
�� � �� � �� �� � 	 
� � � � �� 
� � � �� �

�� ��� �� � �� �� � � �� ��� �  �� ! � "# �� � � � �$  %# &' (

) * +-,. /0 1 * /2 / 354 67 2 8 64 *9 6 *: ;<= 4> / 9 7 8 , 7 , * ? 9 4@ *= : 4 , A ;< += 4 2 B ;C D DE



F GIH JKL M JNO H MP MQ RH N K M M SO L T JU L K RP O LV T JO L MP NW W W



X MY JNO H MP MQ G JP K O RU RN T M S RN Q J GV O L P O M Z[ Z[ W W W



� \]^_ ` a

bdc egf H L Rhi jO MH L JU MP k M N Q M U M l G

bgm egfn o pqn r [s Z[t [u L K RP T R h MH O F Rwv X MO f L l f JP lx

y bgm J e k M N Q M U M lL T JU KL NO JP T R Q R JN jH RQ RP O N

y bgm z ei F R X j z zU R [{ S JP NL M P JP K| l R M h O F R p P L u RH N R

y bgm T ei F R k M N Q L T Q L TH MY Ju R f J T} lH M jP K s JKL JO L M P b kf s e

y bgm K eg~ L l FO [ U RQ RP O SH M K j TO L M P SH RKL TO RK z G X MO f L l f JP l

bg� e ~| s o [ i [ ~ [ Z k �� [ Zt F G P R RK RK � Y F JO K MO F R G K M � JP K F MY�

y bg� J e ~ JH l R � SO L T JUd�n s i RU RN T M S RN

y bg� z es JKL Mi RU RN T M S RN JP K s JKL Mn P O RH h RH MQ RO RH N

y bg� T e| ~ MY�� hH R � j RP T Gn P O RH h RH MQ RO RH M P O F R� M MP�� N h JH� NL K R

bd� e k M P TU jNL MP N

Z S MP N MH RK z G q | Z|



�� � _ � �^_ � a� � \ � � �� ��� � \ � `]_ ]_ a� � ` � � `_ ] � � � a�

� H M S RH O G p P L O N p N RK s JP l R p N RK

�L NO JP T R MH ZL� R o S T�� �W � � �� �¡  U G P R JH z G£¢ h JH

| P l jU JH ZL� R JH TN R T J S S JH RP O U G N Q JU Ud� U JH l R

~ jQ L P M NL O G JO O N ¤ X� MH ¥ ¦ Y R J } ¢ U jQ L P M jN

§ U j{ P ¨ G b m cª© «¬ ¤ X� ¤Q¡ e h JL P O ¢ zH L l FO

Z jH h J T R f H L l FO P RN N P JP M ¨ JP N } G ¤ JH TN R T KL Q ¢ zH L l FO

� JN N ¦ UL l FO ¢ F R Ju G

� RP NL O G � z ® R TO N ¤ r M U jQ R b MH ¤| H R J e h RY ¢ Q JP G



�� � �_ a � � \] � �_ �^ � ` � � �� ^ � ¯ �

� H M S RH O G [ j TUL K R JP p P L u W °� p P L u RH N R b X ± �-² ³ �-² ´ e�b¶µ m � cW � µ � cW µ � e

| W k M N Q M UW s RK N FL hO ¢ · ±¸¹ � · º» ¹¼ W bgm ½� e¾ f JP K S JN N� N FL hO L P l ¿

f W X j z zU R� N ~ JY ¢ � ÀÁ cW mt K � u ¤ X ±� b T ¤ X ± eW � � s ±W �¢ � ÂÁ cW mt K � b T ¤ X ± eW Ã b� e� s ±W Ã b� e

kW § U j{ u NW �L NO W § Ä K ©  § Ä Ã Å¶Æ Ç©  W b m ½� e© 

n Pu W N � j JH R U JY ¾s RU JO L u L NO L TW n Pu W Z � j JH R U JY ¿

�W | P lW NL� Ru NW �L NO W È Ä K © É � ÀÁ cW mt È Ä � © É

N Q JU U È J S SH M{ W � ÂÁ �W ct È Ä Ã b� e© ÉW b m ½� e¾s RU JO L u L NO L T È� � H RU JO L MP ¿



�� � �_ a � � \] � �_ �^ � ` � � �� ^ � ¯ � ÅËÊ� `] � Ç

� H M S RH O G [ j TUL K R JP p P L u W °� p P L u RH N R b X ± �-² ³ �-² ´ e�b¶µ m � cW � µ � cW µ � e

