
� �� �� � �� � 	 � 
 �� �� �  � � � �� �� �� � � � � 
 � � �� � ��� �� �� � � � � ��� �� � ��� � �� � � � � � � � � � �� � � � � � 
 � � � !

"# $&% '( ) %* +, # ( -. /10 23 465 . , ' 7 ) 28 9: % $, . 2; % '* ; ' ) # (< %* $>= ( # ? @ABC C DE BF DG BF HI JK ABL MN OP K Q D N H MN RTS JU V O A K AB N H MCW X M YZ K[ D N R A DC G M XL V

\ ]W F HG^ W _L Ga` AB Nb MF MN X M Oc D dfe g Oe g gh O U Ai Fj W N M



k l lm n op m6q r s pt uv w w p o m xyz m l v y x { | s xy m s} x uv�~ �� �� � � � �� y�� � � � l r s p y n uy�



�� �� � � �

� �� � n o y u x � �� o v m n s r r u � � uy � l m l | � s � l m�

� �� � n o y uv xy p z � l v y x o v m x l v x uy u� uy � r u � � � �� n o � l�

� ��� ��� s r � �� } o v � l o xz p l� up xy� u w n y o v m � l u s v u� o y u s v

� ��� ��� s r � �� } o v � l o xz p l� o � o  �¢¡ x x l � � � �

� ��£ ��¤ p lm u} y lm � o � o  �¢¡ | | l op o v } l¥ s p � �� o y � ¦ ��§ � £

� | s v x s p lm � � k¡ �¡ ¨ � ��



� �� � n o y u x y n l � o � l x l � � � | o} l � l � l x} s | l � � �� ��

� ¡ ¥ z � � � m l | � s � o � � l © �£ � l y lp �� £ �«ª � x l w � l v y lm � � y l � l x} s | l¥ s p u � o w uv wo v m x | l} y p s x} s | �¥ p s � � � © ¬ � y s �  ¬ � ® y s � l � oz v } n lm � � k¡ �¡ ~ � � �� � �� yn o x o v l xy lm op p o � s¥ xz vq x n u l �m x y s t l l | uy x o � � u l v y y l � | lp o yz p l o y � £q � £¯ ® o � � s r uv w ¥ o uv y u � o w uv w �¡ °²± � � � �£ � o v m x | l} y p s x} s | � �¡ °± � � ³ � o w � �



¡ � u¥ lq x u� lm � s m l � s¥ � �� ®z x lm y s y l xy y n l m l | � s � � l v y s¥ uy x xz vq x n u l �m �



� �� ��� s r r u � � � �� y p o � l � y s uy x� � s p � uy�

¡ ¥ y lp � oz v } n uv ~ � � � � � r uy n o v ¡ p u o v l´ � l n u} � l ® � �� r u � � s p � uy op sz v my n l y n lµ op y n§ �z v� o w p o v w l | s uv y � � � � p s � y n lp l ® � �� } o v } s � lp y n lr n s � l xt � uv x l w � l v y x y n o y � s � l o � s v w uv �¡ r uy n y n l µ op y n ® n o � l o vs � x lp � uv w l¶ } u l v } �~ �· � ¸ ® o v m x l v m m o y o � o} t y sµ op y n l � lp � m o � �





µ m w lq y sq lm w l m u o � l y lp u x © � © � � ® �z y l¹ l} y u� l } up } z � op m u o � l y lp u x £ �  £ � �

º o v v s y } � l o v � � m l x} s | l o | lp yz p l r uy n sz y m s uv w � o » s p n op � y s ¤ �� �







� �� � n o y x l v x uy u� uy � r u � � � �� n o � l�

� n l k� � º o � o v m ¼ � �� x l v x uy u� uy � } s � | � l � l v y l o} n s y n lp xy p o m m � uv w £ ¬ � uvr o � l � l v w y n ® o v m y s w l y n lp o � � s r s � » l} y x y s � l ¥ sz v m y s p lm x n u¥ y x �¾½ � £§ � �uvÀ¿ � �ÂÁ x l} ��  n p x � uv y l w p o y u s v y u � l x �

� n l � l¥ y | o v l � x n s r x y n l k � � º o � o v m ¼ � �� �p s o m � o v m x l v x uy u� uy � y s oÃz o x op ® o�Ä � up xy � u w n y�Å w o � o   � m s � uv o y lm � � � o x x u� l xy op x ® o v m o £ � ¼ � pÄ s �m Å w o � o  � ® o � � o y �¾½ � � � � n l p u w n y | o v l � x n s r x y n l p l � o y u� l xz p � l � y u � l� lp xz x r o � l � l v w y n y n o y � | uy � lp ® o w p sz v m6q � o x lm � �q s | y u � u� lm q � �� l � uv u �o v m o � �q � y l � l x} s | l r sz �m v l l m y s � o y } n � �� �



� � � n p x � �� ¨¡ º � uv ´ u� �� uv y n l � z � � � l Æ �y p oÇ l l | � u l �m �� Æ Ç � �



© �£ � � �� ¤ �� � s m l � x � ° o � �¡ lp s x | o} l o v m � �� º ��È

k� � º o � � �· ¬ � � � � ¬ � �>É � £ � v � � µ � � � � ¬ � �m u¹ p � � u � uy �



± �� � n p x � �� k� � º o � o y � �· ® � � ³ ®� � � ¬ � uv y n l � Æ Ç �



Ê � p z y n �½ � Æ Ç � ´ u� �� � ± � � � n p x � �� � �· ® � � ³ ®� � � ¬ �



� º o v� y � l o y p lm x n u¥ y È y s x l l � up xy� u w n y ® � z xy s � x lp � l v l op§ � um � � �

� n u x u x r n � r l v l lm k� � º o � o y � � § £ ¬ � o v m ¼ � �� o y £§ �  ¬ � �



uq � o v m m p s | x uv y n l � Æ Ç � È ¼ s xy op l } s vË p � lm o y � ¦ © � ¼ o � n s y p o l y o � � �



� ��� ��� s r � �� } o v � l o xz p l� up xy � u w n y o v m � l u s v u� o y u s v

