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å	æ�ç�è!é�ê�ë>ì"íÕí1æ�ê4îðïxç�ñ1ò>ç"æ�ótñ1ô1ì�õ�ó�é�è!é�ó1ë>ò1öY÷�ò>ø1ìYç"ó1ò�ùnõ�ê�æ4ï1í1î(ù =µú ùûù�é�ô>é�ó1è�ìYô1ò>ç�è�ò1ó1òxòiç�ê4æ�ï>ç"è�ê4é
æ4ñ1ò>ç"é�í1îüòýç�ô>é�ê�í1ìYí1îþç�ù�é�ô>é�ó>è�ì"ô1ò�ç�è�ò1ó�é4÷�òÿó�é�è!é�ó�ë>ò>öY÷�ò1ø1ì-ç�ó1ò1ù�ñ1ìYô1ìY÷�ìYí1í1î(ù =�� æ�ó�é�ö-é�í1æ��ðø1è�æ
í1ì-ç"÷�æ4è�ô��qí>é]ò�õ�ìYí1è�ò1ø>í1æ4ç"è��8÷�í1æ	�"ò�ùzñ>é�ô>é�÷�ìYè�ô1æ4êOæ4ç"í1æ�ê4í1æ�ì(ô>é�ö�ë>ò1ø>ò1ì¹÷�ì�
8õ���Yè�ò>÷�òqõ�ê���÷��zè�ò1ñ>é A
÷�òzç�ò�ç�è�ì-÷�� é�ó1ó>ô1ì��1ò��~ò�ë�ò~ìYì(æ�è�ç���è4ç�è�ê4ò1ì���æ	����ç�ë>æ4ê�ë>ìYí1æ�ñ1ô1æ	�1ìYçYç�æ�÷��Yê�æ�ë����1ò1ò~òzç�ê4æ�ï>ç"è�ê4é4÷�ò8ñ1ô�é A
ô1æ-õò1è�ì�ë�ì"ï =�ú ù��Yê�æ�ë����1ò1æ4í1í1îðìðñ���è�ò ô>é�çKù�æ-õ��1è�ç��8ñ>æ4ç�ë�ì�ç�è!é õò1òzó1ô>é4ç�í1æ	�"æ��"ò���é�í1è!é =�� æ�ë��	 Íò1í>ç"è�ê�æ
�Që�é�ê�í1î(ùqó�æ�÷�ñ1æ�í1ìYí1è�æ4ê8ñ1ô>ì�õ�ó�é�è!é�ó�ë>ò1ö-÷�ò1ø1ìYç"ó1ò�ù ñ>ì"ô1ì-÷�ì"í1í1î(ù ç�è!é�í>æ�ê��1è4ç��!�"ó�ç�è�ô1ìY÷ é�ë���í1î�÷�ò æ	��" A
ìYó1è!é�÷�ò!�Yæ�ô1ò>ö"æ�í>è é�ë���í>æ�ïzê�ìYè�ê�òØò!��ù4æ-õ��1èOí>éÍë>ò1í1ò���æ ù�ë�é#
~õ�ìYí1ò$�%�4ì�ë>î(ùzó�é�ô�ë�ò1ó�æ�ê���÷�ò1í����'&)(�*+�
ò�ë�ò���ù�æ-õ��1è ç í1ì"ì ô>é�í��� 8ì,� í1ì�õ�æ�ç�è�ò��"í���ê ê�ìYô�ù�é	� =.- è�æ�ô1ò1ø>í1îðì ó�æ4÷�ñ1æ4í1ì"í1è�î ñ1ô>ì�õ�ó�é�è!é�ó�ë>ò1ö-÷�ò A
ø1ì-ç�ó1ò1ù ñ>ì"ô1ì-÷�ì"í1í1î(ùpæ4è-ë>ò1ø>é���è�ç��pê4î�ç�æ�ó�æ4ï�ó�æ4ô1æ�í>é�ë���í>æ A ù�ô>æ4÷�æ4ç0/·ì"ô1í>æ�ïØé�ó1è�ò1ê4í1æ4ç"è���� =21 è�æ!��ó�é A
öYîðê4é�ìYè í>é�í>é�ë>ò1ø1ò>ì~öYí>é ø1ò1è�ì�ë��4í1æ��Yæ�÷ é��"í1ò1è�í1æ��YæØñ1æ�ë��3��ø1è�æ è�æ4
~ì»ó�é�ó1ò>÷ A è�æ æ��4ô>é�öYæ4÷tê�ë�ò$�1ì"è�í>é
ç"ê�æ�ï�ç�è�ê�é��Yè�ò�ùzç�ò>ç"è�ìY÷ = å	ô�é�ê�í>ì"í1ò1ìðô�é�ç"ç"è�æ4�1í1ò1ï»÷�ì5
~õ��8ó�æ4÷�ñ1æ4í1ì"í1è!é4÷�ò»ç(ñ>ô1ì�õ�ì"ë>æ4÷6�4ç"è�æ�ï>ø1ò1ê�æ�ç�è�ò
ñ1æ4ó�é�öYé�ë>æ��!ø>è�æ]ó�é�è!é�ó�ë�ò1öY÷�ò1ø>ìYç�ó>ò1ì�ñ1ìYô1ìY÷�ìYí1í1îðì�ñ1ìYô1ì� Íë>ò7�"è�æ�è]ñ1ô1ì�õ�ì�ë8�4é·ñ1ô1ì�õ�ó�é�è!é�ó1ë>ò1öY÷�ò>ø1ìYç"ó1ò1ì
ç"æ ù�ô�é�í1ò�ë�ò'��ç�è�æ4ï1ø1ò1ê4æ4ç�è��8ê»ñ1ô1æ	�1ìYçYç�ì��"ê4æ�ë��9�1ò1ò =
:<;>=!?>@�A�B7@û��;���A��2C è�ì-ç�í1îðìzõ�ê�æ4ï1í1îðìqç�ò�ç�è�ì-÷�î���ñ1ô>ì�õ�ó�é�è!é�ó�ë>ò1ö-÷�ò1ø1ìYç"ó1ò1ì~õ�ê4æ�ï1í>îðì���ç"ê�æ4ï>ç�è�ê�é��
�Yê�æ�ë����1ò$�
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{0| u |	{ or}$s�~�q {�� qrl | z�qrm0s>qts { w	~�y�qaorm0� =	��� m�qrz { � | z |�{ u�m0z�qtsvu�q { s | l���y�z�w�ym�z�u�qrm0s | z�m��$m0s { z�q � m0� | l�� { w�~�y | z�m0�u�w'u � w	s�m7w�x {�| u |�{ oa}$s�~�q {I�#| z�q |�� oam�s =2� uYqts�s � w#n�l�u � | u | o�u � w���� � ~ | l�}�y | z | ~�m5u�m�z�s | z�mIu � m%s | ~�m�x�w�zu � m0s�mYuvn�w7uv}�y�m�s)w�x�s�}$s�u�m�~7s0��u � m�~ | qal��$qa��m�z�m�l { m � m5uvn�m�m�l�u � m0~�� |�{0{ z�m5u�qrw�lWw	z�l�w |�{�{ z�m�u�qrw�l��)svu�m�~7sx�z�w�~�u � mYy�z�w { m�s�s�w�x.m � w	oa��u�qrw�l | l��<y�z�w��	m�l�qau�w	z�y�z�w�ym�z�u�qrm0s =$� � w	oa�$u�qaw	l | z�}7u�z |	{�� s�w�x>u � m�uvn�w�uv}�y�m�s�w�xs�}$svu�m�~7s��$q � m�z���m | u�u � m�z�m0� A ��q | l�uKs�u | ��m =$� w�svu�w�xQu � m�y�z�qa~ | z�qrm0sKqal'y�z�m {�| u |	{ or}�s�~�q {��#| z�q |�� oam�s � m { w�~�mm���u�z�m0~�m � w�z�qa�0w�l�u | o A � z | l { � w �$� m { u�s0��n � q { � ~�w � m<u�w�u � m�n � q�u�m A �$n | z�x { w�w�orqrl��,oaqrl�m � }�y | s�s�qal��6u � m&)(�* svu | ��m	�2w�z�orm |4� m�u � m%&)(�* | u | l¡m | z�orqam0zYsvu | ��m�u � | l {�| u |	{ or}�s�~�q { s�u | z�s7��n�qau � w��$uYz�m |	{ � qal��'u � m&)(�*pu�qay�� =3¢ m { w�l�� | z�} { w�~�y�w	l�m�l�u�s�qrl�y�z�m {0| u |�{ or}$s�~�q {��#| z�q |�� orm0s | z�m { � | z |�{ u�m0z�qr��m�� � } � qr� � { w	z�w	l | o
| l�� { � w	~�w	s�y � m�z�q {�|�{ u�q � q�uv} =���� qrs�qts�qal��$q {0| u�q � m9w�x | y�y�z�m { q |�� orm�~ | ��l�m�u�q {�£ m�ot�2�$n � q { � | ��m { u�s�qrl<s�w�~�mn | }�u � m�y�z�w	y�m0z�u�qam�s>w�xu � m�s�m�s�}�s�u�m0~7s = & { w�~�y | z�qts�w	l�w�xu � m { w�~�yw�l�m0l�u.s�m�y | z | u�qrw�l�s | l���u � m)s�u |�� qaorqauv}orqa~�qauIs � w#n)s9u � | u {�| u |�{ oa}$s�~�q {��#| z�q |�� orm0s � |4� m�y | s�s�m0��u � qrs�oaqr~�q�u��3n � m�z�m | s�y�z�m {�| u |	{ or}�s�~�q {I�#| z�q |�� orm0s� |4� m9~ | qal�u | qal�m0�!u � m0qaz�s�u |�� qroaqauv}%qrl'u � m�y�z�w { m0s�s�w�x>m � w�or�$u�qrw�l =
¤W¥�^]¦�c�§4¨�j	C s�u | z�s0© � qrl | z�qam�s>ª7svu | z�s�© {�| u |�{ oa}$s�~�q {�| l��7y�z�m {�| u |	{ or}�s�~�q {��#| z�q |�� orm0s.ª�s�u | z�s0©�m � w�or�$u�qrw�l
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� æ�ë��	 Íæ4ï ò1í1è�ìYô1ìYçÍõ>ë�� è�ì"æ4ô1ò1ò6�"ê�æ�ë����>ò1òrñ1ô>ì�õç"è é�ê A
ë����¹è õ�ê�æ4ï1í1îðìqç"ò>ç�è�ì-÷�î���ó�æ�÷�ñ1æ�í1ìYí1è�î ó�æ�è�æ4ô1î(ù�í>é A
ù4æ-õ��1è�ç��ûí>é�ô>é�ö"ë>ò1ø>é���³8ò�ù�ç��nç"è!é õ�ò$��ù´�"ê�æ�ë����>ò1ò =.-
ç�ê4æ�ì-÷ ô>é�öYê�ò1è�ò1ò8æ4í1ò]õæ�ë�
zí1î´��î(ë>ò~ñ1ô1æ4ï1è�ò7/]é�ö0� æ	� A
³ÍìYï æ	��æ�ë�æ�ø1ó1ò6�¶µ � A /]é�ö0�$� =$� ô1ò>÷�ì"ô>æ4÷ è!é�ó>ò�ù ç�ò>ç"è�ìY÷
�1ê�ë�����è�ç�� ñ1ô1ì�õ�ó�é�è!é�ó1ë>ò1öY÷�ò>ø1ìYç"ó1ò1ìzõê�æ�ï>í1îðì���·(å - � =
¸¹í1ò ç�æ4ç"è�æ4�1è ò>ö��4ì�ë>æ	�"æØó�é�ô�ë>ò1ó�éØò�ë>ò�ç5����ó�é�ô�ë>ò1ó�éqò
÷ é!ë�æ4÷ é�çYç�ò1ê4í1æ�ïxöYê�ìYö�õ�î¹�Që�é�ê�í1æ4ïxñ1æ4ç�ë>ì�õæ�ê4é�è�ì�ë���í1æ A
ç�è�ònñ1æ4ö�õ�í>ì��"æ ç�ñ1ìYó1è�ô>é�ë���í>æ��"æ�ó�ë�é4ç"ç"é =�- ñ1æ-õé�ê�ë���� A
³Íì-÷Õø1ò>ç�ë�ìOç�ë���ø>é�ì"ê7�"è�æqó�é�ô�ë>ò>ó1ò ó�ë�é�çYç"é7º,��í1æqê4æ�ö A