[W Zf u NW �L NO W Zf Ìn Ä K¡Í � ÂÁ cW mt Zf Ìn Ä bgm ½� e© Î

b[ Ì k ¤ � e b Zf � n � § ¤ È e ¾ k M N Q L T Zf � KL Q Q L P l ¿

§W kf s � i RQ SW i ±� �W µ �ÏÐ Ñ� t i � i ±W bgm ½� e

b[ � ÒW § Î e ¾ k M N Q L T ZO R S F JP� f M UO� Q JP P ¿

oW ~ M M } z J T} i L Q R O � K ¤ T O Ó X© É± W � ¤ bgm ½� e

¢ ¢ ¢ �

T JH S RO ¤ K RO JL U N Ô T JH S RO

Õ Õ Õ Õ Õ Õ



s RU JO L u L NO L T �L NO JP T R � r M U jQ R [ U RQ RP O � JP K| P l jU JH ZL� Ru NW � W



bgm egf n o pqn r [s Z[ t [ u L K RP T R h MH O F R v X MO f L l f JP lx

q | Z| O RU RN T M S RN S RP RO H JO L P l k M N Q L T � JY P � §L H NO ~ L l FO �×Ö s R T MQ zL P JO L MP



| ZO jK G M h k MQ L T � JY P Y L O FO F R X j z zU R Z S J T Ri RU RN T M S R



� `] a `] � � ` � � ` a� ¯ �ÙØ a ` �_ ] �� � ]Ú a � `_ Û a� � a

n O RQ q jQ z RH N L P NL K R ÜÍ � T ¤ X M� m �W µ o U GHf JH G MP N q ¸ÞÝ m càß Í

� F MO MP N q áâ Ý m càß  

ã� � F MO M P N ¤f JH G M P N ãÝ m c  

[ P RH l G � RP NL O G | N hH J TO L MP M h TH L O L T JU TU M N jH R K RP NL O Gf JH G MP N ² ¸ � ä ¸ ¤ ä å ºæ¼ � cW cç ç

� JH } � JO O RH ² è � ä è ¤ ä å ºæ¼ � cW � �

� JH } [ P RH l G ² ´ � ä ´ ¤ ä å º æ¼ � cW µ �

i MO JU ² é � ä é ¤ ä å ºæ¼ � mW c c ê cW c �

b ä å ºæ¼ � m cª©    lH ¤ TQ « e



n P O R lH JO RK f J T} lH M jP Kt P R JH U G J S MY RH� U JY Mu RH � c K R{ L P ·ë

n P T M P O H JNO Y L O F k M N Q L Tf J T} lH M jP K � K jNO Ö NO JH N L P l JU J{ L RN �| TO L u R o JU J T�

O L T q j TU RL S MY RH RK z G N j S RH Q JN NL u R zU J T}� F M U RN K MQ L P JO R Mu RH � c K R{ L P ·W

� J ® MH L O G M h S MY RH L P p P L u RH N R l RP RH JO RK z G ÀÁ m ì M h Q JN N ë



y r~| L Q J l R M h c � m �� m í �t � SO L T JU l JU J{ G b T M U MH e JP K s JKL M N M jH T R bH RK eW



| TO L u R o JU J TO L T q j TU RL t S MY RH RK z G N j S RH Q JN NL u R zU J T}� F M U RN b m càî � m c ÉÍ ¦ e

| ï R TO N jH H M jP KL P l N Mu RH m � K R{ L P NL� Rt hH MQ | p O M � S T N T JU RN bd� c c � U GH e �MH hH MQ o RP RH JUs RU JO L u L NO L T ZL P l jU JH L O G b| p eO Ms RU JO L u L NO L T ¨ RO N b� S T eW

