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&!� &". "3$��)$. $�3"9:%"-�-I.@"�+ 3!$8"!� tk��cm� �t|RPTONW kNfRON
�aTQ �|TaPNW �Rb\PRO xhO cQhThfRTOaPNW NSb mSTROxROhfRTOaPNW �gUROVNTahSU,'
�#�)��:.- $ �"$�..- ����Y,� �!$-.(.)6 "�)"-)6. .@" 3�!�*. !6; &!$-6.
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10-� -$ .9:)"� $' �3.& !�9:)62 ($�3�%")' �-. "�$9�� �!$-.(.)6 "�)"-<
)6. 4�!�& .!$� $&$ �-. "3!$.*)$&"- )� 3!$8"!. tk��cm�' 4�!�& .!$� $<
&$ 0%&"3"9"�)"@" $) .!#.!.)/$"))"@" Hα #$9: !� $ �!.().3"9"�)64 �-.<
 "#$9: !"- (9+ &") $)00*� tisD�G $ tisG�G� ��& &�& ($�3�%") 901.-64
�&"!"� .2 )�89J(�-I$4�+ @�9�& $& 869 ).8"9:I"2'  " (9+ -�.4 )�89J(�-<
I$4�+ "8K.& "- *6 $�3"9:%"-�9$ "($) $  " 5. Hα #$9: !�

�!� &" "3$��)6 "�)"-)6. 3�!�*. !6 3!$8"!� �wm' 0� �)"-9.))"@" -
����.@!.)"-�&"* #"&0�. ��� *. !"-"@"  .9.�&"3� jc^ - it�' 3!$-.(.)6
4�!�& .!$� $&$ 0� �)"-9.))"@" )� ).* �-. "3!$.*)$&� $ &!$-6. 3!"30�<
&�)$+ $�3"9:%"-�-I$4�+ �-. "#$9: !"-�

	�9.. "3$�6-�. �+ *. "($&� )�89J(.)$2 @�9�& $& - 9$)$$ Hα� 	�. <
�+ 3"!+("& 3!"-.(.)$+ 3.!-$1)"2 !.(0&/$$ )�89J(� .9:)64 (�))64 $ (.<
 �9:)" "3$�6-�J �+ 3")+ $+ L9.& !"))"@" )09+ ��m~t�' B .*)"-"@"  "&�E
�s~�M�' B39"�&"@" 3"9+E �wy~v�' "3$�6-�. �+ 3!"/.(0!� $4 3"901.)$+
$ $�3"9:%"-�)$+ 3!$ !.(0&/$$ (�))64� ����*� !$-�. �+ 3!"/.(0!� 0(�9.<
)$+ &"�*$1.�&$4 1�� $/ � $%"8!�5.)$2 $ $�3!�-9.)$. %� &"�*. $1.�&$.
(.#.& 6 *� !$/6� ��&5. &!� &" 0(.9.)" -)$*�)$. *. "($&. 0� !�).)$+
$) .!#.!.)/$"))"@" 0%"!� w�mo^it )� $%"8!�5.)$+4� �3$�6-�. �+ 3!"<
/.(0!� -61$ �)$+ #")� ).8� -"&!0@ @�9�& $& $ -61$ �)$+ &") $)0�9:)"<
@" $%"8!�5.)$+ @�9�& $&$ $% �)$*&� - 9$)$$ Hα� ����*" !.)6 "�)"-)6.
"I$8&$' &" "!6. -"%)$&�J 3!$ #" "*. !$$' $ 3!$1$)6' -9$+JA$. )�  "1<
)"� : $%*.!.)$+ $ 3!.(.9 #" "*. !$1.�&$4 (�))64r 3!$-"($ �+ #"!*09�
(9+ !��1. � @9"8�9:)"@"  .*3� %-.%(""8!�%"-�)$+ - @�9�& $&�4 �"@9��)"
^NWWN_QRO RT NW� ��F7X,�

�" '%�	�� )*�� ($��.! �/$$ 3!.(� �-9.)6 !.%09: � 6 )�89J(.)$2
�� &�!9$&"-64 �30 )$&"- 89$5�2I.2 & �9.1)"*0 �0 $ @!0336 -"&!0@
�)(!"*.(6 �� ��, $ "()"2 @�9�& $&$ 3"9+ ~Sb ml� ����*� !$-�J �+ $)<
($-$(0�9:)6. �-"2� -� )�89J(�-I$4�+ @�9�& $& $ "8�05(�J �+ 3"901.)<
)6. !.%09: � 6� �"( -.!5(.)"' 1 " (9+ �#.!"$(�9:)64 �bt|Q, �30 )$&"-
�)(!"*.(6' &�& $ (9+ bt|Q �30 )$&"- �9.1)"@" �0 $' Hα<3" "&$ L $4
&�!9$&"-64 �$� .* )�4"(+ �+ )$5. 3"!"@� (. .& $!"-�)$+� �69$ �"8!�)6
$% 9$ .!� 0!6 "/.)&$  .*3� %-.%(""8!�%"-�)$+ $ (9+ "� �9:)64 �30 )$<
&"- �)(!"*.(6 $'  �&$* "8!�%"*' 3"901.)� �-"(&� (�))64 (9+ -�.4 $%<
-.� )64 )� *"*.) $��9.("-�)$+ 19.)"- @!0336 � ��� �"&�%�)"' 1 " &�!<
9$&"-6. bt|Q $ bi �30 )$&$ �)(!"*.(6' - �"" -. � -$$ � "5$(�)$+*$'
$*.J L&� !.*�9:)" )$%&$. %)�1.)$+ &�& �"(.!5�)$+ ).2 !�9:)"@" -"("<
!"(�'  �& $ �"-!.*.))64  .*3"- %-.%(""8!�%"-�)$+' -6� 03�+ �)�9"@�*$
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�#.!"$(�9:)64 �30 )$&"- �9.1)"@" �0 $ �jNTRh' �FF7,� 	-. �3$!�9:)6.
@�9�& $&$ @!0336 � �� ���*� j �� $ j ��, $  !$ $!!.@09+!)64 .. 19.)�
�mk ��' mk �D��' �yj, -6@9+(+ &�&  $3$1)6. "8K.& 6 �.� )"@" �8K.<
*� 3" $4  .*3�* %-.%(""8!�%"-�)$+ $ *����* ).2 !�9:)"@" -"("!"(� HI�
� )"I.)$. (. .& $!"-�))"2 *���6 ).2 !�9:)"@" -"("!"(� & �-. $*"� $ 0
�� �30 )$&"- %�&9J1.)" - $) .!-�9. " � (" ��−3 - .($)$/�4 *���6 $ �-.<
 $*"� $ �"9)/�r 0 (!0@$4 ).(. .& $!"-�))64 - HI �30 )$&"- �o^k �XG'
o^k ���, L " " )"I.)$. *"5. 86 : (�5. )$5. %)�1.)$+ �×��−5j�}y��
��. bt|Q $ bi �30 )$&$ � �� $*.J �"-!.*.))6.  .*36 %-.%(""8!�%"-�<
)$+ �SFR, 3"!+(&� $9$ *.).. ��−6M�}@"(� �69" "8)�!05.)"' 1 " "($)"1<
)�+ @�9�& $&� (�9:).@" #")� ~Sb ml $*.. !.&"!()" -6�"&". " )"I.)$.
M(HI)/LB = 12M�/L�' "89�(�+ @!"*�()6*$ %�3���*$ @�%� (9+ (�9:).2<
I.@" %-.%(""8!�%"-�)$+�

�	�%+" )*�� 3"�-+A.)� $%01.)$J " )"�$ .9:)" &"*3�& )"2 -$!$�9$<
%"-�))"2 @!0336 @�9�& $& -"&!0@ j 7�� �%9�@�. �+ &!� &�+ $� "!$+ $%01.<
)$+ @�9�& $& -"&!0@ � 7� $ %-.%(""8!�%"-�)$+ ).&" "!64 .. +!&$4 19.)"-�
�3$�6-�J �+ 0�9"-$+ )�89J(.)$2� �!$-"(+ �+ "�)"-)6. 4�!�& .!$� $&$
)�89J(�-I$4�+ @�9�& $&; $) .@!�9:)6. 3" "&$ - 9$)$$ Hα $  .*36 %-.%<
(""8!�%"-�)$+' "3$�6-�. �+ --.(.)$. (-04 8.%!�%*.!)64 3�!�*. !"- p∗ $
f∗' 4�!�& .!$%0JA$4 3!"I9". $ 80(0A.. 3!"/.��� %-.%(""8!�%"-�)$+ - @�<
9�& $&.; p∗ = lg[(SFR)T0/LB] $ f∗ = lg[MHI/(SFR)T0]' @(. T0 n -"%!�� 
��.9.))"2' 3!$)+ 62 !�-)6* ���G *9!(�9. �"@9��)" t|RO_RW RT NW� �����,�
�!$-"($ �+ "3$��)$. "�"8.))"� .2 � !0& 0!6 L*$��$"))64 "89�� .2 0 -�.4
)�89J(�-I$4�+ @�9�& $&� �8�05(�J �+ "8A$. !.%09: � 6 $��9.("-�)$+
@!0336 � 7�� �"&�%�)"' 1 " 3!"/.��6 %-.%(""8!�%"-�)$+ - @�9�& $&�4 "(<
)"2 $  "2 5. @!0336 4�!�& .!$%0J �+ @!"*�()6* !�%)""8!�%$.*�  ).&"<
 "!64 " )"�$ .9:)" +!&$4 @�9�& $& �o^k ��GG' j 7�, "�)"-)�+ L*$��$+
$�4"($ $% /.) !�9:)"2 "89�� $� � (!0@$4 +!&$4 ($�&""8!�%)64 @�9�& $<
&�4 �o^k �FGD' o^k XD�Y' o^k �X��' j 7�, Hα<L*$��$+ !��3!.(.9.)�
8"9..�*.).. !�-)"*.!)" 3" -�.*0 ($�&0�  $!!.@09+!)64 @�9�& $& �  $<
3$1)"2 �-. $*"� :J ��@.99�)"-64 "89�&"- �[hWf mm' mk �YGX' o^k ��DD,
)�89J(�. �+ )�9$1$. *"A)64 "1�@"- %-.%(""8!�%"-�)$+' 3!$1.* ("-"9:<
)" 1�� "  �&$. "1�@$ ��-.!4���"/$�/$$, !��3"9�@�J �+ )� "&!�$)�4 L $4
@�9�& $&� 	9+ bmO $ �ks @�9�& $& )$%&"2 �-. $*"� $ 4�!�& .!)"2 "�"<
8.))"� :J +-9+J �+ *.9&$. &"*3�& )6. HII<"89�� $ �[hWf m' ss� 7G'
�^k XX7�' ss� �DY, $9$ 5. " (.9:)6. ($##0%)6. L*$��$"))6. 039" <
).)$+ �MM[ �X' MM[ �G,� ��&")./' " *. $* �901�$' &"@(� bmO @�9�& $&$
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"1.): )$%&"2 (MB = −10m − 11m, �-. $*"� $ �Ms^ Y�' Ms^ G�' �M�o, ).
3"&�%6-�J 3!$%)�&"- Hα<L*$��$$' 4" + �"(.!5� @"908". %-.%()". )��.<
9.)$.' �0(+ 3" �)$*&�*' 3"901.))6* )�  .9.�&"3. ��889� �[tv,�

�% �)�9$%� !.%09: � "- -6 .&�. ' 1 " @9"8�9:)62  .*3 %-.%(""8!�%"-�<
)$+ - @�9�& $&�4 4"!"I" &"!.99$!0. � $4 �-. $*"� :J' 9$).2)6* ($�*. <
!"* $ *���"2 ).2 !�9:)"@" -"("!"(�� �% 3"901.))64 (�))64 �9.(0. ' 1 "
"&!05.)$. �3$!�9:)64 $ ).3!�-$9:)64 @�9�& $& "1.): �9�8" -9$+. )�
 .*36 %-.%(""8!�%"-�)$+ - )$4� ��3!$*.!' -"�.*: @�9�& $&' )�4"(+A$4�+
)� (�9.&"2 3.!$#.!$$ @!0336'  �.� 80(01$ 3!�& $1.�&$ $%"9$!"-�))6*$'
$*.J 3"1 $  �&$. 5. �!.()$.  .*36 %-.%(""8!�%"-�)$+' 1 " $ @�9�& $<
&$  .4 5.  $3"- t' mf' �ks $ bmO' )" � 89$%&$*$ *���$-)6*$ �"�.(+*$�
�*.. �+ +-)". �-$(. .9:� -" - 3"9:%0  "@"' 1 " %-.%(""8!�%"-�)$. - bmO $
�ks @�9�& $&�4 @!0336 3!"$�4"($ �&"!.. - !.5$*. 80!)"2 -�36I.1)"2
�& $-)"� $' 1.* - -$(. -+9" .&0A.@" 3!"/.���� �!$)$*�+ - &�1.� -. B%"<
)6 " -. � -.))"� $E � 7� �#.!0 !�($0�� � �3&' *6 3"901$9$ �0**�!)62
 .*3 %-.%(""8!�%"-�)$+ Σ[SFR] = (5.5 ± 0.1)M�}@"(' &" "!62 3!$4"($ <
�+ )� "8K.* "&"9" �X �3&3� �9.("-� .9:)"' �!.()$2  .*3 %-.%(""8!�%"-�<
)$+ - L "2 %"). �"� �-9+. ρ̇SFR = 0.16M�}@"( )� �3&3� �"@9��)" (�))6*
oN�Nf\ON RT NW� ����X,' jNOTaS RT NW� ����Y,' [NSaUQ RT NW� ����D,' �!.()$2  .*3
%-.%(""8!�%"-�)$+ - .($)$1)"* "8K.*. - )�� "+A0J L3"40'  �.� 3!$ &!��)"*
�*.A.)$$ �` ��, 9.5$ - $) .!-�9. (0.02 − 0.03)M�}@"( )� �3&3� �9.("<
-� .9:)"' @!033� � 7� (.*")� !$!0. - Y�7 !�% 8"9.. -6�"&0J �& $-)"� :
%-.%(""8!�%"-�)$+' 1.* �!.()$2 *.� )62 "8K.*� ��*. $*' 1 " 3"9"-$)�
�0**�!)"@" Hα<3" "&� @!0336 3!$4"($ �+ )� "()0 �-.!4�& $-)0J @�9�&<
 $&0 � 7�� �()�&"' (�5. 3"�9. .. $�&9J1.)$+ $%86 "& - ρ̇SFR (9+ @!0336
� 7� $ .. "&!.� )"� .2 �"4!�)+. �+� � L "* �*6�9.' 0 -.!5(.)$. jaWWRO
��FFD, " -6�"&"2 �& $-)"� $ 3!"/.��� %-.%(""8!�%"-�)$+ - @!033. � 7� �"<
4!�)+. �-"J �$90� �"%*"5)"' 1 " 0 80!)"2 �& $-)"� $ L "2 @!0336 .� :
(-. 3!$1$)6;  .�)". �89$5.)$. *���$-)64 @�9�& $& � 7� $ � 7� $ )�<
89J(�.*". "8$9$. -"9"&") ).2 !�9:)"@" -"("!"(� - /.) !�9:)"2 "89�� $
@!0336 ��\S RT NW�' �FFX,�

,�%�	%�" )*�� 3"�-+A.)� $%01.)$J !���.+))"@" "89�&� @�9�& $&
>")1$. ��6 m �klSm,�

�!� &" "3$�6-�. �+ $� "!$+ $%01.)$+ L "2 �*"!#)"2 @!0336� � *.1�<
. �+' 1 " "&"9"  !.4 (J5$) @�9�& $& L "@" &"*39.&�� 869$ !�).. $��9.("<
-�)6 - 9$)$$ Hα; MRSSaP\TT RT NW� ��F7F,' [hh|RU RT NW� ��FFF,' VNS `RR�����,'
^aW bR cNd RT NW� �����,' eNfRU RT NW� ����X, $ [\STRO ] iWfR_ORRS ����X,' "(<
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)�&"' 8"9.. 3"9"-$)6 (!0@$4 19.)"- "89�&� "� �9"�: -). 3"9+ %!.)$+ L $4
�- "!"-� � *.1�J �+ 0�9"-$+ )�89J(.)$2 $ 3!$-"($ �+ 50!)�9 )�89J(.<
)$2� �!$-.(.)6 "�)"-)6. 3�!�*. !6 G7 @�9�& $&' !��3"9"5.))64 - "89�&.
klSm' -  "* 1$�9. $ @9"8�9:)6.  .*36 %-.%(""8!�%"-�)$+� �3$�6-�J �+
$)($-$(0�9:)6. "�"8.))"� $ )�89J(�-I$4�+ @�9�& $&' - 1�� )"� $ � !0&<
 0!� $4 HII "89�� .2� �8�05(�J �+ 3"901.))6. !.%09: � 6� �!$-.(.)"
!��3!.(.9.)$. G7 @�9�& $& - "89�&. klSm 3" %)�1.)$+* SFR $ �8�"9J <
)"2 �$).2 %-.%()"2 -.9$1$)6 MB - �!�-).)$$ � X� @�9�& $&"2 $% @!0336
� 7�� �"&�%�)"' 1 " +!&$. 19.)6 "89�&� $ @!0336 � 7� �9.(0J 9$).2<
)"2 %�-$�$*"� $ SFR ∝ LB' � �9�86. &�!9$&"-6. @�9�& $&$ - "8.$4 L $4
@!033�4 � MB > −13m (.*")� !$!0J �$� .*� $1.�&$2 �(-$@ " )"�$ .9:<
)" @9�-)"2 3"�9.("-� .9:)"� $� �()�&" $4 �*.A.)$. -)$% 3" I&�9. SFR

*"5. 86 : �0A.� -.))" 0*.):I.)" 3!$ 01. . )"-64 �/.)�!$.- %-.%()"2
L-"9J/$$' 3!.(9"5.))64 �RabSRO ] MOh\|N ����Y,�

� �"" )"I.)$$ *.5(0 SFR $ -"("!"()"2 *���"2 @�9�& $&$ MHI �3$<
!�9:)6. $ $!!.@09+!)6. @�9�& $&$ 3"&�%6-�J 8"9.. &!0 0J %�-$�$*"� :
SFR " MHI ' 1.* " �-. $*"� $ LB' � $*.))"' SFR ∝ M1.5