÷�æ4
zí1î»( òW¼ =� æ»é�í>é!ë�æ��"ò>ò ç·ó�é�è é�ó�ë>ò1ö-÷�ò1ø1ì-ç�ó1ò>÷�ò
ñ1ìYô1ìY÷�ìYí1í1î�÷�ò½� åK¾+���4ì�ë>îðï ó�é�ô1ë>ò1óW���Yõ�ì-÷Õí>é�öYîðê4é�è��
�Që�é�ê�í1î�÷ ó�æ�÷�ñ1æ�í>ì"í1è�æ�÷��µé�ó1ô>é4ç�í1îðï�¿ ê4è�æ�ô1ò>ø1í1î�÷ =
À é�ó ó�é�óØê��Yè�ò�ùØç"ò>ç�è�ì-÷ é!ùqí1ìYè8é�ó1ó1ô1ì0�1ò1æ�í>í1î(ùzò>ç�è�æ4ø A
í1ò1ó�æ4ê���ë>ì-ç�ó�é��aè�æ��"è�æÕç�ë�é���îðì	�	è�ô��"õí1îðìpõ�ë���æ��4í>é A
ô���
8ìYí1ò$�ræ	��"�ìYó1è�î =�À ì-÷ií1ì»÷�ì"í1ìYì8êØí>é�ç"è�æ4��³ÍìYìÍê4ô1ì A
÷����"ô���ñ>ñ>éW��î�ç"è�ô1æpñ>æ�ñ1æ�ë>í$�1ì"è4ç�� =�� æ�ç�ë>ì�õ�í1ò1ï æ	��ö"æ4ô
ç�ê4æ�ï>ç"è�ê�·(å - ��î(ë»ç¡õ�ì�ë�é�íOñ1æ4ø1è�òÍõ�ê4é!õ��>é�è���ë>ìYè¹í>é�öYé!õ
��·µò1è�è�ìYô3��Á0Â @	Ã � =�Ä é�öYô1ì�ë�éaí1ìYæ�� ù�æ-õ�ò>÷�æ4ç"è��(ñ1æ�ê4è�æ�ô>í1æ��Yæ
ô>é4ç"ç"÷�æ4è�ô1ìYí1ò$�Øò ç"ô>é�ê4í1ì"í1ò��Øò�ù ç�æzç�ê4æ�ï>ç"è�ê4é4÷�òOµK¾ =

Å æ4è0�»ó�æ4÷�ñ1æ4í1ì"í>è�î½·aå - í>é!ù�æ-õ��1è�ç��Oí>é è�ì-ç�í1æ4ï»æ�ô A
��ò>è�ì��!ñ1ìYô1ì"í>æ4ç"é ÷ é�çYç�î ê ê�ò�õ�ìðé�ó1ó1ô>ì��1ò1æ4í1í1æ	�"æ�ñ>æ�è�æ4ó�é
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Ü>Ý5Þ�ß�à'á�â�Ü>âOá�Ý0ã�äå�æ�ß�æ�ç	á�è�Ý9é�â�é5ã�Ý0Ü>èpê�ë�ì�ê�í9ã�é�ê'î�Ý5ï
ð à�ì�ñ#ã#ò�ã�æ	ÜZó�ë	æ�ì�í9ô�â�âöõ�Ý0î�ë�æ	á�ò4÷�ò�ì�ñ�á�æ]øIâ�î�æ�ù�æ	úöõ�ò#ï
î�èüûýé%õ�Ý0î�â�æ�ß�æ�Üþß�æ�á�Ý�é5ù�æ�ì�ñ	ù�â$ÿ¡ì�Ý�ã��Yë6æ�ç��IÝ�ú,æ	ç�æ�ï
ì�æ	÷�ù�Ý�ä����.ï	��ò ð ò½á�ò4÷�â�á�ò�Ý�ã�é�ê�
�ù�æ���ßò�ç�æ�ì�Ý�Ý6Ü.ò	é�é�â�ë�ï
á�è�ú ù�æ	Ü>õ�æ	á�Ý�á�ã´øIâ�î�æ�ù�æ	úþõ�ò�î�è ß�æ	é�ã�â�5ò�Ý0ã�é�ã#ò4ß�â�â
ù�î�ò	é5á�æ���æ���â�5ò�á�ã#òIû������8â$ì�â�ò	é5â�Ü>õ�ã�æ�ã�â�÷�Ý0é5ù�æ	úIë	Ý�ã�ë	â
��â��5ò�á�ã�æ	ë,û���������â ð ò�õ�æ�ì�á$ê�Ý�ãWé�ë�æ�í õ�æ�ì�æ�é5ã�ñ��>æ�ø�ò�ä� ò�ù�ù$ò�ù�ë�ó�ã�æ6ë�î�Ý�Ü�ê ð ë�Ý ð ßò�â�Ü>Ý�Ý0ã���ì�à�ç�æ	ù�à�í ù�æ�á$ï
ë�Ý0ù�ã�â�ë	á�à�í æ	ç�æ�ì�æ�÷�ù�à�
�ã�æ<ë<æ	ã�ë�Ý0ã'á�ò!õ�æ	ã�Ý�î�í Ü.ò�é�é�è
ð ë	Ý ð ßò!ç	à0ß�Ý�ã<î�ò�é�ø�â�î�ê�ã�ñ�é�ê�
�â6õ�æ	ã�Ý�î�ê]Ü.ò�é�é�è é5ã#ò�á�æ�ï
ë�â�ã�é�ê,ß�â�á�ò�Ü>â�÷�Ý�é5ù�â�Ü õ�î�æ�ô�Ý�é�é5æ�Ü�ä �)ù�ù�î�Ý�ô�â�î�à�í��Iò�ê
ð ë	Ý ð ßòIûfë�ã�æ	î�â�÷�á�è�ú7ù�æ�Ü>õ�æ�á�Ý�á�ã���â�Ü>Ý�Ý�ãYÜ.ò�ì�à�í_Ü.ò�é0é5à
â�
�éÙì�Ý5ß�æ�ë�ò�ã�Ý�ì�ñ�á�æ�
�ç	æ�ì�ñ	ø�æ�Ý�ë	î�Ý0Ü�ê�ã�Ý�õ$ì�æ	ë�æ	ú�î�Ý5ìò�ù$ï
é�ò�ô�â�â3ä�!�á�ò4÷�ò#ì�æ	Ü õ�î�æ�ô�Ý0é�é0ò�ò�ù�ù�î�Ý�ô�â�âöæ�á�ò�ã�Ý�î�ê�Ý�ã
ã�Ý0õ$ì�æ�ë	à�í à�é5ã�æ	ú�÷�â�ë	æ	é�ã�ñ6â½ßò�ì�ñ�á�Ý0ú�ø�Ý0Ý ð ò�ë	â�é5â�ã¡æ�ã
Ý�ÝOÜ.ò�é0é5è�ä#"�é5ì�â ð ë�Ý ð ßò6â�Ü>Ý�Ý0ã$��ì�à�ç	æ�ù�à�í ì�à�÷�â�é5ã�à�í
æ�ç	æ�ì�æ	÷�ù�à (M2 > 0.3M�) 
>ã�æ6Ý�Ý<î�ò4ßâ�à	é7à�ë	Ý5ì�â�÷�â�ã#ïé�êOâ�é5ã#ò�á�Ý�ã%Ü>á�æ���æ7ç�æ�ì�ñ�øIÝ�î�ò�ë	á�æ�ë	Ý0é�á�æ��0æ�ä&%�ò4÷�á�Ý0ã�é�ê
õ�æ	ã�Ý�î�êIÜ.ò	é�é5è�ä'"�é5ì�â�Þ�ÝKà�á�Ý�Ý�ù�æ	á�ë�Ý0ù�ã�â�ë	á�ò#êYæ	ç�æ�ì�æ�÷$ï
ù$ò (M2