n h ® RO N FL P RN L P h J T R ð j JN JH Nt m c É¬ ¥ ¦ T MQ L P l hH MQ N Ru RH JU| pë



y r~| L Q J l R M h � ñ µt s JKL M N M jH T R NO H RO T F RN Mu RH J h J TO MH M h � c �c c c L P NL� RW

y Z j S RH Q JN NL u R f U J T}� X M U R S MY RH RK N M jH T RN JH R zH L l FO RNO L P O F R jP L u RH N RW



bgm J � z e k M N Q M U M lL T JU KL NO JP T RN � X j z zU R [ { S JP NL MP JP K| l R M h p P L u RH N R

X j z zU R k R S F RL K �L NO JP T RNt u � Í � � b Í � µ Ï } Q ¤¶N ¤� S T e

§ MH Í � µ m } Q ¤ N ¤� S T �O F R X j z zU RO L Q R MH p P L u RH N R� N| l R� m �W µ o GHW



| U U l JU J{ L RN J S S R JH O M Q Mu R JY J G hH MQ R J T F MO F RH Y L O F N S R RK Ä KL NO JP T RW

y � P U GO F R N S J T Ròó ôõó ó ö O F R l JU J{ L RN R{ S JP K N � UL } RH JL NL P N L P zH R JKW



bgm z e X j z zU R [{ S JP NL MPt §H L RK Q JP P � s M z RH O N MP� JU } RH Q M K RU N

§H L RK Q JP P� s M z RH O N MP� JU } RH Q M K RU Nt Z T JU R h J TO MH Ü u NW T M N Q L TO L Q RO W

Z T JU R� h J TO MH Ü � m ¤ bgm ½� e Y F RH RH RK N FL hO Æ � ÷ ø ù øú û ù¶üý

þ ÿ� � � � � �� �� � � �� 	 
� � �  ù  �� �� ÿ � �  �� �� � � ��� � � � � ù ü ��� ý



� � � �� ÿ �� � �� �  û ÿ �! � û 	 � � �ü �"  � # �$ �  � � � 
 	 ÿ% % � & ÿü ü �% �� ÿ 
 � � �$ � ÿ �� 	  � !

' � � ÿü �( ÿ � �$ � ÿ � � � � �$ �  � � � 
 	 ÿ% % � "  � 
( � % ÿ� 
) ý * + � � , - . ÿ �/ � � �� ��0 12 þ ÿ � � ( ÿ � ÿ % 	 
 
% �3 ÿ � 4 � ÿ # � 	 �� 
 � 	 �65 �7  � �  %  � 	ü ÿ%7  �� 
 ÿ � 
8 &ý



�( �7  � � 	ü � 
  ü / þ ÿ� / � 
!9 � � ü ( 4 � 
 
 �� ÿ � � � ÿ" �� 4 � 
 
( ÿ � ÿ % % � 
� � � 
:

; � ÿ% � $ � ÿ �� 	  � ; < 
>= ? � # ; ÿ � 	 ÿ 
 	  � �� ÿ &A@ 
 � ?� # þ ÿ 
 
 �� �� ÿ &A@ �>B � #8 � �� ÿ &



�( �� � ÿ %C 	� 
  � �  " D D #3 �" 
 &! � � � � �� ÿ 
� � � û �ý � ü ÿ% �E ÿü 
  � ; � � ù # � FG &ý

7  � � 	ü D ÿü / � �  � � � � � � � �� ÿ 
� � � � � H # � FG & I � H � *ý J K) LM 
  � ÿ� Ný

C  
 D 	 � D ÿ � � # ; 	 �( 
 &! ; ÿ � 	 ÿ 
 	  � ÿ � � þ ÿ 
 
 �� . � �� 	 
� û �ý � ü ÿ % �E ÿü 
  �ý

; ÿ � 	 ÿ 
 	  � � � �� 	 
�  � < # � FG &O @ þ ÿ 
 
 �� � � �� 	 
� P < # � FG &� ý



# �ü & �( �7  � � 	ü � 	ü �  Q ÿ û � D ÿü / � �  � � � ; ÿ � 	 ÿ 
 	  � #7 D ; &

C  
 D 	 � D ÿ � �SR 
�7  � � 	ü D ÿü / � �  � � � � $ �T%  � �� � ÿ 
 ÿ "  � � U � *ý J K) Lý ý ý M