HI � � " �-$(.<
 .9:� -0. "  "*' 1 " &�!9$&"-6. bmOO @�9�& $&$ �"4!�)+J " )"�$ .9:)"
8"9:I$. %�3��6 @�%� (9+ 3"((.!5�)$+ %-.%(""8!�%"-�)$+ �� )�89J(�.*6<
*$ �.21��  .*3�*$,' 1.* �3$!�9:)6. @�9�& $&$� �!$-.(.)" !��3!.(.9.<
)$. @�9�& $& @!033 klSm $ j 7� )� ($�@)"� $1.�&"2 ($�@!�**. pp∗, f∗q
B3!"I9".<80(0A..E' 4�!�& .!$%0JA.2 3!"I9". $ 80(0A.. 3!"/.��� %-.%("<
"8!�%"-�)$+ - @�9�& $&. 3!$ 3!.(3"9"5.)$$ " 3"� "+)� -. )�89J(�.*"@"
�.21��  .*3� %-.%(""8!�%"-�)$+�

�9.)6 "89�&� klSm - /.9"* !��3"9�@�J �+ ("-"9:)" �$**. !$1)" " <
)"�$ .9:)" )�1�9� &""!($)� ' $*.+ *.($�))6. %)�1.)$+ p∗ = +0.02 $
f∗ = −0.03. � " "%)�1�. ' 1 " )�89J(�.*6.  .*36 %-.%(""8!�%"-�)$+ 0
@�9�& $& "89�&� "&�%�9$�: -3"9). ("� � "1)6*$ (9+ -"�3!"$%-"(� -� $4
)�89J(�.*"2 �-. $*"� $ �8�!$"))"2 *���6,� �!$ L "* @�9�& $&$ klSm "8<
9�(�J %�3���*$ @�%�' ("� � "1)6*$ (9+ 3"((.!5�)$+ )�89J(�.*64  .*<
3"- %-.%(""8!�%"-�)$+ )� 3!" +5.)$$ .A. "()"@" ��889"-�&"@" -!.*.)$
T0'  �.� ")$ )�4"(+ �+ &�& !�% )� �.!.($). �-".@" L-"9J/$"))"@" 30 $� 	9+
�!�-).)$+' *.($�))6. %)�1.)$+ p∗ $ f∗ 0 19.)"- @!0336 � 7� �"� �-9+<
J ' �"" -. � -.))"' −0.30 $ +0.12'  �.�  $3$1)�+ -.9$1$)� SFR' -%+ �+ )�
.($)$/0 �-. $*"� $ 0 )$4 - (-� !�%� )$5.' 1.* 0 @�9�& $& klSm� �" L "
!�%9$1$. 9.@&" "8K+�)$*" )�9$1$.* - @!033. � 7� 8"9:I"@" 1$�9� &�!9$<
&"-64 �#.!"$(�9:)64 @�9�& $&' 0 &" "!64 �"-!.*.))62  .*3 %-.%(""8!�<



�


%"-�)$+ *"5. 86 : 3"(�-9.) 3!$9$-)6* B"8($!�)$.*E @�%�� � " 9$1$. " 
�3$!�9:)64' 0 $!!.@09+!)64 @�9�& $& )$%&"2 �-. $*"� $ 3!"/.�� %-.%("<
"8!�%"-�)$+ 3!"$�4"($ �&"!.. -�.@" - -$(. -�36I.&' 1.* - !.5$*. !�-<
)"*.!)"@" B 9.)$+E �shQf<cNWfRO RT NW� ����' shW|QaS RT NW� ����' t�aWWfNS
���Y' jPkhSSNPQaR RT NW� ���Y' �h\S_ RT NW� ���G,� ��$8"9.. -6!�%$ .9:<
)6* 3!.(� �-$ .9.* &�!9$&"-"2 @�9�& $&$ - � �($$ -�36I&$ +-9+J �+
�^k~ �7��j�S ��F $ �^k DYX��j�S �G7' 0 &" "!64 0(.9:)62  .*3 %-.%<
(""8!�%"-�)$+ )� .($)$/0 �-. $*"� $ - �� !�% $' �"" -. � -.))"' - G !�%
-6I. �!.().@" %)�1.)$+� �)�9"@$1)6* 10 : *.):I$* $%86 &"* 0(.9:)"@"
SFR "89�(�. $%-.� )�+ B-%!6-�JA�+�+E @�9�& $&� � 7� - @!033. � 7��

���9.("-�)� %�-$�$*"� : *.5(0 �& $-)"� :J %-.%(""8!�%"-�)$+ - @�<
9�& $&. $ 89$%"� :J .. & (!0@$* �"�.(+*' &" "!�+ 4�!�& .!$%0. �+  �&
)�%6-�.*6* B3!$9$-)6* $)(.&�"*E TI� ��I$ (�))6. ). 3"&�%6-�J %�<
-$�$*"� $ *.5(0 SFR $ TI� [\STRO ] iWfR_ORRS ����X, $ ohRU�R RT NW�
�����,  �&5. ). "8)�!05$9$ �-+%$ *.5(0 SFR 0 @�9�& $&$ $ .. "&!0<
5.)$.*� �� "&!�$). "89�&� 869 "8)�!05.) -.�:*� $) .!.�)62 "8K.& n
$%"9$!"-�))�+ (TI = −0.7) 9$)%"-$()�+ @�9�& $&� o^k XXD�� � /.) !. ..
$*.. *.� " *"A)�+ -�36I&� %-.%(""8!�%"-�)$+' &" "!�+ �3"�"8)� $�1.!<
3� : )�9$1)62 %�3�� @�%� @�9�& $&$ -�.@" %� �G� �9)� 9. � �.!"+ )"' %(.�:
*6 )�89J(�.* !.(&". �"86 $. n -%�$*"(.2� -$. t� @�9�& $&$ � *.5@�9�&<
 $1.�&$* HI "89�&"*�

	�. �+ �!�-).)$. %)�1.)$2 SFR 3" )�I$* (�))6* � "/.)&�*$ (!0@$4
�- "!"-� �!$-.(.)� "/.)&� �!.().2 39" )"� $ %-.%(""8!�%"-�)$+ SFR -
"89�&. klSm; ρ̇SFR = 0.12M�@"(−1j3&−3�

�"%�" )*�� ($��.! �/$$ 3"�-+A.)� )�89J(.)$+* - 9$)$$ Hα ).8"9:<
I"2 @!0336 @�9�& $& -"&!0@ @$@�) �&"2 �3$!�9$ o^k DFXD' !��3"9"5.)<
)"2 )� )$%&"2 @�9�& $1.�&"2 I$!" . B = 12◦' - %"). �$9:)"@" 3"@9"A.)$+�
�.) !�9:)�+ @�9�& $&� @!0336' o^k DFXD' -6(.9+. �+ *"A)6*$ "1�@�*$
%-.%(""8!�%"-�)$+ -("9: �3$!�9:)64 -. -.2 $ )�9$1$.* 3.&09+!)"@" $%"<
9$!"-�))"@" *"9"("@" %-.%()"@" &"*39.&�� )� "&!�$). "()"@" $% !0&�-"-
�ixORfhV' ���G,� �!� &" "3$�6-�. �+ $� "!$+ "8)�!05.)$+ L "2 @!0336�
�3$�6-�J �+ 0�9"-$+ )�89J(.)$2 @�9�& $& @!0336� �!$-"(+ �+ "�)"-)6.
3�!�*. !6 @�9�& $&��30 )$&"- o^k DFXD $ " *.1�J �+ $4 $)($-$(0�9:<
)6. �-"2� -�� �8�05(�J �+ !.%09: � 6 )�89J(.)$2� �(.9�) -6-"( "  "*'
1 " 3" $) .@!�9:)"*0  .*30 %-.%(""8!�%"-�)$+ �30 )$&$ o^k DFXD !��<
3"9�@�J �+ - $) .!-�9. 0.002 − 0.052M�}@"(' 1 "' - "8A.*< "' +-9+. �+
 $3$1)6* (9+ $!!.@09+!)64 $ �ks @�9�& $& �[\STRO ] iWfR_ORRS' ���X,�
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��9$1)6. %�3��6 @�%� - bmO �30 )$&�4 @�9�& $&$ o^k DFXD "8.�3.1$<
-�J �"-!.*.))6.  .*36 %-.%(""8!�%"-�)$+ - )$4 .A. -  .1.)$$ �D � 7D,
*9!(�9. ' 1 " )� 3"!+("& 8"9:I.' 1.* (9+ ��*"2 o^k DFXD� �!.*+ $�1.!<
3�)$+ @�%� vgas (9+ 19.)"- @!0336 +-9+. �+  $3$1)6* (9+ bmO @�9�& $&
3"9+ �[\STRO ] iWfR_ORRS' ���X,�

� -��%�� )*�� 3!$-"(+ �+ !.%09: � 6 "3!.(.9.)$+ Hα<3" "&"- 0
$%"9$!"-�))64 J5)64 @�9�& $&' )�89J(�-I$4�+ )� ��� *. !"-"*  .9.<
�&"3. jc^ - it�� 	�. �+ &!� &". "3$��)$. �"� "+)$+ (.9 3" Hα<"8%"!0
@�9�& $& J5)"@" ).8�' 03"*$)�. �+ " (-04 /$#!"-64 "8%"!�4 t[~tt~
�vQR th\TQROS [<~W|QN t�{ t\OVR{ ~TWNU, $ tmo^^ �t\OVR{ xhO mhSadNTahS aS
oR\TONW ^NU ^NWNzaRU,� 	�. �+ &!� &". "3$��)$. 0�9"-$2 )�89J(.)$+' 4�!�&<
 .!$� $& �-. "3!$.*)$&"- $ 3!$*.)+-I$4�+ �-. "#$9: !"-� �!$-"(+ �+
4�!�& .!$� $&$ �� )�89J(�-I$4�+ @�9�& $& $ " *.1�J �+ ).&" "!6. "�"<
8.))"� $ !��3!.(.9.)$+ $4 HII "89�� .2� �" !.%09: �* )�I$4 )�89J(.)$2
$ � 01. "* -�.4 ("� 03)64 (�))64 $% 9$ .!� 0!6' 3!$-"(+ �+ 3"9"5.)$+
�DX @�9�& $& )� ($�@!�**�4 pSFR, MBq $ pSFR, MHIq' �  �&5. ($�@)"<
� $1.�&"2 ($�@!�**. pp∗, f∗q�

��(+��" )*�� 3"�-+A.)� $%01.)$J !��3!.(.9.)$+ @�%� $ %-.%(""8<
!�%"-�)$J - "1.): �9�864 �−12.5 < MB < −9.5, &�!9$&"-64 @�9�& $&�4'
&" "!6. )�89J(�9$�: &�& - 9$)$$ Hα )� ���'  �& $ � -6�"&$* !�%!.I.)$<
.* �∼ ��D &*}�, - 9$)$$ ��<�* )� �)($2�&"* !�($" .9.�&"3. ^j�v� �!� &"
"3$�6-�. �+ �& 0�9:)"� : $%01.)$+ #$%$1.�&"@" �"� "+)$+ @�%"-"2 �!.(6
$ %-.%(""8!�%"-�)$+ - ).2� �!$-"($ �+ &!� &". "3$��)$. )�89J(.)$2 )�
��� $ ^j�v� ����*" !.)� &$).*� $&� $ &!03)"*��I �8)". !��3!.(.9.<
)$. HI - @�9�& $&�4 Ms^ Y�' k^k^ �DF��XF' �^k G�F7 $ MM ���� �!$<
-"(+ �+ @9"8�9:)6. HI 3!"#$9$ (9+ !���*� !$-�.*64 @�9�& $& $ 3�!�<
*. !6 @�9�& $&' 3"901.))6. 3" @9"8�9:)6* 3!"#$9+* - HI� 	�9.. 8"9..
3"(!"8)" !���*� !$-�. �+ !��3!.(.9.)$. $ &$).*� $&� @�%� - 9$)$$ HI
(9+ $%01�.*64 @�9�& $& $ 3!$-"(+ �+ &�! 6 !��3!.(.9.)$+ ).2 !�9:)"<
@" -"("!"(�' )�9"5.))6. )� "3 $1.�&$. $%"8!�5.)$+ @�9�& $&� 	.9�. �+
-6-"( "  "*' 1 " -�. @�9�& $&$ 3"&�%6-�J $%*.!$*6. 3"9+ �&"!"� .2 �
03"!+("1.))"2 � !0& 0!"2 -"3!.&$ 3!$)+ "2 !�)..  "1&. %!.)$+' 1 " 3"9+
�&"!"� .2 0 �9�864 &�!9$&"-64 @�9�& $& +-9+J �+ 4�" $1.�&$*$ �yh RT NW�'
�FF�,� �"&�%�)� -�5)"� : -6�"&"@" !�%!.I.)$+ ∼ 1.6 &*}� $ -6�"&"2 10-<
� -$ .9:)"� $ 3!$ $%01.)$$ 3"9+ �&"!"� .2� ����*� !$-�. �+ %�-$�$*"� :
%-.%(""8!�%"-�)$+ " 39" )"� $ HI� 	9+ $��9.("-�)$+ L "2 �-+%$ 869$
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$�3"9:%"-�)6 $%"8!�5.)$+' 3"901.)))6. )� ��� - 9$)$$ Hα $ &�! 6 HI

$%"8!�5.)$2' 3"901.))6. )� ^j�v � 0@9"-6* !�%!.I.)$.*' �"" -. � -0<
JA$* 9$).2)"*0 !�%!.I.)$J ∼ 300 3&� �!$-"(+ �+ !.%09: � 6 �!�-).)$+
HI $ Hα (�))64� �% �!�-).)$+ �9.(0. ' 1 " .�9$ $ .� : �&�1&$ - 39" )"<
� $ !��3!.(.9.)$+ HI'  " ")$ ). -�.@(� �"-3�(�J � Hα<L*$��$.2' 8"9..
 "@"' *"!#"9"@$+ Hα<L*$��$$ $ 39" )64 HI "89�� .2 ("-"9:)" �$9:)"
!�%9$1�. �+� �!$ $��9.("-�)$$ !��3!.(.9.)$+ @�%� HI )� *�964 *��I �<
8�4 �∼ 20− 100 3&, 869" "8)�!05.)"' 1 " - L*$��$$ -$()6 !�%)""8!�%)6.
"8"9"1&$' �@0A.)$+ $ )$ $� �*$��$+ - Hα $)"@(� ���"/$$!0. �+ � "�"8"
39" )6*$ HI �@0A.)$+*$' &�& - @�9�& $&. k^k^ �DF��XF' $)"@(� Hα<
L*$��$+ 9.5$ -)0 !$ "�"8" 39" )64 "8"9"1.&' � $)"@(� -""8A. ). �-+%$
*.5(0 Hα<L*$��$.2 $ HI �@0A.)$+*$' &�& - �901�. @�9�& $&$ �^k G�F7�
�� L "* "�)"-�)$$ �(.9�) -6-"(' 1 " -%�$*"�-+%: *.5(0 %-.%(""8!�%"-�<
)$.* $ 39" )"� :J @�%� - &�!9$&"-64 @�9�& $&�4 ). 3"&�%6-�.  .4 3!"<
� 64 &!03)"*��I �8)64 %�&")"*.!)"� .2' &" "!6. )�89J(�J �+ - +!&$4
�3$!�9:)64 @�9�& $&�4�

� ��$*.����� #"!*09$!0J �+ "�)"-)6. !.%09: � 6 ($��.! �/$$�

� �	�*�/���� 0 3!$-"($ �+  �89$/� �" �3$�&"* �DX @�9�& $& �.� <
)"@" �8K.*� � $%-.� )6*$ )� (�))62 *"*.) @9"8�9:)6*$  .*3�*$ %-.%<
(""8!�%"-�)$+ SFR $ -"("!"()6*$ *����*$ MHI �

� �	�*�/���� � 3!.(� �-9.) � 9�� $%"8!�5.)$2 ��F @�9�& $& - 9$<
)$$ Hα $ - &") $)00*.�

�1���$ *�%�	�%2	&

�#�)��:.- ����' �"$�..- ����' ���Y' �$�:*� - �� !")� 50!)�' ��' ��X
shQf<cNWfRO ��k� RT NW�' ����' ~e' ���' 7��
shW|QaS ~�i� RT NW�' ����' ~e' ��D' �7G
ixORfhV �\�o� RT NW�' ���G' jo�~t' �7�' X7�
^NWWN_QRO e�t�' [\STRO s�~�' v\T\�hV ~�l�' �F7X' ~|e' �7X' YXX
^aW bR cNd' jNbhOR ��w�' cRV\ShVN ��' ����' ~|et' �XG' �F
[NSaUQ s�e�' jR\ORO ^���' wRO_\UhS [�k� RT NW�' ���D' ~|e' DXF' �Y�
[RWfghWbT e�w�' �NWTROghU ��~�' �hTQ\S ^�s� RT NW�' ���X' ~|e' D��' F�X
[hh|RU k�^�' �NWTROghU ��~�j� ] �NSb ��e�' �FFF' ~|e' Y��' DDF
[\STRO s�~�' ^NWWN_QRO e�t�' �F7D' c~tc' F7' Y
[\STRO s�~�' iWfR_ORRS ��^�' ���X' ~e' ��7' ��G�
eNfRU c�~�' tQNSR o�t�' �RP�fNS e�i� RT NW�' ���X' ~]~' X�X' ��
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MNONPQRSTURV m�s�' MNONPQRSTURVN l�i�' [\PQTfRaRO ��M�' jN�NOhV s�m�' ���X'
~e' ��G' ����

MRSSaP\TT ��k�' �F7F' ~|e' �XX' D7Y
yh' M� ��' tNO_RST' �� y� �� ] �h\S_' M�' �FF�' ~|�e�' ��D'Y�G
jNOTaS s�k�' tRagROT j�' �\NT l�' RT NW�' ���Y' ~|e' D�F' YF
jNTRh j�' �FF7' ~SS\� �RV� ~UTOhS� ~UTOh|Q{U�' �D' X�Y
jPkhSSNPQaR ~���' ~OafhTh o�' mO�aS j�' vhWUTh{ i�' ���D' jo�~t' �G�' G�Y
jR\ORO RT NW�' ���D' ~|et' �DY' ��G
jaWWRO ����' �FFD' ~e' ���' FF�
oN�Nf\ON ��' w\�\_aTN j�' �OaS�fNSS e�' tPQSRabRO s�c�' ���X' ~e' ��G' �Y��
ohRU�R' M�^�' m_WRUaNU<cNONfh' e�' laWPQRd' e�j�' cN|NbROhU' c� wOaP�R' M�e�'

����' ~] ~' �G�' 7�D
t�aWWfNS i�s�' ���Y' oR� ~UTOhShf{ �RVaR�' XF' XY�
t|RO_RW s�o�' lRObR y�' cRaOaU [�l�' RT NW�' ����' ~|et' �X7' �GY
VNS `RR y�' ����' ~e' ��F' �GYG
�RabSRO k� ] MOh\|N c�' ���Y' ~|e' D�Y' GYX
�h\S_ y�j�' t�aWWfNS i�s�' �RaUd s��� ] shW|QaS ~�i�' ���G' ~|e' DYF' ���
�\S j�t�' [h c�v�' yh M���' �FFX' oNT\OR' �G�' Y��
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