<
= 0.3M�), ã�æYæ�á�ò9î�ò�é5øIâ�î�ê�Ý�ã�é�ê7Ü>ÝÙß�ì�Ý�á�á�æ�
	òÜ>æ4ÞIÝ0ã�ßò#Þ�Ý�é�Þ�ò�ã�ñ	é�ê3ä�å�æ�ã�Ý0î�âYÜ.ò�é0é5è]á�ÝKõ�î�æ�â�é�ÿ	æ�ß�â�ã4ä( ã#ò�ù�
�æ�ç��Iò#êöæ	ç�æ�ì�æ�÷�ù$ò,ë	æ ð á�â�ù$ò�Ý�ã)
Kù�æ���ßò*��ìò�ë�ï

á�è�ú û�ç	æ�ì�Ý0Ý�Ü.ò	é�é5â�ë�á�è�ú+��ù�æ	Ü>õ�æ	á�Ý�á�ã'øIâ�î�æ�ù�æ	ú�õ�ò�î�è
á�ò4÷�â�á�ò�Ý0ã�ù�ò�ã#ò�é5ã�î�æ���â�÷�Ý0é5ù�â+ã�Ý�î�ê�ã�ñ9Ü.ò	é�é�à�
�â�ë�ã�æ	î�â�÷$ï
á�è�úOù�æ	Ü>õ�æ	á�Ý�á�ãIõ�æ���î�à�Þ�ò�Ý�ã	é�ê!ë7á�Ý�Ý	ä, ù$ò ð ò�ë�øIâ�é5ñ�ë�á�à�ã�î�â�æ�ç�æ�ì�æ�÷�ù�â�
5æ	ç�Ý ð ë	Ý ð ßè6â�é�õ�è�ï
ã�è�ë�ò�í�ã-��î�ò�ë�â�ã4ò�ô�â�æ	á�á�æ�ÝKâ.�0â�ß�î�æ�ßâ�á�ò�Ü>â�÷�Ý0é�ù�æ	Ý�ã�æ	î$ï
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£7¤�¸�¨wÈ*Ä¤�°�¤�®�£7±�²ç¯&°+¯Õ¢�¨�®�£7¯�¢¤dÃ�¥4Â+¬g£:¨7§§�¸¬gá¯�¸¤ ¶
«�¨�£7±�®ÉÈÑÃ�¬�°+ª�³*§&¨7¸&°+¯§/¤�³�¹

Î�¸�¨7Ã�¤�£7¬-ÐI°+¯¢Ì¯yÂ1¸�¹èÒ�Ý7Þ�Þ�Ý Ô ¯©g¥/¢�¨7°�¯�®g±EÄ¸¤)È«�°�¬ ¶
¯&ÈdÅ/¸�¤�³#¤�®4â�¬g¸�¤�ß�¨7§�£7¯«��¤�®�£�¯d¥éÂ+«�¤�ßª�Å�®g¯�®�£7¬'³�Æ
Ä¸¤�ÇE¬�Â+ÇE¯&Ådâ�¨�©g¥dê�ë�¹�ìO«�£7¤�¸ª�¤�£�³#¬g¢�¨�²O£)Æè¢£7¤·«�£7¤ ¶
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¯£�¤�¬ÑÄ¤7°�¬lÂ+¯�¨�³#¤ ¶ Í â�â�¬4§£7¤�³�¹Jï�/Â+¯§&¨�£7¤�¸¤�³T�¨ ¶
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Û�Ã�Ø.¯ß�«�¯/Â.®gÄ¬g§�£7¸�¨�©'¨7«�¯+®�¯£�¤�£�®�Ä¬4§£7¸�¨7°�±�ª�Å�§&°+¨�® ¶
®�¤�«y¤�Ã�¤�¯&ÅÌ§/¤�³#Ä�¤�¬4£7¤�«y¯�¤�£y®g¤�¤�£7¤�Ç.¬g¯Èé¯&ÅéÃ7°�¬'® ¶
§&¨¹ÎÜ§�¤�¸¤�£�§�¤�«�¤�°�¤�«�¤�ß¦¤�Ã7°+¨�®�£7¯éÄ¸¬4¤�Ã7°1¨)Â1¨�¬g£E¯�©�°�¥ ¶
¢¬4¯¬Ê´}°+¨�«�¤�´g¤=§/¤�³#Ä¤�¬g£w¨�¹�æ;¨�³6�¨7Ã�°�²>Â1¨7²�£�®ÉÈé¨�Ã ¶

®�¤�¸Ã�á�¯¤��ª�¬l°�¯�¯¯6«�¤'Â+¤�¸¤'Â1¨Æ�§&¨7§eÄ�¸�¨7«�¯&°�¤�Æ ®é¥/© ¶
§/¤�ß�á¬4£7¸�¨7°�±��¤�ß Í ³#¯�®g®g¯¬gß�Æ����! �¯"���! # �£7¤)Ï=¬E¢�¨�®�£7¤
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°�¯�¯¯¦«�ª�®g¤�§/¤�¯¤�¯©4¤�«�¨�¤�´g¤�./��¹�à�¨�Ä¸¯�³#¬4¸�Æ7«Ê®�Ä�¬g§ ¶
£7¸¬ ù�021 ñ Þ ◦ Ý ò � Ó Ä¸�¯�®�¥/£�®g£7«�¥/²O£�°�¯�¯¯3./� º  - ðÆ�¨e«
®�Ä�¬g§£7¸�¬4� 0 »�Ó�¼wÓ ò Á °�¯�¯¯5./� º ¹'6Ê°�¯¤�«�¤�°�¤�«�¨wÈ
¤�Ã�°+¨�®g£7±Õ®gÄ¬g§�£7¸�¨�Ä¤�Ã�¤7°+±�ÇE¬4ß?¢�¨�®�£7¯Gâ�¤�¸�³#¯�¸¥�¬4£�®ÉÈ
§¸�¨�®�ª�³$§/¤�³#Ä¤�¬g�£7¤�³�¹871Â+¬4®g±-Ä�¸¯�®�¥/£�®g£7«�¥/²�£�°�¯¯¯
«�¤'Â1¤�¸¤'Â1¨�Æ�³#¤�´g¤�¢¯�®ð°+¬gª�¬]¨7Ã�®�¤�¸�Ã�á¯¤�ª�¬d°�¯¯¯
¬4ß£7¸�¨7°�±�ª�ÅÕ¯Ú¤'Â+¤�§�¸�¨7£7�¤$¯¤�¯©4¤�«�¨�ª�Åe³#¬4£)¨7° ¶
°�¤�«ÕÒ9.:��Æ ¾ + Æ�&�+�Æ º Æ þ<; Æ=$?>+Æ=& ¿ Æ@$ ¿ ÆBA.Æ=C ¿�Ô ÆJÄ¤�°�¤ ¶
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Ï.¬ Í ³#¯�®4®�¯¤�ª�¬O°�¯¯¯é³#¬g£w¨w°�°�¤�«Ê«.¸�¨7©4¤�ßÑ®�£7¬4Ä¬g¯
¯¤�¯©4¨�á¯¯�¹

ê�Ä¬g§�£7¸Ú§/¤�§¸�¬g£7¤�ßÚ®�¯�®g£7¬4³#ªî©4¨�«�¯�®g¯£:¬�£7¤�°�± ¶
§/¤Ì¤�£Ñ®�¤�¤�£7�¤�ÇE¬4¯&È�Ã�°�¬4®g§/¨l§�¤�³#Ä¤��¬g£7¤�«�Æ1¤é£)¨�§&Ï.¬
¤�£$¸�¨�®4®�£7¤)È�¯&È*¯e¸�¨�©g¤�®�£7¯Õ£7¬4³#Ä�¬g¸�¨�£7¥/¸�³#¬gÏ.Â1¥^¯ ¶
³#¯�ÆèÅ&¸¤�³#¤�®4â�¬g¸¤�ßd¨7§�£7¯«��¤�®�£�¯$«�£7¤�¸¯�¢¤�´4¤Ñ§/¤�³#Ä¤ ¶
¬4£w¨¹ Ë ¨7§l¤�£�³#¬g¢+¨w°�¤�®�±E¸+¨7¬4¬�Æ�¥l³#¤�´4¯&Ålö>ê>ÎÚ®�¯°�± ¶
¤Ñ«�ª�¸�¨7Ï.¬g Í â�â�¬g§�£l¤�Ã�°�¥/¢¬g¯È�¹1Î�®ð°+¬ðÂ1®g£7«�¯¬ Í £�¤�´g¤
«Ê®�Ä�¬g§£7¸�¬�«�£7¤�¸¯¢¤�´g¤�§/¤�³#Ä¤�¬g�£)¨�Ä�¤)È«7°È²�£�®ÉÈ.¸�¨�© ¶
¤�¤�Ã�¸+¨7©g�ª�¬ Í ³#¯�®g®g¯¤��ª�¬�°�¯¯�¯�Æ+�¬Ê®�¤�¤�£7«�¬4£�®�£�«�¥/² ¶
ØE¯�¬-¬4´g¤¦®�Ä�¬g§£7¸+¨w°�±�¤�³#¥l§°+¨�®4®�¥�¹Ë ¸¤�³#¬ Í â�â�¬g§£w¨$¤�Ã�°�¥/¢¬g¯È�Æ Ä¸¯¢¯�¤�ßÚÄ¤)È«�°�¬ ¶
¯&È Í ³#¯�®4®�¯¤�ª�Å*°+¯¯ß6³#¤)Ï.¬4£$Ã�ª�£7±]Å/¸�¤�³#¤�®4â�¬g¸ ¶
�¨7Èî¨�§£7¯«�¤�®g£7±ú«�£7¤�¸¯¢�¤�´g¤ §/¤�³#Ä�¤�¬4£w¨¹lö ¨7©g°�¯ ¶
¢¯£�± Í £7¯ Í â�â�¬g§£�ª Â+¤�«�¤7°�±�¤dÄ�¸¤�®g£7¤:I#Ä¸¯�¤�Ã�°�¥/¢¬ ¶
¯¯$®�¯&°+¨ Í ³#¯�®4®�¯ß]³#¬g&È¬4£�®ÉÈ$®.â�¨7©g¤�ß�¤�¸Ã�¯£w¨w°�±�¤�´4¤
Ä¬4¸¯¤'Â1¨�ÆSÂ+¤�®g£7¯´�¨7È^³ ¨�§&®�¯�³#¥&³ ¨�«�«�¬g¸�Å&¬4³G®�¤�¬ðÂ+¯�¬ ¶
¯¯Ú§�¸�¨�®g¤�´4¤]§&¨�¸&°�¯§&¨ÆI§�¤�´ÉÂ1¨]§Ú�¨7Ã�°�²>Â1¨�£7¬�°�² ¤�Ã ¶
¸�¨�ØE¬g+¨$¬4´g¤^Ä¬4¸¬g´4¸¬g£w¨7È6®g£7¤�¸¤��¨¹�Ù�¸¯�Å/¸�¤�³#¤�®4â�¬g¸ ¶
¤�ßÜ¨7§£�¯«�¤�®�£7¯�®�¯&°+¨ Í ³#¯�®4®�¯ß�¬$³#¬4&È¬g£�®ÉÈÜ®$â�¨ ¶
©g¤�ß�Æ7¤�³#¤)Ï=¬g£�³#¬g&È£�±�®ÉÈ¦®�¤�«�¸�¬4³#¬g�¬4³�¹�Ù�¸¯+³#¬g¸ªÕÈ¸ ¶
§/¤?«�ª�¸+¨wÏ.¬4¤�ßZ¨7§£7¯�«�¤�®�£7¯�³#¤)Ï¦¤Ü�¨7Ã�°�²>Â1¨7£�±?¥.�. ôKJML Æ@$ ¿ ÷ �G ðÆ=�ON Ó Æ ù�0P1 Ý � ◦ Ý » Þ ñ ÆBQ ý ½ � Ý Ó 1 ¼ ò Þ�Æû�ü ½ Þ�Ý � 1 Þ�Þ�Ý&Æ ù û þ ¼/½ Ý ½g» Æ ý $ ½ � »&¼/½g¶É½ Ý ñ7ò ¹BR Ä¤ ¶
®ð°+¬ðÂ+¬4ßÌ�¨�Ã7°�²>ÂS¨w°+¨�®�±�Â1¨7Ï.¬�«�®�Ä�ª�ÇE§&¨�« Hα
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ù û þ ¼/½ Ý ½g»/Ô ¹