� � �  � � V �ý � � * W :YX 3 	/ �% � 
( � �  � 
 �T� �ü 	� � � � ÿ� � � � � � � 
 �  � Q 	% % � û �� � � �ý2 D �� 
 ü  �R � � ÿ 
 	  � Q � ( ÿ û �  " 
( �C  
 D 	 � D ÿ � � �  � �% :



þ 	ü �  Q ÿ û � D ÿü / � �  � � � ; ÿ � 	 ÿ 
 	  � " �  �7 Z D � # � [ [ * & ÿ � � þ9 \ # * � � K &



þ 	ü �  Q ÿ û � D ÿü / � �  � � � " �  � 	%/ 	 ��  � þ 	ü �  Q ÿ û �9 � 	�  
�  �� \ �  4 � !

E  � � � �  � � � + ÿ % ÿü 
 	ü � � 	� � 	  � ( ÿ � 4 � � � û �� � ü ÿ � �" � % % � � � �  û � �ý

; � � ÿ 	 � � �� ÿ� � � 
� � ü 
� � � �"  � � ÿ 
 	  � 	 � �T� 	 � 
� ÿ 
 
 � K J L ] � � � � � � #G � � � L [ & ]ü ÿ� � 	 � � 
 � � � �� ÿ 
� � �^ � ü 
� ÿ 
 	  ��  " ú � ��� _ Q ( � �C 4 �ü ÿ � � � �� 
� ÿ %ý



þ9 \ \  Q �� � � �ü 
� � � ! 
  
 ÿ% % 	 �( 
 # 
  � &Y` �  % ÿ� 	G ÿ 
 	  � # 4  
 
  � &ý

D �� 
R 
! H � J � a �/ � ù � ù þ � ü 7 � � � � � 
9 � � � � Ký J a �ý * + � � @ 9 b . !

� cd � e Uf � �ý �) ) @ � g d �h � �ý * K @ � i � �ý J K @ �j þ � �ý � � a �ý � * : :



. ÿ �/ þ ÿ 
 
 � � !7  % � ] b  � �� �% ÿ 
 	 û 	� 
 	ü # ûú � & ] ÿ � �  �% � 	 � 
 �� ÿü 
� 4� � � ÿ û 	 
� :

þ 	ü �  Q ÿ û � D ÿü / � �  � � � 7  % � . ÿ �/ þ ÿ 
 
 �� 	� �  � � 4 ÿ � �  � 	ü #k 2 ü ÿ 
� &



# � � &3 	 �( 
 � % � � � � 
 �T�  �� ü 
 	  � �T� � � 	ü 
 � � 4� C  
 D 	 � D ÿ � �

�( � ÿ� 
�  �  � �� � � �� 	  � 	ü 
 ÿ 4% � 	� �  
 l� 	 
 � Q ( ÿ 
 �  � % � ÿ � � � � 	 � ü ( � � 	� 
� � !

7  � � 	ü ÿ 4� � � ÿ �ü �� ÿ � � � � 	 û �� � ÿ % ! J m W C @ *) W C � @ � W � �� 
 #on &ý

�( � � W ( ÿ� � � 	 û �� � ÿ % % � 
( � � ÿ � � n ùE � � ÿ 
 	  � 2 n � ÿ � � 	 � � 
 ÿ � � :



3 	 �( 
 �% � � � � 
 �T�  �� ü 
 	  � û �ý � cd � e Uf ÿ � � 4 ÿ � �  � � 
  � �(  
  � � ÿ 
 	  pý

� % � � � � 
 �T�  �� ü 
 	  � ÿ � �7 þ D 	 � �T% � � cd � e Uf � �ý �) ) ] � ù pú ) q � ��� = H



# * &3 9 ; + � � �3 � �7 Z \ � � ! ( � � � � � � � ] Q ( ÿ 
 �  
( �� �  ] ÿ � � (  Q 1

� �% �� ü  � � \ �  � �� 
� C  Q � �R � � � ÿ � � � � � � !