ACS
HDF

Æ Ç � x n s r x y n o y �z � uv s x uy � ¥ z v } y u s v s¥ � ¦ © s � » l} y x ��Ì o v l y o � �� � � � o ® � �� o � � l � lp � xy l l | ® r uy n ¥ o uv yq l v m � } n l} n y lp x � s | l ÍÏÎ Í ¦ � � ©§ � � � �

Ç r op ¥ w o � o  u l x o v m v s y Ðz o x op x � ut l � � } s � | � l y lm y n l p l u s v u� o y u s v l | s } no y � ¦ © � � n u x u x r n o y � �� r u � � s � x lp � l uv m l y o u � �



ACS
HDF

� � �� ¨¡ º � n o x � o m l x u w v uË } o v y |p s w p l x x o y � ¦ © ® xz p � l � uv w � lp � � op w l opql o x �� Ñ Ñ Ç � ®� µ ¼ � ® º Ñ � ¼ Ñ � � ® s p z x uv w � lp � � s v w uv y l w p o y u s v x �� Æ Ç � � �

¡ º � } o v m l y l} y s � » l} y x o y � ± � © �£ ® �z y uy x m u x} s � lp � x | o} l ¡ �Ò �Ó � s w ��Ô �} o v v s y � o | y n l l v y up l p l u s v u� o y u s v l | s } n � k� º ¼ Ñ � x u � u � op � � u x � u � uy l m y s� ± � § � � � � �� r u � � � l o � � l y s y p o} l y n l l v y up l p l u s v u� o y u s v l | s} n �



� uy n |p s | lp xz p � l � xy p o y l w � � op l o ¡ k Ç m l | y n � ® � �� } o v y p o} l y n ll v y up l p l u s v u� o y u s v l | s} n ® u � l � m l y l} y x s � l s¥ y n l Ë p xy xy opq ¥ s p � uv w s � » l} y x �

� � s p y n u x y s � l xz } } l x x¥ z � uv p l o � u xy u} s p } s v x lp � o y u� l � s m l � x} l v op u s x ®� �� v l l m x y n l Ðz s y lm x l v x uy u� uy � ¨ o | lp yz p l �¡ � ®Ë l �m6q s¥ q � u l r �� Ñ´ ½ Ò � ®o v m r o � l � l v w y n p o v w l � � �· q �  ¬ � � �



� � v � s p l s | y u � u xy u} x} l v op u s x ® y n l xz p ¥ o} l m l v x uy � � o � � l~ � � � Õ n u w n lp o y�~ � � � ® �z y � �� m l x u w v � z xy o x xz � l y n o y s � » l} y x o y � ¦ � � op l p op l ® x uv } l� s �z � l l � l � l v y u x x � o � � o v m � �� x o � | � l x �p u w n y lp | op y s¥ � � o y �~ � � � �



�z � s¥ � ³ u x s � o y lm uq m p s | x È ¡ º � � u w n yq |p sË � l ®¤ �� o v m xt �q lp p s p È½ £ � � � n p x � Æ Ç � �q � o v m � Ç l � u o y l x¥ p s � l  | � m u xt o yÖ ×~ � �ÙØ Ø Ú� £

Û ¦ � � � n p x � �� � ¬ � Ü Ç � v � o w l � � ¦ © � ¦ � � �q � � � ¼ � p

� �� ¨¡ º � } o v v s y o} } z p o y l � � � l o xz p l uv m u� um z o � � u w n yq |p sË � l x o y � ¦ © �

� �� } o v m s y n u x r l � �¥ s p �~ � © uv � lp � � s v w uv y l w p o y u s v x �

Ç � v o � u} o � y u � l x} o � l ¦ �µ Ç y u � l x} o � l °z �t s¥ �� o yÝ Þ>ßà á ¦ · � � â � �£� �



� ¡ xy l l | � � s¥ � ¦ ©s � » l} y x ��Ì o v { uv m n s p xy� � � � � } sz �m |p s � um l l v sz w nÆ´ q | n s y s v x y s } s � | � l y l y n lp l u s v u� o y u s v l | s} n o y � ¦ © �

� ¤ s | � � m r op ¥ w o � o   u l x � o �v s y n o � l xy op y lm x n uv uv wã äå6æçèé ê ç äë ì � z } n � l¥ s p l � ¦ · §  ®s p v s � q � r sz �m � l x l l v uv y n l¥ s p l w p sz v m s¥ �~ � © Ðz o x op x �

� � �� r u � � � l o xz p l y n u x vz q� lp sz x | s |z � o y u s v s¥ m r op ¥

w o � o   u l x ¥ p s � y n l l v m s¥ y n lp l u s v u� o y u s v l | s } n o y � ¦ ©uv y s y n l l | s} n s¥ � up xy � u w n y

�¤ s | � � � xy op x � o y �~ � � � �



� � � ��� s r � �� } o v � l o xz p l� o � o   �¢¡ x x l � � � �

Ñ v l s¥ y n l p l � opt o � � l m u x} s � lp u l x s¥ � �� r o x n s r vz � lp sz x o v m x � o � �¥ o uv y w o � o  u l x op lîí y n l �z u �m uv w � � s} t x s¥ y n l w u o v y w o � o   u l x x l l v y s m o � �



ï ðñ ðò ó óô ñ õ ñ ñ ö÷ øñ ô õ ùú ûü ý þ ÿ� ü �� � ���� � 	


 �� ���� � ��� � ���� �� � � �

��� � �  ! �

���  �  " �

��� # � �! �

��� � � � � �

��� ! � $� �

��� � � $ # �

� � � $ $  �

� � � � $" �

� � " � $ � �

� � � � " � �

� � # � " � �

� � � # " " �

" � �  �� �

" �  � �  �

$��  � � � �



% &(' )(* +, - ./ 01 2 3 41 56 7 4 8 1 91 : ; < 5 5 4 3 = 9 ;