Î ½ ò ¶ £7¯.®ð°�¥/¢�¨7È&ÅÊ¯© ñ Þ ¶ £7¯ÌÒ ���MT Ô «�£7¤�¸¯¢�ª�ßE§/¤�³ ¶Ä¤�¬g£�È«7°È¬4£�®ÉÈE¨7§£�¯«�ª�³·§�¸�¨�®gª�³�§&¨7¸&°+¯§/¤�³�¹gë�® ¶
°�¯éÏ.¬�Ä¸�¯¯�³ ¨�£7±¦«�¤y«��¯�³ ¨7¯�¬-£�¤7°�±�§�¤y£7¬Ê®g¯�®�£�¬4³#ª�Æ
Â�°È$§�¤�£7¤�¸�ª�Å�¢£7¤ ¶ £7¤é¯©g«�¬4®g£7¤Ì¤é«�£�¤�¸¯¢�¤�³Ú§/¤�³#Ä¤ ¶
¬4£7¬�Æ�£7¤ Í £w¨�Â+¤7°È¦«�¤�©g¸+¨�®�£�¬g£-Â+¤ ñ �MT ¹�êI°�¬�Â+¤�«�¨7£7¬g°�± ¶¤+Æ7³#¤)Ïy�¤�¥�£�«�¬g¸�Ï=Â1¨�£7±�Æw¢£�¤�¬�³#¬g¬4¬�¢¬4³]¥.Ä¤7°�¤�«�¯ ¶
ª*ö�ê>Î ¶ ®�¯+®�£7¬'³�«�£7¤�¸¯¢�ª�ßE§/¤�³#Ä¤�¬g�£OÄ¸¬�Â1®�£w¨�«7°È ¶
¬g£¦®g¤�Ã�¤�ßlÅ&¸¤�³#¤�®gâ�¬4¸¤ ¶ ¨�§£7¯«�ª�ßÌ§¸+¨�®��ª�ßÑ§&¨7¸°�¯§�¹

Î$®gÄ¬g§�£7¸�¨wÅ�¬4§/¤�£7¤�¸ª�Å�ö>ê>Î]©'¨�³#¬g£�ª^®ð°�¬�Â+ª^¤�§/¤ ¶
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ÃqÄ�Å5Æ-Ç�È�É�É�É�Ê�Ë4Ì�Í�Í�ÃEÃqÄ*Å5Æ�Ç Â�Î�Î�Ï�Ð ÆÑ]Ò�Ó�Ô'Õ�Ö�×�Ø�Ø Ì�ÙqÚ�Å Ò�ÛoÒ�Ô�Ül× Å Ø�Ò�ÝGÞ�Ò Å Ò�Ø Ì�Í�ß Ø Ì�ÙqÌ Þ�Õ Ã Ö�ÝØ�Ò�Ô'Õ ß/Ù Ö Í�Ù ×�Õ�Ô Ù Ô Ì ÛoàQÛ&Ò�Ó�á Ã Û¦â Å Ò Ù Ö Í ×�Ø Ã ×�ÛEâ Å�Ã Ô'ã�Õ�ÝÔ'Õ�Ö Ã�Ù Û Ì�ä Ø Ã Õ�Ø�à Ú â�Ò Í ×�å�Ö Ú Ò Í Ò Ä Ø�à Úwæ Ö�× æ�Ä*Ì�Ú3ÆOçlÅ × Ä Ýâ�Ò Í�Ì�ä'Ì ×�Õ�Ô Ù5Ç�è Õ�ÒCÛ Ì�ä Ø Ã Õ�Ø�Ò�×:â�Ò Í ×lÖ�Ø Ã�Ú¦ä ×�Ø�× Å�Ã�Å ã�×�Õ�ÝÔ Ù4Ä�Ã Ø Ì ÛoÒ�ÝGâ Å Ò�é�×.Ô�Ô'Ò�Û Æ�ê Ûoâ Ã�Å�Ã�è ×�Ô'Þ Ã Û�â Å Ò Ù Ö Í ×�Ø Ã ×.Û
ë Õ�Ò ä ÒAÔ è�Ã Õ Ì ×�Õ�Ô Ù4è ×�Õ�Þ�ÒTÖ�à Å�Ì�ì ×�Ø�Ø Ì�Ù â�Ò Í Ò ì�Ã Õ�× Í�ß Ø Ì�ÙÞ�Ò Å�Å × Í�Ù é Ã�Ù Ûo× ì7Ä ã�Û Ì�ä Ø Ã Õ�Ø�àQÛ Ã�Ã ã äsÍ Ò�Ö�àQÛ Ã ÛoÒ�ÝÛo×�Ø�Õ Ì Û Ã¦æ Ö�× æ�ÄUíîQÅ�ì7Ä�Ã&ÃCÄ*Å5Æ�Ç Â.Î�Î�Ï�Ð Æ�ï Ø�Ò ä Ò è�Ã Ô Í ×�Ø�ÝØ�à/× Ã Ô�Ô Í × Ä Ò�Ö Ì Ø Ã�Ù â�Ò�Þ Ì�æ.Ì�Í�Ã5Ç�è Õ�Ò7ã Å Ò�Ö�×�Ø ß�Ì Þ�Õ Ã Ö�Ø�Ò�ÝÔ'Õ ÃqÚ Ò Í Ò Ä Ø�à Ú Þ Ì�Å�Í�Ã Þ�Ò�Ö�Ø�× æ.Ì Ö Ã Ô Ã Õ7Ø Ã Ò�Õ�Ô'Þ�Ò Å Ò�Ô'Õ Ã
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ËlÅ�Ì�Í�Ã1ù ×�å Í ×�Ø�Õ Ã5Ç Â.Î�Î�ú�Ð ÆOù Ò æ ÛoÒ ì Ø�Ò ÇOè Õ�ÒlãwØ�× Ì Þ�Õ Ã Ö�ÝØ�à Ú¦û�ü ÝGÞ Ì�Å�Í�Ã Þ�Ò�Ö7â�Ò Í�Ù Ø�×�Ô'Þ�Ò Í�ß Þ�Ò�Ûo×�Ø ß�ý × Æ
ùyÅ�Ì Ó�Ò�Õ�× ïWÌ�Í�Í�Ì Ø Ì�Ã�ï#Ì Þ ø Ò�Ø Ì�Í�ß�Ä*Ì&íÈ�É�É Â.Ð Å�Ì Ô�ÝÔ�ÛoÒ�Õ Å ×�Ø�àþÛoÒ Ä�Ã Ü Ã é Ã�Å Ò�Ö Ì Ø�Ø�à/×1ÛoÒ Ä × Í�Ã�Ç ã è�Ã Õ�à/Ö Ì�ÿ Ýá Ã ×lÛ Ì�ä Ø Ã Õ�Ø�à/×4â�Ò Í�Ù5Ç�è Õ�Ò�Ó�à�Ö�à Ù Ô'Ø Ã Õ ß1Ã�Ú Ö Í�Ã�Ù Ø Ã ×Ø Ì Ô'Õ Å ã�Þ�Õ�ã Å ã�Û Ì�Í Ò�Û Ì Ô�Ô Ã Ö�Ø�à Úwæ Ö�× æ�Ä�Æ�ç Ò�Þ Ì�æ�Ì Ø�Ò Ç.è Õ�ÒÛ Ì�ä Ø Ã Õ�Ò Ì Þ�Õ Ã Ö�Ø�à/× dMe
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è�Ì�ÿ Õ�Ô Ù Ò�Õ�Ø�× Ì Þ�Õ Ã Ö�Ø�à Ú9û�ü â�Ò~Ô'Ö�Ò Ã Û äsÍ Ò�Ó Ì�Í�ß Ø�àQÛÔ'Ö�Ò�å�Ô�Õ�Ö Ì Û Æ��4Ì#Ä�Ã�Ì�ä�Å�Ì ÛgÛo× Teff

