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#&- -2;$7;;2%& 42>F [2&12CF>* 2> 4#; $%&$17-8- >F#> >F8 $%#>2&C 2; FQC,%;$%K2$( MF8 $%#>2&C 
G#18-2$>2%& 4#; C%2&C %&s 
MF8 e2,;> -8>8$>%, F#- #1;% 2>; &%&A$%&e%,G2>Q 2& >F8 K,8;8&$8 %e # O,2CF> ;K%> >F#> $%71- K,8a8&> >% 
G#U8 1%&C 8PK%;7,8( + 4%,U #,%7&- 4#; e%7&- >% O8 #O18 >% $%&-7$> >F8 >8;>( R2&#11Q #11 ;7OA;Q;>8G; 
48,8 #12C&8- #&- ;7$$8;;e711Q >8;>8-( MF8 ;Q;>8G 2G#C8 Y7#12>Q #&- >F8 -8>8$>%, Y7#&>7G 8ee2$28&$Q 
48,8 G8#;7,8- >% O8 42>F2& >F8 ;K8$2e2$#>2%&;( MF8 -8>8$>%, +' C,#-8- $%#>2&C 2; &%> %&1Q O%%;>2&C 
>F8 Y7#&>7G 8ee2$28&$Q O7> 2> #1;% #1G%;> ;7KK,8;;8; >F8 e,2&C2&C 2& >F8 ,8-( + e84 CF%;>; -78 >% 
;12$8,_;K8$>,%C,#KF G71>2K18 ,8e18$>2%&; 48,8 G8#;7,8- O7> >F8Q 48,8 Y72>8 e#2&> #&- $%71- F#a8 O88& 
&8C18$>8-( 5%48a8, #& 818C#&> ;%17>2%& 4#; e%7&- 42>F #& #-#K>#>2%& %e >F8 ;12$8, K7K21_G#;U >F#> 
$%GK18>81Q ;7KK,8;; #11 CF%;>;( MF8 -8>#21 G8#;7,8G8&>; #&- K,%$8;; %e >F8 <R` a#12-#>2%& 2; 
K,8;8&>8- 2& >F2; $%&e8,8&$8 n6o( W&8 %e >F8 >8$F&2$#1 e2,;> 12CF> 2G#C8; 2; ;F%4& F8,8( 
 

 
8i/6re E: F, 2"is G/HdI Ne a,d Je ar* eKpos6re o> 2"e >irs2 F8& o,e *a, see LMNO "i/" P6ali2y spe*2ra Qo,ly RS o> 
2"e 2o2al ,6mTer o>  %&'( spe*2raU 
 
R%11%42&C >F2; e2,;> <R`* :L %>F8,; #,8 8PK8$>8-( <> F#; >F8& O88& # ;2C&2e2$#&> ;>,8;; e%, >F8 
+;;8GO1Q #&- <&>8C,#>2%& M8;> C,%7K >% e#$8 #11 >F8;8 &%&A$%&e%,G2>28; e%, >F8 e2,;> <R`j e2&-2&C 
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;%17>2%& >% #11 >F8;8 K%2&>; >%%U # 4F218 #&- >F8 K1#&&2&C ;12KK8- $%&;8Y78&>1Q( 5%48a8, #11 >F8 
8PK8,28&$8 C#2&8- 42>F >F2; e2,;> <R` 2; 8;;8&>2#1 2& a284 %e >F8 ;8,28;( +$>2%&; F#a8 O88& >#U8& >% 
e2&- # C%%- #&- ;>#O18 ;%17>2%& >% >F8 $%#>2&C K,%$8;;( MF8 C,%7K 2; &%4 G7$F G%,8 $%&e2-8&> e%, >F8 
7K$%G2&C <R`;( +e>8, ,8a2842&C >F8 G8#;7,8G8&>; 42>F >F8 a#,2%7; ;7KK128,; #&- N9W* 2> F#; O88& 
-8$2-8- >% 1#7&$F >F8 G#&7e#$>7,2&C %e >F8 ;8,28;( MF2; e2,;> <R` 4211 &%4 O8 ,8e7,O2;F8- >% O8$%G8 
e711Q $%GK12#&>( 
 