% 8 1 91 :> 4 5 +? * 6 = = 9 4@ ;A 4 5 ? + 7 3 4B +C 4 7 1 , > B 4 71 2 D 4 +? 0 + 5 3 > 0@ > 3 4 E = 6 @

, >@ F 1 2 +@ 1 = 9 4 A F 1 5 4@ 71 2 5>@ > + 2 1 7 + 6 2 B G H IJ K(L MJ IN

& M ) . 6 = D 1 91 0@ > 0 6 2>@ 5 71 A > B 9 ; 3 4 7 D 4 ? 7 + 3 G H O M@ + D 7 +, => D D 4 7 6 2>@ 5J

&(P )(Q 4 7 D 4 7 A 7 + B 6 0@ 5 5@ 1 7@ @ + 5 4@ @ 9 4 1 5 D 1 91 :> 4 5 , >@ F D > 1 2@ = 6 9 D 4 5 + 7 91 7 D 4

B > 5R 5 1 7 + 6 2 B G H MJ / F 4 5 4 4C + 9C 4 B 3 + 5@ 9 ; A 1 5 5> C 4 9 ; 5> 2 0 4@ F 4 2 E 7 4 56 9@ > 2 D > 2

@ F 4 D > 1 2@ D 1 91 :> 4 5@ F 1 @ , 4 5 4 4@ + B 1 ;J

% - ./ 01 2 3 41 5 6 7 4 F +, D 1 91 :> 4 5 + ? 1 9 9@ ;A 4 5 ? + 7 3 4B +C 4 7 1 , > B 4 71 2 D 4

+? 0 + 5 3 > 0@ > 3 4 E = ; 1 0 0 6 71 @ 4 9 ; 3 41 5 6 7> 2 D @ F 4> 7 B > 5@ 7> = 6 @ > + 2 + C 4 7 7 4 5@ S? 71 3 4

5@ 76 0@ 6 7 4 1 2 B @ ;A 4 1 5 1 ? 6 2 0@ > + 2 + ? 7 4B 5 F> ?@ + 7 0 + 5 3 > 0 4A + 0 FJ



HST image Fourier model

T + 6 7> 4 7U 4 0 + 3 A + 5>@ > + 2 > 5 1 7 + = 6 5@ , 1 ;@ + 3 4 1 5 6 7 4 D 1 91 : ; 3 + 7A F + 9 + D ;1 2 B 5@ 76 0@ 6 7 4 > 2 1 V 6 1 2@ >@ 1 @ > C 4 , 1 ; &XW B 4, 1 F 2 4@ 1 9J P I I P )N

% & M ) T + 6 7> 4 7 5 4 7> 4 5 1 7 4 3 1 B 4 > 2 5 6 0 0 4 5 5> C 4 0 + 2 0 4 2@ 7> 0 1 2 2 6 9> J

% &(P )(Y C 4 2 T + 6 7> 4 7 0 + 3 A + 2 4 2@ 5 > 2 B > 01 @ 4 5 ; 3 3 4@ 7> 0 A 1 7@ 5 &1 7 3 5 E 7> 2 D 5 )

% &XZ ) W B B T + 6 7> 4 7 0 + 3 A + 2 4 2@ 5 > 2 B > 01 @ 4 1 5 ; 3 3 4@ 7> 0 A 1 7@ 5 & = 1 7 5 4@ 0 )J

% &' ) - . / 01 2 3 41 5 6 7 4@ F 4 4C + 96 @ > + 2 +? 41 0 F ? 41 @ 6 7 4 B > 7 4 0@ 9 ;J



BBP

53W02

HDFS

NGC 4618 (VATT, B) NGC 3664 (WFPC2) UGC 5028 (HST,Cyc9)

Massive Star Formation: Near and Far 

z=0.6−0.7 z=0.6−0.7

z=0.623z=0.743

T + 6 7> 4 7U 4 0 + 3 A + 5>@ > + 2 + ? 2 41 7 = ; 1 2 B B > 5@ 1 2@ D 1 91 :> 4 5 > 2 - ./ > 3 1 D 4 5 , > 9 9

B > 7 4 0@ 9 ; @ 71 0 4@ F 4 4C + 96 @ > + 2 +? = 1 7 5 E 7> 2 D 5 E 5A > 71 9 1 7 3 5 E 1 2 B +@ F 4 7 5@ 76 0@ 6 71 9

? 41 @ 6 7 4 5J / F> 5 3 41 5 6 7 4 5@ F 4 B 4@ 1 > 9 4B F> 5@ + 7 ; + ? D 1 91 : ; 1 5 5 4 3 = 9 ; > 2@ F 4 4A + 0 F

G H ML Z , F 4 2 3 + 5@ +? @ + B 1 ;[ 5 D > 1 2@ D 1 91 :> 4 5 , 4 7 4 3 1 B 4J



/ +@ 1 9 Y 9 9 \ . I . 1 = 0 ] 7 7 \Q 4 7 D 4 7 5
REDSHIFT

25<I<26

24<I<25

23<I<24

22<I<23 % - ./ 01 2 3 41 5 6 7 4

F +, D 1 91 :> 4 5 +? 1 9 9* 6 = = 9 4

@ ;A 4 5 ? + 7 3 4B +C 4 7 1 , > B 4

71 2 D 4 + ? 0 + 5 3 > 0 @ > 3 4 E = ;3 41 5 6 7> 2 D @ F 4> 7 7 4B 5 F> ?@

B > 5@ 7> = 6 @ > + 2 1 5 1 ? 6 2 0@ > + 2

+? 7 4 5@ S? 71 3 4@ ;A 4J

% T + 7 @ F> 5 E @ F 4 @ ;A 4 5

3 6 5@ = 4 , 4 9 9 > 3 1 D 4B ? + 7

91 7 D 4 51 3 A 9 4 5 ? 7 + 3 B 4 4A E

6 2> ? + 7 3 1 2 B F> D F V 6 1 9>@ ;3 6 9@ > S, 1 C 4 9 4 2 D@ F > 3 1 D 4 5 E, F> 0 F - ./ 01 2 B + J

U 7> C 4 7 4@ 1 9J M ^ ^_ E < 5@ 7 + A F ; 5J -J ` 4@ @ 4 7 5 E ' ^a E ` ^ Z



% / F 4 6 2 0 4 7@ 1 > 2 7 4 5@ S? 71 3 4 bc S 3 + 7A F + 9 + D ; +? D 1 91 :> 4 5 > 5 B + 3 > 2 1 @ 4B = ;