þ 	� �  � . 	 ÿ � � 
 � � . 	 � � � 
 �� �

E 	 �% �  " r 	 �Q � 	 � ; ÿ �  � � � � �

; ��  % � 
 	  � s � �ý * * q * �t *t m q # ø ù . & I ÿ� ü � �ü N

7  % % �ü 
 	 � �9 � � ÿ 9 � u # . ù * & �

. 	� ü  û �� � � � ÿü � . � �9 q � q %  � # ø v � ù ø w U &



' # * ÿ &3 ÿ � � � Z � 
 	ü ÿ%X � ; � �% �� ü  � ��

' + 	 ÿ � 
 � � � � � � 
 � � þ 	� �  � � �% �� ü  � � # + � þ � &!9 � � � � � � 
 � � � 	� �  � Q 	 
( K �� ÿ � �� 
� � � ÿ � � ÿü 
 	 û �  � 
 	ü � ü  � � �ü 
 	  �  " ÿ 
 �  � �( � � 	ü �( ÿ� �^ � ü 
� ÿ 
 	  �� !E C þ # \ �E &yx �ý � * m0 ý � $ � �ü 
 � �  � �� ÿ 
 	  � ÿ% 4 �"  � � * � * �ý



' # * ÿ & �( � z ÿ � �� � 4 4 � � ÿü � � �% �� ü  � � # z � � &

' z � � !9 " � % % � � � �T%  � ÿ 4% � t ý m � � 
 �� # * m � � & � � � � � � 
 � � � ; 
 �% �� ü  � �"  �	 � ÿ � 	 � � ÿ � � � � �ü 
�  � ü  �� " �  � �ý tX * L { � ] 
  4 � % ÿ� �ü ( � �9 � �ý * � � �ý � 
( ÿ � ÿ � �� 
 � � ÿ � � ÿ�  " � � � �� ( 	 �% � � 
  / � � � 	 
� ÿ � 4 	 � � 
 
 � � � �� ÿ 
� � � ÿ 
 K m �) mM ] ÿ% %  Q 	 � � " ÿ 	 � 
 	 � ÿ � 	 � � #9 D}| ~ K �ý m & ÿ � � � � �ü 
�  � ü  �� #9 D| ~ * [ � ÿ � &ý



b � � � ( ÿ� � �Q  � / 	 � � � � ÿ � � 
� � � � 
� ` �  � 
 �  ü � 	 � * � � �ý ý ý � 
5 % % 4 � Q  � 
( 	 
:



9 " 
 �� % ÿ� �ü ( 	 � * � � � Q 	 
( ÿ �9 � 	 ÿ � � r û �( 	ü % � ] z � � Q 	% %  � 4 	 
 ÿ�  � � � 
( �
( � � ÿ � 
( X �� �3 ÿ � � ÿ � � � �  	 � 
3 *ý E �  � 
( �� � ] z � � ü ÿ � ü  û �� 
( � Q (  % �� / � 	 � � � � � � � 
� 
( ÿ 
 �  û � ÿ %  � � 	 � ;9 Q 	 
( 
( � � ÿ � 
( ]( ÿ û � ÿ �  4� �� û 	 � ��� ü 	 � �ü � �~ J � W ] ÿ � � � � � � � ÿ 
 ÿ 4 ÿü / 
  � ÿ � 
( � û �� � � ÿ�ý



