn Ô � n_•k� EHT2017n M87n ³ , Çü
¿k è î Y‹� ]nÇü¿K‰� EHTCo ô „ 42 � 3 ` asn
êó° ¶ nÖéÃ¯Ûüëû ·ãÉün � ú ’ 1 J W
_ (Event Horizon Telescope collaboration 2019a,b,c,d,e,f)� S
n ô „ o� ¨ š UŒfD_ M87n …' ê Ï ÖéÃ¯Ûüën
ê Ï (6 � 109 M � Gebhardt et al. (2011))K‰ ˆ ó UŒ‹ Ò µ¤
ºh � ô Y‹ � ¹ g� EHT2017n M87k þ Y‹ PSFË  - n
á¤óÓüàh , � µ¤ÉíüÖhn “ ” 46 ` ash‚ � ô Y
‹ (Miyoshi et al. 2022a)� ì Ë • ã • n P œK‰o� - Ã è
k³¢ÎÃÈ Ë  LBŠ�]SK‰ å M K‰ ³ , UŒfD‹
¸§ÃÈ Ë  h � ô Y‹ � ¦ � � L • k 8 sfD‹ShL 1
J UŒfD‹ (Miyoshi et al. 2022a,b, 2024)� jJ� å� nk
ð y‹ � ð o ; k Miyoshi et al. (2022a)K‰ � ( W_�

5.4.1 µó×ëUŒ_ u-vÇü¿n � �

M87nÇü¿o� Sgr A� h � X ³ , »Ã·çóg —‰Œ_
‚ngB‹L� Wu n SPTK‰o ³ , gMjD_•� ³ ,
@p o Sgr A� ³ , ˆŠ‚ 1@� jD 7@gB‹� Ïï¤� Á
êk Ñ ¥ Wf 2@ZdB‹ng� Ÿ ê „ ko w ú Ú ’ � Yn
0 � 
 n 50 ¹ (5@	 hDFShkj‹� u-v Çü¿n - k
o EHTCL 1 J W_êó° ô „ k ø S Y‹ z “ Õüê¨ �
� d = 44� 46 ` asnµó×ëojO�Sn Ä ò n ô M h ô Œ
goTO P ‰Œ_µó×ëWK —‰ŒfDjD�

5.4.2 PSFn Ë  

M87k þ Y‹ PSFË  ‚ WWOÇ³Ü³WfD‹�á¤óÓ
üàn * Uo� � 20 ` as(FWHM)gB‹� , � µ¤ÉíüÖ
o�á¤óÓüàk ^ 8 k ¥ Ñ Wf� W� k � 46 ` asn M n
kBŠ� ]Œ^Œá¤óÓüàn Ø Un 70 %k T Y‹�á
¤óÓüàh � �n , � µ¤ÉíüÖn - “ ¹ ko�á¤ó
Óüàn Ø Un -60 %k ø S Y‹ ñ DÞ¤Ê¹nO|•� u
� $ ¹ LB‹� Sgr A� n 4 � h � Ø k�á¤óÓüà� , �
µ¤ÉíüÖ (2dnFa 1d 	 � - “ ¹ n   n u � $ ’ + € �
ß n ' MUo EHTCn M87nêó°n ' MUh � XgB‹�

5.4.3 ^ êó° Ï gB‹ ! ì Çü¿K‰nêó° Ï � ú

Sgr A� n 4 � h � Ø k� EHTCL 1 J W_ M87nêó° Ë  
o � ¹ • Ï „Î¤º`Qn ! ì Çü¿K‰ • � Y‹ShL
gM‹� êó° Ï n • � o Ÿ › n – Î - š µ¤º�Yj•
a BOX › Qkˆ‹ – Î 6 P k ^ 8 k O � gB‹� – Î - š
µ¤ºL ô „ � 100 ` aŝ Š ' MDh�êó° Ï oF~O •
� gMjD� EHTCoSn þ a k � Ø D_L� ; Ï ’ ® � k
Y‹_•k Å • jÑéáü¿ - š gB‹hWf q c_ (Event
Horizon Telescope collaboration 2019d)� BOX › Qn - Ã M n
’á¤óÓüàh � t n , � µ¤ÉíüÖn - “ ¹ �Yj•
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