; + 6 2 D 1 2 B F +@ 5@ 1 7 5 E , >@ F + ?@ 4 2 0 + A > + 6 5 1 3 + 6 2@ 5 +? B 6 5@ 5 6 A 4 7> 3 A + 5 4B J

% / F> 5 3 1 R 4 5 0 + 3 A 1 7> 5 + 2 , >@ F C 4 7 ; F> D F 7 4 B 5 F> ?@ D 1 91 :> 4 5 5 4 4 2 = ; - ./

0 + 3 A 9> 01 @ 4 B E 1 9@ F + 6 D F , >@ F D + + B > 3 1 D 4 5 1 V 6 1 2@ >@ 1 @ > C 4 1 2 1 9 ; 5> 5 +? @ F 4

7 4 5@ ? 71 3 4 S, 1 C 4 9 4 2 D@ F B 4A 4 2 B 4 2@ 3 + 7A F + 9 + D ; 1 2 B 5@ 76 0@ 6 7 4 01 2 = 4 3 1 B 4J



& K )(d 7 4B > 0@ 4B 8 1 91 : ; < A A 41 71 2 0 4 ? + 7 - . / 1 @ G H ML M K

e fg hi j kl fg hi m hi n hi o hi p n

HST λ = 0.293 µλ = 0.293 µλ = 0.293 µ

z = 0z = 0z = 0

NGST λ = 0.879 µλ = 0.879 µλ = 0.879 µ

z = 2z = 2z = 2

NGST λ = 1.76 µλ = 1.76 µλ = 1.76 µ

z = 5z = 5z = 5

NGST λ = 2.93 µλ = 2.93 µλ = 2.93 µ

z = 9z = 9z = 9

NGST λ = 4.69 µλ = 4.69 µλ = 4.69 µ

z = 15z = 15z = 15

HST λ = 0.293 µλ = 0.293 µλ = 0.293 µ

z = 0z = 0z = 0

NGST λ = 0.879 µλ = 0.879 µλ = 0.879 µ

z = 2z = 2z = 2

NGST λ = 1.76 µλ = 1.76 µλ = 1.76 µ

z = 5z = 5z = 5

NGST λ = 2.93 µλ = 2.93 µλ = 2.93 µ

z = 9z = 9z = 9

NGST λ = 4.69 µλ = 4.69 µλ = 4.69 µ

z = 15z = 15z = 15

HST λ = 0.293 µλ = 0.293 µλ = 0.293 µ

z = 0z = 0z = 0

NGST λ = 0.879 µλ = 0.879 µλ = 0.879 µ

z = 2z = 2z = 2

NGST λ = 1.76 µλ = 1.76 µλ = 1.76 µ

z = 5z = 5z = 5

NGST λ = 2.93 µλ = 2.93 µλ = 2.93 µ

z = 9z = 9z = 9

NGST λ = 4.69 µλ = 4.69 µλ = 4.69 µ

z = 15z = 15z = 15

HST λ = 0.293 µλ = 0.293 µλ = 0.293 µ

z = 0z = 0z = 0

NGST λ = 0.879 µλ = 0.879 µλ = 0.879 µ

z = 2z = 2z = 2

NGST λ = 1.76 µλ = 1.76 µλ = 1.76 µ

z = 5z = 5z = 5

NGST λ = 2.93 µλ = 2.93 µλ = 2.93 µ

z = 9z = 9z = 9

NGST λ = 4.69 µλ = 4.69 µλ = 4.69 µ

z = 15z = 15z = 15

HST λ = 0.293 µλ = 0.293 µλ = 0.293 µ

z = 0z = 0z = 0

NGST λ = 0.879 µλ = 0.879 µλ = 0.879 µ

z = 2z = 2z = 2

NGST λ = 1.76 µλ = 1.76 µλ = 1.76 µ

z = 5z = 5z = 5

NGST λ = 2.93 µλ = 2.93 µλ = 2.93 µ

z = 9z = 9z = 9

NGST λ = 4.69 µλ = 4.69 µλ = 4.69 µ

z = 15z = 15z = 15

HST λ = 0.293 µλ = 0.293 µλ = 0.293 µ

z = 0z = 0z = 0

NGST λ = 0.879 µλ = 0.879 µλ = 0.879 µ

z = 2z = 2z = 2

NGST λ = 1.76 µλ = 1.76 µλ = 1.76 µ

z = 5z = 5z = 5

NGST λ = 2.93 µλ = 2.93 µλ = 2.93 µ

z = 9z = 9z = 9

NGST λ = 4.69 µλ = 4.69 µλ = 4.69 µ

z = 15z = 15z = 15

>@ F A 7 + A 4 7 7 4 5@ ? 71 3 4 S bc

@ 71 > 2> 2 D E - ./ 01 2 V 6 1 2 S

@ >@ 1 @ > C 4 9 ; 3 41 5 6 7 4 @ F 4 4C + S

96 @ > + 2 + ? D 1 91 : ; 3 + 7A F + 9 + D ;1 2 B 5@ 76 0@ 6 7 4 +C 4 7 1 , > B 4

71 2 D 4 + ? 0 + 5 3 > 0@ > 3 4N

% & M ) Q + 5@ B > 5R 5 , > 9 9 .q S

B > 3 1 , 1 ; 1 @ F> D F G E = 6 @ 3 + 5@

? + 7 3 4 B 1 @ Gsr tu vxw yz H ML P J

% &(P )* > D F .q 5@ 76 0@ 6 7 4 5 1 7 4

C > 5> = 9 4@ + C 4 7 ; F> D F GJ

% &XZ ) d + > 2@ 5 + 6 7 0 4 5 & < 8{ )1 7 4 C > 5> = 9 4@ + C 4 7 ; F> D F GJ

% &' ) * > D F .q SA 1 7@ 5 +?