>" ?&1&*5 (< 31%*<1+&*',%4 
Na8& 2e #>>8&>2%& 4#; e%$7;8- >% >F8 e2,;> <R`* #11 %>F8, ;7O;Q>8G; F#a8 4811 K,%C,8;;8- #&- 48 F#a8 
O88& #O18 >% 1#7&$F 2& K#,#1181 #11 >F8 G#&7e#$>7,2&C $%&>,#$>;( +& 8;>2G#>8 %e >F8 K,%C,8;; 2; #1;% 
;F%4& 2& >F8 e%11%42&C >#O18( B%>8 >F#> >F8 :/ -8>8$>%,; F#a8 #1,8#-Q O88& -812a8,8- OQ N:Z( 
J8,e%,G#&$8;* #; G8#;7,8- OQ N:Z #&- $F8$U8- OQ N9W* #,8 8P$8118&> #&- a8,Q 7&2e%,G O8>488& 
-8a2$8;(  
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R%,8AWK>2$; 

@8,%>#>%, [2&12CF> b6p 
.2,,%,; 5811G# bcp 
38&;8; [2&12CF> 6p 
9F7>>8, "%&& `&2a8,;2>Q Hcp 
"8#G ;>,7$>7,8 .T9 Hcp 
.8$F#&2$; "#;;#&8>>2 )ccp 

9K12>>2&C #&- '81#Q WK>2$; 

R281- 9K12>>8, `&2> 9NWJ dcp 
'81#Q WK>2$; .2,,%,; ]/dP^ 9NWJ 6p 
92&C18> 38&;8; ])dP^ JWT 6p 
@%7O18> 38&;8; ]/dP^ [2&12CF> 6p 

<&;>,7G8&> .#2& 9>,7$>7,8 .#2& 9>,7$>7,8 9>,82$F8, d6p 

<&>8C,#1 R281- `&2>; 

<G#C8 912$8,; ]:/P^ [2&12CF> Lcp 
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ZJ5 T,#>2&C; ]:/P^ VW9< 6cp 
@8>8$>%,; ]:/P^ N:Z )ccp 

 
MF8 $,Q%C8&2$ ;Q;>8G 2; #1;% Y72>8 #-a#&$8- #&- ;F#11 O8 -812a8,8- ;%%& OQ N9W >% I'+3 e#$212>Q( <> 
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@" ?(<&A1'/ )/B/2(C3/%& 
+ e2,;> K,%>%>QK8 %e >F8 2&;>,7G8&> $%&>,%1 ;%e>4#,8 F#; O88& K,%-7$8- e%, >F8 <R` +<M( <& K#,#1181 
>F8 ;>7-Q %e >F8 &%&A;>#&-#,- ;%e>4#,8 $%GK%&8&>; ]>F8 ;1%4 C72-2&C ;Q;>8G #&- >F8 e#;> 
,8$%&;>,7$>2%& 2G#C8 -2;K1#Q^ F#; O88& e2&#12=8-( MF8 e2,;> ;Q;>8G 7;8; # ;K8$2e2$ -8>8$>%, >% K8,e%,G 
1%4 %,-8, C72-2&C %& e#2&> ;>#,; 4F218 >F8 ;8$%&- 2; #O18 >% $%GK7>8 #&- -2;K1#Q %&A>F8 e1Q # 
,8$%&;>,7$>8- 4F2>8 12CF> 2G#C8 7;2&C # ;F%,> 8PK%;7,8 %e >F8 e281- %e a284( MF8 II@ #$Y72;2>2%& 2; 
K8,e%,G8- OQ >F8 B84 T8&8,#>2%& I%&>,%118, -8a81%K8- #> N9W( 
 