ö�� Þ Ì�Å�Í�Ã Þ Ã dMeÃ~û�ücÅ�Ì Ô�â�Ò Í*Ì�ä'Ì�ÿ Õ�Ô Ù â�Ò�Ý Å�Ì�æ Ø�Ò�Ûoã��Hâ Å�Ã Ò Ä�Ã Ø Ì Þ�Ò�Ö�Ò�å
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Ä*Ì�ÿ Õ æ.Ì Ûo×�Õ�Ø�Ò�å Ç Ø�ÒqØ�×�Ó�Ò Í�ß�ý Ò�åWÔ�Ò�Ó�Ô�Õ�Ö�×�Ø�Ø�Ò�å Ì Þ�Õ Ã Ö�ÝØ�Ò�Ô'Õ ß�ÿ:ÆtË Ô'Ò ì7Ì�Í ×�Ø Ã�ÿ:ÇDÄ*Ì Ø�Ø�à Ú ÒUØ Ã�Ú Ø�× Ú Ö Ì Õ Ì ×�Õ Æ�4Ì7Ä�Ã�Ì�ä�Å�Ì ÛgÛo× Teff
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ÃUû�ü~Ç Ø�Ò¦Ö&Ò�Ô�Ø�Ò�Ö�Ø�Ò�Û�Ó Í�Ã�ì ×7Þâ�× Å Ö�àQÛ Æ*ðxæ�Ì Ûo×�Õ�Ø�Ò�ÛJÖ Í�Ã�Ù Ø Ã�Ã Û Ì�ä Ø Ã Õ�Ø�Ò ä Ò�â�Ò Í�Ù Ø Ì

äsÍ Ò�Ó Ì�Í�ß Ø�à/× Ú�Ì�Å�Ì Þ�Õ�× Å�Ã Ô�Õ Ã Þ Ã�æ Ö�× æ'Äaä Ò�Ö�Ò Å�Ù Õ�Õ Ì Þ ì ×
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ù Å × æ ã Í�ß Õ Ì Õ�×¦â�Ò�Ý
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Ì Þ�Õ Ã Ö�Ø�Ò�Ô'Õ Ã Ö Ã Ø�Õ�× Å Ö Ì�Í × ï#É ö ï Á Þ Ì ÞEÓ�ã Ä Õ�Ò1Ö�à ý ×lã� Ñ ùrÇ�è ×.Û9Ô Å × Ä*Ã¦æ Ö�× æ'Ä â�Ò Í�Ù5Æ	 Ò�Õ Ù Ó�Ò Í�ß�ý�Ã Ø�Ô'Õ�Ö�ÒfÖ�Õ�Ò Å�Ã�è Ø�à Ú Þ�Ò�Ûoâ�Ò�Ø�×�Ø�Õ�Ò�Ö
� Ñ ù Ã Ûo×�×�Õ�Ô'â�×�Þ�Õ Å�Ì�Í�ß Ø�à/å�Þ Í�Ì Ô�Ô ï~Ç Ö�Ô�Õ Å × è�Ì�ÿ Õ�Ô Ù
ÃJÄ�Å ã ä�Ã ×
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Ú�Å Ò�ÛoÒ�Ô�Ül× Å Ø�Ò�Ý�Þ�Ò Å Ò�Ø Ì�Í�ß Ø�ã ÿ Ì Þ�Õ Ã Ö�Ø�Ò�Ô'Õ ß �4Ö�Ô�â�à ý Þ ÃÓ Í ×�Ô'Þ Ì�Ç Õ�×�ÛoØ�à/×Yâ Ù Õ�Ø Ì�Ç â�Ò�Þ Å à/Ö Ì�ÿ á Ã × Ä Ò È Ï
� â�Ò�ÝÖ�× Å�Ú Ø�Ò�Ô'Õ Ã5Ç Ö�à/Ó Å Ò�Ô�à Þ�Ò Å Ò�Ø Ì�Í�ß Ø�à Ú Û Ì Ô�Ô Ä Ò ≥ 2 ·
10−11M�  ä Ò Ä�Ç Ö�×�Õ�× Å Ô'ÒyÔ'Þ�Ò Å Ò�Ô'Õ ß�ÿ:Ç Ô Å�Ì Ö�Ø Ã ÛoÒ�å ÃÓ�Ò Í�ß�ý ×�å Ô'Þ�Ò Å Ò�Ô'Õ Ã ã�Ó�× ä'Ì Ø Ã�Ù5ÆQË Ò Å Ò�Ø Ì�Í�ß Ø�à/×Uâ�×�Õ Í�Ã

Ë Ý æ Ö�× æ�Ä à Ç Þ�Ò�Õ�Ò Å à/×eØ Ì�Ú Ò Ä�Ù Õ�Ô Ù Ûo× ì7Ä ã æ Ö�× æ�ÄHÌ Û Ã5ÇÖ æ.Ì�Ã ÛoÒ Ä ×�å�Ô�Õ�Ö�ã ÿ ÕEÔ1Û Ì�ä Ø Ã Õ�Ø�àQÛ�â�Ò Í ×�ÛaÓ�× Í Ò ä ÒEÞ Ì�Å Ý
Í�Ã Þ ÌVí,Ë4Ì�Í�Í�ÃJÃJÄ�Å5Æ-Ç Â�Î�Î�Ï�Ð ÆoËlÅ Ò�Ûo×EÕ�Ò ä Ò Ç ×�× Å�Ì�Ä�Ã ã�ÔÓ�Ò Í�ß�ý × Å�Ì�Ä�Ã ã�Ô ÌAæ Ö�× æ�Ä1äsÍ�Ì Ö�Ø�Ò�åwâ�Ò�Ô Í × Ä Ò�Ö Ì Õ�× Í�ß Ø�Ò�Ô�Õ ÃÕ Ì Þ�Ò ä Ò ì ×4Ô'â�×�Þ�Õ Å�Ì�Í�ß Ø�Ò ä Ò7Þ Í�Ì Ô�Ô Ì�Ç�è Õ�Ò�Õ Ã â Ã�è Ø�Ò Ä�Í�Ù
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�®$¯�¯ M2 ≤ 0.4

a = 11.36M2 − 0.23.

°�±$±�²�³�±$´Nµ3³�¶�µ
a·Y¸�¹ º�»�¼ ±$½�±$¶�¾z²�¶�¿�±$À ¯ ¶ ¯ ²$µ ÂÁÃ� µ3³�Ä�´ ® µ3² ¯ ¼ ¯bÃ� µ�³�Ä$´Nµ3³�¶�µ  a ¹�Å ¯ » ÃYÆ�® µZÇ�È
¶�É3Ê µ3³�µ3³�¶�µ ÁÂ ±DËw³�±E±$¿�¶ ¯3® ²$ÄEÌ ® Ì Á:Í�Î ¹ÐÏDÑ�Ò�Ó�¹�Ô Á ° Å¿�Õ�¶b½�± » Ä�´O¶�¾ a
À$µ » ¶ Æ ¶�³ ®LÁ ± Æ µ3³�Äv½$Ö ¯ ²�Õ�± Ã ½$Ö>À ® µ3²D×¿�±$ÊØÀ�¶YÙ4¶  ± -Ã ×�¿�±Z³�µ » ¶�³�µ�Ú�³�± -Ã É ® ÌY±�³ Ã ¹�Û Õ�¶ a < 8Ã� µ3³�Ä�´Oµ�³�¶�µ ¸ É ®$ µ)Ù »�¼ µ�² ¯ ¼ ¶bÙ »�¼ 1 < a < 5

¶�É  µ3Ê³�µ�³�¶�µ  ±DËLµ3²[½$Ö>²$Ä[±$¿�¶ ¯�® ³�±[Ì ® Ì Á8Í�Î ¹~Ñ ¢�Ü a · Î ¹ Î$Ý Ü ¹Þ ³�²�µ�Õ�µ ¯ ³�±�× Æ ²$±�¿�Õ�¶ a ≤ 1
Ì�Õ�¶�À ® ¼ À�Ö8¾�±+Ù4¶�²V³ ®G®$¯ ¶  Ê¿�²�±�² Ã 0.d1

×�² ¹ µ ¹�Ñ�¹ ¢ Æ4®$¯3® ¹Yß ²�±L±$½ » ®$¯ ²�ÄW¿�Õ�±�À ® » ® ¿�µ�Õ�¶�Ê±+Ù4±�À ¹Þ ² ® Ì1× ¯ ±�±$²�³�±�´Oµ�³�¶ ¼  µ)ËLÙ Ã ¾ ® Õ ® Ì�²$µ3Õ�¶ ¯ ²�¶�Ì ®$ ¶¯ ¶ ¯ ²�µ  ±$½�±$¶�¾{²�¶�¿�±$Àz¿�Õ�¶x³�µ�Ì�±�²�±$Õ�±  ¶�¾,Õ ® É » ¶ Æ ¶�¶Àáà�µ » ±  ¿�±D¾�±DËw¶ ¹ Þ ¯ Ì »�â Æ µ�³�¶�µ ¯ ± ¯ ² ® À »�¼ µ�² ¯ ±$±$²$³�±�Ê´Oµ�³�¶�µ  µ)ËLÙ Ã a
¶

M1 ¹5Ô Á ° Å  µ)ËLÙ Ãgã ²�¶  ¶áÀ$µ » ¶�ÊÆ ¶�³ ®$ ¶ ¯ À ¼ É3¶E³�µ3²D× Ã Ç�ÈÂÀ�µ » ¶ Æ ¶�³ ® a
Õ ®�¯ ²�µ�² ¯NÃ À�µ)Ê