3 4 7 D 4 7 5 \@ 71 > 2 S, 7 4 0 R 5 1 7 4

C > 5> = 9 4@ + C 4 7 ; F> D F GJ



HST  z=0
FOV=75"
λ = 0.293 µλ = 0.293 µ

JWST  z=1
FOV~1.0"
λ = 0.586 µλ = 0.586 µ JWST  z=2 λ = 0.879 µλ = 0.879 µ

JWST  z=3 λ = 1.17 µλ = 1.17 µ JWST  z=5 λ = 1.76 µλ = 1.76 µ JWST  z=7 λ = 2.34 µλ = 2.34 µ

JWST  z=9 λ = 2.93 µλ = 2.93 µ JWST  z=12 λ = 3.81 µλ = 3.81 µ JWST  z=15 λ = 4.69 µλ = 4.69 µ

|} ~�� � �� � �� �� �� ��� �� �� � �� �� � ��� � �� � � ���� ��� �� � � �� � � � � �� �� � � �� � � �  ¡ � �¢£ ¤¥¦ � §¨© �ª � ¥ �£ «ª¬ � � � �� �� �� � � � �� � � � � �® �� �� �� ¦ � �� �� � � �¯ � � � � � � �� �° � � � �� � � � � � � ® � �� � � � �� � � � ¨± ¥ � ² � � ³ �� �  � �° � �� ��´ ¦ � �� � � � � � � � �¯ � � � � �� � ��µ �¶ª � � � � � � �� � ¬ ·¸¹ ¬º» �� � � ¼© §¡ · º» � ½¾¿ À  ¹ ¾¿ ¸ ¿ ¬ � � « �� Áªº � �  ¸� �¹ · ¬ �Â � · �¸ ·» · ¡Ã Â� Ä© ¤¥ ¯ � � � �¸ Å° ²Æ Ç © � ª � ¤ ² �� � Æ È© � ª ¤ �ª¹ ¬ � � ¾  ¸ ¿ ¬ � Â ¢ ª � � �É �° � �® � � Å �� � �� � ² �� � � � ¬¹ ¾ � �� ² � ª � �£Ê Ê � Å � ¶ ²¾ ¬© Ëª � �ÍÌ ²Î �� ¯ © � ª � � � �ÍÌ � ��° ² ¬¿ �� ¦ � �� � �¯ ³© � ¥ª ¤ � � � � ��° ��°ÐÏ � �» � ²Ñ �� � �° � � � Å �° � � �� ² � ÒÓ Ô© ¥ª � � � � ²� � �� ¦ � �� � ® �� ³Õ � � ��° §×Ö ¬ ·¸ ¹ ¬º»ÙØ «ªÚÛÜÝÞ ¨© �ª � §� �� ß© �ª � Õ � à � ²� � � ¸ © � ª �£ÐÊ Ê « ² ¨© ¥ª � § �� � � ß© � ª Ëá¢ à � ²� � � ¸ © � ª � á£ Ê Ê « ² �� �¨ © � ª � § �� � � ß© � ª á ¤Õ à � ²� � � ¸ © �ª � á£ÐÊ Ê «ª ÚÛÜâÞ ¨© �ª � § �� �� ß© ¥ª ¥ ¤ à � ²� � � ¸ © � ª � á£ÐÊ Ê « ² ¨ © Ëª �§ �� �� ß© ¥ª ¤¢ à � ²� � � ¸ © � ª � á£ Ê Ê « ² �� � ¨© ¤ª � § �� � � ß© � ª �£ à � ²� � � ¸ © �ª � Õ áÊ Ê «ª ÚÛÜ ãÞ ¨ © Õ ª �§ �� �� ß© � ª Õ � à � ²� � � ¸ © �ª ¥ � �Ê Ê « ² ¨© ¥ � ª � § �� � � ß© �ª á ¥ à � ²� � � ¸ © �ª ¥¢ �Ê Ê « ² �� � ¨© ¥ Ëª � § �� � �ß© £ ª ¢ Õ à � ²� � � ¸ © � ª ¥ Õ ¤Ê Ê «

/ F 4 D 1 91 : ; 3 4 7 D 4 7 b 8ä Ia ' O M S P

& GÙå I J I M I ' ) > 5 1 3 1 æ + 7 1 2 B C 4 7 ;B 6 5@ ; 0 + 9 9> 5> + 2 +? @ , + 3 1 5 5> C 4 B > 5R

D 1 91 :> 4 5J
]@ 5 F +, 5 @ , + = 7> D F@ 6 2 7 4 5 + 9C 4B

5@ 1 7 S = 6 7 5@ > 2 D R 2 +@ 5@ + @ F 4 6 A A 4 7 S

7> D F@ +? @ F 4 0 4 2@ 4 7 E , F> 0 F 7 4 3 1 > 2

C > 5> = 9 4 6 2@ > 9 G H M P E = 4 ; + 2 B , F> 0 F

@ F 4 0 + 5 3 > 0 .q SB > 3 3 > 2 D R > 9 9 5@ F 4> 7

ç 6 :J / F 4 5 4 1 7 4 3 + 7 4 @ ;A > 0 1 9 ? + 7

@ F 4 5 3 1 9 9 5@ 1 7 S? + 7 3 > 2 D + = æ 4 0@ 5 4 : S

A 4 0@ 4B 1 @ G H M I(L M KJ

/ F> 5 > 5 @ F 4 { W Q ]{ < ` - ./ å

& 8 W < ` . èé Y ê b ]é Y Q Y { / . ) \ P J



HST  z=0
FOV=75"
λ = 0.293 µλ = 0.293 µ

JWST  z=1
FOV~1.0"
λ = 0.586 µλ = 0.586 µ JWST  z=2 λ = 0.879 µλ = 0.879 µ

JWST  z=3 λ = 1.17 µλ = 1.17 µ JWST  z=5 λ = 1.76 µλ = 1.76 µ JWST  z=7 λ = 2.34 µλ = 2.34 µ

JWST  z=9 λ = 2.93 µλ = 2.93 µ JWST  z=12 λ = 3.81 µλ = 3.81 µ JWST  z=15 λ = 4.69 µλ = 4.69 µ

ëì íîï î ðñ î òî óô õö ÷øù úû üý ø þÿ ÷� ü ÷� � þÿ � õö � ô �� �� � 	
 
 ô øù ü � � ÷ þ� ý  � ù � � � � � � � � 
 �� �� �� �� � 
 �
 � 
 � � �ö  ø ÷ ø ÷ ý  � �� õö �� õ� ó ô õö �ù � � ý ø ÿ � ü û û � � �  õ ! üÿ � ý "# $ � � 
 