MF8 ;8$%&- G#0%, K28$8 2; >F8 -#># ,8-7$>2%& ;%e>4#,8( J,812G2&#,Q ,818#;8; F#a8 O88& -2;>,2O7>8- 
#&- >8;>8- #C#2&;> ;2G71#>8- -#># C2a8& OQ >F8 2&;>,7G8&> &7G8,2$#1 G%-81 nLo #&- %& ,8#1 -#># 
%O>#2&8- 42>F >F8 e2,;> <R`( +& 2GK%,>#&> e8#>7,8 %e >F8 -#># ,8-7$>2%& ;%e>4#,8 2; # K,%K8, F#&-12&C 
%e &%2;8 K,%K#C#>2%&(  

 
8i/6re N: F,s2r6me,2 ,6meri*al model sim6la2io, o> a raw HHD QTias s6T2ra*2edU >rame *orrespo,di,/ 2o a si,/le 
deep >ield o,e."o6r eKpos6reX 8rom le>2 2o ri/"2: o,e >6ll HHD raw eKpos6reI a zoom *e,2ered o, a >ai,2 
*o,2i,66m /alaKy a,d o, a, emissio, li,e oTZe*2X 

D" E(%+2*5,(%5 
MF8 -8;2C&* G#&7e#$>7,2&C* #12C&G8&> #&- >8;> %e >F8 e2,;> <R` F#a8 O88& ;7$$8;;e711Q K8,e%,G8-( 
+1>F%7CF >F8 ;Q;>8G 2; &%> e711Q $%GK12#&>* ;%17>2%&; F#a8 O88& e%7&- >% >F8 &%&A$%&e%,G2>28; #&- 
>F8 G#&7e#$>7,2&C %e >F8 ;8,28; F#; O88& 1#7&$F8-( MF8 ,8#12=#>2%& %e ;7$F # F2CF K8,e%,G#&$8 
;Q;>8G e%, # 7&2> $%;> ]-8>8$>%, #&- 2>; $,Q%C8&2$ ;Q;>8G 2&$17-8-^ %e 18;; >F#& :cc Ut 2; #1,8#-Q # 
G#0%, #$F28a8G8&>(  
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MF8 &8P> G#0%, G218;>%&8 2; >F8 K,812G2&#,Q #$$8K>#&$8 2& N7,%K8 e%,8;88& e%, >F8 e2,;> Y7#,>8, %e 
:c):( [8 8PK8$> >% C8> #11 <R`; $%GK%&8&>; -812a8,8- >% 3Q%& OQ 8#,1Q :c)) #&- >F8 %>F8, F#,-4#,8 
]G#2& ;>,7$>7,8* e%,8A%K>2$;* e281- #&- ;K12>>8, %K>2$;^ #&- ;%e>4#,8 # e84 G%&>F; 1#>8,( MF8& >F8 
#;;8GO1Q %e #11 K#,>; ]u>F8 C,#&- O#118>v^ 4211 ;>#,> e%11%48- OQ 8&-A>%A8&- ;Q;>8G >8;>;( MF2; 
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>% J#,#&#1 e%, e2,;> 12CF> #> >F8 Z3M( 
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2& nT,%7&-AO#;8- #&- +2,O%,&8 <&;>,7G8&>#>2%& e%, +;>,%&%GQo* .$38#&* <( 9( #&- <Q8* .(* 8-;(* J,%$( 9J<N 
E:E6* E:Ebc? ]:ccE^( 
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n/o '8&#71> N( 8> #1* uNee2$28&$Q G8#;7,8G8&>; K8,e%,G8- %& >F8 .`9N ZJ5Tv* >F2; $%&e8,8&$8 
 
n6o 3#7,8&> R( 8> #1* u.`9N <&>8C,#1 R281- `&2>j M8;> ,8;71>; %& >F8 e2,;> %7> %e :/v* >F2; $%&e8,8&$8 
 
nEo ?#,&% +( 8> #1* u<&>,%-7$2&C #>G%;KF8,2$ 8ee8$>; 2& >F8 &7G8,2$#1 ;2G71#>2%& %e >F8 .`9N_Z3M 
2&;>,7G8&>v* >F2; $%&e8,8&$8 
 
nHo V81= +( 8> #1* uMF8 I#12O,#>2%& `&2> #&- -8>8$>%, ;Q;>8G >8;>; e%, .`9Nv* >F2; $%&e8,8&$8 
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