» ¶ Æ µ3³�¶�µ  M1 ¹cÅ µ�Õ�± ¼ ²�³�µ�µWÀ ¯ µ3ä3±4× Æ ²�± ã ²�±^¶�É  µ3³�µ�³�¶�µ±$½ Ã�¯ » ±$À » µ3³�±WÙ » ¶�²�µ » Ä$³�Ö  ¿�Õ�±$à�µ ¯3¯ ± u® Ì�Ì�Õ�µ3à�¶�¶1×�ÌY±�Ê²�±�Õ�Ö>Úb¶YÙ4µ3²vÀ�Ç�È\¶b±$² ¯3Ã ² ¯ ²�À Ã µ�² Ã�Á ° Å�¹å ® Õ�¶ ¯ ¹ Ü ¿�±�Ì ® É ® ³�±áÕ ®$¯ ¿�Õ�µ)Ù4µ » µ�³�¶�µ[¿�± » ³�Ö8¾  ±�Ê µ3³�²�±$À[À�Õ ®�æ µ3³�¶ ¼ µ ÃqÁ ° Å × ¯ ¶ ¯ ²�µ  ²$¶�¿ ®Zç�è�èVé Ó¶ è�ê�ë3ì ¹�í ²�±$½�Ö Æ ¶ ¯ » ® × Ã Ì ® É ® ³�³�Ö>µ�³ ® ± ¯ ¶ ® ½ ¯ à�¶ ¯�¯ ×¿�µ�Õ�µ3À�µ ¯ ²$¶wÀ�µUÙ4¶�³�¶�à�Ötîgï ç[ð ä · ¯� 2 ñMò)ó ×�¶�¾w³ ® Ùc± Ã� ³�±�ÊËw¶�²�Äg³ ® Ò ·1050 ¹�Å ¶YÙ4³�±4× Æ ²�± ¯ ¶ ¯ ²�µ  ÖÂ²�¶�¿ ®gè�ê�ë�ì¶  µ â ²�À ¯ Õ�µ)Ù4³�µ  ½$± » Ä$´N¶�µ  ±  µ�³�²�ÖW× Æ µ  Ù4À ® Ù4Õ Ã Êä3¶�¾�²�¶�¿ ® ¹ °�¶ ¯ ²�µ  ÖW×�±�Ì�Õ Ã ËNµ�³�³�Ö>µ�¿ » ® ³�µ3² ® Õ�³�Ö  ¶W² Ã Ê�® ³�³�± ¯ ² ¼  ¶S×>³�µá±$² » ¶ Æ�® â ² ¯ ¼ ±$²z¿�Õ�± Æ ¶�¾ Á ° Å�¹ å ®Õ�¶ ¯ ¹ ô ¿�±$Ì ® É ® ³�±>Õ ®$¯ ¿�Õ�µUÙ4µ » µ3³�¶�µ ¯ ±$½ ¯ ²�À$µ�³�³�±�ä3±  ±  µ�³�Ê² ® À�Õ ®�æ µ3³�¶ ¼ ÌY±  ¿�±�³�µ3³�²$±$ÀZÀE¿�Õ�±�à�µ3³�² ® ¾u±$²E¿�± » ³�±�Êä3±  ±  µ3³�² ®�¯ ¶ ¯ ²�µ  Ö ¹ ï ® Ì[¶gÀ�¿�Õ�µUÙcÖ:Ù ÃYæ µ {¯ » ÃYÆ�® µõ Õ�¶ ¯ ¹ Ü$ö ×�ÌY±  ¿�±$³�µ�³�²�Ö ¯ ¶ ¯ ²�µ  ²�¶�¿ ®Nè,ê�ë3ì ±�½ » ® Ù ® â ²½$± » Ä$´N¶ Â ±  µ�³�²�±  × Æ µ  Ì�±  ¿�±$³�µ3³�²�Ö Á ° Å ¶ ¯ ¶�Ê¯ ²$µ  ²�¶�¿ ®Zç�èÂèVé Ó�¹ å ±bÀ$±[À ¯ µ)¾ ¯ » ÃYÆ�® ¼ ¾q± ¯ ³�±$À$³ ® ¼Æ�®�¯ ²�Ä  ±  µ3³�² ® À$Õ ®�æ µ�³�¶ ¼ É ® Ì »�â Æ µ3³ ® À�±�Õ�½$¶�² ® » Ä�Ê³�±  Ù4À�¶�ËNµ�³�¶�¶1÷ µorb >> µ1 + µ2 ¹
Û Õ�¶@À�Ö Æ ¶ ¯ » µ3³�¶�¶tÀ$µ » ¶ Æ ¶�³ µ

À$Õ ®�æ µ�³�¶�µgÌY±  ¿�±�Ê³�µ�³�²�±$À ¯3Æ ¶�² ® » ± ¯ Ä ¯ ¶�³�¾�Õ�±�³�³�Ö b¯ ±$Õ�½$¶�² ® » Ä$³�Ö  ¹�º�»�¼Á ° Å ã ²�± Ã ²�À�µ3Õ�ËLÙ4µ3³�¶�µW³�µW± Æ µ�À$¶YÙc³�± ¹ ï ¯ ±DË ® » µ3³�¶ â ×Ù ® ³�³�Ö8¾�± ¯ Ì�±�Õ�± ¯ ² ¼ ¾uÀ$Õ ®$æ µ3³�¶ ¼ ÌY±  ¿�±$³�µ�³�² Á ° Å À
» ¶�²$µ3Õ ® ² Ã Õ�µ�± Æ µ3³�Ä �® » ± ¹ å ® Õ�¶ ¯ ¹øÒ ¯ ±�¿�± ¯ ² ® À » µ�³�Ö�¿�µ)ÊÕ�¶�±+ÙcÖT± ¯ µ3À�±$ä�±�À�Õ ®�æ µ3³�¶ ¼ À$²$±$Õ�¶ Æ ³�Ö8¾qÌY±  ¿�±$³�µ�³�²�±$À
P2

¶f±�Õ�½$¶�² ® » Ä$³�±�ä3±z¿�µ�Õ�¶�±+Ù ® P ¯ À$µ » ¶ Æ ¶�³�±$Ú �®�¯ Ê¯ Ö\À�²�±$Õ�¶ Æ ³�±�ä3±�ÌY±  ¿�±$³�µ�³�² ® ¹ùÅ ¶YÙ4³�±4× Æ ²$± P ≥ P2 ¹ °Ã� µ3³�Ä�´Oµ�³�¶�µ  À$µ » ¶ Æ ¶�³�Ö M2

Õ ® É�³�¶�à ®b µ)ËLÙ Ã ³�¶  ¶
Ã� µ3³�Ä�´ ® µ3² ¯ ¼ ¶t¿�Õ�¶ M2 ≤ 0.3

³ ®$¯ ² Ã ¿ ® µ�² ¯ ¶�³�¾YÕ�±�Ê³�¶�É  ¹5ú ® ÌY±�µO¶�É  µ3³�µ�³�¶�µ P2

¾�±$Õ�±$´O±w¿�±$³ ¼ ²�³�±�À^Õ ®$ ÊÌ ® ¾z¿�Õ�µ)Ù ¯ ² ® À » µ3³�¶�Ú{±u²�±�Õ  ±DËNµ�³�¶�¶tÀ °�û ¹üº ® ³�³�Ö8¾±wÀ$Õ ®�æ µ�³�¶�¶&ä » ® À�³�Ö8¾�ÌY±  ¿�±$³�µ�³�²�±$Àvµ æ µ  µ3³�Ä$´Oµ�×�³�±¿�±D¾�±DËNµ$× Æ ²�±E²�µ3³YÙcµ3³�à�¶ ¼ ² ® Ì ® ¼ ËLµ$÷ ¯^Ã� µ3³�Ä$´Oµ�³�¶�µ 
P
Õ ® É3³�¶�à ®� µ)ËLÙ Ã P1

¶
P2
Ã� µ�³�Ä$´ ® µ3² ¯ ¼ Ùc± ¯ ¶�³�¾�Õ�±�Ê³�¶�É ® à�¶�¶�À�Õ ®�æ µ3³�¶ ¼1¹Þ É8À$Ö>´Oµ ¯ Ì ® É ® ³�³�±$ä3± ¼ ¯ ³�±4× Æ ²�±G³�¶L±+Ù4³ ® ¶�É8¾ ® Õ ® Ì�Ê²�µ�Õ�¶ ¯ ²$¶�Ì Á ° Å ×�³ ® ½ »�â Ù4µ�³�³ ® ¼ ¶ » ¶[À�Ö Æ ¶ ¯ » µ3³�³ ® ¼ ×�³�µ