  � ÷ % � ö  � þ� &�' ý ø ÷ ��' þ �ÿ ø � ü� û � ý þ � ( � ) �� õ õ �* � ö + �, õ- � � õ* �  � �. - � / � �� 0ù � ÷ �* 1' !2 3 � 
 �� � ! üÿ � 2 4 � 
 � � 	 �+, õö 5 �* � , ö - � �
 ù �6 �' ý ø7 � ü 1 � �ý ú �� ! óô õö �, + 5 ' üù � � ü ! 
 �
 	� 8 8 � 1 ø9 ! 5, � 	 �
 �;: !< ü � 0 � 
 �
 � 
 �;: � ÷ �' !, � � � �� üÿ � õ 0 = � � � � � ù ü � � ü �' ÷ � ' > ø ÿ  � !? þ � ø ÷ 1 � ' ý � úù ! ý "# $ � � 
 
 �
  � ÷ ! �� ü � � þ ú ý � 7 � � =@ 
 
 ÷ �' �BA � � �  õDC � �EF G HI � � 
 �
 � � õö J � 
 �� @ 	 K ù ! � ô � * � 
 �
 � 8 8 � ! � � � �
 � ó ô õö J � 
 � )L � K ù ! � ô � * � 
 �
 L � 8 8 � ! üÿ �� � � �
 � ó ô õö J � 
 �L �@ K ù ! � ô � * � 
 �
 L � 8 8 � � EF G M I � � 	 �
 � óô õö J � � �� � K ù ! � ô � * � 
 �
 L � 8 8 � ! � � ) �
� ó ô õö J � � � � � K ù ! � ô � * � 
 �
 L � 8 8 � ! üÿ � � � � �
 � ó ô õö J � � � 	� K ù ! � ô � * � 
 �
 @ L 8 8 � � EF G N I � � @ �
� ó ô õö J � � �@ 	 K ù ! � ô � * � 
 �� � � 8 8 � ! � � � � �
 � ó ô õö J � 	 �L � K ù ! � ô � * � 
 �� �
 8 8 � ! üÿ � � � � ) �
 � óô õöJ � � � �@ K ù ! � ô � * � 
 �� @ � 8 8 �

/ F 4 D 1 91 : ; 3 4 7 D 4 7 b 8ä Ia ' O M S P

& GÙå I J I M I ' )J

/ F> 5 > 5 @ F 4 q Y ./ ä < .Y - . / J

]@ 1 5 5 6 3 4 5 @ F 1 @ 1 9 9 8 W < ` . 1 7 4

3 4@ E 1 2 B @ F 1 @ @ OP Q å M I I F 7 5J / F 4

, F + 9 4 + = æ 4 0@ &> 2 0 96 B > 2 D @ F 4 @ , +

5@ 1 7 S? + 7 3 > 2 D R 2 +@ 5 ) > 5 7 4 0 + D 2> G S

1 = 9 4@ + G H M KJ

/ F> 5 B + 4 5 2 +@ > 3 A 9 ; @ F 1 @ + = 5 4 7C S

> 2 D D 1 91 :> 4 5 1 @ Gå M K , >@ F - . /

, > 9 9 = 4 4 1 5 ;J W 2 @ F 4 0 + 2@ 71 7 ; E

5> 2 0 4 D 1 91 :> 4 5 ? + 7 3 4B @ F 7 + 6 D F F> S

4 71 7 0 F> 01 9 3 4 7 D > 2 D E 3 1 2 ; + = æ 4 0@ 5

1 @ G H M I L M K , > 9 9 = 4 M ISR L M IST U

9 4 5 5 96 3 > 2 + 6 5 E 7 4 V 6 > 7> 2 D @ + A 6 5 F

- . / @ + >@ 5 9> 3 >@ 5J



ä + 2 0 96 5> + 2N - ./ 3 6 5@ 2 +@ = 4 B 4 5 0 + A 4B @ + 1 ' 3 4@ 4 7V < 7 7 +, 5 > 2 B > 0 1 @ 4N

/ + A N a 3 - ./ \XW 4 0 R YQ > B B 9 4N a 3 - ./ \ Z I 3 D = Y q +@ @ + 3 N ' 3 - ./ \ Z I 3 D =



Z[ \ ]^ _` \ ]a Z



% é 4? 4 7 4 2 0 4 5 1 2 B +@ F 4 7 5 + 6 7 0 4 5 +? 3 1 @ 4 7> 1 9 5 F +, 2N

F@ @ A N \ \, , , J æ, 5@ J 2 1 51 J D +C \F@ @ A N \ \, , , J 5@ 5 0> J 4B 6 \ æ, 5@ \F@ @ A N \ \, , , J æ, 5@ J 2 1 51 J D +C \ ] . ]Q \> 2 B 4 :J F@ 3 9

F@ @ A N \ \> 7 01 3 4 71 J 1 5J 1 7> G + 2 1 J 4B 6 \ 2> 7 01 3 \F@ @ A N \ \> 7 01 3 4 71 J 1 5J 1 7> G + 2 1 J 4B 6 \Q ]é ] \F@ @ A N \ \, , , J 5@ 5 0> J 4B 6 \ æ, 5@ \> 2 5@ 76 3 4 2@ 5 \ 2> 7 5A 4 0 \F@ @ A N \ \, , , J 5@ 5 0> J 4B 6 \ æ, 5@ \> 2 5@ 76 3 4 2@ 5 \ 2> 7 5A 4 0 \ 3 4 3 5J F@ 3 9

F@ @ A N \ \, , , J 5@ 5 0> J 4B 6 \ æ, 5@ \> 2 5@ 76 3 4 2@ 5 \ D 6 > B 4 7 \

8 1 7B 2 4 7 E -J EQ 1 @ F 4 7 E -J Eä 91 3 A > 2 EQ J E 8 7 4 4 2 F + 6 5 4 EQ J E* 1 3 3 4 9 E* J E* 6 @ 0 F S

> 2 D 5 E -J E - 1 R + = 5 4 2 Ed J E `> 9 9 ; E . J E ` 6 2> 2 4 E -J EQ 0ä 1 6 D F 7 41 2 EQ J EQ + 6 2@ 1 > 2 EQ J Eé > 4 R 4 E 8 J Eé > 4 R 4 EQ J E . 3 >@ F EY J E .@ > 1 C 4 9 9> EQ J E .@ + 0 R 3 1 2 E* J E > 2 B S