' # * ÿ &C  Q Q 	% % 
( � z � � 4 � ÿ� 
  � ÿ 
 	ü ÿ % % � � � �T%  � � � 1

. � � 	 � � 	 
� � � û �� ÿ % �  � 
( �  � � � �� 
  3 * #� (  Q �  � ÿ �T� � û 	  � � � ÿ � � & ] z � �Q 	% % 4 � ÿ� 
  � ÿ 
 	ü ÿ% % � � � �T%  � � � 	 � �( ÿ � �� # ÿ � � (  Q � ( �� � & ] 	 
� 	 �� 
� � � � � 
�Q 	% % 4 � 
 �� 
 � � ] ÿ � � 	 
 Q 	% % 
( � � 4 � 	 �� �� 
 � � 	 � 
  ÿ � 3 * ( ÿ %   � 4 	 
ý

E �  � ÿ �  � 4 	 
 ÿ �  � � � 
( � 
( � � ÿ � 
( X �� � 3 ÿ � � ÿ � � � �  	 � 
3 * ] z � � ü ÿ �ü  û � � 
( � Q (  % � � / � 	 � � � � � � � 
� ]( ÿ û � ÿ �  4� �� û 	 � � �� ü 	 � �ü � �~ J � W ] ÿ � �� � � � � ÿ 
 ÿ 4 ÿü / 
  � ÿ� 
( � û � � � � ÿ�ý



' # * ÿ &C  Q z � � ü ÿ � � � ÿ� � � �E 	� � 
3 	 �( 
 ÿ � � ; � 	  � 	G ÿ 
 	  �

' . � 
 ÿ 	% � � C � � �  � � �� ÿ � 	ü ÿ% �  � �% � # rýD �  � � & � (  Q 
( ÿ 
"  � � ÿ 
 	  �  " \  � � � �� 
 ÿ� � � � 	  � 	G � � � � 	 �û �� � �"  � 
( �R � � 
 
 	 � �ÿ 
 G | ~ * mX K � #E 	� � 
3 	 �( 
 &ý
'9 
 % � ÿ � 
 � ÿ � 
  " 
( 	�� (  � % � 4 � û 	� 	 4% � 
  z � � ÿ� 
( �R � � 
 ÿ � ��$ 
� � � �% � % � � 	 �  � �� � � �� �  û ÿ �  " \  � � � �� 
 ÿ� � ÿ 
G ú * m � mý



' # * ÿ &C  Q z � � ü ÿ � � � ÿ � � � � + ÿ % ÿ $ � 9 � � � � 4% �

Z � �  " 
( � � � � ÿ�/ ÿ 4% � � 	� ü  û �� 	 ��  " C � � Q ÿ� (  Q �� � ��  � � ÿ � � � � ÿ % %" ÿ 	 � 
 � ÿ % ÿ $ 	 �� ÿ� � , 
( � 4� 	% � 	 � � 4%  ü / �  " 
( � � 	 ÿ � 
 � ÿ % ÿ $ 	 �� � � � � 
  � ÿ�ý



� �� �� � �� � � � � �� �� � � �� �� � � �� � �� � ���� � �� ��� �� ¡¢ £¥¤ ¦ §¨ª© «¬   ®¨ª© ¯ ¯ °± ®¨ª© ° ¯ °² ®¨ª© ³ ¯ ¯± ®¨ª©  ¯ ¯ ¯ ®¨ª© ±  ´¬ ®¨ª© ¬  ´ ³ ®« © ¨ ´ ´ ° ®« © « ¯ ´² ®« © ² ¯ ´ ¨ ®« © ¯ « ²  ®« © ³ « ² ¯ ®« ©  ³ ² ² ®² © ¨ ° «¬ ®² © °  « ° ®´ª© °¬ « ¨ ®



j % 
� ÿ û 	  % � 
C � 4 4% � 	 � ÿ � ��  " � � ÿ � 4� � ÿ % ÿ $ 	 �� ! D � �ü ( � ÿ �/ � "  � ( 	 �( � � � � ( 	" 
�



# * ÿ & \ � � � 	ü 
 � � + ÿ % ÿ $ � 9 � � � ÿ � ÿ �ü �"  � z � � ÿ 
G ú �X � m

µ ¶·¸ ¹ º » ¼ ¶·¸ ¹ ½ ¸ ¹ ¾ ¸ ¹ ¿ ¸ ¹ À ¾

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
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z = 5z = 5z = 5
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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
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