±$² » ¶ Æ�® µ�² ¯ ¼ ¯3Ã�æ µ ¯ ²�À$µ�³�³�± ±$² ¯ ±$±�²�À$µ�² ¯ ²$À Ã â æ µ3Ú,¾ ® ÊÕ ® Ì�²�µ3Õ�¶ ¯ ²�¶�Ì�¶�Ç�È ¹ å ¶t±+Ùc³ ® ¶�Ég¾ ® Õ ® Ì�²�µ�Õ�¶ ¯ ²$¶�Ìt³�µ±$½�³ ® Õ Ã Ëw¶ » ® ½$¶  ±+Ù ® » Ä$³�±$ä3±bÕ ®�¯ ¿�Õ�µUÙ4µ » µ3³�¶ ¼ ×r¿�±+Ùc±$½�Ê³�±�ä3±fÕ ®�¯ ¿�Õ�µUÙ4µ » µ3³�¶ â ¿�µ�Õ�¶�±+Ù4±�À ¹Lý ³ ®DÆ ¶�²D×L¿�Õ�¶ Æ ¶�³ ÃÕ ® É3³�¶�à�Ö  µ3ËNÙ Ãá¯ ¶ ¯ ²$µ �®$ ¶e³ ® Ù4±[¶ ¯ Ì ® ²�Ä[Àg¶�¾ ã À$±�Ê
»�â à�¶�¶ ¹Á�®$¯)Æ µ3²�Ö  ±+Ù4µ » µ3Ú�Ù4À�±$Ú�³�Ö8¾ ¯ ¶ ¯ ²�µ  ¿�±�Ì ® É3Ö>À ® â ²+×Æ ²�±N¿�Õ�¶^± Æ µ3³�Ä�½$± » Ä$´N¶�¾LÕ ®$¯3¯ ²�± ¼ ³�¶ ¼ ¾ a  µ)ËLÙ Ã ÌY±  Ê¿�±�³�µ3³�² ®� ¶ ¯ ¶ ¯ ²�µ �®�Ã�¯ ²�±$Ú Æ ¶�À ® ¹:Û ±  µ3Õ�µE¶�¾ ¯ ½ » ¶�ÊËNµ�³�¶ ¼ Ã�¯ ²�±�Ú Æ ¶�À�± ¯ ²�Ä ¯ ±D¾�Õ ® ³ ¼ µ�² ¯ ¼ ×:¿�±$Ì ® À$µ » ¶ Æ ¶�³ ®
µ Ã ½$Ö>À ® µ3² ¹ ïG±�äQÙ ® ¿�Õ�¶t¿�Õ�±+Ù4± » Ë ® â æ µ �¯ ¼ ¯ ½ » ¶�ËLµ)Ê³�¶�¶@Ì�±  ¿�±$³�µ3³�² µ

³ ®DÆ ¶�³ ® µ3²eÀ�±$É3Õ ®$¯ ² ® ²�Ä�×�Ì�±�³�þG¶�ä Ã ÊÕ ® à�¶ ¼ ¯ ² ® ³�±�À$¶�² ¯ ¼ ³�µ Ã�¯ ²�±�Ú Æ ¶�À�±$Ú ¹ û ¯ » ¶{±$²$³�±$´Nµ3³�¶�µ
M1/M2

À�µ » ¶�Ì�±4×S²�±q¿�Õ�¶ ¯ ½ » ¶�ËNµ3³�¶�¶uÌY±  ¿�±�³�µ3³�²  µ)Ê³ ¼ ²�Ä ¯ ¼ ½ Ã Ù4µ�²gÀg± ¯ ³�±$À�³�± �¯ Ì�±�Õ�± ¯ ²�ÄgÀ�Õ ®�æ µ3³�¶ ¼ À�²�±�ÊÕ�¶ Æ ³�±$ä�±ZÌY±  ¿�±�³�µ3³�² ® ¹ î[¶�³�¶ �® » Ä$³ ® ¼ À$µ » ¶ Æ ¶�³ ®q ±�Ê µ3³�² ® µmin
½ Ã Ùcµ3²�Ù4± ¯ ²�¶�ä�³ Ã ² ® ¿�Õ�¶ �® Ì ¯ ¶ �® » Ä$³�±�Ú¯ ÌY±�Õ�± ¯ ²�¶\À$Õ ®$æ µ�³�¶ ¼1¹Gß ²$± Ã�¯ » ±$À�¶�µe¿�±$É�À$± »�¼ µ3²{±�à�µ)Ê³�¶�²$ÄW¿�Õ�µUÙcµ » Ä�³�±$µ8Õ ®�¯3¯ ²$± ¼ ³�¶�µ l0

×�¿�Õ�¶vÌ�±�²�±$Õ�± Z¯ ¶ ¯ ²$µ)Ê
�® ± ¯ ² ® µ3² ¯ ¼ µ æ µ Ã�¯ ²�±�Ú Æ ¶�À�±$Ú1÷

l0 = 2.4554(
ρ1

ρ2

)1/3R2, (∗)

äQÙ4µ
ρ ÿ ¿ » ±�²�³�± ¯ ²�ÄwÌY±  ¿�±$³�µ�³�²�±$À ¹û ¯ » ¶ a < l0

× ¯ ¶ ¯ ²$µ �®^¯ ² ® ³�±$À�¶�² ¯ ¼ ³�µ Ã�¯ ²�±�Ú Æ ¶�À�±$Ú ¹
Å ±�À ¯ µ3¾ ¯ » ÃYÆ�® ¼ ¾ù×DÌY±$äQÙ ®V¯ ±�±$²�³�±$´Oµ�³�¶�µ õ�� ö  ±DËw³�±�½$Ö8Ê
» ±b¿�Õ�¶  µ3³�¶�²$Ä[Ì ¯ ¶ ¯ ²�µ �®$ Ç�ÈO× Ã�¯ » ±�À$¶�µ a < l0

À$Ö8Ê
¿�± » ³ ¼�» ± ¯ Ä ¹�Å ¯ » ÃYÆ�® µ�×�ÌY±$äQÙ ® À$µ » ¶ Æ ¶�³�Ö M1

¶
M2±+Ù4³�±�ä3±E¿�±$Õ ¼ Ù4Ì ® ×�À�Ö Æ ¶ ¯ » µ3³�¶�µ  ±  µ3³�² ® É ® ²�Õ Ã Ù4³�µ3³�±²�µ  × Æ ²�±bÕ ® Ùc¶ Ã�¯ ÖfÌY±  ¿�±�³�µ3³�²&½ Ã Ù Ã ²&¶�É  µ�³ ¼ ²�Ä ¯ ¼ ¯ ±¯ ÌY±�Õ�± ¯ ²�Ä â À�Õ ®�æ µ3³�¶ ¼1¹ ��Ù4³ ® ÌY±�± ¯ ³�±$À�³ ® ¼ õ ±�Õ�½$¶�² ® » Ä�Ê³ ® ¼ ö Æ4®$¯ ²$Ä  ±  µ3³�² ® ½ Ã Ù4µ�² ∼

√
a ¹ Þ À ã ²$±  ¯ » Ã ÊÆ�® µ�² ® Ì�ËNµ�Ù4± » Ëw³�± ¯)ÃYæ µ ¯ ²$À$±$À ® ²�Ä�³�µ3ÌY±�²�±$Õ�±�µ�Õ ®�¯3¯ ²�±�Ê

¼ ³�¶�µ�× ® ³ ® » ±�ä3¶ Æ ³�±$µ:¿�Õ�µUÙcµ » ÃNÁ ±�´ ® ¹$Û Õ�¶ a < l0
³�¶�Ì ® ÊÌ�¶�¾NÕ ® À�³�±$À�µ ¯ ³�Ö8¾ Ã�¯ ²$±$Ú Æ ¶�À$Ö8¾�ÌY±$³�þG¶�ä Ã Õ ® à�¶�Ú ¯3Ã�æ µ)Ê

¯ ²$À$±$À ® ²�ÄZ³�µ�½ Ã Ùcµ3² ¹�Å Ö Æ ¶ ¯ » µ�³�¶ ¼ ¿�±�Ì ® É ® » ¶1× Æ ²�± ¯ ±�Ê¯ ²$± ¼ ³�¶�µ��
µmin � ³ ®$¯ ² Ã ¿ ® µ�²�Ùc±wÌ�±�³�² ® Ì�² ® þG¶�ä Ã ÕS×�² ¹ µ ¹Ù4±  ±  µ3³�² ® ³ ® ¶�½�± » Ä�´Oµ�ä3±bÀ$±�É  ±DËw³�±$ä�± ¯ ½ » ¶�ËNµ�³�¶ ¼1¹

Û ± ã ²�± -Ã ÌY±$³�² ® Ì�²�³�Ö>µ8ÌY±$³4þG¶�ä Ã Õ ® à�¶�¶  ±+Ù4µ » µ3Ú Á ±$´ ®½ Ã Ù Ã ²W³�µ Ã�¯ ²�±$Ú Æ ¶�À$Ö ¹ °�Õ ® À$³�µ3³�¶�µVÀ$µ » ¶ Æ ¶�³ a ¯ À$Ö Æ ¶ ¯ Ê
» µ�³�³�Ö  ¿�Õ�µ)Ù4µ » ± EÃ�¯ ²$±$Ú Æ ¶�À$± ¯ ²�¶ õ ïGÕ ® ²D× Ï Ý Ü Î ö ¿�±$Ì ® ÊÉ ® » ±�× Æ ²�±gÀ ¯ µ3äQÙ ® Ù »�¼ Ç�È a < l0

×5Ù »�¼ Á ° Å a > l0 ¹Å ¯ ¿�Õ ® À�± Æ ³�¶�ÌYµ í µ�Õ�µ3¿ ®$æOÃ Ì ® ¶ZÙ4Õ ¹ õ Ï Ý�Ý ô ö ¿�Õ�¶�À$µ)Ù4µ)Ê³�Ö{Õ ® Ù4¶ Ã�¯ Ö Á ±$´ ® R0

Ù »�¼ À$²�±�Õ�¶ Æ ³�Ö8¾wÌY±  ¿�±$³�µ�³�²�±$ÀÁ ° Å�¹>Å ±�À ¯ µ)¾ ¯ » Ã�Æ4® ¼ ¾ R0 < a
À�³�µ ¯ ÌY± » Ä$ÌY±uÕ ® É ¹

ú ® Ì�¶  ±$½$Õ ® É3±  × Á ° Å  ±DËw³�± ¯)Æ ¶�² ® ²�Ä ¯ ¶ ¯ ²�µ �®� ¶1×ÌY±$²�±�Õ�Ö>µ ¯ ±D¾�Õ ® ³�¶ » ¶ Ã�¯ ²�±$Ú Æ ¶�À$± ¯ ²�ÄáÀe¿�Õ�±�à�µ ¯�¯ µ ã À$±�Ê
»�â à�¶�¶1×�Àw²$±LÀ�Õ�µ  ¼ Ì ® ÌgÇ�È\¿�µ3Õ�µ3´ » ¶&¿�Õ�µUÙ4µ » Ã�¯ ²$±$Ú�ÊÆ ¶�À�± ¯ ²�¶ ¹
Å Õ ® ÉUÙ4µ » µ ¢ ±�²  µ Æ4® » ± ¯ Ä�× Æ ²�±G½$± » Ä$´O¶�³ ¯ ²�À�±�ä » ® À�Ê³�Ö8¾eÌY±  ¿�±�³�µ3³�²�±$À Á ° Å ¿�± ¯ » µ Ã ¾�±+Ù ®[¯ À$µ3²$À$¶eÌ�Õ ®�¯ Ê³�Ö8¾
ä3¶�ä ® ³�²�±�À�×�¿�±�Ê À$¶YÙc¶  ± -Ã × ¯ ² ® ³�±$À ¼ ² ¯ ¼ ã Ì ¯ ²�Õ�µ)Ê�® » Ä$³�Ö  ¶q±$½��Sµ3Ì�² ®$ ¶ å Å�¹ Þ ¾&Ù ® » Ä$³�µ�Ú�´ ® ¼ ã À$± »�â Êà�¶ ¼ ¿�Õ�±D¾�±+Ù4¶�²>¿�±�¿ Ã ²�¶�� ì Ó
	��� ë � ¶ » ¶ ¸�·���� ê�� õ Ã ¾�±+Ù