F + 7 5@ Eé J Ecb 7> D F@ E 8 J &d @ F 4 - . / T 9> D F@ . 0> 4 2 0 4 + 7R > 2 D 8 7 + 6 Ae ) P I I ' Ed 7 + 0J .d ]Y Ec + 9J ' I M ' E A J I I ML I M P E > 2 A 7 4 5 5 d / F 4 . 0> 4 2 0 4 é 4 V 6 > 7 4 3 4 2@ 5

+? @ F 4 - 1 3 4 5 4 = = . A 1 0 4 / 4 9 4 5 0 + A 4e &1 2 B 7 4? 4 7 4 2 0 4 5@ F 4 7 4> 2 )J

Q 1 @ F 4 7 E -J E .@ + 0 R 3 1 2 E* J P I I I Ed 7 + 0J .d ]Y c + 9J ' I M Z E A J P S Ma E > 2 d bc E

W A @ > 01 9 E 1 2 B ]é . A 1 0 4 / 4 9 4 5 0 + A 4 5 1 2 B ] 2 5@ 76 3 4 2@ 5e EY B 5J -J q J q 7 4 0 R > 2 7> B D 4

b d J - 1 R + = 5 4 2 &q 4 7 9> 2N . A 7> 2 D 4 7 )





% & M )(* +, , > 9 9@ F 4 - . / = 4 1 6 @ + 3 1 @ > 01 9 9 ; B 4A 9 + ; 4Bf

U 6 7> 2 D >@ 5 5 4C 4 71 9 3 + 2@ F æ + 6 7 2 4 ;@ + ` P & 5 F +, 2 + 2 1 A 7 4C > + 6 5 A 1 D 4 ) E - ./

, > 9 9 = 4 1 6 @ + 3 1 @ > 01 9 9 ; B 4A 9 + ; 4B > 2 A F 1 5 4 5 &1 5 5 F +, 2 F 4 7 4 ) E >@ 5 > 2 5@ 76 3 4 2@ 5

, > 9 9 = 4@ 4 5@ 4B E 1 2 B >@ , > 9 9@ F 4 2 = 4 > 2 5 4 7@ 4B > 2@ + 1 2 ` P F 1 9 + + 7 =>@ J

T 7 + 3 1 2 + 7 =>@ 1 7 + 6 2 B @ F 4 @ F 4 Y 1 7@ FL . 6 2 ` 1 D 71 2 D 4 A + > 2@ ` P E - ./ 01 2

0 + C 4 7@ F 4 , F + 9 4 5R ; > 2 5 4 D 3 4 2@ 5 E F 1 C 4 1 2 + = 5 4 7C > 2 D 4g 0> 4 2 0 ;ih t O I j E 1 2 B

5 4 2 B B 1 @ 1 = 1 0 R @ + Y 1 7@ F 4C 4 7 ; B 1 ;J











% &(P ) F 1 @ > 2 5@ 76 3 4 2@ 5 , > 9 9 - . / F 1 C 4f

/ F 4 Q > B S ] 2? 71 Sé 4B ] 2 5@ 76 3 4 2@ Q ]é ] 3 1 B 4 = ; 1 2 b +? < è -d ` è Y . < 0 + 2 S

5 + 7@ > 6 3 , > 9 9 B + > 3 1 D > 2 D 1 2 B 5A 4 0@ 7 + 5 0 + A ; ? 7 + 3 K(L P _ k 3 J Q ]é ] > 5 1 0@ > C 4 9 ;0 + + 9 4B = ; 1 0 7 ; + 0 + + 9 4 7 E 5 + @ F 1 @ >@ 5 4 : A 4 0@ 4B 9> ? 4@ > 3 4 > 5 1 @ 9 41 5@ K ; 41 7 5J



% &(P ) F 1 @ > 2 5@ 76 3 4 2@ 5 , > 9 9 - . / F 1 C 4f

/ F 4 { 41 7 S ] 2? 71 7 4B ä 1 3 4 71 { ]é ä 1 3 3 1 B 4 = ; 1 2 b +? < è ` + 0 R F 4 4B è

ä . < 0 + 2 5 + 7@ > 6 3 , > 9 9 B + > 3 1 D > 2 D ? 7 + 3 IJ a L KJ Z k 3 6 5> 2 D 1 5 6 >@ 4 +? = 7 + 1 B S E3 4B > 6 3 S E 1 2 B 2 1 7 7 +, S = 1 2 B l 9@ 4 7 5J { ]é ä 1 3 6 5 4 5 @ , + > B 4 2@ > 01 9 1 2 B > 2 S

B 4A 4 2 B 4 2@ 9 ; + A 4 71 @ 4 B > 3 1 D > 2 D 3 + B 6 9 4 5 E , >@ F @ , + , 1 C 4 9 4 2 D@ F 5 + = 5 4 7C 1 = 9 4

5> 3 6 9@ 1 2 4 + 6 5 9 ; C > 1 1 B > 0 F 7 + > 0 @ F 1 @ 5A 9>@ 5@ F 4 = 41 3 1 7 + 6 2 B P J Z K k 3 J Y 1 0 F

+? @ F 4 5 4@ , + 0 F 1 2 2 4 9 5 F 1 5 1 2 > 2 B 4A 4 2 B 4 2@ 9 ; + A 4 71 @ 4 B Pnm oP U ' m oa T W c J q +@ F

0 F 1 2 2 4 9 5 1 7 4 { ; V 6 > 5@ S 51 3 A 9 4B N @ F 4 5 F + 7@ S, 1 C 4 9 4 2 D@ F 0 F 1 2 2 4 9 1 @ P k 3 , >@ F

Im m o I Z M O \A > : 4 9 E 1 2 B @ F 4 1 2 B 9 + 2 D S, 1 C 4 9 4 2 D@ F 1 @ ' k 3 , >@ F Im m o Ia ' _ \A > : 4 9J

{ ]é ä 1 3 [ 5 M I P R U P R * Dä B / 4 1 7 71 ; 5 , > 9 9 = 4 A 1 5 5> C 4 9 ; 0 + + 9 4B J

/ F 4 { 41 7 S ] 2? 71 7 4B . A 4 0@ 7 + D 71 A F { ]é . A 4 0 3 1 B 4 = ; 1 2 Y . < è 8 . Tä 0 + 2 5 + 7 S

@ > 6 3 , > 9 9 B + 5A 4 0@ 7 + 5 0 + A ; , >@ F 7 4 5 + 9C > 2 D A +, 4 7 5 + ? é p M I I > 2 A 7> 5 3 3 + B 4 E

+? é p M I I I > 2 3 6 9@ > S + = æ 4 0@ 3 + B 4 6 5> 2 D 1 3 > 0 7 + S 4 9 4 0@ 7 + 3 4 0 F 1 2> 01 9 1 7 71 ; 5 ; 5 S

@ 4 3 &Q Y Q . ) + ? 3 > 0 7 + S 5 F 6 @ @ 4 7 5@ F 1 @ 01 2 + A 4 2 5 9>@ 9 4@ 5 + 2 A 7 4C > + 6 5 9 ; > 3 1 D 4B

R 2 +, 2 + = æ 4 0@ 5 E 1 2 B +? é p Z I I I 6 5> 2 D 9 + 2 D S 5 9>@ 5A 4 0@ 7 + 5 0 + A ;J < 9 9{ ]é . A 4 0

5A 4 0@ 7 + 5 0 + A > 0 3 + B 4 5 F 1 C 4 1 p Z J ' U Z J 'm T W c J



% &(P ) F 1 @ > 2 5@ 76 3 4 2@ 5 , > 9 9 - . / F 1 C 4f

/ F 4 Q > B S ] 2? 71 Sé 4B ] 2 5@ 76 3 4 2@ Q ]é ] 3 1 B 4 = ; 1 2 b +? < è -d ` è Y . < 0 + 2 S

5 + 7@ > 6 3 , > 9 9 B + > 3 1 D > 2 D 1 2 B 5A 4 0@ 7 + 5 0 + A ; ? 7 + 3 K(L P _ k 3 J Q ]é ] > 5 1 0@ > C 4 9 ;0 + + 9 4B = ; 1 0 7 ; + 0 + + 9 4 7 1 2 B >@ 5 4 : A 4 0@ 4 B 9> ? 4@ > 3 4 > 5 1 @ 9 4 1 5@ K ; 41 7 5J

/ F 4 T > 2 4 8 6 > B 1 2 0 4 . 4 2 5 + 7 & T 8 . ) > 5 3 1 B 4 = ; ä . < 1 2 B A 7 +C > B 4 5@ 1 = 9 4 A + > 2@ S

> 2 D 1 @ @ F 4 3 > 9 9> S1 7 0 5 4 0 + 2 B 9 4C 4 9J / F 4 T 8 . , > 9 9 F 1 C 4 5 6 g 0> 4 2@ 5 4 2 5>@ > C >@ ;1 2 B 1 91 7 D 4 4 2 + 6 D F T W c @ + l 2 B D 6 > B 4 5@ 1 7 5 , >@ Fh t ^ K j A 7 + = 1 => 9>@ ; 1 @ 1 2 ;

A + > 2@ > 2 @ F 4 5R ;J / F 4 T 8 . , > 9 9 F 1 C 4@ F 7 4 4 5> 3 6 9@ 1 2 4 + 6 5 9 ; > 3 1 D 4B l 4 9B 5 +?

C > 4, + ? P J Z U P J Zm E + 2 4 + ? , F> 0 F ? 4 4B 5 1 A 6 7 4 D 6 > B 4 7 0 F 1 2 2 4 9 E + 2 4 ? 4 4B > 2 D 1

D 6 > B 4 7 0 F 1 2 2 4 9 A 96 5 1 9 + 2 D S, 1 C 4 9 4 2 D@ F é p M I I @ 6 2 1 = 9 4 l 9@ 4 7 0 F 1 2 2 4 9 , >@ F

9> D F@ 5A 9>@ = ; 1 B > 0 F 7 + > 0 E 1 2 B 1 2 +@ F 4 7 ? 4 4B > 2 D @ F 4 5 F + 7@ , 1 C 4 9 4 2 D@ F@ 6 2 1 = 9 4

l 9@ 4 7é p M I I 0 F 1 2 2 4 9J

- ./ F 1 5 ? 6 9 9 ; 7 4 B 6 2 B 1 2@ > 3 1 D > 2 D 1 2 B 5A 4 0@ 7 + 5 0 + A > 0 3 + B 4 5J ]@ , > 9 9 2 +@

= 4 5 4 7C > 0 4B 1 @ ` P E 1 2 B @ F 4 7 4? + 7 4 , > 9 9 6 2 B 4 7 D + 1 2 4 :@ 4 2 5> C 4 5 4 7> 4 5 + ? D 7 + 6 2 B S

@ 4 5@ > 2 D 1 2 B @ F 4 7 3 1 9C 1 0 6 6 3 @ 4 5@ > 2 D > 2 P I I _ L P I I ^ E 1 ?@ 4 7 >@ 5 3 1 > 2 0 + 2 5@ 76 0 S

@ > + 2 > 2 P I I ' L P I I _ J / F 4 3 1 > 2 { < . < 0 + 2@ 71 0@ + 7 > 5 { + 7@ F 7 + A 8 76 3 3 1 2

. A 1 0 4 / 4 0 F 2 + 9 + D ; &d { 8 ./ e ) > 2 é 4B + 2 B + q 41 0 F &ä < )J



































B

C D

A

Quantitative Morphology − We can numerically 
describe and identify m=1 galaxies!

Odewahn et.al. 2002   ApJ, 568, 539 
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Hα  Kinematics
in  NGC 4618
(Odewahn 1990) 

Substantial departures 
from circular motion 
in m=1 arms, OFTEN
accompanied by large
OB associations (SSC?)
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JWST  z=9 λ = 2.93 µλ = 2.93 µ JWST  z=12 λ = 3.81 µλ = 3.81 µ JWST  z=15 λ = 4.69 µλ = 4.69 µ
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