¯ � ê�� Õ ® ³�Ä$´Nµ ö ¹�Å ²$±OÀ$Õ�µ  ¼ Ì ® Ìw½ Ã Ù ÃYæ ¶�µ�Ç�È{Ùc±D¾�±�ÊÙ ¼ ²LÙ4±wÀ�µ3Õ�¾ ® � ê�� ×�äQÙcµW¿�±$À�²�±$Õ�³�±w¿�Õ�±D¾�±+Ù ¼ ² ¯ ² ® Ù4¶ â
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µ1 + µ2

)9���$&�:$��!�(;��<=&�(>��&-�$!�&�,-&.0&-.1�"!�(;�*�"#+�"(*� .1?
µ @ )�)��A��<+BDC�EFEHGJIJKL� ���")��-M�NOEDPRQ"STKL�����U��)��-M�N
)�!�#UV�B*�OW�XZY

[\1]_^Z`a`�`Abdcfe%g
λ

úih�j
ù [\1] kR`a`Abml�n*g 	Uo l�e fpq�"r n"s�t�u�n � e�v
wyx�z|{ g}n { o+~ s x l�t 	 l��6� w�� ~R� t�u x u�e � t�n�t9g�s x u x t�s x vg x�� l x g��6� � t x u x l�� y�0	 l�n z�� e�t ~ z �"r n"s�t�u r u�n o$� t�e�g�v
� n�l w l x}�"x}� 	�� � n"l�l ~ w 	 � 	 l 	U� w 	 g ~R� x s x���x g x}{"� �}v� o n"l 	U�������	 l�t�n�l ��	 g}l x � t�� �"	 � ��l xRw n"l � n�t �3� g�t�n � n�vl 	 n x u � 	 t�e � �}l x���x r n"u 	 x o eOg r ��x t�� o x 	+� � n { l x g�n"l 	U�� u+e { � r x � � n { e�t w n�l 	U���p x o x u x o l ~ n2� w 	�����	�	 u�e { vo g x n"l ~0}p n � 	 � 	 l�e�u�e { o g x n"l 	��/� ù}� s w�� �R	 l�n w n�l � vn"t �3�/�1� e {"x}z r n�u 	 x o eF���Ou�� w r t x l 	%o u  c ��� j}�}� �� e�ssUe�s�l�e�s ��x l �"	�� t�n w ~

≈ 80◦
c�t x g�n � 	 � 	 l�eFu�e { o g x n�vl 	U� l�n wyx�� n�t � ~ t�� � �6��n � t�g}n"l�l x � w n"l��} �n"l+e { e � � n"t� �0� n�s�t x g r u x n"s�¡ 	�	��� x¢x�� � t x � t�n � � � t�g x c � t x � w 	+� v��	�	 g 	6o l ~ x�� n�l�� ��� 	 { s x s � e { n { e�t w n"l 	U� cf�6s6e { ~ vg}e�n"t�c � t x£x���� e � t�� 	U�F� x u w 	 u x g}e�l 	U� s6e�sUvAt x g x}{ g ~ v �e�n"t �3� l�e o s�u�e�n w g�t x u 	 � l x��"x s x}w r x l�n"l�t�e 

¤D¥ ¦O§f¨ª© ¡�n"l�t�u�e � ��l�e � { g}n { o e r � e�l�n�t�e�u�l x}zt�� w e�l�l x � t 	 � � v « �¬�r n"s�t�u ��	�� t�n w ~	 { � � n"l w e ��x p l�n w®w l x���x � w 	��"�"	 x l�l ~¯� � 	 l 	 z±° c °�² ` 	 `a`³c� � n w n"l�t x g�´Zc1k1c;^®g x `�` 	 `a`�` � t�e o+	U�U��	 x l 	 { e�v¡ 	�	µ��0	 l 	�	 g x o x u x o e¶  	 u x s 	·	 u�e { o g x n�l ~0����
��x�� �� *e �¸r x�� �i  	 u 	 l+e

≈
ú�j}� s w�� � �isUe { ~ g}e�n"t¹l�e

g x}{�wyx�� l x � t��O �t�e�u�s x g � s x��"x �6  	 u�n"l 	����� e { o g x n"l 	 n
≈

« �}� s w�� �;r u 	 l�e�s ��x l�n ��	+� t�n w ~
≈ 40◦

�dº�s � t�n"u 	o u  c}« �����i� �»�� x}� ~ z 	 l�t�n�u�n � g ~ { ~ g}e���t o � n�t x r x o x�� vl ~ n � t�u��6s�t��6u ~ c6u�e ��r x���x�� n�l�l ~ n r x�x�� n � t x u x l ~ x t¡�n�l�t�u�e � ��l x}z¼{ g�n { o+~0 � x u�u�e o+	¼	¼o u  � ������� � r x sUe�v{ e � 	 c � t x o � n"t ~½� x � t x � t 	 {;x t o n � �}l ~¯� � {���x g�c�s x vt x u ~ n o g 	 � �6t �3�/� x � s x u x � t��}�ªu+e �   	 u�n�l 	U� t�� w e�lUvl x � t 	��¾ x l�n�s x t x u ~ n/� {"� ~ g � n"g}n"u x v { e r e o l x�z¿x�� v� e � t 	/o g 	 � �6t �3�2� x � s x u x � t���� r u 	 w n"u�l x g o g}eDu�e�v
{ e �}x�� �} �n z �À n � e�l 	 {�w g x�{ l 	 s�l x g�n�l 	U��o � n�t x r x o x�� vl x}z � t�u��6s�t��6u ~Ár x s6e�l�n ��� n"l 

� t�e�s�c+g � n�t�u 	2�"	�� t�n w ~Á� e�u�e�s�t�n"u 	 { �6��t �3� x}� n"l��g ~R� x s x�z t�n w r n"u�e�t��6u x�z �-� e�g�l x��"x s x}w r x l�n"l�t�e
Teff ≥ 105K

	 cRsUe�s � � n o$� t�g 	 n�c ��x�� ��  x}z e w r � 	 vt�� o x}z � �0� n"s�t�e x t�u+e � n�l 	U� c=eÂt�e�s � n ��x�� ��  x}z  	 u 	 l x}z 	 u�e { o g x n"l�l x � t����Ãg x o x u x o l ~¯� � 	 l 	 z ��� g�t x u 	 � l ~ n%s xiw r x l�n�l�t ~Ä	 w n"��t9u�e o+	 � �"~ ��x�� ��v  	 n�c � n wÅ{ g�n { o+~ Æ � e�g}l x�z r x � � n o x g}e�t�n � �}l x � t 	t x}zÇ� n w e �"�"~0 �0e�sÇg 	6o l x 	 { u 	+�� j cÈu�e o+	 � �"~g�t x u 	 � l ~¯� s xiw r x l�n�l�t x g �É¬Ép g � u�n o l�n w¸��x�� �� �nu�e o+	 � � x g { g�n { oÊÆµË c�l xÌx � x�� n"l�l x g}n � 	 sUe¼u�e { l 	 ¡�e
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	��#!�&��N*�	�!�"P,�������,�� â �#� â *�� ã ,/!�"P���
��(�D�
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 ã !�	 â �� ä )f#g�g�h ` ä O ��	���,I!N	��NJ#��!�� ã �/!(� ã ����!N�#��,I��	�* â �/���#� ã 1 ä O �M& â �=������	��N"i���# â !(�jQSR@TLU�Vk	��#&�!�����F.!�"@) ' 0.d154
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â�ã�äl��åw�/ë+ñ�ú�í�ñ"èZè1ñE�W�=� ï³÷Uó½ð�ö�î�í�ë�ÿUê���� ü î3è0ì+î�ùê+é"ê�ö*î�ðb�{�y�l�D��íu��� ü ñ"è1ë9î�ö0è1é"ÿ�é�ê��z�+é�ê+öRíu� ì6÷�ñ�ùê+é"ö*ñ-í$ê�����ös��è�ñ�ê�ê+î�ý�ö;é��;���½öRí�ëI�+ùLì��}ê ü ö�ë�í$ê+ñ�ó�÷$ë+ùê�ë6ór� è0î�ï�é ÷$ø û�� ñ3í�ñ�� �W��ñ�õaí�ë+éLí��{�����/�-þ=�Oý"ìi÷$î=��ê$ñ"ó÷$ë�ê+ëióp���-è0ì�ë�í$ë+ÿ�é"ý ü î�é�ý�î�î�ö*ê�î=�*é"ê�ë$é û �Éë$ïRë.�$ë6ç�ë+ý���������aþ��

��!��
�� ã ����	 â�â &���� ã ,���� â 	 â�â�ã �=��	�!���1�� ã 1[� ã"â � �D�
�� â *�M	��S� â )�J#� â�ã�ã�â 1o! ã ����&��#�����#� â ��!=1�����1�Hc� ã 1W���!�3 â � â� â �����pT9 /¡ ä O ã !�&��#	�	�! ã�â ����	�!�J
��!4���!=1�����1��#� ã 1r��(���������3 â !����
��!���!��A�I*�� ã ��,I� ã ���
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